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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 JlO representa
tions or warranties that these products are free from patent, copyright, or mask work 
right infringement, unless otherwise specHied. 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 SUPPQRT poucy 
SIGNETICS PRODUCTS ARE NOT FOR USE AS CRITICAL COMPQNENTS IN LIFE 
SUPPORT DEVICES OR SYSTEMS WITHOUT EXPRESS WRITIEN APPROVAL 
OF AN OFFICER OF SIGNETICS CORPQRATION. As used herein: 

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

2. A critical component is any component of a IHe 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 Slgnetics Corporation 

All rights reserved. 
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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. 

Wnen 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 ar'ld 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. 



__ J 
ELECTRON TUBES (BLUE SERIES) 

The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a Transmitting tubes for communications, glass types 

T2b Transmitting tubes for communications, ceramic types 

T3 Klystrons 

T4 Magnetrons for microwave heating 

T5 Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 

T6 Geiger-Muller tubes 

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

T9 Photo and electron multipliers 

T10 Plumbicon camera tubes and accessories 

T11 Microwave semiconductors and components 

T12 Vidicon and Newvicon camera tubes 

T13 Image intensifiers and infrared detectors 

T15 Dry reed switches 

T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 
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SEMICONDUCTORS (RED SERIES) 

The red series of data handbooks comprises: 

S1 Diodes 
Small-signal silicon diodes, voltage regulator diodes (< 1,5 W). voltage reference diodes, 
tuner diodes, rectifier diodes 

S2a Power diodes 

S2b Thyristors and triacs 

S3 Small-signal transistors 

S4a Low-frequency power transistors and hybrid modules 

S4b High-voltage and switching power transistors 

SS Field-effect transistors 

S6 R.F. power transistors and modules 

S7 Surface mounted semiconductors 

S8a Light-emitting diodes 

S8b Devices for optoelectronics 
Optocouplers, photosensitive diodes and transistors, infrared light-emitting diodes and 
infrared sensitive devices, laser and fibre-optic components 

S9 Power MOS transistors 

S10 Wideband transistors and wideband hybrid IC modules 

S11 Microwave transistors 

S12 Surface acoustic wave devices 

S13 Semiconductor sensors 

S14 Liquid Crystal Displays 
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INTEGRATED CIRCUITS (PURPLE SERIES) 

The purple series of handbooks comprises: 

IC01 Radio, audio and associated systems published 1986 
Bipolar, MOS 

IC02a/b Video and associated systems published 1986 
Bipolar, MOS 

IC03 Integrated circuits for telephony published 1986 
Bipolar, MOS 

IC04 HE4000B logic family published 1986 
CMOS 

IC05N HE4000B logic family - uncased ICs published 1984 
CMOS 

IC06N High-speed CMOS; PC74HC/HCT/HCU published 1986 
Logic family 

IC08 ECL 10K and 100K logic families published 1986 

IC09N TTL logic series published 1986 

IC10 Memories new issue 1987 
MOS, TTL, ECL 

IC11N Linear LSI published 1985 

Supplement Linear LSI published 1986 
tolC11N 

IC12 12C-bus compatible ICs not yet issued 

IC13 Semi-custom new issue 1987 
Programmable Logic Devices (PLO) 

IC14 Microcontrollers and peripherals new issue 1987 
Bipolar, MOS 

IC15 FAST TTL logic series published 1986 

IC16 CMOS integrated circuits for clocks and watches published 1986 

IC17 Integrated Services Digital Networks (ISDN) not yet issued 

IC18 Microprocessors and peripherals new issue 1987 



___ Jl._____ 
COMPONENTS AND MATERIALS (GREEN SERIES) 

The green series of data handbooks comprises: 

C2 Television tuners, coaxial aerial foput assemblies, surface acoustic wave filters 

C3 Loudspeakers 

C4 Ferroxcube potcores, square cores and cross cores 

C5 Ferroxcube for power, audio/video and accelerators 

C& Synchronous motors and gearboxes 

C7 Variable capacitors 

CS Variable mains transformers 

C9 Piezoelectric quartz devices 

C11 Varistors, thermistors and sensors 

C12 Potentiometers, encoders and switches 

C13 Fixed resistors 

C14 Electrolytic and solid capacitors 

C15 Ceramic capacitors 

C16 Permanent magnet materials 

C17 Stepping motors and associated electronics 

C18 Direct current motors 

C19 Piezoelectric ceramics 

C20 Wire-wound components for TVs and monitors 

C22 Film capacitors 

vii 
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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 LSI 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 NANO array 
concept. Signetics' novel architectural approach to Programmable Logic incorpo
rates all the advantages associated wilh 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 110 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 
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DEFINITIONS 

Dllta Sheet 
Product Status Definition Identification 

This data sheet contains the design target or goal 
Ol>/eOflW .,,__ - or In Dellgn ~lions for product -.,,.-. Specifications may 

change in any manner without notice. 

- - sheet contains prallminaly- and aupplemenlary 

~ f/poa/llodon ............... ,_ data Will be Pobllshed at a later date. Signstics ........, the 
right to mska changeo at any time without notice In order to 
Improve dealgn and Mlpply the beat possible produc:t 

- data 8heel contains Final Specifications. Signsllcs _,,,,..,,,.._ .... _ ,_.,.. tho right to ...... changas at any time without 
nollco In order to Improve design and supply the beat 
....- product. 
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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 
exceed 2 x 105 amps/cm2. 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 
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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'. 
lions 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. 

QAOS - 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 QA05 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 
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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: 
T J = 150°C, 1000 hours, static biased or 
dynamic operation, as appropriate (worst 
case bias configuration is chosen) 

• High Temperature Storage: TJ = 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 + 15o•c, 1 ooo 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 + 15o•q. 

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. 

1 -
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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 materi!lls, assembly/wafer-lab 
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 tum 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. 
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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 
1 OOPPM (parts per million), down from an 
industry practice of 1 O,OOOPPM, we needed 
to supplement our traditional quality programs 
with one that encompassed all activities and 
all levels of the company. Such unprecedent-

~perMllllon 

ad 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. 

We 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 ). 
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Figure 1- Slgnetlcs Quality Progress 
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Figure 2. Performance To Schedule On-Time Delivery 

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. 
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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 T earns. 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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Figure 3. Lot Acceptance Rate From Signetlcs Vendors 

Through intensive work with vendors, we 
have improved our lot acceptance rate on 
incoming materials as shown in Figure 3. 
Simultaneously, waivers of incoming material 
have been eliminated. 

MATERIAL WAIVERS 
1988- (O) (Goal) 
1985- 0 
1984- 0 
1983- 0 
1982- 2 
1961-134 

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 

• Manufacturing quality control 
• Product assurance testing 

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

• Environmental stress testing 

• Quality and reliability engineering 

• Customer liaison 
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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. 
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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 hav<> 
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 PLO 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 specHica
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 
PLO' 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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SCANNING ELECTRON MICROSCOPE CONTROL 

Wafers are sampled daily by the Quality Control Laboratory from each fabrication area and subjected to SEM 
analyM. This process control reveals manufacturing defects such as contact and oxide step coverage In the 
metalimtion 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 glasslvated bonding pads are included In the lot 
acceptance criteria. 

PRE-SEAL VISUAL ACCEPTANCE 

Product is inspected to detect any damage 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 elimill&te marginal devices. lt also 
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 package seals wtthout 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 functional and AC/DC parameters at high temperature with guard bands to assure 
perlormance to data sheet limits. 

BURN IN (SUPR II LEVEL B OPTION) 

Devices are burned in tor 21 hours at 155"C maximum junction temperature. 

SYMBOL 

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

VISUAL 

All products are 100% visually inspected per the requirements specified in Signetics or customer documents. 

100'% PRODUCTION ELECTRICAL TESTING 

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

FINAL QUALITY ASSURANCE GATE 

The flnal QA inspection step guarantees that the specified mechanlcal and electrical AOL's have been met. 
Every shipment is sealed and identified by QA personnel. 

Figure 4. Appllcatlon Specific Products Programmable Logic Process Flow 
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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 SpecHic Quality Assurance 
department has monijored 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. 
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Figure 5. Programmable Logic AOQ (Average Outgoing Quality) 
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SIGNETICS PN ARCHITECTURE 

FPGA 

PLS103 16 x 9 x 9 
PLS151 18 x 15 x 12 

FPAD 

PLS1S2 16 x 5 
PLS1S3 12 x 9 

FPLA 

PLS100 16 x 48 x 8 
PLS153 18 x 42 x 10 
PLS153A 18 x 42 x 10 
PLHS153** 18 x 42 x 10 
PLUS153** 18 x 42 x 10 
PLC153** 18 x 42 x 10 
PLS1S1 12 x 48 x 8 
PLS173 22 x 42 x 10 
PLC173** 22X42X10 
PLUS173** 22 x 42 x 10 
PLHS473 20X24X11 
PLC473** 20X24X11 
PLHS18P8A 18 x 72 x 8 

FPLS 

PLS105 16 x 48 x 8 
PLS105A 16 x 48 x 8 
PLC105** 16 x 48 x 8 
PLUS405*" 1S x 64 x 8 
PLS155 16 x 45 x 12 
PLS157 16 x 45 x 12 
PLS159 16 x 45 x 12 
PLS1S7 14 x 48 x s 
PLS1S7A 14 x 48 x 6 
PLS168 12 x 48 x 8 
PLS1S8A 12 x 48 x 8 
PLS179 20 x 45 x 12 

FPML 

PLHS501 32X72X24 
PLHS502 32XS4X24 

OUTPUTS: 
C = Combinatorial output 
R = Registered output 
1/0 =Combinatorial 1/0 
R 1/0 = Registered 1/0 

PACKAGE 

28 Pin 
20 Pin 

24 Pin 
24 Pin 

28 Pin 
20 Pin 
20 Pin 
20 Pin 
20 Pin 
20 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 
20 Pin 

28 Pin 
28 Pin 
28 Pin 
28 Pin 
20 Pin 
20 Pin 
20 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 
24 Pin 

52 Pin 
52 Pin 

* State registers shared with output registers 
** Under development 
NOTES: 
1. T PD= Tis+ T cKO for registered devices 

Selection 
Guide 

TOTAL 
PRODUCT 

INPUTS 
TERMS 

(# DEDICATED) 

16 9 
18 (S) 15 

1S 5 
12 9 

16 48 
18 (8) 42 
18 (8) 42 
18 (8) 42 
18 (8) 42 
18 (8) 42 
12 48 
22 (12) 42 
22 (12) 42 
22 (12) 42 
20 (11) 24 
20 (11) 24 
18 (10) 72 

16 48 
1S 48 
1S 48 
1S 64 
1S (4) 45 
16 (4) 45 
16 (4) 45 
14 48 
14 48 
12 48 
12 48 
20 (8) 45 

32 (24) 72 
32 (24) S4 

2. For worst case specifications refer to data sheets tor individual product. 

November 198S 1-10 

INTERNAL 
STATE OUTPUTS Tpo Ice 

REGISTERS 

C, 1/0, R, Rl/O (Typical Values) l,2 

0 9 c 20ns 120mA 
0 12 1/0 15ns 130mA 

0 5C 20ns 120mA 
0 9C 20ns 120mA 

0 ec 35ns 120mA 
0 10 1/0 30ns 130mA 
0 10 1/0 20ns 130mA 
0 10 1/0 15ns 150mA 
0 10 1/0 9ns 175mA 
0 10 1/0 35ns 25mA 
0 ec 35ns 120mA 
0 10 1/0 20ns 150mA 
0 10 1/0 35ns 25mA 
0 10 1/0 9ns 175mA 
0 2 c & 9 1/0 15ns 140mA 
0 2 c & 9 1/0 30ns 25mA 
0 8 1/0 15ns 120mA 

6 BR 60ns 120mA 
s 8 R 45ns 120mA 
s 8 R 50ns 40mA 
8 8 R 15ns 160mA 
4• 8 1/0 & 4 A 1/0 55ns 150mA 
6* 6 1/0 & 6 R 1/0 55ns 150mA 
e• 4 1/0 & 8 R 1/0 55ns 150mA 

S plus 2• SR sons 120mA 
S plus 2• SR 45ns 120mA 
s plus 4* 8 R 60ns 120mA 
S plus 4* 8 R 45ns 120mA 

e• 4 1/0 & 8 A 1/0 45ns 145mA 

0 1S C and 8 1/0 20ns 250mA 
1S 1S C or A and 15/30ns 250mA 

e c or A 1/0 
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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 

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. 

Table 1. New Slgnetlcs PLO Part Numbering System 

l 
l PL xx yyyy z p J 

l 

November 1986 1-11 

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 

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

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

(P) - Package Designator 
F - 20-, 24-, 28-pln CERDIP DIP 
N - 20-, 24-, 28-pin PlaStic DIP 
A - 20-, 28-lead Plastic Leaded 

Chip Carrier 
FA - 24-, 28-pin CERDIP DIP Wrth 

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 number 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. 

OLD PART NUMBER NEW PART NUMBER DESCRIPTION 

N82S100N PLS100N Signetics Programmable Logic Field Programmable Logic Array (FPLA) 
Bipolar Schottky Process - Nichrome Fuses -
28-Lead Dual-In-Line Package. 

N82S105M PLS105M Signetics Programmable Logic Field Programmable Logic Sequencer (FPLS) 
Bipolar Schottky Process - Nichrome Fuses - High Speed Option -
28-Lead Plastic Leaded Chip Carrier. 

NIA PLC473FA Signetics Programmable Logic Field Programmable Logic Array (FPLA) 
CMOS - UV Erasable Fuses -
24-Lead Cerdip Dual-In-Line Package with quartz window. 

NIA PLMC153F Signetics Programmable Logic Programmable Logic Array 
CMOS - Mask Programmable -
20-Lead Cerdip Oual-ln-Line Package. 

NIA PLHS18P8M 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. 
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Section 2 
Introduction 

Section 2 - Introduction 

INDEX 
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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. 

lo-l1s 

48ANOGATES 

NOTE: 

Introduction 
Slgnetlcs 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 PLO. 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 PLO Series 28 Programmable 
Logic Family. 

48 

;;;; 

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 controlled 
110 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 followed by the PLS162/ 
PLS163 Field-Programmable Address 
Decoder and the PLS168 FPLS. 

R a,. 
&-BIT 
STATE 

REGISTER 

s 
CK 

48 Tn 

PR/UE. 

R 
CK 

8-BIT 
OUTPUT 

REGISTER 

s o, FG-1 

PFi 

I, P, C, N, F and PIE are user-programmable connections. 
Figure 1. FPLS 
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Table 1. PLO Product Family 

20-PIN, SERIES 20 

PART NUMBER TYPE CONFIGURATION 

PLS151 FPGA 18-lnput/ 12-0utput 
PLS153/153A/PLHS153 FPLA 18-lnput/10-0utput- 42-Term 
PLS155-159 FPLS 16-lnput/ 12-0utput - 45-T erm 
PLS155 FPLS 4 Registered Outputs 
PLS157 FPLS 6 Registered Outputs 
PLS159 FPLS 8 Registered Outputs 

PLHS18P8A FPAA 18-lnput/10-0utput-72-Term 

24-PIN, SERIES 24 

PLS161 FPLA 12-lnput/8-0utput- 48-Term 
PLS162 FPGA 16-lnput/5-0utput 
PLS163 FPGA 12-lnput/9-0utput 
PLS167 FPLS 14-lnput/6-0utput- 48-Term 

8-Bit State Registers 
6-0utput Registers 

PLS168 FPLS 12-lnput/8-0utput - 48-Term 
10-Bit State Registers 
8-0utput Registers 

PLS173/PLUS173 FPLA 22-lnput/ 10-0utput - 42-Term 
PLS179 FPLS 16-lnput/12-0utput-42-Term 

B-Bit State and Output Registers 
PLHS473/PLC473 FPLA 20-lnputs/11-0utput-24-Term 

28-PIN, SERIES 28 

PLS100/101 FPLA 16-lnputs/8-0utput - 48-Term 
PLS103 FPGA 16-lnputs/9-0utput 
PLS105/105A/PLC105 FPLS 16-lnputs/8-0utput - 48-T erm 

6-Bit State Register 
8-0utput Registers 

PLUS405 FPLS 16-lnputs/8-0utputs - 64-Terms 
8-Bit State and Output Registers 

... Po 

.. 

,, 

Figure 2. PLS153 20-Pln Functional Diagram 
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2-INPUT 

7450 2 x 2 x 2 Fixed Interconnections Dual, 2·Wlde, 2-lnput, AND/OR/INVERT 

OCTAL 
8-0UTPUTS 

PLS100 16 X 48 X 8 Octal, 48-Wlde, 16-lnput, AND/OR/INVERT 

Table 2. Gate Replacement (All Terms Used) 

Gates 

Each P-Term = 2 8-lnput AND Gates & 1 2-lnput AND Gate= 
OR Matrix = 16 4-lnput OR Gates = 

Table 3. Typical Appllcatlon 

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

November 1986 

40 Gates 
15-20 l.C.s 

2-5 

144 
128 
272 

l.C.a 

108 
~ 
140 

Introduction 

PRODUCT DESCRIPTION 
While all PLO 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 7 450 AOI gate, the 
similarity of function becomes apparent. 

Package-Gate Replacement 
Potential 
All Signetics PLO 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 PLS 1 00 
are utilized, a total of 272 gates and 140 l.C.s 
can theoretically be replaced. (See Table 2.) 
Since the PLS 100 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. 

2 
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PLD ECONOMICS 
The reason any product line exists is because 
it solves a problem in a cost-effective man
ner. 

PLO is no different in this ·respect. Let's 
assume that one PLS100 is replacing only 1 O 
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 l.C.s @ 0.35 = ia.fil! 
1 PLS100 FPLA•R.QQ 

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/in2, the cost for 
LS is 1.21n2 = $0.23/in2 = $0.28. For a 
28-pln FPLA device, the packing density is 

Table 4. Cost Analysis 

IC COMPONENTS 

PCB MANUFACTURING 
Incoming Inspection 
Component Inventory/Usage 
PC Board 

Fabrication 
Test 
Rework 

ASSEMBLY LABOR 

COST PER COMPONENT 
NUMBER OF COMPONENTS 
TOTAL 

CONCLUSION: 

1-PLS100 per 2.5in2, g1vmg a cost of 
2.5in2 x $0.23/in2 = $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 in2 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 SSI parts and a 
testing cost of $0.01 per pin, the LS TTL cost 
is $0.15 per l.C. The corresponding cost for 

LS TTL FPLA 
.35 7.00 

.15 .28 

.03 .16 

.28 .58 

.14 .16 

.18 .45 

.09 .18 

.28 .65 

1.50 9.46 
x 10 ~ 
15.00 9.46 

THE FPLA is a 37% savings over the LS TTL DESIGN. 
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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 
LSI 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 = lQ,1§,, 

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 l.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 ~ per device for LS TTL and 
IQJJ! 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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PLO LOGIC SYNTHESIS 

28-PIN 
PLO is capable of Logic Synthesis. No inter
mediate step is required to implement Bool-

I 
1 

P-Terms TERM 5 
Po= AB 0 -
P1 = ~D 1 -
P2 =BO 2 

P3 =AB 3 -
P4 =EFG 4 -· 

44 
45 

Xo~Po+P1+P2 
46 

47 

X1 = P3 + P1 + P4 PIN 2 

NQ 0 

w 
-'w 
m~ 
:! <( 
a: z 
~ 

., 
4 

-
-
-
-
-

2 

1 

ean Logic Equations with PLO. Each term in 
each equation simply becomes a direct entry 
into the Logic Program Table. The following 
example illustrates this straightforward con
cept: 

AND 

INPUT(lm) 

1 1 1 1 
9 • - - - - 3 - -·-3 2 1 0 7 6 5 4 2 1 0 

- - - - - - - H H - - - - -
- - - - - - - - - l H - - -
- - - - - - - - H - l - - -
- - - - - - - l H - - - - -
- - - - - - - - - - - H H H 

• • 
2 2 2 2 2 2 

2 3 4 5 6 7 8 9 
2 3 4 5 6 7 

A B c D E F G 

Introduction 

Xo=AB+CD+BD 

X1 =AB +CD+ EFG 

POLARITY 
TT TT"T"TL-rH-
..L ..L ..L ~ ..L..L ..1.·:.... 

--------
·~ .~UTPU.T!~- ·- ·-
76543210 . A 

A A . A 
A . 
A . 

= .....,,,....-
,.-, 

1 1 1 1 1 1 1 1 

0 1 2 3 5 6 7 8 

x, Xo 

TB<l1911)$ 

Figure 3. Field-Programmable Logic Array (16 X 48 X 8) PLS100/PLS101 
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Xo 

A 

B 

c 
D 

E 
F 
G 

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

1 1 
TEflll • 4 

I 
1 

...!. • • 
.. .. .. 
47 

PIH 2 2 

NO. • 1 

w 
;;!w u 
"' 

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. 

e.g., Po-AB 

1 1 
TERM • • • -

1 

• I -• 
.. .. .. 
47 

PIN • • 
NO. • 1 

ii 
"' 

November 1986 

1 
• 

2 

2 

1 

• 

• 
• 

Program Table. This was accomplished In the 
following manner: 

Step 1 
Select which Input pins lo-115 wlll corre
spond to tha Input variables. In this case 

A- G are li1e input variable namea. le through 
lo were selected to accept inputs A- G re
spectively. 

- TT ~TLIH...,; 
INPUT(lm) 

~~~~~~==·= 
1 1 !1-..-.i 7r8'1'i ..... ;-r;I 1-7-r-8-r-S~F.:.2- 1 -01 2 1 

=-' • ~ • .-
2 2 2 2 2 1 1 1 1 1 1 1 1 

2 • • • • 7 • • • 4 • • 7 • 1 2 • • • 7 • 
A • c D • F • 

,,,., ... 
Figura 5 

This P-term translates to li1e Program Table 
by selecting A • le ~ H and B = Is = H and 
entering the information in the appropriate 
column. 

This term is defined by selecting C • 14 • L 
and D = 13 = H, and entering li1e data into the 
Program Table. Continue li1is operation until 
all P-terms are entered into the Program 
Table. 

P1 =CD 

AND TT~TL"T"H_, 
INPUT(lm) .J....L ..L..L ...L,...J. ..a..·:....i 

1 1 1 
i 'JTI' i i r;-r~ 

--~;;;--~ 
• 1 • i .. 3 1-.,.-e .... s-=i 4 1 ra.., 1 ·o-1 

H H - -
- L H - -

- - H - L - - -- - L H -
H H H 

=--• ....:i:::::l • 
2 • • • 2 1 1 1 1 1 1 1 1 • • 4 • • 7 • • • 4 5 • 7 • 1 • • • • 7 • 

A a c D • F • 

--
Figure a 
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Step 3 
Select which output pins correspond to 
each output function. In this case Fo • Pin 
18 • Xo, and F1 =Pin 17 = X1. 

1 ., ., 1 
TERM 5 4 3 2 

0 - - -
., 
1 

1 - -
2 - - - - -
3 - -
4 

44 
45 
46 
47 

PIN 2 2 2 2 2 

NQ 0 1 2 3 4 

Ill 

iii~ 
~c a: z 
~ 

Step 4 
Select the Output Active Level desired for 
each Output Function. For Xo the active 

r 1 r r 
TERM • • • 2 

0 
1 
2 

:I • 

.. 
•• .. 
47 

PIN 2 • 2 • 
NO. 0 1 • • 
UI 

!ii 
a:~ 
~ 

November 1986 

AND 
I- T "T" ~~ "T" "T" -

INPUT(lm) ..... ..I.. ..I.. ctR ...L.....L.. ...L.. -., --------
-·- OUTPUTFp 

9 8 - - 5 - 3 i 1-i'""I ·,.:r~ ·~"- 2 ·1- ·o-0 7 8 4 1 0 
H H -- - - - - - L H - - -- - - - - H - L - - -
L H - - - -

H H H - =""' • ....,........, 
r- • _...., 

2 2 2 1 1 1 1 1 1 1 1 
2 3 4 s 8 7 8 9 

5 8 7 0 1 2 3 5 8 7 8 

A B c D E F G x, Xo 

T801882S 

Figure 7 

level is high for a positive logic expression of 
this equation. Therefore, It is only necessary 
to place an (HJ in the Active Level box above 
Output Function O, (F0). Conversely, X1 can 

be expressed as X1 by placing an (L) in the 
Active Level box above Output Function 1, 
(F1). 

AND "TT~~~"T"LT"H--1 
INPUT(lm) ~..a..-L..5~..J......L"~ 

1 1 -·-
- - ouiPUT-.;---i 

1 0 .. ii 7 • .. 4 3 2 1 0 ~, ....... .., ••• "•'"'"•"'"' ·.-1 
H H 

L H 
H L -- - - L H - - - - -

H H H 

= • • .-:r::::::: 

• 2 2 2 1 1 1 1 1 1 1 1 • • • • • 7 8 • • • • 7 0 1 • • • • 7 • 
A 8 c D E F G .. XO 

T801870S 

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 + P1 + P2. so an A has been 
placed in the intersection box for Po and Xo. 
P1 and Xo and P2 and J<o. 

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. 

AND 

INPUTQm) 

Introduction 

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. 

POLARITY 
TT TT-rTLTH-
..L...L....&..ctft'...L....&.....L.;.... 

1 1 1 1 1 1 
i ~,,-;' 

--OUiiiUTF,_""'."_ 
TERM 2 9 ii - - 5 4 3 "i'"i ·a"°' 4 s"'"' 2 ·,- ·o-5 4 3 1 0 7 8 

0 - H H - . " 1 - - - - - - - - - - - L H - - " " 2 - ' - H L . " :! - - - - - - - - - L H - - - " . 4 - - - - - - - - H H H " . -=--
44 • ~ 
45 • 

Xo=Po+P1+P2 
45 r-1 
47 

X1 = P3 + P1 + P4 PIN 2 2 2 2 2 2 2 2 1 1 1 1 1 1 1 1 

NQ 2 3 4 5 8 7 8 9 
0 1 2 3 4 5 8 7 0 1 2 3 5 8 7 8 

w A B i: D E F G X1 Xo 

sw ., 

:! < a: z 
~ 

T901881S 

Figure 9 
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PLO 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 

lo 

1, 

considered first choice. The PLS153 is an 
FPLA with 8 inputs, 1 O 110 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 - D9 to establish 

Po Do 

ftK\ ~.-~ -

Po 

lo 

,, 

Figure 1 O. PLS 153 Functional Diagram 

OUTPUT 
>-.f-:l._ __ ..._-0 Bo 

lo 

,, 

Introduction 

the direction of pins Bo - 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 Bx 
pin. 

Po 

TRI-STATE 

INPUT 
----<>Bo 

":" BUFFER INACTIVE 
(OPEN) 

a. 09 Active Makes 89 Appear As An Output 
With Feedback 

b. 0 9 Inactive Makes 89 Appear As An Input 

Figure 11 

November 1986 2-11 
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To control each 0-term, it Is necessary to 
understand that each control gate is a 36-
lnput AND gate. To make the Tri-state buffer 
active (Bx pin an output), the output of the 
oontrol gate must be at logic HIGH (1). This 
can be accomplished in one of two ways. A 

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

Vee 

•• 

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

l=LOW(O).,_...-..._.._..._ __ _ 

L 

CONTROL GATE 

TO AND 
ARRAY 

A~:A.v <>----t>-..... ---oBx•INPUT 
TRI.STATE 
BUFFER 

Figure 12. Input Effect On 'control Gatee (Fun Intact) 

Flg~re 13. Effect On Control Gate If Fuee le Programmed 
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DEDICATING Bx 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 Bx pins 
being in the input condition. The resultant 

I 6' .. I T 

1 m I I i = 

device is, therefore, an 18-input, 0-output 
FPLA. While useful as a bit bucket or Write
Oniy-Memory (WOM), most applications re
quire at least one output. Clearly, the first task 
is to determine which of the Bx 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 Bo and B1 as 
outputs, it is necessary to program all fuses to 
the inputs to Control Gates Do and 0 1• This 
internally pulls all inputs to those gates to 

Introduction 

HIGH (1) permanently. Since all inputs to the 
Control Gates are HIGH (1), the output is 
HIGH (1) and the Tri-state buffers for Bo and 
B1 are active. This permanently enables Bo 
and B1 as outputs. Note that even though Bo 
and B1 are outputs, the output data is avail
able to the AND array via the internal feed
back (see Figure 11 a). 

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

POLARITY 

I I I 
OR 

8(0) 

9 •l • • • 4 I 3 2 I • ~w 3m1~: ~-~ : ....... B(·) •••• 1 • 

ll~~luli~lr:,-i--i--t--t-+-+-t-t-1--1~-+-+-+-i--1--+--l--I 
~ c ~ I I :z: ""'0--:-t--t--+-1-t-+-+-l-t-+-+-l~+-+-t-i-+-+-I 
m -f--i...i: ___ l":.:-t--1--1--1r--t-t-+-+--t--t--t--+-+~--t-l--11--l--l 

I I 

I 1 
I I 

l! I ~ • 

fl ol 1-~! 4 

ZI "' cl ~ ~ 
I L .• ~ 
I !!! - • 8 30 

31 

03 

112 

D1 

DO .... 

I T 
! ! 

] 1 
I I 

• • 0 • • 0 • • 
• 0 0 • 0 • • • 
• • • • 0 • • • 001000010000 

• • • 0 IQ . • • • o o a o o 010 o o o 

• • • • • • • • 0 010 0 0 DID 0 0 O 

• • • • • • • • 0 0 I 0 0 0 0 0 0 0 0 ------------1 
I I 

- - - - - - _,._ - - -~-----------.....1 
I 7 I 5 4 3 2 1 H R » ff 15 M U U 11 9 

N01ES: 
1. The FPL.A is shipped lMth all links intact. Thus a 

bacl<grcund ol - COlf98POl'ding to states ol 
virgin lnkS exists in lhe table, shown BLANK for 
Clarill< 

2. Urued I and B bits in the AND array .-e normally 
programmed Don,C...(-). 

3. Unused producl """1S CM be left blank. 

Figure 14. Dedicating Bo And B1 Ae Outpute And B2 Through 89 Ae 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 pennanently dedicating 
the Bo and B1 pins as outputs. By placing a 
(0) in all input boxes for B2 - B9, 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 B2 - B9 pins are enabled as inputs. 
All Bx 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 Bx pins 
without pennanently dedicating them. Some 
applications which require this include Tri
state bus enable, multi-function decoding, 
etc. This can easily be done by programming 

jSll T AND 

tn I m l-'I i : I B(I) 

Introduction 

the Control Gate to respond to one or more 
input pins. It is only necessary to select which 
Ix and Bx 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 - B9 with 17. When 17 is LOW (L), pins 
Bo - B9 are outputs when 17 is HIGH (H), pins 
Bo - B9 are inputs. Note that by programming 
all other Ix and Bx pins as DON'T CARE ( - ), 
they are pennanently disconnected from con
trol of Bx pin direction. 

POLARITY 

OR 

B(O) 

Ill a: 11• 1i1 !!:.. M 7 I 5 4 3 2 1 0 8 8 7 8 5 4 3 2 1 O 

Ill~ 01 - ~ l!i I]"' 11--0 +-i-+-+-+-+-+-+-+-+--+--+-+-+-+-+-+-+--t 
z I .. 6 101 - - 11-___,+-+--+-+-'+-+--+--1-+--1--+' _,+-+--+--1-+--+--+--I ~.: IUI i§ ~ 1 I 
111 I c iii I I :;: _. 11-___,+-+--+-+-+-+--+--l-+-+--+-+-+--+--l-+--+--+--I 
~ t-f:---1...C ___ l-_2-+--+--l-+-+--+--+--l-+--+-~l+-+--l--+--l'-+-+--I-~ 

9 817 I 5 413 2 1 0 

I I 

I I 

I I 

~ I ~ l-3--'+-+--+-+-'1--+--+--1-+--1--+'-+-+--+--1'-+---+--+--1 
:& I - 4 I 

I I 

I I ::! I 0 :z: ... I 
gf ~I H--t;ii 

Ci "' !i I > u 

I ~ ~ ~ t; 
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30 

• • • 
31 I I I 

I I 

1-:::=-r~+-+--+--+:--1---+--t---+--+--+:--+--+--+--1:---+-_-1--_-+--r~ J 
D7 L - - -I- - - - - -I- - - -1-

D6 L - - -1- - - - - -1- - - -1- - - -1-----~ 

D5 L - - -.1- - - - - -1.- - - -I- - - -1------~ 

04 L - - -1- - - - - -1- - - - - - - -1-------~ 

00 L I I 

02 L - - - - - - - - -1- - - -1- - - -1------------' 
D1 L - - -1- - - - - -1- - - -1- - - -1-------------' 
DO 

PIN 

L - - -1- - - - - -1- - - -I- - - -1--------------' 
8 1 I 5 4 3 2 1 19 18 17 16 15 14 13 12 11 9 

NOTES: 
1. The FPLA is shipped with all links intact. Thus a 

bact<ground ol - corresponcfing 10 stmM ol 
virgin Unks exists in the table, Shown BlANK for 
c:larily. 

2. Urused I and B bits in the AND array are nonnatty 
programmed Oonl Care(-). 

3. Unused product terms can be left blank. 

Figure· 15. Active Control of Bo-B9 Using 17 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 

X1 =AB + CD + EFG 

Note that Bo was used as a CHANGE input. 
When Bo is HIGH (H) the outputs appear on 
Ba and B9. When Bo is LOW (L), the outputs 
appear on Be and B7. B1 through B5 are not 
used and therefore left unprogrammed. 

I §; I I - T 

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 

AND 

Introduction 

device documentation, and a functional simu
lator. The simulator features manual 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. 

POLARITY 

L H I L H I I 
OR 

I m i_.i -i : 1 B(I) 
Ill a:I~ l~llg_ .. 7 • 5 4 3 2 1 0 9 •] 7 • 5 •13 2 1 0 9 •J 1 • 5 4 I 3 
~ 01 ~ lzl :Z: -' il-:_04_:H-1-.:H+_:..+-=_-1-, _-=-11-_:....i-_4..;_+.;._+_--f,-_-t-_+_-i-_-t,-t-T-1--1 i-:.•+A'.:41-•-+.;.A+--!--t'-t-+--il--t 
l/Jz 1 !:! >= lol - - .i-:=-i~++-+-i-+-+--ir-t-+-+-t--+-t-1rt--r:=-t=i 1 

I !; li IOI s ~ II _.:_' -l---1---t..;L:-i-.:.:H:.,•1---t---l----t-il----t-:-+' -t--+--t-t' -r--r--t--i 1-A+A--1'-A-+-A-+---t-+--t--t--r-i 
W lc!l 15:..Jlt- ·1 I •Al• A I 
~ -+:===~__r---i-.:'..+---1-.:.:H+--1--=L:..+l---f---f---j.--+---f----f---t-t--+--t-+-T-1--1 l-A+~.-t,-A-+-.-+---t-+l-+--+--1r-~ 

B(O) 

~ I ~ 3 L H - -1- - - - - -1- I A • I A • I 
:EI - 4 ----HHH- I I 
:i I .. :z: -' I 
8a: !ill - - - w 

cq w ~ 

a. Ii~~~ 
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30 

31 

• • • 
I I I 

I I I 

~~~-~-~-~-~·-~-~-~-~-~-~·~-~-~-~-1~-~-~-~-t-TlJ 
08 - - - -1- - - - - -1- - - I 

07 I I 

D6 I I 

D5 0 0 0 010 0 0 0 0 010 0 0 010 0 0 0 

D4 o o o oto o o o o 010 o o olo o o ol--------~ 
i-..:03=-+...:.+.:.+.:.+-=.~.j-.:.-+-~.+.=-+~.+~.+ • .:..+,-.=-+~.-r~.+.::-t,~.:-t-~.-r.:-t~.:""i---------~ 

02 0 0 0 010 0 0 0 0 010 0 0 OIO 0 0 0-------------

01 0 0 0 010 0 0 0 0 010 0 0 010 0 0 0 

00 O O O Ol.O O 0 0 0 010 0 0 OIO 0 0 0 

PIN 8 7 6 5 4 3 2 1 19 18 17 16 15 14 13 12 11 9 

A B C 0 E F G 

l/J 
-' l/J 

;~ a: z 
~ 

Figure 16. PLS 153 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-------------

p 

,_ 
COMBIN. 

LOGIC 

PR 

N 

OUTPUT 
REGISTER 

PR 

0=1NPUT 

0 = PRESENT STATE 

0 = NEXT STATE 

0 = NEXT OUTPUT 

Figure 17. Basic Architecture Of PLS105 FPLS. I, P, N, And F Are Multl-llne 
Paths Denoting Groups Of Binary Variables Programmed By The User. 

Figure 18. Typical Stale Diagram. 
11 • 3 Are Jump Conditions Which 

Must Be Satisfied Before Any 
Transitions Take Place. F, Are 

Changes In Output Triggered By Im, 
And Stored In The Output Register. 
Stale Transitions a ~ b and c ~ d 

Involve No Output Change. 

November 1986 

Figure 19. Typical State Transition 
Between Any Two States Of 

Figure 18. The Arrow Connecting 
The Two States Gives Rise To A 

Transition Term T n· I Is The Jump 
Condition. 

2-16 
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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 PLS 105 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 
between stable states, triggered by a valid 
input condition (I) 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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A 
B A 

B 

Figure 20. Typlcal State Jump From State (0) To State (1), 
If Inputs A = B = "1". The Jump Also Forces F = "1", As Required. 

----LOGIC TERMS T--9 OPTION 

'• ,, 

'" 
Po_.,_.,_ ________ --1"-"" 

c -+-+-----------;"'""-qo, 

Fo 

CK 

47 46 

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 n· These are logical AND functions 
of the clock (t), the Present state (P), and a 
valid input (I). Since the clock is actually 
applied to the State Register, T n = l•P. When 
T n is "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. 

2 -
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Figure 22. Typical AND Gate Coupled To (I) And (P) lnputa. 
If At Least One Link Pair Remains Intact, T n Is Unconditionally Forced Low. 

~ ...!J... 
1-0- T--0- D-

Figure 23. Choice Of Input Polarity Coupling To A Typical 
AND Gate. With Both Links Open, ·11> Is Logically Don't Care. 

'• 

P2 

Figure 24. Typical Transition Terms 
Involving Arbitrary Inputs And State 
Variables. All Remaining Gate Inputs 
Are Programmed Don't Care. Note 
That T 2 Output Is State Independent. 

November 1986 

Input Buffers 
16 external inputs (lml and 6 internal inputs 
(Ps), 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 
multi-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 (Psl· 

"AND" Array 
State jumps and output changes are triggered 
at clock time by valid transition terms T n· 
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. 

2-18 
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.. 

.. 

Fa 

CK 

CK 

Figure 25. Typical OR Array Gating OI Transition Terms T1,2,3 Controlllng Ar
bitrary State And Output Register Stages. 

COMPLEMENT 
ARRAY LOGIC 

M1ll 

AND ARRAY 

I 
I . 
L._--i---+-_...,~-~-+-

OR ARRAY 

Figure 26. The COMPLEMENT Array Is Loglcally Constructed From A 48-lnput 
Programmable OR Gete 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 n commands. This is accom
plished by selectively ORing through a pro
grammable OR Array all AND gate outputs T n 

necessary to activate the proper flip-flop 
control inputs. 

The FPLS OR Array consists of 14 pairs of 
OR gates, controlling the SIR 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 T 1 and T 2 in 
Figure 27 require only a single AND gate 
each. 

But a complement jump such as T 3 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. 

-
2 -
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TRANSITION TERMS 

DIRECT 

COMPLEMENT Ta= Po(X• Y) = Po(T1 + T,) 

a. Typlcal State Sequence 

Ta P0X P0V ,----------, 
I I 

t-t-t--+-
1 I 
L---------.J 
COMPLEMENT ARRAY 

T,=Po(PoX+PoY) 
Ta=Poll'O(lf+'i')J 
Ta = PolPo + {ii+Yj] 
Ta=O+Po(~ 
Ta=Po(X•Y) 

b. Complement Jump 

Figure 27. a. X And Y Specify The Conditional Logic For Direct Jump Transl· 
lion Terms T1 And T2• The Complement Jump Term T3 Is True Only When 
Both T 1 and T 2 Are False. b. Note That The Complementary Logic Expres
sion For T 3, T 1 + T 2, Corresponds Exactly To The Logic Structure Of The 

Complement Array. 

November 1986 2-20 

Introduction 

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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0 > 
1 I> 
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.----11> 
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Oo S 
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~ 

a. State Diagram 

Td4 Td6 

8 TRANSITION TERMS USED 

l 
COMPLEMENT 
ARRAY 

J 

c. State Logic Without Using The Complement Array 

Td1 = lohPo 
Td2 = l2Po 

Tea= <Td1 + Td2)Po = Uof1 + lz)Po 

Td4=i2P3 
T<tt = lol1P3 

Tes= (Td-4 + Tda)P3 = (lol1 + l2)P3 

Introduction 

Ten= COMPLEMENT STATE TRANSITION TERM 

Tdn =DIRECT STATE TRANSITION TERM 

P9 =PRESENT S1'ATE 

b. Logic Definition 

'·~ ,, t------1> 

'• t-----1..? 

r---0 

~ 

w 
~ '--

L--,~ 
~ 

COMPLEMENT 
ARRAY 

J 

6 TRANSITION TERMS USED 

d. State Logic Using The Complement Array 

Figure 28. Logic Reduction With The Complement Array. The Logic State Diagram In (a) Includes Complement Jumps Tc3 And 
Tes Defined In (b). When Using The Complement Array, A Savings Of 2 Transition Terms Results, As Shown In (c) And (d). 
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Table 5. 20·Pin PLO Sequential 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 PLO 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 

• Parallel bus load 

• Asynchronous preset and reset 
capablllty 

• Combinational 1/0 pins 

• Programmable enable pins 

• Output feedback to AND Array 
avallable 

OUTPUT REGISTER 

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 fllp·flop 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. 

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

(LOGIC TEAMS) 

Q 

T,, To. Fe 

November 1986 

(CONTROL TERMS) 

,• AO 

(n) 

K CK 

Figure 29 
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In addition, a dynamically controllable "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
flop 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. 

ii 
oe 

1i 

c 

B 

L002440$ 
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PARALLEL BUS LOADING 
The Output Register may be loaded from the 
bus via the load control term (L). This feature 

(LOGIC TERMS) 

I 

forces the data contained on the F0 pin into 
the J/K flip-flop. It operates synchronously 
with the rising edge of the clock. This feature 

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

---------------- ------
(CONTROL TEAMS) 

·-+--+---+--Ii 

0-T----+--T------------+--+---1--~~ .. 

a-+----+--+-------------1---+---l--1--...a-c 

a 

Figure 30 
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PRESET AND RESET 
Asynchronous preset and reset capability has 
been provided on the PLD-20 sequential 

(LOGIC TERMS) 

b 

M 

T31 To Fe 

November 1986 

devices. This feature is controlled in the AND
Array on the PLS159. However, the preset 
and reset function on the PLS155 is con
trolled via the OR Array. The PLS157 preset 

(CONTROL TERMS) 

JP RQ 

(n) 

K CK 

Figure 31 
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and reset controls are split between the two 
arrays. See the individual data sheets for 
details. 

8 
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COMBINATIONAL 1/0 PINS 
Each PLD-20 sequential device has a number 
of combinational pins (80) which can be 

(LOGIC TERMS) 

programmed and used exactly as the B pins 
on the PLS153 FPLA. The direction control 
term (D) establishes the data flow on these 

(CONTROL TERMS) 

Introduction 

pins. The individual data sheet should be 
consulted for the quantity and pin number 
assignment for each device. 

a~t-~~+-~+-~~~~~~~---ll---+~4-~4--... 

o~+-~~-+~-+-~~~~~~~~-+~-+~4-~.+----<i~ 

B 

JP RQ 

M (n) 

K CK 

T31 To Fe 

Figure 32 

November 1986 2-25 

2 



Slgnetlcs Application Specific Products 

Signetics Programmable Logic 

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. 

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

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. 

2. Common P·term to 2 or more outputs requires 2 or more P-terms; one on each output. 
3. Extemal inverter required to change active level of output. 
4. 10 P-terms used. 

Figure 33. Application Example PAL Approach 

A c 0 o, Do 

NOTES: 
1. All P-terms usable. 
2. Common P-terms available to an outputs. 
3. Programmable outputs eliminate need for external component. 
4. 6 P-terms used. 

Figure 34. PLO Approach 

'"PAL la a r$9istered trademark of Monolithic Memories, Inc. 
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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. 
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FPLA PLS153/153A COMPATIBLE WITH PAL® LOW/MEDIUM COMPLEXITY PRODUCT, I.e., 14H/L4 16H/L2 16LS 10H/LS 16C1, 
12H/LS 

ADDITIONAL FEATURES: 
1. PROGRAMMABLE OUTPUT POLARITY 
2. PROGRAMMABLE OR ARRAY 
3. 10 OUTPUTS VL 8 FOR PAL 
4. 32 PRODUCT TERMS va. 18 FOA LOW AND MEDIUM PAL.II 

FPLS PLS155/157/159 COMPATIBLE WITH PAL REGISTERED TYPES 18R3, 18R5, 18R4, etc. J 
ADDITIONAL FEATURES: 
1. PROGRAMMABLE AND/OR, ALSO CONTROLLABLE FUP FLOPS; AS D, TOGGLE, OR JK 

•PAL • a trademark ot Monollthlc M•mOl'ttli, Inc. 

'--~~~~~~~~~~~~~~~F_l~g_ure~_35_._P_L_D_-_2o~P_rod~u_ct~C_o_m~pa~rl_so_n~~~~~~~~~~~-

PLO FAMILY SUMMARY 

Fleld·Programmable Gate Arrays 

PLS103 16 x 9 28-Pin Tri-state (Combinatorial) 
PLS151 18 x 12 20-Pin Tri-state (Combinatorial) 

Fleld-Programmable Address Decoders 

PLS162 16 x 5 24-Pin Tri-state (Combinatorial) 
PLS163 12 x 9 24-Pin Tri-state (Combinatorial) 

Fleld·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 (Combinatorial) 
PLS161 12 x 48 x 8 24-Pin Tri-state (Combinatorial) 
PLS173/PLUS173 22 x 45 x 10 24-Pin Tri-state (Combinatorial) 
PLHS473 20X24X11 24-Pin Tri-state and Open Collector 
PLC473 20X24X11 24-Pin Tri-state and Open Collector (CMOS) 
PLHS18P8A 18 x 72 x 8 20-Pin Tri-state (Combinatorial); Fixed OR Array 

Flek:l-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 
PLS 159/ 159A 16 x 42 x 12 20-Pin Tri-state 8-Bit Sequencer 
PLS167/167A 14 x 48 x 6 24-Pin Tri-state Mealy State Machine 
PLS168/168A 12 x 48 x 8 24-Pin Tri-state Mealy State Machine 
PLS179 20X42X8 24-Pin Tri-state 8-Bit Sequencer 
PLUS405A 16 x 64 x 8 28-Pin Tri-state Mealy State Machine 

Fleld·Programmable Macro Logic 

PLHS501 32X72X24 52-Pin Random Logic Unit 
PLHS502 32X64X24 52-Pin Registered Logic Unit 

November 1986 2-27 
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FPGA LOGIC DIAGRAM PLS103 

NOTES: 
1. All gate inputs when a blown link float to a logic "1". 
2.wmn-
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FPGA LOGIC DIAGRAM PLS151 

a-------(LOGIC GATES-G)--·---- - (CONTROL~ATES)------------------1 
• ~ ~ ~ I 

NOTES: 

~: ,~H 1:iti~n0~:mmrrk float to a logic "1". 

November 1986 

--·---·-·--+++-....,H4++++--[fJ Bo 
8 Bt 

---------·---·--+t+H-1++++-{[I B2 

·----------·----------
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FPAD LOGIC DIAGRAM PLS162 

lf--(LOGICGATES-G)~ 

NOTE' 
1. All gate inputs with a blown link float to a logic "1". 
2. ,._!!J#i\\1\11!."l\®\liP 
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FPAD LOGIC DIAGRAM PLS163 

2 

NOTES: 
1. All gate inputs with a blown link float to a logic "1 ". 

2. * B.BJ!il!!l!m~h'li 
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Signetics Programmable Logic 

FPL.A LOGIC DIAGRAM 
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NOTES' 
1. All AND gate inputs with a blown link float to a logic "1 ". 
2. Ail OR gate inputs with a blown fuse float to a logic "O". 
3. ,; ;;~i\~\~. 
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Signetics Programmable Logic Introduction 

PLS153/153A/PLHS153 

2 

31~•••••24 23••••••16 15••••••8 1••••••0 

NOTES: 
1. AH programmed "AND" gate locations are pulled to a logic "1 ". J 
2. All programmed "OR" gate locations are pulled to a logic "O". 

a. i~1!!1ti~1'K\l!i\\l\~qU 
~------·-··-----·-----
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Signetics Programmable Logic Introduction 

FPLA LOGIC DIAGRAM PLS161 

I 

47 ....... 40 39 •••••• 32 31 •••••• 24 23 • • • • •• 16 15 •••••• 8 7 •••••• 0 x, 

NOTES: 
1. AH 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 "O". 

3. i_,!\B~lill4/\l!!!!IR~ 
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Signetics Programmable Logic Introduction 

FPLA LOGIC DIAGRAM PLS 173/PLUS 173 

2 
---.~ 

31••••••24 23••••••16 15••••••8 7••••••0 

NOTES: 
1. Alt programmed "AND" gate locations are pulled to a logic "1". 
2. All programmed "OR" gate locations are pulled to a logic "O". 

a. + W!!l~!ill!i!\ll!l!lii\'!ii!l1!\Btilf 

November 1986 2-35 



Signetlcs Application Specific Products • Series 28 

Signetics Programmable Logic Introduction 

FPLA LOGIC DIAGRAM PLHS473 

•• 

23 • • • • • • 16 15 • • • • • • 8 7 • • • • • • 0 

NOTES: 
1. All unprogrammed or virgin 'AND' gate locations are pulled to a logic '1'. 

~: ~,n r{~:~:iiJID;~· 9ate locations are pulled to a 109ic ·o·. 
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Signetics Programmable Logic Introduction 

FPLA LOGIC DIAGRAM PLC473 

2 

23 • • • • • • 16 15 • • • • • • 8 7 • • • • • • 0 

NOTES' 
1. AH programmed 'AND' gate locations are pulled to a logic '1 '. 
2. All programmed 'OR' gate locations are pulled to a logic 'O'. 

3. 9 ;:a~,~% 
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Signetics Programmable Logic 

FPLA LOGIC DIAGRAM 

NOTES: 
1. AH unprogrammed or virgin "AND" gate locations are pulled to a logic "1 ". 
2." P,(lgla~\0:~-
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Signetics Programmable Logic Introduction 

FPLS LOGIC DIAGRAM PLS105/105A 

2 

NOTES: 
1. All AND gate inputs with a blown link float to a logic '1 '. 
2. AU OR gate inputs with a blown fuse float to a logic 'O'. 
s. cfl;(Jlfit@l#!lib!<•i1ill~Nill!lli11~; 
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Signetics Programmable Logic Introduction 

FPLS LOGIC DIAGRAM PLS155 
-------------------·---------------------------------------, 
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Signetics Programmable Logic Introduction 

FPLS LOGIC DIAGRAM PLS157 
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CK' 
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CK' 
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CK' 

... 
CK' 

31• ·•• • • • •2423••••••1S 15• • • • • • 8 CK'O'Q 

NOTES' 
1. All OR gate inputs with a blown link float to a logic 'O'. 
2. All other gates and control inputs with a blown link float to a logic '1 '. 
3. e denotes WIRE-OR. 

4. ~m!i\!!'1(~g"J'll!!\1!1\'· 
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Signetics Programmable Logic Introduction 

FPLS LOGIC DIAGRAM PLS159/159A 

NOTES: 
1. All OR gate inputs with a blown link float to a logic "O". 
2. AH other gates and control inputs with a blown link float to a logic "1 ". 
3. denotes WIRE~OR. 

4· -iR&i 

November 1986 2-42 



Slgnetlcs Application Specific Products • Series 24 

Signetics Programmable Logic 

FPLS LOGIC DIAGRAM 

-----------(LDGICTIRllS-Y)------------

NOTES: 

'• .. 
... ... 
... 
~. 

N 

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 "O". 

3.®1M111111JJ-•i:1: 
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Signetics Programmable Logic 

FPLS LOGIC DIAGRAM 

NOTES: 
1. All programmed "AND" gate locations are pulled to a logic "1". 
~: ~II i~~ations are pulled to a logic "O". 
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Introduction 

PLS1.68/168A 
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Signetics Programmable Logic Introduction 

FPLS LOGIC DIAGRAM 

2 

.. 

F, 

1. All OR gate inputs with a blown link float to a logic "O". 
2. All other gates and control inputs with a blown link float to a logic "1''. 
3. e denotes WIRE-OR. 

•.W;8!11!i!B~\l '-----------------------·------··----------------·--·--·------------·-
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Signetics Programmable Logic 

FPLS LOGIC DIAGRAM 

1. All OR gate inputs with a blown link float to a logic 'O'. 
2. AH other and control inputs witt1 a blown link float to a logic '1 '. 
3. 
4. 
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Signetics Programmable Logic Introduction 

FPML LOGIC DIAGRAM PLHS501 

r- 2 

November 1986 2-47 



Signetics Application Specific Produe,,--ts • Series 28 

Signetics Programmable Logic Programming Information 

PLO PROGRAMMING 
The current Signetics family ol Programmable 
Logic (PLO) 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 PLO 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 PLO 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 yields, 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 PLMC1 53 
to less than one third of its bipolar 
counterparts. 

Identical to the PLS153 and 153A, the 
PLMC1 53 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 1 8 inputs to 10 outputs. 

On chip TIC buffers CQUQle either True 
(I, B) or Complement (I, B) input polari
ties to all AND gates, whose outputs can 

FUNCTIONAL DIAGRAM 

·~ .. 

NOTE: 
All points are mask-programmable. 

November 1986 

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 
• Single Mask-Programmable 
• Functionally Identical to PLS153 

and PLS153A 
• 8 Inputs 
• 42 AND gates 
• 10 OR gates 
• 10 bidlrectlonal 1/0 lines 
• Active-High or ·Low outputs 
• 42 product terms: 

- 32 loglc terms 
- 10 control terms 

• 1/0 propagation delay: 35ns 
(max.) 

• Power dissipation: (typ.) 
- DC: 1mA 
- AC: 1mA/MHz 

• Input Loading: -100µA (max.) 
• Tri-state outputs 
• TTL compatible 

o, 

3-3 

PIN CONFIGURATIONS 

N Package 

N =Plastic 

A Package 

A = Plastic Leaded Chip Carrier 

APPLICATIONS 
• Random logic 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multiplexing 

LOGIC FUNCTION 

NOTES: 

TYPICAL PRODUCT TEAM: 
Pn=A·B·C·D· ... 

TYPICAL LOGIC FUNCTION: 

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

AT OUTPUT POLARITY= L 
Z=PO+P1+P2+ ..• 
Z=P0·Pi·P2 ... 

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

2. Z, A, B, C, etc. are user defined connections to 
~ inputs (I) and bidirectional pins (8). 

3 
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Mask-Programmable Logic Array (18 x 42 x 10) 

FPLS LOGIC DIAGRAM 

NOTE' 

-----(LOGICTl!RUS-P)------- a---ccONTRo.. TERMSl-

~ 1, 'H-1-++++++-++++1-H-+-t+IH-l+t.,___,H-+1+++-t-----+--t-+-t--t--+-+-+--+--+-

~ •, 'H-1-++++++-++++1-H-+-t+IH-l+t.,___,H-+-++++t-----+--+-t--t--t--+-+-+--+--+-

'• . 
.. . 
.. 7 

,, 8 

~1tttttttDttttttttttt:ttt:J=m:ttttt::==jj=t:Jtttttt:=!J-~, 
a,-1-1-H++++-+-+-++++t+-++++1-H-+-++1-H+++----+--+--+-+--t-1-+-+-+~ 

a,-+-H-+-++++--+-+-++++-1-+-++-++-H-+-+-++->-+-+-+-++------+--+--+-+--<---<--+-r--+--+-. 

~-+-1-H-++++-+-+-++++++-+++-+-1-H-+-+-+-1-H-+++----+--+--+-+--r-1--+-+-+~ 

~-+-1-H-++++-+-+-++++-t+-++H-1-H-+-++-1-H-+++----+--+--+-+-t--1--+-+-+~l>---

a,-t-t-t-t-t-t++-+t-t-t++tt-++t+H--1-t-t+t-t-t-ttt----r-+-+-t-t--1----t-t--t--tcl>----1 

~-1-1-H-++++-+-+-++++-t+-++t+l-H+-·H j-++->------ ·--+-- ·+-- - ·+ . -+---n.--, 
•1-+-1-H++++-+-+-++++t+-++++1-H+-t+l-H,-ttt----t--+--r-t-t--1----t-t-·-t--tcl>-i 

~-+-H-+-++++-+-++++-+-+--+-+++-+-1-H-+-+-+-t-H-+++-----+--+--+-+-r~-+--+---+--+-.•P-i 

~-+-1-H++++-+-+++++t+-++-++-1-H-+-+-'1-H-+-+-++---t--1--+-+--+--+--+--t-+--h 

s, < 0,¢0, o,0o, o,I o, o,0o, o,~J 
.. 

'~ 
s, 

I 
., .. 
~ . .. 

x, 

•• 
~. s, 

I I X2 s, 

I I I x, 
31••••••24 23••.••••16 15••0•••8 7••••••0 

1. All points are mask-programmable. 
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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 1/0 polarity and 
direction. 

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

On chip T /C buffers cc;iuE1e 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 

.. 

November 1986 

PLUS153 
Field-Programmable Logic 
Array (18 x 42 x 10) 
Signetics Programmable Logic 
Objective Specification 

FEATURES PIN CONFIGURATIONS 
• Field-Programmable (Tl·W links) 
• Functionally Identical to PLS153/ 

153A and PLHS153 
• 8 Inputs 
• 42 AND gates 
• 10 OR gates 
• 10 bldlrectlonal 110 lines 
• Active-High or ·Low outputs 
• 42 product terms: 

- 32 logic terms 
- 1 O control terms 

• 1/0 propagation delay: 12ns (max.) 
• Input loading: -100µA (max.) 
• Power dissipation: 700mW (typ.) 
• Tri-state outputs 
• TTL compatible 

APPLICATIONS 
• Random logic 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multiplexing 

o, o, 

-----~ . .® 

3-5 

N Package 

N .. Plastic 

A Package 

A = Plastic Leaded Chip Carrier 
-------------·--·-~-----~ 

LOGIC FUNCTION 

iNlO'T'FS. 

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+P"l+P2+. 
Z=Pli·P1·P2• .. 

·i. For e:::.i::h t;f the 10 outputs, either !unction Z 
(Active-Hiqh) or Z {Active-Low) is available, but not 
both. The· desired output polarity is programmed 
via the EX-OR gat&S. 

2. Z, A, B, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (8). 

3 
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Field-Programmable Logic Array ( 18 x 42 x 10) PLUS153 

FPlA LOGIC DIAGRAM 

31••••••24 23•••.•••16 15••••••8 7••••••0 

NOTES: 
1. All programmed "AND" gate locations are pulled to logic "1". 
2. Alt programmed "OR" gate locations are pulled to logic "O". 

3. * !lfi!!ill~ll!Hlilllt\!!!!!Btl 
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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 ;iates with fusible link connections 
for programming 1/0 polarity and direc
tion. 

All AND gates are linked to 12 inputs (I) 
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 1 O outputs. 

On chip T /C buffers couple either True 
(I, B) or Complement (l, 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 

I 
I 
I 
I 

I 
I 
I 
I 

111 1 
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PLUS173 
Field-Programmable Logic 
Array (22 x 42 x 10) 
Signetlcs Programmable Logic 
Objective Specification 

FEATURES 
• Field-Programmable (Tl-W links) 
• Functionally Identical to PLS173 
• 12 inputs 
• 42 AND gates 
• 10 OR gates 
• 10 bidirectional 1/0 lines 
• Active-High or -Low outputs 
• 42 product terms: 

- 32 logic terms 
- 1 o control terms 

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

• Input loading: - 100µA (max.) 
• Power dissipation: 700mW (typ.) 
• Tri-state outputs 
• TTL compatible 

APPLICATIONS 
• Random logic 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multiplexing 

•. 

------ (ti) 
--~ 

3-7 

PIN CONFIGURATIONS 

N Package 

B4 

e, 
e, 

e, 

e, 
1,, 

N =Plastic 

A Package 

N/C I, t, 11 I, I, NJC 

A = Plastic Leaded Chip Carrier 

LOGIC FUNCTION 

NOTES: 

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+P1+P2+ .. . 
Z=Pii·l'i·l'2· .. . 

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 (1) and bidirectional pins (B). 

3 
~ 
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Field-Programmable Logic Array (22 x 42 x 10) PLUS173 

FPLA LOGIC DIAGRAM 

NOTES: 
1. All programmed 'AND' gate k>cations are pulled to logic "1 ". 
2. All programmed 'OR' gate locations are pulled to logic "O". 
3· * I II I !! I@ 
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Application Specific Products 
• PML Serles 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 1/0 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 NANO 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 1/0 structure. 
In addition, single-level and multi-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 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 
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PLHS501 
Programmable Macro Logic 
Random Logic Unit* 
(32 x 72 x 24) 
Preliminary Specification 

FEATURES 
• Slgnetlcs NANO foldback 

architecture 
• Field-Programmable 
• 24 dedicated Inputs 
• Fixed and programmable output 

buffers 
- 8 1/0 buffers 
- 8 EX-OR buffers 
- 4 Active-Low buffers 
- 4 Active-High buffers 

• 72 internal NANO foldback terms 
• Supported by AMAZE 

Development System 
•Testable In unprogrammed state 
• Verify Lock Fuse 
• TTL compatible 
• Power dissipation: t.25W {typ.) 
• Logic delay times 

- Single-level = 18ns (max.) 
- Two-level = 26ns (max.) 
- Internal NANO delay = Bns 

(max.) 

ARCHITECTURE 
• 24 dedicated Inputs; lo - 123 
• 4 Active-High I/Os with Individual 

enable: 84 - 87 
• 4 Active-Low I/Os with individual 

fused enable: Bo - Ba 
• 2 Active-High output pairs; each 

pair with common enable: Oo - 03 
• 2 Active-Low output pairs; each 

pair with common enable: 04 - 01 
• 4 EX-OR output pairs; each pair 

with common enable: Xo - X7 

• 72 internal NANO foldback terms 

3-9 

PIN CONFIGURATION 

GND 20 

A Package 
(52-Pln PLCC) 

21 

o, 

Pin. No. 

1 111 
2 112 
3 113 
4 114 
5 115 
6 l1s 
7 117 
8 Vee 
9 118 

10 119 
'11 l20 
12 121 
13 !22 
14 123 
15 84 
16 85 
17 Be 
18 87 
19 Oo 
20 GND 
21 o, 
22 02 
23 03 
24 /04 
25 /05 
26 /Os 

TOP VIEW 

33 

x, 

34 GND 

Pin No. 

27 /07 

28 "" 
29 X1 
30 X2 
31 X3 

32 "" 
33 Xs 
34 GND 
35 .x. 
36 x, 
37 /Bo 
38 /81 
39 /82 
40 /83 
41 lo 
42 11 
43 12 
44 13 
45 l4 
46 Vee 
47 15 
48 1, 
49 17 
50 18 
51 19 
52 110 

3 
----
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Programmable Macro Logic 
Random Logic Unit* (32 X 72 X 24) 

FUNCTIONAL DIAGRAM 

71 0 ... 
"'...J"? 

"'°* 

~··y 

ORDERING INFORMATION 

E DESCRIPTION 

:.2-Pin Plastic Leaded Chip Carrier 

ORDER CODE 

PLHS501A 

ABSOLUTE MAXIMUM RATINGS1 

r· 
RATING 

SYMBOL PARAMETER 
Min Max 

Vee Supply voltage +7 

V1N Input voltage +5.5 

Your Output voltage +5.5 

i1N Input currents -30 +30 

lour Output currents +100 

Temperature range 
TA Operating 0 +75 

'-· 
TsTG Storage -65 +150 

November 1986 3-10 

Preliminary Specification 

PLHS501 

.~ 
-IL 

s.t--

3J-

'L~ ... Q{)(J(J(J 
...... 

_,(x4) "'-' 

l. 
;JJ .... ~···"" 
I (>e4) 

.JI 

A 
_;{ (x2)~ ... ...... 

A _. 
_;:[ (x2) .._. 

v .::J 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75'C 

Allowable thermal rise 
75'C ambient to junction 

--

UNIT 

Voe 

Voe 

Voe 

mA 

mA 

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

LOGIC DIAGRAM i---------------
1 ~ 41 

November 1986 3-11 

Preliminrny Specification 

Pl.HS501 

----------------------------1 

I 
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Programmable Macro Logic 
Random Logic Unit* (32 X 72 X 24) 
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DC ELECTRICAL CHARACTERISTICS o•c.;;; TA.;;; + 75•c. 4.75.;;; Vee.;;; 5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voltllge3 

V1L Low Vcc•Min 
V1H High Vee•Max 
Vic .clamp3•4 Vee - Min, l1N - -12mA 

Output voltage 

Vee•Min 
VoL Low3·5 loL• 10mA 
VoH High3,6 IQH•-2mA 

Input current 

Vee•Max 
l1L Low V1N=0.45V 
l1H High V1N•5.5V 

Output current 

IO(QFF} Hi-Z state10 
Vee=Max 

VQUT•5.5V 
VouT•0.45V 

las Short circuit4·6•7 VouT=OV 

Ice Vee supply current8 Vee•Max 

Capacitance 

Vee•5V 
l1N Input V1N•2.0V 
Ce 1/0 VQUT=2.0V 

LIMITS 

Min Typz 

2.0 
-0.8 

2.4 

-15 

250 

8 
15 

AC ELECTRICAL CHARACTERISTICS TA= o•c to + 75°C, 4.75 <Vee< 5.25V, R1 - 470Sl, R2 - 10oon 

PARAMETER LIMITS 
SYMBOL TEST CONDITIONS 

TO FROM Min Typ 

tpo1 Output± Input± CL •30pF 
tPD2 Output± Input± 
tPD3 Output± Input± 
tPD411 Output± Input± 
tP0511 Output± Input± 
tPD611 Output± Input± 

tp0711 Internal 

toe Output- Input± 

toog Output+ Input± CL =5pF 

NOT£S: 

PLHS501 

UNIT 
MIDI 

0.8 
v 

-1.2 

0.45 v 

-100 
µA 

40 

80 µA 
-140 
-70 mA. 

325 mA 

pF 

UNIT 
.MIDI 

20 ns 
18 na 
18 ns 
28 ns 
26 ns 
26 n11 

8 ns 
20 .ns 
20 ns 

1. Stresses above those llsted under "Absolute Maximum Ratings" may cause ~function or permanent damage to the device. This is a wess rating only. 
Functional operation at these or any other condition above those indicated in the operational and programming specification of the device is not impii.d. 

2. All typical values are at Vee • sv, TA - + 2s•c. 
3. Ali voltage values are with respect to networl< ground terminal. 
4. Test one at a lime. 
5. For Pins 15-19, 21-27 and 37-40, VoL 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, VOL Is measured under same conditions EXCEPT Pin 44 • OV. 
6. VOH is measured with Pins 5 and 41•8.75V, Pins 42 and 43 • 4.5V and Pin 44 • 0V. 
7. Duration of short circutt should not exceed 1 second. 
8. Ice la meesured with all dedicated Inputs at ov and bidirectional and QUlpul pins open. 
9. Measured at Vy= VOL+ O.SV. 

10. Leakage values ara a cornbinetion of input and output leakage. 
11. Limtts ara guaranteed with 10 terms maximum connected to each lntamal feedback Hne. 
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VOLTAGE WAVEFORM 

MEASUREMENTSo 
All ctrcult delays are measured at the + 1.5V level of 
inputs and outputs, unless otherwise specified. 

Input Pulses 

November 1986 
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TIMING DEFINITIONS 

tpo1 Input to Output delay, one pass, 
with EX-OR buffer 

tpo2 Input to Output delay, one pass, 
with NANO buffer 

tp03 Input to Output delay, one pass, 
with AND buffer 

tp04 Input to Output delay, two 
passes, with EX-OR buffer 

tpos Input to Output delay, two 
passes, with NANO buffer 

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

tpo7 Feedback delay per internal 
NANO function performed 

too 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 

1.5V 

1.SV 

VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links open, such that: 
1. All product terms are enabled. 
2. All bidirectional (B) pins are outputs. 
3. All outputs are enabled. 
4. All outputs are Active-High except 

80 - 8 3 (!usable 1/0) and 104 - 107 
which are Active-Low. 



Signetics Application Specific Products • PML Series 52 Preliminary Specification 

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

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 NANO-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 PLO 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 1986 
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Figure 1. General PML Architecture Based on a Central Programmable 
"Interconnect" System Interlocking Peripheral Macros 

B 

D 

LOGIC 
PRODUCT 

Y=C*D X=A*B 

(F=X+Y•A*B+C•D) 

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

Figure 3. Basic Architecture of Current PLDs 

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 

3-15 

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. 

3 
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.· · V'Jl'l\.llllty llQ PLO, fall in three main categories: 
PAQM, Fmtt! OFI, and PLA. As illustrated in 
~lli*t a, ~differ primarilY in the protjram
i:t)abillfy .ot tlte ANO-<:!A gate Chain which, by 
bEiii!G. iri'evcieabty intefposed as a two-level 
IOilkl Unk ~ on-chip macros and 110 
IJBlhs. Often can turn into a design liability. 

For eiOOilple, Iii PAoMs the exponential in
i:rEiase .ln AN'D array size with number of 
in~ Iii a ~e ilrawtlick which limits !heir 
Coilteiition in the . ldgic appllcatlon arena. 

111 f'llled OR. devices, the fixed inputs to the 
01'1 arrar Confine tlll!lr ilrdhltectures to essen
tially a composite Of AND-OR, AND-OR-regis
ter lc>gic sllcee defining independent 110 
paths through the Chip. This causes duplica
tion of common prottuct terms, and waste of 
unused AND gates. in each slice. Also, since 
each · slice . is dedicllt8CI to an output pin, 
devices with registered, programmable 110 
pins entafl an even greater waste· of on-chip 
logic resources when configured in regillter
bypliss or lixed input modes. Moreover, no 
aingle .lwal logic lul\Ctlons can be constructed, 
ll>CCept dedicated on-chip control functions. 

Finally, wen as the .twin programmability of 
thl! ANO-OR arrays in current PLA-type de
vices lends greater fll!llibility. and may clrcum
lll!nt some of the ilbove problems, it does 
pcise difficult process, design and perfor
mance compromises in migrating toward 
more dense structures. 

Preliminary Specification 
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F 

a. PROM: Progralllmable OR 

F 

OR 

b. PAL*: Programmable ANI> 

F 

c. 9LA: Programmable AND-OR 'ftrut, on the whOle; the ANO-OR gate chairi 
fOlms .. a bottleneck which can impair the 
fraginelitalkin ahd reallocation of the on-Chip 
fooic resources, CUrtalHng the adaptability and 

figure 4. Programmable AND-OR Chain of Current PLDa 

· efffeienCy of current PLO& in applications 
invo1Vlng unstructured algorithms and scat
tered logic iunctlons. 

•PAL Is a registered trademark of MonoHthic Memories, Inc. 
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NAND·NAND GATE 
EQUIVALENCE 
One way of relieving the burden placed on 
PLDs' architecture by the AND-OR gate 
string is to do away with it altogether, and 
replace it with a new programmable structure 
forged out of a new compromise on silicon 
between "interconnect" redundancy and 
ease of design and application. The approach 
adopted for PML is based on the fundamental 
equivalence between two-level AND-OR and 
NAND-NAND gate constructs in expressing 
combinatorial logic functions in SOP form, as 
illustrated in Figure 5. 

Since programmable NAND-NAND logic 
chains can be formed by coupling identical 
NANO gates with programmable inputs, the 
NANO-array string in Figure 6 can be imple
mented as a single global array with feed
back. 

A basic NANO-array core linking a periphery 
of primitive macros is shown in Figure 7. 
When the feedback path is just a simple wire, 
the NANO-array can be fragmented into sin
gle-level or double-level true/complement 
logic functions by programming respectively 
single (a-c-d), or double (a-b-c-d), intercon
necting paths through the array from inputs I 
to output F. 

More complex functions can be implemented 
by programming multi-level logic loops 
through the array. 

November 1986 
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D ~IC 
LOGIC 
PRODUCT 

Y=CiD X""A*B 

F "' ifiY = (A* B) * (Cili) 

F ... (Ai"I) + (C'i"D) 

Figure 5. Equivalent NANO-NANO SOP Expression 

"NANO" 
ARRAY f'1 

"NANO" 
r-- ARRAY r'i 

>.'.. 1--• .....,--........ 

21 ARRAY 

~ 

'HAND' 
ARRAY fi 

l~NAND" F 
ARRAY 

r -1 
I I 
L----7'----J 

FEEDBACK PATH 

Figure 6. NANO-NANO Gate Chain Compressed 
Into a Single Array WHh Feedback 

"""'"" 
Figure 7. Elementary NANO Array Unklng Primitive MacroS.: 

Note That No Programmable Connection la Implied at 
a Cross of a Solid Line WHh a Dotted Une 
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BASIC PML ARCHITECTURE 
The primitive NANO 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, 1/0 macros would 
provide off-chip paths to the outside worid, 
while FUNCTION macros looped about the 
array would provide the necessary logic pro
cessing capability. 

0 

Preliminary Specification 
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M 

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 NANO 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. 

Figure 8. General PML Structure 

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 essentiaily 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 NANO core into multi
level logic paths at will increases the usage 
efficiency of the on-chip logic resources, and 
greatiy 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 
constructs a.nd cross-coupled latches on-chip 
without Involving output pins. These are 
shown in Figure 9. 

November 1966 

:~: 
a. b. 

c. 
Figure 9. Novel Logic Constructa Available With PLHS501 

Built with Signelics' proprietary ZA oxide 
isolation process, and vertical fuses, the 
PLHS501 has a NANO matrix about the size 
of a 16k-bit PROM. With a typical Ice 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 NANO array. 
Assuming a conservative "interconnect" fac
tor of 20%, the PLHS501 has a density 

3-18 

roughly equivalent to 1,500 2-input NANO 
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. 
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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 I I 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 80 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 1/0 pins for register feedback paths. 
The PLHS502 is therefore ideally suited 
for both Synchronous and Asynchro
nous State Machines as well as event 
driven controller 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 1/0 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 I I 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 ™l Fuses as 
programming elements. These fuses 
provide high programming yield and reli-

"'Patent Pending 
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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 
• Slgnetlcs NANO foldback 

architecture 
• Field-Programmable 
• 20 dedicated inputs 
• 4 input/clock pins 
• 16 buried registers 

-SD type 
- 8 S-R type 

• 8 individual clocks 
- 4 from dedicated Input/clock 

pins 
- 4 from NANO array 

• 8 bidirectional 1/0 
• 16 dedicated outputs 

- 8 Active-High outputs 
- 4 outputs with polarity control 
- 4 Trl-statable outputs with 

polarity control 
• 64 internal NANO foldback terms 
• Logic delay times: 

- Single level = 22ns (max.) 
- Two logic levels = 30ns (max.) 
- Each additional internal NANO 

delay = 8ns (max.) 
- Maximum operating frequency 

fMAX = 35MHz 
• Supported by AMAZE 

Development System 
• Testable in unprogrammed state 
• Verify Lock Fuse 
• TTL compatible 
• Power dissipation: 1.25W (typ.) 

APPLICATIONS 
• Any digital function requiring 

more than 2 levels of logic 
• Systems requiring state/controller 

functions in conjunction with 
random logic 

• Asynchronous state machines 
• Event-driven state machines 
• Logic sequencers 
• Ripple counters 

3-19 

PIN CONFIGURATION 

A Package (52-Pln PLCC) 

Pin No. 
1 111 
2 112 
3 113 
4 114 
5 115 
6 115 
7 117 
8 Vee 
9 l1a 

10 119 
11 lrofCLK 
12 121/CLK 
13 122/CLR' 
14 123/C[i'( 
15 /BO 
16 /91 
17 /82 
18 /83 
19 /84 
20 GND 
21 /85 
22 /86 
23 /87 
24 Oo 
25 01 
26 02 

TOP VIEW 

Pin No. 
27 03 
28 04 
29 05 
30 Oa 
31 07 
32 Oa 
33 09 
34 GND 
35 010 
36 011 
37 012 
36 013 
39 014 
40 015 
41 10 
42 1, 
43 12 
44 ,, 
45 l4 
46 Vee 
47 Is 
48 le 
49 17 
50 la 
51 19 
52 110 

3 
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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 NANO-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 
wtth 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 
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Figure 1. General PML Architecture Based on a Central Programmable 
"Interconnect" System Interlocking Peripheral Macros 

~----------·-------

D 

LOGIC 
PRODUCT 

Y = C * D X=A*B 

(F = X + Y =A* B + C • D) 

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. 

3-21 
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AND-OR PLO 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 wtth 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
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 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 
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 110 
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. 

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 registered trademark of Monolithic Memories, Inc. 
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Figure 3. Basic Architecture of Current PLDs 

a. PROM: Programmable OR 

OR 

b. PAL*: Programmable AND 

c. PLA: Programmable AND-OR 

Figure 4. Programmable AND-OR Chain of Current PLDs 
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NANO-NANO GATE 
EQUIVALENCE 
One way of relieving the burden placed on 
PLDs' architecture by the AND-OR gate 
string is to do away with it altogether, and 
replace it with a new programmable structure 
forged out of a new compromise on silicon 
between "interconnect" redundancy and 
ease of design and application. The approach 
adopted for PML is based on the fundamental 
equivalence between two-level AND-OR and 
NAND-NAND gate constructs in expressing 
combinatorial logic functions in SOP form, as 
illustrated in Figure 5. 

Since programmable NAND-NAND logic 
chains can be formed by coupling identical 
NANO gates with programmable inputs, the 
NANO-array string in Figure 6 can be imple
mented as a single global array with feed
back. 

A basic NANO-array core linking a periphery 
of primitive macros is shown in Figure 7. 
When the feedback path is just a simple wire, 
the NANO-array can be fragmented into sin
gle-level or double-level true/ complement 
logic functions by programming respectively 
single (a-c-d), or double (a-b-c-d), intercon
necting paths through the array from inputs I 
to output F. 

More complex functions can be implemented 
by programming multi-level logic loops 
through the array. 

November 1986 

.M B X 

c y 

D LOGJC 

SUM 

LOGIC 
PRODUCT 

Y=CiD X:A*B 

F=X•Y=(A*B)*(C*D) 

F = (ATfi) + (CfD) 

( F::A•B+C*D) 

F 

Figure 5. Equivalent NAND-NAND SOP Expression 

'NANO' 
ARRAY f'1 

'NANO' 
r-- ARRAY r1 

[ t--.-•• -.-0.~-t 
2"': ARRAY 

'HAND' 
ARRAY 

'NANO' 
ARRAY r2 

r -, 
I I 
L----,<----J 

FEEDBACK PATH 

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

A 

~~-TY~P-IC_A_L~~+-~-+-~--1---~~~-:-[§>+-Do PROGRAMMABLE 
CONNECTION 

Figure 7. Elementary NANO 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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Programmable Macro Logic Sync/ Async Register 
Macro Unit (32 X 64 X 24) 

BASIC PML ARCHITECTURE 
The primitive NANO 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, 110 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 
d'iven directly from NANO gates, while Type-
2 macros may be driven by gales first looped 
through the array. There are virtually no limits 
to the mmber, size, and functionality of the 
on.chip macros surrounding the central core, 
olhm' ihan 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 NANO 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 busk
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 

Objective Specification 

PLHS502 

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 NANO matrix about the size 
of a 16k-blt PROM. With a typical Ice 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 NANO array. 
Assuming a conservative "interconnect" fac
tor of 20%, the PLHS501 has a density 
roughly equivalent to 1,500 2-input NANO 
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. 
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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 (I) 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 TIC buffers couple either True 
(I, B) or Complement (T, 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/NANO logic func
tions. Alternately, if desired, OR/NOR 
logic functions can also be realized by 
programming for each gate the comple
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 

Gn 

All Ni..Cr links are initially intact. 
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PLS151 
Field-Programmable Gate 
Array (18 x 15 x 12) 
Slgnetics Programmable Logic 
Product Specification 

FEATURES 
• Field-Programmable (NI-Cr link) 
• 6 Inputs 
• 15 product terms: 

- 12 logic terms 
- 3 control terms 

• 12 bidirectional 1/0 lines 
• Active-High or -Low outputs 
• Programmable output enable 
• Power dissipation: 575mW (typ.) 
• 1/0 propagation delay: 25ns 

(max.) 
• Input loading: -100µA (max.) 
• TTL compatible 
• Tri-state outputs 

APPLICATIONS 
• Random gating functions 
• Address decoding 
• Code detectors 
• Memory mapped 1/0 
• Fault monitors 
• 1/0 port decoders 

4-3 

PIN CONFIGURATIONS 

N Package 

N"' Plastic 

A Package 

'2 ~ Yee S,1 

A = Plastic Leaded Chip Carrier 

LOGIC FUNCTION 

TYPICAL OUTPUT FUNCTIONS: 
~ 

NOTES: 

X=A·i·C· •.• 

ACTIVE-LOW 

X=A·i·C· •.• 
X=A+B+~+ ... 

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 
fixed inputs (I) and bidirectional pins (8). 

853-0316 66602 
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Field-Programmable Gate 
Array (18 x 15 x 12) 

FPGA LOGIC DIAGRAM 

-------(LOGIC GATES-G)------a 

Product Specification 

PLS151 

(CONTROL GATES) 

~--------------------------..... +-~11~B9 
~-----------------------------....... i-~1~a B10 

'---------------------------------+---fill19811 

NOTES: 
1. All gate inputs with a blown link float to a logic "1". 

2. BCf!\li!!tiMf§!M!19l'El 

November 19, 1986 4-4 
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Field-Programmable Gate 
Array (18 x 15 x 12) 

ORDERING INFORMATION 

DESCRIPTION 

20-pin Plastic DIP 300mil-wide 

20-pin Plastic Leaded Chip Carrier 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

V1N Input voltage 

VouT Output voltage 

l1N Input currents 

louT Output currents 

Temperature range 
TA Operating 
TSTG Storage 

Min 

-30 

0 
-65 

ORDER CODE 

PLS151N 

PLS151A 

RATING1 
UNIT 

Max 

+7 Voe 

+5.5 Voe 

+5.5 Voe 

+30 mA 

+100 mA 

+75 •c 
+150 

DC ELECTRICAL CHARACTERISTICS o•c.;;; TA.;;; + 75•c, 4.75V .;;; Vee.;;; 5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage3 

V1L Low Vcc•Min 
V1H High Vcc=Max 
Vic Clamp3•4 VccaMin, l1N=-12mA 

Output voltage3 

Vcc=Min 
Vol Low loL = 10mA 
VoH High IOH=-2mA 

Input current7 

Vcc=Max 
i1L Low V1N =0.45V 
l1H High V1N = 5.5V 

Output current 

Vcc=Max 
lo(OFF) Hi-Z state VoUT•5.5V 

VouT=0.45V 
los Short circuit4·5 VouT=OV 

Ice Vee supply current Vcc=Max 

Capacitance 

Vcc=5V 
C1N Input V1N=2.0V 
Ce 1/0 Ve=2.0V 

Notes on following page. 
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PLS151 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 15o•c 

Maximum ambient 15•c 

Allowable thermal rise 
ambient to junction 15·c 

4 

LIMITS 
UNIT 

Min Typ2 Max 

0.8 v 2.0 
-0.8 -1.2 

0.5 v 2.4 

-100 µA 
40 

80 µA 
-140 

-15 -70 mA 

115 155 mA 

8 pF 
15 
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Field-Programmable Gate 
Array (18 x 15 x 12) 

Product Specification 

PLS151 

AC ELECTRICAL CHARACTERISTICS R1 - 470U, R2 = 1 kn, o•c,.. TA,..+ 75°C, 4.75V,.. Vee,.. 5.25V 

TEST LIMITS 
SYMBOL PARAMETER TO FROM 

CONDITIONS 
UNIT 

Min Typ2 Max 

tpe Propagation delay Output± Input± 16 25 ns 

toe Output enable Output- Input± 
CL= 30pF 

17 25 ns 

too Output disable6 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 indicated in the operalional and programming specification of the device Is not implied. 
2. All typical values are at Vee - 5V, TA• + 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 Vr - VoL + o.sv. 
7.11L and l1H limits are for dedicaled Inputs only (lo-ls). 

TEST LOAD CIRCUIT 

Yee 

+SY 

o-r- .. 
I I 
I I By I I 

1 

Is 

o-r- Bw 
I •• 

INCLUDES SCOPE 
DJtG 

CAl'IOCITANCE 

ICL 
<>-1-- Bx 

OND "=" ":" 

-::" 

TIMING DEFINITIONS 
tpo Propagation delay between input 

and output. · 
Delay between input change and 
when output is off (Hi-Z or High). 
Delay between input change and 
when output reflects specified out
put level. 

November 19, 1986 

TIMING DIAGRAM 

UV 

8 

4-6 

UV 

WFD54118 

VOLTAGE WAVEFORM 

MEASUREMENTS: 
All cfrcuit delays are measured at the + 1.sv level 
of inputs and outputs, unless otherwise specified. 

Input Pul-
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Field-Programmable Gate 
Array (18 x 15 x 12) 

LOGIC PROGRAMMING 1/0 DIRECTION - (B) 
In a virgin device all Ni-Cr links are intact. 

The FPGA can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/EX-OR 
gate input connections necessary to imple
ment 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 I and 
B associated with each gate Gn, Dn is as
signed a symbol which results in the proper 
fusing pattern of corresponding links defined 
as follows: 

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

1. All outputs at 'H' polarity. 

2. All P n terms are disabled. 

3. All Pn terms are active on all outputs. 

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

"AND" ARRAY - (I, B) 

s 

~B 
DIRECTION 

OUTPUT POLARITY - (B) 

G~[>-G 

ACTIVE LEVEL I c~ I 

4" 4· 4· l,B ·- l,B __ l,B __ 
l,B l,B l,B 

G, D G, D G, D 

t 
STATE __l CODE j 

I 
STATE 

I 
C:DE I I 

STATE 

I C:"E I INACTIVE1•2 ] 0 J I, B i, B 

LD01770$ LD01780S LD01790S 

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

Product Specification 

PLS151 

s 

~B 
DIRECTION 

INPllT 

ACTIVE LEVEL 

LOW 

4· l,B 
i,ii 

G,D 

I 
STATE I c~ I DON'T CARE 

""'"""' 

2. Any gate Pn will be unconditionally inhibited if both the true and complement of an input (either I or B) are left intact. 

November 19, 1986 4-7 
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Field-Programmable Gate 
Array (18 x 15 x 12) 

PLS151 

FPGA PROGRAM TABLE 

.. _, 

o .z: _, I 

November 19, 1986 

D2 = 
GO= 

G1 = 
G2 = 
G3 = 
01 = 
G4 = 

G5 = 
G6 = 
G7 = 
DO= 

GB= 

G9 = 

G10= ~~~~~~~~~~~~~~~~~~~~~~~~~ 

G11 = ~~~~~~~~~~~~~~~~~~~~~~~~~ 

p 
I 
N 

D p G 
A 
T 
E 

I D I 8(Q 
·~ L 1--~~~~~~-1-~~~~~~~~~~~~~~--I 

D2 

VARIABLE 
NAME 

4 3 2 011109871543 

8 5 4 3 2 1 ff 18 17 11 11 M U 12 11 I 8 7 

,.,, .... 
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Appllcatlon Specific Products 
•Serles 20 

DESCRIPTION 
The PLS153 is a two-level logic element, 
consisting of 42 AND gates and 1 o OR 
gates with fusible link connections for 
programming 110 polarity and direction. 

All AND gates are linked to B inputs (I) 
and 10 bidirectional 110 lines (B). These 
yield variable 110 gate configurations via 
1 O direction control gates (D), ranging 
from 18 inputs to 10 outputs. 

On chip TIC buffers cquete 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 

.,, 

November 19, 1986 

PLS153 
Field-Programmable Logic 
Array (18 x 42 X 10) 
Slgnetlcs Programmable Logic 
Product Specification 

FEATURES 
• Fleld·Programmable (NI-Cr llnks) 
• 8 Inputs 
• 42 AND gates 
• 10 OR gates 
• 10 bldlrectlonal 1/0 llnea 
• Active-High or ·Low outputs 
• 42 product terms: 

- 32 loglc terms 
- 10 control terms 

• 1/0 propagation delay: 40na (max.) 
• Input loading: -100µA (max.) 
• Power dlsalpatlon: 650mW (typ.) 
• Tri-state outputs 
• TTL compatlble 

APPLICATIONS 
• Random logic 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multlplexlng 

"• 

-----~ _g!) 

4.9 

PIN CONFIGURATION 

N Package 

N •Plastic 

LOGIC FUNCTION 

NOTES: 

TYPICAL PROOUCT TERM: 
Pn=A·B·C•D• ••• 

TYPICAL LOGIC FUNCTION: 

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

AT OUTPUT POLARITY • L 
Z•Pd+Pi +Pi+ ... 
z~lll·lll'·lll· ••. 

1. For each of the 1 O outputs. either function Z 
(Active-High) or Z (Active-Low) i8 available, but not 
both. Tho doolrad output polarity i8 programmed 
via the EX-OR gates. 

2. z, A, B, C, etc. are unr defined connections to 
fixed Inputs 0) and bidirectional pins (B). 

853-0311 88802 
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Field-Programmable Logic Array (18 x 42 x 10) PLS153 

FPLA LOGIC DIAGRAM 

NOTES: 
1. Ail programmed "AND" gate locations are pulled to logic "1''. 
2. All programmfld "OR" gate locations are pulled to logic "O". 

3· *ill i!lfml-• 
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Field-Programmable Logic Array (18 x 42 x 10) 

ORDERING INFORMATION 

DESCRIPTION ORDER CODE 

20-pin Plastic DIP 300mil-wide PLS153N 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

Your Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

lour Output currents +100 mA 

Temperature range 
TA Operating 0 +75 •c 
Tsrn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS 0°C<TA<75°C, 4.75V<Vcc<5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage3 

V1L Low Vcc=Min 
V1H High Vee= Max 
Vic Clamp3•4 Vee= Min, l1N =-12mA 

Output voltage 

Low3•5 
Vee= Min 

Vol loL= 15mA 
VoH High3•6 ioH=-2mA 

Input current 11 

Vcc=Max 
i1L Low V1N =0.45V 
i1H High V1N= 5.5V 

Output current 

Hi-Z state 10 
Vcc=Max 

lo(OFF) Your= 5.5V 
Vour=0.45V 

las Short circuit4•6•7 Vour=OV 

Ice V cc supply current6 Vcc=Max 

Capacitance 

Vee= 5V 
C1N Input V1N = 2.0V 
Ca 1/0 Va= 2.0V 

Notes on following page. 
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PLS153 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 15o•c 

Maximum ambient 75•c 

Allowable thermal rise 
ambient to junction 15•c 

The PLS 153 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the 
Signetics Military Data Book. 

LIMITS 

Min Typ2 
UNIT 

Max 

0.8 v 2.0 
-0.8 -1.2 

0.5 v 
2.4 

-100 
µA 40 

80 µA 
-140 

-15 -70 mA 

130 155 mA 

8 pF 
15 

4 
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Fleld-Programmable Logic Array (18 x 42 x 10) PLS153 

AC ELECTRICAL CHARACTERISTICS R1 •4700, R2 •1kSl, 0°c<TA<+1s0 c, 4.75V<Vcc<5.25V 

TEST LIMITS 
SYMBOL PARAMETER TO FROM 

CONDITIONS 
UNIT 

Min Typ2 Max 

!po Propagation delay Output± Input± CL =30pF 30 40 ns 

loE Output enable Output- Input± CL=30pF 25 35 ns 

too Output disable9 Output+ Input± CL= 5pF 25 35 ns 

NOTES: 
1. Stresses above those llsted under "Abeolule Mulmum Ratings" may ceuse maHunction or permanent damage to the device. Thia la a atreaa rating only. 

Functional operation at ti.- or 11f1 other oondltlona llbove those Indicated in the operational and programming apeclflcatlon of the - la not Implied. 
2. All typical values are at Vee • 5V, TA • + 211-C. 
3. All voltage values are with r...,.ct to '*-It ground terminal. 
4. Test one at a time. 
5. Measured with + 10V applied to 17. 
6. Measured with + 10V applied to lo- 7• Output link current la supplied through a resistor to Vro 
7. Duration of short clroult lhould not -...i 1 ~ 
8. Ice is measured with lo, It at OV, la- '7 and Bo-t at 4.5V. 
9. Measured at VT• VOL+ 0.5V. 

1 o. Leakage values are a combination of lrlput and oulpUI leakage. 
11. l1L and l1H limits are for dedlcllt9d lrlputt only llo-11). 

TEST LOAD CIRCUIT 

Yee 

<>-r- .. 
I I 
I I .. I I 

o-J.- 1, 

DUT 

<>-r- 8w .. I 
e>-!-- Bx 

GND 

.,,. 

TIMING DEFINITIONS 
\po 

too 

toe 

Propagation delay between Input 
and output. 
Delay between input change and 
when output is off (Hi-Z or High). 
Delay between. input change and 
when output reflects specified out
put level. 

November 19, 1986 

......... 

TIMING DIAGRAM 

VOLTAGE WAVEFORM 

4-12 

MEASUREMENTS: 
All circuit delays are measured at the + 1.5V level 
of inputs and OU1puts, unless otherwise specified. 

Input Pulses 
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Field-Programmable Logic Array (18 x 42 x 10) 

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

With Logic programming, the AND/OR/EX
OR gate Input ccnnections necessary to Im
plement the destred 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 I, P, 
and B associated with each Sum Term S Is 
assigned a symbol which results in the proper 
fusing pattern of ccrrasponding links defined 
as follows: 

"AND" ARRAY - (I, B) 

OUTPUT POLARITY - (B) 

·~8 

l~I ACTIVE LEVEL 
HIQH1 

Product Specification 

PLS153 

·~x 1 8 

ACTIVE LEVEL CODE 
LOW L 

4· ·4: 4· 4· ~8 1,8 --
l.B __ 

T,i 1,8 
1,8 1,8 

P,D P,D 
P,D P.D ....,.,. ....... 

I STATE 1~1 I STATE 1~1 I STATE 

INACTIVE1;1 1,8 ti 

OR ARRAY -(B) 

Pn STATUS CODE 

INACTIVE 

NOTES: 
1. Tiiis la the lnlllal unprogrammad 8lal8 of all links. 
2. Any gate Pn will be unconcltionally Inhibited W both the true and complement of an Input (either I or B) are 

left Intact. 

November 19, 1986 4-13 

I 
L801S708 ""' .... 

CODE 

I I STATE I CODE 

I L DON'T CARE -

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

1. All outputs at "H" polarity. 

2. All Pn terms are disabled. 

3. All Pn terms are active on all outputs. 

4 -
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Field-Programmable Logic Array (18 x 42 x 10) 

FPLA PROGRAM TABLE 

.... 
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Application Specific Products 
•Series 20 

DESCRIPTION 
The PLS153A is a two-level logic ele
ments, consisting of 42 AND gates and 
1 O OR gates with fusible link connec
tions for programming 1/0 polarity and 
direction. 

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

On chip TIC buffers C()UQ.le 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 

P., Po 

November 19, 1986 

PLS153A 
Field-Programmable Logic 
Array (18 x 42 x 10) 
Signetics Programmable Logic 
Product Specification 

FEATURES 
• Field-Programmable (NI-Cr links) 
• 8 Inputs 
• 42 AND gates 
• 10 OR gates 
• 10 bidirectional 1/0 lines 
• Active-High or ·Low outputs 
• 42 product terms: 

- 32 logic terms 
- 10 control terms 

• 1/0 propagation delay: 30ns 
(max.) 

• Input loading: -100µA (max.) 
• Power dissipation: 650mW (typ.) 
• Tri-state outputs 
• TTL compatible 

APPLICATIONS 
• Random logic 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multiplexing 

o, 

4-15 

PIN CONFIGURATIONS 

N Package 

N =Plastic 

A Package 

A = Plastic Leaded Chip Carrier 

LOGIC FUNCTION 

NOTES: 

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+P1+P2+ ... 
z;;iSO·Pi·P2 ... 

1. For each of the 1 O 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, 8, C, etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (0). 

853-0312 86602 

4 



Slgnetics Application Specific Products • Series 20 Product Specification 

Field-Programmable Logic Array (18 x 42 x 10) PLS153A 

FPLA LOGIC DIAGRAM 

NOTES: 
1. Atl programmed "AND" gate locations are pulled to logic "1 ". 
2. All programmed "OR" gate locations are pulled to logic "O". 
3. 11( JljfB!llJ!!Kl@J~ 
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Signetlcs Application Specific Products • Serles 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 Pl.S153AN Maximum junction 15o·c 

20-pin Plastic Leaded Chip Carrier PLS153AA Maximum ambient 15•c 

Allowable thermal rtse 
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

VouT Output voltage +5.5 Voe 

i1N Input currents -30 +30 mA 

louT Output currents +100 mA 4 ----
Temperature range 

TA Operating 0 +75 •c 
Tsrn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o•c <TA< 75°C, 4.75V <Vee< 5.25V 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Max 

Input voltage3 

V1L Low Vee= Min 0.8 v 
V1H High Vee=Max 2.0 
Vic Clamp3•4 Vee= Min, i1N = -12mA -0.8 -1.2 

Output voltage 

Vcc=Min 
Vol Low3·5 loL = 15mA 0.5 v 
VoH High3·6 ioH=-2mA 2.4 

Input current 11 

Vee=Max 
l1L Low V1N =0.45V -100 µA 
l1H High V1N = 5.5V 40 

Output current 

IO(OFF) Hi-Z state 10 
Vcc=Max 

VouT = 5.5V 80 µA 
VouT = 0.45V -140 

los Short circuit4·6•7 VouT=OV -15 -70 mA 

Ice Vee supply current8 Vcc=Max 130 155 mA 

Capacitance 

Vee=5V 
C1N Input V1N = 2.0V 8 pF 
Cs 1/0 Vs= 2.0V 15 

Notes on following page. 
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Slgnetics Application Specltic Products • Series 20 Product Specification 

Field-Programmable Logic Array (18 x 42 x 10) Pl5153A 

AC ELECTRICAL CHARACTERISTICS R1 = 4700, R2 = 1 kU, o•c <TA<+ 75°C, 4.75V <Vee< 5.25V 

TEST LIMITS 
SYMBOL PARAMETER TO FROM UNIT CONDITIONS Min Typ2 Max 

tpo Propagation delay Output± Input± CL= 30pF 20 30 ns 

loE Output enable Output± Input± CL =30pF 20 30 ns 

too Output disable9 Output± Input± CL= 5pF 20 30 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 indicated in the operational and programming specification of the device is not implied. 
2. All typical values are at Yee= sv. TA= + 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 17. 
6. Measured with + 10V applied to 10_ 7. Output sink current is supplied through a resistor to Vee. 
7. Duration of short circuit should not exceed 1 second. 
8. Ice is measured wtth lo, 1 at OV and 12-7 and 80 _ 9 at 4.5V. 
9. Measured at Yr - YoL + 0.5V. 

10. Leakage values are a combination of input and output leakage. 
11. l1H and l1L limits are for dedicated inputs only (10-19). 

TEST LOAD CIRCUIT 

[-,, Vee +SV 

I I 
I I 
I I By 

<>-'--- ,, 

OUT 
o--- Bw I 

l Bz 

o-L- Bx 
GND 

TIMING DEFINITIONS 

toe 

Propagation delay between input 
and output. 
Delay between input change and 
when output is off (Hi-Z or High). 
Delay between input change and 
when output reflects specttied out
put level. 

November 19, 1986 

1 

INCLUDES SCOPE 
DJIG 

APACJTANCE 

c, 

":' ":" 

TIMING DIAGRAM 

B 

4-18 

1.SV 

VOLTAGE WAVEFORM 

~---lf1- Jt\4
10% 

!lY_j_~~~ 

•

3

·: __ J1r= 1~· AL;.., 
~ _j§.!L 

MEASUREMENTS: 
All circuit delays are measured at the + 1.SV level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 
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Field-Programmable Logic Array (18 x 42 x 10) 

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 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 - (I, B) 

OUTPUT POLARITY - (B) 

Product Specification 

PLS153A 

4· 4" 4" 4" l,B 
l,B __ 

l,B __ l,B 

T,ii l,B 
l,B "i,B 

P,D P,D 
P,D P,O 

LS01000S LS02000S 

c_sTATE I CODE J E 
STATE 

I 
CODE 

I E 
STATE 

[ INACTIVE1•2 I o J I, B H l,lJ 

OR ARRAY - (B) 

+r>-s 
L P, STATUS J_ CODE J L P, STATUS J_ CODE J 
L ACTIVE' J_ A J L INACTIVE J_ • J 

NOTES: 

1. This is the initial unprogrammed state of all links. 
2. Any gate P0 will be unconditionally inhibited if both the true and complement of an input (either I or 8) are 

left intact. 

November 19, 1986 4-19 

I 
LS01970S LSOl980~i 

CODE 

I 
[ STATE d CODE_] 

L ~T CARE_ __::_j 

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

1. All outputs at "H" polarity. 

2. All Pn terms are disabled. 

3. All Pn terms are active on all outputs. 

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

Furthermore, because of these test columns, 
the PLS153A cannot be programmed using 
the programmer algorithm tor the PLS153. 
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Signetics Application Specific Products • Series 20 Product Specification 

Field-Programmable Logic Array (18 x 42 x 10) PLS153A 

FPLA PROGRAM TABLE 

POLARITY 

I :_r I 
OR 

., .. 
• •I' • 5d!J210 

i 

.. 
" 
" T T T 

T I 
T I 

T 

I T 
T T 

I .. + I T 
T T 

" : 

November 19, 1986 4-20 



Signetics 

Application Specific Products 
•Series 20 

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 
1 O 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 1/0 lines (8). These 
yield variable I I 0 gate configurations via 
10 direction control gates (D), ranging 
from 18 inputs to 1 O outputs. 

On chip TIC buffers CQUE_le either True 
(I, 8) or Complement (I, 8) 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
gramming equipment. 

FUNCTIONAL DIAGRAM 

... ., 

November 1986 

PLHS153 
Field-Programmable Logic 
Array (18 x 42 x 10) 
Slgnetics Programmable Logic 
Preliminary Specification 

FEATURES 
• Field-Programmable 
• Functionally Identical to PLS153/ 

153A 
• 8 Inputs 
• 42 AND gates 
• 10 OR gates 
• 10 bidirectional 1/0 lines 
• Active-High or -Low outp1,1ts 
• 42 product terms: 

- 32 logic terms 
- 10 control terms 

• 110 propagation delay: 20ns 
(max.) 

• Input loading: -100µA (max.) 
• Power dissipation: 650mW (typ.) 
• Tri-state outputs 
• TTL compatible 

APPLICATIONS 
• Random logic 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multiplexing 

o, 

-----~ .~ 

4-21 

PIN CONFIGURATIONS 

N Package 

N=Plastic 

A Package 

i. ~ lo Bo 

A = Plastic Leaded Chip Carrier 

LOGIC FUNCTION 

NOTES: 

TYPICAL PRODUCT TERN: 
Pn=A·B·C·D· ... 

TYPICAL LOGIC FUNCTION: 

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

AT OUTPUT POl.APUY ~ L 
Z=P0+P1+P2+ ... 
Z=l'lH•i·l'2 ... 

1. For each of the 10 outputs, either function Z 
(Active-High) or 2 (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). 
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Slgnetics Application Specific Products • Series 20 Preliminary Specification 

Field-Programmable Logic Array ( 18 x 42 x 10) PLHS153 

FPLA LOGIC DIAGRAM 

NOTES: 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic "1 ". 
2. All uirirammed or vi(lin "OR" gate locations are pulled to logic "O" . 
3.ffej 1!1111111 

November 1986 4-22 



Signetics Application Specific Products • Series 20 

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

ORDERING INFORMATION 

DESCRIPTION ORDER CODE 

20-pin Plastic DIP 300mil-wide PLHS153N 

20-pin Plastic Leaded Chip Carrier PLHS153A 

ABSOLUTE MAXIMUM RATINGS' 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 
--j 

VouT Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

louT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 ·c 
Tsrn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o•c <TA< 75°C, 4.75V <Vee< 5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage3 

V1L Low Vee= Min 
V1H High Vee= Max 
Vic Clamp3 ·4 Vee= Min, l1N = -12mA 

Output voltage 

Low3·5 
Vee= Min 

Vol loL = 15mA 
VoH High3·6 loH =-2mA 

Input current 11 

Vee= Max 
l1L Low V1N = 0.45V 
l1H High V1N = 5.5V 

Output current 

lo( OFF) Hi-Z state 10 
Vee= Max 

VouT = 5.5V 

lus Short circuit4·6.7 
VouT = 0.45V 

VouT = ov 
Ice Vee supply current8 Vee= Max 

Capacitance 

~ I 
Vee= 5V 

C1N V1N = 2.0V 
Cs 0 Vs= 2.0V 

Notes on following page. 
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Preliminary Specification 

PLHS153 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°c 

Maximum ambient 75°C 

Allowable thermal rise 
l_!mb1ent to 1unct1on \ 15·c 

The PLHS153 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the 
Signetics Military Data Book. 

LIMITS 
UNIT 

Min Typ2 Max 

0.8 v 2.0 
-0.8 -1.2 

0.5 v 
2.4 

-100 
µA 

40 

80 µA 
-140 

-15 -70 mA 

130 155 mA 

l_J ___ ~5-I pF 
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Signetlcs Application Specific Products • Serles 20 Preliminary Specification 

Field-Programmable Logic Array (18 x 42 x 10) PLHS153 

AC ELECTRICAL CHARACTERISTICS R1 = 470f2, R2 = 1 kn, O'C.;;; TA.;;;+ 75'C, 4.75V.;;; Vee.;;; 5.25V 

TEST LIMITS 
SYMBOL PARAMETER TO FROM 

CONDITIONS 
UNIT 

Min Typ2 Max 

tpo Propagation delay Output± Input± CL= 30pF 14 20 ns 

loE Output enable Output- Input± CL= 30pF 16 20 ns 

loo Output disable9 Output+ Input± CL= 5pF 14 20 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 indicated in the operational and programming specification of the device is not implied. 
2. All typical values are at Vee= 5V, TA= + 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 15. 
6. Output sink current is supplied through a resistor to Vee. 
7. Duration of short circuit should not exceed 1 second. 
6. Ice is measured with all pins= open or 4.5V. 
9. Measured at Vr =Vol+ 0.5V. 

i 0. Leakage values are a combination of input and output leakage. 
11. 11L and 11H limits are for dedicated inputs only (10Mt7). 

TEST LOAD CIRCUIT 

<>--r- lo 
I I 
I I 
I I 

o--L- 17 

o---, - •w 
' o--L:- Bx 

OUT 

"z 

GND 

TIMING DEFINITIONS 

+SY 

Propagation delay between input 
and output. 

too Delay between input change and 
when output is off (Hi-Z or High). 
Delay between input change and 
when output rellects specified out
put level. 

November 1986 

' 

INCLUDES SCOPE 
DJIG 

CAMCITANCE 

CL 

":" ":" 

TIMING DIAGRAM 

VOLTAGE WAVEFORM 

4-24 

..... ... ... 
MEASUREMENTS: 
All circuit delays are measured at the + 1.SV level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 



Slgnetlcs Application Specific Producrs • Series 20 

Field-Programmable logic Array (18 x 42 x 10) 

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 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 - {I, B) 

OUTPUT POLARITY - (B) 

Preliminary Specification 

PLHS153 

s-x--1:)D-s 

l. ACTIVE LEVEL J. coog 
l LOW1 j_ L 

4·· 4" 4" 4" 1,8 
l,S __ 

i,8 --
1,8 --

l.B 1,8 
1,8 1,8 

P,O 
P,D 

P,D 
P,D 

LS0191lOS L$02000S LS01970S 1.8019608 

I 
STATE 

I 
CODE 

I I s:~E po:E I Bi--ITJ ~~ INACTIVE2 0 l CARE1 -

OR ARRAY - (B) 

fD-· +I>-· 
~'TuS~ 
[ ACTIVE ~ 

L Pn STATUS J. COOE _j 
I_ INACTIVE' J_ • J 

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

gates Pn. Dn. 
2. Any gate Pn will be unconditionally inhibited if both the true and complement of an input (either I or 8) are 

programmed for a connection. 
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VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 

·1. All outputs at "L" polarity. 

2. All Pn terms are enabled. 

3. All Pn terms are inactive on all outputs. 

4 
== 



Signetics Application Specific Products • Series 20 Preliminary Specification 

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

FPlA PROGRAM TABLE 
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Appllcatlon Specific Products 
•Series 20 

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 Fe. It 
features 4 registered 110 outputs (F) in 
conjunction with 8 bidirectional 1/0 lines 
(8). 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 1/0 polarity and 
direction. All AND gates are linked to 4 
inputs (I), bidirectional 1/0 lines (8), 
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 

(LOGIC TERMS) 

November 19, 1986 

PLS155 
Field-Programmable Logic 
Sequencer (16 x 45 x 12) 
Signetlcs Programmable Logic 
Product Specification 

FEATURES 
• Field-Programmable (NI-Cr link) 
• 4 dedicated Inputs 
• 13 control gates 
• 32 AND gates 
• 21 OR gates 
• 45 product terms: 

- 32 loglc terms 
- 13 control terms 

• 8 bidlrectlonal 1/0 lines 
• 4 bidirectional registers 
• J-K, T, or D-type flip-flops 
• Asynchronous Preset/Reset 
• Complement Array 
• Active-High or -Low outputs. 
• Programmable OE control 
• Positive edge-triggered clock 
• Clock frequency: 15MHz (max.) 
• Input loading: -100µA (max.) 
• Power dissipation: 750mW (typ.) 
• TTL compatible 
• Tri-state outputs 

(CONTROL TERMS) 
L D 

CK 

4-27 

PIN CONFIGURATIONS 

N Package 

N =Plastic 

A Package 

A = Plastic Leaded Chip Carrier 

APPLICATIONS 
• Random sequential logic 
• Synchronous up/down counters 
• Shift registers 
• Bidirectional data buffers 
• Timing function generators 
• System controllers/synchronizers 
• Priority encoder /registers 

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

On-chip TIC buffers couple either True (I, B, 
Q) or Complement (i, 8, 0, C) 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 1/0 (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. All 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 

03 02 01 QO 

J 1 I , J , ~·I 
STATE REGISTER 

I , I • I , t, I 6 ::-NT STATE 
A•B•C• ... 

NEXT STATE 

SETQ0: Jn" 103 • 0';•01•D;)•A•"i•c ... 
Ko= 0 

RESETQ1:J1 =0 _ _ __ _ 

K,= (03•02•01•0ol•A•B•C, .. 

HOLDO~J2=0 
K2:0 

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

FLIP-FLOP TRUTH TABLE 

L x x H L x x H L 
L x x L H x x L H 

L L t L L L L Q Q 
L L t L L L H L H 
L L t L L H L H L 
L L t L L H H Q Q 

H H t L L L H L H' 
H H t L L H L H L' 

+10V 
x t x x L H L H" 
x t x x H L H L" 

NOTES: 
1. Positive Logic: 

J/K=To+T, +T2 ............... To1 
Tn=C• (lo•l1•l2 ... ).(Oo•O, ... ) .(Bo•B1• ... ) 

2. tdenotes transition from Low to High level. 
3. X = Don't care 
4. • = Forced at Fn pin tor loading J/K flip-flop in 1/0 

mode. L must be enabled, and other active T n 
disabled via steering input(s) I, B, or Q. 

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

6.'. = Forced at Fn pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 

4 

CK'~CK 

NOTES: 
1. Alt OR gate inputs with a blown link float to logic "O". 
2. All other gates and control inputs with a blown link float to logic "1 ". 

::;<;~~~.rt;~ 
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ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

20-pin Plastic DIP 300mil-wide PLS155N Maximum junction 15o•c 

20-pin Plastic Leaded Chip Carrier PLS155A Maximum ambient 75•c 

ABSOLUTE MAXIMUM RATINGS1 
Allowable thermal rise 

75•c 
ambient to junction 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

VouT Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

louT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 •c 

TsTG Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o•c <TA<+ 75°C, 4.75 <Vee< 5.25V 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Max 

Input voltage3 

V1H High Vee= Max 2 
V1L Low Vee= Min 0.8 v 
Vic Clamp Vee=Min, l1N=-12mA -0.8 -1.2 

Output voltage3 

Vee= Min 
VoH High loH =-2mA 2.4 v 
Vol Low loL = 10mA 0.35 0.5 

Input current8 

Vee= Max 
l1H High V1N = 5.5V < 1 80 
l1L Low V1N = 0.45V -10 -100 µA 

Output current 

Vee= Max 
lo (OFF) Hi-Z state8 VouT= 5.5V 1 80 µ.A 

VouT = 0.45V -1 -140 
los Short circuit4 VouT= ov -15 -70 mA 

Ice Vee supply current7 Vee= Max 150 190 mA 

Capacitance 

Vee= 5.0V 
C1N Input V1N= 2.0V 8 pF 
CouT Output VouT= 2.0V 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. 
2. All typical values are at Vee= SV, TA= + 25'C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1H applied to OE. 
6. Duration of short circuit should not exceed 1 second. 
7. Ice is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 
8. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS 0°c <TA<+ 75°C, 4.75 <Vee< 5.25V, R1 = 470'2, R2 = 1 krl 

LIMITS 
1UNIT SYMBOL PARAMETER TO FROM TEST CONDITIONS 

Mln5 Typ1 Max 

Pulse width 

!cKH Clock2 high CK - CK+ 25 20 
lcKL Clock low CK+ CK - CL= 30pF 30 20 ns 
tcKP Period CK+ CK+ 70 50 
tPRH Preset/Reset pulse (l,B) + (l,B) - 40 30 

Setup time 

t1s1 Input CK+ (l,B) ± 40 30 
t1s2 Input (through Fn) CK+ F ± CL= 30pF 20 10 ns 
l1ss Input (through 

Complement Array)4 CK+ (l,B) ± 65 40 

Hold time 4 
t1H1 Input CK+ (l,B) ± CL= 30pF 0 -10 ns 
l1H2 CK+ F ± 15 10 

Propagation delays 

teKO Clock F ± CK+ CL= 30pF 25 30 

loe1 Output enable F - OE - CL= 30pF 20 30 

too1 Output disables F + OE+ CL= 5pF 20 30 

tpo Output B ± (l,B) ± CL= 30pF 40 50 ns 

toe2 Output enable B ± (l,B) + CL= 30pF 35 55 

too2 Output disables B + (l,B) - CL= 5pF 30 35 

tp11_0 Preset/Reset F ± (l,B) + CL= 30pF 50 55 

NOTES: 
1. All typical values are at Vee = 5V, TA = + 25°C. 
2. To prevent spurious clocking, clock rise time (10%-90%}.,.;;;;;1ons. 
3. Measured at Vr =Vol+ 0.5V. 
4. When using the Complement Array T CKP = 95ns (min). 
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
6. For test circuits, waveforms and timing diagrams see the following_ pages. 
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TEST LOAD CIRCUIT 

lo0--
1 
I 

•nO--

Bw °'-;-'"" 
I 

Bx c.>-J..... 
CK 0--

vcc 

OUT 

GND 

TIMING DIAGRAMS 

1.8 =x 
(INPUTS) . 1·5Y 

1.SY 

•5V 

By 

R1 
Bz 

}(1sv 

l;::'1H1_..t l1s1-1 

1.SV 

CL 

I (INCLUDES 
- SCOPE AND JIG 

CAPACITANCE) 

+3Y 

ov 

+3V 
1.SY 

CK 1-•1s1-l-•cKH-l-•cKL-:i 
OY 

.---tcKP 
YOH 

~ 1sv\------7VT F 
(OUTPUTS) 

VOL 1cKo• 

1~1 
1sv\ 

+3Y 
OE f.sv 

1~1 
OY 

Flip-Flop Outputs 

·· 1 +3V 

OY 
(INPUTS) 1.SV 

,---------------- VOH 
a 

1.SV 
(OUTPUTS) 

---VOL 

t.:•oo• +3V I. 8 
(OUTPUT ENABLE) 0v 

ov 

Gate Outputs 
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VOLTAGE WAVEFORM 

-MEASUREMENTS: 
All circuit delays are measured at the + 1.sv level 
of inputs and outputs, unleaa otherwise apecffled. 

Input Pulses 

TIMING DEFINITIONS 
lcKH 
lcKL 
lcKP 
IPRH 
t1s1 

~S2 

l1H1 

l1H2 

lcKO 

loE1 

loo1 

tpo 

loE2 

loo2 

tpRO 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period. 
Width of preset input pulse. 
Required delay between beginning 
of valid input and positive transition 
of clock. 
Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 
Required delay between positive 
transition of clock and end of valid 
input data. 
Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 
Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
Propagation delay between combi
national inputs and outputs. 
Delay between predefined Output 
Enable High, and when combina
tional Outputs become valid. 
Delay between predefined Output 
Enable Low, and when combina
tional Outputs are in the off state. 
Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val
id. 



Slgnetics Application Specific Products • Series 20 

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

TIMING DIAGRAMS (Continued) 

1,8 
(INPUTS) 

1.SV 

~~~~~~~~~~~'!'~~~~~~~~~ 

CK 

•PRESET RESET 

(1, B INPUTS) 

a 

F 

(OUTPUTS) 

Ona MIN. 

1.SV 

IPRH 

1.SV 

1CKO 

"------- -----
(PRESET) -
(RESET) i .... 

(RESET) 

l .SV (PRESET) 
1.SV 

+3V 

ov 

+3V 

ov 

+3V 

ov 

VoH 

VOL 

* 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 

1.SV 1'8 1.sv 
(LOAD SELECT) _,, 1,.._ ________________ ,, 1,.._ __ _ 

oe 

F 

(INPUTS) 

1.SV 

,-----··--
--------·'! 

I 
I 

-, 
\ 
\ --· 

--+--------------.,.-----------... ,---+-------
VT 

+3V 

ov 

+av 

ov 

+3V VQH 

OV VOL 

•001---i-.•1s2 

•+JV 

CK 

--ov 

Flip-Flop Input Mode 

November 19, 1986 4-33 

Product Specification 

PLS155 

= 
4 
~ 



Slgnetlcs Application Specific Products • Serles 20 Product Specification 

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

The FPLS can be programmed by means of 
Logic Programming equipment 

With Logic programming, the AND/OR-EX
OR input oonnections neosssary to imple-

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

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

In these tables, the logic state or action of all 
110, control, and state variables is assigned a 
symbol which results In the proper fusing 
pettem of corresponding links, defined as 
follows: 

4"' 4"' 4"' 4 ... l,B,Q 
~•.a ~a.a i:i.o 1,8,Q ---

U.a ti.Ci 
l,B,Q 

(T, Fe, L, P, R, DJn (T, Feo L, P, R, Din (T, Feo L. P, R, Din (T, Fe, L, P, R, Din 

t STATE I CODEl 

I 
STATE 

I C~EI I 
STATE I C~EI r STATE I CODEl 

INACTIVE1•2 I o J 1,8,Q 1,a,ii r DON'T CARE 1 - l ......... ........ ....... """""" 

"COMPLEMENT" ARRAY - (C) 

ACTION CODE ACTION CODE ACTION CODE ACTION CODE 

INACTIVE l,3,S 0 GENERATE5 A PROPAGATE • TRANSPARENT 

,.,.,.,,. 

"OR" ARRAY-(MODE) 

ACTION CODE ACTION CODE ACTION CODE ACTION 

PROPAGATE • TRANSPARENT (CONTROLLED) A J·K 

Notes on following page. 
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"OR" ARRAY-{On = D·Type) 

Q 

TnSTATUS CODE Tn STATUS CODE 

ACTIVE(SoQ A INACTIVE (RoHI) e 

"OR" ARRAY - {On = J·K Type) 

Q Q 

ACTION CODE 

TOGGLE 0 

"OR" ARRAY - {S or B), {P), {R) 

-fo-T 

T STATUS 

ACTIVE 

P,R,S 
(ORB) 

CODE 

A 
... ,,,, .. 

"OE" ARRAY-{E) 

~~ 
En 

I 
ACTION I C~E I IDLE4 

""""" 
NOTES: 

f-D- P,R,S 
(ORB) 

T STATUS CODE 

INACTIVE • 

M~ 
En 

[ ACTION I CODEJ 

ODNTROL I A J ........ 

Q 

E ACTION 

RESET 

"EX-OR" ARRAY-{B) 

POLARITY 

LOW 

"~ 
En 

[ ACTION j CODEj 

L ENABLE4 I . J 
"""""' 

I 
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, Fe, L, P, R, D)n will be unconditionally inhibited H 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 n• Fe. 
4. En - 0 and En • • are logically equivalent states, since both cause Fn outputs to be unconditionally enabled. 
5. These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" array links. 
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ACTION 

HOLD 

t 
POLARITY _[CODE] 

HIGH I HJ 

~~ 
En 

ACTION 

I C~DE I DISABLE 

......... 
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FPLS PROGRAM TABLE 

AND I OR T CONTROL T NOTES 
- - - - - - - t- - - - - - 1-·- - - - - - - - - - - -t 1. TheFPLSisshlppedwithallllnkSintact.Thusaback· 
tNACTtVE _Lo I [•CTIVE A] P.R.lt0>.1 LJ1K •J I ground 01 entries corresponding to states of virgin 
t.l.Q " l.B(lt. I L•NACTfYEj_•J fQ .. D> JIKorD IA FiFMODE IDLE o I linksexistsinthetable,shownBLANKforclarlty. 
1, 1~ L a (P) I I (controllN~ CONTROL A EA, 8 I 2. Program unuaed C, I, ~.and 0 bits in the AND array as 

DON'T 0.,_1 _ I I ENABLE -y • I ~-;;!Y ':1~~0~;,~ ~~P~~!:;.:~ R bits In the OR 

I DtSAILE _I- I 3. Unused Terms can be left blan"k. 
INACTIV£ 0 I TOGGLE 0 ~ I I 4. Q (P} and Q (N) ate respectively the present and next 
Gi.NERATE A I SET H 1POL.) .1 
PROPAGATE J::• c I RESET L cO•JJK) I .--,,,-M-o_o_E-. .... - .... ,•.,ta,.10 ... : ... 0...,Jlip.flops a. l 
, ......... MT - I HOLD _:_- I J_ J_ J_ J_ J_ _I J_ J_ I I .... _..__ ..... _____ _._ .................. _... ..... .._'"""I 

POLARITY 

T AND OR 
E 

I 1(1) Q(P) Q(N) p R l(O) 
(/) R 

~ 
M c 3 2 1 0 7 8 5 4'. 3 2 1 0 3 2 1 0 3 2 1 0 B A B A 7. 8 5 4 3 2 1 0 

w 0 
z 1 

~ 2 

~ 3 

Q 
4 

~ 
5 l 

# • 
~ 7 

~ ~ 8 ..J.. 
.-

• ..J.. 
It! Q 

w 10 

g a 11 I 

I 
12 

:e Q 13 ~ 
> w 14 : (/) 2:: 

)( ffi ~ 
(/) 

15 _.t_ 
I 

~ z T 

~ x~ ~ w 16 

g !ii w :e 17 
~ 

~ t3 a ~ 18 

Q 19 ' 
20 j_ 

I 
21 

22 

w 23 

~ 24 
Q 25 

I 215 

27 

> 28 ..J.. w + a:: 211 ...L 
30 ..J.. 
31 ..J.. 

~ Fe ..J.. .... """" ... .... 
41 F--# ~ LA 

w 
ffi ~ ~- 07 ..J.. :e a::~ D6 

~ ~Q It!~ 05 
a:: w ~ i ~ 04 ..J.. 

~~ 03 

ti ~ ~~~ DI 

a~ ~g 
01 

DO 

PIN ,5 4 3 2 19 18 13 1!.i. 9 8 7 8 17 18 15 14 
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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 Fe. It 
features 6 registered 1/0 outputs (F) in 
conjunction with 6 bidirectional 1/0 lines 
(8). These yield variable 110 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 110 polarity and 
direction. All AND gates are linked to 4 
inputs (I). bidirectional 1/0 lines (8). 
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 

(LOGIC TERMS) 

PLS157 
Field-Programmable Logic 
Sequencer ( 16 x 45 x 12) 
Slgnetlcs Programmable Logic 
Product Specification 

FEATURES PIN CONFIGURATIONS 
• Field-Programmable (NI-Cr llnk) 
• 4 dedicated Inputs 
• 13 control gates 
• 32 AND gates 
• 21 OR gates 
• 45 product terms: 

- 32 loglc terms 
- 13 control terms 

• 6 bldlrectlonal 1/0 lines 
• 6 bldirectlonal registers 
• J-K, T, or D-type flip-flops 
• Tri-state outputs 
• Asynchronous Preset/Reset 
• Complement Array 
• Active-High or -Low outputs 
• Programmable OE control 
• Positive edge-triggered clock 
• Clock frequency: 15MHz (max.) 
• Input loadlng: -100µA (max.) 
• Power dissipation: 750mW (typ.) 
• TTL compatible 

(CONTROl TERMS) 

N Package 

N•Plastic 

P R L L D E 
A • Plastic Leaded Chip Carrier 

Q---li.l:J::=:::t::::t:========:t=:t=:t==t==::t:: APPLICATIONS 
b 
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• Random sequential logic 
•Synchronous up/down counters 
• Shift registers 
• Bldirectlonal data buffers 
• Timing function generators 
•System controllers/synchronizers 
• Priority encoder/registers 
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On-chip T /C buffers couple either True (I, B, 
Q) or Complement (1, 8, a. C) 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 
(8), 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), for two of the registers are 
driven from the AND matrix. The Preset and 
Reset lines (P. R) controlling the lower four 
registers are driven from the OR matrix. 

All flip-flops are positive edge-triggered and 
can be used as input, output or 110 (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 PLS157 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. All 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 

Q3 Q2 01 QO 

, , I 0 , , 10 I 6 PRESENT STATE 

STATE REGISTER A• 8 • C • ... 

I 0 I 0 I 0 l1 I •,., NEXTSTATE 

SETOo: Jo= ID3•Q;•a,.a;;1·A·B·c ... 
K0 =0 

RESET01: J1 -"0 _ _ __ 

K, = 103• 02• a,. Oa)•A• B•C ... 

HOLDOt Jz=O 
IC2=0 

1e8=103 • o;.o,•Do>·A•B·c ... 

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

FLIP-FLOP TRUTH TABLE 

L x x H L x x H L 
L x x L H x x L H 

L L t L L L L Q a 
L L t L L L H L H 
L L t L L H L H L 
L L t L L H H a Q 

H H L L L H L H* 
H H L L H L H L* 

+10V 
x x x L H L H** 
x x x H L H L •• 

NOTES: 
1. Positive Logic: 

J/K - To+ T, + T2 ............... T,, 
T0 -c. (lo•l1•l2 ... )•(Oo•01 ... ) •(Bo•B1• ... ) 

2. tdenotes transition from Low to High level. 
3. X = Don't care 
4. • - Forced at Fn pin for loading J/K flip-flop in 1/0 

mode. L must be enabled, and other active T n 
disabled via steering input(s) I, B, or Q. 

5. At P - A - H. Q - H. The final state of Q depends 
on which is released first. 

6 .•• - Forced at Fn pin to load J/K flip-flop 
independent of program code (DiagnOstic mode), 
Tri-state B outputs. 
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FPLS LOGIC DIAGRAM 

1- .. 
I ~ • 

-------------------------------------~ 

,, l5l 

NOTES: 
1. All OR gate inputs with a blown link float to iogic "O". 
2. All other and control inputs with a blown link float to logic "1 ". 
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ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

20-pin Plastic DIP 300mil-wide PLS157N Maximum junction 150°c 

20-pin Plastic Leaded Chip Carrier PLS157A Maximum ambient 75•c 

ABSOLUTE MAXIMUM RATINGS1 
Allowable thermal rise 75•c 
ambient to junction 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

VouT Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

louT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 ·c 
Tsrn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o•c.;;; TA.;;;+ 75°C, 4.75.;;; Vee.;;; 5.25V 

LIMITS I UNIT SYMBOL PARAMETER TEST CONDITIONS 
Min Typ2 Max 

Input voltage3 

V1H High Vee= Max 2 
V1L Low Vee= Min 0.8 v 
Vic Clamp Vcc=Min, l1N=-12mA -0.8 -1.2 

Output voltage3 

Vee= Min v 
VoH High loH=-2mA 2.4 
Vol Low loL = 10mA 0.35 0.5 

Input current 

i1H High V1N = 5.5V < 1 80 µA 
l1L Low V1N = 0.45V -10 -100 

Output current 

Vee= Max 
lo (OFF) Hi-Z state8 VouT= 5.5V 1 80 µA 

VouT = 0.45V -1 -140 
las Short circuit4 VouT= OV -15 -70 mA 

Ice Vee supply current7 Vee= Max 150 190 mA 

Capacitance 

Vee= 5.0V 
C1N Input V1N = 2.0V 8 pF 
CouT Output VouT=2.0V 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. 
2. All typical values are at Vee= 5V, TA= + 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with ViH applied to 0£. 
6. Duration of short circuit should not exceed 1 second. 
7. Ice is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 
8. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS o•c <TA<+ 75°C, 4.75 <Vee< 5.25V, R1 = 470.11, R2 = 1 k.11 

LIMITS J UNIT SYMBOL PARAMETER TO FROM TEST CONDITIONS 
Mln5 Typ1 Max 

Pulse width 

lcKH Clock2 high CK - CK+ 25 20 
lcKL Clock low CK+ CK - CL= 30pF 30 20 ns 
lcKP Period CK+ CK+ 70 50 
tPRH Preset/Reset pulse (1,8) + (1,8) - 40 30 

Setup time 

t1s1 Input CK+ (1,8) ± 40 30 
t1s2 Input (through Fn) CK+ F ± CL= 30pF 20 10 ns 
t1sa Input (through 

Complement Array)4 CK+ (1,8) ± 65 40 

Hold time 4 
~ 

t1H1 Input CK+ (1,8) ± CL= 30pF 0 -10 ns 
t1H2 CK+ F ± 15 10 

Propagation delays 

lcKO Clock F ± CK+ CL= 30pF 25 30 

loE1 Output enable F- OE - CL= 30pF 20 30 

too1 Output disable3 F + OE+ CL= 5pF 20 30 

tpo Output 8 ± (1,8) ± CL= 30pF 40 50 ns 

loE2 Output enable 8 ± (1,8) + CL= 30pF 35 55 

too2 Output disabie3 8 + (1,8) - CL= 5pF 30 35 

tpRQ Preset/ Reset F ± (1,8) + CL= 30pF 50 55 

NOTES: 
1. All typical values are at Vee= 5V, TA= + 25°C. 
2. To prevent spurious clocking, clock rise time (10%-90%)<10ns. 
3. Measured at Vr = VoL + o.sv. 
4. When using the Complement Array T CKP = 95ns (min). 
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
6. For test circuits, waveforms and timing diagrams see the following pages. 

November 19, 1986 4-41 



Signetics Application Specific Products • Series 20 Product Specification 

Field-Programmable Logic Sequencer (16 x 45 x 12) PLS157 

TEST LOAD CIRCUIT 

vcc 

'• 0--
1 
I 

•nO--

OUT 

•5V 

By 

Bz 

R2 

"' 

CL 

I (INCLUDES 

Bw o-;-
1 

Bx o-l
CK 0--

GNO 
- SCOPE ANO JIG 

CAPACITANCE) 

TIMING DIAGRAMS 

l.B -v v 
(INPUTS~_1 ._sv ______ __,~ sv 

l;:'1H1-..I- t1s1 -1,----
1$ 1$ 1$ 

CK --',_--,-,S-1 __ _,l-•c•H-l-•c•L-i 
· 1 .• :~:~-'.SK!_-==;,lrV-T __ _ F 

(OUTPUTS) 

fr: ------,-.s-.v\ /1.sv ____ _ 

lr--._0-E1-,---

Flip-Flop Outputs 

+3V 

ov 

+3V 

OV 

VOH 

VOL 

+3V 

ov 

"~' i-·-··-·--------------------
B 

{OUTPUTS) 
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Gate Outputs 

4-42 

+3V 

ov 

VOH 

+3V 

ov 

VOLTAGE WAVEFORM 

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

Input Pulses 

TIMING DEFINITIONS 
tcKH Width of input clock pulse. 

lcKL Interval between clock pulses. 
tcKP Clock period. 
tPRH Width of preset input pulse. 
t1s1 Required delay between beginning 

of valid input and positive transition 
of clock. 

t1s2 Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 

t1H1 Required delay between positive 
transition of clock and end of valid 
input data. 

ltH2 Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

lcKO Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 

loE1 Delay between beginning of Output 
Enable Low and when Outputs be-
come valid. 

too1 Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

!po Propagation delay between combi-
national inputs and outputs. 

loE2 Delay between predefined Output 
Enable High, and when combina-
tional Outputs become valid. 

1002 Delay between predefined Output 
Enable Low, and when combina-
tional Outputs are in the off state. 

tPRO Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val-
id. 
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TIMING DIAGRAMS (Continued) 

1,8 
(INPUTS) 

CK 

*PRESET RESET 

(I, B INPUTS) 

a 

F 

(OUTPUTS) 

OMMIN. 

1.SV 

lpRH 

+av 
1.SV 

ov 

+av 
1.SV 

ov 
11s1 tcKO 

+av 

.._ ______ ----- ov 

(PRESET) ------
(RESET) ~ .... 

(RESET) 

l.SV (PRESET) 

VOH 

VOL 

* 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". 

1,8 

(LOAD SELECT) 

Ce 

F 

(INPUTS) 

CK 

Asynchronous Preset/Reset 

1.SV 

1.SV 

,.--------
--------·'! 

I 
I 

+av 
1.SV 

ov 

+av 

OV 

-+------....,.;,--------.. ,.--+----+av voH 
(FORCED D1N) 1.SV 

•+3v 

---
,.--(=-)--

0 ~ 

~ '------
Fllp·Flop Input Mode 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS157 

The FPLS can be programmed by means of 
Logic Programming equipment. 

With Logic programming, the AND/OR-EX
OR input connections necessary to imple-

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

In these tables, the logic state or action of all 
110, control, and state variables is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links defined as 
follows: 

"AND" ARRAY-(1), (8), (Qp) 

4"' 4"' 4"' 1,8,Q 1,8,Q 1,8,Q ---
i,i,li -1,B,Q 

(T, Fe. L, P, R, D>n 

L STATE I CODE I 
L INACTIVE1,2 l 0 J 

LS02030S 

"COMPLEMENT" ARRAY- (C) 

o: 
tTn• Fe) 

[ ACTION I CODE] 

L INACTIVE 1•3•5 l 0 J 
"""ros 

ACTION CODE 

PROPAGATE • 
Notes on following page. 

November 19, 1986 

T,i,li 

(T, Fe, L, P, R, D>n 

I STATE I c;E I l,B,Q 

"""""' 

o: 
(T0 , Fe) 

I ACTION I coDEl 

[ GENERATES I A J 
""""" 

ACTION CODE 

TRANSPARENT 

I 
(T, Fe. L, P, R, D>n 

I 
STATE I C~EI l,a,a 

""""" 

o: 
tTn. Fe> 

r ACTION I CODE] 

[ PROPAGATE I • l 
""'oos 

"OR" ARRAY - (MODE) 

r ACTION T CODE i 
r (C~~~~ED) r A 1 

4-44 

4"' L~Q ---
l,B,Q 

(T, Fe. L, P, R, D)n 

r STATE I coDel 

[ DON'T CARE T - l 
"""""' 

o: 
tTn• Fe) 

[ ACTION r TRANSPARENT 

I cone] 

T - l 
LS02100S 

ACTION 

J·K 
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"OR" ARRAY-(On = D·Type) 

TnSTATUS 

ACTIVEISet) 

........ 
L Tn&TATUS l CODE J 
[ INACTIVE (RNet) I • J 

......... 

"OR" ARRAY - (On = J·K Type) 

Tn Tn 

~· ~· LE 

K . 

I 
ACTION 

I C~E I I 
ACTION I ~DE I TOGO LE SET ....... ........ 

"OR" ARRAY-(S or B), (P), (R) 

f-r>-T 

T0 STATU8 

ACTIVE 

P,R,8 
(ORI) 

......... 
"~" ARRAY - (E) 

-~ 
I ACTION I C~DE I IDLE4 

........ 
NOTES: 

Tn STATUS 

INACTIVE 

~~ 
E,, 

I ACTION I c:;E I CONTROL .. 

........ 

Tn 

ttm· K 

F ACTION 

I C~OE I RESET 

...... ... 
"EX·OR" ARRAY - (B) 

POLARITY 

LOW 

~~ 
En 

I ACTION I co: I 
ENABLE4 

""""' 

Product Specification 
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Tn 

~· 
K 

I ACTION 

I c:oE I 
HOLD 

"""""' 

POLARITY 

HIGH 

~~ 
En 

I 
ACTION 

I 
C~DE I 

DISABLE 

""""" 

1. This Is the Initial u..,.ogrammad state of all link pairs. It Is normally associated with all unu- Onactive) AND gates. 
2. Any gate (T, Fe, L, P, R, Dln will be uncondltlonelly Inhibited W 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 En • • are logically equivalent statea, since both cauae Fn outputs to be unconditionally enabled. 
5. Th-. statea are not allowed for control gates (l, P, R, D)n due to their lack of "OR" array links. 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS157 

FPLS PROGRAM TABLE 
AND > OR ! CONTROL NOTES 

1-- --- -- -t-- - - - - -t-.,...... - - - - - - - - - -- J 1. TheFPLSisshippedwithaUlinksintaet.Thusaback· r tNACTIVE ~ I [ACTIVE A P, A, a 10), I [ JIK J' ~ ground of entries corresponding to states of virgin 
[•.•.o J:"] l,B(I), I [•NACTIVE:f- (QaD) I r I FIFMODE ~OLE :I~ I linksuistsinthetable,shownBLANKforclarily. 
[T.i.o L_J O(f'> I I ~:n~;:..a11• [coNTAOL A 12· ProgramunusedC,1,8,andObitsinthe_AN.Oarrayas 

L OON'T CARI -1 I I [ENABLE ~ EA, e J ~-;;~y~~~~~oru(:u)~~ ~~p~~=bi:~ A bits in the OR 

L tNACTIVt: cq I r TOGGLE 0 I HIGH H L DISABLE -:1 I 3. Unused Terms .can be left blank. 

LoENERATE Al c I [sET H (O•JIK) I LOW L <POL.) 14. ~~~~:~~~~~:o~=~~spectivelylhepresentandne.xt 
I PROPAGATE •] : [RESET L I r Flf MOOE Ee I EA ] [ POLARITY 

c, ......... , -J .i. r•OLO - ' r I 

w 
!;;: 
c 

I 

T 
E 
R C 
II 

0 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2• 
25 

26 

27 

28 

30 

31 

I 

3 2 1 0 s 

AND 

8(1) Q(P) Q(N) 

,T3 2 1 0 5 • 3 2 1 0 5 •' 3 

i 
...L 

_i --! 

2 1 

1--Fc~--+-+-+-+--+--+--+--+--+--+--+-+-+-+-+-+-+-'....,.... ........ 
Pa 

1-:"~"+-+-t-l--1f---1-+-+-+-+-+-+-~+-l--~--1-_J 
,La 

05 

PIN s 4 3 2 1e 1il e a 1 e 1a r~_l_1a 15 14 13 
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DESCRIPTION 
The PLS159 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 Fe. It 
features 8 registered 1/0 outputs (F) in 
conjunction with 4 bidirectional 1/0 lines 
(8). 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 1/0 polarity and 
direction. All AND gates are linked to 4 
inputs (I), bidirectional 1/0 lines (8), 
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 

(LOGIC TERMS> 

November 19, 1986 

PL5159 
Field-Programmable Logic 
Sequencer ( 16 x 45 x 12) 
Slgnetlcs Programmable Logic 
Product Specification 

FEATURES 
• Field-Programmable (NI-Cr link) 
• 4 dedicated Inputs 
• 13 control gates 
• 32 AND gates 
• 21 OR gates 
• 45 product terms: 

- 32 logic terms 
- 13 control terms 

• 4 bidirectional 1/0 lines 
• 8 bidirectional registers 
• J/K, T, or D-type tllp-tlops 
• Asynchronous Preset/Reset 
• Complement Array 
• Active-High or -Low outputs 
• Programmable OE control 
• Positive edge-triggered clock 
• Clock frequency: 15MHz (max.) 
•Input loading: -100µA (max.) 
• Power dissipation: 750mW (typ.) 
• TTL compatible 
• Tri-state outputs 

(CONTROL TERMS) 

R D 

4-47 

PIN CONFIGURATIONS 

N Package 

N•Plastig 

A Package 

A -= Plastic Leaded Chip Garrier 

APPLICATIONS 
• Random sequential logic 
•Synchronous up/down counters 
• Shift registers 
• Bidirectional data buffers 
• Timing function generators 
•System controllers/synchronizers 
• Priority encoder/registers 

853-0319 86602 

4 -
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Field-Programmable Logic Sequencer ( 16 x 45 x 12) 

On-chip T /C buffers couple either True (I, B, 
Q) or Complement (l, ill, a. ei input polarities 
to all AND gates, whose outputs can be 
optionally linked to all OR gates. One group 
of AND gates drives bidirectional 110 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, as well as asynchronous 
Preset and Reset lines (P, R). 

All flip-flops are positive edge-triggered and 
can be used as Input, output or 110 (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 PLS159 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. ~ is always enabled. 

2. Preset and Reset are always disabled. 

3. All 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 

llUITO,: J, •O _ _ __ 
Kt" COs•Oa•O,•QJ•A•l•C ... 

HDLDOfi J1•D .... 
•1•CG1• G;•O,• ii;>•T•'i'•c ... 

-·· 
NOTE: 
Similar logic functions are appllcable for D end T 
mode flip.flops. 

FLIP-FLOP TRUTH TABLE 

L x x L x x x L H 

L x x H L x x H L 
L x x L H x x L H 

l l t l l l l Q ti 
l l t l L l H l H 
l l t l l H l H l 
l l t l l H H ti Q 

H H t l l L H l H* 
H H t L L H l H l* 

+10V x t x x l H l H** 
x t x x H l H l** 

NOTES: 
1. Positive Logic: 

J/K •To+ T, + Tz ••••.••.••.•••• T31 
r.-e. Oo•l1 •l2 ···>·<0o·a1 ... 1 ·!Bo·B, .... , 

2. t denote8 tranaHlon from Low to High level. 
3. X • Don't care 
4. ••Forced at Fn pin for loedlng J/K ~flop In 110 

mode. L must be enebled, and - active T n 
disabled via -ring Input(&) I, B, or Q. 

5. At P • R • H, Q • H. The tine! elate of Q depencla 
on whieh is released first. 

8. ' ' • Forced at Fn pin to load J/K flip-flop 
Independent of program code (Olagnoatlc mode), 
Tl'l-*te B outpute. 

Product Specification 

PLS159 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS159 

FPLS LOGIC DIAGRAM 

'• 

4 

CK'~CK 

NOTES: 
1. AU OR gate inputs with a blown lmk float to logic "O". 
2. AH other gates and control inputs with a blown link float to logic "1 ". 
3. m denotes WlAE-OR. 
4. '~rli"""®ltf<>ti""'1!iq» .. 
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ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

20-pin Plastic DIP 300mil-wide PLS159N Maximum junction 15o•c 

20-pin Plastic Leaded Chip Carrier PLS159A Maximum ambient 75•c 

ABSOLUTE MAXIMUM RATINGS1 
Allowable thermal rise 75•c 
ambient to junction 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 VDC 

V1N Input voltage +5.5 Voe 

VouT Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

L louT Output currents +100 mA 

Temperature range 

LTA 
Operating 0 +75 •c 

!srn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o•c,,;;rA,,;;+75•c, 4.75.;;Vce<5.25V 
~·-

I LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

l~-;;ut _v;;~-ge3 Min Typ2 Max 

I V1H High Voe= Max 2 
I 

V1L Low Vee= Min 0.8 v I 
1 Vic Clamp Vee= Min, 11N = -12mA -0.8 -1.2 
1----· 

output vollage3 

Voe= Min 
VoH High loH=-2mA 2.4 v 
VoL Low loL = 10mA 0.35 0.5 

Input current8 

Vee= Max 
l1H High V1N = 5.5V < 1 80 
l1L Low V1N = 0.45V -10 -100 µA 

Output current 

Vee= Max 
lo (OFF) Hi-Z state6 VouT= 5.5V 1 BO µA 

VouT = 0.45V -1 -140 

los Short circuit4 VouT=OV -15 -70 mA 

Ice Vee supply current7 Vee= Max 150 190 mA 

Capacitance 

Vee= 5.0V 
C1N Input V1N = 2.0V 8 pF 
CouT Output VouT=2.0V 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. 
2. All typical values are at Vrx, ~ 5V, TA= + 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1H applied to OE. J 

6. Duration of short circuit should not exceed 1 second. 
7. Ice is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 
8. Leakage values are a combination of input and output leakage. 
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AC ELECTRICAL CHARACTERISTICS O'C <TA<+ 75'C, 4.75 <Vee< 5.25V, R1 = 470U, R2 = 1 kU 

LIMITS 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Mln5 Typ1 Max 

Pulse width 

lcKH Clock2 high CK - CK + 25 20 
lcKL Clock low CK+ CK - CL= 30pF 30 20 ns 
lcKP Period CK+ CK+ 70 50 
tPRH Preset/Reset pulse (l,B) + (l,B) - 40 30 

Setup time 

t1s1 Input CK+ (l,B) ± 40 30 
t1s2 Input (through Fn) CK+ F ± CL= 30pF 20 10 ns 
t1s3 Input (through 

Complement Array)4 CK+ (l,B) ± 65 40 

Hold time 4 
l1H1 Input CK+ (l,B) ± CL= 30pF 0 -10 ns 
l1H2 CK+ F ± 15 10 

Propagation delays 

lcKO Clock F ± CK+ CL= 30pF 25 30 

loE1 Output enable F - OE - CL= 30pF 20 30 

loo1 Output disable3 F + OE+ CL= 5pF 20 35 

tpo Output B ± (l,B) ± CL= 30pF 40 50 ns 

loE2 Output enable B ± (l,B) + CL= 30pF 35 55 

loo2 Output disable3 B + (l,B) - CL= 5pF 30 35 

tpRQ Preset/Reset F ± (l,B) + CL= 30pF 50 55 

NOTES: 
1. All typical values are at Vee= SV, TA• + 25°C. 
2. To prevents spurious clocking, clock rise time (10%-90%) < 10ns. 
3. Measured at Vr =Vol+ O.SV. 
4. When using the Complement Array T CKP = 95ns (min). 
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 
6. For test circuits, waveforms and timing diagrams see the following pages. 
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TEST LOAD CIRCUIT 

vcc 

'• 0--
1 
I 

•nO--

OUT 

•5V 

By 

Bz 
R1 

CL 

I (INCLUDES 

Bw <>-;
I 

Bx c-l
CK 0--

GND 
- SCOPE ANO JIG 

CAPACITANCE) 

TIMING DIAGRAMS 

1.8 -v v 
(INPUTS~-'·_sv _______ .Jlf... 1.SV 

!;::•tH1_,_ l1s1-1 

1.SV 1.SV 

CK --,-_--,-,5-,---1-•c•H-l- •cKL-1' 
~tcKr-

(our:urs)--------~-.-~.-:"'·~ - - - -- -/v~v-r __ _ 

1~1 
1 sv \ /_1_.s_v ____ _ 

1~1 
Flip-Flop Outputs 

+3V 

ov 

+3V 

ov 

VOH 

VOL 

+3V 

ov 

,.~ .. 1-'_··-·---------------------
B 

(OUTPUTS} 

I. B 
(OUTPUT ENABLE) 
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Gate Outputs 

4-52 

+3V 

ov 

VOH 

+3V 

OV 

VOLTAGE WAVEFORM 

MEASUREMENTS: 
AH circuit delays are measured at the + 1.SV level 
of inputs and outputs, unless otherwise specified. 

Input Pulses 

TIMING DEFINITIONS 
lcKH Width of input clock pulse. 
tcKL Interval between clock pulses. 
tcKP Clock period. 
tPRH Width of preset input pulse. 
t1s1 Required delay between beginning 

of valid input and positive transition 
of clock. 

t1s2 Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 

t1H1 Require<j delay between positive 
transition of clock and end of valid 
input data. 

t11-12 Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 

lcKO Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 

toE1 Delay between beginning of Output 
Enable Low and when Outputs be-
come valid. 

loo1 Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 

tpo Propagation delay between combi-
national inputs and outputs. 

loE2 Delay between predefined Output 
Enable High, and when combina-
tional Outputs become valid. 

too2 Delay between predefined Output 
Enable Low, and when combina-
tional Outputs are in the off state. 

tpRQ 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 
l,B 

(INPUTS) 1.SV 

-~-----------"!'----------- OV 

CK 

"PRESET ·RESET 

(1, B INPUTS) 

Q 

F 
(OUTPUTS) 

OneMIN. 

.----..--- +3V 

1.SV 

---· ov 
1CKO 

+3V 

...._ ______ ----- ov 

(PRESET) 

(RESET) 

-----------------
(RESET) 

l .SV (PRESET) 1.SV 

----VOL 

* 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". 

1,8 
(LOAD SELECT) 

0. 

F 

(INPUTS) 

CK 

Asynchronous Preset/Reset 

1.SY 

1.SY 

,--------
--------·'! 

I 

+3V 

1.sv 
av 

+3V 

av 

--+-------..1,-------..lr--+----+ov YOH 

(FORCED D1N) 1.SV 

--1--------'l"------'l'--+---ov VOL 

•+3v 

Flip-Flop Input Mode 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS159 

The FPLS can be programmed by means of 
Logic Programming equipment. 

With Logic programming, the AND/OR-EX
OR input connections necessary to imple-

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: 

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

4"' 4"' 1,1,Q 
~ 8,Q T.i.a T.i.a 

(T, Fe. L, P, R, Din (T, Fe, L, P, R, Dl,, 

[ STATE I CODE] 

I 
STATE I C~EI INACTIVE1,2 I o J 1,8,Q 

...,.,.,. 
"""""" 

"COMPLEMENT" ARRAY - (C) 

o: 
!Tno Fe) 

L ACTION _l CODEJ 

L INACTIVE 1,3,S I 0 J 
"""""" 

l ACTION l CODE J 

L PROPAGATE l • ] 
Notes on following page. 

o: 
(T., Fe) 

[ ACTION I CODE] 

GENERATES 1 A J 
"""""' 

L ACTION l CODEJ 

[ TRANSPARENT I - J 

4 .. , 1,8,Q -- -
1,8,Q 

I 
(T, Fe, L, P, R, Din 

I 
STATE I C~E I 1.i,o 

"""'"' 

o: 
!Tn, Fcl 

f 
ACTION _l CODEJ 

PROPAGATE l e J 
""""" 

"OR" ARRAV-(MODE) 

l[ ~N I CODE~ 
(CONTROi.°i.EDI A 
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4"' 1,8,Q ---
l,B,Q 

(T, Fe, L, P, R, DJn 

t 
STATE I CODE] 

DON'T CARE l - J 
"""""' 

o: 
!Tn, Fe) 

[ ACTION _l CODEj 

l TRANSPARENT l - J 
lS02100S 

ACTION 
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"OR" ARRAY-(Q0 =D·Type) 

Q 

TnSTATUS CODE 

ACTIVE (Sell A 

"OR" ARRAY - (Q0 = J-K Type) 

Q 

ACTION CODE 

TOGGLE 0 

"OR" ARRAY - (S or B), (P), (R) 

t 

f-r>-T 

P,R,S 
(ORBI 

TnSTATUS j_ CODEJ 

ACTIVE j A j 

"OE" ARRAY- (E) 

fo- P,R,S 
(ORBI 

[1--_T_n~ST_A_Tu_s~_J:+-'c~o_DE'-t] 

l INACTIVE l e J 
~-~~ 

Q 

Q 

°'~ 
En 

"~ 
En 

F ACTION 

lcn 
L ACTION I CODE] 

IDLE4 l CONTROL l A j 
LS0223DS ...,,, ... 

NOTES: 

Q 

"EX-OR" ARRAY-(B) 

POLARITY 

LOW 

"'~ 
En 

t 
ACTION J CODE] 

ENABLE" l . J 
"""""' 

~ 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) ANO gates. 
2. Any gate (f, Fe, L, P, R, D)n 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 n• Fe. 
4. En"" 0 and En=· are logically equivalent states, since both cause Fn outputs to be unconditionally enabled. 
5. These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" array links. 
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Q 

ACTION 

HOLD 

POLARITY 

HIGH 

"~ 
En 

ACTION I CODE] 

DISABLE l - J 
""""' 
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Field-Programmable Logic Sequencer ( 16 x 45 x 12) PLS159 

FPLS PROGRAM TABLE 

AND I OR I CONTROL . _j 
~N~.;-.~---r, ~,;-.1~;-r, ------------ I 
1----~ . . 101. f "" •l I 

1,9,Q HJ I.I(!), I INACTIVtI•J !OmO! I [ f/FMOOE LlOLE !OI __ J Jll(orD .. IA :..J I 
I, •• 0 I L Q (PJ I I (COl'ltlo+l•dl I [CONTROL =.!: •] 

NOTES 
1 The FPLS is shipped with au links intact Thus a back· 

ground of entries corresponding lo states of v1rg1n 
links exists in the table. shown BLANK tor clanty 

2 Program unused C, I, B. and a bits in the ANO anay as 
(-). Program unused a. B. P. and R bits tn the OFI 
array as (- l or (AJ. as apphcable [oo•·rc••• - 1 I [•••"' :I•J ''' I 

INACTIVE ~ I froGGLE 01 I HIGH H [otSABLE -J I 4. Q (PJ and a (N) are respecl!vely the present and ne•r 

GENERATE •] J SET HJ I ~POL l I states of 111o·llops O 

3. Unused Terms can be left blank 

PROflAGATI! I·] c I RESET Ll (Q=J!K) LOW L . [..----.. ,-M-O-D-,--'-..,..;:.::r== •• ===.---,-.--.--,-0,-.-.,-,,--l 
TRANSP••••r:- I I r HOLD ~1 l. 

w 
~ 
Cl 

I 

November 19, 1986 

i ITT 
(OR) 

Q(N) l(Q) 

T 
E 
R 
II 7854321 0 3 2 1 0 

0 

• 
8 

• 
1C 

11 

12 

13 

14 

15 

18 

17 

18 

19 

20 

21 

22 

23 .. 
25 

27 

30 

31 

Fe ""'I"" 

~:---1-t--+--+--+-~-l--1-+---4-+--+-~+-1-+---4----~ 
La 

03 

02 

D1 

DO 

PIN 5 4 3 2 9 8 1 8 19 18 17 18 15 14 13 12 
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DESCRIPTION 
The PLS159A 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 Fe. It 
features B registered I I 0 outputs (F) in 
conjunction with 4 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 1/0 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. 

FUNCTIONAL DIAGRAM 

(LOGIC TERMS) 

November 1986 

PLS159A 
Field-Programmable Logic 
Sequencer ( 16 x 45 x 12) 
Signetics Programmable Logic 
Preliminary Specification 

FEATURES 
• High-speed version of PLS159 
• Field-Programmable (NI-Cr link) 
• 4 dedicated Inputs 
• 13 control gates 
• 32 AND gates 
• 21 OR gates 
• 45 product terms: 

- 32 logic terms 
- 13 control terms 

• 4 bidirectional 1/0 lines 
• B bidirectional registers 
• J/K, T, or D-type flip-flops 
• Power on reset feature on all 

flip-flops (Fn = 1) 
• Asynchronous Preset/Reset 
• Complement Array 
• Active-High or -Low outputs 
• Programmable OE control 
• Positive edge-triggered clock 
• Clock frequency: 18MHz (max.) 
• Input loading: -100µA (max.) 
• Power dissipation: 750mW (typ.) 
• TTL compatible 
• Tri-state outputs 

(CONTROL TERMS) 

R D E 

PIN CONFIGURATIONS 

N Package 

N =Plastic 

A Package 

F7 

B3 GND OE FO F1 

A = Plastic Leaded Chip Carrier 

APPLICATIONS 
• Random sequential logic 
•Synchronous up/down counters 
• Shift registers 
• Bidirectional data buffers 

oe • Timing function generators 
• System controllers/synchronizers 
• Priority encoder/registers 

F 
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Field-Programmable Logic Sequencer (16 x 45 x 12) 

On-chip TIC buffers couple either True (I, B, 
Q) or Complement (i, ti, Q, C) 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, as well as asynchronous 
Preset and Reset lines (P, R). 

All flip-flops are positive edge-triggered and 
can be used as input, output or 110 (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 PLS159A is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

LOGIC FUNCTION 

QS Q2 Q1 QO 

I• I ·I·~· I ~- PRESENTSTllr< 

STATEAEGl81!'R "i"•l•C• ... 

I ·I ·I • I' I ., NEXT"""" 

llTOo= ,, ... (Os•G;•a1•Ci;)•A•B•c ... 

K0 mO 

AESET01: J1"'0 _ _ __ 

K1"' I03•~•01 •Da)•A•B•C .•• 

HOLD~ J2so 
K2 •0 

NOTE: 
Similar logic functions are applicable for D and T 

VIRGIN STATE mode flip-flops. 

The factory shipped virgin device contains all FLIP-FLOP TRUTH TABLE 
fusible links intact, such that: 

1. OE is always enabled. 

2. Preset and Reset are always disabled. 

3. All transition \erms are disabled. 
L x x L x x x L H 

4. All flip-flops are in D-mode unless other-
wise programmed to J/K only or J/K or D L x x H L x x H L 

(controlled). L x x L H x x L H 

5. All B pins are inputs and all F pins are L L L L L L a Q 
outputs unless otherwise programmed. L L L L L H L H 

L L L L H L H L 
L L L L H H Q a 
H H L L L H L H* 
H H L L H L H L* 

+10V 
x i x x L H L H** 
x i x x H L H L** 

NOTES: 
1. Positive Logic: 

J/K •To+ T1 + T2 ............... T31 
Tn=C• (lo•l1•l2 ... )o(Oo•O,. .. ) •(Bo•B1• ... ) 

2. t denotes transition from Low to High level. 
3. X =Don't Care 
4. * - Forced at Fn pin for loading J/K flip-flop in 1/0 

mode. L must be enabled, and other active T n 
disabled via steering input(s) I, B, or Q. 

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

6 .•• =Forced at Fn pin to load J/K flip-flop 
independent of program code (Diagnostic mode), 
Trt-state· B outputs. 
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Field-Programmable Logic Sequencer (16 x 45 x 12) 

FPLS LOGIC DIAGRAM 

1, 

NOTES: 
1. All OR gate inputs with a blown link float to logic "O". 
2. All other gates and control inputs with a blown link float to logic "1 ". 
3. e denotes WIRE-OR. 
4.$~ 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS159A 

ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

20-pin Plastic DIP 300mil-wide PLS159AN Maximum junction 150°c 

20-pin Plastic Leaded Chip Carrier PLS159AA Maximum ambient 7s0 c 

ABSOLUTE MAXIMUM RATINGS1 
Allowable thermal rise 
ambient to junction 75°c 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

Vour Output voltage +5.5 Voe 

i1N Input currents -30 +30 mA 

lauT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 ·c 
Tsrn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS 0°c.;;; TA.;;; 75°C, 4.75V <Vee.;;; 5.25V 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Max 

Input voltage3 

V1H High Vee= Max 2 v 
V1L Low Vee= Min 0.8 
Vic Clamp Vcc=Min, l1N=-12mA -0.8 -1.2 

Output volt11ge3 

VoH High Vee= Min, loH = -2mA 2.4 v 
VoL Low loL = 10mA 0.35 0.5 

Input c11~rent 

l1H High Vee= Max, V1N = 5.5V < 1 40 
µA 

l1L Low V1N = 0.45V -10 -100 

Output current 

lo( OFF) Hi-Z state5•8 Vee= Max, Vour = 5.5V 1 80 µA 
VouT = 0.45V -1 -140 

los Shor) circuit4•6 VouT=OV -15 -70 mA 

. Ice V cc supply current7 Vee= Max 150-' 190 mA 

Capacitance 

C1N Input Vee= 5.0V, V1N = 2.0V 8 pF 
Cour Output Your= 2.0V 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. 
2. All typical values are at Vee - 5V, TA - + 25'C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1H applied to OE. 
e. Duration of short circuit should not exceed 1 second. 
7. lcc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 
8. Leakage values are a combination of input and output leakage. 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS159A 

AC ELECTRICAL CHARACTERISTICS R1 •4700, R2• 1k0, NPLS179: o•c<TA<+75°C, 4.75V<Vccc;;5.25V 

TEST LIMITS 
SYMBOL PARAMETER TO FROM UNIT 

CONDITIONS Mln6 Typ1 Mu 

Pul• width 

lcKH Clock2 high CK- CK+ 20 15 
lcKL Clock low CK+ CK- 20 15 ns 
lcKP Period CK+ CK+ 55 45 
lpRH Preset/Reset pulse (l,B)+ (l,B)- 35 30 
__ tup time 

t1s1 Input CK+ (l,B) ± 35 30 
t152 Input (through Fnl CK+ F± CL•30pF 15 10 ns 
t153 Input (through 

Complement Array)4 CK+ (l,B)± 55 45 

Hold time 

ltH1 Input CK+ (l,B)± 0 -5 
ltH2 Input (through Fn) CK+ F± 15 10 ns 

Propagation delay 

lcKO Clock F± CK± 15 20 
loe1 Output enable F- ?:lE- 20 30 

loo1 Output disable3 F+ ?:lE + CL •5pF 20 30 

!po Output B± (l,B)± 
CL •30pF 

25 35 
loE2 Output enable B± (l,B)+ 20 30 

ns 

loD2 Output dlsable3 B+ (l,B)- CL• 5pF 20 30 

lpRO Preset/Reset F± (l,B)+ 
CL •30pF 

35 45 
lppR Power-on preset F- Vee+ 0 10 

NOTES: 
1. All typical values are at Va; - 5V, TA - + 25'C. 
2. To prevent spurious clocking, clock rise time (10%-90%) .; 10ns. 
3. Meesured at Vy - VoL + o.sv. 
4. When using the Complement Array T CKP - 75ns (min). 
5. Umlts are guaranteed with 12 product tenns maximum connected to each sum term line. 

TEST LOAD CIRCUIT 

Bw a-;+ 
I 
I 

Bx 

CK 0--

November 1986 

vcc 

OUT 

By 

Bz 

•SV 

CL r (INCLUDES 
- SCOPE AND JIG 

CAPACITANCE I ,..,_ 

4-61 

VOLTAGE WAVEFORM 

llEASUREMEllTII: 
All clrcutt delays are meuured at the + 1 .5V '8v8I 
of Inputs and """'""- un- otherwlao apecifled. 

Input Pul•B 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS159A 

TIMING DIAGRAMS 

l.B -v v 
(INPUTS!....]l\_1._sv _______ lfl.t1.s_v ______ _ 

f;::t1H1- t1s1-1~---
1.5Y 1.SV 

CK -""'1---·,...1s_1 __ .....Jl...._tcKH-l---•cKL~1' 
-tcKP__.. 

(OUT:UTS•) -------1.-.-;-~:-/j------2
1

,_V_T __ _ 

1~ 
1.sv \ (_1_.s_v ___ _ 

170£71 

Fllp·Flop Outputs 

+3V 

ov 

+3V 

ov 

VOH 

VOL 

+3V 

ov 

+3V 

ov 
1~., i-1_.s_v ____________________ _ 

B 
(OUTPUTS) 

Gate Outputs 

VOH 

+3V 

ov 

r---------------------- +SV J •.sv 

Vee __/l______________________ ov 

f-1PPR-I 
(~l l\\W.-1.sv-------.\ ,:;--- --------

14-•cKo~' VOL 

----... 1,,,-----:----... ,..---------- +3V 
La ,.sv 

(H'IJT8) ----JI'-----+--- ov 

+3V 
1.SV 

CK r•1s1 
..,..,,. 

Power-on RBRt 
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TIMING DEFINITIONS 
lcKH 
lcKL 
lcKP 
IPRH 
t1s1 

t1s2 

l1H1 

l1H2 

lcKO 

loE1 

loo1 

IPPR 

tpo 

loE2 

loo2 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period. 
Width of preset input pulse. 
Required delay between beginning 
of valid input and positive transition 
of clock. 
Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 
Required delay between positive 
transition of clock and end of valid 
input data. 
Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 
Delay between positive transition of 
clock and when Outputs become 
valid (with OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
Delay between Vee (after power
on) and when flip-flop outputs be
come preset at "1" (internal Q 

outputs at "O"). 
Propagation delay between combi
national inputs and outputs. 
Delay between predefined Output 
Enable High, and when combina
tional Outputs become valid. 
Delay between predefined Output 
Enable Low and when combina-
tional Outputs are in the off state. 
Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val
id. 
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Field-Programmable Logic Sequencer (16 x 45 x 12) 

TIMING DIAGRAMS (Continued) 

1,B 
(INPUTS) 

CK 

PRESET I RESET 

(1, B INPUTS) 

1.SV 

1.SV 

1.SV 

,------,.-
0 (PRESET) 

_______ ...,. ___ .,1\_J~~!!, __ ,, ------

F 

(OUTPUTS) 

.---;RE;:n---, ----- VQH 

1.sv (PRESET) 1.SV 

-----voL ---------------J 
*Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if T161 
cannot be guaranteed by the user. 

Asynchronous Preset/Reset 

+3V 
l,B 1.SV 

(LOADSELECT) _,,,,._ ________________ ,,, • ._ ___ ov 

F 

(INPUTS) 

CK 

November 1986 

1.SY 

,--------
--------·'! 

I 
I --+-------.. 1.-------.. .--..... ---•+3V VQH 

Vy {FORCED D1N) 1.SV 

--+-------'l~------Jl~--+-----ov VOL 

•+3y 

Fllp·Flop Input Mode 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS159A 

The FPLS can be programmed by means of 
Logic Programming equipment. 

Wrth Logic programming, the AND/OR-EX
OR input connections necessary to imple-

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 
110, control, and state variables is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links defined as 
follows: 

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

1,8,Q ---
1,8,Q 4"' ~•.a 

i,i,'ii 4"' 
CT, Fe. L, P, R, D)n (T, Fe, L, P, R, ll)n 

I STATE 
I C~DE I I 

STATE I C:E1 INACTIYE1'2 1,1,Q 

"""""" '''"'""" 
"COMPLEMENT" ARRAY - (C) 

o: o: 
CT., Fe) CT., Fe) 

[ ACTION I CODE] I ACTION 
I C~DEI L INACTIYEl,3,S 1 0 J GENERATES - ,..._ 

~ ACTION :r CODE] 
TRANSPARENT l -

ACTION 

PROPAGATE 

Notes on following page. 

4"' 4"' ~B,Q --- .. , ... 
1,8,Q 

CT, Fe. L, P, R, D)n CT, Fe. L, P, R, II},, 

I STATE 
I C~DEI 

I 

STATE 

1~1 ~ ... o DON'T CARE 

........ -

o: o: 
CT,., Fe) CT,., Fe) 

I ACTION I c:DE I I ACTION I CO~E I PROPAGATE TRANSPARENT - ........ 
"OR" ARRAY-(MODE) 

~Q~Q 
~~ 

[ ACTION I CODE J ACTION 

L (C;N;~~ED) l A J 
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Field-Programmable Logic Sequencer (16 x 45 x 12) 

"OR" ARRAV-(QN=D-Type) 

~Q 
+-01-lJ 

TnSTATUS CODE 

ACTIVE (&ell A 

CAUTION: 

Q 

Tn STATUS CODE 

INACTIVE (R- • 

The PLS159A Programming Algorithm is different from the PLS159. 

"AND" ARRAY - (QN = J - K Type) 

Tn Tn . 

~· 
K 
~· 

K 

[ ACTION l CODE J 
I 

ACTION 

I c;E I 
TOGGLE I o J SET 

""'""" ""'""' 
"OR" ARRAY-(S or B),(P),(R) 

t 

f-D-T 

P,R,S 
(ORB) 

T,,_STATUS l CODE j 
ACTIVE l A J 

"OE" ARRAV-(E) 

~~ 
En 

I 
ACTION I C~E I IDLE4 

""""'8 

NOTES: 

[ 

l 

-f-0- P,R,S 
(ORB) 

t 

r,,_ STATUS I CODE J 
INACTIVE l e j 

~~ 
En 

ACTION ~ CODEJ 

CONTROL l A j ........ 

Tn 

~· 
K 

F ACTION 

I C~DE I RESET 

""'""' 
"EX-OR" ARRAV-(B) 

POLARITY 

LOW 

~~ 
En 

[ ACTION I cooE] 

ENABL£4 l • J 
''''"'" 

Preliminary Specification 

PLS159A 

Tn 

~· K 

I 
ACTION 

I C~DE I HOLD 

...,..,. 

POLARITY 

HIGH 

~~ 
En 

I 
ACTION 

I C~DE I DISABLE 

"""""" 
1. This is the inHlal unprogrammed state of all link pairs. It is nonnally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fe, L, P, R, D)n will be unconditionally inhibited ff 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 Tn. Fe. 
4. En• 0 and En• ·are logically equivalent states, since both cause Fn outputs to be unconditionally enabled. 
5. These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" array links. 
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Field-Programmable Logic Sequencer (16 x 45 x 12) PLS159A 

FPLS PROGRAM TABLE 

- - _A~-- - r - - _£>R__ - -+- ---~O!:!.T~L- - - - --~J ~o;:e5FPLSissh1ppedw1thaUhnks1ntact.Thusaback· 
PNACTIYE I 0 I ACTIVE A P.R. a ~0). I rJ/K • I ground of entries corresponding to slates of v.rgm 

[•. 8, o H l,B(I). I INACTIVE:I • (0., 01 I [ flF MOOE [•DLE 0 1 I hnks eiusts in the table, shown BLANK tor clarity 

[ -- O(P JIKorO , IA :.J I 2. ProgramunusedC,l,8.andOb1tsintheANOarravas 
1• 1· ~ IL ) j I cconttolleO) I [coNTROL ~ E (-). Program unused a. B. P. and R bils 1n the OR 

LOONTCARE _l_- I I ENABLE ~ A.B I arrayas(-)or(A),asapphcaoie 
-, o L :J I 3. Unu11.ed Terms can be left blank 

INACTIVE 1 ° I :::GLE I: I HIGH H DISABLE - 4 Q (Pi and a (N) are respectively !he present and next 

GENERATE =1" c I (O:J/I() I LOW L cPOL.> .-------~1-,...;;";;;"';;;••;;.o;.;.f.;;fl;;;.•P·.;;flo.;.;p;;;.s.;;Or-----,..-----i 
PROPAGATE • I R£S£T L l FiF MOOE e8 e" I POL 1.Ft1TY 

.......... ,_ I HOLO - I I I J_. J_J_ J J 

w 
!;t 
0 

I 

T 
E 
R 
II 

0 

1C 

11 

12 

13 

14 

15 

18 

17 

18 ,. 
20 

21 

22 

23 

25 ... 
27 ... 
29 

30 

31 

D3 

02 

DI 

DO 

AND 

c..,3.,..2~1-1...--+...,...;•~·~>,..,.-+-..--.--o;o~c~~;.......-..-.,..~ 
03210785•3210 

PIN 5 4 3 2 9 8 7 6 19 18 17 18 15 14 13 12 
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Logic (18 x 72 x 8) 

Appllcatlon Specific Products 
•Serles 20 

Slgnetlcs Programmable Logic 
Product Specification 

DESCRIPTION 
The PLHS18P8A is a two-level logic 
element consisting of 72 AND gates and 
8 OR gates with fusible connections for 
programming 110 polarity and direction. 

All AND gates are linked to 10 inputs (I) 
and 8 bidirectional 1/0 lines (B). These 
yield variable 110 gate configurations via 
8 direction control gates, ranging from 
18 inputs to 8 outputs. 

On-chip TIC buffers cquQ!e either True 
(I, B) or Complement (I, B) input polari
ties to all AND gates. The 72 AND gates 
are separated into 8 groups of 9 each. 
Each group of 9 is associated with one 
bidirectional pin. In each group, eight of 
the AND terms are ORed together, while 
the ninth is used to establish 110 direc
tion. All outputs are individually program
mable via an EX-OR gate to allow imple
mentation of AND/OR or NANO/NOR 
logic functions. 

In the virgin state, the AND array fuses 
are back-to-back CB-EB diode pairs 
which will act as open connections. 
Current is avalanched across individual 
diode pairs during fusing, which essen
tially short circuits the EB diode and 
provides the connection for the associ
ated product term. 

FUNCTIONAL DIAGRAM 

The PLHS18P8A is field-programmable, 
allowing the user to quickly generate 
custom pattern using standard program
ming equipment. 

Order codes are contained in the pages 
following. 

FEATURES 
• 100% functionally compatible 

with AmPAL 18P8A 
• Field-Programmable 
• 10 Inputs 
• a bidirectional 1/0 lines 
• 72 AND gates/product terms 

- configured Into eight groups of 
nine 

• Programmable output polarity 
(Tri-state output) 

• 1/0 propagation delay: 20ns 
(max.) 

• Power dissipation: 750mW 
(nominal) 

• TTL compatible 
•Verify Lock Fuse 
• On-chip test features for 

extensive AC and DC parametric 
testing 

P71---- LOGIC TERMS ----p0 

•q-Jl 

! @ l~Jcilttilttir+t-0-----_--_-_--_-_--_-_--_--_-_--_-~-l+Hl+Hlll+l.ll 
"'-tllttilttir+---------+ll+Hl+HFF 
~-rtttttttr---------tttttttt~ 
j-t+tt+tt+t---------++H+H+µ"'l*"""1 

l 

~·--ttttttttt---------tt++t++t+,. I g-, 

•PAL is a registered trademark of Monolithic Memories, Inc. 
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PIN CONFIGURATIONS 

N Package 

N •Plastic 

A Package 

A • Plastic Leaded Chip carrier 

LOGIC FUNCTION 

TYPICAL PRODUCT TEAii: 
Pn=A·l•C •D· .•• 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY= H 

Z=PO+P1+P2.,, 

AT OUTPUT POLARITY= L 
Z=PO+P1+P2+ .•• 
Z=iii,-Pl'·Pi· ... 

NOTES: 
1. For each of the 8 outputs, either function Z (Active· 

High) or ~ (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). 

APPLICATIONS 
• 100% functional replacement for 

all 20-pln combinatorial PALs* 
• Random loglc 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multlplexlng 

853-0683 86602 
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Slgnetics Application Specific Products• Series 20 Product Specification 

Programmable AND Array Logic (18 x 72 x 8) PLHS18P8A 

FPLA LOGIC DIAGRAM 

NOTE& 
1. AU unprogrammed or virgin "AND" gate locations are pulled to logic "1". 
2.ttg~;~ 
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Slgnetlcs Appllcotlon Specmc Products • Serles 20 Product Specification 

Programmable AND Array Logic (18 x 72 x 8) PLHS18P8A 

ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

20-pin Plastic DIP 300mil-wide PLHS18P8AN Maximum junction 1so•c 

20-pin Plastic Leaded Chip Carrier PLHS18P8AA Maximum ambient 75•c 

Allowable thermal rise 
ambient to junction 75•c 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
SYMBOL PARAMETER UNIT 

MIN MAX 

Vee Supply voltage -0.5 +7 Vrx; -
V1N Input voltage -0.5 +5.5 Vrx; 

Your Output voltage -0.5 Vee Max Vrx; 4 -VourPRG 
Output voltage 

+21 Vrx; 
(programming) 

l1N Input current -30 +5 mA 

lour Output current +100 mA 

louTPRG 
Output current 

+170 mA 
(programming) 

Temperature range 
TA Operating temp 0 +75 •c 

TsrG Storage temp -65 +150 ·c 

Notes on following page. 
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Signetics Application Specific Products • Serles 20 Product Specification 

Programmable AND Array Logic (18 x 72 x 8) PLHS18P8A 

DC ELECTRICAL CHARACTERISTICS o•c.;; TA.;; 75°C, 4.75V.;; Vee.;; 5.25V 

SYMBOL I LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Max 

Input voltage3 

V1l Low Vcc=Min +0.B v 
V1H High VccKMax +2.0 
V1 Clamp Vcc=Min, l1N=-18mA -0.9 -1.2 

Output voltagiEI 

Vee= Min, V1N = V1H or Vil 
Vol Low fol= +24mA +0.50 v 
VoH High ioH=-3.2 +2.4 +3.5 

Input current 

Vcc=Max 
l1l Low V1N = +0.40V -20 -100 µA 
l1H High V1N= +2.7V +25 µA 
11 High V1N = +5.5V +1.0 mA 

Output current 

Vee= Max, Vil= o.ev, V1H = 2.0V 
lozH Output leakage VouT-+2.7V +100 µA 
fozl Output leakage VouT= +0.40V -250 µA 
lsc Short circuit4 VouT= +0.5V -25 -60 -90 mA 

Ice Vee current Vee= Max, All inputs• GND 100 155 mA 

Capacltance5 

Vee=+5V 
C1N Input V1N = 2.0V @ f = 1MHz 6 pF 

CoUT 110 VouT = 2.0V @ f = 1MHz 9 pF 

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 operatlonal and programming specification of the device is not implied. 
2. Typical limits are at Vee - 5.0V and TA= + 2s•e. 
3. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one seoond. VouT = 0.5V has been chosen to avoid test 

problems caused by tester ground degradation. 
5. These parameters are not 100% tested, but are periodically sampled. 
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Signetics Application Specific Products • Series 20 Product Specification 

Programmable AND Array Logic (18 x 72 x 8) PLHS18P8A 

AC ELECTRICAL CHARACTERISTICS R1 = 200.n, R2 = 390.Q, o•c <TA<+ 75°C, 4.75V <Vee< 5.25V 

LIMITS 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ Max 

tpo Propagation delay Input± Output± CL= 50pF 14 20 ns 

tEA Output enable Input± Output- CL= 50pF 14 20 ns 

trn Output disable Input± Output+ CL= 5pF 14 20 ns 

NOTES: 
1. Typical limits are at Vee= 5.0V and TA= + 25°C. 
2. T PD is tested with switch 81 closed and CL = 50pF. 
3. For Tri-state output; output enable times are tested with CL = SOpF to the 1.5V level, and 81 is open for high-impedance to High tests and closed for 

high-impedance to Low tests. Output disable times are tested with CL= 5pF. High.to-High impedance tests are made to an output voltage of 
VoH = -0.SV with S1 open, and Low-to-High impedance tests are made to the Vol= +0.5V level with S1 closed. 

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

1. All outputs are at "L" polarity. 

2. All outputs are enabled. 

3. All p-terms are enabled. 

TIMING DIAGRAM 

TIMING DEFINITIONS 
tpo Input to output propagation de

lay. 
trn Input to output disable (Tri-state) 

delay (Output Disable). 
tEA Input to Output Enable delay 

(Output Enable). 

~OO:::L-.PO, --l .. ~ §:: 
OUTPUTS~ )))))) «K:: 

WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE - DON'T CARE; CHANGING; 

STEADY STEADY ANY CHANGE STATE 
PERMITTED UNKNOWN 

H 
CENTER 

DOES NOT LINE IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 
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Signetics Application Specific Products • Series 20 

Programmable AND Array Logic (18 x 72 x 8) 

AC TEST LOAD CIRCUIT 

Vee 

c,T~ 
'• 

INPUTS 

'• 
OUT 

Bw 

Bx 

GND 

NOTE: 
C1 and Ci are to bypass Vee to GND. 

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

With Logic programming, the AND/EX-OR 
gate input connections necessary to imple
ment 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 I, P, 
and B associated with each Sum Term, S, is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 

"AND" ARRAY - (I, B) 

c_;. 
R1 

By 

OUTPUTS 

OUTPUT POLARITY - (8) 

[L ACTIVE LEVEL j CODE j 
HIGH jHj 

Product Specification 

PLHS18P8A 

VOLTAGE WAVEFORM 

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

Input Pulses 

ACTIVE LEVEL CODE 

LOW1 

4" 4" 4· 4· l,B l,B l,B l,B 

1,i i.i l:i 1.i 

P,D P,D P,D P,D 

I 
STATE 

I 
cc;:'E I I 

STATE 

I 
c:oe I I 

STATE I ~EI I 
STATE 

I c~ I INACTIVE2 I, B i, I DONTCARE1 

""""" """""' '°"""' 
,.,....,. 

NOTES: 
1. This is the initial state of all link pairs. 
2. All unused product terms must be programmed with all pairs of fuses in the INACTIVE state (all fuses on an unused p-term must be programmed). 
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Programmable AND Array Logic (18 x 72 x 8) PLHS18P8A 

PROGRAM TABLE 
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Signetics 

Appllcatlon Specific Products 
•Serles 24 

DESCRIPTION 
The PLS161 is a bipolar, Field-Program
mable Logic Array (FPLA). The device 
utilizes the standard AND/OR/Invert ar
chitecture to directly implement custom 
sum of product logic equations. 

This device consists of 12 dedicated 
inputs and 6 dedicated outputs. Each 
output is capable of being actively con
trolled by any or all of the 48 product 
terms. The True, Complement, or Don't 
Care condition of each of the 12 inputs 
ANDed together comprise one P-term. 
All 48 P-terms are selectively ORed to 
each output. The user must then only 
select which P-terms will activate an 
output by disconnecting terms which do 
not affect the output. In addition each 
output can be fused as Active-High (H) 
or Active-Low (L). 

The PLS161 is fully TTL compatible, and 
includes a chip enable input for output 
inhibit control and expansion of input 
variables. 

Order codes are contained on the pages 
following. 

FUNCTIONAL DIAGRAM 

PL5161 
Field-Programmable Logic 
Array (12 X 48 X 8) 
Slgnetlca Programmable Logic 
Product Specification 

FEATURES PIN CONFIGURATION 
• Field-Programmable (NI-Cr Unk) 
• Input variables: 12 
• Output functions: 8 
• Product terms: 48 
• 1/0 propagation delay: 50ns (max.) 
• Power dissipation: 600mW (typ.) 
• Input loading: -100µA (max.) 
• Chip Enable Input 
• Output disable function 
•Separate 1/0 architecture 
• Tri-state outputs 

APPLICATIONS 
• CRT display systems 
• Random logic 
• Code conversion 
• Peripheral controllers 
• Function generators 
• Look-up and decision tables 
• Microprogramming 
• Address mapping 
• Character generators 
• Sequential controllers 
• Data security encoders 
• Fault detectors 
• Frequency synthesizers 

N Package 

TOP VIEW 

N•Plastlc 

LOGIC FUNCTION 

NOTE: 

TYPICAL PRODUCT TERM 
Po=lo•l1•l2•ls•ftt 

TYPICAL OUTPUT FUNCTIONSo 
@l:l'=O: 
Fo= (l'o+ .!J +-"2) 0 L= CLOSED 
Fo= (PO• P1 •Pi) 0 L=OPEN 

For each of the 8 outputs either the function F p 
(Active-High) or Fj; (Active-Low) Is available, but not 
both. The desnd output polarity is programmed via 
the EX-OR gates. 

Is .,.__....,._ >'--4---1-------+-: ;~TYPICAL CONNECTION 

...... Pa 

..., .... 
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Signetics Application Specific Products • Series 24 Product Specification 

Field-Programmable Logic Array ( 12 x 48 x 8) PLS161 

FPLA LOGIC DIAGRAM 

47 •••••• 40 39 •••••• 32 31 •••••• 24 23 • • • • •• us 15 •••••• 8 7 •••••• 0 

NOTES: 
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 "O". 

s. I-~%! 
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Signetics Application Specific Products • Series 24 Product Specification 

Field-Programmable Logic Array ( 12 x 48 x 8) PLS161 

ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

24-pin Plastic DIP 300mil-wide PLS161N Maximum junction 150'C 

ABSOLUTE MAXIMUM RATINGS1 
Maximum ambient 75'C 

Allowable thermal rise 

RATING ambient to junction 75°C 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

VouT Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

louT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 'C 
TsTG Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o•c <TA< 75'C, 4.75V <Vee< 5.25V 

LIMITS 5 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Max 

Input voltage3 

V1H High Vee= Max 2 
V1L Low Vcc=Min 0.8 v 
Vic Clamp4 Vee= Min, l1N = -12mA -0.8 -1.2 

Output voltage3 

Vee= Min 
VoH High5 loH =-2mA 2.4 v 
Vol Low6 loL = 9.6mA 0.35 0.45 

Input current 

Vee= Max 
l1H High V1N = 5.5V < 1 40 µA 

l1L Low V1N =0.45V -10 -100 

Output current 

CE = High, Vee= Max 
lo(OFF) Hi-Z state VouT = 5.5V 1 40 µA 

VouT = 0.45V -1 -40 

las Short circuit4.7 CE= Low, VouT = ov -15 -70 mA 

Ice V cc supply current8 Vee= Max 120 170 mA 

Capacitance 

CE= High, Vee= 5.0V 
C1N Input V1N = 2V 8 pF 

CouT Output VouT = 2V 17 

Notes on following page. 
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Slgnetics Application Specific Products • Serles 24 Product Specification 

Field-Programmable Logic Array (12 x 48 x 8) PLS161 

AC ELECTRICAL CHARACTERISTICS R1•470Sl, R2=1kSl, CL•30pF, 0°C<O;TA..;;+75•c, 4.75V ... vcc..;;5.25V 

SYMBOL I I I 1 LIMITS J PARAMETER TO FROM 1 l Typ2 1 l 
UNIT 

Min Max 

Propagation delay 

tpo I Input I Output I Input I I 35 I 50 I ns 

tee l Chip enable l Output l Chip enable l l 15 l 30 l ns 

Dlaable time · 

tco l Chip disable l Output l Chip enable l l 15 l 30 l 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 Indicated In the operational and programming specification of the device is not implied. 
2. All values are at Vee• 5V, TA• + 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one pin at a time. 
5. Measured with Vil applied to OE and a logic high stored. 
6. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to V CC· 
7. Duration of short circuit should not excaed 1 second. 
8. Ice Is measured with the chip enable Input grounded, all other inputs at 4.5V and the outputs open. 

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 or action of 
variables I, P, and F, associated with each 
Sum Term Sn. is assigned a symbol which 
results in the proper fusing pattern of corre
sponding link pairs, defined as follows: 

"AND" ARRAY - (I) 

EX-OR ARRAY - (F) 

ACTIVE LEVEL CODE 

LOW L 

·4: ·4: ·4: 
L STATE I CODE J 

I 
STATE 

I 
CODE 

I I 
STATE 

I l INACTIVE 1.2 I 0 J I H I 

UIOl311S ........ 
"OR" ARRAY-(F) 

+o-· +o-· 
l~I Pn STATUS 

ACTIVE 
Pn STATUS 
INACTIVE 

NOTES: 
1. This Is the Initial unprogrammed state of all llnk pairs. It Is normally asaociated with all unused ~nactiva) 

AND gate& P0 • 

2. Any gate Pn will be unconditionally Inhibited ff any ons of lta (I) link pair9 Is left Intact. 
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Slgnetlcs Application Specific Products • Serles 24 

Field-Programmable Logic Array (12 x 48 x 8) 

TEST LOAD CIRCUIT 

I'° 
I 
I 
I 
I 
I 

0---- 111 

o--+ a 

vee 

OUT 

GNO 

TIMING DIAGRAMS 

INPUT 1.SV 

November 14, 1986 
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+3.0V 

Read Cycle 

5-7 

Product Specification 

PLS161 

VOLTAGE WAVEFORM 

!!ml-~---~ 

L J 10% 

2l!_j~ •. ~~ 

+UV~ -F" 
Ql!---_L~l'.!l!!'t. 
=i~1- -l .. 

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

Input Pulses 

TIMING DEFINITIONS 
tee 

tco 

tpo 

Delay between beginning of Chip 
Enable Low (with Input valid) and 
when Data Output becomes valid. 
Delay between when Chip Enable 
becomes High and Data Output is 
in off state (Hi-Z or High). 
Delay between beginning of valid 
Input (with Chip Enable Low) and 
when Data Output becomes valid. 

VIRGIN STATE 
The PLS161 virgin device is factory shipped 
in an unprogrammed state, with all fuses 
intact, such that: 

1. All Pn terms are disabled. (Inactive). 

2. All Pn terms are active on all outputs. 

3. All outputs are Active-High. 

5 
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Field-Programmable Logic Array (12 x 48 x 8) PLS161 

FPLA PROGRAM TABLE 

_, 2-cD 
AND 

~ 1~ 
aJ _, Bi T· _, 

-r-- INPUT(lml 

I 
E 

.. ~ § R 1 ~ 1-, . ~'7 ·.- i ...... - 3 r-2- ;-r-c1 "' i- M 1 

i ~! .. 0 ,. t .. Ii 1 s !l :z: 
2 

0 3 

POLARITY 1-]-r]-r ,-r,--i 
i- -L. o'R..1.-L-.J.-
f-_- - r ~IJ!.P~l'i.>,...; •. ,,.., 
76543210 

..:~ 
4 
5 

j ..... 6 

"' ~ .5 i ti 
7 

~ ~ i! I ! 8 
0 9 iii !; ll ~u 10 

"' z _, ,. 11 .. ... 
;!! i 

O E} 12 
:I ~ ..... zh 

13 

! !; I!.' 14 
CJ 0 i! .5 

c !:~ 15 

i l) 0-e 
H~ 18 
wwo. 17 
...;N 18 

19 
! 

I 20 
l! 21 

"' ... 'C :!!. 22 

i 8 I 
23 

~ 24 ;J 
!; _e _, 25 
... 28 
i! 

~ 
27 

_e :z: ~ 
28 .. 29 
30 

I 
31 
32 
33 

~ 34 
Cl 35 

J 
36 
37 
38 

~ "' CZ: 39 
40 

~ 41 u. 
() 42 

43 
44 .. 45 

le 48 

f 47 

Cl f.! PIN 1 1 2 2 2 2 "' CZ: .. .. ti f NO. 8 9 0 1 2 3 2 3 4 5 6 7 _, 
CZ: w g ... .. 

"' "' 2 0 "' ~ Cl > :I CZ: 
_, 

CZ: w ~ "' .. 
"' z 0 Cl .. ;!! al !W CZ: "' "' 

CZ: :I 
~ "' "' "' 

,. 
~ 

c () 
:I z ~c 

:z: ffi § ~ 
CZ:· ~z () z i ,. !!i CJ > 

() ... ill () ... 

1 1 1 1 1 1 
8 9 0 1 3 4 5 6 
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Appllcatlon Specific Products 
•Serles 24 

DESCRIPTION 
The PLS162 is a bipolar, Field-Program
mable Address Decoder. The device 
consists of five AND/NANO gates which 
share 16 common inputs. The type of 
gate is selected by programming the 
output as Active-High (H) or Active-Low 
(L). Each of the 16 inputs lo - I 15 can be 
programmed to provide the True (H), 
Complement (L), or Don't Care ( - ) 
state to each of the five AND/NANO 
gates. OR/NOR logic functions can also 
be implemented by complementing the 
inputs and outputs via on-chip inverting 
buffers. 

The device is field programmable, which 
means that custom patterns are immedi
ately available. 

The PLS162 includes chip-enable con
trol for output strobing and inhibit. It 
features Tri-state outputs for ease of 
expansion of input variables and applica
tion in bus-organized systems. 

Order codes are contained on the fol
lowing pages. 

FUNCTIONAL DIAGRAM 

PLS162 
Field-Programmable Address 
Decoder (16 x 5) 
Slgnetlcs Programmable Logic 
Product Specification 

FEATURES PIN CONFIGURATION 
• Field-Programmable (NI-Cr link) 
• 16 Input variables 
• 5 output functions 
• Chip Enable Input 
• 1/0 propagation delay: 30ns 

(max.) 
• Power dissipation: 500mW (typ.) 
• Input loading: -100µA (max.) 
• Tri-state outputs 
• Output disable function: Hl-Z 
• Fully TTL compatible 

APPLICATIONS 
• Random logic 
• Address decoders 
• Code detectors 
• Peripheral selectors 
• Fault monitors 
• Machine state decoders 

Typical Connection 

N Package• 

*N ... Ptastic 

LOGIC FUNCTION 

TYPICAL OUTPUT FUNCTIONS' 
ACTIVE-HIG!:! 

NOTES' 

X=A·li·C· ••. 

A!m'l£1.QW 

X=A·i!i·C· - •• 
X=A+e+~+ •.• 

lo 
- '---+----+------+--~; ~ 

1. For each of the 5 outputs, either function X (Active
High) or X (Active-low) is available, but not both. 
The desired output polarity ls programmed via the 
EX-OR gates. 

2. X, A, B, C, etc. are user defined connections to 
fixed inputs (I) and outpllt pins (F). 

115 
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Signetlcs Application Specific Products • Series 24 Product Specification 

Field-Programmable Address Decoder ( 16 x 5) PLS162 

FPAD LOGIC DIAGRAM 

lt--(LOGICGATES-G)-----

NOTE' 
1. All gate inputs with a blown link float to a logic "1". 

·--~ 
November 14, 1986 5-10 
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Field-Programmable Address Decoder (16 x 5) 

ORDERING INFORMATION 

DESCRIPTION 

24-pin Plastic DIP 
300mil-wide 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 

V1N Input voltage 

Output voltage 
Vo Off-state 

i1N Input current 

louT Output current 

Temperature range 
TA Operating 
TsTG Storage 

ORDER CODE 

PLS162N 

RATING UNIT 

+7 Voe 

+5.5 Voe 

+5.5 Voe 

±30 mA 

+100 .mA 

o to +75 ·c 
-65 to + 150 

DC ELECTRICAL CHARACTERISTICS o•c.;; TA.;;+ 75•c, 4.75.;; Vee.;; 5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage 1 

V1H High Vcc=Max 
V1L Low Vee= Min 
Vic Clamp3 Vee= Min, l1N =-12mA 

Output voltage 1 

Vee= Min 
VoH High5 loH=-2mA 
Vol Low4 ioL = 15mA 

Input current 

Vcc=Max 
l1H High V1N = 5.5V 
i1L Low V1N = 0.45V 

Output current 

Vcc=Max 
lo (OFF) Hi-Z state6 VouT = 5.5V 

VouT = 0.45V 
tos Short circuit3·7 VouT-ov 

Ice V cc supply current6 Vcc•Max 

Capacitance 

Vee= 5.0V 
C1N Input V1N=2.0V 
CouT Output6 VouT = 2.0V 

November 14, 1986 5-11 
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PLS162 

-
LIMITS 5 

UNIT 
Min Typ2 Max 

2.0 
0.8 v 

-0.8 -1.2 

2.4 v 
0.35 0.5 

<1 40 µ.A 
-10 -100 

1 40 µ.A 
-1 -40 

-15 -70 mA 

100 155 mA 

8 pF 
15 



Slgnetics Application Specific Products • Series 24 Product Specification 

Field-Programmable Address Decoder (16 x 5) PLS162 

AC ELECTRICAL CHARACTERISTICS o•c <TA< +75°C, 4.75<Vcc<5.25V, R1 =470f!, R2 =1kf! 
,-·--·-·-,-----·-------.------.-----~--------.,---------r-----, 

LIMITS 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ1 Max 
~--____,_...·-----------+-----f------+-----------+----t---+---+------< 

tpo Propagation delay Output Input CL = 30pF 20 30 ns 
f--· ·---------+------+-------+----------f-----+---+---+-----1 

tee Chip enable Output Chip enable CL = 30pF 20 30 ns 

tco Chip disable Output Chip enable CL = 5pF 20 30 ns 

NOTES: 
1. All voltage values are with respect to network ground terminal. 
2. All typical values are at Vee= 5V, TA= + 25°C. 
3. Test each pin one at a time. 
4. Measure with a programmed logic condition for which the output under test is at low logic level. Output sink current is supplied through a resistor to 

Vee. 
5. Measured with V1L applied to CE and logic high at the output. 
6. Measured with V1H applied to CE. 
7. Duration of short circuit should not exceed 1 second. 
8. Ice is measured with the outputs open. 
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Field-Programmable Address Decoder (16 x 5) PLS162 

TEST LOAD CIRCUIT 

<>-i lo 

I 
I 
I 
I 
I 

0-- 115 

o-- CE 

•cc 

Fo 
OUT 

•• 
GNO 

VOLTAGE WAVEFORM 

,_------------------·3.0V 
1.IV 

'------------------~ov 

'------------~+---~ov 

,.-------------+7VOH 

1.SV 

All inputs: t, - t1 - 5ns (10% to 90%} 

'--------------------··-- --·-
LOGIC PROGRAMMING OUTPUT POLARITY - (F) 
In a virgin device all Ni-Cr links are intact. 
The FPAD can be programmed by means of 
Logic Programming equipment. 

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

In this table, the logic state of variables I and 
F associated with each gate Gn is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links defined as 
follows: 

"AND" ARRAY - (I) 

ACTIVELEVcL CODE 

HIGH H 

·4: ·4: ·4: 
t 

STATE l CODE j 

I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I INACTIVE 1 •2 I 0 ] I H I L 

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

ACTIVE LEVEL CODE 

LOW1 L 

"""'" 

·4: 
[ STATE l CODE j l DON'TCARE l -

"""""" 

2. Any gate Gn will be unconditionally inhibited if both the true and complement of any input (etther I or B) are left intact. 

VIRGIN DEVICE 
The PLS162 is shipped in an unprogrammed 
state, characterized by: 
1. All Pn terms are disabled. {Inactive). 
2. All Pn terms are active on all outputs. 
3. All outputs are Active-Low. 

November 14, 1986 5-13 
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Slgnetics Application Specific Products • Series 24 Product Specification 

Field-Programmable Address Decoder (16 x 5) PLS162 

FPAD PROGRAM TABLE 

CUSTOMER NAME -------------

PURCHASE ORDER# 

SIGNET/CS DEVICE# --------------

TOTAL NUMBER OF PARTS ----------

PROGRAM TABLE# --------------

Fo (14) 

rHIS PORTION TO BE COMPLETED BY SIGNET/CS 

CF(XXXXJ----------------

CUSTOMER SYMBOLIZED PART# -----·----

DA TE RECEIVED -------------

COMMENTS-----------------

F 1 (1~------~~------------------------------

F2(11)------~~-----------------------------

F3 (10) ------~~-------------------------------···---

F4(9) 

GATE INPUT 

POLARITY 115 1,. 1,, 112 111 110 19 1. 1, 1. 15 1. 13 1, 1, lo 

Fo 

F, 

F, 

F, 

F4 

PIN 16 17 18 19 20 21 22 23 1 2 3 4 5 6 7 8 
NO. 

VARIABLE 
NAME 

PROGRAM TABLE ENTRIES AND I 
CONTROL I 

NOTES 

_______________ ... _______________ 
I 

1 The FPAO is shipped with all links intact. Thus a background of entries [ INACTIVE . o] I 
I 

corresponding to states of virgin links exists in the table, shown BLANK L I . HJ I I HtGH 

! 
H I for clarity. L I . Lj I LOW L 

2. Unused I bits are normally programmed Don't Care(-). I 
[ Don't Care . -J I 

3. unUsed Gates can be left blank. I (POL.I I 
(II l 
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Application Specific Products 
•Serles 24 

DESCRIPTION 
The PLS163 is a bipolar, Field-Program
mable Address Decoder. The device 
consists of nine AND/NANO gates 
which share 12 common inputs. The 
type of gate is selected by programming 
the output as Active-High (H) or Active
Low (L). Each of the 12 inputs 10 - 111 
can be programmed to provide the True 
(H), Complement (L), or Don't Care ( - ) 
state to each of the nine AND/NANO 
gates. OR/NOR logic functions can also 
be implemented by complementing the 
inputs and outputs via on-chip inverting 
buffers. 

The device is field programmable, which 
means that custom patterns are immedi
ately available. 

The PLS163 includes chip-enable con
trol for output strobing and inhibit. It 
features Tri-state outputs for ease of 
expansion of input variables and applica
tion in bus-organized systems. 

Order codes are contained on the fol
lowing pages. 

FUNCTIONAL DIAGRAM 

PLS163 
Field-Programmable Address 
Decoder ( 12 x 9) 
Slgnetlcs Programmable Logic 
Product Specification 

FEATURES 
• Field-Programmable (NI-Cr llnk) 
• 12 Input variables 
• 9 output functions 
• Chip Enable Input 
• 110 propagation delay: 30ns 

(max.) 
• Power dissipation: 600mW (typ.) 
• Input loading: -100µA (max.) 
• Tri-state outputs 
• Output disable function: Hl-Z 
• Fully TTL compatible 

APPLICATIONS 
• Random logic 
• Address decoders 
• Code detectors 
• Peripheral selectors 
• Fault monitors 
• Machine state decoders 

Typical Connection 

PIN CONFIGURATION 

N Package• 

TOP VIEW 

*N ... Plastic 

LOGIC FUNCTION 

TYPICAL OUTPUT FUNCTIONS: 
~ 

NOTES: 

X=A·li·C· ••• 

~ 

X=A·ll·C· ••• 
X=A+e+C+ ... 

lo "'<---f--+----+-~~~ 
1. For each of the 9 outputs, either function X (Active

High) or 5C (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 
fixed inputs (I) and output pins (F). 

1,, 

Fusible Ni-Cr links are initially intact at all array cross-points. 

November 14, 1986 5-15 853-0321 86548 
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Signetlcs Application Specific Products • Series 24 Product Specification 

Field-Programmable Address Decoder ( 12 x 9) PLS163 

FPAD LOGIC DIAGRAM 

NOTES: 
1. All rte inquts with a blown link float to a k>gic "1". 
2. * 1B HM lll 
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Field-Programmable Address Decoder (12 x 9) 

ORDERING INFORMATION 

DESCRIPTION 

24-pin Plastic DIP 
300mil-wide 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 

V1N Input voltage 

Output voltage 
Vo Off-state 

l1N Input current 

lour Output current 

Temperature range 
TA Operating 
Tsrn Storage 

ORDER CODE 

PLS163N 

RATING UNIT 

+7 Voe 

+5.5 Voe 

+5.5 Voe 

±30 mA 

+100 mA 

Oto +75 ·c 
-65 to +150 

DC ELECTRICAL CHARACTERISTICS o•c <TA<+ 75•c, 4.75 <Vee< 5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage 

V1H High1 Vee= Max 
V1L Low1 Vee= Min 
Vic Clamp1.3 Vcc=Min, l1N=-12mA 

Output voltage 

Vee= Min 
VoH High1•5 loH=-2mA 
Vol Low1.4 loL = 15mA 

Input current 

Vee= Max 
l1H High V1N = 5.5V 
l1L Low V1N = 0.45V 

Output current 

Vee= Max 
lo IOFF) Hi-Z states Your= 5.5V 

Vour=0.45V 
los Short circuit3•7 Your =OV 

Ice V cc supply current6 Vee= Max 

Capacitance 

Vee= 5.0V 
C1N Input V1N = 2.0V 
Gour Outputs Vour=2.0V 

November 14, 1986 5-17 
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PLS163 

LIMITS 5 
UNIT 

Min Typ2 Max 

2.0 
0.8 v 

-0.8 -1.2 

2.4 v 
0.35 0.5 

--

< 1 40 µA 
-10 -100 

1 40 µA 
-1 -40 

-15 -70 mA 

120 155 mA 

8 pF 
15 



Signetlcs Application Specific Products • Serles 24 Product Specification 

Field-Programmable Address Decoder (12 x 9) PLS163 

AC ELECTRICAL CHARACTERISTICS o•c.;;;TA.;;;+75•c, 4.7s.;;;vcc.;;;5,25V, R1=470il, R2=1kil 

LIMITS 
SYMBOL PARAMETER TO FROM TEST CONDITIONS UNIT 

Min Typ2 Max 

!po Propagation delay Output Input CL= 30pF 20 30 ns 

Ice Chip enable Output Chip enable CL= 30pF 20 30 ns 

tco Chip disable Output Chip enable CL= 5pF 20 30 ns 

NOTES: 
1. All voltage values are with respect to network ground terminal. 
2. All typical values are at Vee - sv, TA= + 2s•c. 
3. Test each pin one at a time. 
4. Measure with a programmed logic condition for which the output under test is at low logic level. Output sink current is supplied through a resistor to Vee. 
5. Measured with V1L applied to CE and logic high at the output. 
6. Measured with V1H applied to CE. 
7. Duration of short circuit should not exceed 1 second. 
8. Ice is measured with the outputs open. 
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Field-Programmable Address Decoder ( 12 x 9) 

TEST LOAD CIRCUIT 

, ... 
I 
I 
I 
I 
I 

0--111 

0--- i7 

•cc 

Fo 
DUT 

Fa 

...__....,... _ __, 

LOGIC PROGRAMMING 
In a virgin device all Ni-Cr links are intact. 
The FPAD can be programmed by means of 
Logic Programming equipment. 

Wrth Logic programming, the AND/EX-OR 
gate input connections necessary to imple
ment the desired logic function are coded 
directly from the logic equations using the 
Program Table on the following page. 

In this table, the logic state of variables I and 
F associated with each gate Gn is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

"AND" ARRAY - (I) 

VOLTAGE WAVEFORM 

All inputa: t, • ~ - Sns (10% 1o 90%) 

OUTPUT POLARITY - (F) 

ACTIVE LEVEL CODE 

HIGH H 

·4: ·~4{~r ·4: 
I I C~E I [ STATE I CODE ] 

I 
STATE 

I C:E I STATE 

L INACTIYE1•2 1 0 J I I 

1..soa:ms ........ """"' 
NOTES: 
1. This is the initial unprogrsmmed state of all links. 

Product Specification 

PLS163 

ACTIVE LEVEL CODE 

L 

·4: 
t 

STATE I CODE J 
DON'TCAAE l - J -

2. Any gate Gn will be unconditionally inhibited ff both the true and complement fuses of any input (i) are left intact. 

VIRGIN DEVICE 
The PLS163 is shipped in an unprogrammed 
state, characterized by: 

1. All Pn terms are disabled. (Inactive). 

2. All Pn terms are active on all outputs. 
3. All outputs are Active-Low. 
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Field-Programmable Address Decoder ( 12 x 9) PLS163 

FPAD PROGRAM TABLE 

CUSTOMER NAME --------------

PURCHASE ORDER# 

SIGNET/CS DEVICE# 

TOTAL NUMBER OF PARTS -----------

PROGRAM TABLE• --------------

THIS PORTION TO BE COMPLETED BY SIGNET/CS 

CF(XXXXJ-----------------

CUSTOMER SYMBOLIZED PART# --------

DATE RECEIVED --------------

COMMENTS-----------------

F0(1~--------"'---------------------------------
F1(15) ______ _..._ _______________________________ _ 

F2 (14) ______ _...__ _______________________________ _ 

F3 (1~--------=--------------------------------
F4(11) ______ _.'---------------------------------
F

5
(10) ______ __.._ _______________________________ _ 

F6 (9) 

F,(8) 

Fa (7) 

GATE 

POLARITY 

Fo 

F, 

F, 

F, 

F, 

F, 

F• 

F, 

Fa 

PIN 
NO. 

U.I 
-'ui 

~~ 
cr:z 
~ 

NOTES 

: 

INPUT 

1,, 1,,, 1, Is I, 1. 

18 19 20 21 22 23 

1 The FPAD 1s shipped with all links intact. Thus a background ot entries 
corresponding to states of virgin links exists in the table. shown BLANK 
for clarity. 

2. Unused I bits are normally programmed Don't Care(-). 
3. Unused Gates can be left blank 

November 14, 1986 

1, 

1 

1, 1, 1, I, lo 

I 

2 3 4 5 6 

PROGRAM TABLE ENTRIESI 

AND I CONTROL -----------T----------
I 

INACTIVE oj I 

I •H I I HIGH 

: 
H I T L 

I 
I LOW L 

Don't Care ·- I 
I (POL.) 

(I) I 
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Appllcatlon Specific Products 
•Serles 24 

DESCRIPTION 
The PLS167 is a bipolar, programmable 
state machine of the Mealy type. The 
Field Programmable Logic Sequencer 
(FPLS) contains logic AND-OR gate ar
rays with user programmable connec
tions which control the inputs of on-chip 
State and Output Registers. These con
sist respectively of 8 Op. and 4 0 1 edge
triggered, clocked S/R flip-flops, with an 
asynchronous preset option. 

All flip-flops are unconditionally preset to 
"1" during power turn-on. 

The AND Array combines 14 external 
inputs, lo-13, with 8 internal inputs, Po.7, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Po and P1 of the internal State 
Register are brought off-chip to allow 
extending the Output Register to 6 bits, if 
so desired. 

All transition terms can include True, 
False, or Don't Care states of the con
trolling variables, and are merged in the 
OR Array to issue next-state and next
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 

Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to Output-

FUNCTIONAL DIAGRAM 

November 14, 1986 

PLS167 
Field-Programmable Logic 
Sequencer ( 14 x 48 x 6) 
Slgnetics Programmable Logic 
Product Specification 

Enable function, as an additional user 
programmable option. 

PIN CONFIGURATIONS 

Order codes are contained on the pages 
following. 

FEATURES 
• Fleld·Programmable (NI-Cr link) 
• 14 True/Complement buffered 

Inputs 
• 48 programmable AND gates 
• 25 programmable OR gates 
• 8·blt State Register 
• 2·blt shared State/Output 

Register 
• 4·blt Output Register 
• Transition Complement Array 
• Programmable Asynchronous 

Preset/Output Enable 
• Positive edge-triggered clock 

N Package 

N •Plastic 

• Power-on preset to logic "1" of 
all registers 

•Automatic logic "HOLD" state NC 

A Package 

~~~N/C 

via S/R flip-flops 
• On-chip Test Array 
• fMAX: 13.9MHz 
• Power: 600mW (typ.) 
• TTL compatible 
• Tri-state outputs 
• Single + 5V supply 
• 300mll-wide 24-pln DIP 

N/C 

A ... Plastic Leaded Chip Carrier 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
• Timing generators 
• Sequential circuits 
• Security Jocking systems 

5-21 853-0314 86548 
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Field-Programmable Logic Sequencer (14 x 48 x 6) 

PIN DESCRIPTION 
,------· r:·· SYMBOL NAME AND FUNCTION 

CK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this 
line is necessary to update the contents of both registers. 

7 11 -13 Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 

I 17-23 between machine states, as determined by a given logic sequence. 

8 lo Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When 10 is held at + 1 OV, device outputs Fo-3 and 
P 0 _ 1 reflect the contents of State Register bits P2 _ 7 (see Diagnostic Output Mode 
diagram). The contents of flip-flops Po_ 1 and Fo. 3 remain unaltered. 

9-11 Fo.-3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of 
13 Output Register bits Q0 _ 3, when enabled. When lo is held at + 1 OV, Fo. 3 = (P2. 5). 

14-15 Po-1 Logic/Diagnostic Outputs: Two register bits with shared function as least significant 
State Register bits, or most significant Output Register bits. When lo is held at + 1 OV, 

Po-1 = (P5.7). 

16 PR/OE Preset or Output Enable Input: A user programmable function: 
• Preset: Provides an asynchronous preset to logic "1" of all State and Output Register 

bits. Preset overrides Clock, and when held High, clocking is inhibited and P0 • 1 and 
Fo _ 3 are High. Normal clocking resumes with the first full clock pulse following a High-
to-Low clock transition, after Preset goes Low. 

• Output Enable: Provides an Output Enable function to all output buffers. 

LOGIC FUNCTION TRUTH TABLE 1• 2• 3• 4• 5• 6 

I 
Typical State Transition: 

Q2 Q~ 00 

Giq:J ~~-STATE REGISTER A•B"C• ... 

G:Eb NEXT STATE 

SETOo: So: f52• 01 •Oo)•A·B· c .. 

Ru= 0 

RESET01: S1 "'~ 
R1 ~(02 •a, .. Q 01•A'"B"c. 

HOLOOfi Sii=O 
R2 =O 

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

Vee 

+5V 

NOTES: 
1. Positive Logic: 

S/R=To+T1 +T2+ ... +T47 

lo CK s R 

x x x 
+10V x x x 

x x x x 
x x x 

+10V x x x 
x x x x 
x i L L 
x i L H 
x i H L 
x i H H 

x x x x 

Product Specification 

PLS167 

POLARITY 

Active-High 

Active-High/Low 

Active-High/Low 

Active-High 

Active-High 

Active-High (H) 

Active-Low (L) 

Qp/f F 

H H 
On (Op)n 
On (0F)n 

On Hi-Z 
On (Op)n 
On (0F)n 

On (QF)n 
L L 
H H 

IND. IND. 

H 

1. PR/OE option is set to PR. Thus, all 
outputs will be at "1 ", as preset by initial 
power-up procedure. 

Tn ~ C(lo 11 12 ... ) (Po P1 ... P7)~~~~~ 
2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 

2. All transition terms are disabled (0). 

3. All SIR flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre.-programmed with a standard 
test pattern. 
NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 

November 14, 1986 

function is a user programmable option. 
3. t denotes transition from Low to High level. 
4. R = S = High is an illegal input condition. 
5. • - H/L/+10V 
6. X - Don't Care ( <;; 5.5V) 
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Field-Programmable Logic Sequencer (14 x 48 x 6) 

FPLS LOGIC DIAGRAM 

-·--(LOOICTERMl-T)------------e 

NOTES: 

'• 
1, 

... 
'" ht 

~. 

N 

1. All AND gate inputs with a blown link float to a logic "1 ". 
2. All OR gate inputs with a blown fuse float to logic "O". 

s. fr ifiti!ll~f~®S 
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OPTION 

----"-~ PRiOE 

5 

•• 
Po 

F3 

•• 
F1 



Slgnetlcs Application Specific Products • Serles 24 Product Specification 

Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167 

ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

24-pin Plastic DIP 
PLS167N 

300mil-wide 
Maximum junction 15o•c 

Maximum ambient 75•c 
28-pin Plastic Leaded 

PLS167A 
Chip Carrier 

Allowable thermal rise 
ambient to junction 75•c 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

VouT Output voltage +5.5 Voe 

i1N Input currents -30 +30 mA 

louT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 •c 

Tsrn Storage -65 +150 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167 

DC ELECTRICAL CHARACTERISTICS o•c <TA< 75°C, 4.75V <Vee< 5.25V 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Max 

Input voltage3 

V1H High Vee= Max 2 v 
V1L Low Vcc=Min O.B 
Vic Clamp4 Vee= Min, l1N = -12mA -0.B -1.2 

Output voltage3 

Vee= Min 
VoH High5 loH =-2mA 2.4 v 
Vol Low6 loL = 9.6mA 0.35 0.45 

Input current 

l1H High V1N = 5.5V < 1 25 
µA 

l1L Low V1N = 0.45V -10 -100 
l1L Low (CK input) V1N = 0.45V -50 -250 

Output current 

Vee= Max 
lo( OFF) Hi-Z state7 VouT= 5.5V 1 40 µA 

VouT = 0.45V -1 -40 
los Short circutt4•8 VouT= ov -15 -70 mA 5 
Ice V cc supply current9 Vee= Max 120 180 mA 

Capacltance7 

Vee= 5.0V 
C1N Input V1N = 2.0V B pF 
CouT Output VouT=2.0V 10 

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. 
2. All typical values are at Vee= 5V, TA= + 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1L applied to OE and a logic high stored, or with V1H applied to PR. 
6. Measured with a programmed logic condition for which the output is at a low logic level, and Vil applied to PR/OE Output sink current is supplied through a 

resistor to Vee. 
7. Measured with V1H applied to PR/OE. 
a. Duration of short circuit should not exceed 1 second. 
9. Ice is measured with the PR/OE input grounded, all other inputs at 4.SV and the outputs open. 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167 

AC ELECTRICAL CHARACTERISTICS R1 =470f2, R2=1kf2, CL=30pF, 0°C<TA<+75°C, 4.75V<Vee<5.25V 

LIMITS 
SYMBOL PARAMETER TO FROM UNIT 

Min Typ1 Max 

Pulse wldth3 

leKH Clock2 high CK- CK+ 25 15 
teKL Clock low CK+ CK- 25 15 
teKP1B Period (without Complement Array) CK+ CK+ 80 40 

ns 

lcKP2B Period (with Complement Array) CK+ CK+ 120 60 
tPRH Preset pulse PR- PR+ 25 15 

Setup tlme3 

t1s1A Input CK+ Input± 60 
l1s1B Input CK+ Input± 50 
t1s1C Input CK+ Input± 42 
t1s2A Input (through Complement Array) CK+ Input± 90 ns 
t1s2B Input (through Complement Array) CK+ Input 80 
t1s2C Input (through Complement Array) CK+ Input 72 
tvs Power-on preset CK- Vee+ 0 -10 
tPRS Preset CK- PR- 0 -10 

Hold time 

t1H Input Input± CK+ 5 -10 ns 

Propagation delay 

lcKO Clock Output± CK+ 15 30 
toe Output enable Output- OE- 20 30 
loo Output disable Output+ OE+ 20 30 

ns 

tpR Preset Output+ PR+ 16 30 
tppR Power-on preset Output+ Vee+ 0 10 

Frequency of operatlon3 

fMAXC Without Complement Array 13.9 MHz 
IMAXC With Complement Array 9.8 

NOTES: 
1. All typical values are at Vee= 5V, TA= + 25°C. 
2. To prevent spurious clocking, clock rise time {10%-90%) .:s;;; 30ns. 
3. See "Speed vs. OR Loading" diagrams. 
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TIMING DIAGRAMS 

~1.SV 
r,:''"=i_ ... , 

, .. ,, =*" .. 1_ .•• _____ _ 

1.SV 15¥ 

.,. 
------

15¥ 

l r•o~ 
I·-·· 15¥\ 

l.'.•o• 

Sequential Mode 

Asynchronous Preset 

1.5V 

1.sv/ 
CLK -- ---------'!- =i tcKH 

... ----- 1 vs ____ __,., 

1.5V ...... i:= ... 
Power-On Preset 
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ov 
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ov 

------ YoH 
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ov 
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TIMING DEFINITIONS 
tcKH 
tcr<L 
tcKP1 

!vs 

lcKo 

loE 

too 

lsRE 

tsRD 

tpR 

tppR 

IPRH 
IMAX 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period - when not using 
Complement array. 
Required delay between beginning 
of valid input and positive transition 
of clock. 
Clock period - when using comple
ment array. 
Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com
plement Array (two passes neces
sary through the AND array). 
Required delay between Vee (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 
Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
Input data. 
Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
Delay between input 10 transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 
Delay between input 10 transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 
Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 
Delay between Vee (after power
on) and when Outputs become pre
set at "1". 
Width of preset input pulse. 
Maximum clock frequency. 

5 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167 

TIMING DIAGRAMS (Continued) 

~------------------------•3V 
I ~-1$-V-----------------------ov 

r- - - ---'"'\.------- +10V f e.ov -\- a.ov 
~--------,., '\------- +3V 

10 ~ 1.SV 1.5V f \ 

INTERNAL -
STATE REG. (Ps) 

t-•oH:::i ----- OV 
I,_ +3V 

-------•YOH 

oe- --------------------------------ov 
Diagnostic Output Mode 

TEST LOAD CIRCUIT 

+SY 

•o Yee 

-tf 1 
P, 

Po 
Fo 

F3 

113 
(INCLUDES SCOPE 

CK PR/OE ANO JIG 
CAPACITANCE) 

-::' 
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VOLTAGE WAVEFORM 

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

Input Pulses 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167 

SPEED VS. "OR" LOADING 

The maximum frequency at which the FPLS 
can be clocked while operating in sequen
tial mode is given by: 

(1 /IMAX)= Icy= tis+ lcKo 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects t1s, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of t1s1 with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
three limits for the parameters t1s1 and t1s2· 
The first, t1s1A is guaranteed for a device 
with 48 terms connected to any OR line. 
t1srn is guaranteed for a device with 32 
terms connected to any OR line. And t1s1c 
is guaranteed for a device with 24 terms 
connected to any OR line. 

November 14, 1986 

Wt------+~-t---t~-+-~+---i 

TERMS CONNECTED/OR 

Figure 1. t1s1 vs. Terms/OR 
Connected 

The Three other entries in the AC table, t152 
A, B, and C are corresponding 48, 32, and 
24 term limits when using the on-chip 
Complement Array. 

The worst case t1s for a given application 
can be determined by identifying the OR 
line with the maximum number of T n con
nections. This can be done by referring to 

5-29 

the interconnect pattern in the FPLS logic 
diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 

device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case t1s and, by 
implication, the maximum clocking frequen
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 

"'HHffig} TEllMS/OR (2) "OR" 

'" '~-·· 
""' .... 

Figure 2. Typical OR Array 
Interconnect Pattern 

..... , 
5 
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Field-Programmable logic Sequencer (14 x 48 x 6) 

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

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

PRESET /OE OPTION - (P/E) 

p~ 
~=· 
f-- OPTION 

PRESET1 

PROGRAMMING: 

Product Specification 

PLS167 

+R/OE 

P=1 
E 

OPTION 
In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T "' is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links, defined as 
follows: 

The PLS167 has a power~up preset feature. This feature insures that the device will power~up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 

"AND" ARRAY - {I), (P) 

4" 4· 4· 4· l,P _ 1,P _ 1,P l,P 

l,p '·• f.P i.P 

T, T, T, Tn 
LS01850S """""' LS01830S ""'""' 

t STATE I CODE J 
I 

STATE I co:E I I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I INACTIVE1•2 j 0 ] I, p l,J> L DON'T CARE -

"OR" ARRAY - (N), (f) 

iW iW ~ ~ : Q 
n,f Q 

: Q : Q 

"·' i1.1 n,f n,f 

LS01890S """""' LS01870S LS01880S 

t ACTION I CODE] 

I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I INACTIVE1•3 l 0 J SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

ct: 
T, 

ct: 
Tn ct 

Tn 
ct: 

Tn 
LS01930S LS01940S LS01910S LS01920S 

L ACTION J CODE j 
I 

ACTION I CODE I L ACTION· j CODEj 

I 
ACTION 1~~ L INACTIVE1.4 l 0 J GENERATE A L PROPAGATE l • J TRANSPARENT 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate T n will be uncondttionally inhibited tt both the true and complement of any input (I, P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n· 
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FPLS PROGRAM TABLE 

T 
E 
R 
II 

_11 

14 
_'If 1• 

17 
:JJ[ 

CUITOllERN.\la 

PUACIWIE ORDER ti ---------------
8111NE11C8 DeV1C1! ti ______ C;;;F;_(:;;XXX=l)"-----~--
CUSTI)IEI BYllBOUZED 1'1\111' ti 
TOTAl.~OF Pl\RTS -------------

.._llAllTAlll.E ti---------------
REY-------------------~ 
DATE--------------------

ANO 

il'i 2 1 0 7 

--" 

. . 
21 • -y .,. 

31 
32 

.. 
47 

PIN 
NO. 

NOTES' 

,. -.-
T 

I I 
::i -.:: 

I I 

I :I:: 

1 1 1 2 2 2 
789012 ~ 2 3 4 

T 

~ 

-.-
T 

5 6 7 8 

--------~---------+--------~---------
I A 

-GATE I• 

-1-
I 0 

1,P I H 

J;jl IL 

DON'T CARE i -

REMARKS 

: INAC11llE 0 

: llET 

: AEllET L 
Cn No, Fr 

I H 

: NOCHANM -
I 

~------------------
' OPTION 

kn.Po r-r----rT---p~----
i 

I 
OR 

NEXT STATE (NII) i::::; OUTPUT (Fr> 

ii ------------- fri i i .. i ill ; i 2.-1-~~ 

--.. 
'"'! 
::! 

I 

"'"i 
:::i . 
,. 
:::i:: 

I 

::-.: 
::i • 
-~ 

~ 

-. ,. 
::! 

I 

I 
::i . . 
~ 

I • . 
1 1 1 1 1 • 5 • 3 1 0 

1. The FPLS is shipped with all links initially intact. Thus, a background of "O" for all Terms, and an "H" for the P/E option, exits in the table, shown BLANK instead for clarity. 
2. Unused Cm Im, and Ps bits are normally programmed Don't Care ( - ). 
3. Unused Transition Terms can be left for future code modification or programmed as ( - ) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic type programmers. 
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TEST ARRAY 

The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
lo-13 as shown in the test circuit timing dia
gram. 

AND 
T 
E INPUT (lm) 
R c ' ' ' ' M 

3 2 1 

48 A H H H .. • 

Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 

AND 
T 
E INPUT(lm) R c ' M 

48 H H H H 

49 • L L l L 

November 14, 1986 

Vee +SY 

State Diagram 

FPLS Under Test 

OPTION(P!E) H 

OR 

NEXT STATE (No) OUTPUT(Fr) 

Test Array Program 

ov 

v,H 
CK 

v,H 

3V 
Fu-3 UV 

STATE -, -----"\ r---
R!GIS'TER.... '------------- J 

ov 

HIGH 

LOW 

Test Circuit Timing Diagram 

OPTION (PIE) H 

OR 

PRESENT STATE (Ps) NEXT STATE {Na) OUTPUT(Ff) 

Test Array Deleted 
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DESCRIPTION 
The PLS167A is a bipolar, programma
ble state machine of the Mealy type.The 
Field-Programmable Logic Sequencer 
(FPLS) contains logic AND-OR gate ar
rays with user programmable connec
tions which control the inputs of on-chip 
State and Output Registers. These con
sist respectively of 8 QR, and 4 Ct edge
triggered, clocked SIR flip-flops, with an 
Asynchronous Preset Option. 

All flip-flops are unconditionally preset to 
"1" during power tum-on. 

The AND array combines 14 external 
inputs, lo.13. with 8 internal inputs, Po.1. 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Po and P1 of the internal State 
Register are brought off-chip to allow 
extending the Output Register to 6 bits, if 
so desired. 

All transition terms can include True, 
False, or Don't Care states of the con
trolling variables, and are merged in the 
OR array to issue next-state and next
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 

Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to output-

FUNCTIONAL DIAGRAM 

... 
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PLS167A 
Field-Programmable Logic 
Sequencer (14 x 48 x 6) 
Slgnetlcs Programmable Logic 
Product Specification 

enable function, as an additional user 
programmable option. 

PIN CONFIGURATIONS 

Order codes are contained on the pages 
following. 

FEATURES 
• Field-Programmable (NI-Cr llnk) 
• 14 True/Complement buffered 

lnputa 
• 48 programmable AND gates 
• 25 programmable OR gates 
• 8-blt State Register 
• 2·blt shared State/Output 

Register 
• 4-blt Output Register 
• Transition Complement Array 
• Programmable Asynchronous 

PreseUOutput Enable 
• Positive edge-triggered clock 
•Power-on preset to loglc "1" of 

all registers 

N Package 

A Package 

•Automatic logic "HOLD" state 
via S/R tllp-tlops 

NC lo~bbNIC 

• On-chip Test Array 
• fuAX: 20MHz 
• Power: 600mW (typ.) 
• TTL compatible 
• Tri-state outputs 
• Single + 5V supply 
• 300mll-wlde 24-pln DIP 

NJC lta lg lt1 Ito NIC 

A • Plastic Leaded Chip Carrier 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
• Timing generators 
• Sequential circuits 
• Security locking systems 

5-33 853-0315 88548 
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PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 CK Clock: The Clock input to the State and Output Registers. A low-to-high transition on this 
line is necessary to update the contents of both registers. 

2-7 11-13 Logic Inputs: The 13 external inputs to the AND array used to program jump conditions 
17-23 between machine states, as determined by a given logic sequence. 

8 lo Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, when 
exercised with standard TTL levels. When 10 is held at + 1 OV, device outputs F0 _ 3 and 
P0 _ 1 reflect the contents of state register bits P2 _ 7 (see Diagnostic Output Mode 
diagram). The contents of flip-flops P0 _ 1 and F0 _ 3 remain unaltered. 

9-11 Fo-3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of 
13 Output Register bits Q 0 _ 3, when enabled. When 10 is held at +10V, F0 _ 3 = (P2 _ 5). 

14-15 Po-1 Logic/Diagnostic Outputs: Two register bits with shared function as least significant 
State Register bits, or most significant Output Register bits. When lo is held at + 1 OV, 
Po-1 = (P5_7). 

16 PR/OE Preset or Output Enable Input: A user programmable function: 
• Preset: Provides an Asynchronous Preset to logic "1 " of all State and Output Register 

bits. Preset overrides Clock, and when held High, clocking is inhibited and P0 _ 1 and 
Fo _ 3 are High. Normal clocking resumes with the first full clock pulse following a High-
to-Low clock transition, after Preset goes Low . 

• Output Enable: Provides an Output Enable function to all output buffers. 

LOGIC FUNCTION TRUTH TABLE1• 2• 3• 4• 5• 6 

Typical State Transition: 

°' 01 .. 

GB}] ~R PRESENT STATE 

STATE REGISTER A ii'• C • ... 

~ S,. .. 1 NEXTSTATE 

SETOc,: So=i02 •01•0"o>•A•B•c ... 

R0 :0 

RESET01:S,=1!_ __ _ 
R1 =(02 • 0 1• OeJ•A• B•C .. 

HOLDOt Sz=O 
"2=0 

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

Vee 

+SV 

t 
NOTES: 
1. Positive Logic: 

S/R =To+T1 + T2+ ... +T41 
Tn = C(lo 11 12 ... ) (Po P, ... P7) 

lo 

+10V 
x 

+10V 
x 
x 
x 
x 
x 
x 

CK 

x 
x 
x 
x 
x 
x 

x 

s R 

x x 
x x 
x x 
x x 
x x 
x x 
L L 
L H 
H L 
H H 

x x 

Product Specification 

PLS167A 

POLARITY 

Active-High 

Active-High/Low 

Active-High/Low 

Active-High 

Active-High 

Active High (H) 

Active-Low (L) 

Qp/f F 

H H 
On (Qp)n 
On (0F)n 

On Hi-Z 
On (Op)n 

On (OF)n 

On (OF)n 
L L 
H H 

IND. IND. 

H 

1. PR/OE option is set to PR. Thus, all 
outputs will be at "1 ", as preset by initial 
power-up procedure. 

2. Either Preset (Ac1ive-High) or ~o~ut=pu""t ~e=na=b~le (Ac1ive-Low) are available, but not both. The desired 

2. All transition terms are disabled (0). 

3. All SIR flip-flop inputs are disabled (O). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 
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function is a user programmable option. 
3. f denotes transition from Low-to-High level. 
4. R = S = High is an illegal input condition. 
5. • = H/L/+ 10V 
6. X = Don't care (,,;; 5.5V) 
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FPLS LOGIC DIAGRAM 

.-----------(l.OGICTERlll-1)------------11 

NOTES: 

" .. .. 
... 
,., 
... 
... 

N 

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 "O". 

3· * IJ!lfi !HJ!! - . 

November 14, 1986 5-35 

Product Specification 

PLS167A 

OPTION 
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•• 

•• 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167A 

ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

24-pin Plastic DIP 
PLS167AN 

300mil-wide 
Maximum junction 15o•c 

Maximum ambient 75•c 
28-pin Plastic Leaded 

PLS167AA 
Chip Carrier 

Allowable thermal rise 
ambient to junction 75•c 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

Your Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

lour Output currents +100 mA 

Temperature range 
TA Operating 0 +75 •c 
TsTG Storage -65 +150 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167A 

DC ELECTRICAL CHARACTERISTICS o•c.;; TA.;; 75•c, 4.75V.;; Vee.;; 5.25V 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Max 

Input voltage3 

V1H High Vcc=Max 2 v 
V1L Low Vcc=Min 0.8 
Vic Clamp4 Vee-Min, l1N=-12mA -0.8 -1.2 

Output voltage3 

Vee= Min 
VoH High5 loH=-2mA 2.4 v 
Vol Low6 loL•9.6mA 0.35 0.45 

Input current 

l1H High V1N•5.5V <1 25 
µA 

l1L Low V1N=0.45V -10 -100 
l1L Low (CK input) V1N•0.45V -50 -250 

Output current 

Vcc•Max 
IQ(OFF) Hi-Z state7 VouT• 5.5V 1 40 µA 

VOUT= 0.45V -1 -40 
los Short circuit4•8 VoUT=OV -15 -70 mA 

Ice V cc supply current9 Vcc=Max 120 180 mA 

Cepecltance7 

Vcc• 5.0V 
C1N Input V1N•2.0V 8 pF 

CoUT Output VouT=2.0V 10 

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 snd programming specification of the device is 
not implied. 

2. All typical values are at Vee• sv. TA• + 2s•c. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1L applied to ~ and a logic high stored, or with V1H applied to PR. 
6. Measured with a programmed logic condition for which the output is at a low logic leval, and v1L applied to PR/OE Output sink current is supplied 

through a resistor to Vee. 
7. Measured with V1H applied to PR/~. 
8. Duration of short circuit should not excesd 1 second. 
9. Ice is measured with the PR/~ input grounded, ail other inputs at 4.SV and the outputs open. 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167A 

LIMITS 1 UNrr SYMBOL PARAMETER TO FROM 
Min Typ, Mu 

Pulee wldth8 

tciH Clock2 high CK- CK+ 25 15 
tcKL Clock low CK+ CK- 25 15 
fcKp18 Period (wtthout Complement Array) CK+ CK+ 50 40 

ns 

lcKP2B Period (with Complement Array) CK+ CK+ 80 50 
fAAH Preset pulse PR- PR+ 25 15 

Setup t1me3 
lts1A Input CK+ Input± 40 
tis1B Input CK+ Input± 30 
ti82A Input (through Complement Array) CK+ Input± 70 ns 
"828 Input (lhroucjl Complement Array) CK+ Input 60 
lvs Power-on preset CK- Vee+ 0 -10 
ti>Rs Preset CK- PR- 0 -10 

Hold time 

t1H Input Input± CK+ 5 -10 ns 

Propagation delay 

lcKo Clock Output± CK+ 15 20 
toe Output enable Output- OE- 20 30 
loo Output disable Output+ OE+ 20 30 

ns 

IPR Preset Output+ PR+ 18 30 
lppR Power-on preset Output+ Vee+ 0 10 

Frequency of operations 

IMaxB Without Complement Array 20.0 MHz 
f-8 With Complement Array 12.5 

N01'ESI 
1. AH typlCal values are at Yoo - 5V, TA - + 25°C. 
2. To prevent apurioua ~.clock rile time (10%-90%) < 30ns. 
3. Sae "Speed vs. OR Loading" diagrams. 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167A 

TIMING DIAGRAMS 

lo..13 
=*1.5V 

CLK 

'•• 
Fo.-sfPo..1 

OE 

1.5V 

).E1.5V 

r,:''":J_,,.I 
1.5Y 1.SV 1.SV 

lcKH~ 
tcKP ------

1.SV 1.SV 

'] r.•o:J 
11.5V 1.sv\ 

l.:•o• 
Sequential Mode 

Asynchronous Preset 

(Fn) = 1 1.5V 

_ !-•c•o-I 
i----•acp~~ 

1.sv/ 1.SV 1.SV 

CLK -- ---------'!- =i tcKH 

------•vs _____ ., 

1.5V 
1~~ ------~------------------'Ill'--' r-··· 

Power-On Preset 
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+3V 

av 

+3V 

ov 

YOH 

VOL 

+3V 

ov 

+5V 

(Fn = 1) 

Vol 

+3V 

ov 

+3V 

ov 

TIMING DEFINITIONS 
tcKH 

teKL 

teKP1 

lcKP2 

tvs 

lcKO 

toe 

too 

lsRE 

tsRD 

tppR 

tpRH 

IMAX 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period - when not using 
Complement array. 
Required delay between beginning 
of valid input and positive transition 
of clock. 
Clock period - when using comple· 
ment array. 
Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com
plement Array (two passes neces
sary through the AND array). 
Required delay between Vee (alter 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 
Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
Input data. 
Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE Low). 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
Delay between input 10 transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 
Delay between input 10 transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 
Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 
Delay between Vee (alter power
on) and when Outputs become pre
set at "1". 
Width of preset input pulse. 
Maximum clock frequency. 

5 



Slgnetlcs Application Specific Products • Series 24 Product Specification 

Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167A 

TIMING DIAGRAMS (Continued) 

~ ..... ---~--~-----------•n 
'...)!\~,~-v------------------1111 

,-------""'·------ +11111 -f 11.0V \- .. ,,., 

""""l•lr-------1 ".-------·n 
uvf \ 

-"'t"----r:-,-~~ ----- ~w 

INTERNAL -
llllTE REG. 

-------•YOH 

oe-
_____________________ ,,., 

Diagnostic Output Mode 

TEST LOAD CIRCUIT 

+5V 

lo 
Vee 

-lr} P, 

Po 
Fo 

... ... 
(INCl.UDES SCOPE 

CK PR/OE AND JIG 
CAMCITANCE) 

.,,. 
TC01571S 
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VOLTAGE WAVEFORM 

llEASUREllENTik 
All circuit delays are measured at the + 1.sv level 
of Inputs and oUlputs, unloss - specified. 

Input Pulses 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167A 

SPEED VS. "OR" LOADING 

The maximum frequency at which the FPLS 
can be clocked while operating in sequen
tial mode is given by: 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects t1s, due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of t1s1 with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
two limits for the parameters t1s1 and t1s2. 
The first, tis 1 A is guaranteed for a device 
with 24 terms connected to any OR line. 
t1s10 is guaranteed for a device with 16 
terms connected to any OR line. 

•'--~-~~-~~ 
0 18243240 

T!AMS CONNECTED/OR 

Figure 1. l1s1 vs. 
Terms/OR Connected 

The three other entries in the AC table, t1s2 
A and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 

The worst case of tis for a given application 
can be determined by identifying the OR 
line with the maximum number of T n con
nections. This can be done by referring to 
the interconnect pattern in the FPLS logic 

diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case tis and, by 
implication, the maximum clocking frequen
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array, 

"'"~" :::~ l .~~' "'umm1 'Nor' 

~---ln_t_e_rc_o_~nect Pattern ___ J 
Fig~~: 2. Typical OR Array'"'"" f _j 

-----------------------------· ···-----
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Field-Programmable logic Sequencer (14 x 48 x 6) 

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

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

PRESET /OE OPTION - {PIE) 

p ~. PA/OE 

~=1 

OPTION 

PRESET1 

PROGRAMMING: 

Product Specification 

Pl5167A 

OPTION 
In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T "' is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

The PLS167A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 

"AND" ARRAY - (I), (P) 

4· 4· 4· 4· l,P l,P 1,P 1,P 

I.ii i.P f.P f.P 

Tn Tn Tn Tn 
LS018SOS ""'"""' LSl}1030S LS01840S 

[ STATE I CODE J 
I 

STATE I CODE I I STATE 

I~ I 
STATE I CODE l L!NACT~VE1•2 :I 0 J '· p 

H I, P DON'T CARE -

"OR" ARRAY-{N), {F) 

f w iW fgtJ- fgtJ-: Q : Q : Q : Q 

n,I "·' n,f n,I 

LS01S9llS LS0t900S LS01B70S LS01880S 

~ON I co:E I I 
ACTION 

Tc:D!l I 
ACTION 

I 
CODE 

I L ACTION J CODE ] 
INACTIVE1•a SET RESET L L NO CHANGE j_ - j 

"COMPLEMENT" ARRAY - (C) 

Ci: 
Tn 

Ci: 
Tn 

Ci: 
r. ct 

Tn 
LS01930S LS01940S LS01911}S ""'""" 

I ACTION 

I 
COl>E 

I 
F. ACTION I 

CODE 

I 
[ ACTION I CODE J [ ACTION j CODE j 

INACTIVE1-' 0 GENERATE A [ PROPAGATE T • J [ TRANSPARENT I - J 
NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate T n will be unconditionally inhibited if both the true and the complement of any input (I, P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and Flink pairs coupled to active gates T n (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n· 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167A 

FPLS PROGRAM TABLE PROGRAM TABU! ENTRIES 

CUllfOlllR -PUllCHAllEORDER# _____________ _ 

81QNE11CBlll!VICE # ______ ..,::Cf::....:;(XXX=X;;,l:._ __ ~--

CU8t'OllEI 8YMllOUZED MAT# ------·------

.--------, ~--~~-~:--------r-~--~:--------
PAOMGATE I • Cn : RESET I L NQ. Fr 

TRANBPARl!:NT I - : NO CH.ANOE I •• 

10TAl. lll*BEll OF PARTS -------------

PllOGllAU TAllLE" ------------·---Rl!V __________________ _ 

DATE-------------------

~-------------------
' OPTION 
~------------------

n, Pl I ~ 
: L PIE 

_L 

' 0 
l,P I H 

i,P 1 L 

DON'TCARE} -

AND 
OP110~ 

OR 

_!. :!: I 
I I ::J: 

__._ -"-
..JI. _._ 

1-:J![~-'--+--1-+-. i-+-+-+--+-1--1---1--1--1--1-l--1-J>-.-1--L-l-Jl--------l--11-1--l--l-J---1-ll-l-J--l-... 

.. ..L 
17 ...... 

_tll ~ -T 

~ _._ . -~ 

41 
47 

PIN 
ND. 

NOTES: 

-" . . 

..L 

1 1 1 2 2 2 2 
78901232345678 

-

T 
T 

• .. 
I 
::;;:: . 
~ 

,.. 
.,,-
..... 
T 

• • • ::;;:: .-
..,... 
..... .,,.. 
T 
T 

I 
I . 

I 1 I 1 
5 4 s I 

TI,l01622S 

1. The FPLS is shipped with all links initially intact. Thus, a background of ''O'' for all Terms, and an ''H'' for P/E option, exists in the table, shown BLANK instead for 
clarity. 

2. Unused Cn, Im, and P5 bits are normally programmed Don't Care ( - ). 
3. Unused Transition Terms can be left blank for future code modification or programmed as ( - ) for maximum speed. 
4. Letters in variable fields are used as identifiers by logic programmers. 
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Field-Programmable Logic Sequencer (14 x 48 x 6) PLS167A 

TEST ARRAY 

The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
lo.13 as shown in the test circuit timing dia
gram. 

Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 

T 
E 
R 
M 

c 

48 H H H 

49 8 L L L 
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ANO 

INPUT(lm) 

Yee +SY 

GND 

State Diagram 

FPLS Under Test 

Test Array Program 

•5V 

Yee 

ov 

Y1H 
CK 

i..,. 

3V 

~~· ~I -----, r---
•• G,.TER~ '---------------' 

ov 

HIGH 

LOW 

Test Circuit Timing Diagram 

PRESENT STATE (Ps) 

Test Array Deleted 
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DESCRIPTION 
The PLS168 is a bipolar, programmable 
state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec
tively of 10 Op. and 4 Q 1 edge-triggered, 
clocked S/R flip-flops, with an Asyn
chronous Preset option. 

All flip-flops are unconditionally preset to 
"1" during power turn-on. 

The AND array combines 12 external 
inputs, 10_ 11, with 1 0 internal inputs, P0.g, 
fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Po-P3 of the internal State Reg
ister are brought off-chip to allow ex
tending the Output Register to 8 bits, if 
so desired. 

All transition terms can include True, 
False, or Don't Care states of the con
trolling variables, and are merged in the 
OR array to issue next-state and next
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 

Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to output-

FUNCTIONAL DIAGRAM 

November 14, 1986 

PLS168 
Field-Programmable Logic 
Sequencer (12 x 48 x 8) 
Signetics Programmable Logic 
Product Specification 

enable function, as an additional user 
programmable option. 

Order codes for this device are con
tained on the pages following. 

FEATURES 
• Field-Programmable (Ni-Cr link) 
• 12 True/Complement buffered 

inputs 
• 48 programmable AND gates 
• 29 programmable OR gates 
• 10-bit State Register 
• 4-bit shared State/Output 

Register 
• 4-bit Output Register 
• Transition Complement Array 
• Programmable Asynchronous 

Preset/Output Enable 
• Positive edge-triggered clock 
• Power-on preset to logic "1" of 

all registers 
•Automatic logic "HOLD" state 

via S/R flip-flops 
• On-chip Test Array 
• fMAx: 13.9MHz 
• Power: soomw (typ.) 
• TTL compatible 
• Tri-state outputs 
• Single + 5V supply 
• 300mil-wide 24-pin DIP 

PR!OE 

5-45 

PIN CONFIGURATIONS 

N Package 

N =Plastic 

A Package 

N/C PRiOE 111 110 19 la N/C 

A = Plastic Leaded Chip Carrier 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
• Timing generators 
• Sequential circuits 
• Elevator controllers 
• Security locking systems 
•Counters 
• Shift registers 

853-0322 86548 
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION POLARITY 
-------·- -----1------------------------------------t----------I 

2-6 
18-- 23 

7 

13 - 16 

10-11 

Ci< 

11-11 

lo 

Clock: The Clock input to the State and Output Registers. A Low-to-High transition 
on this line is necessary to update the contents of both registers. 

Logic Inputs: The 11 external inputs to the AND array used to program jump 
conditions between machine states, as determined by a given logic sequence. 

Logic/Diagnostic Input: A 12tt1 external logic input to the AND array, as above, 
when exercised with standard TTL levels. When 10 is held at + 10V, device outputs 
F2 _ 3 and Po_ 3 reflect the contents of State Register bits P 4 _ 9 (see Diagnostic 
Output Mode diagram). The contents of flip-flops Po_ 1 and Fo _ 3 remain unaltered. 

Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents 
of State Register bits Po_ 3 . When 10 is held at + 1 OV these pins reflect (P6 - P9). 

Logic/Diagnostic Outputs: Two register bits (F2 - F 3) which normally reflect Output 
Register bits (02- 0 3). When 10 is held at + 10V these pins reflect (P4 - P5). 

17 PR/OE Preset or Output Enable Input: A user programmable function: 
• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output 

I Register bits. Preset overrides Clock, and when held high, clocking is inhibited 

• Output Enable: Provides an Output Enable function to all output buffers. l and Po_ 9 and Fo _ 3 are high. Normal clocking resumes with the first full clock l pulse following a High-to-Low clock transition, after Preset goes low. 

· 8, 9 F0 -F1 Logic Output: Two device outputs which reflect Output Registers 0 0-01. When 10 
___ _l___ s held at +10V F0 -F1 ~Logic "1". 

LOGIC FUNCTION 

Typical Stale Transition: 

Q2 01 00 

Gr~ ~~--$ll"ATE REGISTER A• 84 c~ ... 

Gill NEXTS"fATE 

SETOo; So= fQi* Qt &Qoi~A~s- c .. 

RQ =O 

RESET01: 

I l HOma,,s,·o 
R2 ~ 0 

160(19()0$ 

-----·-----------

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

TRUTH TABLE'· " 3, 4, s, & 

Vee 

+5V 

NOTES: 
1. Positive Logic: 

SIR =To + T 1 + T 2 + ... + T 47 

lo CK s R 

x x x 
+10V x x x 

x x x x 
x x x 

+10V x x x 
x x x x 
x i L L 
x i L H 
x i H L 
x i H H 

x x x x 

Active-High 

Active-High/Low 

Active-High/Low 

Active-High 

Active-High 

Active-High (H) 

Active-Low (L) 

Qp/f F 

H H 
On (Op)n 

On (0F)n 

On Hi-Z 

On (Op)n 

On (OF)n 

On (OF)n 
L L 
1-1 H 

IND. IND. 

H 

1. PR/OE option is set lo PR. Thus, all 
outputs will be at "1 ", as preset by initial 
power-up procedure. 

Tn-C(lo 11 12 ... ) <Po P1 ... P9)~---~ 
2. Either Preset (ActivewHigh) or Output Enable (Active-Low) are available, but not both. The desired 

2. All transition terms are disabled (0). 

3. All SIR flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro
gram. This is accomplished automatically 
by any Signetics qualified programming 
equipment. 

November 14, 1986 

function is a user programmable option. 
3. f denotes transition from Low to High level. 
4. R = S = High is an illegal input condition. 
5. • - H/L/ + 10V 
6. X = Don't care ( < 5.SV) 
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168 

FPLS LOGIC DIAGRAM 

5 

NOTES: 
1. All programmed "AND" gate locations are pulled to logic "1 ". 
2. All programmed "OR" gate locations are pulled to logic "O''. 
3.@ . 
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168 

ORDERING INFORMATION 

DESCRIPTION 

24-pin Plastic DIP 
300mil-wide 

28-pln Plastic leaded 
Chip Carrier 

ORDER CODE 

PLS16BN 

PLS168A 

-~------·L.·-~·-------------------' 

ABSOLUTE MAXIMUM RATINGS1 
,------

RATING 
SYMBOL PARAMETER UNIT 

Min Max 
!------·-· 

1---
Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

VouT Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

l1N Output currents +100 mA 
1----

Temperature range 
TA Operating 0 +75 •c 
TsTG Storage -65 +150 

November 14, 1986 5-48 

THERMAL RATING 

TEMPERATURE 

Maximum junction · 15o•c 

Maximum ambient 15•c 

Allowable thermal rise 
ambient to junction 75•c 
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Field-Programmable Logic Sequencer ( 12 x 48 x 8) PLS168 

DC ELECTRICAL CHARACTERISTICS o•c .;;; TA.;;; 75°C, 4.75V.;;; Vee.;;; 5.25V 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Max 

Input voltage3 

V1H High Vcc•Max 2 v 
V1L Low Vcc•Min 0.8 
Vic Clamp4 Vcc=Min, l1N=-12mA -0.8 '-1.2 

Output voltage3 

Vcc=Min 
VoH High5 loH=-2mA 2.4 v 
VoL Low6 loL-9.6mA 0.35 0.45 

Input current 

l1H High V1N=5.5V <1 25 
µA 

l1L Low V1N=0.45V -10 -100 
l1L Low (CK input) V1N = 0.45V -50 -250 

Output current 

Vcc=Max 
IO(OFF) Hi-Z state7 VoUT•5.5V 1 40 µA 

Your= 0.45V -1 -40 
los Short circuil4·8 VQUT=OV -15 -70 mA 

Ice Vee supply current8 Vcc•Max 120 180 mA 

Capacttance7 

Vcc=5.0V 
C1N Input V1N =2.0V 8 pF 

CoUT Output Vour•2.0V 10 

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. 

2. All typical valuas are at Vee - sv, TA= + 2s0 c. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1L applied to OE and a logic high stored, or with V1H applied to PR. 
6. Measured with a programmed logic condition for which the output is at a low logic level, and V1L applied to PRmE Output sink current is supplied 

through a resistor to Vee. 
7. Measured with V1H applied to PR/OE. 
8. Duration of short circuit should not exceed 1 second. 
9. Ice is measured with the PR/OE input grounded, all other inputs at 4.SV and the outputs open. 
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Field-Programmable Logic Sequencer (12 x 48 X 8) PLS168 

AC ELECTRICAL CHARACTERISTICS R1 =470!1, R2=1k!l, CL= 30pF, o•c .;;;TA.;;;+7s•c, 4.7sv.;;;vcc.;;;5.25V 

LIMITS 
SYMBOL PARAMETER TO FROM UNIT 

Min Typ1 Max 

Pulse wldth3 

lcKH Clock2 high CK- CK+ 25 15 

lcKL Clock low CK+ CK- 25 15 
lcKp18 Period (without Complement Array) CK+ CK+ 80 40 

ns 

lcKP28 Period (with Complement Array) CK+ CK+ 120 60 
tPRH Preset pulse PR- PR+ 25 15 

Setup tlme3 

t1s1A Input CK+ Input± 60 
t1s1B Input CK+ Input± 50 
t1s1C Input CK+ Input± 42 
l1s2A Input (through Complement Array) CK+ Input± 90 ns 
t1s2B Input (through Complement Array) CK+ Input 60 
t1s2C Input (through Complement Array) CK+ Input 72 
tvs Power-on preset CK- Vee+ 0 -10 
tPRS Preset CK- PR- 0 -10 

Hold time 

t1H Input Input± CK+ 5 -10 ns 

Propagation delay 

lcKO Clock Output± CK+ 15 30 

loE Output enable Output- OE- 20 30 
loo Output disable Output+ OE+ 20 30 

ns 

tpR Preset Output+ PR+ 18 30 
tppR Power-on preset Output+ Vee+ 0 10 

Frequency of operatlon3 

IMAXC Without Complement Array 13.9 MHz 
IMAXC With Complement Array 9.8 

NOTES: 
1. All typical values are at Vee= 5V, TA= + 2s•c. 
2. To prevent spurious clocking, clock rise time (10%-90%) .;;; 30ns. 
3. See "Speed vs. OR Loading" diagrams. 
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168 

TIMING DIAGRAMS 

=*UV luv -.... ,, 

L.. r-... ::c: .. , "" -
CLK 

,.,, ~,., 
IJll· E ---L'::·-=j 

F.,_.!Po-a YOH :-y!:'--j- VOL 

'OE -\J 1- -
av i.;. ......... 

Sequential MOcle 

Aeynchronoua Preeet 

,_ ____________ '"'"- •• - -- VOii 

1.IV (F,.) • 1 UV ,,_.,, 
Fwf"w 

•co--t'~ 
VOL 

,..,,, 
UV 

CUC -- -------~=l~ICKH~ av 

+av 
UV 

lo-11 av 

-
Power-On PrQet 
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TIMING DEFINITIONS 
fcKH 

tcKL 
fcKP1 

fcKP2 

lpRs 

trH 

lsRE 

lsRo 

tpPR 

lpffH 
fMAX 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period - when not using 
Complement array. 
Required delay between beginning 
of valid Input and positive transition 
of clock. 
Clock period -when using comple
ment array. 
Required delay between beginning 
of valid Input and positive transition 
of clock, when using optional Com
plement Array (two passes neces
sary through the AND array). 
Required delay between Vee (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 
Required delay between negative 
transition of asynchronous Preset 
and negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
Input data. 
Delay between positive transition of 
clock and when Outputs become 
vaHd (with PR/~ Low). 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs ere 
In the off state. 
Delay between Input lo transition to 
Diagnostic mode and when the 
Outputs reftect the contents of the 
State Register. 
Delay between Input lo transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 
Delay between positive transition of 
Preset and when Outputs become 
valid "1". 
Delay between Vee (after power
on) and when Outputs become pre
set at "1". 
Width of preset Input pulse. 
Maximum clock frequency. 

5 
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168 

TIMING DIAGRAMS (Continued) 

·:)(:1.sv::::::::::::::::::::::::::::::::::::~ 
r- - - ___ , ______ •10V 

-f LOY \-LOY 
..... .i,-------1 "...----~·~ 

cuc-+----1 

INTI!ANAL -
STATE REG. <Pal 

\ -----ov 

-------•YOH 

Oi- -------------------~ov 

TEST LOAD CIRCUIT 

•o Yee 

Pa 

... 
Fo 

Fa 
In 

CK PAi6E 

":" 
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Dlagnoatlc Mode 

+5Y 

-lrl 
(INCLUDES SCOPE 

ANDJIG 
CAl'llCtTANCE) 
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VOLTAGE WAVEFORM 

MEAIUAEMEll"l'lt 
AH circuit delays are measured at the + 1.5V level 
of Inputs and output. unless otherwise specified. 

Input Pulses 
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Field-Programmable Logic Sequencer ( 12 x 48 x 8) PLS168 

SPEED VS. "OR" LOADING 

The maximum frequency at which the FPLS 
can be clocked while operating in sequen
tial mode is given by: 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects t1s. due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of t1s 1 wtth 
the number of terms connected per OR. 

The AC electrical characteristics contain 
three limits for the parameters t1s1 and t1s2-
The first, t1s1A is guaranteed for a device 
with 48 terms connected to any OR line. 
tis 19 is guaranteed for a device with 32 
terms connected to any OR line. And t1s1c 
is guaranteed for a device with 24 terms 
connected to any OR line. 

November 14, 1986 

20 t---t--t--r--+--t-----l 

101---+--+--f-----+--+---< 

TEAMS CONNECTED/OR 

Figure 1. t 1s1 vs. 
Terms/OR Connected 

The three other entries in the AC table, t1s2 
A, B and C are corresponding 48, 32 and 
24 term limits when using the on-chip 
Complement Array. 

The worst case of t1s for a given application 
can be determined by identifying the OR 
line with the maximum number of T n con
nections. This can be done by referring to 
the interconnect pattern in the FPLS logic 

5-53 

diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case t1s and, by 
implication, the maximum clocking frequen
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. ,.,=) 

TERMSJOR (2) J ·OA" 
ARRAY 

'" 'No;' 
"'" 

Figure 2. Typical OR Array 
Interconnect Pattern 
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Field-Programmable Logic Sequencer (12 X 48 X 8) 

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

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

PRESET /OE OPTION - (P/E) 

OPTION 
PRESET1 

PROGRAMMING: 

Product Specfflcatlon 

PLS168 

+ OE 

P•1 
E 

OPTION 
In this table, the logic state or action of 
control variables C, I, P, N, end F, associated 
with each Transition Term T "' is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links defined as 
follows: 

The PLS168 has a power-up preset feature. This feature insures that.the device will power-up in a known 
state with all register element& (state and output register) at a logic High (H). When programming the device It 
is important to realize this is the initial state of the device. You must provide a next state jump H you do not 
wish to use all Highs (H) as the present state. 

II AND" ARRA y - (I), (P) 

-4; 4· 4· ·4: l,P l,P i;p 
;;p 

T• T• T• 

''""'" ......... .... .,,. ........ 
I STATE I CODE 

I I STATE 

I 
CODE 

I I 
STATE I CODE 

I I STATE I CODE I INACTIVE1~ 0 I, p H l,Ji L DON'T CARE -
"OR" ARRAY - (N), (F) 

=f=gt]- ~ =f=gt]- =f=gt]-: Q : Q : Q : Q 

n,I n,t n,t n,t 

""''"" "'"''" ........ ""'""' 
I ACTION I CODE I I ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION I CODE 

I INACTIVE1.S 0 SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

ct 
T• 

ct 
Tn 

ct: 
Tn 

ct 
Tn ,..,..,. ........ ..... ~ .. ........ 

I ACTION I CODE 

I I 
ACTION 

I 
CODE 

I I ACTION 

I 
CODE 

I I ACTION I CODE 

I INACTIVE1.4 0 GENERATE A PROPAGATE • TRANSPARENT -
NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate T n will be unconditionally inhibited ff both the true and complement of any input (I or P) are left intact 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth. tables). · 
4. To prevent oscillations, this state ·is not allowed for C link pairs coupled to active gates T n· 
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168 

FPLS PROGRAM TABLE PLS168 

-·- ==1------~----·t-· -:=:--:9!l----------· --· CFl!!!!!I I=.. : I =- ~ ... , CUITOllElt IYlmOIJDD MRI'' 
10tU.-.-.. OP MRT8 ~ ~------~---MOClllAll TMLI t ..... r·1r---f-:-·---"""' - OP'nONCf¥1) ]_ .. 
' , .. t;-r; 

....... ,.snm:(l'I) - Nt:IT ITATI (WI, l OUTPUT(Pr) . - '""' .... • • • • • •Tr • • . • • I 0 • • 1 • • • • I 1 0 . • ' • • . • I 1 . • I 1 0 

0 "'!" 
1 

• 
• 

. • 
• 
• 
1 

I 

• 
10 _L 

" ~ 

11 

11 5 
M 

" .. 
" .. 
" .. 
" .. ..... 
II _i .. ~ .. .. :::_ .. _i .. 
• .. _: 
" ::-:: 
n ....:. .. ~ .. ..... .. ....:. 
• -~ 

IT .. _L ..i. . ::.:_ .. :::: _L 

" ::r I .. ::::: :I .. I .i .. I _:_ .. I _:_ ..i. .. ::r _:_ 
" "'!" :::: ... 1 1 . I • I 1 ' 1 1 ' 1 - • • • ' I . I ' . • • ' . . . . ' • . . 

VAfllAIM.I! ·-
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168 

TEST ARRAY 

The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
10-11 as shown in the test circuit timing dia
gram. 

AND 

48 

49 

Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 

AND 

November 14, 1986 

Yee +SY 

State Diagram 

FPLS Under Test 

OPTION (P·E) 

REMARl<S 

Test Array Program 

+SV 

Yee 

OV 

v,. 

..... 

3V .... 1.SV 

ov 

HIGH 

LOW 

STATE -, -----"' r---R!G1STEA~ \.------------../ 

Test Circuit Timing Diagram 

OPTION (PE) 

REMARKS 

Test Array Deleted 
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DESCRIPTION 
The PLS168A is a bipolar, programma
ble state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec
tively of 10 Op. and 4 0 1 edge-triggered, 
clocked S/R flip-flops, with an Asyn
chronous Preset option. 

All flip-flops are unconditionally preset to 
"1" during power turn-on. 

The AND array combines 12 external 
inputs, 10_11 , with 10 internal inputs, P0•9, 

fed back from the State Register to form 
up to 48 transition terms (AND terms). In 
addition, Po-P3 of the internal State Reg
ister are brought off-chip to allow ex
tending the Output Register to 8 bits, if 
so desired. 

All transition terms can include True, 
False, or Don't Care states of the con
trolling variables, and are merged in the 
OR array to issue next-state and next
output commands to their respective 
registers on the Low-to-High transition of 
the Clock pulse. 

Both True and Complement transition 
terms can be generated by optional use 
of the internal variable (C) from the 
Complement Array. Also, if desired, the 
Preset input can be converted to output-

FUNCTIONAL DIAGRAM 

.. ~=l========t: 
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PLS168A 
Field-Programmable Logic 
Sequencer (12 x 48 x 8) 
Signetics Programmable Logic 
Product Specification 

enable function, as an additional user 
programmable option. 

PIN CONFIGURATIONS 

Order codes for this device are con
tained on the pages following. 

FEATURES 
• Field-Programmable (Ni-Cr link) 
• 12 True/Complement buffered 

inputs 
• 48 programmable AND gates 
• 29 programmable OR gates 
• 10-bit State Register 
• 4-bit shared State/Output 

Register 
• 4-bit Output Register 
• Transition Complement Array 
• Programmable Asynchronous 

Preset/Output Enable 
• Positive edge-triggered clock 
• Power-on preset to logic "1" of 

all registers 
• Automatic logic "HOLD" state 

via S/R flip-flops 
• On-chip Test Array 
• fMAx: 20MHz 
• Power: 600mW (typ.) 
• TTL compatible 
• Tri-state outputs 
• Sinple + SV supply 
• 300mll-wide 24-pin DIP 

PR/OE 

N Package 

•• 

N =Plastic 

A Package 

NIC ., •• lo '• 

N(C PR/Oe 111 110 J9 

A = Plastic Leaded Chip Carrier 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
• Timing generators 
• Sequential circuits 
• Elevator controllers 

'• 

N/C 

• Security locking systems 
•Counters 
• Shift registers 

5-57 853-0323 86548 
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Field-Programmable Logic Sequencer (12 x 48 x 8) 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 CK Clock: The Clock input to the State and Output Registers. A Low-to-High transition 
on this line is necessary to update the contents of both registers. 

2-6 11 -11 Logic Inputs: The 11 external inputs to the AND array used to program jump 
18-23 conditions between machine states, as determined by a given logic sequence. 

7 lo Logic/Diagnostic Input: A 12th external logic input to the AND array, as above, 
when exercised with standard TIL levels. When 10 is held at + 1 OV, device outputs 
F2 - F3 and Po - P3 reflect the contents of State Register bits P 4 _ 9 (see Diagnostic 
Output Mode diagram). The contents of flip-flops Po_ 1 and F0 -3 remain unaltered. 

13 - 16 Po-3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents 
of State Register bits Po_ 3. When 10 is held at + 1 OV these pins reflect (P6 - P 9). 

10-11 F2-F3 Logic/Diagnostic Outputs: Two register bits (F2 - F3) which reflect Output Register 
bits (02 - 0 3). When 10 is held at + 1 OV these pins reflect (P 4 - P5). 

17 PR/OE Preset or Output Enable Input: A user programmable function: 
• Preset: Provides an Asynchronous Preset to logic " 1 " of all State and Output 

Register bits. Preset overrides Clock, and when held high, clocking is inhibited 
and P0 _ 9 and F0 _ 3 are high. Normal clocking resumes with the first full clock 
pulse following a High-to-Low clock transition, after Preset goes low. 

• Output Enable: Provides an Output Enable function to all output buffers. 

8, 9 Fo-F1 Logic Output: Two device outputs which reflect Output Registers 0 0 -01. When lo 
__j_is held at +10V F0 -F1 =Logic "1" 

LOGIC FUNCTION 

L 

Typical State Transition: 

Q2 Q1 00 

~ 6A PRESENTSTATE 

STATE REGISTER . ·p; • 8 • C • ..• 

~ Sn+1 NEXTSTATE 

SET00: s0 :{02• 0 1 •OoJ •A•B• C. 

R0 ~ 0 

RESET 0 1: S1 ~ Q_ __ _ _ 
R, "(0a• o, .. Oo)•A• B• c ... 

HOL002: ~ 00 0 
R2 "0 

VIRGIN STATE 
A factory shipped virgin device contains ail 
fusible links intact, such that: 

TRUTH TABLE" 2• 3• 4• 5• 6 

Vee 

+5V 

NOTES: 
1. Positive Logic: 

SIR= To+ T, + T2 + ... + T41 

Tn = C(lo 11 12 ... ) (Po P1 ... P9) 

lo 

+10V 
x 

+10V 
x 
x 
x 
x 
x 
x 

CK 

x 
x 
x 
x 
x 
x 

x 

s R 

x x 
x x 
x x 
x x 
x x 
x x 
L L 
L H 
H L 
H H 

x x 

Product Specification 

PLS168A 

POLARITY 

Active-High 

Active-High/Low 

Active-High/Low 

Active-High 

Active-High 

Active-High (H) 

Active-Low (L) 

Qp/f F 

H H 
On (Op)n 
On (OF)n 

On Hi·Z 
On (Op)n 
On (0F)n 

On (0F)n 
L L 
H H 

IND. IND. 

H 

1. PR/OE option is set to PR. Thus, ail 
outputs will be at "1 ", as preset by initial 
power-up procedure. 

2. Either Preset (Active .. High) or O~ut~p~ut~En-a~b~le (Active~Low} are available, but not both. The desired 

2. Ail transition terms are disabled (0). 

3. Ail SIR flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro
gram. 

November 14, 1986 

function is a user programmable option. 
3. f denotes transition from Low to High level. 
4. R = S = High is an illegal input condition. 
5. '= H/L/+ 10V 
6. X = Don't Care ( <; 5.5V) 
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168A 

-------------------~-----·---------·------·-·-··-·---------------------

FPLS LOGIC DIAGRAM 

5 
----

,, 
., 
'• ., 

41 ............................................................................ ~~ 0 
CK 

NOTES: 
1. All programmed "AND" gate locations are pulled to logic "1". 

~:~:II ;it&al~ations are pulled to logic ''O''. 
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Field-Programmable Logic Sequencer ( 12 x 48 x 8) PLS168A 

ORDERING INFORMATION THERMAL RATING 

DESCRIPTION ORDER CODE TEMPERATURE 

24-pin Plastic DIP 
PLS168AN 300mil-wide 

Maximum junction 150°c 

Maximum ambient 75°c 
28-pin Plastic Leaded 

PLS168AA 
Chip Carrier Allowable thermal rise 

ambient to junction 75°c 
-~ 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

Vour Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

l1N Output currents +100 mA 

Temperature range 
TA Operating 0 +75 ·c 
TsrG Storage -65 +150 

November 14, 1966 5-60 



Signetlcs Application Specific Products • Serles 24 Product Specification 

Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168A 

DC ELECTRICAL CHARACTERISTICS 0°c.;; TA.;; 75°C, 4.75V.;; Vee.;; 5.25V 

LIMITS J UNIT SYMBOL PARAMETER TEST CONDITIONS 
Min Typ2 Max 

Input voltage3 

V1H High Vee= Max 2 v 
V1L Low Vcc=Min 0.8 
Vic Clamp4 Vcc=Min, l1N=-12mA -0.8 -1.2 

Output voltage3 

VoH High5 
Vcc=Min 

loH=-2mA 2.4 v 
Vol Low6 loL=9.6mA 0.35 0.45 

Input current 

l1H High V1N= 5.5V <1 25 
µA 

l1L Low V1N s 0.45V -10 -100 
l1L Low (CK input) V1N =0.45V -50 -250 

Output current 

Vcc=Max 
IQ(OFF) Hi-Z state7 VouT= 5.5V 1 40 µA 

VouT= 0.45V -1 -40 
los Short circuit4·8 VoUT=OV -15 -70 mA 

Ice V cc supply current9 Vcc=Max 120 180 mA 

Capacltance7 

Vcc=5.0V 
C1N Input V1N= 2.0V 8 pF 
CouT Output VouT= 2.0V 10 

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. 

2. All typical values are at Vee - 5V, TA - + 25'C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1L applied to OE and a logic high stored, or with V1H applied to PR. 
6. Measured with a programmed logic condition for which the output is at a low logic level, and V1L applied to PR/OE Output sink current is supplied 

through a resistor to Vee. 
7. Measured with V1H applied to PR/OE. 
8. Duration of short circuit should not exceed 1 second. 
9. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 
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Field"Programmable Logic Sequencer (12 x 48 x 8) PLS168A 

AC ELECTRICAL CHARACTERISTICS R1=470.11, R2 =1k.11, CL=30pF, 0°c,,;;;TA,,;;;+75°c, 4.75V<Vee<5.25V 

--:-~MBOL I __ PAR':~~~----·-~_J----~~-~=r=:: LIMITS 
UNIT 

Min Typ1 Max 

Pulse width3 

··---·-----=r--1~ !cKH Clock2 high CK - CK + 25 15 
te1<L Clock low CK + CK - 25 15 
!cKP1B Period (without Complement Array) CK + CK + 50 40 

ns 

!cKP2B Period (with Complement Array) CK + CK + 80 50 
tPRH Preset pulse PR -· PR + 25 15 

---·-·------·--··------ ----- . 
Setup tlme3 

------,------·-·· 
~--r- -- ------.-t1s1A Input CK t- Input± 40 

t1s1B Input CK t- Input± 30 
t1s2A Input (through Complement Array) CK+ Input± 70 ns 
t1s2B Input (through Complement Array) CK+ Input 60 
tvs Power-on preset CK- Vee+ 0 -10 
tPRS Preset CK- PR-- 0 -10 

Hold time 

t1H y~put =i_lnput.:___[ CK+ 5 -10 ns 
1---

Propagation delay 

!cKO 

a~ ~=rr~' 
CK+ 15 20 

toE Output enable Output - OE- 20 30 
loo Output disable Output + OE+ 20 30 

ns 

tpR Preset Output + PR+ 18 30 
tppR Power-on preset Output + Vee+ 0 10 

----------·--·---- ----·-- ---
Frequency of operatlon3 

fMAXB Without Complement Array 

I 
20 MHz 

fMAxB With Complement Array 12.5 

NOTES: 
1. All typical values are at Vee= 5V, TA= + 25(1C. 
2. To prevent spurious docking, clock rise time (10%-90%) ~ 30ns. 
3. See "Speed vs. OR Loading" diagrams. 
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168A 

TIMING DIAGRAMS 

+3V 

~11 =*-'-.IV------- *1.SV 
r,::···=i-... , __ _ 

ov 

+3V 

1.5V 1.SV 1.SV 

~ ICKH~~ 
F...,tP...,-----tc-.-;:_,:]\- ---~~01=·=··v==== 
OE" I, 1.sv\ f1.sv 

l.'.•o• 

CLK ov ... 

+3V 

ov 

Sequential Mode 

Asynchronous Preset 

(F0 ) = 1 1.5V (F0 =1) 

CLK •• 

.1-•c•o-l 
t----tCKp~~ 

i.sv/ 1.5V 1.5V 

---------'!- =1 lcKH 

i------•V3----~~ 

1.5V 

~'·• 
Power-On Preset 
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+SY 

VoL 

+3V 

ov 

+3V 

ov 

TIMING DEFINITIONS 
lcKH 

lcKL 

lcKP1 

lcKP2 

tvs 

tcKO 

loE 

too 

ts RE 

lsRD 

tPRH 
IMAX 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period - when not using 
Complement array. 
Required delay between beginning 
of valid input and positive transition 
of clock. 
Clock period - when using comple
ment array. 
Required delay between beginning 
of valid input and positive transition 
of clock, when using optional Com
plement Array (two passes neces
sary through the AND array). 
Required delay between Vee (after 
power-on) and negative transition 
of clock preceding first reliable 
clock pulse. 
Required delay between negative 
transition of asynchronous Preset 
arid negative transition of clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of clock and end of valid 
input data. 
Delay between positive transition of 
clock and when Outputs become 
valid (with PR/OE Low). 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
Delay between input 10 transition to 
Diagnostic mode and when the 
Outputs reflect the contents of the 
State Register. 
Delay between input lo transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 
Delay between positive transition of 
Preset and when Outputs become 
valid "1". 
Delay between Vee (after power
on) and when Outputs become pre
set at "1". 
Width of preset input pulse. 
Maximum clock frequency. 
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Field-Programmable Logic Sequencer ( 12 x 48 x 8) PLS168A 

TIMING DIAGRAMS (Continued) 

'"""\i.-------------------------·3V 
I ..J'\~1-SY--------------------------ov 

r- - - ---~------- +10V -f 8.0Y -\. 8.0Y 
________ _,,, '\------ +3Y 

10 1.SY 1.SY f ' 
. _,I '----- OY 

r:'1H-j 
1.SV CLK ______ _, 

INTERNAL -
STATE REG. (PsJ 

+3Y 

-------- YoH 

oe- -------------------------------ov 

TEST LOAD CIRCUIT 

•o Yee 

., 
•• 
Fo 

" •11 
CK PR/OE 

':' 
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Diagnostic Mode 

(INCLUDES SCOPE 
AND JIG 

CAPACITANCE) 
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VOLTAGE WAVEFORM 

+3.0Y----~!!!!'.'f! 

_fLJ I~ lO% 

gy _j§n! t, 'r £ 

: ___ })_ -liL .. % 

=iSn~l- _Jsn - -
MEASUREMENTSo 
All circuit delays are measured at the + 1.5V level 
of inputs and output, unless otherwise specified. 

Input Pulses 
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Field-Programmable Logic Sequencer ( 12 x 48 x 8) PLS168A 

SPEED VS. "OR" LOADING 

The maximum frequency at which the FPLS 
can be clocked while operating in sequen
tial mode is given by: 

( 1 /IMAX) = tcv = tis + lcKO 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects t1s. due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of t1s1 with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
two limits for the parameters lts1 and t152. 
The first, t1s1A is guaranteed for a device 
with 24 terms connected to any OR line. 
t1s1 e is guaranteed for a device with 16 
terms connected to any OR line. 

November 14, 1986 

10 >---+-->---+-->----< 

.~~-~~->--~ 
0 I 11 24 U 40 

TERMS CONNECT!DIOR 

Figure 1. t1s1 vs. 
Terms/OR Connected 

The three other entries in the AC table, t152 
A and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
Array. 

The worst case of t15 for a given application 
can be determined by identifying the OR 
line with the maximum number of T n con
nections. This can be done by referring to 
the interconnect pattern in the FPLS logic 
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diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case t1s and, by 
implication, the maximum clocking frequen
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR array. 

-:mi~ .._. 
""' .... 

Figure 2. Typical OR Array 
Interconnect Pattern 
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Field-Programmable Logic Sequencer (12 x 48 x 8) 

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

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

PRESET /OE OPTION - (PIE) 

PRESET1 l~I OPTION 

PROGRAMMING: 

Product Specification 

PLS168A 

OPTION l~I In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T "' is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

The PLS168A has a power-11p preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device ii 
is impcrtsnt to realize this Is the initial state of the device. You must provide a next state jump H you do not 
wish to usa all Highs (H) as the presant state. 

"AND" ARRAY - (I), (P) 

-4: -4: 4· -4: ~p 

idi 

T. T• T• T• ........ "'""'" ........ .... ..... 
I 

STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I INACTIVE1•2 0 I, p H 1,1' L DON'T CARE -

"OR" ARRAY-(N), (F) 

~ ~ ~ ~ : Q : Q : Q : Q 

n,f n,f n,f n,I 

"''""" ....... LS018108 LS0•880S 

I 
ACTION I CODE 

I I ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I INACTIVE1.a Q SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

ct 
T• 

ct 
T• 

ct 
T• 

ct: 
T• 

""'""' ........ ""'~"' ........ 
I 

ACTION I CODE 

I I 
ACTION I CODE 

I I ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I INACTIV£1.4 0 GENERATE A PROPAGATE • TRANSPARENT -
NOTESo 
1. This is the initial unprogrammed state of all link pairs •. It is normally associated with all unusad (inactive) AND gates T n· 

. 2. Any gate T n will be uncondttionally Inhibited H any one of lta I or P link pairs is left intact. 
3. To prevent simultaneous Set and Resat flip-flop commands, this state is not allowed for N and Flink pairs coupled to active gates Tn (see flip-flop truth tables). 
4. To prevent oecillations, this state Is not allowed for C link pairs coupled to active gates T n· 
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Field-Programmable Logic Sequencer (12 x 48 x 8) 

FPLS PROGRAM TABLE PLS168A 

==· CPp!l!!!ICl I-- 1=-1·-----~----1-- ~· :°" " ------
--• --=>="'-------- .......,,. • I _, ~ .. , . ., 
~..::::Mllr __ . :::::::::::::::::::::::::::::::.: .........r - ~-~!~_:_ .. ________ ...., 
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Field-Programmable Logic Sequencer (12 x 48 x 8) PLS168A 

TEST ARRAY 

The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
10•11 as shown in the test circuit timing dia
gram. 

T 
E 
R 
M 

48 

49 

AND 

Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 

AND 

November 14, 1986 
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State Diagram 

FPLS Under Test 

H 

REMARKS 

Test Array Program 

•5V 

ov 

..... 

3V 

STATE -i -----, r---REGISTER~ \. ____________ J 

ov 

HIGH 

LOW 

Test Circuit Timing Diagram 

OPTION (PE) 

REMARKS 

Test Array Deleted 
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DESCRIPTION 
The PLS173 is a two-level logic element 
consisting of 42 AND gates and 10 OR 
gates with fusible link connections for 
programming 1/0 polarity and direction. 

All AND gates are linked to 12 inputs (I) 
and 1 O 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 TIC buffers cgue_ie 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 PLS173 is field programmable, en
abling the user to quickly generate cus
tom patterns using standard program
ming equipment. 

Order codes for this device are con
tained in the pages following. 

FUNCTIONAL DIAGRAM 

... •• 
'• 

1,, 
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PLS173 
Field-Programmable Logic 
Array (22 x 42 x 10) 
Signetlcs Programmable Logic 
Product Specification 

FEATURES PIN CONFIGURATIONS 
• Field-Programmable (Ni-Cr links) 
• 12 Inputs 
• 42 AND gates 
• 10 OR gates 
• 10 bldlrectlonal 1/0 lines 
• Active-High or -Low outputs 
• 42 product terms: 

- 32 logic terms 
- 1 O control terms 

• 1/0 propagation delay: 30ns (max.) 
• Input loading: -100µA (max.) 
• Power dissipation: 750mW (typ.) 
• Tri-state outputs 
• TTL compatible 

APPLICATIONS 
• Random logic 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multiplexing 

Do o, 

------- .-® 
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N Package 

'• 

.., 

•• ., .. ., 
•• 
•11 

N =Plastic 

A Package 

N/C '· ,, '· N/C 

NOTE: 
A ... Plastic Leaded Chip Carrier 

LOGIC FUNCTION 

NOTES: 

TYPICAL PRODUCT TERM: 
Pn=A·l•C·D· ... 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY= H 

Z=PO+P1 + P2 •.. 

AT OUTPUT POLARITY= L 

Z=PO+P1+P2+ .. . 
Z=Pli·P1"·P2· .. . 

1. For each of the 1 O 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, 8, C, etc. are user defined connections to 
fixed inputs (I). and bidirectional pins (B). 

853-0324 86548 
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Field-Programmable Logic Array (22 x 42 x 10) PLS173 

FPLA LOGIC DIAGRAM 

ll••••••lM 2*••••••11 16••••.··· 7••••••0 

NOTES: 
1. All programrilod "AND" ga18 locations are pulled to logic "1 ". 

:: : Eilrarnmad "DR" G - ""' puled to logic "O". 
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Field-Programmable Logic Array (22 x 42 x 10) PLS173 

ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

24-pin Plastic DIP 
PLS173N 

300mil-wide 
Maximum junction 15o•c 

Maximum ambient 75•c 
28-pin Plastic Leaded 

PLS173A 
Chip Carrier 

Allowable thermal rise 75•c 
ambient to junction 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

VtN Input voltage +5.5 Voe 

VouT Output voltage +5.5 Voe 

ltN Input currents -30 +30 mA 

louT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 •c 
Tsrn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS 0°C<TA<+75°C, 4.75<Vcc<5.25V 
5 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Max 

Input voltage3 

VtL Low Vcc=Min 0.8 
VtH High Vee= Max 2.0 v 
Vic Clamp3.4 Vee= Min, ltN =-12mA -0.8 -1.2 

Output voltage 

Vcc=Min 
VoL Low3·5 loL = 15mA 0.5 v 
VoH High3•6 loH =-2mA 2.4 

Input current11 

Vee= Max 
ltL Low V1N = 0.45V -100 

µA 
l1H High V1N = 5.5V 40 

Output current 

lo( OFF) Hi-Z state10 
Vcc=Max 

VouT = 5.5V 80 µA 
VouT = 0.45V -140 

los Short circuit4·6• 7 VouT=OV -15 -70 mA 

Ice V cc supply current8 Vee= Max 150 170 mA 

Capacitance 

Vee= 5V 
ltN Input V1N = 2.0V 8 pF 
Cs 110 Vs= 2.0V 15 
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Field-Programmable Logic Array (22 x 42 x 10) PLS173 

AC ELECTRICAL CHARACTERISTICS 0°c<TA<+75°C, 4.75<Vcc<5.25V, R1=470il, R2 =1kQ 

TEST LIMITS 
SYMBOL PARAMETER TO FROM UNIT 

CONDITIONS Min Typ Max 

tpo Propagation delay Outpu1± Input± CL= 30pF 20 30 ns 

loE Output enable Output- Input± CL= 30pf 20 30 ns 

too Output disabie9 Output+ Input± CL= 5pF 20 30 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 condition above those indicated in the operational and programming specification of the device is not implied. 
2. All typical values are at Vee= SV, TA= + 2s•c. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1L applied to 111· Pins 1-5=0V, Pins 6-10=4.5V, Pin 11 =OV and Pin 13=10V. 
6. Same conditions as Note 5 except Pin 11 = + 1 OV. 
7. Duration of short circuit should not exceed 1 second. 
8. Ice is measured with 10 and 11 - OV and 12 -111 and Bo - 89 = 4.SV. Part in Virgin State. 
9. Measured at Vr =Vol+ 0.SV. 

10. Leakage values are a combination of input and output leakage. 
11.11L and l1H limits are for dedicated inputs only (lo-111). 

TEST LOAD CIRCUIT TIMING DIAGRAM 

+SV 

By 

DUT 

Bz 

GND 

TIMING DEFINITIONS 

tpo 

too 

Propagation delay between input 
and output. 
Delay between input change and 
when output is off (Hi-Z or High). 
Delay between input change and 
when output reflects specified out
put level. 

November 14, 1986 

1 

INCLUDES SCOPE 
DJIQ 
PACITANCE 

ICL 
":'" ":'" 
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VOLTAGE WAVEFORM 

~-~---. ~ 

L J 10% 

P.Y--l~ .. ~L 

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

Input Pulses 
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Field-Programmable Logic Array (22 x 42 x 10) 

LOGIC PROGRAMMING 
The FPLS 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 I, P, 
and B associated with each Sum Term S is 
assigned a symbol which results in the proper 
fusing pattern of corresponding link pairs, 
defined as follows: 

"AND" ARRAY-(1, B) 

OUTPUT POLARITY - {B) 

ACTIVE LEVEL CODE 

HIGH1 H 

Product Specification 

PLS173 

ACTIVE LEVEL CODE 

LOW 

4· 4· 4· 4· ~B l,B -- 1,B __ ~· i,i ~· l,B i,i 

P,D P,D P,D P,D 
LSOUl90S """""' 

I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I I 
STATE 

INACTIVE1.2 D I, B H 1,1 

OR ARRAY- {B) 

f-D-s 
Pn STATUS Pn STATUS 

ACTIVE1 INACTIVE 

NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) 

AND gates P0 , 00 • 

2. Any gate P0 , Dn will be unconditionally inhibtted H both the true and complement of any Input (I, B) are left 
intact. 

November 14, 1996 5-73 

I 
''"""' LS01980S 

CODE 

I I 
STATE I CODE 

I L DON'T CARE -

VIRGIN STATE 
A factory shipped virgin device contains all 
fusible links intact, such that: 
1. All outputs at "H" polarity. 

2. All Pn terms are disabled. 
3. All Pn terms are active on all outputs. 

CAUTION: PLS173 TEST 
COLUMNS 
The PLS173 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 
PLS173 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. 

5 
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Field-Programmable Logic Array (22 x 42 x 10) PLS173 

FPLA PROGRAM TABLE 
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DESCRIPTION 
The PLS179 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 "foldback" in
verting buffer and control gate Fe. It 
features 6 registered 1/0 outputs (F) in 
conjunction with 4 bidirectional 1/0 lines 
(B). There are 6 dedicated inputs. These 
yield variable 1/0 gate and register con
figurations via control gates (D, L) rang
ing from 20 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 6 
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. 

FUNCTIONAL DIAGRAM 

(LOGIC TEAMS) 

November 14, 1986 

PLS179 
Field-Programmable Logic 
Sequencer (20 X 45 X 12) 
Slgnetlcs Programmable Logic 
Product Specification 

FEATURES 
• Field-Programmable (NI-Cr link) 
• 8 dedicated Inputs 
• 13 control gates 
• 32 AND gates 
• 21 OR gates 
• 45 product terms: 

- 32 logic terms 
- 13 control terms 

• 4 bidirectional 1/0 lines 
• 8 bidirectional registers 
• J/K, T, or D-type flip-flops 
• Asynchronous Preset/Reset 
• Complement Array 
• Active-High or -Low outputs 
• Programmable OE control 
• Positive edge-triggered clock 
• Power-on reset on flip-flop 

(Fn = "1") 
•Clock frequency: PLS179: 18MHz 

(max.) 
• Input loading: PLS179: - 100µA 

(max.) 
• Power dissipation: 750mW (typ.) 
• TTL compatible 
• Tri-state option 

(CONTROL TERMS) 

P A D 

5-75 

PIN CONFIGURATIONS 

N Package 

N =Plastic 

A Package• 

A = Plastic Leaded Chip Carrier 

APPLICATIONS 
• Random sequential logic 
• Synchronous up/down counters 
• Shift registers 
• Bidirectional data buffers 
• Timing function generators 
•System controllers/synchronizers 
• Priority encoder/registers 

853-0862 86548 
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Field-Programmable logic Sequencer (20 X 45 X 12) 

On-chip TIC buffers couple either True (I, B, FLIP-FLOP TRUTH TABLE 
Q) or Complement (l, B, Ci, C) 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, as well as asynchronous 
Preset and Reset lines (P, R). 

All flip-flops are positive edge-triggered and 
can be used as input, output or 1/0 (for 
interlacing 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 PLS179 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

Order codes are contained on the pages 
following. 

LOGIC FUNCTION 

as 02 01 ao 

GFEIJl ~ -~:ENT STATE 

A• B•C• ... 

NEXT STATE 

STATE REGISTER 

[, I , I , l, I 
SETQ0: J0 " (03 •0";•01 •0aJ•A•"'i•c .. 

Ko= 0 

RESET01:J1 =0 _ _ __ _ 
K,= (03•02•01•0ol•A•B•C. 

HOL002: J2"0 
K2 "'0 

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

November 14, 1986 

L x x x x x x H 

L x x H L x x H L 
L x x L H x x L H 

L L L L l. L Q Ci 
L L L L L H L H 
L L L L H L H L 
L L L L H H Ci Q 

H H L L L H L H* 
H H L L H L H L* 

+10V x x x L H L H .. 

x x x H L H L .. 

NOTES: 
1. Positive Logic: 

J/K =To+ T1 + T2 + ... + T31 
T 0 ~ G • (1 0 • 11 • 12 ... ) • (Oo • 01 ... ) ·(Bo· 81 ... ) 

f denotes transition from Low to High level. 2. 
3. X = Don't Care 
4. "=Forced at Fn pin for loading J/K flip-flop in 110 

mode. L must be enabled, and other active T n 
disabled via steering input(s) I, 8, or a. 

5. At P ~ R ~ H, Q ~ H. The final state of Q depends 
on which is released first. 

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

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. All 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. 

5-76 
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Field-Programmable Logic Sequencer (20 X 45 X 12) PLS179 

FPLS LOGIC DIAGRAM 

5 

., 

CK'~CU< 

1. All OR gate inputs with a blown link float to logic "O" 
2. AH other gates and control inputs with a blown link float to logic "1" 
3. e denotes WIRE-OR. 
4. ·rr~ra¥~!~t.:,®fl~¥1i-~ 
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Field-Programmable Logic Sequencer (20 X 45 X 12) PLS179 

ORDERING INFORMATION THERMAL RATINGS 
r-·· 

DESCRIPTION ORDER CODE TEMPERATURE 
·--

24-pin Plastic DIP 
PLS179N 

300mil-wide 
Maximum junction 1so•c 

Maximum ambient 1s·c 
28-pin Plastic Leaded 

PLS179A 
Chip Carrier 

Allowable thermal rise 
ambient to junction 75•c 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

VouT Output voltage +5.5 ·voe 

l1N Input currents -30 +30 mA 

louT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 •c 

Tsrn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o•c <TA< 75°C, 4.75V <Vee< 5.25V 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS l UNIT 

Min Typ2 Max 

Input voltage3 

V1H High Vee= Max 2 
v 

V1L Low Vee= Min 0.8 
Vic Clamp Vee= Min, l1N = -12mA -0.8 -1.2 

Output voltage3 

VoH High Vee= Min, loH = -2mA 2.4 v 
Vol Low loL = 10mA 0.35 0.5 

Input current 

i1H High Vee= Max, V1N = 5.5V < 1 40 
µA 

l1L Low V1N = 0.45V -10 -100 

Output current 

la( OFF) Hi-Z state5•8 Vee= Max, VouT = 5.5V 1 80 µA 
VouT= 0.45V -140 

los Short circuit4·6 VouT =OV -15 -70 mA 

Ice V cc supply current7 Vee= Max 150 210 mA 

Capacitance 

C1N Input Vee= 5.0V, V1N = 2.0V 8 pF 
CouT Output VouT = 2.0V 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. 
2. All typical values are at Vee = 5V, TA= + 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1H applied to OE. 
6. Duration of short circuit should not exceed 1 second. 
7. lcc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open. 
8. Leakage values are a combination of input and output leakage. 
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Field-Programmable Logic Sequencer (20 X 45 X 12) PLS179 

AC ELECTRICAL CHARACTERISTICS R1 •4700, R2 = 1k0, 0°C<TA<+75°C, 4.75V<Vcc<5.25V 

TEST LIMITS 
SYMBOL PARAMETER TO FROM UNIT 

CONDITIONS Mln5 Typ1 Max 

Pulse width 

lcKH Clock2 high CK- CK+ 20 15 

lcKL Clock low CK+ CK- 20 15 ns 
lcKP Period CK+ CK+ 55 45 
tPRH Preset/Reset pulse (1,8)+ (l,8)- 35 30 

Setup time 

t151 Input CK+ (l,8)± 35 30 
~52 Input (through F0 ) CK+ F± CL= 30pF 15 10 ns 
t15s Input (through 

Complement Array)4 CK+ (1,8)± 55 45 

Hold time 

l1H1 Input CK+ (1,8)± 0 -5 
l1H2 Input (through Fnl CK+ F± 15 10 ns 

Propagation delay 

lcKO Clock F± CK± 15 20 
loE1 Output enable F- OE"- 20 30 
loo1 Output disables F+ OE+ CL •5pF 20 30 
tpo Output 8± (l,8)± 

CL =30pF 
25 35 ns 

loE2 Output enable 8± (1,8)+ 20 30 
too2 Output disables 8+ (1,8)- CL •5pF 20 30 
IPRO Preset/Reset F± (1,8)+ 35 45 
tppR Power-on preset F- Vee+ CL• 30pF 0 10 

NOTES: 
1. All typical values are at Vee - 5V, TA= + 25"C. 
2. To prevent spurious clocking, clock rise time (10% -90%) .;; 10ns. 
3. Measured at Vr = VoL + 0.5V. 
4. When using the Complement Array T CKP = 75ns (min). 
5. Limits are guaranteed with 12 product t~s maximum connected to each sum term line. 

TEST LOAD CIRCUIT 

lo0--
1 
I 

'n0--

Bw <:>-;+ 
I 

Bx o-!+ 
CK 0--

November 14, 1986 

•cc 

OUT 

GND 

By 

Bz 

+SV 

CL 

I (INCLUDES 
- SCOPE AND JIG 

CAPACITANCE) 
TC018218 
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VOLTAGE WAVEFORM 

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

Input Pul-

5 
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Field-Programmable Logic Sequencer (20 X 45 X 12) PLS179 

TIMING DIAGRAMS 

+3V 

ov 

+3V 

ov 

YOH 

VOL 

+3V 

ov 

Fllp·Flop Outputs 

<~J 1-1_.s_v ____________________ _ 

B 
(OUTPUTS) 

Gate Outputs 

+3V 

ov 

YOH 

+3V 

ov 

r---------------------------- +SY 

vcc J•.sv ov 

~-·----~-----------------------------------
~$) ...... -sv _____ ..,.)1:;--- -------- YOH 

~B 
(N'llTS) 

CK 
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1.SV 

r•1s1 

r-•cKO ~---------- VOL 

Power-On ReMt 
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TIMING DEFINITIONS 
tcKH 
tcKL 
tcKP 
lpRH 
t1s1 

t1s2 

~H1 

t1H2 

tcKO 

toe1 

too1 

tppR 

lpo 

loE2 

too2 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period. 
Width of preset input pulse. 
Required delay between beginning 
of valid input and positive transition 
of clock. 
Required delay between beginning 
of valid input forced at flip-flop 
output pins, and positive transition 
of clock. 
Required delay between positive 
transition of clock and end of valid 
input data. 
Required delay between positive 
transition of clock and end of valid 
input data forced at flip-flop output 
pins. 
Delay between positive transition of 
clock and when Outputs become 
valid (with l5E Low). 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
Delay between Vee (after power
on) and when flip-flop outputs be
come preset at "1" (internal Q 

outputs at "0"). 
Propagation delay between combi
national inputs and outputs. 
Delay between predefined Output 
Enable High, and when combina
tional Outputs become valid. 
Delay between predefined Output 
Enable Low and when combina-
tional Outputs are in the off state. 
Delay between positive transition of 
predefined Preset/Reset input, and 
when flip-flop outputs become val
id. 
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Field-Programmable Logic Sequencer (20 X 45 X 12) 

TIMING DIAGRAMS (Continued) 

1,8 
(INPUTS) 1.SY 

-------------11~----------ov 

CK 

PRESET I RESET 1.SY 1.SV 

(I, B INPUTS) tPRH 

a (PRESET) 

--------+---'--.!~~!!, __ , .... ....., ___ _ 

F 

(OUTPUTS) 
·~.:-,;;;3)---, 1.SV VQH 

(PRESET) 
-----voL 

•Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if T151 
cannot be guaranteed by the user. 

l,B 
(LOAD SELECT) 

F 

(INPUTS) 

CK 

Asynchronous Preset/Reset 

i·-------
--------·'I 

I 
I 

--+-------~1.-------..Jr---l-----+JV VOH 
VT (FORCED D1N) 1.SV 

--+--------·1~------Jl'.__.,_ ____ ov VOL 

•+3V 

0 (D1N) ~-
;---:_::--

'------
Flip-Flop Input Mode 
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Field-Programmable Logic Sequencer (20 X 45 X 12) PLS179 

The FPLS can be programmed by means of 
Logic Programming equipment. 

With Logic programming, the ANO/OR-EX
OR Input connections necessary to imple· 

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: 

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

4"' 4"' ~8,a 
~~Q ---U.i.i l,B,Q 

CT, Fe> L, P, R, II>,, CT, Fe> L, P, R, Din 

L STAtE l CODEJ 

I STATE I co;E I l INACTIVE1.2 l 0 J 1,8,Q 

........ """""" 
"COMPLEMENT" ARRAY - (C) 

Cl' c 

CT., Fe) 

[ ACTION IcoDE] 

L 'INACTIVE1•3,5 1 0 

""""' 

ACTION 

PROPAGATE 

l.S02110S 

Notes on following page. 

o: 
CT., Fe) 

L ACTION j_ CODEJ 

[ GENERATES I A J ........ 

[ ACTION I CODE J 
L TRANSPARENT I - J 

4"' ~8.a -- -
1,8,Q 

CT. Fe, L, P, R, II>,, 

I 
STATE I C~EI ~B,Q 

......... 

o: 
CT., Fe) 

I ACTION I °:DE I PROPAGATE 

""""" 
"OR" ARRAY-(MODE) 

ACTION COllE 

(CONTROLLED) A 

November 14, 1986 5-82 

4"' 1,8,Q ---
1,8,Q 

CT, Fe> L, P, R, D)., 

I 
STATE I c:DE I 

DON'T CARE 

......... 

o: 
CT., Fe) 

[ ACTION I CODE J 
TRANSPARENT I - J 

.....,.,. 

ACTION 

J·K 

"''""" 
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Field-Programmable Logic Sequencer (20 X 45 X 12) 

"OR" ARRAY - (QN = D -Type) 

~Q 
+:DlLi 

TnSTATUS CODE 

ACTIVE ls.ti A 

Q 

Tn STATUS CODE 

INACTIVE (R ... Q e 

"AND" ARRAY-(QN = J- K Type) 

Q 

EACTION CODE ACTION CODE 

0 H SET TOGGLE 

"OR" ARRAY - (S or B),(P),(R) 

f-o-T 

T STATUS 

ACTIVE 

P,R,S 
(ORB) 

CODE 

A 

"OE" ARRAY-(E) 

~~ 

I 
ACTION I C~E I IDLE4 

......... 
NOTES: 

Tn STATUS CODE 

INACTIVE • 

~~ 
En 

t 
ACTION I CODE] 

CONTROL j A j ........ 

E ACTION 

RESET 

"EX-OR" ARRAY-(B) 

POLARITY 

LOW 

.~~ 
En 

t ACTION JcODE] 

ENABLE4 I . J ......,,. 

Product Specification 

PLS179 

O~Q 
.~ 

ACTION 

HOLD 

POLARITY 

HIGH 

~~ 
En 

I 
ACTION 

I C~DE I DISABLE 

""""' 
1. This is the inttial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Any gate (T, Fe. L, P, R, D)n will be unconditionally inhibited H any one of the I, B, or Q link pairs is left Intact 
3. To prevent oscillations, this state is not allowed for C link, pairs coupled to active gates T n. Fe. 
4. En - 0 and En • •are logically equivalent states, since both cause Fn outputs to be unconditionally enabled. 
5. These states are not allowed for control gates (l, P, R, D)n due to their lack of "OR" array links. 
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Field-Programmable logic Sequencer (20 X 45 X 12) Pl5179 

FPLS PROGRAM TABLE 

l----~.Q..---+---.Q.R ____ l ______ .£~,.!!0..!:_ ______ T ~O~FPLSisshippedwithalllinksintact.Tnus 
INACTIVE '!] I ACTIVE A P, R, B (0) I I a background of enMes corresponding to 

Ll,B,0 ffi1,B,(I).: INACTIVE• (Q=D) I J/K _l•J F/F ~OLE o I ~~:Ko::::~ksexistsinthetabkt,Shown 
[i. B, a i;J0 (P) I I J/K or D 1 JMoOE[CONTROL A E B I 2. Program unused C, I, B. and 0 bits in the AND 

, [DON'T CARE J3 I 1 (CONTROLLED) :__r -~ A· J array as (-). Program unused a, e, R. and P 

1 r. I I ~ I bits in the OR array as(-) or (A), as applicable. 
1 i_INACTIYE l!J 1 TOGGLE O I I 3. Unused Terms can be left blank. 

~ l GENERATE ~ C I SET H (Q = J{K) I I HIGH ! HI (POL.) I 4. Q (P) and Q (N) are respectively the present and 
[PROPAGATE J..-i I RESET L I LOW L [~-----L---ne~xt--~-•-•f_fl...;lt>"_fl~ops,__o_·--...-.-=--l 
i:'RANSPARE"5::J l HOLD - I _[_.[ F/F ii l l Ee :! EA f lLJR'.l 

(J) 

Q 
I-
w z 
Cl 
iii 

~ 
0 
w 
I-

~- .. 
0.. I-
::;; a: 
0 Cf. 
(.) 

w 0 
w 

al N 

~ 
::J 
0 

z al 

0 ::;; 0 

~ 
>- w 
(J) > 
a: w (J) 

0 x w (.) I-
0.. :ii w z x w (J) x 0 a: ::;; J: ?5. tii w :ii I- !;;: LL ::::> 0 

(.) (.) 0 (.) 

I 
w 
!;;: 
0 

I 
> w 
a: 

(J) 
I-a: .. .. Cf. 

a: w LL .. w w g 0 w ::;; 0 > a: _, 
< a: w w al z 0 0 al ~ a: w (J) 

::;; 
~ w (J) g ::::> ::;; < z 

0 ::t: I- _, a: 
tii ~ 

w 
~ 8 z 

::::> ::::> Cl 
~ a: 

(.) 0.. iii 0.. 
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jgR) T 
E 
R 

AND 
8(0) Q(N) Q(P) 8(1) c 

M 76543210321076543210 765432103210 

0 

1 

2 

3 

4 

s 
• 
7 

• • 
10 

11 

12 

13 

14 

15 

18 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 
27 

28 
29 

30 

31 

Fe 

Po 

Ro 

...,... 
l--"'-+-l--4-+-l--4-+-l--4-+-l--+-+-1--+-+-1--+-+-1--+-~I---··· 

Lo 

•• 
RA 

LA 

D3 

02 

D1 

DO 

PIN 9 8 7 6 5 4 3 2 23 14 11 10 22 21 20 19 18 17 16 15 
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DESCRIPTION 
The PLHS473 is a two level logic device 
consisting of 24 AND gates and 22 OR 
gates with fusible link connections for 
programming 1/0 polarity and direction. 
The Signetics state of the art Oxide
Isolated Bipolar process is used to pro
duce performance not yet achieved in 
devices of this complexity. 

All AND gates are linked to 11 input pins, 
9 bidirectional 1/0 pins, and 2 dedicated 
output pins. The bidirectional pins are 
controlled via the OR array. Using these 
features, the PLHS4 73 can be config
ured with up to 20 inputs and as many as 
11 outputs. 

The AND array input buffers provide 
both the True and Complement of the 
inputs (Ix) and the bidirectional signals 
(Bx) as programmable connections to 
the AND gates. All 24 AND gates can 
then be optionally linked to all 22 OR 
gates (a feature known as Product Term 
sharing not found in PALs 1 or most 
macrocell architectures). The OR array 
drives 11 output buffers which can be 
programmed as Active-High for AND-OR 
functions or Active-Low for AND-NOR 
functions. In addition, the 1/0 configura
tion of each bidirectional pin is individu
ally controlled by a sum-of-products 
(AND-OR) function which may also con-

FUNCTIONAL DIAGRAM 

1 PAL is a trademark of MMI. 

November 1986 

PLHS473 
Field-Programmable Logic 
Array (20 x 24 x 11) 
Signetics Programmable Logic 
Preliminary Specification 

tain any of the 24 AND gate outputs. 
This allows dynamic 1/0 configuration of 
all 9 bidirectional pins. 

The PLHS473 contains two new fea
tures of significance. A code verification 
lock has been incorporated to improve 
user security. The addition of three test 
columns and one test row enables the 
user to test the device in an unpro
grammed state. 

The PLHS473 is field programmable us
ing Vertical Avalanche Migration Pro
grammed (VAMP™) fuses to program 
the cells. This enables the generation of 
custom logic patterns using standard 
programming equipment. 

Order codes for this device are con
tained in the pages following. 

FEATURES 
• Field-Programmable 
• 11 dedicated inputs 
• 2 dedicated outputs 
• 9 bidirectional 1/0 lines 
• 24 product terms 
• 22 OR gates 
• 1/0 direction decoded in OR 

array 
• Output Enable decoded in OR 

array 

5-85 

PIN CONFIGURATIONS 

N Package 

N =Plastic 

A Package 

A = Plastic Leaded Chip Carrier 

• 1/0 propagation delay: 20ns 
(max.) 

• Input loading: -100µA (max.) 
• Power dissipation: 700mW (typ.) 
• Security fuse 
• Testable in unprogrammed state 
• Programmable as Tri-state or 

Open-Collector outputs 
• TTL compatible 

APPLICATIONS 
• Random logic 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multiplexing 

----~ 
5 
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Field-Programmable Logic Array (20 x 24 x 11) 

FPLA LOGIC DIAGRAM 

NOTES: 
1. AH unprogrammed or virgin "ANO" gate locations are pulled to logic "1 ". 
2. AH unprogrammed or virgin "OR" gate locations are pulled to logte "O" 

3.k'~M\11-
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Field-Programmable Logic Array (20 x 24 x 11) 

ORDERING INFORMATION 

DESCRIPTION ORDER CODE 

24-pln Plastic DIP 
PLHS473N 300mil-wide 

28-pin Plastic Leaded 
PLHS473A Chip Carrier 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

VoUT Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

ioUT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 •c 
TsTG Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o•c.;;; TA..:+ 75°C, 4.75.;;; Vee..: 5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage3 

V1L Low Vcc•Min 
V1H High Vcc•Max 
Vic Clamp4 Vcc=Min, l1N=-12mA 

Output voHagea 

Low5 
Vee• Min 

Vol loL • 15mA 
VoH High6 loH=-2mA 

Input current 

Vcc=Max 
i1L Low V1N =0.45V 
l1H High V1N•5.5V 

Output current 

Hi-Z state10 
Vcc•Max 

IO(OFF) VoUT•5.5V 
VauT=0.45V 

las Short circuit4·6•7 VoUT•OV 

Ice Vee supply current8 Vcc=Max 

Capacitance 

Vcc=5V 
l1N Input V1N•2.0V 
Ce 1/0 Ve•2.0V 

November 1986 5-87 
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LOGIC FUNCTION 

NOTES: 

TYPICAL PRODUCT TERM: 
Pn=A•li•C•D• ..• 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARrrY = H 

Z=PO+P1+P2 ... 

AT OUTPUT POLARITY = L 
Z=PO+P1+P2+ ... 
Z=l'ii·Ji1·Pi· ..• 

1. For each of the 11 outputs, either function Z 
(Active-High) or Z (Active-Low) is available, but not 
both. The desired output polartty is programmed 
via the EX-OR gates. 

2. Z, A, B, C, etc. are user deffned connections to 
fixed inputs (I). fixed output pins (0) and 
bidirectional pins (B). 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°C 

Maximum ambient 75•c 

Allowable thermal rise 75•c 
ambient to junction 

LIMITS 

Min Typ2 
UNIT 

Max 

0.8 
2.0 v 

-0.8 -1.2 

0.5 v 
2.4 

-100 µA 
40 

40 µA 
-100 

-15 -70 mA 

140 155 mA 

8 pF 15 

5 
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Field-Programmable Logic Array (20 x 24 x 11) PLHS473 

AC ELECTRICAL CHARACTERISTICS 0°C<TA<+75°C, 4.75<Vcc<5.25V, R1•4700, R2-1kn 

TEST LIMITS 
SYMBOL PARAMETER TO FROM 

CONDITIONS 
UNIT 

Min Typ. Max 

lpo Propagation delay Output± Input± CL •30pF 15 20 ns 

toe Output enable Output- Input± Q-30pF 15 20 ns 

too Output disable9 Output+ Input± CL=5pF 15 20 ns 

NOTES: 
1. Stresses above those Hsted under "Absolute Maximum Ratings" may cause malfuncllon or permanent damage to the device. This Is a stress rating only. 

Functional opsration at these or any olhar condition above those indicated in the operational and programming speciflcation of the device is not implied. 
2. All typical values are at Voo • 5V, TA• + 25°C. 
3. All voltage values are with respect to network ground tennlnal. 
4. Test one at a time. 
5. Measured with Pins 1 -5 • OV, Pins 6, a• 4.5V, and Pins 7, 9-11 • 10V. 
6. same conditions as Note 5 except Pin 9 • 4.5V. 
7. Duration of short circuit should not exceed 1 second. 
8. loo is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin Stste. 
9. Measured at Vr - VoL + 0.5V. 

1 o. Leakage values are a combination of Input and output leakage. 

TEST LOAD CIRCUIT TIMING DIAGRAM 

Yee ..., 
o-r- .. +,--ANDJIG 

I I CA8CITANCE 
I I 

By I I ... DUT 
<>-;- ... c.. 

I Bz 
o-L- .. Ox 

GND 

TIMING DEFINITIONS 

tpo 

too 

toi: 

Propagation delay between input 
and output. 
Delay. between input change and 
when output is off (Hi-Z or High). 
Delay between Input change and 
when output reflects specified out
put level. 

November 1986 
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....... 

1.IV 

B 

5-88 

1.IV 

VOLTAGE WAVEFORM 

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

Input Pul-
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Field-Programmable Logic Array (20 X 24 x 11) 

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 I, P, 
and B associated with each Sum Term Sis 
assigned a symbol which results in the proper 
fusing pattern of corresponding links defined 
as follows: 

"AND" ARRAY - (I, B) 

OUTPUT POLARITY - (0, B) 

s~~O.I 

I ACT~:w~VEL j c:DE I 

Preliminary Specification 

PLH5473 

ACTIVE LEVEL CODE 

HIGH H 

4" 4· 4· 4· l,B __ 1,8 -- l,B 
l,B __ 

l,B l,B ~i 
l,B 

p p p 
p 

I STAT£ I ~DE I L STATE I CODE J I 
STATE 

DON'T CARE1 L INACTIVE 2 I o J I, B 

"""""" """"" 

OR ARRAY - (0, B) 

f-o-s 
[ '· STATUS I CODE J 
L INACTIYE1 I • J 

t Pn STATUS j_ CODE j 
I A J ACTIVE 

NOTES: 
1. This is the initial unprogrammed state of all links. 
2. Any gate Pn will be unconditionally inhibited if the true and complement of either input (I or B) are both 

programmed for a connection. 

November 1986 5-89 

I ~DE I I 
STATE I c:DE I i, I 

'°"'"s """""' 

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

1. All outputs at "L" polarity. 

2. All Pn terms are enabled. (Don't Cares). 

3. All Pn terms are inactive on all outputs. 
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i 
m 

CUSTOMER NAME 

PURCHASE ORDER # 

SIGNETICS DEVICE # CF(XXXX) 

CUSTOMER SYMBOLIZED PART# 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE# REV ___ DATE 

T AND 
E I BCI) R 
M 10 • 8· 7 • 5 4 3 2 1 0 8 7 • 5 4 3 2 1 0 
0 

1 

2 

3 
4 

5 

~ 
• 
7 

8 

• 
10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 

23 

PIN 11 10 9 8 7 • 5 4 3 2 1 23 22 21 20 17 16 15 14 13 

t 
a:• 
~~ 

- T OR ----------+----------
I IACTNE IAI lllACTIY£ I 0 I lllACTIY£ • 8(0) 

~ B I H 1----------
i.I 

1,11111 I CONTROL 
IL 1-----------

DOH'TCAA~- IB I CPOLl __.. 
I LOW L 
I J_ _l_l_l_l_l J_ 

T OR 

R E D 0 •CCII 
M B A 8 7 • s 4 a • j 0 B A 8 7 • s 4 3 
0 
1 

2. 
3 
4 

5 

• 
7 

8 

• 
10 
11 
12 

13 

14 
15 
18 
17 
18 
19 
20 

21 
22 

23 

19 18 23 22 21 20 17 11 -1. TbeFPLAloshlpped_d __ : 

2. Unused I and 8 bite In ht AND....,. mdll u 
Don• care C-l"' Ille wtrg1n -a. All P-llrml .. IMcllve an all OUlp.dl (8. 0) In 1119 
vlrglnomy. . 

4. Unused product terms can be left blank. 

"II 
'V 

~ 
'V :a 
2 
~ 
I:: 

;: 
m 
r-
m 

• 1 0 

15 ,. 13 

,, 
ar a: 

I .,, 
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0 
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DESCRIPTION 
The PLC473 is a two-level logic CMOS 
Erasable Programmable Logic Device 
(EPLD) consisting of 24 AND gates and 
22 OR gates with EPROM cell connec
tions for programming 1/0 polarity and 
direction. The Signetics state-of-the-art 
Floating Gate CMOS process is used to 
produce performance not yet achieved 
in devices of this complexity. 

All AND gate inputs are linked to 11 
dedicated input pins (lo -110) and 9 bi
directional 110 pins (Bo - Be). These bi
directional pins are controlled via the OR 
array. Employing the 2 dedicated out
puts (OA - 0 6) and the programmable II 
O direction feature, the PLC473 can be 
configured with up to 20 inputs - and as 
many as 11 outputs. 

The AND array input buffers provide 
both the True and Complement of the 
inputs (Ix) and the bidirectional signals 
(Bx) as programmable connections to 
the AND gates. All 24 AND gates can 
then be optionally linked to all 22 OR 
gates (a feature known as Product Term 
sharing not found in PALs1 or most 

FUNCTIONAL DIAGRAM 

1pal la a b'ademark of MMI. 
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macrocell architectures). The OR array 
drives 11 output buffers which can be 
programmed as Active-High for AND-OR 
functions or Active-Low for AND-NOR 
functions. In addition, the 110 configura
tion of each bidirectional pin is individu
ally controlled by a sum-of-products 
(AND-OR) function which may also con
tain any of the 24 AND gat~ outputs. 
This allows dynamic 110 configuration of 
all 9 bidirectional pins. 

The PLC473 contains two new features 
of significance. Additional testing capa
bility includes stress test mode, whereby 
all cells can be stressed to ensure reli
ability. In another test mode, the thresh
old voltage of each cell can be individu
ally checked to ensure charge retention. 

The PLC473 is field programmable using 
Floating Gate Ultraviolet Erasable Cells. 
This enables the generation of custom 
logic patterns using standard program
ming equipment. 

5-91 

PIN CONFIGURATION 
FA Packag~------·-1 

.. ,, 

0 

FA ,.. Ceramic with window 

FEATURES 
• Electrically Programmable; UV 

erasable 
• 11 dedicated Inputs 
• 2 dedicated outputs 
• 9 bldlrectlonal 1/0 lines 
• 24 product terms 
• 1/0 direction decoded In OR 

array 
• 1/0 propagation delay: 35ns 

(max.) 
• Input loading: -10µA (max.) 
• Power dissipation at 10MHz 

CMOS: 210mW 
TTL: 270mW 

• Threshold voltage test mode for 
Individual cells 

• Stress test mode for individual 
cells 

• Output: Tri-state condition 
decoded In OR array 

• TTL compatlble 

APPLICATIONS 
• Random logic 
• Code converters 
• Fault detectors 
• Function generators 
• Address mapping 
• Multiplexing 

5 
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Erasable-Programmable Logic Array (20 X 24 X 11) PLC473 

FPLA LOGIC DIAGRAM 

23••••••16 15••••••8 7••••••0 

NOTES: 
1. All programmed "AND" gate locations are pulled to logic "1". 
2. All programmed "OR" gate locations are pulled to logic "O". 

"·®!BB-~ 11\!!!m 
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Erasable-Programmable Logic Array (20 X 24 X 11) PLC473 

ORDERING CODE 

DESCRIPTION 

24-pin Ceramic DIP 
with Window 
300mil-wide 

ABSOLUTE MAXIMUM RATINGS' 

SYMBOL PARAMETER 

Vee Supply voltage 

V1N Input voltage 

VouT Output voltage 

l1N Input currents 

louT Output currents 

Temperature range 
TA Operating 
Tsrn Storage 

ORDER CODE 

PLC473-35FA 

PLC473-45FA 

PLC473-60FA 
- --- -

RATING 

Min Max 

+7 

Vee+ 0.5 

Vee+ 0.5 

-30 +30 

+100 

0 +75 
-65 +150 

---1 

UNIT 

Voe 

Voe 

Voe 

mA 

mA 

•c 

LOGIC FUNCTION 

NOTES: 

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+P1+P2+ .. . 
Z=PD·JiT·P2· .. . 

1. For each of the 11 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), fixed output pins (0) and 
bidirectional pins (B). 

DC ELECTRICAL CHARACTERISTICS o•c ~TA~+ 75'C, 4.75 ~Vee~ 5.25V 

LIMITS I UNIT SYMBOL PARAMETER TEST CONDITIONS 
Min Typ2 Max 

Input voltage3 

V1L Low Vee= Min -0.3 0.8 
V1H High Vee= Max 2.0 Vee+ 0.3 v 
Output voltage3 

Vee= Min 
Vol Low loL = 8mA 0.45 v 
VoH High loH =-3mA 2.4 

Input current 

l1L Low V1N=GND -10 
µ.A 

l1H High V1N =Vee 10 

Output current 

IQ(QFF) Hi-Z state8 VouT =Vee 
---·--,------,-----, 

10 µ.A 
VouT = GND -10 µ.A 

las Short circuit 4 •7 VouT = GND -15 -70 mA 

Vee su~ly current No load 1 CMOS inputs 40 mA 
Ice (Active) ·6 f = 1MHz l TIL inputs 50 mA 

Capacitance 

Vee= 5V 
l1N Input V1N = 2.0V 6 
Cs 1/0 Vs= 2.0V 12 pF 

AC ELECTRICAL CHARACTERISTICS O'C <TA<+ 75'C, 4. 75 <Vee< 5.25V, R1 = 470f!, R2 = 1 kf! 

TEST PLC473·35 PLC473·45 PLC473·60 
SYMBOL PARAMETER TO FROM 

CONDITIONS 
UNIT 

MIN MAX MIN MAX MIN MAX 

tpo Propagation delay Output± Input± CL= 30pF 35 45 60 ns 

loE Output enable Output- Input± CL= 30pF 35 45 60 ns 

loo Output disable9 Output+ Input± CL= 30pF 35 45 60 ns 

Notes on following page. 
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Erasable-Programmable Logic Array (20 X 24 X 11) PLC473 

NOTES: 
1. Stresses above 1hose 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. 
2. All typical values are at Vee= 5V. TA= +25°C. 
3, All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. CMOS inputs: V1L - GND, V1H - Vee 

TTL inputs: V1L = 0.45V, V1H = 2.4V 
6, Measured with all inputs and outputs switching. 
7. Duration of short circuit should not exceed 1 second. 
8. Leakage values· are a combination of input and output leakage. 
9. Measured at Vr =Vol+ 0.5V. 

TEST LOAD CIRCUIT TIMING DIAGRAM 
r--------------------·-------, 

+SV 

By 1 

INCLUDES SCOPE 
OJIG 
PACITANCE 

Bz 

Ox 

- c, 

GND 

TIMING DEFINITIONS 
lpD 

too 

Propagation delay between input 
and output. 
Delay between input change and 
when output is off (Hi-Z br High). 
Delay between input change and 
when output reflects specified out
put level. 

November 1986 

":"' ":"' 

8 

5-94 

1.5V 1.5V 

1.SV 

1oo-1 

VOLTAGE WAVEFORM 

+3.0V-~---. !!!!?!! 

L J 10% 

~--l~ .. ~ ~ 
+3.0V~ -F" 
~---_1_~l1~ 
=i~ _J~ 

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

Input Pulses 
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Erasable-Programmable Logic Array (20 X 24 X 11) PLC473 

LOGIC PROGRAMMING 
Tha 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 
direcUy from logic equations using the Pro
gram Table on the following 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 link pairs, 
defined as follows: 

"AND" ARRAY - (I, B) 

OUTPUT POLARITY - (0, B) 

8~1!,I 

I ACTI:::VEL I CODE I ACTIVE LEVEL CODE 
HIGH1 H 

4· 4· 4· ~· 4· 1,8 -- i;i l,B l,B 

~· i.i i,i 

p 
p p 

p 

I 1~1 I 
STATE 

I C~DE I STATE I STATE 
DON'T CARE INACTIVE1 

I, B 

""""'" """""" 
OR ARRAY - (0, B) 

f-I:>-s 
Pn STATUS CODE Pn STATUS CODE 

INACTIVE ACTIYEi A 

NOTES: 
1. This is the inltial unprogrammed state of all link pairs. 
2. Any Product Term (P0 ) will always be False (logic low) ff at least one of Its (l,B) link pairs is unprogrammed 

as shown. 

November 1986 5-95 

I I C~E I 1~1 
STATE 
i, I 

""""'"" """""' 

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

1. All outputs at "H" polarity. 

2. All P n terms are disabled. 

3. All Pn terms are active on all outputs. 
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CUSTOMER NAME 

PURCHASE ORDER # 

SIGNETICS DEVICE # CF(XXXX) 

CUSTOMER SYMBOLIZED PART # 

TOTAL NUMBER OF PARTS 

PROGRAM TABLE # REV ___ DATE 

T ANO 
E I 8(1) R 
M 10 9 • 7 6 5 4 3 2 1 0 8 7 • 5 4 3 2 1 0 

0 

1 

2 

3 
4 

5 

U'I 
cD 
()) 

• 
7 
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• 
10 

11 

12 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

PIN 11 10 • • 7 • 5 4 3 2 1 23 22 21 20 17 16 15 14 13 

w 

" .. z 

AND I OR 

----------+---------~ 
I [ACTIVE I· 
I [ 8(0) INACTIVE 10 I INACTIVE I • 
I 

I, 8 IH 
.,_ _________ 

i, B 
1,80l I CONTROL 

IL 1----------
DON'T CARE I- I LH1GH lH 

I (POL) :[tow IL 

T 
OR 

E E 0 0 R 
M 

B A 8 7 6 5 4 3 2 1 • B A 
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2 

3 

4 

5 

• 
7 

• 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

19 18 

Notes 
1. The FPLA Is Shipped with 111 llnks open. 
2. Unused I and 8 bits In the ANO 1rrsy exist u 

Don't Care (-) In the virgin state. 
3. All P-terrns are Inactive on all outputs (8, 0) In the 

virgin array. 
4. Unused product terms can be left blank. 
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Signetics 

Appllcatlon Specific Products 
•Serles 28 

DESCRIPTION 
The PLS100 (Tri-state) and PLS101 
(Open Collector ) are bipolar, fuse Pro
grammable Logic Arrays (FPLAs). Each 
device utilizes the standard AND/OR/ 
Invert architecture to directly implement 
custom sum of product logic equations. 

Each device consists of 16 dedicated 
inputs and 8 dedicated outputs. Each 
output is capable of being actively con
trolled by any or all of the 48 product 
terms. The True, Complement, or Don't 
Care condition of each of the 16 inputs 
can be ANDed together to comprise one 
P-term. All 48 P-terms can be selectively 
ORed to each output. 

The PLS100 and PLS101 are fully TTL 
compatible, and chip enable control for 
expansion of input variables and output 
inhibit. They feature either Open Collec
tor or Tri-state outputs for ease of ex
pansion of product terms and application 
in bus-organized systems. 

Order codes are contained on the pages 
following. 

FUNCTIONAL DIAGRAM 

PLS100/PLS101 
Field-Programmable Logic 
Array (16 x 48 x 8) 
Signetics Programmable Logic 
Product Specification 

FEATURES PIN CONFIGURATIONS 
• Field-Programmable (Ni·Cr link) 
• Input variables: 16 
• Output functions: 8 
• Product terms: 48 
• 1/0 propagation delay: sons 

(max.) 
• Power dissipation: 600mW (typ.) 
• Input loading: -100µA (max.) 
• Chip Enable input 
• Output option: 

- PLS100: Tri-state 
- PLS101: Open-Collector 

• Output disable function: 
- Tri-state: Hl·Z 
- Open-Collector: High 

APPLICATIONS 
• CRT display systems 
• Code conversion 
• Peripheral controllers 
• Function. generators 
• Look-up and decision tables 
• Microprogramming 
• Address mapping 
• Character generators 
• Data security encoders 
• Fault detectors 
• Frequency synthesizers 
• 16-blt to 8-blt bus Interface 
• Random logic replacement 

N Package 

N - Plastic 
tOpen or grounded during normal operation. 

A Package 

•1s 114 •13 '12 111 110 
TOP VIEW 

A = Plastic Leaded Chip Carrier 

-'---'f--+-----'+-'~ TYPICALCOOINECTION LOGIC FUNCTION 

TYPICAL PRODUCT TERM: 

.. .., . ., 

November 19, 1986 6-3 

NOTES: 

Pn=A·'i·C·D· ... 

TYPICAL LOGIC FUNCTION: 
AT OUTPUT POLARITY= H 

Z=PO+P1+P2 ... 

AT OUTPUT POLARITY= l 

Z=PO+P1+P2+ .. . 
Z=P0·Pf·ii2· .. . 

1. For each of the 8 outputs, either function Z (Active
High) or L (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 output pins (0) . 

853-0308 86602 
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Signetics Application Specific Products • Serles 28 

Field-Programmable Logic 
Array (16 x 48 x 8) 

FPLA LOGIC DIAGRAM 

Product Specification 

PLS 100/PLS101 

~Fo 
I 
I 

D--t---@F1 
I 
I 

~F2 
I 
I 

o-+--@JF3 
I 
I 

~F4 
I 
I 

~F5 
I 
I 

D-l}-----0] Fe 
I 

47 • • • • • •40 31• • • • • • 32 31• • • • • •24 23••••••18 15• • ••••I 7 • • • • • • 0 Xr ~FT 
~ ~Ci 

NOTES: 
1. All AND gate inputs with a blown link float to a logic "1". 
2. All OR lte in,uts with a blown fuse float to logic "O". 
s. liil a 11 :11mR11®1 
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Field-Programmable Logic 
Array (16 X 48 x 8) 

ORDERING INFORMATION 

DESCRIPTION TRl·STATE 

28-pin Plastic DIP 600mil-wide PLS100N 

28-pin Plastic Leaded Chip Carrier PLS100A 

ABSOLUTE MAXIMUM RATINGS1 

OPEN-COLLECTOR 

PLS101N 

PLS101A 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

Vour Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

lour Output currents +100 mA 

Temperature range 
TA Operating 0 +75 ·c 

Tsrn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS 0°c <TA<+ 75°C, 4.75V <Vee< 5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage3 

V1H High Vee= Max 
V1L Low Vee= Min 
Vic Clamp3.4 Vee= Min, 11N=-12mA 

Output voltage3 

Vcc=Min 
VoH High (PLS100)5 loH =-2mA 
Vol Low6 loL =9.6mA 

Input current 

l1H High V1N = 5.5V 
l1L Low V1N = 0.45V 

Output current 

lo( OFF) Hi-Z state (PLS100) CE= High, Vee= Max 
Vour = 5.5V 

Vour = 0.45V 
los Short circuit (PLS100)4·7 CE= Low, VouT = ov 
Ice V cc supply current8 Vee= Max 

Capacitance 

CE= High, Vee= 5.0V 
C1N Input V1N = 2.0V 
Gour Output VouT = 2.0V 

Notes on following page. 

November 19, 1986 6-5 

Product Specification 

PLS100/PLS101 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 150°c 

Maximum ambient 75°c 

Allowable thermal rise 
ambient to junction 75°c 

The PLS100 device is also processed to 
military requirements for operation over the 
military temperature range. For specifications 
and ordering information consult the 
Signetics Military Data Book. 

LIMITS 
UNIT 

Min Typ2 Max 

2 v 
0.8 

-0.8 -1.2 

2.4 v 
0.35 0.45 

< 1 25 µA 
-10 -100 

1 40 µA 
-1 -40 

-15 -70 mA 

120 170 mA 

8 pF 
17 
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Slgnetlcs Application Specific Products • Series 28 

Field-Programmable Logic 
Array (16 x 48 x 8) 

Product Specification 

PLS100/PLS101 

AC ELECTRICAL CHARACTERISTICS R1•470Sl, R2-1kSl, CL•30pF, 0°C<TA<+75°C, 4.75V<Vcc<5.25V 

SYMBOL J J J l LIMIT$ J UNIT PARAMETER TO FROM 
l l iw2} Max l Min 

Propegatlon delay 

tpo I Input I Output 1 Input 1 1 35 1 50 I ns 

Ice I Chip enable Oulput Chip eneble 15 30 ns 

Dleable ame 
lco 1 Chip disable 1 Output l Chip eneble I I 15 I 30 I ns 

NOTES: 
1. Slr888se above lho8e lislad under "Absolute Maximum Ratings" may cause malfunction or pennanent damage to the device. This Is a stress rating only. 

FuncUonal operation at th- or any other conclllon8 above thole Indicated In the operational and programming specification of the device Is not Implied. 
2. All values are at Vrx; • 5V, TA - + 25'C. 
3. All voltage values ... with reepect to nelWork ground terminal. 
4. Test one pin at a time. 
5. Measured with V1L applied to C°E and a logic high atored. 
6. Measured with a programmed logic condition fOr which the output - is at a low logic level. Output sink cunent Is applied through a resistor to Voo 
7. Duration of short clrcutt should not exceed 1 seoond. 
8. loo Is m88Slalld with the chip enable Input grounded, all other Inputs at 4.5V and the outputs open. 

November 19, 1986 
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Field-Programmable Logic 
Array (16 x 48 x 8) 

LOGIC PROGRAMMING OUTPUT POLARITY - (F) 
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. 

In this Table the logic state or action of 
variables I, P, and F, associated with each 
Sum Term Sn, is assigned a symbol which 
results in the proper fusing pattern of corre
sponding link pairs, defined as follows: 

"AND" ARRAY-(1) 

ACTIVE LEVEL CODE 

LOW L 

Product Specification 

PLS100/PLS101 

ACTIVE LEVEL CODE 

HIGH 1 H 

·4: ·4: ·4: ·4: 
t STATE I CODE J I STATE I °CODE I I STATE I CODE I t STATE ± ~ 

INACTIVE1•2 0 . I . H . . I . L . DON'T CARE -=--1 
LSQ2311S LS02321S 

"OR" ARRAY-(F) 

fo-s fo-s 
r Pn STATUS 1 cooEJ [ Pn STATUS J CODE j 
r ACTIVE1 ] A J l INACTIVE l • J 

NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with an unused (inactive) 

AND gates P,. 
2. Any gate Pn will be unconditionally inhibited if any one of its {I) link pairs is left intact. 

November 19, 1986 6-7 
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Field-Programmable Logic 
Array (16 x 48 x 8) 

TEST LOAD CIRCUIT 

11o Vee 

I 
I Fo 
I OUT 

I 
I F1 

0-- 115 

0-- el GND 

":" 

TIMING DIAGRAM 

...,.,,---------------- +3.0V 
1.SV 

~--------------- ov 
CE' 

Read Cycle 

November 19, 1986 6-8 

Product Specification 

PLS100/PLS101 

VOLTAGE WAVEFORM 

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

Input Pulses 

TIMING DEFINITIONS 
lcE 

tco 

Delay between beginning of Chip 
Enable low (with Input valid) and 
when Data Output becomes valid. 
Delay between when Chip Enable 
becomes High and Data Output is 
in off state (Hi-Z or High). 
Delay between beginning of valid 
Input (wtth Chip Enable Low) and 
when Data Output becomes valid. 

VIRGIN STATE 
The PLS100/101 virgin devices are factory 
shipped in an unprogrammed state, with all 
fuses intact, such that: 

1. All Pn terms are disabled (inactive). 

2. All Pn terms are active on all outputs. 
3. All outputs are Active-High. 
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PROGAM TABLE ENTRIES 
CUSTOMER NAME 

INPUT VARIABLE OUTPUT FUNCTION OUTPUT ACTIVE LEVEL 
PURCHASE ORDER# 

l l Prod. Term Prod. Term Not Active Active 
SIGNETICS DEVICE# CF (XXXX) Im Im Don't Care Present in Fp Present in Fp High Low 

~ 
Ol 

CUSTOMER SYMBOLIZED PART#--------~- H l L l - (dash) A •(period) H L 

TOTAL NUMBER OF PARTS NOTE NOTES NOTES 
Enter (-) for unused inputs of used 

PROGRAM TABLE# REV __ DATE __ P-lerms 1 _ Entries independent of output polarity. 1. Polarity programmed once onty. 
2. Enter (A) for unused outputs of used P-terms. 2. Enter (H) for all unused outputs. 
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Application Specific Products 
•Series 28 

DESCRIPTION 
The PLS103 is a bipolar, fuse Program
mable Gate Array. The device consists 
of nine AND/NANO gates which share 
16 common inputs. The type of gate is 
selected by programming the output as 
Active-High (H) or Active-Low (L). Each 
of the 16 inputs 10 - 115 can be pro
grammed to provide the True (H), Com
plement (L), or Don't Care ( - ) state to 
each of the nine AND/NANO gates. OR/ 
NOR logic functions can also be imple
mented by complementing the inputs 
and outputs via on-chip inverting buffers. 

The device is field programmable, which 
means that custom patterns are immedi
ately available. 

The PLS103 includes chip-enable con
trol for output strobing and inhibit. It 
features Tri-state outputs for ease of 
expansion of input variables and applica
tion in bus-organized systems. 

Order codes are contained on the pages 
following. 

FUNCTIONAL DIAGRAM 

PLS103 
Field-Programmable Gate 
Array (16 x 9 x 9) 
Signetics Programmable Logic 
Product Specification 

FEATURES PIN CONF£GURATIONS 
• Field-Programmable (Nl·Cr link) 

N Package 
• 16 input variables 
• g output functions ,, 
• Chip Enable input 
• 1/0 propagation delay: 35ns 

(max.) 
• Power dissipation: 600mW (typ.) 
• Input loading: -100µA (max.) 
• Tri-state outputs 
• Output disable function: Hi·Z 
• Fully TTL compatible 

APPLICATIONS 
F7 

• Random logic 
F5 

• Address decoders 
• Code detectors 
• Peripheral selectors 

GND 

• Fault monitors N - Plastic 

• Machine state decoders 
A Package 

•• F7 • • 'o •1 '• 

Typical Connection 

•10 

•11 
112 

•13 

'• 

•o . '--+----+------+--(~~ 

Fusible Ni-Cr links are Initially intact at all array cross.points. 

November 19, 1986 6-10 

CE 115 114 113 112 111 110 
TOP VIEW 

A = Plastic Leaded Chip Carrier 

LOGIC FUNCTION 

TYPICAL OUTPUT FUNCTIONS: 
~ 

NOTES: 

X=A·l·C· ••• 

~ 

X=A·l·C· ••• 
X=A+B+~+ ... 

1. For each of the 9 outputs, either function X (Active
High) or )( (Active-Low) is avallabte, but not both. 
The desired output polarity is programmed via the 
EX-OR gates. 

2. X, A, 8, C, etc. are user defined connections to 
fixed inputs (I) and output pins (0). 

853-0309 86602 



Slgnetlcs Application Specific Products • Series 28 

Field-Programmable Gate 
Array (16 x 9 x 9) 

FPGA LOGIC DIAGRAM 

-1. All gate inputs when a blown link float to a logic " 1 ". 
2.*> I 

November 19, 1986 

Product Specification 

PLS103 

-1 
I 
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Slgnetlcs Application Specific Products • Series 28 

Field-Programmable Gate 
Array (16 x 9 x 9) 

ORDERING INFORMATION 

DESCRIPTION 

28-pin Plastic DIP 600mil-wide 

28-pin Plastic Leaded Chip Carrier 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Supply voltage 

V1N Input voltage 

VouT Output voltage 

l1N Input current 

lo UT Output current 

Temperature range 
TA Operating 
TsTG Storage 

Min 

-30 

0 
-65 

ORDER CODE 

PLS103N 

PLS103A 

RATING 
UNIT 

Max 

+7 Voe 

+5.5 Voe 

+5.5 Voe 

+30 mA 

+100 mA 

+75 •c 
+150 

DC ELECTRICAL CHARACTERISTICS o•c "TA"+ 75°C, 4.75V "Vee" 5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voHaga1 

V1H High Vee= Max 
V1L Low Vcc=Min 
Vic Clamp3 Vee= Min, l1N=-12mA 

Output voHaga 1 

Vcc=Min 
VoH High5 loH=-2mA 
VoL Low4 loL•9.6mA 

Input currant 

l1H High V1N = 5.5V 
l1L Low V1N=0.45V 

Output currant 

OE = High, V cc = Max 
la( OFF) Hi-Z state VoUT=5.5V 

las Short circuit3•6 
VouT•0.45V 

OE = Low, VouT = ov 

Ice Vee supply current7 Vcc=Max 

Capacitance 

Vee= 5.0V 
C1N Input V1N = 2.0V 
CouT Output VoUT = 2.0V 

Notes on following page. 
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Product Specification 

PLS103 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 15o•c 

Maximum ambient 15•c 

Allowable thermal rise 
ambient to junction 75•c 

LIMITS 
UNIT 

Min Typ2 Max 

2.0 
v 

0.8 
-0.8 -1.2 

2.4 v 
0.35 0.45 

< 1 25 µA 
-10 -100 

1 40 µA 
-1 -40 

-15 -70 mA 

120 170 mA 

8 pf 
15 



Signetics Application Specific Products • Series 28 

Field-Programmable Gate 
Array (16 X 9 X 9) 

Product Specification 

PLS103 

AC ELECTRICAL CHARACTERISTICS R1 =470S1, R2 =1kS1, CL=30pF, 0°C<TA<+75°C, 4.75V<Vcc<5.25V 

LIMITS 
SYMBOL PARAMETER TO FROM UNIT 

Min Typ2 Max 

Propagation delay 

!po Input Output Input 20 35 ns 

lcE Chip enable Output Chip enable 15 30 ns 

Disable time 

!co Chip disable Output Chip enable 15 30 ns 

NOTES: 
1. All voltage values are with respect to network ground terminal. 
2. All typical values are at Vee= 5V, TA= + 25"C. 
3. Test one pin at a time. 
4. Measure with a programmed logic condition for which the output under test is at a low logic level. Output sink current is supplied through a resistor to Ycc-
5. Measured with V1L applied to CE and a logic high at the output. 
6. Duration of short circuit should not exceed 1 second. 
7. lee is measured with the outputs open. 
8. 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 listed in the operational and programming specification of the device is not implied. 

November 19, 1986 6-13 
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Field-Programmable Gate 
Array (16 x 9 x 9) 

TEST LOAD CIRCUIT 

o·-i 10 vcc 

I 
I •o 
I OUT 

I 
I Fa 

I ::~ 
~:::::_____·~~~~~~~~~~---' 

VOLTAGE WAVEFORM 

INPUT 1.SY 

All inputs: tr= 11 = 5ns (10% to 90%) 

LOGIC PROGRAMMING OUTPUT POLARITY -(F) 
In a virgin device all Ni-Cr links are intact. 

The FPGA can be programmed by means of 
Logic programming equipment. 

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

In this table, the logic state of variables I and 
F associated with each P-term Pn is assigned 
a symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

"AND" ARRAY- (I), (P) 

·4· ·4: _, 

G 

t 
STATE 

± 
CODE J 

I 
STATE 

I 
CODE 

INACTIVE 1•2 0 J I H 

LS02310S LS02320S 

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

CODE 

H 

·4: 
I E 

STATE 

I 
CODE 

I I L 

'""""' 

Product Specification 

PLS103 

ACTIVE LEVEL CODE 

Low 1 L 

·4: 
t 

STATE I CODE J 
DON'T CARE 1 - J 

'''"''"' 

2. Any gate Gn will be unconditionally inhibited if both the true and complement fuses of any input (I) are left intact. 

VIRGIN STATE 
The PLS103 virgin device is factory shipped 
in an unprogrammed state, with all fuses 
intact, such that: 

1. All Pn terms are disabled (inactive). 

2. All P n terms are active on all outputs. 

3. All outputs are Active-Low. 

November 19, 1986 6-14 
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Field-Programmable Gate 
Array (16 x 9 x 9) 

FPGA PROGRAM TABLE 

CUSTOMER NAME ------------

PURCHASE ORDER# -----------

SIGNET/CS DEVICE# -----------

TOTAL NUMBER OF PARTS ---------

PROGRAM TABLE# ------------

Product Specification 

PLS103 

THIS PORTION TO BE COMPLETED BY SIGNET/CS 

CF (XXXXi--------------·

CUSTOMER SYMBOLIZED PART#-------

DATE RECEIVED ------------

COMMENTS---------------

F0(18)--------------------------------------
F1 (17)--------------------------------------

F2(18)--------------------------------------
F3(15)--------------------------------------
F,(13)------~-----------------------------

F5(12)-------------------------------------
F8(11) --------------------------------------

F7(10l------~------------------------------
~(~ ______ ...... ___________________________ _;_ __ 

GATE INPUT 

POLARITY '·· •,. •,. '•2 1,, '10 '• '• •, '• '• '· '• '• 1, lo 

Fo 

F, 

F, 

Fa 

F• 

Fs 

Fs 

F, 

Fal 
PIN 2 2 2 2 2 2 2 2 1 2 3 4 5 6 7 8 
NO. 0 , 2 3 4 5 6 7 

VARIABLE 
NAME 

PROGRAM TABLE ENTRIES 1---~~---+----C:.C!~!~!>_L_ NOTES: 
1. TIM FPGA • ehlppMt wllh ... una Ina.ct. Thu. • b9ckground of L INACTIVE ·O I 

I 
..._ ODrf9IPODCfl• to -- of vfrgln llnb uiltl In the mble, LI • H 11 HIGH l H I -BLANKIGrclorlly. 

L1 L 
2. - ...... -~--·1c.r.(-~ 

• L LOW 

3. UnuMd Cllllea can be Wt blank. [ Don,c ... ·-J I 
(POLJ I 

tll l 

November 19, 1986 6-15 
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Signetics 

Application Specific Products 
•Series 28 

DESCRIPTION 
The PLS105 is a bipolar programmable 
state machine ol the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec
tively of 6 Qp, and 8 QF edge-triggered, 
clocked SIR flip-flops, with an Asyn
chronous Preset option. All flip-flops are 
unconditionally preset to "1" during 
power turn on. 

The AND array combines 16 external 
inputs lo_ 15 with six internal inputs 
Po_ 5, which are fed back from the State 
Registers to form up to 48 transition 
terms (AND terms). All transition terms 
can include True, False, or Don't Care 
states of the controlling variables, and 
are merged in the OR array to issue 
next-state and next-output commands to 
their respective registers on the Low-to
High transition of the Clock pulse. Both 
True and Complement transition terms 
can be generated by optional use of the 
internal input variable (C) from the Com
plement Array. Also, if desired, the Pre
set input can be converted to Output 
Enable function, as an additional user
programmable option. 

Order codes are contained on the pages 
following. 

FUNCTIONAL DIAGRAM 

LOGIC TERMS 

November 19 .. 1986 

PLS105 
Field-Programmable logic 
Sequencer ( 16 x 48 X 8) 
Signetics Programmable Logic 
Product Specification 

FEATURES PIN CONFIGURATIONS 
• Field-Programmable (Nl·Cr link) 
• 16 input variables 
• 8 output functions 
• 48 transition terms 
• 6-blt State Register 
• 8-bit Output Register 
• Transition Complement Array 
• Positive edge-triggered clocked 

flip-flops 
• Programmable Asynchronous 

Preset or Output Enable 
• Power-on preset to all "1" of 

internal registers 
• fMAX = 13.9MHz 
• Power dissipation: 600mW (typ.) 
• TTL compatible 
• Single + 5V supply 
• Tri-state outputs 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
• Timing generators 
• Sequential circuits 
• Elevator controllers 
• Security locking systems 
•Counters 
• Shift registers 

6-16 

N Package 

N =Plastic 

A Package 

A = Plastic Leaded Chip Carrier 

LOGIC FUNCTION 

Typical State Transition: 

Q2 01 QO 

I ·I ' ~·I ~· ::•NTSTATE 

STATE REGISTER A • 8 • C • ... 

I 0 I 0 f, I ••. , NEXTSTATE 

SET00: S0 : (Q2 a 0 1 •00) •A•""i• c. 

Ro -=O 

RESET01: S1 "'L __ _ 
R1 "'(02• a, •Oo)•A• B•C 

HOLD 02: S2 = 0 
R:2=0 

853-0310 86602 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION POLARITY 

1 CK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 

2-8 11-15 Logic Inputs: The 15 external inputs to the AND array used to program jump conditions Active-High/ Low 
20-27 between machine states, as determined by a given logic sequence. 

9 lo Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When 10 is held at +10V, device outputs F0 _ 5 reflect 
the contents of State Register bits Po_ 5. The contents of each Output Register remains 
unaltered. 

10-13 Fo-1 Logic/Diagnostic Outputs: Eight "device outputs which normally reflect the contents of Active-High 
15-18 Output Register bits 0 0 _ 7, when enabled. When lo is held at+ 10V, F0 _ 5 = (P0 _ 5), and 

Fs. 7 =Logic "1". 

19 PR/OE Preset or Output Enable Input: A user programmable function: 
• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register Active-High (H) 

bits. Preset overrides Clock, and when hold High, clocking is inhibited and Fo _ 7 are 
High. Normal clocking resumes with the first full clock pulse following a High-to-Low 
clock transition, after Preset goes Low. 

•Output Enable: Provides an Output Enable function to all output buffers F0 _ 7 from the Active-Low (L) 
Output Register. 

TRUTH TABLE 1• 2• 3• 4. 5• 6 VIRGIN STATE 

Vee 

+5V 

NOTES: 
1. Positive Logic: 

S/R=To+T1 +T2 + ... +T47 
T, ~ C(lo 11 1, ... ) <Po P, ... P5) 

lo 

+10V 
x 

+10V 
x 
x 
x 
x 
x 
x 

CK s 

x x 
x x 
x x 
x x 
x x 
x x 
t L 
t L 
t H 
t H 

x x 

R Qp/f F 

x H H 
x On (Op)n 
x On (0F)n 

x On Hi-Z 
x On (Op)n 
x On (OF)n 

L On (0F)n 
H L L 
L H H 
H IND. IND. 

x H 

2. Either Preset (Active-High) or =ou1pu~~t =e-na~bl~e (Active-Low) are available, but not both. The desired 
function is a user-programmable option. 

3. f denotes transition from Low to High level. 
4. R = S = High is an illegal input condition. 
5. • = H/L/+ 10V 
6. X = Don't Care ( .;; 5.SV) 

November 19, 1986 6-17 

A factory shipped virgin device contains all 
fusible links intact, such that: 

1. PR/OE option is set to PR. Thus, all 
outputs will be at "1 ", as preset by initial 
power-up procedure. 

2. All transition terms are disabled (OJ. 

3. All SIR flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro-
gram. This is accomplished automatically 
when using Signetics qualified program-
ming equipment. 

6 



Signetics Application Specific Products • Serles 28 Product Specification 

Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105 

FPLS LOGIC DIAGRAM 

NOTES: 
1. All AND inputs wjth a blown link float to a logic '' 1 ''. 
2. All OR gate inputs with a blown link float to logic "O". 

s. w ~t'l1'!!8l!!ll'JJ 
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Slgnetlcs Appllcotlon Specific Products • Se~es 28 Product Specification 

Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105 

ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

28-pin Plastic DIP 600mil-wlde PLS105N Maximum junction 15o•c 

28-pin Plastic Leaded Chip Carrier PLS105A Maximum ambient 75•c 

ABSOLUTE MAXIMUM RATINGS1 
Allowable thermal rise 
ambient to junction 15•c 

RATING 
SYMBOL PARAMETER UNIT 

Min Mu 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

Your Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

lour Output currents +100 mA 

Temperature range 
TA Operating 0 +75 •c 

Tsra Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o·c.;; TA<; 75°C, 4.75V <;Vee.;; 5.25V 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ2 Mu 

Input voltllge3 

V1H High Va;•Max 2 v 
V1L Low Va;•Mln 0.8 
Vic aamp4 Va;•Mln, l1N•-12mA -0.8 -1.2 

6 
output voltage3 

Va;•Mln 
VoH High5 IOH•-2mA 2.4 v 
VoL Low8 IQL•9.6mA 0.35 0.45 

Input current 

l1H High V1N•5.5V <1 25 
µA 

l1L Low V1N•0.45V -10 -100 
l1L Low (CK Input) V1N•0.45V -50 -260 

Output current 

IO(OFF) Hi-Z state7 
Va;•Max 

Vour•5.5V 1 40 µA 
Vour•0.45V -1 -40 

las Short circuit4•8 Vour•OV -15 -70 mA 

la; V cc supply current!' Va;•Max 120 180 mA 

Cepecltance7 

Va;•5.0V 
C1N Input V1N•2.0V 8 pF 

Cour Output Vour•2.0V 10 

See Notss on following page. 
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Field,.;Programmable Logic Sequencer (16 x 48 x 8) PLS105 

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. 
2. All typi"'!i values are at Vee - sv, TA= + 2s•c. 
3. All voltaQe values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1L applied to OE and a logic high stored, or wtth V1H applied to PR. 
6. Measured wtth a programmed logic condition for which the output is at a low logic level, and V1L applied to PR/OE Output sink current is supplied through a resistor 

to Vc;c. 
7. Measured with V1H applied to PR/OE. 
B. Duration of short circuit should not exceed 1 second. 
9. Ice Is measured. wtth the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 

AC ELECTRICAL CHARACTERISTICS R1=470!l, R2 =1k!l, CL=30pF, o•c.;;;TA<;+75°C, 4.75V.;;;Vcc.;;;5.25V 

LIMITS 
SYMBOL PARAMETER TO FROM UNIT 

Min Typ1 Max 

Pulse width 

lcKH Clock2 high CK- CK+ 25 15 

lcKL Clock low CK+ CK- 25 15 
lcKp1B Period (without Complement Array) CK+ CK+ 80 40 

ns 

lcKP2B Period (with Complement Array) CK+ CK+ 120 60 
tPRH Preset pulse PR- PR+ 25 15 

Setup Ume3 

t1s1A Input CK+ Input± 60 
t1s1B Input CK+ Input± 50 
t1s1C Input CK+ Input± 42 
t152A Input (through Complement Array) CK+ Input± 90 ns 
t152B Input (through Complement Array) CK+ Input 80 
t152C Input (through Complement Array) CK+ Input 72 
tvs Power-on preset CK- Vee+ 0 -10 
tPRS Preset CK- PR- 0 -10 

Hold Ume 

t1H Input Input± CK+ 5 -10 ns 

Propagation delay 

lcKO Clock Output± CK+ 15 30 

toe Output enable Output- OE- 20 30 

too Output disable Output+ OE+ 20 30 
ns 

IPR Preset Output+ PR+ 18 30 
tppR Power-on preset Output+ Vee+ 0 10 

Frequency of operaUon3 

fMAXC . Without Complement Array 13.9 MHz 
fMAXC With Complement Array 9.8 

NOTES: 
1. All typical values are at Vee= sv, TA• + 25°C. 
2. To prevent spurious clocking, clock rise time (10%-90%) <;;; 30ns. 
3. See "Speed· vs. OR Loading" diagrams. 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105 

TIMING DIAGRAMS 

IQ-15 ~, '_·•-•-------...J~r1-.5~V~~~~~~~~~~~~~~~=::V 
1-''" _t •os -1---- +av 

I 1.5V 1.SV 1.SV 

CLK--------1, I I I-tis --•cKH--•cKL~1 
,._ ___ ICKP-

Fo.7 _______ .,;.~-tc-:-;"")- - - -1~;~,~-·~·~. ~~~~~::: 

-------- 1,-- +JV 

1 ·v\ !_·_··_· _____ ov 

ltc;;I 

ov 

Sequential Mode 

--------------- +3V 

Asynchronous Preset 

r----------------------- +5V 

Vee j 4.SV 

1--,-P-PR---,----------------- ov 

F o- 7 --· t S V 

IFnJ=l 1 •• ,-1;;:::1-- VoH 

I VOL 

I .,__tCKP-I l~ICKO• 
,....--...... +3V I 'J I 

1.SV T 1.5V 1.SV 

CLK --,--------'l-1CKH-1 
· • I VS 

ov 

\r.-::-- +JV 

•o-1s -----------'_-•_,v ¥-----'-'---~ ov r-- I IS --I- I IH -I 
Power-On Preset 
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ov 

TIMING DEFINITIONS 
teKH 
teKL 
teKP1 

t1s1 

teKP2 

t1s2 

tvs 

tPRs 

t1H 

teKO 

toE 

too 

lsRE 

tsRo 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period - when not using 
Complement Array. 
Required delay between beginning 
of valid input and positive transition 
of Clock. 
Clock period - when using Comple
ment Array. 
Required delay between beginning 
of valid input and positive transition 
of Clock, when using optional Com
plement Array (two passes neces
sary through the AND Array). 
Required delay between Vee (after 
power-on) and negative transition 
of Clock preceding first reliable 
clock pulse. 
Required delay between negative 
transition of Asynchronous Preset 
and negative transition of Clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of Clock and end of valid 
Input data. 
Delay between positive transition of 
clock and when outputs become 
valid (with PR/OE low). 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
Delay between input 10 transition to 
Diagnostic Mode and when the 
Outputs reflect the contents of the 
State Register. 
Delay between input lo transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 
Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 
Delay between Vee (after power
on) and when Outputs become pre
set at "1''. 
Width of preset input pulse. 
Maximum clock frequency. 

6 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105 

TIMING DIAGRAMS (Continued) 

~...------------------------------~+3Y •1-1s _A._'_.s_v __________________ OY 

Diagnostic Mode 

TEST LOAD CIRCUIT 

0-- lo Yee 
I +SY 
I Fo 
I 
I OUT 

I 
I F7 

0-- 115 

0-- CK GNO PAli5l --0 
CL -::" r (INCWDES 

- SCOPE AND JIG .,,. CAPACITANCE) 

November 19, 1986 6-22 

VOLTAGE WAVEFORM 

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

Input Pulses 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105 

SPEED VS. "OR" LOADING 

The maximum frequency at which the FPLS .. the interconnect pattern in the FPLS logic 
can be clocked while operating in sequen- tis1•,".1 ~ diagram, typically illustrated in Figure 2, or 
tial mode is given by: .. 

_··~ 
by counting the maximum number of "H" 

.. - . or '' L •' entries in one of the columns of the 

(1 /fMAJcl = lcv = t15 + lcKO • ....-1 
device Program Table. 

• 30 

-· v This number plotted on the curve in Figure 
This frequency depends on the number of ,. 1 will yield the worst case tis and, by 
transition terms T n used. Having all 48 

10 
implication, the maximum clocking frequen-

terms connected in the AND array does not cy for reliable operation. 
appreciably impact performance; but the 

• 8 " 24 32 40 .. Note that for maximum speed all UNUSED 
number of terms connected to each OR TEAMS CONNECTED/OR transition terms should be disconnected 
line affects t15, due to capacitive loading. OPOl261S 

The effect of this loading can be seen in Figure 1. t161 vs. Terms/OR from the OR array. 

Figure 1, showing the variation of t1s1 with Connected 

the number of terms connected per OR. TRANarrlONTVlMIT,, 

The three other entries in the AC table, t1s2 
The AC electrical characteristics contain A, B, and C are corresponding 48, 32, and 
three limits for the parameters t1s1 and t1s2. 24 term limits when using the on-chip ·mi TERMSIOR (2) . "OR" 
The first, t1s1 A is guaranteed for a device Complement Array. ARRAY 

with 48 terms connected to any OR line. '" 
t1s10 is guaranteed for a device with 32 

The worst case t15 for a given application 'No;' 
can be determined by identifying the OR "'" terms connected to any OR line. And t1510 AF0!810S 

is guaranteed for a device with 24 terms 
line with the maximum number of In con- Figure 2. Typical OR Array 

connected to any OR line. nections. This can be done by referring to Interconnect Pattern 

6 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105 

LOGIC PROGRAMMING PRESET /OE OPTION - (P/E) 
The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 

~· 
P•1~ 

OPTION 

PRESET1 

PROGRAMMING THE PLS105: 

In this Table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T "' is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links, defined as 
follows: 

The PLS105 has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device It 
is important to realize this is the Initial state of the device. You must provide a next state jump H you do not 
wish to use all Highs (H) as the present state. 

II AND" ARRA y - (I), (P) 

T -4: -4: -4; -4: 
Tn Tn Tn Tn 

""'"""' .... - ""'""" ........ 
I 

STA1E 

I 
CODE 

I I 
STA1E 

I 
CODE I I 

STA1E 

I 
CODE 

I I 
STA1E 

I 
CODE 

I INACTIVE1•2 0 I, P H '·" L DON'T CARE -
"OR" ARRAV-(N), (F) 

~ ~ ~ ~ n,I Q 

: Q : Q : Q 

n,; n,f n,f n,f 

""'""" ""'""" .... .,.. ''""'" 

I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I ACTION 

I 
CODE 

I I ACTION 

I 
CODE 

I INACTIYE1.3 0 SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

ct: 
Tn 

ct 
Tn ct 

Tn 
ct 

Tn 

""'"'° LSO'"'° "''""" L8019SIS 

I ACTION 

I 
CODE 

I I 
ACTION I CODE 

I I ACTION I CODE 

I I ACTION I CODE 

I INACTIVE1,4 0 GENERA1E A PROPAGA1E . TRANSPARENT -
NOTESo 
1. This is the initial unprogrammed state of all links. 
2. Arry gate T n will be unconditionally inhibited H both the true and complement fuses of arry input (l,P) are left intact 
3. To prevent simultaneous Sat and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n· 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105 

FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES 

CUSTOMER NAME 
________ A_N_!I ___ --- --1- ______ j)_!I_ --- ___ _, 

PURCHASE ORDER# INACTIVE ] D I INACTIVE I D 

:· I 
SIGNETICS DEVICE# CF()()()()() -Tl! Cn I SET I H 

I Na, Fr 
PllOAllGAT1! I e 

' RESET IL 
CUSTOMER SYMBOLIZED PART# -::::- ' NOCH- -I 
TOTAL NUMBER OF PARTS ' 
PROGRAM TABLE 

INACTIVE I 0 
~-----OPTION ______ 

l,P I H ....... ~-----------------
REV ' ln1 T,J I L I I'll 
DATE 

I 
DON'T CAR& I - I L 

AND 
OPTION(PIE) I 

OR 
T INPUTl""I PRESENT STATE ll'al REMARKS NEXTSTATE(No) OUTPUT(F~ 
E c. 1 ' 

., 
[' 1 R i illi 5[ili] 2r1-rol-& ~5""4 3 • "iUT_3 M • • 3 2 ' 0 • 3 2 1 0 2 1 0 1 2 ' 0 
..!. i I T 

I I I 
_L I I I _... ± ::a: .... _._ _._ ... 
...... . • ...... ..... 
-.- -.- ..... .... . 
::;: ~ 

.... 
11 I -.-

I I I T , _... I I T _... ± ± I , ..... I . . :::: ..... ..... 
~ :::;: 

-• . ..... 
:::!: ..... ...... 
-T ::: i 

.... 
-.- 6 

I I I ::;: ± I I 
I I _._ ::a: I 

...... ...... .... ..... ... • -.- -.- -.- • . . . -
~ 

::!: ::;: :::-:: 
_I_ i I I .... 

I I I ...... 
I I T 

:L L I T ..... -._ ::a: I ..... _._ _._ I , _._ + ...... 
T • 44 :::w:: ~ . _..._ 
i -.- --:: .....: 

47 . 
PIN 2 2 2 2 2 2 2 2 2 3 • 1 ' I 1 1 1 1 1 
NO. 0 1 2 3 • • • 1 5 • 1 • • 0 1 2 3 I • 7 I 

... ........ 

.. :I 
:! c 
~z 
> 

NOTES. 
1. The FPLS is stwpped with an links lnltlally intact Thus, a background of "O" for all Terms, and an "H" for the PIE option, exits In the table, shown BLANK instead for clarity. 
2. Uoosed Cn Im, and Ps bits are normally programmed Don't Care ( - }. 
3. Urused Transition Terms can be left blank for future code modificatk>n, or programmed as ( - ) for maximum speed. 
4. Letters in variabte fields are used as ktentiflers by logic type programmed. 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105 

TEST ARRAY 

The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
10.15 as shown in the test circuit timing dia
gram. 

TEST ARRAY PROGRAM 

AND 
T • 
: c 

INPUT(lm) 

•• 
•• • 

Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 

TEST ARRAY DELETED 

T 
AND 

Yee 

E INPUT(lm) 
R c • • • • 1 • M 

$ • 3 2 

•• H H H H H H H 

49 • L L L L L L 

November 19, 1986 

Vee +SY 

F, 

State Diagram 

FPLS Under Test 

OPTION (PIE) H 

OR 

PRESENT STATE (Pa) NEXT STATE (NI) OUTPUT{Fr) 

Test Array Program 

... 
.. 
v,. 
v,. 

v'" 
v,. 

l::TCKO 
3V 

1.5V .. 
HIGH 

LOW 

Test Circuit Timing Diagram 

OPTION (P 1E) H 
OR 

PRESENT STATE (Ps) NEXT STATE ( ... ) OUTPUT(F~ 

Test Array Deleted 
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DESCRIPTION 
The PLS105A is a bipolar programmable 
state machine of the Mealy type. It 
contains logic AND-OR gate arrays with 
user programmable connections which 
control the inputs of on-chip State and 
Output Registers. These consist respec
tively of 6 Op. and 8 QF edge-triggered, 
clocked S/R flip-flops, with an Asyn
chronous Preset option. All flip-flops are 
unconditionally preset to "1" during 
power turn on. 

The AND array combines 16 external 
inputs lo-1s with 6 internal inputs P0 _ 5, 

which are fed back from the State Regis
ters to form up to 48 Transition terms 
(AND terms). All Transition terms can 
include True, False, or Don't Care states 
of the controlling variables, and are 
merged in the OR array to issue next
state and next-output commands to their 
respective registers on the Low-to-High 
transition of the Clock pulse. Both True 
and Complement Transition terms can 
be generated by optional use of the 
internal input variable (C) from the Com
plement Array. Also, if desired, the Pre
set input can be converted to Output
Enable function, as an additional user 
programmable option. 

Order codes are contained on the pages 
following. 

FUNCTIONAL DIAGRAM 

LOGIC TERMS 
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PLS105A 
Field-Programmable Logic 
Sequencer (16 x 48 x 8) 
Slgnetlcs Programmable Logic 
Product Specification 

FEATURES 
• Field-Programmable (NI-Cr llnk) 
• 16 Input variables 
• 8 output functions 
• 48 transition terms 
• 6-blt State Register 
• S·blt Output Register 
• Transition complement array 
• Positive edge-triggered clocked 

fllp·flops 
• Programmable Asynchronous 

Preset or Output Enable 
• Power-on preset to all "1" of 

Internal registers 
• fMAX = 20MHz 
• Power dissipation: 600mW (typ.) 
• TTL compatible 
• Single + SV supply 
• Tri-state outputs 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
• Timing generators 
• Sequential circuits 
• Elevator controllers 
• Security locking systems 
• Cou11ters 
• Shift registers 

6-27 

PIN CONFIGURATIONS 

N Package 

N"" Plastic 

A Package 

A • Plastic Leaded Chip Carrier 

LOGIC FUNCTION 

Typical State Transition: 

02 01 QO 

I 0 J 1 ~·I ~· ::NTSTATE 

STATE REGISTER A• B • C • .•• 

~b Sn+l NEXT STATE 

SET00: S0 :(02•01•00)•°"A•B•c 

R0 =O 

RESET a,: s,::~ - - -
R1 = (02• 01 • Oo)•A • B• C ..• 

HOLD 02: S2 = 0 
A2=0 

853-0394 86602 
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Field-Programmable logic Sequencer (16 x 48 x 8) PLS105A 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION POLARITY 

1 CK Clock: The Clock input to the State and Output Registers. A Low-to-High transition on this Active-High 
line is necessary to update the contents of both registers. 

2-8 11 -15 Logic Inputs: The 15 external inputs to the AND array used to program jump conditions Active-High/Low 
20-27 between machine states, as determined by a given logic sequence. 

9 lo Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, when Active-High/Low 
exercised with standard TTL levels. When lo is held at + 1 OV, device outputs F0 _ 5 reflect 
the contents of State Register bits P0 _ 5. The contents of each Output Register remains 
unaltered. 

10-13 Fo_ 7 Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of Active-High 
15-18 Output Register bits Oo- 7, when enabled. When lo is held at + 1 OV, Fo _ s = (Po- 5), and 

F6, 7 =Logic "1". 

19 PR/OE Preset or Output Enable Input: A user programmable function: 
• Preset: Provides an Asynchronous Preset to logic "1" of all State and Output Register Active-High (H) 

bits. Preset overrides Clock, and when held High, clocking is inhibited and Fo _ 7 are 
High. Normal clocking resumes with the first full clock pulse following a High-to-Low 
clock transition, after Preset goes Low . 

• Output Enable: Provides an output enable function to buffers Fo _ 7 from the Output Active-Low (L) 

Register. 

TRUTH TABLE 1• 2• 3• 4• 5• 6 VIRGIN STATE 

NOTES: 
1. Positive Logic: 

S/R =To+ T1 +T2 + ... + T47 
T, = C(lo 11 12 ... ) <Po P, ... P5) 

lo CK 

x 
+10V X 

x x 
x 

+10V X 
x x 

x 
x 
x 
x 
x x 

s R 

x x 
x x 
x x 
x x 
x x 
x x 
L L 
L H 
H L 
H H 

x x 

Qp/f F 

H H 
On (Op)n 

On (OF)n 

On Hi-Z 
On (Op)n 

On (0F)n 

On (0F)n 
L L 
H H 

IND. IND. 

H 

2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired 
function is a user-programmable option. 

3. f denotes transition from Low to High level. 
4. R = S = High is an illegal input condition. 
5. • = H/L/+ 10V 
6. X = Don't Care ( <;; 5.SV) 
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A factory shipped virgin device contains all 
fusible links intact, such that: 

1. PR/OE option is set to PR. Thus, all 
outputs will be at "1 ", as preset by initial 
power-up procedure. 

2. All transition terms are disabled (0). 

3. All SIR flip-flop inputs are disabled (0). 

4. The device can be clocked via a Test 
Array pre-programmed with a standard 
test pattern. 

NOTE: The Test Array pattern MUST be 
deleted before incorporating a user pro-
gram. This is accomplished automatically 
when using any of Signetics' qualified 
programming equipment. 
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Field-Programmable Logic Sequencer (16 x 48 x 8) 

FPLS LOGIC DIAGRAM 

NOTES! 
1. All AND gate inputs with a blown link float to a logic "1". 

~:~I~- fuse float to logic "O". 
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Product Specification 

PLS105A 

~ 
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Slgnetlcs Appllca11on Specific Products • Serles 28 Product Speclflca11on 

Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105A 

ORDERING INFORMATION THERMAL RATINGS 

DESCRIPTION ORDER CODE TEMPERATURE 

28-pin Plastic DIP 600mil-wide PLS105AN Maximum junction 1so•c 

28-pin Plastic Leaded Chip Carrier PLS105M Maximum ambient 15•c 

ABSOLUTE MAXIMUM RATINGS1 
Allowable thermal rise 
ambient to junction 15•c 

RATING 
SYMBOL PARAMETER UNIT 

Min Max 

Vee Supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

VouT Output voltage +5.5 Voe 

l1N Input currents -30 +30 mA 

loUT Output currents +100 mA 

Temperature range 
TA Operating 0 +75 ·c 

Tsrn Storage -65 +150 

DC ELECTRICAL CHARACTERISTICS o•c .. TA .. 75°C, 4.75V .. Vee .. 5.25V 

LIMITS I UNIT SYMBOL PARAMETER TEST CONDITIONS 
Min Typ2 Max 

Input voltage3 

V1H High Vcc=Max 2 v 
V1L Low Vcc•Min 0.8 
V1c Clamp4 Vcc•Min, l1N•-12mA -0.8 -1.2 

Output voltage3 

Vcc•Min 

Vo~ High5 IOH•-2mA 2.4 v 
V0t. Low6 loL •9.6mA 0.35 0.45 

Input current 

l1H High V1N•5.5V <1 25 
µA 

l1L Low V1N =0.45V -10 -100 

l1L Low (CK input) V1N•0.45V -50 -250 

Output current 

Vcc=Max 
IQ(OFF) Hi-Z state7 VoUT•5.5V 1 40 µA 

VouT=0.45V -1 -40 
los Short circuit4·8 VQUT•OV -15 -70 mA 

Ice V cc supply current" Vcc=Max 120 180 mA 

Capacltance7 

Vcc•5.0V 
C1N Input V1N=2.0V 8 pF 

CouT Output VoUT•2.0V 10 

See Notes on following page. 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105A 

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. 
2. All typical values are at Vee= 5V, TA= + 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V1L applied to OE and a logic high stored, or with ViH applied to PR. 
6. Measured with a programmed logic condition for which the ootput is at a low logic level, and ViL applied to PR/UI: Output sink current is supplied through a resislor 

to Vee. 
7. Measured with V1H applied lo PR/OE. 
8. Duration of short circuit should not exceed 1 second. 
9. Ice is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open. 

AC ELECTRICAL CHARACTERISTICS Rt =4700, R2 =1kf2. CL=30pF, o•c.;;;TA.;;;+75•c, 4.75V.;;;Vcc.;;;5.25V 

LIMITS 
SYMBOL PARAMETERS TO FROM UNIT 

Min Typ1 Max 

Pulse width 

lcKH Clock2 high CK- CK+ 25 15 

lcKL Clock low CK+ CK- 25 15 
tcKP1B Period (without Complement Array) CK+ CK+ 50 40 

ns 

lcKP2B Period (with Complement Array) CK+ CK+ 80 50 
tpRH Preset pulse PR- PR+ 25 15 

Setup tlme3 

t1s1A Input CK+ Input± 40 
t1s1B Input CK+ Input± 30 
t1s2A Input (through Complement Array) CK+ Input± 70 ns 
t1s2B Input (through Complement Array) CK+ Input 60 
tvs Power-on preset CK- Vee+ 0 -10 
tpRS Preset CK- PR- 0 -10 

Hold time 6 -t1H Input Input± CK+ 5 -10 ns 

Propagation delay 

lcKO Clock Output± CK+ 15 20 
toe Output enable Output- OE- 20 30 
tao Output disable Output+ OE+ 20 30 

ns 

tpR Preset Output+ PR+ 18 30 
tppR Power-on preset Output+ Vee+ 0 10 

Frequency of operation 

IMAXB Without Complement Array 20 MHz 
fMAXB With Complement Array 12.5 

NOTES: 
1. All typical values are at Vee = 5V, TA= + 25°C. 
2. To prevent spurious clocking, clock rise time (10%-90%) .;;; 30ns. 
3. See "Speed vs. OR Loading" diagrams. 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105A 

TIMING DIAGRAMS 

~--------~ r---------+3V 
io.1s _A_•.s_v_______ )( 1.s_v ________ ov 

b='"'~ '"-1 
CLK-------·-·s.Jvf. \UV P-::v 

1-tm _L,CKH-l-1CKL-1 
I I~ •CKP -----+ 

F~7 ~I~;:\- -----l·r1-.5-V---:: 

OE--,.\ 1 F-::v 
l;o;I 

Sequential Mode 

Asynchronous Preset 

.---------------------- +SY 

vcc ~-·-·s_v-------------------- ov 

f-tPPR-1 
~~~~1$~..---------------.- -----YOH 

Fft.7 ~-~~ 1.SV (Fnl=1 1.sv\ (Fn+1l 
~ 1 · VOL I 1-- tcKP -i•'c•0<>-,_ ______ +3V 

I 1.SV f I 1.SV 1.SV CLK __ l ________ ,,_,CKH-1 I 
... •vs __...J 

OV 

\c::-- +3V 

I0-15 ----------1
-.S.JV )( ----"''---~ OV 

~ 115 -l- 1•H-I 
Power-On Preset 
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TIMING DEFINITIONS 
lcKH 
lcKL 
lcKP 

lcKP2 

tvs 

~H 

lcKO 

loE 

loo 

lsRE 

lppR 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period - when not using 
Complement Array. 
Required delay between beginning 
of valid input and positive transition 
of Clock. 
Clock period -when using Com
plement Array. 
Required delay between beginning 
of valid Input and positive transition 
of Clock, when using optional Com
plement Array (two passes neces
sary through the AND Array) . 
. Required delay between Vee (after 
power-on) and negative transition 
of Clock preceding first reliable 
clock pulse. 
Required delay between negative 
transition of Asynchronous Preset 
and negative transition of Clock 
preceding first reliable clock pulse. 
Required delay between positive 
transition of Clock and end of valid 
Input data. 
Delay between positive transition of 
Clock and when Outputs become 
valid (with PR/C5E low). 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
Delay between input lo transition to 
Diagnostic Mode and when the 
Outputs reflect the contents of the 
State Register. 
Delay between input lo transition to 
Logic mode and when the Outputs 
reflect the contents of the Output 
Register. 
Delay between positive transition of 
Preset and when Outputs become 
valid at "1". 
Delay between Vee (after power
on) and when Outputs become pre
set at "1". 
Width of preset input pulse. 
Maximum clock frequency. 
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Field-Programmable Logic Sequencer ( 16 x 48 x 8) PLS105A 

TIMING DIAGRAMS (Continued) 

..----------------------------------------------------------~ +3V 
•1-1s ~ ... •_.s_• _____________________________________ ov 

Diagnostic Mode 

TEST LOAD CIRCUIT 

0-- lo vcc 

I +sv 
I Fo 
I 
I OUT •1 
I 
I F7 

0-- 115 

•• CL 
0-- CK GND PRli5l -.---0 I (INCLUDES -= SCOPE AND JIG 

-= CAPACITANCE) 
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VOLTAGE WAVEFORM 

~---1il J};'W% 
!!Y_j§!!!~~~ 

~ ---4- -AL90% 
~§!!..al- _J§!!_ 

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

Input Pulses 

6 



Signetics Application Specific Products • Series 28 Product Specification 

Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105A 

SPEED VS. "OR" LOADING 

The maximum frequency at which the FPLS 
can be clocked while operating in sequen
tia I mode is given by: 

(1 /fMAXl = tcv = tis + tcKo 

This frequency depends on the number of 
transition terms T n used. Having all 48 
terms connected in the AND array does not 
appreciably impact performance; but the 
number of terms connected to each OR 
line affects t1s. due to capacitive loading. 
The effect of this loading can be seen in 
Figure 1, showing the variation of t1s1 with 
the number of terms connected per OR. 

The AC electrical characteristics contain 
two limits for the parameters t1s1 and t1s2. 

The first, t1s1 A is guaranteed for a device 
with 24 terms connected to any OR line. 
t1s10 is guaranteed for a device with 16 
terms connected to any OR line. 

November 19, 1986 

The two other entries in the AC table, t1s2 A 
and B are corresponding 24 and 16 term 
limits when using the on-chip Complement 
array. 

0 .___, _ __._....._ _ __.__ .... 

0818243240 

TERMS CONNECTED/OR 

Figure 1. t181 vs. Terms/OR 
Connected 

The worst case of t1s for a given application 
can be determined by identifying the OR 
line with the maximum number of T n con
nections. This can be done by referring to 

6-34 

the interconnect pattern in the FPLS logic 
diagram, typically illustrated in Figure 2, or 
by counting the maximum number of "H" 
or "L" entries in one of the columns of the 
device Program Table. 

This number plotted on the curve in Figure 
1 will yield the worst case t1s and, by 
implication, the maximum clocking frequen
cy for reliable operation. 

Note that for maximum speed all UNUSED 
transition terms should be disconnected 
from the OR a«ay. 

"'ffffiE8J TERMSJOA (I) "Ofl" 

'" ~OT~ 
UNO 

Figure 2. Typical OR Array 
lnterconnee1 Pattern 

.... , 
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Field-Programmable Logic Sequencer (16 x 48 x 8) 

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

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table of the following page. 

PRESET/OE OPTION- (P/E) 

p~ 
~·· 

OPTION 

PRESET1 

PROGRAMMING THE PLS105A: 

Product Specification 

PLS105A 

OPTION In this Table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term T n• is assigned a 
symbol which results in the proper fusing 
pattern of corresponding links, defined as 
follows: 

The PLS105A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (state and output register) at a logic High (H). When programming the device it 
is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 

"AND" ARRAY - (I), (P) 

4· 4· 4· 4· l,P l,P ;;p l,P l,P 
;;p ;;p f.P 

T. T. T. T• 
LS01850S ""'""' LS01830S LS01840$ 

I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I I 
STATE 

I 
CODE 

I INACTIVE1•2 0 I, p H '·" L DON'T CARE -

"OR" ARRAY-(N), (F) 

=fg[]- =fg[]- ~ =fg[]-: Q : Q : Q : Q 

"·' "·' "·' n,f 

LS018908 LS01900S LS01870S ""'""' 

I 
ACTION 

I 
CODE 

I I 
ACTION I CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I INACTIVE1.S 0 SET H RESET L NO CHANGE -

"COMPLEMENT" ARRAY - (C) 

ct 
T• 

ct: 
T• 

ct: 
T• 

ct: 
T• 

""'""" LS01940S LS01910S LS01920S 

I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I I 
ACTION 

I 
CODE 

I 
[ ACTION I CODE J 

INACTIVE1.4 0 GENERATE A PROPAGATE . L TRANSPARENT I - . J 
NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tn. 
2. Arry gate T n will be unconditionally inhibited H both the true and complement fuses of arry input (l,P) are left intact. 
3. To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates T n (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T n· 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105A 

FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES 

CUSTOMER NAME 
________ A..,!l_!) _______ + ______ J),!1 ________ 

PURCHASE ORDER# INACTIVE 0 I INACTIVE I 0 
I 

SIGNETICS DEVICE# CF (XXXXI --.era .. en I SET '" I Na, Fr 

CUSTOMER SYMBOLIZED PART It 
Pl'IOIWIATI! • ' llE8ET IL 

TIWISMllENT - I 
NOCH- -I 

TOTAL NUMBER OF PARTS ' 
PROGRAM TABLE 

INACTIVE I 0 ~=====]>]>fig~~~~-=--~= l,P I H 
REV 

IM.PI ' B T,p ·I L I Pl! 
DATE 

I 
DON'T CARI I - I L 

AND 
OPTION(M) I 

OR 
T INPUT(IM) PRESENT STATE (Po) REMARKS NEXT STATE(No) OUTPUT(t'~ 
E 

Cn 1 1 i" ~1· • 1-, ·.-.arzr-;-rol R iTi'i iiTo"T312 1ro ------ rgr41 • •. ilill.,..i' , "O II 6 • 3 2 , 0 i 2 1 0 1 
T i T T 
I I I 

{ I ~ I .... I • --;- ::i 
~ :::;: ~ . . ~ .... .... .... .... .... .... .... T -,. 

:::! ::::! • -. 
I I • , 
~ • I , 

• I • --;- I • I 
~ :::;: . ::i 

.... ~ 
_;_ 

.... .... .... ~ 

2 =:: T .,. T .... 
2 • ::::! T .... 

I I • ::! 
I • • T 

::i .... I • . . • • 
~ :::;: :::;: I 

; ; I • .... .... ..... ; --. --.- ..... 
-.:: T T 
T --. T ..... 
• I I --.-

I I • T 

::L ::: I :!: 
.. L I 

:.a: :.a: • 
~ ~ + .... 

~ :.a: .... .... . .... ..... 
:!: T 

47 . ... .... 
PIN 2 2 2 2 2 2 2 2 2 3 • 1 1 1 1 1 1 1 1 

NO. 0 1 2 3 4 5 • 1 
5 • 7 • I 0 1 2 3 5 • 7 • 

"' ........ 
111:11! 
:! c 
~z 
> 

NOTES; 
1. The FPLS is shipped with aH links Initially intact Thus, a background of "O" for all Terms, and an "H" for the PIE option, exits in the tabla, shown BLANK instead for clarity. 
2. Unsed C,.. Im, and P, bits are normally programmed Don't Care (-). 
3. Unused Transition Terms can be left blank for future code modificatk>n, or programmed as ( - ) for maximum speed. 
4. Letters in variable fields are used as identifiers by losjc type programmers. · 
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Field-Programmable Logic Sequencer (16 x 48 x 8) PLS105A 

TEST ARRAY 

The FPLS may be subjected to AC and DC 
parametric tests prior to programming via an 
on-chip test array. 

The array consists of test transition terms 48 
and 49, factory programmed as shown below. 

Testing is accomplished by clocking the FPLS 
and applying the proper input sequence to 
10.15 as shown in the test circuit timing dia
gram. 

TEST ARRAY PROGRAM 

AND 
T 
E INPUT(lm) 
R c 1 1 1 M 

1 0 • • •• H H H H 

•• • L L l l 

Both terms 48 and 49 must be deleted during 
user programming to avoid interfering with the 
desired logic function. This is accomplished 
automatically by any of Signetics' qualified 
programming equipment. 

TEST ARRAY DELETED 

AND 

Yee +SY 

State Diagram 

FPLS Under Test 

OPTION (PIE) 
OR 

PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT(F~ 

Test Array Program 

CK 

J 1is1 

11)-11 1.SV 

... , 

STATE -i -----"'\ r---
REGISTEA... \.------------J 

Test Circuit Timing Diagram 

OR 
T 
E 
R 
M 

INPUT(lm) PRESENT STATE (h) NEXT STATE ( ... ) OUTPUT (F~ 

~ H H H H H 

Test Array .Deleted 
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H 

... 
ov 

YoH 

YOH 

3V 

f1V 

HIGH 

LOW 

H 
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DESCRIPTION 
The PLUS405A is a bipolar, programma
ble state machine of the Mealy type. 
Both the AND and the OR array are user 
programmable. All 64 AND gates are 
connected to the 16 external dedicated 
inputs (lo -115) and to the feedback 
paths of the 8 on-chip State Registers 
(Opo - QP7). Both true and complement 
transition terms can be generated via 
optional use of the two internal Comple
ment Arrays (input variables Co. C1). 

All transition terms can include True, 
False and Don't Care states of the 
controlling state variables. All AND 
gates are merged into the programma
ble OR array to issue the next-state and 
next-output commands to their respec
tive registers. Because the OR array is 
programmable, any one or all of the 64 
transition terms can be connected to any 
or all of the State and Output Registers. 

All state (QPO - Op7) and output 
(0Fo - OF?) registers are edge-triggered, 
clocked J-K flip-flops, with Asynchro
nous Preset and Reset options. The 
PLUS405A architecture provides the 
added flexibility of the J-K toggle func
tion which is indeterminate on S-R flip
flops. Each register may be individually 
programmed such that a specific Preset
Reset pattern is initialized when the 
initialization pin is raised to a logic level 
"1". (Note: Upon power-up, all registers 
are unconditionally preset to "1 "). If 
desired, the initialization Input pin (INIT) 
can be converted to an output Enable 
(OE) function as an additional user pro
grammable feature. 

Availability of two user programmable 
clocks allows the user to design an 
independent counter or state machine 
function that can be used to control the 
bank of output registers. 

Order codes are contained on the pages 
following. 

November 1986 

PLUS405A 
Field-Programmable Logic 
Sequencer (16 x 64 x 8) 
Slgnetlcs Programmable Logic 
Preliminary Specfflcatlon 

FEATURES PIN CONFIGURATIONS 
•Field-Programmable (Tl-W fuslble 

link) 
• 16 Input varlables 
• 8 output functions 
• 64 transition terms 
• 8-blt State Register 
• 8·blt Output Register 
• 2 Transition complement array 

term 
• Multlple clocks 
• Programmable Asynchronous 

Preset/Reset or OUtput Enable 
• Power-on preset to "1" of 

registers 
• fMAX = 40MHz 
• 950mW power dissipation (typ.) 
• TTL compatlble 
• J-K or S-R flip-flop functions 
• Tri-state outputs 
• Functional superset of PLS105/ 

105A 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Perlphersl controllers 
• Timing generators 
• Sequential circuits 
• Elevator controllers 
• Security locklng systems 
•Counters 
• Shift registers 

LOGIC FUNCTION 

Typical State TranBltlon: 
Qt Q1 QO 

I• I 1 ~·I 6• PR-81ll'TE 
ITADREClllTER T•l•C• .•. 

I • I • I 1 I •1 NEXTITATI 

.. .. 
RDETO,' S,•!... - - -"1 •co,• a1• Oo)•A•B• c ... 
HOLDO,. S,•O ..... 

6-38 

N Package 

TOP VIEW 

NOTE: 
N-Plasttc 

A Package 

Fe F7 Jo 11 '2 '3 '4 

NOTE: 
A• Plaatlc Leaded Chip Carrier 

00114828 
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Field-Programmable Logic 
Sequencer (16 x 64 x 8) 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 CK Clock: The Clock input to the State and Output Registers. A Low-to-High 
transition on this line is necessary to update the contents of both registers. 

2, 4-9, lo-15, 11 Logic Inputs: The 11 external inputs to the AND array used to program jump 
26-27 le-la conditions between machine states, as determined by a given logic sequence. 
21-22 l13-l14 

3 ls/CK Logic Input/Clock: A user programmable function: 
• Logic Input: A 12th external logic input to the AND array, as above. 

• Clock: A 2nd clock for the State Registers, as above. The Output Registers 
continue to be clocked off of Pin 1. If two separate State Machines are 
designed, setup and hold. times must be adhered to in order to synchronize both 
banks of registers. Note that input buffer Is must be. deleted from the AND array 
(i.e. all fuse locations "Don't Care") when using Pin 3 as a Clock. 

20 115 High Fan-Out Logic Input: A 13th external logic input to the AND array, as 
above. 11 5 is capable of pulling down all 64 Product Terms by itself. 

23 112 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, 
when exercising standard TTL levels. When 112 is held at + 10V, device outputs 
Fo - F7 reflect the contents of State Register bits Po - P7. The contents of each 
Output Register remains unaltered. 

24 111 Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, 
when exercising standard TTL levels. When 111 is held at + 10V, device outputs 
Fo - F7 become direct inputs for State Register bits Po - P7; a Low-to-High 
transition on the appropriate clock line loads the values on pins Fo - F7 into the 
State Register bits Po - P7• The contents of each Output Register remains 
unaltered. 

25 110 Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, 
when· exercising standard TTL levels. When 110 is held at +10V, device outputs 
Fo - F7 become direct inputs for Output Register bits Oo - 0 7; a Low-to-High 
transition on the appropriate clock line loads the values on pins Fo - F7 into the 
Output Register bits 0 0 - 0 7• The contents of each State Register remains 
unaltered. 

10-13 Fo-F1 Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs 
15-18 which normally reflect the contents of Output Register Bits 0 0 - 0 7, when 

enabled. When 112 is held at +10V, F0-F7= (P0-P7). When 111 is held at +10V, 
F0 - F7 become inputs to State Register bits Po - P7. When 110 is held at + 1 OV, 
F0 - F7 become inputs to Output Register bits 0 0 - 0 7. 

19 INIT/OE lnltlallzatlon or Output Enable Input: 
A user programmable function: 
• lnltlallzatlon: Provides an asynchronous preset to logic "1" or reset to logic 
"O" of all State and Output Register bits, determined individually for each register 
M through user programming. INIT overrides Clock, and when held HIGH, 
clocking is inhibited and Fo - F7 are in their initialization state. Normal clocking 
resumes with the first full clock pulse following a High-to-Low clock transition, 
after INIT goes low. 
• Output Enable: Provides an output enable function to buffers F0 - F7 from the 
Output Registers. 
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POLARITY 

Active-
High 
(H) 

Active-
High/Low 

(H/L) 

Active-
High/Low 

(H/L) 

Active-
High 
(H) 

Active-
High/Low 

(H/L) 

Active-
High/Low 

(H/L) 

Active-
High/Low 

(H/L) 

Active-
High/Low 

(H/L) 

Active-
High 
(H) 

Active-
High 
(H) 

Active-
Low 
(L) 

-
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Field-Programmable Logic 
Sequencer ( 16 x 64 x 8) 

TRUTH TABLE 1• 2• 3• 4• 5, 6• 7 

Yee 110 In 

+10V x 
+10V x 

x +10V 
x +10V 
x x 
x x 
x x 

+10V x 
+10V x +5V 

x +10V 
x +10V 
x x 
x x 
x x 
x x 
x x 
x x 
x x 

NOTES: 
1. Positive Logic: 

SIR (or J/K) •To+ T, + T2 + ... Tea 
T n = (Co, C1)(lo, 1,, 12, .•• ) (Po, P,, ... P7) 

112 CK J 

x x 
x t x 
x t x 
x t x 
x t x 

+10V x x 
x x x 

x x 
x f x 
x f x 
x f x 
x t x 

+10V x x 
x x x 
x f L 
x f L 
x f H 
x f H 

x x x 

Preliminary Specification 

PLUS405A 

K Qp QF F 

x H/L H/L Q& x Qp L L 
x Qp H Hg 

x L QF Lg 

x H QF Hg 

x Qp QF Qp 
x Qp QF QF 

x Qp QF Hi-Z 
x Qp L Le 
x Qp H Ho 
x L QF Le 

x H QF He 

x Qp QF Op 
x Qp QF QF 

L Qp QF QF 
H L L L 
L H H H 
H Op OF OF 
x x x H 

2. Either lnltialization (Active - High) or l'.liiijjiii Eiii61i (Active - Low) are available, but not both. The desired function is a user-programmable option. 
3. i denotes transition from Low-to-High level. 
4. • = H/U+10V 
5. X - Don't Care ( .; 5.SV) 
6. H/L implies that either a High or a Low can occur, depending upon user programmed selection (each Stele and Output Register individually programmable). 
7. When using the Fn pins as inputs to the State and Output Registers in diagnostic mQde, the F buffers are tri-stated and the indicated levels on the output pins are 

forced by the user. 

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

1. INIT /OE option is set to INIT. In order to 
use the INIT function, the user must 
select either the PRESET or the RESET 
option for each flip-flop. Note that regard
less of the user programmed initialization, 
or even If the INIT function is not used, all 
registers are preset to "1 " by the power
up procedure. 

2. All transition terms are disabled (0). 

3. All S/R (or J/K) flip-flop inputs are dis
abled (O). 

4. The device can be clocked via a Test 
Array preprogrammed with a standard 
test pattern. NOTE: The Test Array pat
tern must be deleted before incorporating 
a user program. 
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FUNCTIONAL DIAGRAM 
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Field-Programmable Logic 
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FPLS LOGIC DIAGRAM 
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Field-Programmable Logic 
Sequencer (16 x 64 x 8) 

DETAILS FOR REGISTERS FOR PLUS405A 

-= 
r------------9-+------119 INIT/OE 

:. ........................................................................................... : 
Detail A 

........................................................................................... 
TONTLINE 

TO AND 
STATE REGISTERS ARRAY 

.... 
---RorK Re 

CLK 

Pa 

!. .......................................................................................... . 
Detail B 

............................................................................................. . . 
OUTPUT REGISTERS 

CU< 

~ E : ........................................................................................... ; 
Detail C 
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Signetics Application Specific Products • Series 28 

Field-Programmable Logic 
Sequencer (16 x 64 x 8) 

ORDERING INFORMATION 
r---

DESCRIPTION 

28-Pin Plastic DIP 600mil-wide 

28-Pin Plastic Leaded Chip Carrier 

ABSOLUTE MAXIMUM RATINGS1 

SYMBOL PARAMETER 

Vee Supply voltage 

V1N 
I----

Input voltage 

VouT Output voltage 

l1N Input currents 

louT Output currents 

Temperature range 
TA Operating 
Tsrn Storage 

ORDER CODE 

PLUS405AN 

PLUS405AA 

RATING 
UNIT 

Min Max 

+7 Voe 

+5.5 Voe 

+5.5 ·Voe 

-30 +30 mA 

+100 mA 

0 +75 ·c 
-65 +150 

DC ELECTRICAL CHARACTERISTICS o•c <TA<+ 75°C, 4.75 <Vee< 5.25V 

SYMBOL PARAMETER TEST CONDITIONS 

Input voltage3 

V1H High Vee= Max 
V1L Low Vee= Min 
V1c Clamp4 Vee= Min, 11N = -12mA 

Output voltage3 

Vee= Min 
VoH High loH =-2mA 
Vol Low IOL = 9.SmA 

Input current 

l1H High V1N = 5.5V 
l1L Low V1N = 0.45V 
l1L Low (CK input) V1N = 0.45V 

Output current 

Vee=Max 
lo(OFF) Hi-Z state VouT= 5.5V 

los Short circuit4•5 
VouT = 0.45V 

VouT =OV 

Ice V cc supply current6 Vee= Max 

Capacitance 

Vee= 5.0V 
C1N Input V1N = 2.0V 
CouT Output VouT= 2.0V 

NOTES; 

Preliminary Specification 

PLUS405A 

THERMAL RATINGS 

TEMPERATURE 

Maximum junction 15o•c 

Maximum ambient 75•c 

Allowable thermal rise 75°c 
ambient to junction 

LIMITS 
UNIT 

Min Typ2 Max 

2 
0.8 v 

-0.8 -1.2 

2.4 v 
0.35 0.45 

< 1 25 
-10 -100 µA 
-50 -250 

1 40 µA 
-1 -40 

-15 -70 mA 

190 225 mA 

8 pF 
10 

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 specificatioh of the device is not 
implied. 

2. All typical values are at Vee = 5V, TA= + 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Duration of short circuit should not exceed 1 second. 
6. Ice is measured with the INIT /OE input grounded, all other inputs at 4.5V and the outputs open. 
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Field-Programmable Logic 
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Preliminary Specification 

PLUS405A 

AC ELECTRICAL CHARACTERISTICS R1 = 470!2, R2 = 1 k!2, CL= 30pF, O'C.;; TA.;;+ 75'C, 4.75'CV.;; Vee.;; 5.25V 

LIMITS 
SYMBOL PARAMETERS TO FROM UNIT 

Min Typ1 Max 

Pulse width 

lcKH Clock high CK- CK+ 10 8 
ICKL Clock low CK+ CK- 10 8 

lcKP1 Period (without Complement Array) CK+ CK+ 20 15 ns 
lcKP2 Period (with Complement Array) CK+ CK+ 30 25 
l1NITH Initialization pulse INIT+ INIT- 10 8 

Setup tlme2 

t1s1 Input CK+ Input± 15 12 
t1s2 Input (through Complement Array) CK+ Input± 25 20 
tvs Power-on preset CK- Vee+ 0 -10 

ns 

llNITS Initialization CK- INIT- 0 -10 

Hold time 

l1tt Input Input± CK+ 0 -5 ns 

Propagation delay 

leKO Clock Output± CK+ 8 10 
toe Output enable Output- OE- 12 15 
too Output disable Output+ OE+ 12 15 ns 
l1N1T Initialization Output+ INIT+ 15 20 
lppR Power-on preset Output+ Vee+ 0 10 

Frequency of operation 

IMAX Without Complement Array 40 
MHz 

IMAX With Complement Array 28.5 

NOTES: 
1. All typical values are at Vee= 5V, TA = + 25'C. 
2. Product term loading considerations: Connecting more than 8 toggle-mode registers to only one product term by itself may compromise the setup time 

performance. Product term loading restrictions do not apply if toggle mode functions are not used. 
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Field-Programmable Logic 
Sequencer (16 x 64 x 8) 

TIMING DIAGRAMS 

..,.,. ~-··_· _______ ....,~,1-.S~Y~----~~--~~~~--~~~--~::· 
1-••H-t •os --j 

CLK-------1-.SJYl. \ 1.SY P-::V 
I- 11s -l-'cKH_j_ 'c•L-1 

..----- tcKP _...,. 

----'-~-lc:-.;1~----~,-1.5-Y -::: 

-------.. -.... \ ,, .. -----::· 
lto:"i 

•0-1 

Sequential Mode 

Asynchronous Initialization 

r----------------------- +SV 
/ •.sv 

vcc _/l _____________________ av 

1-·PPR-I 
l~~i~~w--------------- ----- voH 

Fo-7 ~~I ~V 1.sv I IFnJ=1 , •• ~:} ''•••' voL 

..,.____ I CKP ___... 
,----..--- +3V I ~ I 

1.SV T 1.5V 1.SV 

CLK --i--------'l-•c•H-1 I 
· • •vs 

~+3V 

io..1s ___________ ,_.s_,v )( ----''---~ ov 

~ los -+-loH-1 

ov 

Power-On Preset 
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TIMING DEFINITIONS 
lcKH 

lcKL 

lcKP 

lcKP2 

tvs 

ti NITS 

l1H 

le KO 

loE 

too 

lsRE 

lsRD 

IRJH 

Width of input clock pulse. 
Interval between clock pulses. 
Clock period - when not using 
Complement Array. 
Required delay between beginning 
of valid input and positive transition 
of Clock. 
Clock period - when using Com
plement Array. 
Required delay between beginning 
of valid Input and positive transition 
of Clock, when using optional Com
plement Array (two passes neces
sary through the AND Array). 
Required delay between Vee (after 
power-on) and negative transition 
of Clock preceding first reliable 
clock pulse. 
Required delay between negative 
transition of Asynchronous Initial
ization and negative transition of 
Clock preceding first reliable clock 
pulse. 
Required delay between positive 
transition of Clock and end of valid 
Input data. 
Delay between positive transition of 
Clock and when Outputs become 
valid (with INIT /OE low) . 
Delay between beginning of Output 
Enable Low and when Outputs be
come valid. 
Delay between beginning of Output 
Enable High and when Outputs are 
in the off state. 
Delay between input 112 transition 
to Diagnostic Mode and when the 
Outputs reflect the contents of the 
State Register. 
Delay between input 112 transition 
to Logic mode and when the Out
puts reflect the contents of the 
Output Register. 
Delay between positive transition of 
Initialization and when Outputs be
come valid. 
Delay between Vee (after power
on) and when Outputs become pre
set at "1". 
Width of initialization input pulse. 
Required delay between positive 
transition of Clock and end of valid 
Input data when jaming data into 
State or Output Registers in diag
nostic mode. 
Required delay between inputs 111 
or 110 transition to State and Output 
Register Input Jam Diagnostic 
Modes, respectively, and when the 
ouput pins become available as 
inputs. 
Required delay between positive 
transition of Clock and end of in
puts 111 or 110 transition to State 
and Output Register Input Jam Di
agnostic Modes, respectively. 
Maximum clock frequency. 
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Field-Programmable Logic 
Sequencer (16 x 64 x 8) 

TIMING DIAGRAMS (Continued) 

'12 1.IV 

CU< 1.5V 

.. .... 

... 
+tov 

+3V 

+3V 

-~----1---x,------1--------------- ... 
~-~!!'_!!.!!!:, __ <:!_____ _ __ !~------------------ ~ 

I I I-._ 1--._ 
Fo-Fr I (F,) I 1.5Y ---I -'--1-.... -1'""""'""""' 

Diagnostic Mode - State Register Outputs 

l_n 
;=·-8.0V 

+3V 

ov 
1--.... H 

+3V 

ov 

+3V 

CU< 

ov 
---i--taa. 

(~!~)··········~~=== :: i-1c::r-
Diagnostic Mode - State Register Input Jam 

~. 

Jc ... 
+3V 

ov 
!--..... 

+3V 

~) 
ov 

+3V 
CU< 

Diagnostic Mode - Output Register Input Jsm 
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TEST LOAD CIRCUIT 

to vcc 
I 
I Fo 
I 
I OUT 

I 
I F7 

0-- •1s 

CK GND PRIO'T ~ 

":" 

+SV 

R1 

R2 CL 

":" I (INCLUDES 
- SCOPE AND JIG 

CAPACITANCE) 

VOLTAGE WAVEFORM 

... .. 2.5111 

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

Input Pulses 

\ 
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Field-Programmable Logic 
Sequencer ( 16 x 64 x 8) 

LOGIC PROGRAMMING INITIALIZATION/OE OPTION - {IN/E) 
The FPLS can be programmed by means of 
Logic programming equipment. 

With Logic programming, the AND/OR gate 
input connections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table of the following page. 

+IT/OE 

INIT 
E=1 

L OPTION l CODE J 
[ INITIAUZATION1 I H J 

PROGRAMMING THE PLUS405A: 

Preliminary Specification 

PLUS405A 

+rr10i 

INrT• 1 
E 

OPTION In this table, the logic state or action of 
control variables C, I, P, N, and F, associated 
with each Transition Term Tn. is assigned a 
symbol which results in the proper fusing 
pattern of corresponding link pairs, defined as 
follows: 

The PLUS405A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (State and Output Register) at a logic High (H). When programming the device 
it is important to realize this is the initial state of the device. You must provide a next state jump if you do not 
wish to use all Highs (H) as the present state. 

PRESET/RESET OPTION- {P/R) 

ACTION CODE ACTION CODE ACTION CODE ACTION CODE 

INDETERMINATE5 0 PRESET H RESET INDETERMINATE6 

"AND" ARRAY - {I), {P) 

4· ~1· 4· 4· 1,P _ 1,P l,P _ 

l,p '"' I.ii l,p 

n Tn Tn T, 

'""'""" "'"""" LS01830S '""'""" 
~~=pwI~ I 

STATE 

I 
CODE 

I I 
STATE I COLDE I I STATE 

I 
CODE I INAcTi"VE1•2 0 I, p H 1,1' DON'T CARE -

"OR" ARRAY - J-K FUNCTION - (N), {F) 

Tn 
T, T, Tn 

:+g:fi :+g:fi :+g:fi :+g:fi 
N,F K 

N,F K N,F K N,F K 

"""""" """"" """""' """"" I ACTION 

I 
CODE 

I I ACTION 

I 
CODE 

I I ACTION 

I 
CODE 

I I ACTION 

I 
CODE 

I TOGGLE 7 0 SET H RESET L NO CHANGE -
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"COMPLEMENT" ARRAY - (C) 

ct 
Tn 

ct: 
Tn ... , ... ... , .... 

I ACTION I CODE 

I I ACTION 

I 
CODE 

I INACTIYEM 0 GENERATE H 

CLOCK OPTION - (CLK1/CLK2) 

CLK2 CLK2 

CJth CJth 
CLK1 CLK1 

"""'"' 
OPTION OPTION 

CLK1 CLK2' 

NOTES: 

cr· ',, 
c 

Tn 
LSOU110S 

I ACTION I CODE 

I PROPAGATE . 

1, This Is the initial unprogrammed state of all links, It is normally associated with all unused Onactive) AND gates T n· 
2. Any gate T n will be unconditionally inhibited if any one of its I or P link pairs is left intact 

Preliminary Specification 

PLUS405A 

ct 
Tn 

''"""" 

I 
ACTION 

I 
CODE 

I TRANSPARENT -

3, To prevent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and Flink pairs coupled to active gates T n (see flip-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T0 , 

5. These states are not allowed when using PRESET /RESET option. 
6. Input buffer Is must be deleted from the AND array O.e. all fuse locations "Don't Care") when using second clock option. 
7. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode. , 
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Field-Programmable Logic 
Sequencer (16 x 64 x 8) 

PLUS405A FPLS PROGRAM TABLE 

r-----~!~-----~------~1!._ _____ _ 
CUSTOMER NAME--11--------- 1NAC1M 1 o : ~o 
SIGNETICS DEVICE # CF (XXXX) - A en 1 H 111. Fr 

- 1• :- II. 
CUSTOMER SYMBOLIZED PART#_____ - - : lllD- -
REV DATE_..._______ ~~ ~= [====~~===== 
PROGRAMTABLE__________ ~can '~-Pol I: i:IRT181 

to 

• 

• 
• ][ .. 

• 

I 
OR 

PLUS405A 

111 ' l1J1U 1 HI ll 

I 
NOTES: 
1. The FPLS la shipped with all links Initially Intact Thus. a background of "O" for all Terms, and an "H" for the IN/E and H fbr the clock option, exits in the table, shown BLANK instead 

for clarity. 
2. Unused Cn Im, and P8 bits are normally programmed Don't Care ( - ). 
3. Unused Transition Terms can be left blank for future code modification, or programmed· as (-) for maximum apeed. 
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Section 7 
Military Errata 

Effective October 1986, this section has been superseded by the Military Products 
Data Manual. Information regarding this manual can be obtained from the Military 
Division in Sacramento, (916) 925-6700. 
Electrical specifications herein do not necessarily describe the performance 
characterization of military processed products. 
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Application Specific Products 

SOFTWARE SUPPORT FOR 
USER PROGRAMMABLE LOGIC 
Computer Aided Design (CAD) support 
is becoming necessary to address the 
time-consuming details required by the 
more complex programmable logic de
vices available today. The design effort 
can include the manipulation of Boolean 
equations, truth tables, state diagrams, 
flowcharts etc, to create the binary fuse 
map required to program such devices. 

For many years, design engineers have 
used programmable read-only memories 
(PROM's) to replace conventional logic. 
The architecture of the PROM can be 
described as a programmable logic de
vice containing a fixed AND array fol
lowed by a programmable OR array. 
The fixed structure of the PROM re
quires a full assignment of output words 
to be programmed for every input combi
nation. Therefore, little use can be made 
of programmable logic software pro
grams for logic minimization or other 
compiling efforts when using PROM's. 

Signetics Programmable Logic Devices 
are the most advanced approach to 
solving the inherent limitations of 
PROM's. Their architecture consists of a 
programmable AND array, followed by 
a programmable OR array - with the 
addition of a programmable invert func
tion for flexible output control. 

November 1986 

AMAZE 
Programmable Logic 
Development Software 

A Signetics PLO device can implement 
any set of Boolean expressions, provid
ed that they are first put into the stan
dard sum of products form. The logical 
AND's are implemented at the first gate 
level of the programmable logic device 
and the logical OR's are implemented by 
the second gate level within the PLO. 
The only limitations on the. expressions 
are those imposed by the number of 
inputs, outputs, and internal product 
terms provided by the particular PLO 
circuit selected. The efficiency of imple
menting the set of equations can be 
increased significantly by applying De
Morgan's theorem, and utilizing the pro
grammable invert function on each out
put. 

If there seems to be too few product 
terms to handle a relatively large equa
tion set, one of several minimization 
methods can be pursued. 

The probability of reducing such equa
tions to manageable size is enhanced 
through the flexibility of shared AND 
terms for each output function, the ac
cessibility of all AND terms to each 
output, and having a programmable in
vert function on each output. All of these 
features can be utilized by applying the 
manual manipulation of Venn Diagrams 
or Karnaugh Maps. However, the time 
and effort to accomplish these tasks as 
well as document the effort for procure-

8-3 

ment specification purposes increase 
the need and desire to have software 
programs to automatically perform such 
manipulations. 

Many types of software programs are 
being developed to provide this assis
tance for operation on a wide range of 
computer hardware. This list of software 
is expanding rapidly, consisting of both 
Signetics generated software and some 
independent software houses' contribu
tions. 

This discussion is intended to outline the 
Signetics developed software program 
called AMAZE (Automatic Map And Zap 
Equation Entry) The AMAZE software 
program currently consists of five mod
ules, BLAST ('Boolean Logic And State 
Transfer' entry program), PTP ('PAL To 
PLO' conversion program), DPI ('Device 
Programmer Interface' program), PLO 
SIM ('PLO Simulator" program) and the 
PTE ('Program Table Editor' program). 
Other modules will be added when prod
uct developments require additional 
software tools. 

It must be noted that the AMAZE pro
gram is not by any means the total 
extent of software available for use in 
designing with PLO (Programmable Log
ic Devices). Please contact your local 
Signetics representative for the latest 
word on the most currently available 
software. 
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Programmable Logic Development Software 

AMAZE 

Description 
Automatic Map And Zap Equation Entry soft
ware program. The AMAZE software program 
consists of the following five modules: 
• BLAST ('Boolean Logic And State 

Transfer' entry program) 

• PTE ('Program Table Editor') 

• PTP ('PAL To PLO' conversion 
program) 

• DPI ('Device Programmer Interface' 
program) 

• PLO SIM ('PLO Simulator' program) 
Each module performs specific tasks as out
lined in the following sections. 

Features 
• Multlple modules allowlng expansion 

for future requirements 

• Each module designed to be user 
frlendly 

• Both HELP and ERROR messages 

• Document printout: Header, Pin 
diagram, Boolean equation and Fuse 
map 

• Interface with most commerclal 
programmers 

• SIMULATOR programs provide both 
test and appllcatlons assistance 

Equipment 
• The PC version of AMAZE Is capable 

of operating on an IBM·PC with MS
DOS operating system and having 
512K bytes of on-board RAM 

•The VAX version of AMAZE Is 
capable of operating on a VAX 
computer with VMS operating system 

Please contact your Signetics Sales Repre
sentative for availability and ordering informa
tion. 

November 1986 

Products Supported 
AMAZE will support the following products: 
• 20-pin PLDs: PLS151 

PLS153 
PLS153A 
PLHS153 
PLUS153 
PLS155 
PLS157 
PLS159 
PLS159A 
PLHS1BPBA 

• 24-pln PLDs: PLS161 
PLS162 
PLS163 
PLS167 
PLS167A 
PLS168 
PLS168A 
PLS173 
PLUS173 
PLS179 
PLHS473 
PLC473 

• 28·pln PLDs: PLS100 
PLS101 
PLS103 
PLS105 
PLS105A 
PLC105 
PLUS405A 

• 52·pln PLDs: PLHS501 
PLHS502 

8-4 
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Programmable Logic Development Software 

BLAST 
Boolean Logic And State Transfer program is 
a menu driven software package that sup
ports the engineer in implementing logic de
signs into Signetics Programmable Logic De
vices. It checks design data and automatically 
compiles a program table from Boolean and 
State Machine equations. Data from the pro
gram table is then used to produce a Stan
dard File which contains the fusing codes in a 
form acceptable to all the AMAZE modules 
(i.e. PLO-SIM and DPI). 

BLAST reports the logic and syntax errors, 
and lists the equations in a Sum of Products 
form, which can help the user to minimize the 
entered logic equations. It will automatically 
partition State machine designs into specified 
devices, and then delete redundant terms 
during compilation. 

BLAST also provides the capability of modify
ing a current logic set programmed into a 
device by overlaying new data onto unused 
fuses. 

BOOLEAN LOGIC AND STATE 
TRANSFER FEATURES 
• User friendly Interactive plnlist editor 

• Boolean equation or state vector 
entry 

• Schematic entry (with external 
schematic capture package) .. 

• On-line error checking, minimization, 
and design overlay 

• Capable of partitioning single designs 
Into multiple PLDs 

• Generates standard PLO fusemap 
flies 

• Supports all Signetics' PLDs and 
PL Es 

• User definable device files for 
support of PALs and other PLO 
devices 

PTE 
Program Table Entry is an interactive editor 
which allows the logic designer to enter data 
into AMAZE in the form of SIGNETICS AP
PROVED PROGRAM TABLES. Each 
Signetics PLO data sheet has the program 
table format which applies to that device. In 
addition, PTE can be used to document 
completed designs and to make changes in 
logic functions which have been previously 
defined in the BLAST module. 

PROGRAM TABLE EDITOR 
FEATURES 
• Allows easy creation and editing of 

new and existing PLO designs 

• Truth-table representation of PLO 
fusemap In High/Low format 

• On-line editor provides automatic 
cursor control and prevents syntax 
errors 

• On-line help screen and print facility 

• Operates on standard PLO fusemap 
files 

PTP 
PAL TM To PLO is a conversion program to 
allow easy transfer of the various PAL 20 and 
24 pin circuits to the Signetics PLO 20 and 24 
pin series devices. 

PTP can automatically upload the PAL TM 

pattern from a Commercial programmer, con
vert the pattern into a PLO pattern, and then 
download the PLO pattern into the program
mer. The PAL TM pattern and it's correspond
ing PLO pattern are documented, and the 
PLO pattern can be directed to other AMAZE 
modules. 

PTP can also convert the PAL TM fuse file in a 
HEXPLOT format. 

PAL-TO·PLD CONVERSION 
FEATURES 
• Menu-driven fusemap conversion of 

20- and 24-pln PALs to pin and 
functional equivalent Slgnetics' PLDs 

• Automatic assembler removes 
duplicated p-terms providing efficient 
PLO mapping 

• Accepts JEDEC, fuseplot files or 
direct PAL master Input via 
commercial PLO programmer 

• User selectable RS-232 programmable 
interface parameters 

• Provides fusemap conversion 
documentation 

• Generates standard PLO fusemap 
files compatible with other AMAZE 
modules 

DPI 
Device Programmer Interface is the software 
module that provides the interface between 
the Standard File created by the AMAZE 
modules and a commercial programmer. This 

"'PAL™ and PLE™ are trademarks of Monolithic Memories, Inc. 
(** AMAZE accepts TTL schematics generated with DATAMl/O FUTURENET DASH) 
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module allows both download (Sending from 
Host to programmer) and upload (Sending 
from programmer into the host) operations. 

DPI supports both JEDEC and Signetics H & 
L formats to convey fusing information to and 
from several commercial programmers. 

DEVICE PROGRAMMER 
INTERFACE FEATURES 
• Supports standard JEDEC and 

Slgnetlcs High/Low fusemap Ille 
formats 

• RS-232 interface to commercial PLO 
programmers 

• Screen menus for easy upload and 
download of fusemaps 

• User selectable RS-232 parameters 
for programmer flexibility 

• Test vectors automatically transferred 
to programmer along with fusemap 
file 

• Operates with standard PLO fusemap 
flies 

PLO. SIMULATOR 
The PLO Simulator program is a software 
package that simulates the operation of the 
logic that has been defined for Signetics PLO 
products. The input to the program is the 
Standard File generated by other AMAZE 
modules. The simulator has the capability of 
running manually or automatically. In the 
automatic mode the simulator creates a file of 
test vectors that can be used to test the 
programmed devices. In the manual mode 
the program will allow the operator to as
signed an input vector and observe the resul
tant output. 

PLO FUNCTIONAL SIMULATOR 
FEATURES 
• Functional simulation of designs 

created from equations, program 
tables, or existing programmed 
devices 

• Automatic test vector generation 
from standard or JEDEC PLO 
fusemap files 

• Interactive keyboard entry or batch 
file Input of test vectors 

• Detects Illegal State Machine 
transitions and flags affected p-terms 

• On-line help screen 

8 
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AMAZE HARDWARE 
REQUIREMENTS 
PIN 
82SOFT523-SS IBM-PC or IBM-XT or 

compatible computer 
512K Memory 
PC-DOS Operating Sys
tem Version 2.0 or higher. 
2 Floppy Disk Drives or 
1 Floppy and 1 Hard disk 

82SOFT211-SS VAX Series Computer 
VMS operating system -
all revisions. 

AMAZE comes fully documented with appro
priate magnetic media. Applications support 
is provided by Signetics Field Application 
Engineers in most areas. Contact the Sales 
Office in your area for information on AMAZE 
and Signetics Programmable Logic Products. 
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INTRODUCTION 
In multiprocessor environments there is con
siderable savings to be made through sharing 
system resources. If each processor must 
support its own bus structure, 1/0 devices, 
and bulk storage medium, system cost could 
be very high. In the configuration shown in 
Figure 1, all processors share a common 
communication bus, and a number of system 
resources. 

Since every processor must use the common 
system bus to communicate with its peripher
als, a priority structure that resolves simulta
neous processor bus requests into a single 
bus grant must be integrated into the system. 
In addition to making request-grant transac
tions, transient bus contention due to grant 
switching must be removed by inserting pre
cise guard band times between bus grants. 

Signetics' Field Programmable Logic Se
quencer provides a convenient and cost
effective means for implementing a synchro
nous arbiter to perform these tasks within a 
single chip. 

November 1986 
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ARBITER STRUCTURE 
Within a multiprocessor system, two general 
classes of processors can be recognized: 
Priority A and Priority b. Priority A processors 
have the highest request priority and must 
only compete with other Priority A processors 
for bus control. The arbiter must issue "A" 
grants in manner that prevents any high 
priority "A" processor from locking out anoth
er Priority A processor. To enable this, the 
Priority A rules implemented here use a Last 
Granted Lowest Priority (LGLP) ring structure. 
After an "A" processor has completed a bus
related task, its next arbitrated request priority 
will be lowest in the "A" request group. The 
previously second highest priority "A" pro
cessor will then become highest priority re
quester. The net effect of the "round robin" 
exchange is that every Priority A processor 
will have a turn at being highest priority 
processor. Priority A processors are typically 
ones that perform real-time operations or vital 
system tasks. 

SYSTEM ARBITER 

Priority b processors are lower in priority than 
the "A's" and may only be granted system 
control when no "A" requests are pending. 
"b" processors usually perform background 
tasks. Within the Priority b group, further 
priority ordering exists such that each "b" 
processor has a fixed priority position. 

Plumber1, Pearce2, and Hojberg3 present 
asynchronous techniques of arbiter imple
mentation. These methods all have hard
wired priority rules and imprecise guard band 
times during grant switching. As pointed out 
by Hojberg, a synchronous state machine can 
be configured as a Mealy-type controller to 
provide not only precise guard band times 
and programmable priority rules, but also 
programmable input/output polarity. The 
state machine in Figure 2 is made from a 
control PROM array and an edge-triggered 
latch. The "A" and "b" requests and the 
machine's present state are used by the 
control PROM to determine the next "A" and 
"b" grants and the next state. 

CHANNEL b 

MAG 
STORAGE 

MAPPED 
1/0 

DEVICES 

SYSTEM 
CLOCK 

Figure 1. Multiprocessor Structure 
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Ro o. 
R, A IOU G, 
; I 

.... 0,, .. .. .. • .. 
' ' .. ... 

a. A and b eervtce requests (RN, rN) plus the pl'88ent state determine, through the 
control PROM, the next state and the next grant outputs (ON, gNl· 

:tttttttttttttttt 
.... 

b. Requests Ro. R1, ro. and r1 are ll888rtecl IOw In the same clock sample period. 
The priority rules that detarmlne the order In which the grants are IMued and the 
shaded guard-bend areas are programmed Into the control PROM. Nots that the A 
and b request llnes and the present state Input to the PROM must have a sat-up 
time equal or gl'88ter than the latch sat·up time plus the PROM access time. 

Figure 2. Arbiter Constructed From A Mealy· Type State Machine 
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SYSTEM OPERATION 
Two machine states can be Identified by 
Inspection: a wait state and a grant state. The 
state machine enter8 a grant state as a 
response to a system request on either RN or 
rN. The machine will remain In this state with 
a single grant line asserted as long as the 
request remains asserted. Upon releasing the 
request line, the machine will pass through a 
single wait state before considering other 
pending requests. This provides a single state 
guard band time. The requests received must 
meet the set-up requirement of the edge· 
triggered latch after propagating through the 
control PROM. If these time considerations 
do not fit within a given multiprocessor struc
ture, an input latch may be added such that 
the RN and rN lines are clocked through the 
latch by the system clock, thereby removing 
asynchronous set-up time considerations. On 
the basis of a state machine approach, two 
techniques of implementation are feasible: 1) 
using an architecturally advanced single IC 
controller, the FPLS, and, 2) a traditional 
PROM/LATCH configuration. 
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r---------

SYSTEM-+----------~ 
CLOCK 

- FPLS -

... 

TRANSITK>NTERM 

CONTROL 
PROM 

22X48X28 
CAPROM 

PRESENT STATE 

a. FPLS Single Chip System 

_J 
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'· 

OPTION(Pi') 

OUTPUT TEAM 

NO.Cr-1--111 

5 4 3 2 1 

INPtn' VARIABLE (int) PRESENT STATE (Pli) 

~ t-.- • :; 'i -5- ;; i 2 -; -0--5~-.. --3- 2 1 0 
NEXT STATE (Ms) OUTPUT FUNCTION (Fn) 

5 4 i 'i -,-,-0- :; s r-5 4 3 -2- ,- i 

I I I I 
~1:~1 1,--,--1 ~I ~I ~I l~l~l~l~l~I l~l~l~l~l~l~l~l~l~l~l~I I I I I I I I I I I I I I I I 

FPLS ARBITER 
IMPLEMENTATION 
A five Priority "A" and three Priority "b" 
arbiter will be constructed such that all grant 
outputs will be asserted low for grants and all 
request inputs will be asserted low for system 
requests. 

Brief FPLS Description 
The FPLS block diagram shown in Figure 3(a) 
consists of a control PLA and 14 clocked SIR 
flip-flops. The control PLA is actually an AND
OR logic array that functions as a Content 
Addressable PROM. The PLA is organized as 
48 words of 28 bits with 16 external input 

November 1986 

b. FPLS Standard Program Table 

CK s R Q 

i 0 0 Q 

t 0 1 0 

t 1 0 1 

t 1 1 Undefined 

NOTE: 
( f ) denotes positive clock transition. S - A .. 1 is an Illegal 
input condition. 

c. Transition Table of Clocked S/R Fllp·Flop 

Figure 3 

lines, and six internal inputs fed back from the 
State Register. The 28 PLA outputs drive the 
SIR inputs of the six-bit State Register and 
eight-bit Output Register. Note that the state 
feedback path is made inside the FPLS. 

IN and present state inputs, Ps, represent 222 
possible input codes; 48 of these codes may 
be mapped in the PLA to provide a 14 bit 
register control word. As shown in Figure 3(b) 
each input code may be specified by assign
ing to the variables either Low "L'', High "H", 
or Don't Care "-" logic states. If any input 
code falls logically outside the programmed 
codes, the PLA asserts a Low on all its 28 

9-5 

internal outputs, thereby issuing a "no 
change" command to the RIS flip-flops. 

This is an important architectural feature 
because it requires that only state or output 
transition terms be programmed. Looping 
terms that change neither state nor output 
need not be programmed in the FPLS, owing 
to the functional characteristics of SIR flip
flops tabulated in Figure 3(c). An example of 
this is shown in Figure 4. 

The SIR inputs of both state and output 
registers are specified by using PLA outputs 
("AND" functions of request inputs and pres
ent state) in the program table of Figure 3(c). 

-9 -
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The corresponding next state of each bit will 
basettoOfor"L'', 1 for"H",andNoChanga 
for "-". The FPLS's PR/OE line may be 
assigned either Asynchronous Preset or Out
put Enable functions, via a user programma
ble option. 

The entire function Is Integrated into a single 
28-pin package designated as PLS105. 

State Algorithm 
Figure 5(a) displays the circular state form 
and all possible state transitions of the LGLP 
priority structure. Hex states 3F, 3E, 30, 3C. 
and 38 are arbiter wait states W0_4. In these 
states, processor "A" and "b" requests are 
monitored. Figure 5(b) illustrates a typical 
grant to processor A1 in hex state 07. As long 
as A1 asserts its request line low. the next 
state will be 0716 and the next output will 
remain with G1 asserted low and all the other 
grant outputs asserted high. Since no change 
in state or grant output results from this 
transition. no PLA resources are required. 

As soon as processor A1 returns Its request 
line, R1, to 1, a state transition is made to 30, 
and an output transition is. made to set all 
grant outputs to 1. Since processor A1 was 
the last to be granted system resources, it will 
now have the lowest A level request priority 
(LGLP). In wait state W2, the highest priority 
processor will be A2, second A3, third ~. and 
fourth A0. To maintain the LGLP rule, grant 
transitions must follow the state rule 
GN ---+ W(N + 1). and wait states, WM, must 
set their" A" priorities so that processor~ is 
highest priority. Priority decreases as one 
proceeds clockwise around the state ring to 
the lowest priority processor, A(m-1)-

When no "A" requests are pending, "b" 
requests may be granted. To avoid upsetting 
the LGLP priority rule, a "b" grant must leave 
and return to the same wait state. Since the 
"b" priority structure is the same regardless 
of the wait state, only a single set of "b" 
transition tanns are required. 

November 1986 

NOTE: 
T NIFN - Inputs/outputs. 
The FPLS requires that only two out of the three transition terms be programmed. 

Figure 4. FPLS State and Output Transitions 

For example, a grant transition to g2 (Hex 
20 - 25) can be issued only H there are no 
"A", "bo", or "b1" requests pending. Given 
the binary wait state code 111 XXX, where 
"X's" represent Don't Cares, a request code 
of 01111111 will transfer the arbiter to the 
grant state g2 from any of the wait states, 
Wo-4· 

It is important to realize that in making this 
transition, the lower three-state bits will not 
be changed - they provide the wait state 
return address. Whan r2 returns high, 
1 XXXXXXX, a transition back to the previous
ly exited wait state is made by forcing a '' 1'' in 
the three most significant state bits and 
leaving the lower three-state bits unchanged. 

All output and state bits are initially preset to 
"1" through Iha use of the optional preset 
function. Grant output lines are only forced 
low when transitions are made to grant states 
and are returned to "1" when jumping back 
to a wait state. 

Table 1 provides the complete arbiter pro
gram. The complete arbiter circuit diagram is 
shown in Figura 6. The AMAZE equations are 
shown in Figure 7. 
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PROM/LATCH 
IMPLEMENTATION 
The same five "A" processor and three "b" 
processor arbiter can be implemented with 
discrete PROM' s and Latches using the same 
state diagrams for the FPLS, except that now 
looping transition terms must be pro
grammed. Coding of all state and output 
transitions requires programming of two 
memory fields: the "A" request PROM's 
(2KX6) and the "b" request PROM (64 x 3). 
The complete circuit diagram is shown in 
Figure 6(b). 

The "A" request PROM's determine the next 
machine state (No_ 5) at all times, except 
when there are no "A" requests pending and 
there is a "b" request, or if the machine is 
presently in a "b" grant state. In these cases, 
the "b" request PROM controls the ma
chine's next state. 

The grant control lines are decoded from the 
next state lines and latched in two quad 
output latches. This PROM/LATCH organiza
tion is conceptually the same as that shown 
in Figure 2. 
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TYPICAL TRANSITION TERM 
'2 '1 'o R4 A, R, R, Ro 

a. 

b. 

Figure 5. Arbiter State Transition Diagram 
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.. 
ii; 
ii; 
R, .. .. .. 
;; 
;; 
;; 

•, 

.. 

PRESET 

.. .. .. 
ir, .. 

SYSTEM CLOCK 

CE 

CE o, ... .. o, 

~ RE~~~ST o, 
A, PROMS o, .. 2KX4 .. o, .. o, ., o, 
A, o, 
A, .. 

LOW FOR ''b" • 
REQUEST 

l 
1, p F, 

'• •• 
'• Pl.$105 •, 

FPLS 

'• .. 
'• •• 
'• .. 
'· •• 
'• CK F 

a. 

b. 

Figure 6. Arbiter Circuit Diagram Summary 
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Table 1. FPLS Program Table for Priority Arbiter --
No. 1 1 1 1-

1111'111' VAlllMU (IM) Hlllmlf STAll! (Ila~ 
1 1 

I 4 a I 1 a i i i i i ,- ,--. 1 ii i ; ,-.i,; 0 
a -- -- --- -- -- -- -- L H H H H H H 
1 - L H H H H H H H 
z - -- -- - - -- L H H H H H H H H 
s -- -- -- -- -- -- L H H H H H H H H H 
4 -- -- -- -- -- -L H H H H H H H H H H 
I - L H H H H H L 

....l. - -- -- -- --- l..!L- H H H H H 
7 -- -- -- -- -- -- L H H - H H H H H L 
I -- -- -- -- -- -L H H H - H H H H H L 

• - H H H H L H H H H H L 
10 --- -- - - L H H H H L H 
11 -- -- -- -- -- - - L H -- H H H H L H 
12 -- L H H H H H H L H 
11 - H H H L H H H H L H 
14 -- - -- - - - H H H L H H H H H L H 
11 -- -- -- - - -- - - L - - - H H H H L L 
11 -- -- -- -- - - - L H - - - H H H H L L 

IT[ - - - H H L H H H H L L 

!! -- -- -- - - - H H - L H H H H H L L 
It -- -- -- - - - H H L H H H H H H L L 
za -- -- -- -- --- L - - -- H H H L H H 
21 H L H H H L H H 
n -- -- -- - - - H L H H H H L H H 
n - -- -- -- -- - H - L H H H H H L H H 

l.M.. H L H H [j[ H H H L H H 
ZI - - L H H H H H H H H 
ZI -- -- --- L H H H H H H H H H -
27 -- -- -- -- L H H H H H H H H H H ---

IJ!.. H L L L H H L 
zt - - - - - H - L L L H H H 
Ill -- -- -- - -- H - L L H H H L 
SI -- -- -- -- -- - - H - - - L L H H H H 

• -- -- --- - - - - H -- - - L H L H H L 

• -- -- -- -- H - - H l:i: H 
M -- -- -- --- H - -- - - - H H L - -• -- -- --- - H - - - -- -- H L L - - -• 

1.:"1.; l~lrl ill tl 1cl1t1 
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NEXT STAll! (No) OUTPUT l'UNCTION (l'n) 

s - - - 7 ,..._- - i' i 4 3 z 1 0 I 4 

'...!.....!._ IT: H L H H H H H 
L L L H H H H H H H 
L L H H L H H H H L 
L L H H H H H H L H 
L H L H L H H L H H 
L L L H H H H H [![ H 

H H H [_!( [}!] H H L 
Ll:J;: H H H H H L H 

L H L L H H L H H 
L L H H H H 

L L H L H H H L 
L L H H H H H L H 
L H L L H H L H H 
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L L L H H H H H H 
L L H H H H H L H 
L H L L H H L H H 
L L L L H H H H H 
L L L H H H H H H 
L L H L H H H H L 
L Ho;: L H H L H H 
L L L L H H H H H 
L L l H L H H H H H 
L L H H H H H H H L 
L L H H H H H H L H 
H L H - - - H L H H H 
H H L - - -H L H H H H 
H L L - - -L H H H H H 
H H H H H L H H H H H H 
H H H H L H H H H H H H 
H H H H L L H H H H H H 
H H H L H H H H H H H H 
H H H H H H H H H H H H 
H H H -- -H H H H H H 
H H H -- -H H H H H H 
H H H -- -H H H H H H 
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I 0 
H L 
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H H 
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L H 
H H 
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H H 
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H H 
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******************** ARBITERS ******************** 
&DEVICE SELECTION 
AR8ITER8/82S105 . 
&STATE VECTORS 
t FF5, FF4, FF3, FF2, FF1, FFO l 
WO • 03Fh I 
Wl • 03Eh I 
W2 • 03Dh I 
W3. • 03Ch 1 
W4 = 038h I 
W04 • 111---b 
GAO •Ohh 1 
GA1 • 07h 1 
·aA2 • OEh J 
GA3 • OFh 1 
BA4 • lhh 1 
BBO • 101---b 
881 - 110---b 
682 = 100---b 

UNPUT VECTORS 
@OUTPUT VECTORS 
t082, 081, 080, OA4, OA3, OA2, OA1, OAOJ 
QAO' = FEh 
QA1' = FDh 
QA2' = FBh 
QA3' = F7h 
QA4' = EFh 
Q80' " DFh 
QB1' • BFh I 
Q82' • 7Fh 1 
NOBRANT' • FFh 

&TRANSITIONS 
WHILE tWOJ 

CASE 
[/RAOJ 1: tBAOJ WITH [QAO'l 
t/RA1 * RAOJ 11 tBA1] WITH tQAl'l 
t/RA2 * RA1 * RAOJ :1 tBA2J WITH CQA2'J 
[/RA3 * RA2 * RA1 *RAO] 11 tBA3J WITH [QA3'l 
t/RA4 * RA3 * RA2 * RA1 * RAOl 11 tBA4l WITH [QA4'l 

ENDCASE 

WHILE tWll 
CASE 

t/RA1l 11 t6A1l WITH [QA1'l 
C/RA2 * RA1l 11 tBA2l WITH [QA2'l 
t/RA3 * RA2 * RAll 11 tGA3] WITH [QA3' l 
t/RA4 * RA3 * RA2 * RAil 11 tBA4l WITH [QA4'l 
[/RAO * RA4 * RA3 * RA2 * RAll 11 tBAOJ WITH [QAO'l 

ENDCASE 

a. Arbiter State Equations 

Figure 7 
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WHILE [W2J 
CASE 

[/RA2J :: [GA2J WITH [QA2'J 
[/RA3 * RA2l :; [GA3J WITH [QA3'J 
[/RA4 * RA3 * RA2l :: [GA4J WITH [QA4'J 
[/RAO* RA4 * RA3 * RA2l :: [GAOJ WITH [QAO'J 
(/RAl *RAO* RA4 * RA3 * RA2J ;: [GAlJ WITH [QA1 'J 

ENDCASE 

WHILE CW3J 
CASE 

C/RA3J :: CGA3J WITH CQA3'J 
C/RA4 * RA3J :: CGA4l WITH [QA4'J 
[/RAO* RA4 * RA3J :: CGAOJ WITH CQAO'J 
C/RAl * RAO * RA4 * RA3J : : CGAl J WITH CQAl' J 
C/RA2 * RAl *RAO* RA4 * RA3J ;: CGA2J WITH [QA2'J 

ENDCASE 

WHILE [W4J 
CASE 

C/RA4J :: CGA4J WITH CQA4' J 
C/RAO * RA4J :: CGAOJ WITH CQAO'J 
[/RA! *RAO* RA4J :: CGA!J WITH CQAl'J 
[/RA2 *RA!* RAO* RA4J :: CpA2J WITH [QA2'J 
[/RA3 * RA2 * RA1 *RAl * RA4J :: CGA3J WITH [QA3'J 

ENDCASE 

WHILE CW04J 
CASE 

C/RBO * RA4 * RA3 * RA2 *RA!* RAOJ :: CGBOJ WITH [QBO'J 
(/RB! * RBO * RA4 * RA.3 * RA2 * RA! * RAOJ : : CGBl J WITH CQBl 'l 
l/RB2 *RB!* RBO * RA4 * RA3 * RA2 *RA! * RAOJ :: lGB2J WITH (QB2'J 

ENDCASE 

WHILE CGAOJ 
IF CRAOJ THEN CW!l WITH [NOGRANT'J 

WHILE CGAl J 
IF CRAl J THEN CW2J WITH CNOGRANT' 

WHILE CGA2J 
IF CRA2J THEN CW3l WITH CNOGRANT' J 

WHILE CGA3J 
IF [RA3J THEN CW4J WITH CNOGRANT'J 

WHILE CGA4J 
IF CRA4J THEN CWOJ WITH CNOGRANT' J 

WHILE CGBOJ 
IF CRBOJ THEN CGBl J WITH CNOGRANT' J 

WHILE CGBl J 
IF rRBlJ THEN CGB2l WITH CNOGRANT' J 

WHILE CGB2l 
IF CRB2l THEN [GBOJ WITH CNOGRANT' J 

a. Arbiter State Equations (Continued) 

Figure 7 (Continued) 
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******************** ARBITERS ******************** 
-••OHt1••••••••••••PIN LIST•••••H•Ht1••••••111tH 

LABEL 
CLOCK 
RB2 
RBl 
RBO 
RA4 
RA3 
RA2 
RAl 
RAO 
092 
OBI 
080 
OA4 
BND 

** FNC •*PIN --------- PIN** FNC ** LABEL 
**CK 1-1 1-28 ** +3V **VCC 

I 2-1 1-27 ** I **N/C 
I ** 3-1 1-26 ** I •*NIC 
I ** 4-1 B 1-25 ** I •*N/C 
I ** 5-1 2 1-24 ** **N/C 
I ** 6-1 s 1-23 ** **N/C 

** I 7-1 1 1-22 ** **NIC 

** I a-1 0 1-21 ** 1. **N/C 

** I 9-1 5 1-20 ** I **N/C 
** 0 10-1 1-19 ** PR ••PRESET 
** 0 11-1 1-18 ** 0 **OAO 

** 0 **· 12-: 1-17 ** 0 ••OA1 

** 0 13-1 1-16 ** 0 **DA2 
** ov 14-l 1-15 ** 0 **DA3 

b. Arbiter Pin List 

******************** AR8ITERB ******************** 
iDEVICE TYPE 
826105 
IDRAWINB 
************ tu.A. TI-PROCESSOR BUS ARB I TOR 
@REVISil:llt 

************ ARBITERS REV. O 
!DATE 

************ JULY 26, 1985 
ISVMBOL 

************ ARBITERB 
8COl'IPANY 

*******'***** SIGNETICS 
@NAME 

************ DAVID K. WONG 
IDESCRI¥TION 
@INTERNAL SR FLIP FLOP LABELS 
FFO FFl FF2 FFl FF4 FFS 

&COMMON PRODUCT TERM 
ICOMPLEMENT ARRAY 
@LOGIC EQUATION 

c. Arbiter Boolean Equations 

Figure 7 (Continued) 
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******************** ARBITERS ******************** 
Cust/Project - ************ DAVID K. WONG 
Date - ************ JULY 26, 1985 
R'av/I. O. - ************ ARBITERS REV. 0 

825105 

T OPTION PIE ~H! 

E --------------------------------------------------------------------------
R INPUT VARIABLE ~PRESENT ST ~ NEXT ST OUTPUT 
M C 1 1 1 1 l 1 --...,.---------------------------------------------------------

0 A=-~-~--=~:-~-:-~:~--~-=-~:~-:-:-~~-~-;~-~-~-~~~'~~~~~-~-~--~:~-~-~-~; 
1 A - - - -,- - - -,- - - --,- - L H H H,H H H H L L,L .H H H H H H H,H H L H! 
2 A - - - -,- - - -,- - - -,- L H H H .H,H H H H L L,H H H L H H H H,H L H H! 
3 A - - - -,- - - -,- - - -,L H H H H H,H H H H L L,H H H H H· H H H,L H H H! 
4 A - - - -,- - - -,- - - L,H H H H H H,H H H H L H,L H H L H H H L,H H H H! 
5 A - - - -,- - - -,- - - -,- - L - H H,H H H L L L,L H H H H H H H,H H L H~ 

6 A - - - -,- - - -,- - - -,- L H - H H,H H H L L L,H H H L H H H H,H L H H~ 
·7 A - - - -,- - - -,- - - -,L H H - H H,H H H !- L L,H H H H H H H H,L H H H! 
8 A - -,- - - -,- - - L,H H H - H H,H H H L L H,L H H L H H H L,H H H H~ 

9 A - -,- - - -,- - - H,H H H L H H,H H H L L L,L H H L H H H H,H H H L~ 

10 A - - - -,- - - -,- - - -,- L - - H H,H H L H L L,H ~ H L H H H H,H L H H~ 

11 A - - - -,- - , - -,L H - - H H,H H L H L L,H H H H H H H H,L H H H~ 
12 A - - - -,- - - -,- - - L,H H - - H H,H H L H L H,L. H H L H H H L,H H H H~ 

13 A - - - -,- - - -,- - - H,H H - L H H,H H L H L L,L H H L H H H H,H H H L! 
14 A - -,- - -,- - - H,H H l. H H H,H H L H L L,L H H H H H H H,H H L H~ 

15 A - - - -,- - - -,- -,L - - - H H,H H L L L L,H H H H H H H H,L H H H! 
16 A - - - -,- - - -,-- - - L,H - - - H H,H H L L L. H,L H H L H H H L,H H H H 1 

17 A - - - -,- - - -,- - - H,H -· - L H H,H H L L L L,L H H L H H H H,H H H L! 
18 A - -- - --,- - --,- - - H,H - L H H H,H H L L L L,L H H H H H H H,H H L H! 
19 A - -,- -,- - - H,H L H H H H,H H L L L L,H H H L H H H H,H L H H~ 

20 A -,- - - -,·- - - L,- - - - H H,H L H H L H,L H H L H H H L,H H H H~ 

21 A -,- -,- - - H,- - - L H H,H L H H L L,L H H L H H H H,H H H L~ 

22 A - -,- -,- - - ~i,- - L H H H,H L H H L L,L H H H H H H H,H H L H~ 

23 A - - -,- -,- - - H,- L H H H H,H L. H H L L,H H H L H H H H,H L H H! 
24 A ·- -,-- - - -,- H,L H H - H H,H L H H L L,H H H H H H H H,L H H H' 
25 A - -,- - - -,- - L H,H H H H H H,H - - - H L,H ··- - -- H H L H,H H H H~ 

26 A - , - - L H H, H- H H H H H, H - - - H H, L - - - H L H H, H H H H ! 
27 A - -,- -,L H H H,H H H H H H 1 H - -· H L,L - - - L H H H,H H H H! 
28 A - - - --,- - - -,- - -,- H L L,L H H L H H,H H H L H H H H,H H H H~ 

29 A - - - -,- - - -,- - - -,- - H - L L,L H H H H H,H H L H H H H H,H H H H! 
30 A - - -,- - - -,- - H - - L L,H H H L H H,H H L L H H H H,H H H H! 
31 A - - - -,- - - -,- -,H - - - L L,H H H H H H,H L H H H H H H,H H H H! 
32 A - - -,- - - H,- - - - L H,L H H L H H,H H H H H H H H,H H H H! 
33 A - - - -,- - - -,- - H -,- - "'- - H L,H - - - H H,L - - - H H H H,H H H H~ 

34 A - - - -,- - - -,- H - -,- - - - H H,L - - - H L,L - - - H H H H,H H H H~ 

35 A - - - -,- - - -,H - - -,- - - - H L,L - - - H L,H - - - H H H H,H H H H~ 

36 0 0 0 0 O,O 0 0 O,O ·o 0 O,O 0 0 0 0 O,O 0 0 0 0 O,O 0 0 0 0 0 0 O,O 0 0 O! 
37 o o o o o,o o o o,o o o o,o o o o o o,o o o o o o,o o <> o o o o o,o o o o~ 
38 o o o o o,o o o o,o o o o,o o o o o o,o o o o (1 o,o o o o o o o o,o o o o~ 
39 0 O 0 0 O,O O 0 0,0 0 O o,O O O O O O,O O O 0 O o,o 0 0 0 O 0 0 O,O 0 0 O! 
40 0 O O 0 o,o 0 o o,o O O O,O O O 0 O 0,0 0 O 1) O O,O O 0 0 O 0 0 O,O 0 O O! 
41 o O O O o,o O O 0,0 O O 0,0 O O 0 O 0,0 O O 0 O 0,0 O O 0 O O 0 o,o 0 O O! 
42 0 0 0 0 O,O 0 0 O,O 0 0 O,O 0 0 0 0 0 1 0 0 0 0 0 O,O 0 0 0 0 0 0 O,O 0 0 O! 
43 0 O 0 O O,O 0 0 o,o 0 O O,O O 0 0 O O,O O 0 0 O o,O O O 0 O 0 0 o,O O O O! 
44 O O O O o,o O O o,o O 0 o,o 0 O O O O,O 0 0 O 0 o,o 0 O O 0 0 0 0,0 0 0 O! 
45 0 O 0 O o,o O O O,O O 0 o,o 0 0 0 0 O,O 0 0 0 0 0,0 0 0 O 0 0 0 O,O 0 O O! 
46 0 0 0 0 O,O 0 0 O,O 0 0 0,0 0 0 0 0 0,0 0 0 0 0 O,O 0 0 0 0 0 0 O,O 0 0 O! 
47 O O O O O,O O O o,o O 0 O,O 0 0 0 0 o,o 0 0 0 0 O,O 0 0 O O 0 O 0,0 0 O O! 

NNNNNNNNRRRRRRRRFFFFFFFFFFFFOOOOOOOO 
//////llBBBAAAAAFFFFFFFFFFFFBBBAAAAA 
c ·c c c c c c c 2 1 o 4 3 2 1 o s 4 3 2 1 o s 4 3 2 1 o 2 1 o 4 3 2 1 o 
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SUMMARY Table 3. Design Alternatives for the Priority Arbiter 
As can be seen from the circuit diagrams, the 
FPLS can offer significant advantages over 
discrete MSI arrays in the design of state 
machines. The tradeoff in both design alter
natives for the Priority Arbiter is shown in 
Table 2. Clearly, the FPLS approach uses 
fewer parts, with savings in PC board space 
and power requirements. 

REFERENCES 
1. W.W. Plumber: "Asynchronous Arbiters"; 

IEEE Transactions on Computers, Janu
ary 1972, pp. 37 - 42. 
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PARAMETER 

Parts count 
PCB space 
Power 
Voltage 

2. R.C. Pearce, J.A. Field, and W.D. Little: 
"Asynchronous Arbiter Module"; IEEE 
Transactions on Computers, September 
1975, pp. 931 - 933. 

3. K. Soe Hojberg: "An Asynchronous Arbi
ter Resolves Resource Allocation Con-
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1 IC ,_,191C's 
.84 in2 7.92 in2 
.65W 2.85W 
+5V +5V 

flicts on a Random Priority Basis"; Com
puter Design, August 1977, pp. 
120-123. 

4. K. Soe Hojberg: "One-Step Programma
ble Arbiter for Multiprocessors"; Comput
er Design, April 1978, pp. 154 - 158. 
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Author: K. A. H. Noach 

INTRODUCTION 
Custom logic is expensive - too expensive if 
your production run is short. 'Random logic' is 
cheaper but occupies more sockets and 
board space. Signetics Programmable Logic 
bridges the gap. Using PLD, you can config
ure an off-the-shelf chip to perform just the 
logic functions you need. Design and devel
opment times are much shorter, and risk 
much lower than for custom logic. Connec
tions are fewer than for random logic, and, for 
all but the simplest functions, propagation 
delay is usually shorter. Yet another advan
tage that PLD has over custom logic is that it 
allows you to redesign the functions without 
redesigning the chip - giving you an invalu
able margin not only for cut-and-try during 
system development, but also for later revi
sion of system design. You're not tied down 
by the need to recover capital invested in a 
custom chip. 

A PLD chip is an array of logic ele
ments - gates, inverters, and flip-flops, for 
instance. In the virgin state, everything is 
connected to everything else by nichrome 
fuses, and although the chip has the capacity 
to perform an extensive variety of logic func
tions, ii doesn't have the ability to. What gives 
it that is programming: selectively blowing 
undesired fuses so that those that remain 
provide the interconnections necessary for 
the required functions. 

Signetics Series 20 PLD, named for the 
number of pins, supplements the well-known 
Series 26. The package is smaller - little 
more than a third the size, in fact - but the 
improved architecture, with user-programma
ble shared 1/0. compensates for the fewer 
pins. The series comprises the following 
members, in order of increasing complexity: 

• PLS151 -field-programmable gate 
array 

• PLS 153 - field-programmable logic 
array 

November 1986 
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• PLS155- field-programmable logic 
sequencer 

• PLS 157 - field-programmable logic 
sequencer 

• PLS159-field·programmable logic 
sequencer 

Entry to all the devices is via a product matrix, 
an array of input and shared 1/0 lines fuse
connected to the multiple inputs of an array of 
AND gates (see Figures 1, 2 and 5). To 
exploit the capacity of any device, it is impor
tant to make the most economical use of the 
AND gates it has available. Application of de 
Morgan's theorem can help in this. For exam
ple, inputs for the function 

F=A+B+C+D 

would occupy four of the AND gates of the 
product matrix. However, the same function 
rewritten as 

F=ABCD 

would occupy only one. Moreover, the sec
ond function could be done on the simplest of 
the Series 20 devices (and leave eleven 
gates over for other functions), whereas the 
first could not. The fact that all inputs of the 
Series 20 devices, including the shared ones, 
incorporate double buffers that make the true 
and complement forms of all input variables 
equally accessible, greatly facilitates the use 
of de Morgan's theorem for logic minimiza
tion. 

To convert the minimized logic equations to 
the pattern of fuses to be blown, you can use 
either a programming sheet (see e.g. Table 1) 
or Boolean equation program-entry software 
that lets you enter the equations via the 
keyboard of a terminal. The direct program
mability of logic equations makes system 
design with PLD simple and sure. Functional 
changes can be made by replacing one PLD 
chip by another differently programmed. In 
many cases you can even remove the original 
one, reprogram it on the spot, and re-insert it. 
Programming machines qualified for the Se-

9-15 

ries 20 are at present available from DATA I/ 
0, KONTRON, and STAG. 

FPGA PLS151 
The field-programmable gate array is the 
simplest of the Series 20 PLD devices; Figure 
1 shows the functional diagram. The array 
can accept up to 18 inputs. There are six 
dedicated input pins (A) and twelve (A') that 
can be programmed as inputs, outputs, or 
bidirectional 1/0. All input variables, whether 
on dedicated or programmed input pins, are 
available in both true and complement form in 
the product matrix (B), and both forms are 
buffered: either form can drive all 12 product 
lines if required. In the virgin state, all the 
input variables and their ·complements are 
connected to all the product lines via a diode 
and a fuse (C), and the product matrix is 
effectively inoperative. To enable it to gener
ate the required functions, unrequired con
nections between individual input lines and 
product lines are severed by blowing the 
connecting fuses. 

At the output of the product matrix are 12 
NAND gates, each with 36 inputs to accom
modate the 18 possible input variables and 
their complements. Each of the product terms 
is normally active-Low, but a unique feature of 
Signetics PLD is that any or all of them can be 
independently programmed active-High. This 
is done by means of an array of exclusive-OR 
gates (D) at the NAND-gate outputs; when 
the fuse that grounds the second input of 
each OR gate is blown, the output of that 
gate is inverted. 

The product matrix and exclusive OR-gate 
connections shown in Figure 1 illustrate the 
flexibility conferred by having buffered com
plements of all input variables internally avail
able, together with independently program
mable output polarities. Output B 11 , shown 
with its exclusive OR-gate fuse intact, is 
programmed 

811 = lol1f5 9 
-----. 
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A, dedicated inputs; A', programmable 1/0. 8, product (NANO) matrix with fused connections C; each of the vertical lines in the matrix represents 36 inputs to the terminating NANO 
gated. D, exclusive-OR array with inputs grounded via fuses for polarity control. E, programmable Tri-state output buffers. F, fuse-programmable control matrix. Square dots (m) represent 
permanent connections; round dots (•) irltact fuse connections. Connected as shown, the array is programmed ·for the functions 911 "" lo 11 i5 and 8 10 =10 i1 i5. 

Figure 1. Field-Programmable Gate Array PLS151A 
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A to F, as In Figure 1. G, sum (OR) matrix. Connected u shown, the array is programmed as a slngle·blt adder with Cany Enable. 

Figure 2. Fleld·Programmable Logic Array PLS153 

At the same time, and without using any 
additional inputs, output B10 (fuse blown) is 
programmed 

B10 - fcii1i5 
Each of the exclusive-OR gates drives a 
three-state output buffer. In the virgin state all 
the buffers (E) are disabled and therefore in 
the high-impedance state. The function of the 
programmable· 110 plns (A') is then deter· 
mined by the 110 control matrix (F). The three 
AND gates at the control-matrix output are 

November 1986 

Active-High, and when one of them is in the 
High state, the four output buffers It controls 
are enabled; the corresponding 110 pins then 
act as outputs. conversely, when a control
matrix AND-gate output is Low and the con
trol iuse for the corresponding Tri-state buffer 
is Intact, the pins controlled by that gate act 
as inputs. Thus, these pins can be pro
grammed in groups of up to four to act as 
inputs or outputs according to the state of 
selected input variables. If required, any of 
the programmable 110 pins can be made a 

9-17 

dedicated output by blowing the control fuse 
of the output buffer associated with It. 

The speed of the FPGA compares favorably 
with TTL, although its propagation ·delay is 
longer than the individual gate delay of TTL 
When the number of inputs required is large, 
however, the FPGA more than makes up for 
this. When more than eight inputs are re
quired, for example, the FPGA has a distinct 
advantage. Then, the overall propagation de-

9 
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lay of TTL often amounts to two or three gate 
delays, but that of the FPGA to only one. 

FPLA PLS153 

Architecture 
With two levels of logic embodied in a product 
matrix terminating in 32 AND gates coupled 
to a ten-output OR matrix (Figure 2), the 
FPLA is a step up in complexity from the 
FPGA. Again, there is provision for 18 input 
variables, internally complemented and buff
ered, but here divided between eight dedicat
ed input pins and ten individually programma
ble 1/0 pins. As before, exclusive-OR gates 
grounded by fuses provide output polarity 
control, and any of the programmable 1/0 
pins can be made a dedicated output by 
blowing the control fuse of the output buffer 
associated with it. 

Programming 
When the required functions have been de
fined, corresponding programming instruc
tions are entered in a programming table, the 
layout of which reflects the FPLA architec
ture. (A Signetics computer program named 
AMAZE, which accepts Boolean equations as 
input and generates an FPLA programming 
table as output, is also available.) The pro
gramming machine blows the FPLA fuses in 
the pattern prescribed by the table. 

As an illustration of FPLA programming, con
sider a full adder. Figure 3 shows a TTL 
version (7 4LS80) and the corresponding logic 
equations. Note that the feedback of Cn + 1 
introduces a second propagation delay. In the 
FPLA this is eliminated by redefining l: in 
terms of A, B, and C0 , as shown in Figure 4, 
and using the right side of the equation for 
~ + 1 instead of the term itself. At first glance 
this would appear to require a minimum of 
three product terms for Cn + 1 plus four for l:, 
or a total of seven. The Kamaugh maps, 
however, show considerable overlap between 
the two functions: the map for Cn + 1 differs 
from that for l: only by having A B Cn instead 
of AB c;;. Rewriting the equation for~+ 1 to 
introduce A B c;; and eliminate A B C0 , 

C::n+ 1 =AB c,; +AB G,; +A 8 Cn +A 8 c,; 
increases the number of product terms by 
one, but now Cn + 1 and l: have three terms in 
common. Therefore, since the FPLA allows 
multiple use of product terms, it is sufficient to 
program each of the common terms only 
once; thus, the original seven product terms 
are effectively reduced to five. 

To fill in the programming table (Table 1), first 
allocate inputs and outputs. 
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FULL ADDER 

Figure 3. Single-Bit FuH Adder In TTL (e.g. 74LSBO) 

l'. = ACn + 1 + ac,. + 1 + CnCn + 1 ·* ABC.. 

= AiCn + iBCn + iicn + ABC" 

ABC. 8 

~l:Ull 
A ABCn 

Cn+ 1 =ACn•BCn•AB 

=Ai+ACn+iCn 

= AiC,. + ABC8 + Aicn + ABCn 

Figure 4. Karnaugh Maps and Logic Equations for the Full Adder 
of Figure 3, Illustrating how the Equations are Reduced for 

the FPLA Implementation Shown In Figure 2 and Table 1 

Inputs: A = lo 
B =11 
Cn = 12 

Outputs: Cn + 1 • B1 
:E =Be 
l: =Bu 

Next, enter the product terms of l: in the 
product-matrix (AND) part of the table, using 
H to indicate a true input and L a false one. 

• Term O is A B Cr;: mark H, L, L in 
columns 10, 11, 12 of row 0 

• Term 1 is A B Cr;: mark L, H, L in 
columns 10, 11, 12 of row 1 

• Term 2 is A B C0 : mark L, L, H in 
columns 10, 11, 12 of row 2 

• Term 3 is A B C0 : mark H, H, H in 
columns 10, 11, 12 of row 3. 

Fill the rest of rows 0, 1, 2, and 3 with dashes 
to indicate that all other inputs are to be 
disconnected from Terms O, 1, 2, and 3 (fuses 
blown). 

The product terms of l: must be added to 
form the sum-of-products required at output 
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Bu. Indicate the required addition by putting 
an A (for Attached, i.e. fuse unblown) in the 
Term 0, 1, 2, and 3 spaces of column B(0)9; 
Term 4 is not required for l:, so put a dot in 
the Term 4 space to indicate that it is to be 
disconnected (fuse blown). To indicate that 
the output is to be Active-High, put an H in the 
polarity square above the B(O)u column. Fi
nally, fill row Du with dashes to indicate that 
all fuses on line Du of the control matrix are to 
be blown and B9 is to be a dedicated output. 
This completes the programming of l:. 

The :E output on Be is programmed in just the 
same way, except that the polarity square 
above the B(O)e column is marked L to 
indicate Active-Low. (Note that in the FPLA, 
the l: and l: outputs change simultaneously, 
because all output signals traverse the exclu
sive-OR array (D), whether they are Active
High or Active-Low. In the TTL full adder 
shown in Figure 3, the output inverter delays 
the change of l: with respect to :E.) 
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Table 1. FPLA Programming Table Filled In for the Full Adder of Figure 2 

T AND 
E I 

~ 7 6 5 4 3 2 1 

B(I) 

0 9 8 7 6 5 4 3 2 1 0 
0 - - - - - L L H - - - - - - - - - -
1 - - - - - L H L - - - - - - - - - -
2 - - - - - H L L - - - - - - - - - -
3 - - - - - H H H - - - - - - - - - -
4 - - - - - L L L - - - - - - - - - -
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 

22 
23 
24 
25 

26 
27 
28 
29 

30 
31 
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POLARITY 

OR 
B(O) 

9876543210 

A A A 
A A A 
A A A 

• • A 

ANS 

~; = = =: ~ = = = = = = = = = = = = = PJ 
P' 

06 
OS 
04 
03 
02 
01 
DO 

~. 8 7 6 5 4 3 2 1 19 18 17 16 15 14 13 12 11 9 

E c. B A l: ! ~ 

N + 

A 1u" 
B 
L 
E 
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The output Cn + 1 on 87 contains three of the 
same terms as :E, plus the term AB c;;. Only 
this last term needs to be additionally pro
grammed in the product matrix: mark L, L, L in 
columns 10, 11, 12 of the Term 4 row. Indicate 
the addition 

A 8 G;;+A 8 Cn +AB Cn+A BG;; 

by putting an A in rows 0, 1, 2, and 4 of 
column 8(0)7, and show that Term 3 (A 8 Cn) 
is not required by putting a dot in the Term 3 
row to indicate disconnection (fuse blown). 
Put an L in the 8(0)? polarity square to 
indicate Active-Low. 

Identifying 87 as a dedicated output by indi
cating that all the fuses to control term D7 are 
to be blown, would now complete the pro
gramming of the full adder. However, a useful 
supplementary feature would be a Carry En
able function to keep the 87 output buffer in 
the high-impedance state except when the 
enable input 13 is true. The output buffer is 
enabled when both the fuses of a control 
term are blown, or when one is blown and the 
term that controls the output buffer is true. 
Thus, a Carry Enable can be provided via the 
13 input by leaving intact the fuse for Active
High operation of the enable signal to control 
term D7. To indicate this, put an H in the 13 
column of row 0 7 and fill the rest of the row 
with dashes. 

The full adder with output Carry Enable uses 
only lour of the eight dedicated inputs, three 
of the ten programmable 1/0 pins, and live of 
the 32 AND gates. The remaining capacity 
can be used for programming other functions 
which may, if required, also make use of 
AND.gate outputs already programmed for 
the full adder. 

All fuses not Indicated as blown in the pro
gramming table are normally left intact to 
preserve capacity for later program revisions 
or the addition of supplementary functions. If 
it is essential to minimize propagation delay, 
however, the finalized program should include 
instructions for blowing all unused fuses to 
minimize load capacitance. 

FPLS PLS155- PLS157 - PLS159 

Architecture 
The FPLS (Figure 5) is the most complex of 
the Series 20 PLD devices. Like the FPLA, it 
has a 32-term product matrix followed by an 
OR matrix. In the FPLS, however, the OR 
matrix is larger and comprises three distinct 
parts, with architecture differing in detail from 
type to type. In the PLS155, for instance, the 
first part consists of eight 32-input gates 
coupled, like those of the FPLA, to an output
polarity-controlling exclusive-OR array. The 
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second consists of twelve additional gates 
which control four flip-flops. These are what 
give the FPLS its sequential character, en
abling it to dictate its next state as a function 
of its present state. The third part is the 
deceptively simple Complement Array (I in 
Figure 5): a single OR gate with its output 
inverted and fed back into the product matrix. 
This enables a chosen sum-of-products to 
become a common factor of any or all the 
product terms and makes it possible to work 
factored sum-of-products equations. it is also 
useful for handshaking control when interfac
ing with a processor and for altering the 
sequence of a state machine without resort
ing to a large number of product terms. 

PLS 155 has four dedicated inputs and eight 
programmable 1/0 pins that can be allocated 
in the same way as in the FPLA. It also has 
four shared 1/0 pins (L) whereby the flip-flops 
can be interfaced with a bidirectional data 
bus. Two product terms, LA and Ls in the 
control matrix F, control the loading of the 
flip-flops, in pairs, synchronized with the 
clock. 

Figure 6 shows the architecture of the flip-flop 
circuitry in the PLS155. The flip-flops are 
positive-edge-triggered and can be dynami
cally changed to J-K, T, or D types according 
to the requirements of the function being 
performed; this considerably lessens the de
mands on the logic. The Tri-state inverter 
between the J and K inputs governs the 
mode of operation, under the control of the 
product term F: 

• When the inverter is in the high
impedance state, the flip-flop is a J-K 
type, or a T type when J = K. 

• When the inverter is active, K = J and 
the flip-flop is a D type; the K input 
must then be disconnected from the 
OR matrix. 

All the product terms from the product matrix 
(T 0 to T 31 in Figure 5) are fuse-connected to 
the J and K input OR gates. if both fuses of 
any one product term are left intact, J = K 
and the flip-flop is a T type. 

The flip-flops of the PLS155 have asynchro
nous Preset and Reset controlled by terms in 
the OR matrix that take priority over the clock. 
Their three-state output buffers can be con
trolled from the enable pin OE or permanently 
enabled or disabled by blowing fuses or 
leaving them intact in the enable array (K In 
Figure 5). 

The PLS157 and PLS159 sequencers have, 
respectively, six and eight flip-flops. The ar
chitecture differs in detail but is similar in 
principle to that of PLS155. 

9-20 

Application Note 

ANS 

Programming 
The FPLS is programmed in much the same 
way as the FPLA, using a table to 'nstruct the 
machine that blows the undesired fuses. It is 
not necessary to work with a circuit diagram; 
in fact, it is even undesirable to do so, since 
applying the necessary logic reduction tech
niques would in most cases make the dia
gram difficult to read and more a hindrance 
than a help. An example of how to program 
the FPLS as a universal counter/shift-register 
is given in the Appendix. 

DEVELOPMENT AND 
PRODUCTION ECONOMY WITH 
PLO 
Underlying the design philosophy of the 
Signetics Series 20 PLD is the concept of 
programmable arrays whose architecture em
ulates logic equation formats rather than 
mere aggregations of gates. The unique com
bination of features which support this philos
ophy includes: 

• double-buffered true and complement 
inputs 

• programmable-polarity outputs 

• programmable 1/0 for internal feedback 
and maximum freedom in allocating 
inputs and outputs 

• truth-table programming format 

These features are common to all the PLD 
devices. In the field-programmable logic se
quencers they are further supported by: 

• flip-flops with dynamically alterable 
operating modes 

• a complement array for simplified 
handshaking control 

From the development engineer's point of 
view an important advantage of PLO is that it 
eliminates breadboarding. Once the functions 
required in terms of minimized logic equations 
are worked out, a PLD can be programmed 
accordingly. Once programmed, it will per
form those functions. 

Loading the instructions into the program
ming machine usually takes no more than a 
couple of hours; after that, the machine can 
program the devices at a rate of 100 an hour. 
Moreover, since any PLD can be pro
grammed in many different ways, PLD has 
considerable potential for simplifying pur
chasing and stock control. One type of device 
can be programmed to perform a diversity of 
tasks for which it would otherwise be neces
sary to purchase and stock many different 
devices. 

Series 20 PLO is second-sourced by Harris 
Semiconductor. 
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------(LOCllC-·1)>------· --------(CONTIIOL TERMS),--------

.. 2 

~ 3 

•• 4 

.. 5 

NOTE: 

A~:j:j:j:f:j::ji=f=jft=l=l:*:j:f:l:=ft::j::t#=l=f::f:l=l:f:j::jft=l==l======!==l=t=!==l=t=!==l=t=!= 

31• • • • • •M 23• • • •·• •16 15• • • • • • 8 

A to G, As In Figure 2. H, Flip-Flops And Bus-Load Buffer. J, Clock Input K, Output-Buffer Enable. L, Trf..state Flip-Flop Output Buffers. 

Figure 5. Field-Programmable Logic Sequencer PLS155 
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-Er denotes wire-OR 
• denotes fixed connection 
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I (n + 1) I 
I I 

I 
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""---..1 

Figure 6. Architecture of the PLS 155 Flip-Flop Circuitry 

APPENDIX 

Programming an FPLS as a 
Counter /Shift-Register 
Objective: to program a PLS 155 FPLS as a 
count-up, count-down, shift-right, shift-left 
machine governed by three control 
terms-COUNT/SRTFf, RIGHT/UP, LEFT/ 
DOWN. Direct implementation would result in 
a machine with 64 state transitions (see Table 
A-1 ), which is beyond the scope of the 
PLS155 or even the 28-pin PLS105. Logic 
reduction is therefore necessary. 

As there are only four feedback variables (D, 
C, B, A), you can do the reduction by hand, 
one mode at a time; the control terms need 
not be included till the summary equations 
are written. Using the transition mapping 
method suggested here, you can examine the 
excitation equations tor all types of flip-flops 
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(R-S, J-K, D, T) and choose those types that 
will perform the required functions using the 
fewest product terms. Table A-2 summarizes 
the rules for flip-flop implementation using 
transition maps; the transition symbols used 
in the table mean: 

PRESENT NEXT TRANSITION 
STATE STATE SYMBOL 

0 0 0 
0 1 a 
1 0 ~ 
1 1 1 

Using these symbols, construct Table A-3 
from Table A-1 to enable you to examine the 
excitation equations for all types of flip-flops. 
Proceeding one mode at a time, transfer the 
state conditions from Table A-3 to Karnaugh 
maps, as in Figure A-1. Following the rules in 
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Table A-2, derive the excitation equations for 
the different types of flip-flops (the examples 
shown in Figure A-1 omit the T type because 
it is the same as the J-K type when J = K). In 
deciding which types of flip-flop to use, re
member that logic minimization with PLD is 
different from logic minimization with 'random 
logic': with random logic you seek to reduce 
the number of standard packages required; 
with PLO you seek to reduce the number of 
product terms. 

From Figure A-1 it is evident that you should 
choose J-K or T flip-flops for the counter 
mode and D flip-flops for the shift mode, for 
you then require only one product term per 
flip-flop per mode. Table A-4 summarizes the 
number of product terms per mode the vari
ous types of flip-flops would require. 

Table A-5 shows the completed programming 
table for the counter/shift-register. The pro
gramming of T arms 0 to 15 reflects the flip
flop excitation equations and illustrates the 
value of being able to switch the flip-flops 
dynamically from one type of operation to 
another. Terms 16, 17 and 18, respectively, 
provide for INITIALIZE, asynchronous RE
SET, and STOP functions. 

The programming of the two additional inputs 
HALT and BUSY illustrates the value of the 
complementary, which is made active when 
HALT and BUSY are Low (A in the Comple
ment square of Term 18) and propagated into 
all the other terms (dot in the Complement 
squares of Terms 0 to 17). This means that 
unless the HALT and BUSY inputs are High, 
none of the product terms will be true and the 
state of the machine will not change. II the 
Complement Array were not used, twice the 
number of product terms would be required, 
even ii one of the additional inputs were 
omitted. 

As it is, the design uses only 19 of the 32 
product terms available, so there is ample 
capacity for extending its capabilities. For 
example, the shift-left function can be aug
mented by a binary multiplication capability, 
using a D type flip-flop to make it shift one, 
two, or three places according to the state of 
two extra inputs, X and Y. Table A-6 shows 
the revised programming table. The binary 
multiplication function occupies nine addition
al product terms. 
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Table A-1. Present-State/Next-State Table for Counter/Shift-Register 

STATE PRESENT NEXT STATE 

NO. STATE Count Down Count Up Shift Left Shift Right 

D c B A D c B A D c B A D c B A D c B A 
0 0 0 0 0 1 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 
1 0 0 0 1 0 0 0 0 0 0 1 0 0 0 1 0 1 0 0 0 
2 0 0 1 0 0 0 0 1 0 0 1 1 0 1 0 0 0 0 0 1 
3 0 0 1 1 0 0 1 0 0 1 0 0 0 1 1 0 1 0 0 1 
4 0 1 0 0 0 0 1 1 0 1 0 1 1 0 0 0 0 0 1 0 
5 0 1 0 1 0 1 0 0 0 1 1 0 1 0 1 0 1 0 1 0 
6 0 1 1 0 0 1 0 1 0 1 1 1 1 1 0 0 0 0 1 1 
7 0 1 1 1 0 1 1 0 1 0 0 0 1 1 1 0 1 0 1 1 
8 1 0 0 0 0 1 1 1 1 0 0 1 0 0 0 1 0 1 0 0 
9 1 0 0 1 1 0 0 0 1 0 1 0 0 0 1 1 1 1 0 0 

10 1 0 1 0 1 0 0 1 1 0 1 1 0 1 0 1 0 1 0 1 
11 1 0 1 1 1 0 1 0 1 1 0 0 0 1 1 1 1 1 0 1 
12 1 1 0 0 1 0 1 1 1 1 0 1 1 0 0 1 0 1 1 0 
13 1 1 0 1 1 1 0 0 1 1 1 0 1 0 1 1 1 1 1 0 
14 1 1 1 0 1 1 0 1 1 1 1 1 1 1 0 1 0 1 1 1 
15 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 1 1 

CONTROL TERMS 
COUNT/SFilFf 1 1 0 0 
RIGHT/UP 0 1 0 1 
LEFT/DOWN 1 0 1 0 

Table A-2. Rules for Fllp-Flop Implementation Using Transition Maps 

FLIP-FLOP 
INPUT 

MUST MUST 
REDUNDANT 

TYPE INCLUDE EXCLUDE 

R-$ s a /3,0 1,x 
R /3 a, 1 O,x 

D D a,1 /3.0 x 
T T a./3 0,1 x 
J·K J a 0 1,/3,x 

K /3 1 O,a,x 

9 
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Table A-3. Transition Table for Counter/Shlfl·Reglster 

STATE PRESENT TRANSITION 

NO. STATE Count Down Count Up 

0 c B A 0 c B A 0 c B A 
0 0 0 0 0 a a a a 0 0 0 a 
1 0 0 0 1 0 0 0 /l 0 0 a /l 
2 0 0 1 0 0 0 /l a 0 0 1 a 
3 0 0 1 1 0 0 1 /l 0 a /l /l 
4 0 1 0 0 0 /l a a 0 1 0 a 
5 0 1 0 1 0 1 0 /l 0 1 a /l 
6 0 1 1 0 0 1 /l a 0 1 1 a 
7 0 1 1 1 0 1 1 /l a /l /l /l 
8 1 0 0 0 /l a a a 1 0 0 a 
9 1 0 0 1 1 0 0 /l 1 0 a /l 

10 1 0 1 0 1 0 /l a 1 0 1 a 
11 1 0 1 1 1 0 1 /l 1 a /l /l 
12 1 1 0 0 1 /l a a 1 1 0 a 
13 1 1 0 1 1 1 0 /l 1 1 a /l 
14 1 1 1 0 1 1 /l a 1 1 1 a 
15 1 1 1 1 1 1 1 /l /l /l /l /l 

Table A-4. Number of Product Terms Required for Counter/Shlfl·Reglster 
Flip-Flop Excitation 

FLIP.FLOP COUNT COUNT SHIFT SHIFT TOTAL TYPE UP DOWN RIGHT LEFT 

SR only 8 8 8 8 32 
JK only 4 4 8 8 24 
0 only 10 10 4 4 28 
FPLS 4(J·K) 4(J·K} 4(0) 4(0) 16 

COUNT UP COUNTD-

@ @ © @ @ @ 
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Shift Right 

0 c B A 
0 0 0 0 
a 0 0 /l 
0 0 /l a 
a 0 /l 1 
0 /l a 0 
a /l a /l 
0 /l 1 a 
a /l 1 1 
/l a 0 0 
1 a 0 /l 
/l a /l a 
1 a /l 1 
/l 1 a 0 
1 1 a /l 
/l 1 1 a 
1 1 1 1 

@ 

.UCD 
ii~ 
iBc 
AR 
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@ 

c 
c 
c 
I! 
c 

Figure A·1 Karnaugh Mapa and Flip-Flop Excitation Functions for the Counter/Shift-Register 
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Table A-5. PLS155 FPLS Programming Table for the Counter/Shift-Register 

I J !~ 
!~-2 l ~i 

·Iii 
111 I 
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T FJF TYPE , .. ,..All:& "N" -Y POLARITY 
_IllAITTA" "A1Aliill r::r::r TT"I IJJl 
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Table A-6. Modified PLS155 FPLS Programming Table for the Counter/Shift-Register With the Addition of a 
Binary Multlpller 

L F/FTYPE 1 .... =A1 .... ~ L POLARITY 

.llIA.J.fil IIlililil .. LL .1 .. 1..1..l .. l....U!. 
T AND OR 
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1 . I. H .. H .. - - - - - - - - - - L - - o- - - - - - - - - - - - A 
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111 ~l 
4 . L [k: [i:lJ [jf L - - - - - --- - - - - - - 0 - - - - - - - - - - - A 
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14 . L. H ... L ... - - L. H - - - - - H - - H - - - - - - - - - - - - A 
15 . L H L. L Lb_ - - IK' - - - - - - Lit - II - - - - - - - - - - - - -LA 

111 11 

18 . L H I. L .. - - H H - - - H - - - - ti - - - - - - - - - - - - - A 
17 . L It L L L - - L l1t_ - - - - l.11. - - H - - - - - - - - - - - - - -LA 
18 . L It I. L L - - H ' - - - - -l.11. - H - - - - - - - - - - - - - - A 
19 . L H L L L - - LJi H - - - - - -l..li H - - - - - - - - - - - - - - A 
20 . L L IJi L L - - - - - - - - - H - .:.. - -l.li - - - - - .- - - - - - A 
21 . .. L. H L L - - - - - - - - H - - - - H - - - - - - - - - - - - A 
22 . L ,_ H L L - - - - - - - H - - - - H - - - - - - - - - - - - - A 
23 . L. L H ,_ I. - - - - - - - - - - H H - - - - - - - - - - - - - -LA 
24 • JH: - - - L - - - - - - - - - - - - - - - - - - - - - - - - - - • 
25 . - - - - II - - - - - - - - - - - - - - - - - - - - - - - - - - . 
28 [A - - - - - L Lb_ - - - - - - - - - - - - - - - - - - - - - - - - . 
27 
28 
29 
30 
31 

Lfc. - - - - L - - - - - - - - - - - -
1..5: 

IJ I LA 

IEz. . () () 0 0 0 () 0 0 OLO. ~ 0 00 00 
Li>, . 0 0 ol..J2 L!:1 Le; 00 o~ ~ o(J2 

" 0 
0 

~ . olQ l'2_ la oro 10 00 ol.2 0 00 0 
[!Jj •fo lb Tu_ 0 

" 0 kl U2 oIJz. oll:1_ 00 0 0 
[i>i . 0 0 00 00 0 00 0 00 00 1.2 0 
~ 

l>_i_ 
~ - - - - - - - L - - - - - - - - -

5 4 3 2 19 18 13 12 9 8 7 8 17 18 15 14 

i) llt f 1 8 ~ I> c. B A-
~ ... ~I~ 

fl 0 
T" p t'- $ 

i !l 
rT '( 

)i 
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INTRODUCTION 
Using the PLS153 or PLS153A, a 4-bit binary
to-7 segment decoder may be easily con
structed. This paper will cover Hex-to-7 seg
ment decoder, BCD-to-7 segment decoder, 
decoder with latches, and decoder with multi
plexer. The architecture of PLS153/153A is 
basically an AND-OR matrix. The large num
ber of inputs of each AND term is ideal for 
decoder applications, and the ability to drive 
the entire OR array makes possible the effi
cient use of AND terms such that, together 
with the programmable output polarity, · a 
minimum number of AND terms is needed to 
implement the decoder function. Another im
portant feature of the PLS153/153A architec
ture is the 1 O bidirectional 1/0 pins. The 
bidirectionality of these pins provides internal 
feedback to the AND matrix, which eliminates 
the need for external wiring and, more impor
tantly, n saves 1/0 pin requirements. All 110 
pins of the PLS153/153A have tri-state out
put buffers, each may be enabled or disabled 
by its own controlling AND terms. In applica
tions where high current drive is necessary 
but low power consumption is still desirable, 
the AND term controlled tri-state buffers are 
ideal for multiplexing. The LED display may 
be driven at a higher current and lower duty 
cycle to get better brightness/ current effi
ciency and reduce the overall power dissipa
tion. 

AN10 
4-Bit Binary-To-7 Segment 
Decoder 
Application Note 

DESCRIPTION 

Hex·To-7 Segment Decoder 
A 7 segment display (Figure 1) may be used 
to represent a hexadecimal number as shown 
in Table 1. The format serves merely as an 
example. Some designers may prefer other 
configurations, particularly for letters B and D. 
Before implementing the truth table with pro
grammable logic devices, one has to decide 
whether the outputs should be Active-High or 
Active-Low. If a moderate drive current of 
15mA or less is needed, and ij a common 
anode LED 

display is used, then an Active-Low output 
configuration is sufficient. On the other hand, 
if only a common cathode LED display is 
available and the current drive requirement is 
not very critical, an Active-High output config
uration may be used. The change of output 
polarity may be easily affected by putting in 
the POLARITY section 'H' for Active-High 
and 'L' for Active-Low. Since the output 
polarity is programmable, one may choose to 
describe the logic in terms of outputs equal to 
'1's or outputs equal to 'O's. 

Yee 

SEGMENT• 
w . 

RGMENTb ·n· IEQMENTc 

PLS153/153A 

SEQMENTd 

SEGMENTe ·n· SEGMENT I (OPTIONAL}/LE -
(OPTIONAL) OE SEGMENTg 

d 

Figure 1. 7 Segment Decoder Driving a Common Anode LED Display 

A>•••••••••••lt*• .. ••1## P I N L I S T ••••••••••••••••••••• 

NOTE: 

LABEL 
w 
x 
y 
z 
N/C 
N/C 
N/C 
/OE 
N/C 
6ND 

** FNC **PIN --------- PIN** FNC ** LABEL 
** I ** 1-1 :-20 ** +3V **VCC 
** I ** 2-: :-19 ** B •*N/C 
** I ** 3-t :-18 ** B •*N/C 
** I ** 4-1 B :-17 ** B **/SEG_A 
** I ** 5-t 2 1-16 ** B **/SE6_B 
** I ** 6-: S :-15 ** B **/SEG C 
** I ** 7-: 1 :-14 ** B **/SEG_D 
** I ** a-: 5 :-13 ** B **/SEG_E 
** B ** 9-: 3 1-12 ** B **/SEG F 
** OY ** 10-: :-11 ** B **/SE6=6 

Figure 2. Pin Uat of Blnary-to-7 Segment Decoder 

PLSXXX and 82SXXX are interchangeable part numbers. 

November 1986 9-27 
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Table 1. Truth Table of Hex-to-7-Segment Decoder 

BBBBBBBBBB 
.. 1111111 0810 0811 0100 0101 0110 0111 1100 1•1 

BBBBBB 
1010 1011 1100 llOI 1110 1111 

ZYXU •• f • 

000 I I 0 
001 I 0 0 
0 I 0 0 8 I 
0 I I I • 1 
ID 0 I 1 
I 8 I I 1 
I I 0 I 1 
111 • 0 
000 I 1 
D 81 I 1 
0 I 0 I 1 
DI I I 1 I 

I I 0 0 I I 0 
1111 1 a 1 
I I 1 0 I 1 I 
1111 I I I 
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Table 2. H/L Programming Table for Binary-to-7-Segment Decoder 

62S153/153A PROGRAMMING TABLE OAAUIHG 10: BT<>, ;:;gs PiCQbiR REU._-__ 

DES I GHEA: p. K . IAJa..itz DATE: t2-,/t5"/B4 --""'!".;=~Ffl:.:.;l;..:.TY.:..--.-------. 
(il:]11Lb_: L!~~ 1.:t.l/I:. 

All) Ofl 

I B<I) 

0 -:-:-: - L.:1...:1..:1.. -! - -: -: -:- -:-:-: 
I -:-:-:-;L:1.-:1.-:i-/ -:- -!-;-:- -:-:-:-
2 -:-:-:-JL:i...i.ii.:1. -!- -:-:-:- -i-:-:-
3 - : : : j, : i...:JiJJ.1. -: -: : : - -: -; -: -
4 -:-:-:- 1..-[H]t...:1.. -i- -:-:-: - -:-:-:-
5 -:-:-:- 1...i.i-LJ1..:1-1_ -:- -:-:-:- -:-:-:-
6 -:-:-:- t-:,Hitl:; .... -:- -:-:-:--:-:-:-
7 -:-:-:-1...:fi:J,:j:jj -:- -;-;-:- -:-:-:-
B -: --i--: -l/.J:1-: t..;1... _;_ -i-!-:- -: ..; -:-
9 - : -: -: -l#l ~ 1..:1-1 ..; - -: -: -: - -: -: -: -

10 -:-:-:-!Hrr...;i-1: ... -: - .-:-:-:- -; ..; -i
ll -: -: -: -ri:I] '-:.Tii..:...tt. --: - -: -{ -: - ...: ...; -: -
12 -: -: -! -ltliij '-i=: -: - --: ...: -! - -: -: --: -

13 -:-:-!-M{:H: ~/./ -!- -: -: -: - -: -: -i-
14 -: -: -: -{jjfjj[jf;r... -: - -: ........ - -: -: -: -
:: -:-: --: -ltlj~?/!11 -: - -: ...; -: - -:-;-:-
17 
18 

19 
20 

21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 

09 
08 
07 ~:-:-:- -:-:-:- -:- -:-·-·- -:-:-:-
06 Li.:-:-:--:-:-:--:--:-:-:--:-:-!-
05 IL!-:-:--;-;-:--:--:-:-:--:-:-:-
04 o...;:-:-: -:-:-:--:--:-:-:--:-:-;.., 
03 .... ;-:-:- -:-:-:-i-:- -:-:-:- -:-:-:-
02 L.:-i-:- -:-:-:-1 _;_ -!-:-:- -:-:-:
DI o...;;-:-:-1-:-;-:-1 -;-:-:-:-:- -;-:-;-j 
00 

November 1986 
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~~~~ 

' : : 

8(0) 

• : • Lt~..itl.AlA_! • : • 
.: •• jej_,4: •• ;. :.:. 

• i 0 IA!.11~ ·: • .!.ti.:• 
• : • • lili.4:3 • • ~ • 

. : . ~= . . : . : . : . 

• : • !&:_:. : • ~:. 

• ;. Lt_:.:.~:. 

...6..2. ,, 

.. . . 
~~\1:~~0~ 

: : : : : : 
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Table 3. H/L Programming Table for Blnary-to-7 Segment Decoder 

82S153/153R PROGRAlllllHG TABLE ORRUIHG ID: l5n1SE& llnca'W' REU • .A.,_ 

OESIGHER: :i:>. K'. olo•JE. ORTE: u/uqfi14 "i1J:i:i]jtili:~PILLA11~11TY[mrn;:m------, 
~·::;a: 

IHI QI 
I 8<1> 

7:6:5•43:2:1·0 9:8 1.0:5:4 3:2· i:o 
0 -•-:-1.:: : : ,._ -l- -:-: ·!- ..: ........ 
I "'"'-<-'- 'il.l#-l--i-'-'--::: 
2 -:-:-:-ii.,: : ,,_ -:- ........ -!- ..: _,_, 
3 -:-•-:-1-:1...JJWj -:--:-: ·•- :-:-' 
4 -:--. -i i.:J/JJ.ll, -: - -:-: -i- -: -<-l 
5 ,-l'-;-L•l:l.: : -<- -:-:-:- -i-'-< 
6 -: -: -:- 1..•#!11• ..:._.... -: -: -: - ..: -: -: 
7 ....:-:-:- .. ''ii -: -=~~ --;-:-
8 -: -i 4 i : . ....: ... ~...: -:-+-' 

10 -: -i-i- '""'"'' -: ...;..: , __ ,....,..: 
II 
12 -:-:-:- ~ .. : -: ...; ~.... i-!-: 

13 
14 

16 : : : : 
17 
18 
19 
20 
21 
22 
23 
24 

27 
28 

30 
31 

: HJ~~~ j...; _;_ -~ ~_;_; __ ;_; ~-
06 •-:-:...,-: -:-:- -:- -<.., -:- -:-: -:-
05 ,_,...., ..: ,_, -: -<-:-: -'-<...; 
04 :-:-:- -:-:-i- -:- -:-:-;- -:-l-i-
03 ·:-:... -; -;-:-1 -:- -: . . _,_, : 
02 [i,:-:-:- -:-:-:- _,_ -:-:-:- -:-i-i 
DI ;.....:-: ...;-:....: -! ....:-:~ -:....:-:-
00 : : : : : • : : 
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8(0) 
9·8 7:0:5:4 3:2:1 0 

... .:.r.4]. ·'A:·,, 2 
.. • • : • : • : • f,4:A: • :. ~ 
-:•[A.[.;.: ... ,..;.;.;• &:l .;. -~·=· A-j.:.:· ~ 
.... :A[.: •• ,. :. :. & 
... -:. : .;~~ •• 7 
.: .. ;.:.:. ,:.:.:•-;;-;;:;;:;; 

.,. ,:,:.;;t: .:.:.:. 71 

.: • C4l.:AI·:. • ";. ;. ~ 

~ :Z...-,. ,..;;;;: ~--;;;;-_,.... ••u~.-,.-• 
,z_ "/ . iiL ~---nii._ 

~ ~-, -~. ':&: 

9-30 

Application Note 

AN10 



Slgnetlcs Application Specific Products 

4-Bit Binary-To-7 Segment Decoder 

November 1986 

l!DEVICE TYPE 
828153 
@DRAWi NB 

*********************** BINARY-T0-7 SE6"ENT DECODER 
tlREVISIDN 

***************•******* REV.. -
•DATE 

*********************** OCT 1 , 1984 
86Vl1BOL 

*********************** FILE ID1 7dtteo 
llCOl1PANV 

***********•*********** SIGNETICS -*********************** DAVID K. WONB 
•DESCRIPTION 

************************************************************************** • This circuit converts ta 4-bit binary code ( HEX > into * 
* a 7-segment display. Th• display is a conwnon anode 7-segment LED. 

The output of the 8251:53 goeSi LOW for each s99mant th.at is ON. 

************************************************************************** 
TRUTH TABLE 

z y x w a b c d e f g 
------------------------------------

f l b 0 0 0 0 0 0 0 0 0 0 I 
g 0 0 0 1 1 0 0 1 1 1 I 

0 0 1 0 0 0 1 0 0 1 0 
e l l c 0 0 I 1 0 0 0 0 1 0 

0 1 0 0 I 0 0 1 0 0 
0 1 0 I 0 1 0 0 1 0 0 

d 0 1 1 0 0 1 0 0 0 0 0 
0 1 I 1 0 0 0 1 I 1 1 
1 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 0 0 0 0 1 0 0 

0 1 0 0 0 0 1 0 0 0 
0 1 I 1 1 0 0 0 0 0 
1 0 0 0 1 1 0 0 0 1 

0 1 1 0 0 0 0 1 0 
I 0 0 1 1 0 0 0 0 
1 1 0 1 I 0 0 0 

ltCOl'1l"ION PRODUCT TERM 
ZER = /z * /y * /X * '" I 
ONE = lz * /y * /K * .. 
TWO • /z * /y * . * '" I 
THR = /z * /y * . * .. 
FW = lz . y • /x 

* '" FIV = /z . Y * _/x * .. 
SIX = /z * y * . * '" SEV = /z . y * . * .. 
EIG 11:: z * /y * /x 

* '" NIN= z * /y * /X . .. I 
AAA= z . /y. x 

* '" BBB= z * /y * . * .. 
c:c:c: = z . Y * /x * '" DDD E z . Y * /x . .. 
EEE = z . y * . * '" FFF = z . y • . * .. 

Figure 3. Boolean Equation for Blnary-to-7 Segment Decoder 
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@LOGIC EQUATION 
/SEG_A = ONE + FOU + BBB + DDD 
/SEG_B = FIV + SIX + BBB + CCC + EEE + FFF 
/SEG_C = TWO + CCC + EEE + FFF 
/SEG_D = ONE + FOU + SEV + AAA + FFF 
/SEG E = ONE + THR + FDU + FIV + SEV + NIN 
/SEG-F = ONE + TWO + THR + SEV + DDD 
/SEG=G "" ZER + ONE + SEV + CCC 

~I/.0 DIRECTION 15011, 15213, 154-9 

Application Note 

AN10 

************************************************************************** * OUTPUTS ARE ENABLED WHEN /OE GOES LOW. * 
* THEREFORE, Dl ••• 07 = /(/OE) = OE ; * 
************************************************************************** 
Dt =OE 
D2 =OE 
D3 == OE 
D4 ==OE 
DS =OE 
06 =OE 
07 =OE 

************************************************************************** * END OF LOGIC EQUATIONS * 
************************************************************************** 

In this example, an Active-Low output goes 
Low when a segment is to be turned on. The 
truth table shown in Table 1 is translated into 
an H/L programming table as shown in Table 
2. Since the LED display used here is com
mon anode, the output polarity of each output 
pin is programmed "L" so that an output 
goes low when a segment is to be turned on. 
The decoder takes 16 AND terms. Notice that 
all outputs go Low when input equals "8". If 

November 1986 

Figure 3 (Continued) 

the logic is written for "Os" instead of "1 s", 
one AND term could be saved. Table 3 shows 
that the same circuit may be implemented by 
using only 15 AND terms. Notice that the 
polarity is the reversa of that of Table 2. The 
outputs may be turned on and off by 17, /OE, 
which controls the 7 tri-state output buffers 
through control terms (AND terms D1 to D7). 

The same design is also implemented using 
Boolean equations with AMAZE. Figures 2 

9-32 

through 4 are, respectively, pin list, logic 
equations, and logic simulation results of the 
hex-to-7 segment decoder circuit generated 
by AMAZE. Table 4 is the H/L table generat
ed by AMAZE. In the process of generating 
Boolean equations for the decoder, common 
product terms are used to economize the 
usage of AND terms. 
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Table 4. H/L Table Generated by AMAZE for Blnary-to-7 Segment Decoder 

November 1986 

Cust/Project 
Date 

*********************** DAVID K. WONG 
*********************** OCT 1, 1984 

Rev/I. D. - *********************** REV. -

828153 POLARITY 

T !H:H:H:H:H:H:H:H:H:H! 
E !------------------------~--~--------------------------
R I B<i) B<o> 

" !-------------------------------------~-----------------
___ !7 _6_5_4_3_2_1_0!9_8_7_6_5_4_3_2_1_0!9 8 7_6_5_4_3_2_1 O! 

O!- -,L L L H!- -,- -,- -!A A,A A,A A A A! 
l!- -,L H LL!--,- -,- -!A A,A A,A • A! 
2!- -,H L H H!- -,- -,- -!A A,A A ., ••• A! 
3!- -,H H L H!- -,- -,- -!A A,A •• ,. A A! 
4!- -,L H L H!- -,- -,- -!A A,. A .,A. A! 
5!- -,L H H L!- -,- -,- -!A A,. A .,. • A! 
6!- -,H H LL!--,- -,- -!A A,. A A.,. A A! 
7!- -,H H H L!- -,- -,- -!A A,. A A.,. • A! 
8!- -,H H H H!- -,- -,- -!A A,. A A A,. • A! 
9!- -,LL H L!- -,- -,- -!A A,. A.,. A. A! 

10!- -,L H H H!- -,- -,- -!A A,. A,A A A A! 
11!- -,H LL H!- -,- -,- -!A A,. • ,A • A! 
i2!- -,H L H L!- -,- -,- -!A A,. A,. • A! 
13!- -,LL H H!- -,- -,- -!A A,. .,A A. A! 
14!- -,LL LL!- , , -!A A,. A A! 
15!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
16!0 0 0 0,0 0 0 0!0 0,0 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
17!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
18!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
19!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
20!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
21!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
22!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
23!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
24!0 0 0 0 1 0 0 0 O!O 0 1 0 0 0 0 1 0 0 0 O!A A,A A A A,A A A A! 
25!0 0 0 O,O 0 0 O!O 0 1 0 0 0 0 1 0 0 0 O!A A,A A A A,A A A A! 
26!0 0 0 0 1 0 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
27!0 0 0 O,O 0 0 O!O O,O 0 0 0 1 0 0 0 O!A A,A A A A,A A A A! 
28!0 0 0 O,O 0 0 O!O O,O 0 0 0 1 0 0 0 O!A A,A A A A,A A A A! 
29!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
30!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
31!0 0 0 O,O 0 0 O!O O,O 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
D9!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
D8!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
D7!L -,- -!- -,- -,- -! 
D6!L -,- -!- -,- -,- -! 
DS!L -,- -!- -,- - -,- -! 
D4.!L -,- -!- -,- -,- -! 
D3!L 
D2!L 
Dl!L 
DO!O 

-.- -!- -,- -,- -! -.- -!- -,- -,- -! 

' -!- ' ' -! 
0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 

I N N N Z Y X W N N I I I I I I I 
0/// //SSSSSSS 
E C C C C C E E E E E E E 

N N N I I I I I I I N 
I I I S S S S S S S I 
C C C E E E E E E E C 

GGGGGGG GGGGGGG 

ABCDEFG A B C D E F G 
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825153 A: 7dec:o153.STD 
4-bit binary to 7-segment decoder simulation 

INPUTS <=B<IIO>=> TRACE TERMS 
76543210 9876543210 

00000000 •• LLLLLLH. 
00000001 ... HLLHHHH. 
00000010 - .LLHLLHL. 
00000011 ... LLLLHHL 
00000100 •• HLLHHLL. ; 
00000101 •• LHLLHLL. 
00000110 ... LHLLLLL. 
00000111 ... LLLHHHH. 
00001000 •• LLLLLLL. 
00001001 ... LLLLHLL. 
00001010 •• LLLHLLL. 
00001011 •• HHLLLLL 
00001100 •• LHHLLLH. 
00001101 •• HLLLLHL. 
00001110 •• LHHLLLL. 
00001111 ... LHHHLLL. 
10001111 ............. 
10000000 ............... 
X------- ---------- I /0 CONTROL LINES 

IIBBBBBBBI DESIGNATED I /0 USAGE 
I IBBBBBBBI ACTUAL I /0 USAGE 

PIN LIST ••• 
OB 07 06 05 04 03 02 01 19 18 17 16 15 14 13 12 11 09 ; 

Figure 4 

********"***********PIN LIST••tttttt•tttttt4ttttt•tttttt•ttttfttt 

LABEL 
w 
x 
y 
l 
N/C 
N/C 
N/C 
/OE 
N/C 
GND 

** FNC 
I 
I 
I 
I 
I 

** ** B 
** ov 

**PIN --------- PIN** FNC ** LABEL 
** 1-l :-20 ** +SV **VCC 
** 2-l :-19 ** B **N/C 

3-1 l-18 ** B ••N/C 
4-: 8 :-17 ** B **/SEG_A 
5-l 2 :-16 ** B **/SEG_B 
6-: S :-15 ** B **/SEG_C 
7- I 1 :-14 ** 18 **/SEG_D 

** 8-1 S l-13 ** /B **/SEG E 
** 9- I 3 1-12 ** /B **/SEG F 

10-1 :-11 ** /8 **/SEG=B 

Figure 5. Pin List of Blnary-to-7 Segment Decoder Generated by AMAZE 
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BCD-To-7 Segment Decoder 
Using the same principle as in the previous 
example, a BCD input may be converted to a 
7 segment display. If the input will always be 
within the range of OOOOB to 1001 B, the 
design will take ten AND terms to implement 
the decoding function. Bui if the display of an 
error message is desired when input exceeds 
10018, the design shown in Figures 5 and 6 
and Table 5, may be used. Alternatively, the 
error message "E" will be displayed ii the 
input does not equal anything between OOOOB 
and 1001 B inclusively. The circuit used to 
detect that none of the ten AND terms being 
true is shown in Figure 7 where if the input is 
outside of the range of OOOOB to 1001 B, none 
of the terms ZER to NIN will be active, which 
in turn causes the output of the NOR term to 
be High. The High output then causes the 
"E" term to be active and thus an output "E" 
is displayed. This scheme takes two propaga
tion delays before "E" is displayed but only 
one delay for "O" to "9" to be displayed. The 
circuit shown in Figure 7 is implemented as 
shown in Table 4, column B(O)o of terms Oto 
9, and term # 11. The output B(O)o becomes 
High when terms O to 9 are inactive, 
~+~+~+~+~+~+~+~+~ 
+ Tg) ~ 0 where To is term #0, T1 is term 
# 1, T 2 is .. ., etc. B(O)o is then fed back to 
the input of term #11 which, when active, 
causes outputs B and C to be High, segments 
B and C to turn off and the other segments to 
turn on. Term #10 is left blank to separate 
the main decoding function and the feedback 
function for the sake of clarity of this demon
stration. A similar feature (the COMPLEMENT 
ARRAY) may be found in PLS155/157/159 
where the feedback path is buried inside the 
chip without having to use up one 110 pin. 
Notice that this feature greatly reduces the 
number of AND terms needed. But for device 
architectures which do not allow common 
AND terms, this logic minimization will not be 
possible. Figure 8 and Table 6 implement 
design with AMAZE. The circuit is then simu
lated as shown in Figure 9. 
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N@DEVICE TYPE 
82S153 
@DRAWING 
*********************** BCD-T0-7 SEGMENT DECODER 
@REVISION 
*********************** REV. -
@DATE 
*********************** OCT 1, 1984 
@SYMBOL 
*********************** FILE ID: BCD-7153 
@COMPANY 
*********************** SIGNETICS 
@NAME 
*********************** DAVID K. WONG 
@DESCRIPTION 
************************************************************************** * This circuit converts a 4-bit BCD code into a 7-segment display. * 
* The display is a common anode 7-segment LED. * 
* The output of the 82S153 goes LOW for each segment that is ON. * 
************************************************************************** 

TRUTH fABLE 
a z y x w a b c d e f g 

------------------------------------
f b 0 0 0 0 0 0 0 0 0 0 1 

g 0 0 0 1 1 0 0 1 1 1 1 
0 0 1 0 0 0 1 0 0 1 0 

e : c 0 0 1 1 0 0 0 0 1 1 0 
0 1 0 0 1 0 0 1 1 0 0 
0 1 0 1 0 1 0 0 1 0 0 

d 0 1 1 0 0 1 0 0 0 0 0 
0 1 1 1 0 0 0 1 1 1 1 
1 0 0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 1 0 0 

0 1 0 1 0 0 1 1 l Display E <error> 
0 1 1 1 0 0 1 l 1 
1 0 0 1 0 0 1 1 1 
1 0 1 1 0 0 1 1 
1 1 0 1 0 0 1 1 
1 1 1 0 0 1 1 

@COMMON PRODUCT TERM 
ZER /z * ly * Ix * lw 
ONE lz * /y * Ix * w 
TWO /z * /y * )( * lw 
THR lz * ly * )( * .. 
FOU lz * y * Ix * lw 
FIV lz * y * Ix * .. 
SIX lz * y * x * lw 
SEV /z * y * )( * .. 
EIG z * ly * Ix * /w 
NIN z * ly * Ix * .. 
AAA z * ly * )( * /w 
BBB z * ly * )( * .. 
CCC z * y * I>< * /w 
DOD z * y * Ix * .. 
EEE z * y * )( * /w 
FFF z * y * )( * .. 

Figure 6. Boolean Equations for BCD-to-7 Segment Decoder for AMAZE 
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411-DGIC EQUATION 
/SEG_A • 
/SEG_B • 
/SEG_C ,. 
/SEG_D • 
/SEG_E 
/SEG_F 
/SEG_G = 

ONE + FDU + AAA 
FIV + SIX 
TWO 

/( ZER + TWO + THR 
/( ZER + TWO + SIX 
/( ZER + FOU + FIV 
/( TWO + THR + FOU 

@I/O DIRECTION 15011, 15213, .. 
***************************** 
* OUTPUTS ARE ENI' 
* THEREFORE, Dl •• 
******~*********************~ 

Dl OE 
D2 OE 
03 OE 
D4 OE 
D5 OE 
D6 OE 
D7 OE 

***************************** 
* END 
***************************** 

• • 
E NIN 

Figure 8 (Continued) 

• 
ONE ZER 

ZER +ONE+ - NIN 

ZER + ONE+ •• NIN 

Figure 7. Complement Array - "None of the Above" Detection Circuit 
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Table 5. H/L Table for BCD-to-7 Segment Decoder Generated by AMAZE 

November 1986 

Cust/Project 
Date 
Rev/I. D. 

825153 

*********************** DAVID K. WDNB 
- *********************** OCT l, 1984 
- *********************** REV. 

POLARITY 

T !HIHIHIHIHILILILILIH! 
E !-------------~------~----------~---------------------
R ! B<i> B<o> 
H !--~--------------------~------------------~-------~-

___ !7_6_5_4_3_2_1_0!9_8_7_6_5_4_3_2_1_0!9_8_7_6_5_4_3_2_1_0! 
O!- -,L L L H!- -,- -,- -!A A,A 
l!- -,L H LL!--,- -,- -!A A,A 
2!- -,H L H L!- -,- -,- -!A A,A 
3!- -,H L H H!- -,- -,- -!A A,A 
4!- -,H H L L!- -,- -,- -!A A,A 
5!- -,H H L H!- -,- -,- -!A A,A • 
6!- -,H H H L!- -,- -,- -!A A,A 
7!- -,H H H H!- -,- -,- -!A A,A 

.. ,. . . ., . 
A! 

A A A! 
A! 
A! . '. . " A! . '. . '. 
A! 
A! 
A! 

8!- -,L H L H!- -,- -,- -!A A,. A A,. A A A! 
9!- -,L H H L!- -,- -,- -!A A,. A • A,A A A A! 

10!- -,L L H L!- -,- -,- -!A A,. A A,A A A! 
11!- -,LL LL!--,- -,- - -!A A,. A,A A. A! 
12!- -,L L H H!- -,- -,- -!A A,. • A, •• A A! 
13!- -,H L L L!- -,- -,- -!A A,. A,A A A A! 
14!- -,H L L H!- , , -!A A,. • A,. A A A! 
15!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
16!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
17!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
18!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
19!0 0 0 O,O 0 0 O!O O;O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
20!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
21!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
22!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
23!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
24!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
25!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
26!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
27!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
28!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A 
29!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A 
30!0 0 0 O,O 0 0 O!O 0,0 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
31!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
D9!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 

A! 
A! 

DB!O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
D7!L 
D6!L 
DS!L 
D4!L 
D3!L 
D2!L 
Dl!L 
DO!O 

-,- -,- -,- -! 
-,- -•- -,- -,- -· -,- -!- -,- -,- -! 
-,- -!- -,- -,- -! 
-,- - -!- -.- -,- -! 
-,- -!- -,- -,- -! 

'f -!- ' ' -! 
0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 

I N N N Z Y X W N N I I I I I I I N 
0 I I I / I S S S S S S S I 
E.C C C C C E E E E E E E C 

6666666 

A ii C D E F G 
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4mEVICE TYPE 
*********************** 828153 
m>RAWIN6 
*********************** BINARY-T0-7 SEBl'IENT DECODER 
MEYISION 
*********************** REV. -
•DATE 
*********************** OCT 1, 1984 
EVl'IBOL. 
*********************** FILE IDs BCD77153 
4lCOl'1PANV 
*********************** SIGNETICS 
lllllAl'E 
*********************** DAVID K. WONG 
•DESCRIPTION. 
************************************************************************** * This circuit converts a 4-bit BCD cad• inta a 7-sag811tnt display. * 
* The display is a c011181an anode 7-segment LED. * 
* The output af the 828153 goes LOW far each segment that is ON. * 
************************************************************************** 

TRUTH TABLE 
• z v x w a b c d • f g 

------- ---------------------~~-------~--
f b 0 0 0 0 0 0 0 0 0 0 1 

g 0 0 0 1 1 0 0 1 1 1 1 
------ 0 0 1 0 0 0 1 0 0 1 0 

e I c 0 0 1 1 0 0 0 0 1 1 0 
0 1 0 0 1 0 0 1 1 0 0 

------- 0 1 0 1 0 1 0 0 1 0 0 
d 0 1 1 0 0 1 0 0 0 0 0 

0 1 1 1 0 0 0 1 1 1 1 
1 0 0 0 0 0 0 0 0 0 0 
1 0 0 1 0 0 0 0 1 0 0 

AN10 

Over Rang• 1 0 1 0 0 1 1 0 0 0 0 Display E <error> 

4lCOl"ll'ION PRODUCT 
ZER lz * ly * 
ONE lz * ly • 
TWO lz * ly * 
THR lz * ly * 
FOU 12 * V * 
FIV lz * y * 
SIX lz * V * 
SEV = lz * V * 
EIS = z * ly * 
NIN ,. z * ly * 

November 1986 

TERM 
Ix * 
Ix * 
x * 
x * 

lw ... 
lw ... 

Ix * lw 
Ix * ... 
x * lw 
x * ... 

Ix * lw 
Ix * ... 

1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 

; 
; 
; 
; 
; 

0 1 1 0 0 0 0 
0 1 1 0 0 0 0 
0 1 1 0 0 0 0 
0 1 1 0 0 0 0 
0 1 1 0 0 0 0 

Figure 8. Boolean Equation for BCD·to-7 Segment Decoder 
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@LOGIC EQUATION 

************************************************************************** 
* When input is greater than 9, OVR ( Over Range > will go HIGH, WHICH • 
* will be fed-back to the AND array to control the segments. * 
* Here the OVR pin and the feedback loop is used as COMPLEMENT ARRAY. • 
* The COMPLEMENT ARRAY saves 5 P-terms but loses one I/O pin. * 
************************************************************************** 

OVR = /( ZER + ONE + TWO + THR + FOU + FIV + SIX + SEV + EIG + NIN 
/SEG A ONE + FOU 
/SEICB FIV + SIX + OVR 
/SEG_C TWO + OVR 
/SEG_D ONE + FOU + SEV 
/SEG_E I ( ZER + TWO + SIX + EIG + OVR 
/SEG_F ONE + TWO + THR + SEV 
/SEG_G ZER + ONE + SEV 

@I/O DIRECTION 15011, 15213, 154-9 

************************************************************************** * OUTPUTS ARE ENABLED WHEN /OE GOES LOW. * 
* THEREFORE, D1 ••• D7 = /(!OE> OE ; * 
************************************************************************** 

Dl OE 
D2 OE 
D3 OE 
D4 OE 
D5 OE 
D6 OE 
D7 OE 

************************************************************************** 
* END OF LOGIC EQUATIONS * 
************************************************************************** 

Figure 8 (Continued) 

November 1986 9.39 

9 



Signetics Application Specific Products 

4-Bit Binary-To-7 Segment Decoder 

Table 6. H/L Table of BCD·to-7 Segment Decoder Generated by AMAZE 

November 1986 

Cust/Project 
Date 
Rev/I. D. 

828153 

*********************** DAVID K. WONG 
*********************** OCT 1, 1984 
*******·**************** REV. 

POLARITY 

---------------------T !H:H:H:H:H:H:L:H:H:L! 
E !-----------~-------------------------------------------
R B<il B<o> 

M !--------------------------------------------------------
___ !7 _6_5_4_3_2_1_0!9_8_7 _6_5_4_3_2_1_0!9_8_7 _6_5_4_3_2_1_0! 

0!-
1 !-
2!-
3!-
4!-
5!-
6!-
7!-
8!-
9!-

10!-
11 !O O 0 
12!0 0 0 
13!0 0 0 
14!0 0 0 
15!0 0 0 
16!0 0 0 
17!0 0 0 
18!0 0 0 
19!0 0 0 
20!0 0 0 
21 !O 0 0 
22!0 0 0 
23!0 0 0 
24!0 0 0 
25!0 0 0 
26!0 0 0 
27!0 0 0 
28!0 0 0 
29!0 0 0 
30!0 0 0 
31 !O 0 0 
D9!0 0 0 
D8!0 0 0 
D7!L 
D6!L 
D5!L 
D4!L 
D3!L 
D2!L 
Dl !L 
DO!-

-,L 
-,L 
-,L 
-,L 
-,L 
-,L 
-,L 
-'-,L 
-,H 
-,H 

' o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
0,0 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o -.--.--.--,-
-,-
-,--.--,-

L L L!- -,
L L H!- -,
L H L!---,
L H H!- -,
H L L!- -,
H L H!- -,
H H L!- -,
H H H!- -,
L L L!- -,
L L H!- -,-

-!-
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 0!0 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 0!0 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 O!O 
0 0 0!0 
0 0 O!O 

-~-
-!-
-!-

. 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o -.--.--.-

-•- -,-
-!- -,-
-?- -,-
-!- -,-
-!- -,-

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0-0 
0 0 

-.--,--.--.--.--.--.--.--.--.-
' 0,0 

o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
o,o 
0,0 
0,0 
o,o 
o,o 
o,o 
o,o 
o,o 
0,0 
o,o 
o,o 
o,o 
o,o 
-,-
-.--,-
-,-
-,--.--.--,-

-!A 
-!A 
-!A 
-!A 
-!A 
-!A 
-!A 
-!A 
-!A 
-!A 
H!A 

0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O!A 
0 0 O! 
0 0 O! 

-! 
-! 
-! 
-! 
-! 
-! 
-! 
-! 

• ,A A A! 
A,. A A A! 

A,. 
A,A 
A,. 
A,. 
A,A 
A,. A 
A,. A 
A,. 
A,• 
A,. 
A,. 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 

A • ,A A A! 
.,. A A! 

A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
A A 
AA 
A A 
A A 
A A 
A A 
A A 
A A 

A,. A! 
A! 

• 9 A A! 
A,. A A A! 
• ,A A! 

.,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 
A,A 

A! 
• ! 

A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 
A A A! 

I N N N Z Y X W N N I I I I I I I 0 N N I I I I I I I 0 
0 I I I I I S S S S S S S V I I S S S S S S S V 
E C C C C C E E E E E E E R C C E E E E E E E R 

6 6 6 6 6 6 6 6 6 6 6 6 6 G 

A B C D E F 6 A B C D E F 6 
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8291:53 A1tbcd771:53.BTD 
: yh9Hkuhyfouiy 

UPI.ITS <•BUIO>•> TRACE T~ 
• 76543210 9876543210 

00000000 •• u.LLL.LHL 
00001111 •• u+LLLLH 
10001111 ••••••••• H 
00000000 •• LLLLLLIL 
01000001 •• HLLHHHHL 
01000010 •• LULLHLL 
01000011 •• LLLU+LL 
01000100 •• HLLHHLLL 
01000101 •• LHLULLL 
01000110 •• LHLLLLLL 
01000111 ... LLLI+H-L 
01001000 ... LLLLLLLL 
01001001 .... LLLLtLLL 
01001010 •• UH...LLLH 
01001011 •• LHHLLLLH 
01001100 •• LHHLLLLH 
01001101 •• LHHLLLLH J 
01001110 •• LHHLLLLH I 
01001111 •• LHHLLLLH I 
11001111 ••••••••• H I 
10000000 ............. L ' 

x------ ------
IIBBBBBBBO 
IIBBBBBBBO 

PIN LIST ••• 

I/D CONTROL LINES 
DESIGNATED I/D USABE 
ACTUAL l/D USAeE 

08 07 06 0:5 04 03 02 01 19 18 17 16 U5 14 13 12 11 09 I 

Figure 9. Simulation Results ot H/L Table 
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BCD-To-7 Segment Decoder 
with Output Latches 
Output latches may be constructed by using 
the bidirectional I/Os of PLS153/153A as 
shown in Figure 10. When /LE (latch enable) 
is High, the output equals the input. But when 
/LE is Low, the output is latched. Changing 
the input will not effect the output. Segments 
a and e are used to illustrate the decoding 
and latch circuit as shown in Figures 11 and 
12 which are expressed in H/L format as 
shown in Table 8. The complete design of the 
decoder is shown in Figures 13 and 14 and 
Table 7. With the output latches, the circuit 
cannot be tri-stated since the tri-state condi
tion will interrupt the feedback path. An alter
native approach is shown in Figure 15 where 
the display is a common cathode, the seg
ment drivers are always on and the duty 
cycling is implemented with a digit driver 
which pulls the common cathode of the 
display to ground as the input "Duty Cycle" 
goes High. A common practice is to drive the 
segments with 1 O time the desired DC current 
and drive the digit with a 10% duty cycle 
pulse. The H/L implementation is as shown in 
Tables 9 and 10. The "Duty Cycle" control 
input is generated externally. 
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Figure 10. Block Diagram Of A Simple D-Latch 

w -"""=,.--------+---It---

x 

y 

z 

/LE 

ONE FOU AL 

SEG..A 

Figure 11. Segment-A Latch Circuit 
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/LE 

/SEG~ 

/OVR 

Figure 12. Segment-E Latch 

tt4tttttttttttttttttttt•tttttt•tttttt# P I N L I S T •tttt4ttt#•ttttttl:tt•tt•#tt:#4ttttt 

LABEL ** FNC **PIN --------- PIN** FNC ** LABEL 

"' I 1-: 1-20 ** H5V **VCC 
x I 2-1 1-19 ** B **N/C 
y I 3-l 1-18 .. B **NIC 
z .. I 4-1 8 1-17 .. 0 **/SES A -
N/C ** I 5-: 2 :-16 ** 0 **/BEG B -
N/C I 6-1 s :-1s ** 0 **/SEG c -
/LE I 7-: I :-14 ** 0 **/BEG D 

9 
N/C I 8-1 5 :-13 .. 10 ••/SEG_E 
OVR ** 10 9-1 3 :-12 ** 0 **/BEG -F 
GND ** ov 10-: 1-11 ** 0 ••/SEB -G -Figure 13. Pin List of BCD-to-7 Segment Decoder with Latches 
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November 1986 

•DEVICE TYPE 
82$1:53 
&DRAWING 
*********************** BCD-T0-7 SEGMENT DECODER 
llREVISION 

*********************** REV. -CIDATE 

*********************** OCT 1 , 1994 @SYMBOL 

*******************·**** FILE IOI BCD7L153 
CICOMPANY 

*********************** SIGNETICS 
41NA'1E 

*********************** DAVID t<. WONG 
@DESCRIPTION 

************************************************************************** * Thi• circuit converts a 4-bit BCD code into a 7-segment display. 
The display is a common anode 7-segment LED. 
Th• output o-1 th• 826133 goes LOW for each segment that is ON. 

* The outputs are latched when /LE goes LOW. * 
************************************************************************** 

z y x w 

I b 0 0 0 0 
I 0 0 0 1 

0 0 1 0 
e ' I c 0 0 1 1 

0 1 0 0 
0 1 0 1 

d 0 1 1 0 
0 I 1 1 
1 0 0 0 
1 0 0 1 

Over .. Range l 0 1 0 
1 0 1 1 
1 1 0 0 

I 0 1 
I I 0 
I I I 

@COMMON PRODUCT TERM 
ZER = /z * ly * Ix * /w * /LE 
ONE = lz * ly * Ix * w * /LE 
TWO • /z * /y * x * /w * /LE 
THR • /z * /y * x * w * /LE 
FOU • /z * y * Ix * /w * /LE ' 
FIV • /z * y * Ix * w * /LE 
SIX = /z * y * K * /w * /LE 
SEV = /z * y * K * w * /LE 
EIS • z * /y * he * /w * /LE 
NIN • z * /y * Ix * w * /LE 

TRUTH TASLE 
abc:defg 

0 0 0 0 0 0 1 
1 0 0 1 1 1 1 
0 0 1 0 0 1 0 
0 0 0 0 1 1 0 
1 0 0 1 1 0 0 
0 1 0 0 1 0 0 
0 1 0 0 0 0 0 
0 0 0 1 1 1 1 
0 0 0 0 0 0 0 
0 0 0 0 1 0 0 

0 0 0 0 0 Disp~ay E <error> 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

*********************""**************************************************** Feedback circuits to form 0-latches. * 
****.,.********************************************************************* 

Figure 14. Boolean Equation of BCD-to-7 Segment Decoder with Latches 
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AL = LE * /SEG A 
BL m LE * /SEG=B 
CL = LE * /SEG C 
OL = LE * /SEG-0 
EL LE * SEB-E ; "Note that in LOGIC EQUATION definition, SEG_E is 

FL "" LE * /SEB F 
GL = LE * /SEG=G 

@LOGIC EQUATION 

inverted. Therefore, the f&edback for E has to 
be inverted too." 

************************************************************************** * When input is greater than 9, OVR < Over Range ) will go HIGH, WHICH * 
* wi 11 be fed-back to the AND array to control the segments. 
* Here the OVR pin and the -feedback loop is used as COMPLEMENT ARRAY. * 
* The COMPLEMENT ARRAY saves 5 P-ter-ms but uses up one I/O pin. * 
************************************************************************** 

OVR = /( 
/SEG A = 
/SEG-8 = 
/SEG-C ~ 
/SEB-D = 
/SEG-E = 
/SEG-F = 
/SEG=G = 

ZER + ONE + TWO + THR + FOU + FIV + SIX + SEV + EIG + NIN + LE ) ; 
ONE + FOU + AL 
FIV + SIX + OVR + BL 
TWO + OVR + CL 
ONE + FOU + SEV + DL 

I ( ZER + TWO + SIX + EIG + OVR + EL 
ONE + TWO + THR + SEV + FL 
ZER + ONE + SEV + GL 

&I/O DIRECTION 

) ; 

************************************************************************** 
END OF LOGIC EQUATIONS 

************************************************************************** 

Figure 14 (Continued) 
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Cust/Project 
Date 
Rev/I. D. 

*********************** DAVID K. WONG 
- ***********************OCT 1, 1984 

*********************** REV. -

82$153 POLARITY 

T !H:H1H1H1H1H1L:H:H:L! 
E !--------------------------------------------------------
R B<i> B<o> 

M !--------------------------------------------------------
___ !7_6_5_4_3_2_1_0!9_8_7_6_5_4_3_2_1_0!9_8_7_6_5_4_3_2_1_0! 

O!- H -,LL LL!--,- - - -,- - - -!~A,. .,A. A A! 
l!- H -,LL L H!- -,- -,- - - -!A A,A A,. A A A! 
2!- H - -,LL H L!- -,- - - -,- - - -!A A,. A.,~ A A! 
3!- H - -,LL H H!- -,- - -,- - - -!A A,. A A! 
4!- H -,L H LL!--,- -,- - -!A A,A A,. A! 
5!- H - -,L H L H!- -,- - -,- - - -!A A,. A .,. A! 
6!- H - -,L H H L!- -,- - -,- - - -!A A,. A .,A A! 
7!- H -,L H H H!- -,- -,- -!A A,. A,. A A A! 
8!- H - -,H LL L!- -,- - - -,- -!A A,. • ,A A! 
9!- H - -,H LL H!- -,- -,- - -!A A,. ,,. A! 

10!.- L - -,- -!- , -,- - - -!A A,. • ,.. A! 
11!- L - -,- - - -!- -,H -,- -!A A,A • ! 
12!- -,- - - -!- -,- - -,- - - H!A A,. A A .,A .! 
13!- L - -,- -!- H - -,- -!A A,. A • ! 
14!- L -,- -!- -,- H , - - -!A A,. A.,. .! 
15!- L -,- -!- -,- - - H,- - - -!A A,. A,. .! 
16!- L -,- -!- -,- - -,L - - -!A A,. .,A .~ 
17!- L - -,- -!- -,- - - -,- H - -!A A,. A • ! 
18!- L - , -!- , - - -,- - H -!A A,. A • ! 
19!0 0 0 O,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
20!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
21!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
22!0 0 0 O,O 0 0 O!O O,O 0 0 o,q 0 0 O!A A,A A A A,A A A A! 
23!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
24!0 0 0 O,o 0 0 O!O o,o 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
25!0 0 0 O,O 0 0 O!O o,o 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
26!0 0 0 O,O 0 0 O!O o,o 0 0 o,o o 0 O!A A,A A A A,A A A A! 
27!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
28!0 0 0 O,O 0 0 O!O o,o 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
29!0 0 0 O,O 0 0 O!O o,o 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
30!0 0 0 O,O 0 0 O!O o,o 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
31!0 0 O O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
D9!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
08!0 0 0 O,O 0 0 O!O o,o 0 0 O,O 0 0 O! 
07!- - - -.- -!- -,- - - -,- - - -! 
D6!- -
05!-

-,- -!- -,- -,- - - -! 
-,- - - -!- -,- - - -,- - - -! 

04!- - - -,- - -!- -,- - - -,- -! 
03!- -,- -!- -,- - -,- - -! 
02!- - - -,- - - -!- -,- -,- - - -! 
Dl!- -,- -!- -,- -,- - - -! 
DO!- - - -,- -!- -,- - - -,- - - -! 

N I N N Z Y X W N N I I I I I I I 0 N N 
I L I I I I S S S S S S S V I I 
C E C C C C E E E E E E E R C C 

6 6 6 G G G G 

ABCDEFG 

9c46 

/////110 
sssssssv 
E E E E E E E R 
G G G G 6 G G 

ABCDEFG 
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Table 8. BCD-to-7 Segment Decoder Using Complement Array 

62S153/153R PROGRRnnlHG TABLE ORRUIHG ID: &b "2 zw ......... REU. ---

OESIGHER: p.I( t+hkii ORTE: ,~ .. ,ii" ~i:iJA~.,.~1..1..,~11~TY~:;a:r-----, 
~ '"Ur • :d.J 

IHI OR 
8(1) 

7:6·5•4 3:2: f•O t:a 7·6• 5:4 3:2· i:o 

-<--l-•- . ~ .....:- _,_,_,_ -•-:-' 
_,_,_,_ : ifll.i. -:- -•-:-t:: -'-'-l= 

: .. -!-I--:•--:--: -:-·-.: 

--:--:-:_-- ; : Jtt:-:- _,_,_,_ -:-'-' 

._,_,_ ~""~ -:- .....:-:-:- - -:-r : ==~::l!j-~ ~ =<:;_ :;::: .. 
10 : : ; : : : : : ; ; : ' : 
11 H.....:-:--'-'-: -'._:-:-'-:-: ..;_:_: 
12 
13 
14 

16 
17 
18 

19 
20 
21 
22 
23 
24 

25 

27 
28 

30 

31 

~ L..: :.....:- -: :-H _;_ -;-:-:- -:-•-:-' 
06 1-•-<-:- : : !-i :- -•-:-:- -:-:-: 
D5 [' ·-:..:,, '-·-!.:::'-~ -:-:-:..:,,--:-:-
04 ,_,...;....:~ .... -+-i-i -;_..-j-:-;-;- -•-:-: 
D3 11.,;-: "'!..=-: -;.....: --c.:J-: -<-1.::: _,_,_, 
02 t.:--:-;--:--: H-H .--;-; ... -:-;-;...; 
01 t..:-<-:- -:--;-+ -i-1-:-:-:~-:-:-: 
llO • -'-L= --·-!..:::i-:- -:-:.....:- - --i::i 

November 1986 

B<O> 
9:9 7•6:5:4 3:2:1 0 

.: •• : ·1!:1.· Jot.: •. 

•... JL:.;. fil. :. !A: 
• : •. Lfl:·: .• : • : ·!A: 

1: • • ! ':. :· • !•:.: lb-J 
...... , ••• J;tr.:.J.t. 

: : : : : 

: : . 
~+! 

T801180$ 
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Table 9. Segments A and E with Latches 

82S153/153R PROGRRnnlHG TABLE DRRUIHG 10: ______ _ REU. __ _ 

DESIGHER: DATE:---- ·--~_POL~LM::;;o•ll::,..Y'!!"!!'"l ______ "'I 
''"''"''"'' '"'.l.lli 

l<I> 

2 lie.'-'-' -i-i-'- -:-1.il;-:--:..::J _:_:....; 
3 : : :, : : : : : : .. : 

: : : : : : : : : : : : 
s r,,;:_..;_, rz:L:... --<-' '- _, -i ' 
6 Ill]-:-:- : : : 1- ........ --: _, _,_,_ 
7 LI'-'-' Ll/1!'1' -l::: _,_,~ _ _,_, 
8 lffi ! i-Ji:L :,_;,_ -:- ·-i-!-! -I_,__,...: 
o l/ll : H--i --i- ...;-1-:-i -'-'-ltr! 

10 L:-! :- -< -;- i " t-fi:-:--i-
11 
12 
13 
14 

16 
17 
18 
10 
20 
21 
22 
23 
24 

27 

30 

31 

08 
07 -:-:-:- -:-:-:- -:- -:-:-:- -:-:-:-

06 
05 : : : : : : 

04 : : : : : : 
03 _,_,_, _ -:-:-: - - -'-:-_;_-. _,_, ..,:_-. 
02 : ; : ! : 
01 : : 
DO I=.' ::_:: -· :-: :-

~ 111!~~' ~ ~: i l 

November 1966 

8(0) 

1 0 

~ lllj 
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Table 10. H/L Table of BCD-to-7 Segment Decoder with Latches with Outputs Active-High 

82Sl53/153A PROGRRnnlHG TABLE DRRUIHG ID:~l!gC~j)~Z .. LJA=----- REU._-__ 

OESIGHER: p. /{. ub,Jt; DATE:~ ·-.--..l'OL~;:;'AR:.;.•lV:.:,.--------""' 
U:: : 

All> OR 
8(1) 

7:6!5'43:2:1;0 9:8 7;5:5:4 3:2: 1:0 

-li1:-:-1..l!t_!1-.!l'.!_-:- _,_,_,~ _,_,_,_ 

6 -l.IJ:-!- '-'l-IJJtiL -!- -:-:-:- -:-:-:-

9 =hit~~~=[~ jj=~ ~j:~ 
10 : : ; : : ; ; ; ; : : : 
11 _,_,_, __ ,_,_,_ -:- _, _, _,_ -'-'-i.'.I 
12 : ; : : : ; ; : : : ; : 
13 -:L:-i--:-:.:--i- :-:-:_-j-:-:.! 
14 -!L!-'- -i-i-i---'- -iL'-'-::J-'-i-l--1 
'" -Cb'-'--'-'--'-_, -'-lL'- _: -'-'-
16 -:i..:-: __; _;-i -!...=_;_:_:L -i-:-: 
17 -:L-:-:- -:-!-!- -L- -:-:-:- L!-:-: 
18 -:t-:-:- ~-;_: ~ ....:. ....:-:- -iL:-:-
19 -:Li-!--:-:-! -'--!-!-!--:-!Li-
20 
21 
22 
23 
24 
25 

27 
28 

30 
31 

~ --;-·--;-'-;- -. ; :~-;-~-;... 
06 -:-:-:- -:-:-.,-;:; -!- -:-,-:- :-.. -
05 :-:-: ;-:- :-1 :-:-: -: ,_,_ 
04 -:-:-;--: : :--:--; : ;--:-!-;-
03 -;-:-:--; ; : 1-:- -:-:-: ,_,_,_ 
02 ~->~=: :-:- -:- -:-;-;-r-:-:-;
~ ,_,_ --.-: ''"" -: ,-:--:_:.:::R 

November 1986 

8(0) 
9: 8 716:5:4 3:2:1 0 

• ,. ; .; •• ,. GiJ...i a 

.:.:.:.~:.:,o 3 

.]A;.: •. :. :._i,f 6 

.:.:.: 4l..el..fl 7 

.;.:.: .. ;.:.~ s 
: : : ; : : 

• l.4.L!iJ • • : • ; • ; • E .Lfo<'• •"'-1. 
: : : 

• ; • !.Al •• : • : • :• .. c 
• :.:.;4 .:. :. :• 

. ;. :. , •• !· f!i· 

Li, ,,._,.,_.,. h·L_,,T,.,,, ,-_, .--.-.o 
Ls:;.._ ,,..,.JIM..::.t.""" ...... _,,_. -~ 
.A... •. • ,....,, """ A. • ""'""' •'.our,...,.. 

r:;;;: .,~ _,,, ~ 
.... ....... .... -~~ .-~ ,,,,,,,,,_ ·- '"""'' 
~..,,_,.,,, ..... ,,~ ... 
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FEATURES 
• Programmable pulse-width/delay 

• Maximum 256 ·clock cycles 

• Asynchronous TRIGGER Input 

• Active-High and Active-Low outputs 

• Asynchronous RESET 

• 20-pln package 

THEORY OF OPERATION 
The one-shot consists of an FPLS PLS159 
and an external clock which may be part of 
the system in which this one-shot is to work. 
As shown in Figure 1 and Table 1 the FPLS is 
configured to have a latch and an eight-bit 
binary up counter which is presettable by 
input data to any number less than 256. Since 
the input data is inverted before it is loaded 
into the registers, counting from the comple-

INPUT 

AN11 
PLO Programmable 
Retriggerable One-Shot 
Application Note 

ments of the input to FF will give the correct 
number of counts as counting from the input 
down to 00. 

Pulse-width/delay inputs may be the outputs 
of another device or switches. When /RESET 
goes Low, flip-flops are set to all 1 's (terms 
PB and PA). At the rising edge of the next 
clock, data is latched into the registers (terms 
LB and LA). When /TRIG goes Low, it is 
latched into the input latch formed by term # 
0, 1, 2 and 13. The output 0 1 of the latch 
goes High and 0 2 goes Low which enables 
the 8-bit counting cycle. The 0 1 and /01 will 
maintain their output levels until the end of 
the counting cycle at which time the counter 
reaches the count FF, resets the latch by 
term # 13, and sets 0 2 High. At the rising 
edge of the next clock, terms LA and LB 
cause data to be loaded again into the 
registers, and the device is ready for another 
/TRIG input. The output wave-forms are illus
trated in Figure 2. 

COUNT 
Fo 0., 

F, Q, 

F, o, 

F, o, 

F, o, 
o, 

o, 

0, 

P LOAD 

If the /TRIG pulse-width is longer than the 
desired pulse-width of the one-shot, the de
vice will react as mentioned above, and at the 
end of the count cycle new data will be 
loaded, another count cycle begins while the 
outputs remain set by the /TRIG input without 
changing throughout the change-over of one 
count cycle to another. 0 10, on the other 
hand, will go Low for one clock period at the 
change-over. As long as the /TRIG is Low, 
0 10 will continue to pulse Low for one clock 
period at the change-over of one count cycle 
to another. The output 0 2 will pulse High for 
one clock cycle at the change-over. Figure 2 
illustrates output wave-forms for both cases. 
The output wave-forms are as illustrated in 
Figure 2. 

The one-shot is implemented by program
ming the PLS159 as shown in Table 1. The 
logic representation of the program is shown 
in Figure 3. 

o, 

o, 

o,. 

o, 

SYSTEM CLK >---------' 

~ >---------...J 

Figure 1. Programmable Retrlggerable One-Shot 
--~--~~~~~~~~~~~~~~~:..:.......~~~~~~~~~~~~~~~ 
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Table 1. PLS159 FPLS Program Table 

PROGRAMMABLE RETRIGGERABLE ONE-SHOT 

T 
e 
R .. c 3 2 1 

L -

2 - -
H 
H . - H 
H 
H 
H 

H 

" H 
12 

[ FF MOOE 

AAAAAAAA 
AND 

Bii) Q(P) 

0321076543210 

-H 

- K - -

H -
- H - - - H 

H H H 
-H ti H ti 
-H - l:t ti ti H 

H - ~ H H ti H 
H H H ti H ti H 
H - 11 H ti ti H ti H 

HH H H H H H H 

L L H H 

REMARK (OR) 

Q(N) BIO) 

765432103210 

A • • A 

• A • 

CoL<tJT Cll<J.6 0 •••• 

0 - •••• 

- 0 - . . . 
0 - - - • • • • 

o- - - • • • • 
- 0 - • • • • 
o- • • • • 

o- • • • • 
Ll\Tc.+i 

Application Note 
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REMARK 

,_16-t--if-->-+- l--!-·~-l--+--+--+-+--l-~1--1--+-+--l-·-~~~~~~-+--+-+--l--if--l--+-+---t--;---if--+-+-~~~~~ 
17 

19 .. 
23 

24 

1-27·--l--il--l--+--+--+--+-+--l~+-+--+--+---t---+--l--l~l---·----~~~~--t--if--l--+-+--+--+--+--lf--t--+--+--t---~~~-~ .. .. 
3 •• L 

6 P,. - L 

7 "· 

@.._i:~.-1--+--+--l--l--+-+--+--+---l--ll--l--+-+--+--+--+-·-+~--~~~~~--1 
0 02 

' '" 2 DO. 

N 
A 
Iii 
F. 
s 

COMlllENTS: 

5 

"' ~ 
' 

• 3 2 

~ ... 
!{! 
' 

- - - - ~-

! • 7 • 19 1e 17 16 15 14 13 12 

d ... " .,, ~ 0 ()' 

This one-shot will load data at the end of the count cycle. If ffil(i pulseuwidth is longer than the count cycle, output 83 wilt go Low for one clock period and go High again for another 
count cycle. Outputs 92 and Bo stay Low and High respectively until ffiiG goes High and count cycle is completed without interruption. 
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CLOCK~ 
TiiiG ----~u 5 

------COUNT CYCLE------+< 

0,,01.-----' 

o•----~ 

0,-------------------' 
TRIG-----. RETRIGGER MODE .----5 

5'r--___ ___.I 
------COUNT CYCLE COUNT CYCLE ---J 

5 LJ s o,. ____ _. 
I 
I 
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··~1 

I 

o,-----' L_ 
o,-----. 

I 
I 

I I 
I I 

~~~~~~~ll~~~~~ll~ 
PLS159 Programmable One-Shot 

TRIG 

83 

83 

I 

• 

I 

I 

I 

~ I 
'-----------------------------------------~ 

81 

Figure 2. Timing Diagram of Programmable Retriggerable One-Shot 
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INPUTS 

LS01390S 

Figure 3. Logic Representation of Table 1 
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INTRODUCTION 
The Low Cost Programmer (LCP) is designed 
to provide the user with a low cost alternative 
to program Signetics' PLO 20-pin series pro
grammable logic devices. This system is a 
peripheral device which is to be controlled by 
a computer running Signelics software, 
AMAZE, or by a terminal. The LCP is con
nected to the host computer via the RS232 
interface and will accept ASCII codes. The 
data transfer rate can be either 9600 or 4800 
baud. The LCP system clock is 4800 baud. 
The basic ·measure of time in the system is in 
units of 13µs. After every fuse is pro
grammed, the LCP will automatically perform 
a verification cycle and feed data back to the 
computer. The system can be set to TEST 
mode which causes the outputs to cycle 
through the fusing sequence in an endless 
loop. 

THEORY OF OPERATION 
A block diagram of the LCP is shown in Figure 
1. U1 generates the 9600 baud clock for U3 
(UART) and the 4800 baud clock for the rest 
of the system. When data is transferred into 
U3, It is put on the system bus. U1 generates 
IDAV which enables the rest of the system to 
react to the input. Since each device can 
decode the input instruction, very few con
trols are necessary. 

Figure 2 shows the system instruction set. 
Each consists of seven bits with the· upper 3 
bits being the instruction code and the lower 
4 bits being data or finer resolution of the 
instruction code. Figures 2 and 3 of Appendix 
1 show the fuse address tables of PLS153 
and PlS159, respectively. Note that the Vari
able Addresses have seven bits (3 upper bits 
and 4 lower bits), whereas the Term Ad
dresses have six bits (2 upper bits and 4 
lower bits). Therefore, it takes up to four 
nibbles to define a fuse address. Once an 
address is defined, the Variable Address 
generator will increment automatically to gen
erate the subsequent fuse addresses for the 
same Term Address. Loading a Term Ad
dress in the Term Address generator will 
always reset the Variable Address generator. 
Therefore, the Term Address should be en
tered first and then the Variable Address. The 
last entry is the fusing data in a 4-blt nibble. 
The system will automatically increment the 
Variable Address generator to program four 
fuses. Once the 4-bit fusing data is loaded, 
the system goes into an internal mode until 

November 1986 

AN12 
Low Cost Programmer for 
PLO 20-Pin Series 
Application Note 

ROW ADD.GEN. 1-PLD DEVICE 
ROW ADDRESS 
(PIN7to9 
12to15) 

RS232INTl!RFACE UART 

Tx SI 
U3 COLUMN ADDRESS 

Ax INTlffi (PIN 1 to6) 

BAUD RATE GEN.I 
SYSTEM CONTROL 

IDAV 

INT.iii SVSTEll OUTPUT(F) CLOCK 
(PIN16) 

Yp (PIN 18) 
I 
I 

VCCP(PIN 20) 

PIV (PIN 17) ......... I iii (PIN 11) 

OSCIUA10A L IFL DEVICE 
FUSING 

SEQUENCER 

Figure 1. Block Diagram 

C2 C1 co 
(06) (05) (04) 03 02 01 DO FUNCTION 

0 0 0 x x x x System internal use 

0 0 1 x x x x System internal use 

0 1 0 0 0 0 0 System reset 

0 1 0 0 0 0 1 Set system ON-LINE 

0 1 0 0 0 1 0 Set system OFF-LINE 

0 1 1 4-bit data Load fusing data 

1 0 0 4-bit data Load 4-bit lower TERM ADD. 

1 0 1 2-bit data Load 2-bit upper TERM ADD. 

1 1 0 4-bit data Load 4-bit upper VAR ADD. 

1 1 1 3-bit data Load 3-bit upper VAR ADD. 

NOTE: 
The upper and lower VARIABLE ADDRESSES will be resat to zero If upper or lower TERM 
ADDRESS is loaded into the LCP. 

Figure 2. LCP Instruction Set 

the fusing cycle for the four fuses are com
pleted. 

The following illustrates the sequence of 
programming operation: 

9-55 

1. Switch LCP to ON-LINE 

2. Input 010 0000- reset LCP 

3. Input 010 0001 -put LCP "ON-LINE" 
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4. Input 100 - - load 4-bit lower TERM 
ADDRESS 

5. Input 101 00- - load 2-bit upper TERM 
ADDRESS 

6. Input 110- - load 4-bit lower VARIABLE 
ADDRESS 

7. Input 111 0--load 3-bit upper VARI
ABLE ADDRESS 

8. Input 011- - load 4-bit fusing data, a 
"1 " causes a fuse to be blown 

9. U6, the fusing sequencer, causes the 
system to go into INTERN mode 

10. Fusing sequence starts. See Figures 3 
and 4 

11. Fusing cycle completed. Input next ad
dress: 

a. If next TERM ADDRESS is different from 
the previous one, go to (4) 

b. If next address is in sequence with the 
previous VARIABLE ADDRESS and in 
the same TERM, go to (6) 

c. The Variable Address generator will al
ways reset to 0 if TERM ADDRESS is 
loaded. 

Figure 3 shows the sequence of fusing opera
tion while the system is in internal mode. 
Figure 4 shows the timing diagram and volt
age waveform of the fusing sequence of four 
consecutive fuses. 

Analog Drivers: 
Vp - This signal is current limited to 325mA. 
It is 1.25V to 1.75V when not fusing (idle). 
During the fusing cycle it takes on a value of 
14.25V to 14.75V for a short time. The 
leading edge is slew rate limited to about 
10µs. 

NOTES: 
1. State numbers in hex. 
2. State changes on every clock. 
3. 13µs cycle time. 

Application Note 
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INmALIZE + OFFLINE + RESET 
31 29 30 

V ccP - This signal is the programming 
power supply. It can source up to 1 A. It has a 
value of 1.1V to 1.3V when not fusing (idle). 

Figure 3. State Diagram Fusing Sequence and Control PLO U6 

PN BIT 1 BIT2 81T3 BIT 4 NEXT 
PIN 17 VIH CYCLE 

VIL P1 P2 V2 P3 •• 
START I 

VCCP 

M~3-· PIN20 

1'3"" 
J! 13~• 

, .. .. 
VP 

PIN 11 

1.4-1.SV 

I 
8TROllE 

PIN 11 

VIL 1P1 TV1 TP2 TV2 TP3 TV3 TP4 TV4 

YOH 1CU< tCLK -~F1~F2~F3~F~ PIN 11 

VOL Rl!ADBACK I I I I INTl!llHAI. SllFT REG ST8 
8TROllE 

Figure 4. Timing Diagram and Voltage Waveforms 
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During the fusing cycle It assumes a value of 
8.25V to 8. 75V for the duration of the entire 
cycle (four fusing pulses - See Figure 4). 

Vp Driver Circuitry - The Vp signal is 
toggled by the Fusing Sequencer, U6, Pin 15. 
This TTL signal is buffered up by the switch
ing transistor, 03, and its associated resis
tors, R6 and R9. Transistor Q4 inverts the 
signal to achieva the correct phase relation
ship. It also performs the following circuit 
functions: 

1. It clamps the base of the Darlington 
transistor, Q5, to near ground through the 
R10 resistor. 

2. Transistor Q4 discharges the slew rate 
time constant capacitor, C1, through the 
resistor, R10, and shunts the current 
from the current source, VR2, to near 
ground. This prepares the circuit for the 
naxt controlled slew rate edge at the 
beginning of the naxt fuse blowing cycle. 

3. It provides a current sinking path to pull 
current out of the fusing socket enable 
line, thus creating a rapidly falling Veep 
trailing edge. The diode, 02, provides 
sourcing isolation while the resistor, R11, 
limits Inrush currents. A ferrite bead on 
the R11 lead slows down this path. This 
prevents large currents from flowing 
through transistor Q4 at the low level 
switching transition time. 

The voltage regulator, VR1, forms the 325mA 
current limit circuit in conjunction with the 
voltage dropping resistor, RB. 

The controlled slew rate of the leading edge 
and the final level of the enable high output 
voltage Vp are generated in the following 
manner: 

1. A 1 OmA current source is formed by the 
voltage regulator, VR2, and the dropping 
resistor, R7. 

2. This current is shunted to ground through 
Q4 when the enable pulse is low. 

3. At the instant when Q4 turns off, the 
1 OmA current is divarted Into the slew 
rate control capacitor, C1. The capacitor, 
C1, will continue to charge linearly until 
the voltage across it reaches the value of 
the zener diode stack 01 A and 01 B. 

4. The current is then shunted down the 
zener diodes until Q4 Is turned back on. 

5. The base of the Darlington transistor, Q5, 
follows the voltage across the capacitor, 
C1, and draws very little current due to its 
vary high current gain. Since the 05 
transistor Is configured as an emitter 
follew«, the voltage seen on the fusing 
socket enable line will be about 1V lower 
than the base of transistor Q5. Resistor 
R12 stabilizes the value of the Vee on 
transistor Q5 by pulling a small amount of 
current early in the ramp. 
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Veep Driver Circuitry- Veep Is toggled by 
the internal/ axternal signal from the Fusing 
Sequencer, UB. Again, the signal is buffered 
and Inverted twice by transistors 01 and 02 
along with resistors R4 and R3. 

Low Voltage (Idle) 
Resistor R2 Is shorted to ground through 
transistor 02 In order to generate the 1.1 V to 
1.3V low output level. This is an intrinsic value 
generated by the internal reference of the 
voltage regulator. 

High Voltege (Veep) 
When transistor 02 is turned off, the output 
voltage ramps to the B.25V to e. 75V leval. 
This value is determined by the ratio of 
resistors R1 and R2 In conjunction with the 
actual value of the voltage regulator's internal 
reference. 

Power Supply Consideration 
1. The Low Cost Programmer circuitry 

draws about 1A. 

2. The Enable and VCCP currents may reach 
about 1.4A. 

3. The Enable signal is about 15V and 
needs at least 5V of head room. 

4. The RS232 drivers require ± 12V at about 
60mA. 

In a bridge circuit, a rule of thumb says that 
the transformer's current rating should be 
from 1.2 to 1.6 times the load current. Using 
this rule, the secondary of the transformer 
that supplies Vee and ± 12V should be rated 
at 1 BV center tapped at about 1.BA. 

Table 1. ASCII Character Table 

0000 0001 0010 

0 1 2 

0000 0 NUL OLE SP 

0001 1 SOH DC1 I 

0010 2 STX DC2 .. 
0011 3 En< DC3 # 

0100 4 EOT DC4 $ 

0101 5 ENO NAK % 

0110 6 ACK SYN & 

0111 7 BEL ETB 

1000 8 BS CAN ( 

1001 9 HT EM ) 

1010 A LF SUB . 
1011 B VT ESC + 

1100 c FF FS 

1101 D CR GS -
1110 E so RS 

1111 F SI us I 

9-57 

Application Note 

AN12 

The transformer that supplies the Enable and 
V CCP circuits should have an 1 BV secondary 
at about 2.2A. 

PROGRAMMING THE LCP 
The addresses and fusing data can be gener
ated by the host computer using AMAZE or a 
terminal nibble by nibble. The fuse address of 
each PLO 20-pin device is available in the 
Signetics PLO data manual. Copies of the 
fuse address tables of PLS153 and PLS159 
are included in Appendix A Tables A·1 and A-
2. These fuse addresses, together with the 3-
bit instruction code, form a 7 ·bit instruction 
which can be represented by a single ASCII 
character. Table 1 is a table of ASCII charac
ters. 

The following example illustrates the conver
sion of program table entries into fuse ad
dresses and fusing data. Table 2 shows a 
simple entry in an PLS153 program table. To 
keep things simple, only four entries are 
made. The first entry is t8rm 3, variable 17. 
The fuse of the non-Inverting buffer is to 
remain Intact, whereas the fuse to be blown Is 
the inverting buffer, 17. For this entry, from 
Table A-1 of Appendix A, the Term Address is 
03hex or 00 0011 b, the Variable Addresses of 
the two buffers are OEhex or 000 111 Ob, and 
OFhex or 000 1111. The fusing data is 01. 
The second entry is Term 3, 16. The fuse of 
the Inverting buffer is to be kept Intact while 
that of the non-inverting buffer will be blown. 
The Term Address is the same as the prevl-

0011 0100 0101 0110 0111 

3 4 5 8 7 

0 • p p 

1 A 0 a q 

2 B R b r 

3 c s c s 

4 D T d t 

5 E u e u 

6 F v f v 

7 G w g w 

8 H x h x 

9 I y i y 

: J z I z 
; K [ k ( 

< L " I : 

- M I m l 
> N n -
? 0 + 0 DEL 
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Table 2. FPLA Program Table 

COOENO. POLARITY 

T "Al OR 

~ I em B(O) 
M 7 6 5 ([3 2 1 0 9 sT1 6 5 4 3 2 1 0 REMARKS 9 lff7 6 5 ([3 2 1 0 REMARKS 
0 : .l 
1 T T : 
2 :::.: :::.: : :::.: 
3 ti L- _;,T T T ~ :::.: 
4 :::.: T T i 
5 -t 

T T :::.: 
6 i ...:.. 
7 T i ..i _l 
8 i T l 
9 T :::.: ± .i" 
10 J ::::: -r 
11 

, J" 
, 

.+ -:::: 
12 ::::: • 
13 J" 

, • 
14 : , : 
15 :::.: :::.: 
16 i J. 
17 : :::.: J. ..i 
18 

-+ 
,. 

l 
19 : ,. 

:::.: 
20 • : ::::: 
21 i J. 
22 • J. 
23 ...:.. • J. 
24 l l i • 
25 l J ± 
26 T T 

27 T T J: 
28 :::.: _L 

29 :::.: T I 
..i 

30 .-
31 + :::: 
09 :::.: UI 08 T T I I I I I I I I I I 

T I I I I I I I I I I I 07 ..i .i I I I I I I I I I I I 
06 + I I I I I I I I I I I 
05 T 

04 ::;:: I I I I I I I I I I I I 

03 ; I I I I I I I I I I I 
02 • i 

I I I I I I I I I I I 
D1 -+ 

• • I I I I I I I I I I I 

DO I I I I I I I I I I I 

PN 8 7 6 5 4 3 2 1 19 18[7 1615 1413 12 11 9 1918 1716 1514 1312 11 9 f3 I/) 
lie: a: 

,... 
c (/) 
:II! -I w a: ll. 
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ous entry; the Variable Addresses of the two 
buffers are OChex or 000 11 OOb and ODhex or 
000 1101 b. The fusing data is 1 o. The four 
fusing data can be combined into one nibble 
(011 O) since the two entries are in sequence. 
Only the first address has to be loaded (Term 
Address 03hex and Variable Address OF). 
The next two entries are in sequence with the 
first two, therefore only fusing data nibble 
1111 has to be loaded. 

The instruction and data nibbles can be 
loaded into the LCP in ASCII characters (see 
Table 1). 

LCP CHECK OUT AND 
CALIBRATION 
This section deals with the check out and 
calibration of the Low Cost Programmer. 

The voltage regulator, VR4, dissipates a lot of 
heat. It should be mounted on a metal chas
sis with an isolation mount. 

Notice that the fusing socket, P1, has three 
columns of pads. Use the left set if the socket 
is to be mounted on the component side of 
the PCB. Use the right set if the socket is to 
be placed on the blank side of the PCB. The 
LEDs may also be mounted on the blank side, 
allowing for very easy panel mounting of the 
finished LCP. 

Power Supplies 
1. +10Voc to +14Voc at the positive side 

of C4. 

2. -10Voc to -14Voc at the negative side 
of C3. 

3. +4.75Voc to +5.25Voc at the +5Voc 
input pad of the PCB. 

4. +20Voc to +2SVoc at the positive side 
of C2. 

Turn off the LCP and insert ICs U1 through 
U5, U7 and U8. Do not insert US yet. 

Tum on the LCP and repeat steps 1 through 4 
above. 

Driver Callbratlon 
The Fusing Sequencer, US, must not be in the 
LCP for the following steps: 

Measure 1.25Voc to 1.75Voc at Pin 18 of 
P1. (The fusing socket.) 

2. Place a clip lead from the US Pin 15 end 
of resistor RS to Vee (+5Voc). 

3. Measure 14.0Voc to 15.0Voc at Pin 18 of 
P1. 

4. Momentarily place a 750 3W resistor 
from Pin 18 of P1 to ground and observe 
the voltage to still read 14.0Voc to 
15.0Voc. 

5. Disconnect the clip lead between RS and 
Vee. 
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S. Measure the voltage at Pin 18 of P1 to 
once again be 1.25 to 1.75Voc. 

7. Place a jumper from the U6 Pin 19 side of 
resistor R4 to ground. 

8. Measure the voltage at Pin 20 of P1. It 
should be 1.10Voc to 1.30Voc. 

9. Place a jumper from the U6 Pin 19 side of 
resistor R4 to Vee. 

10. The voltage should be from 8.25Voc to 
8.75Voc at Pin 20 of P1. 

11. Place a 300 3W load resistor momentari
ly from Pin 20 of P1 to ground and 
measure the voltage. It should remain 
within the 8.25Voc to 8.75Voc range. The 
value of R2 may have to be selected in 
order to give the correct voltage reading. 

12. Reconnect the jumper from R4 to 
ground. 

13. The voltage at Pin 20 of P1 should be 
1.10Voc to 1.30Voc. 

14. Turn off power and insert U6 into its 
socket. 

Baud Rate Generation 
1. Using an oscilloscope, look at the wave

form on Pin 17 of the Baud Rate Genera
tor, U1. This signal should swing from 
< 450mV to > 2.4V and have about a 

50% duty cycle. 

2. The frequency at this pin should be 
153.SkHz. This results in a period of 
S.51µs. 

3. Repeat Steps 1 and 2 for Pin 18 of U1. 
The frequency should be 76.8kHz, result
ing in a period of 13.0µs. 

Control Functions 
Connect an ASCII RS232 terminal to the 
compu:er connector, C1 , on the LCP. The set 
up should be: 

1. 9600 baud. 

2. 8 bits. 

3. 1 Stop bit. 

4. No parity. 

5. Terminal Tx to Pin 3 of the LCP C1 
connector. 

6. Terminal Rx to Pin 2 of the LCP C1 
connector. 

The following steps send ASCII characters to 
the LCP, which it should interpret as instruc
tions. It will not echo the characters sent, but 
It should perform the instructions. Refer to 
Figure 5 for the ASCII equivalent instruction 
characters. 

1 •. Tum on the LCP. 

2. Set the ON-LINE/OFF-LINE switch to 
ON-LINE. 

3. Type ". 

4. Type I. The ON-LINE LED should illumi
nate. If the ON-LINE LED does not light 
at this point, check for the correct inter-
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facing of Pins 2 and 3 on the RS232 
terminal connector. 

5. Type ". The ON-LINE LED should go 
back off. 

TERM ADDRESS GENERATION 
The purpose of this section is to test the 
ability of the LCP to uniquely load the bits of 
the term address. This is done by sending 
ASCII characters to the LCP and then check
ing the term address pins of P1. 

Send the following lines of characters and 
check the P1 pins after each. 

CHAR 1 2 3 4 5 

I On-Line -Address at 
Previous State 

so H H H' H H 
space L L L L L 
A L L L L L 
B L L L L H 
D L L L H L 
H L L H L L 
@Q L H L L L 
R H L L L L 
so H H H H H 
N H H H H H 
M H H H H L 
K H H H L H 
G H H L H H 
OR H L H H H 
a L H H H H 
s H H H H H 
@ p L L L L L 

Off-Line -Address 
Not Altered 

VARIABLE ADDRESS 
GENERATION 

6 

H 
L 
L 
H 
L 
L 
L 
L 
H 
L 
H 
H 
H 
H 
H 
H 
L 

The purpose of this section is to test the 
ability of the LCP to uniquely load and incre
ment the bits of the Variable Address. This is 
done by sending the appropriate ASCII char
acters to the LCP and then checking the 
Term Address pins of P1. 

Send each line of characters and check the 
specified P1 pins after each. 

9 
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CHAR 7 8 9 12 13 14 15 

! On-Line -Address Same as 
Previous 

WO H H H H H H H 
space L L L L L L L 
a L L L L L L H 
b L L L L L H L 
d L L L L H L L 
h L L L H L L L 
space q L L H L L L L 
r L H L L L L L 
t H L L L L L L 
OW H H H H H H H 
n H H H H H H L 
m H H H H H L H 
k H H H H L H H 
g H H H L H H H 
ov H H L H H H H 
u H L H H H H H 
s L H H H H H H 
w H H H H H H H 
A L L L L L L L 
owQ L L L L L l L 
1 L L L L H L L 
1 L L L H L L L 
2 L L L H H L L 
2 L L H L L L L 
12 L H L L L L L 
ls2 H L L L L L L 

Off-Line - Address 
Not Altered 

Fusing Cycle/Test Mode 
Place a jumper from U1 Pin 3 to ground. This 
enables test mode. Send any data character 
and the LCP will continuously loop through 
the fusing sequence. Verily the voltages and 
timing per Figure 4. 

Remove the jumper. 

Pass Through 
Turn the LCP ON-LINE/OFF-LINE switch to 
OFF-LINE. 

Connect the Host Computer to the C1 con
nector of the LCP and the Terminal to T1 of 
the LCP. Make certain the Tx and Rx signals 
of both are associated with the correct LCP 
RS232 pins on the respective connectors. 

November 1986 

C4 
TERM 

C3 PROGRAM ENABLE (Vp) 
ADDRESS 
(COLUMN PROGRAMNERIFY (PiVj 

ADDRESS) 
OUTPUT, F (OPEN COLLECTOR) 

co 

~ l ·-~1 
R& R1 VARIABLE 

ADDRESS 
ADDRESS RS R2 (ROW ADDRESS) 

(ROW 
ADDRESS) R3 

GND STROBE (STB) 

"""""' 
Figure A-1. Programming Pin Functions 

Type on the terminal keyboard. The computer 
should behave normally - usually with an 
echo. 

This completes the LCP calibration and 
checkout. 

APPENDIX A 

HOW TO PROGRAM PLD 20-PIN 
SERIES DEVICES 
An PLO device is basically a group of logic 
functions interconnected to each other by 
fuses which can be blown to open a circuit, or 
left intact to make a connection. Each fuse 
can be identified by its own unique address 
which consists of a 7-bit Variable Address 
(ROW ADDRESS) and a 6-bit Term Address 
(COLUMN ADDRESS). The programming pin 
function is the same throughout the 20-pin 
series see Figure A-1 ). Tables A-1 and A-2 
are fuse address tables of the PLS153 and 
PLS159, respectively. 

The programming cycle can be separated 
into four stages: 

Set-Up 
1. Set Program Enable (Vp) to GND 

9-60 

2. Apply Column and Row Address to pins 
1-6 and 7-9, 11-15 

3. Set STROBE (STB) to V1H 
4. Set PROGRAM/VERIFY (P/V) to V1L 

5. Wait 1-50µs 

6. Set V CCP to 8.5V 

To Blow a Fuse 
1. Wait 1-10µs 

2. Set P/V to V1H 
3. Wait 1-50µs 

4. Set Vp to 14.5V 

5. Wait 1-5µs 

6. Pulse STB to V1L for 1 OµS 

7. Wait 1-5µs 

8. Set Vp to GND 

9. Wait 1-5µs 

10. Set P/V to V1L 

To Verify 
1. Wait 1-5µs 

2. Pulse STB to V1L for 1·10µs 

3. While STB is LOW, OUTPUT (F) will be 
V1L for a fuse intact and 2-8. 75V for a 
blown fuse (note: F is an open-collector, 
a pull-up circuit may be needed) 

Go To Set-Up for Next Fuse 
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Table A·1. Program Cycle Row/Column Fuse Addressing 

PLS153 
Variable Select Table 1 Term Select Table2 

ROW ROW COLUMN 
HEX ADDRESS SELECTED HEX ADDRESS SELECTED HEX ADDRESS SELECTED 

VARIABLE VARIABLE PRODUCT TERM 
lal1Bo ~83B485 l9l7Bo 82B38485 lol1 l2l3l4l5 

0 0 lo 0 0 0 
0 1 lo 0 1 1 

0 2 11 
0 3 11 

0 2 2 
0 3 3 
0 4 4 

0 4 12 
0 5 12 
0 6 la 
0 7 la 

Empty Address 
Space 

, , 
0 5 5 
0 6 6 
0 7 7 
0 8 8 
0 9 9 

0 8 14 2 F 0 A 10 
0 9 14 3 0 9 0 B 11 

0 A 15 
0 B 15 
0 c Is 

3 1 8 
3 2 7 
3 3 6 
3 4 OR 5 

0 c 12 
0 D 13 
0 E Logic 14 
0 F Terms 15 

0 D le 
0 E 17 
0 F 17 

0 B9 

3 5 Array 4 
3 6 3 
3 7 2 
3 8 1 
3 9 0 

1 0 16 
1 1 17 
1 2 18 
1 3 19 
1 4 20 

1 B9 
2 AND Be 
3 Array Ba 
4 B1 
5 B1 
6 Be 
7 Ba 
8 Bs 

3 A Polarity Enable 

] I Empty Address 
Space 

1 5 21 
1 6 22 
1 7 23 
1 8 24 
1 9 25 
1 A 26 
1 B 27 
1 c 28 
1 D 29 
1 E 30 

9 Bs '.l F 1 F 31 

A B4 2 0 0 
B B4 2 1 1 

c Ba 
D Ba 

2 2 2 
2 3 3 
2 4 Control 4 

E B2 2 5 Terms 5 
F B2 2 6 6 

0 B1 
1 B1 

2 7 7 
2 8 8 
2 9 9 

2 Bo 
3 Bo 

2 A 0 
2 B 1 
2 c 2 
2 D 3 9 
2 E Polarity 4 
2 F Terms 5 
3 0 6 
3 1 1 
3 2 8 
3 3 9 

NOTES: 
1. A row address identifies a particular variable coupled to all product terms. 
2. With a variable selected by the row address the column address further selects a coupling fuse for each term. 
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Table A-2. Program Cycle Row/Column Fuse Addressing (Continued) 

PLS159 
Variable Select Table 1 Term Select Table2 

ROW ROW COLUMN 
HEX ADDRESS SELECTED HEX ADDRESS SELECTED HEX ADDRESS SELECTED 

VARIABLE VARIABLE TERM 
B1B2Ba FoF1F2Fa B1B2B3 FoF1F2Fa CLKlo l1l2laBo 

0 0 B3 
0 1 B3 

5 0 
F1 

J 
5 1 K 

0 0 0 
0 1 1 

0 2 B2 
0 3 B2 

5 2 
Fe 

J 
5 3 K 

0 2 2 
0 3 3 
0 4 4 

0 4 B1 
0 5 B1 

5 4 Flip-
F5 

J 
5 5 flop K 

0 5 5 
0 6 6 

0 6 Bo 
0 7 Bo 

5 6 Control 
P4 

J 
5 7 Terms K 

0 7 7 
0 6 6 
0 9 9 

0 8 is 
0 9 13 

5 8 
F3 

J 
5 9 K 

0 A 10 
0 B 11 

0 A i2 
0 B 12 

5 A 
F2 

J 
5 B K 

0 c 12 
0 D 13 
0 E Transi- 14 

0 c i1 
0 D 11 

5 c 
Fl 

J 
5 D K 

0 F ti on 15 
1 0 Term 16 

0 E AND io 
0 F Array lo 

5 E 
Fo 

J 
5 F K 

1 1 17 
1 2 18 
1 3 19 

2 0 Fo 6 0 F1 1 4 20 
2 1 Fo 6 1 Fa 1 5 21 

2 2 F1 
2 3 F1 

6 2 F5 
6 3 J-K/D F4 
6 4 Option Fa 

1 6 22 
1 7 23 
1 6 24 

2 4 F2 6 5 F2 1 9 25 
2 5 F2 6 6 F1 1 A 26 

2 6 Fa 
2 7 Fa 

2 8 F4 
2 9 F4 

6 7 Fo 

7 1 Ba 
7 2 OR B2 
7 3 Array B1 
7 4 Bo 

1 B 27 
1 c 28 
1 D 29 
1 E 30 
1 F 31 

2 A F5 
2 B F5 

7 5 C-Array CN 2 1 PA 
2 2 PB 

2 c Fe 
2 D Fe 

2 E F7 
2 F F1 

7 6 OE EA 

7 6 Bo 
7 A Polarity B1 
7 D Terms B2 
7 F Ba 

2 3 Con- RA 
2 4 trol RB 
2 5 Term LA 
2 6 LB 
2 7 FC 

4 F CN 2 6 EA 
2 9 Out- EB 
2 c put 

A EA 
2 A 

Enable 
EB 

2 D Polarity 

2 E Di rec- Do 
2 F ti on D1 
3 0 Con- D2 
3 1 trol Da 

2 0 Test Col. 2 
3 2 Test Col. 1 

NOTES: 
1. A row address identifies a particular variable coupled to all product terms. 
2. With a variable selected by the row address the column address further selects a coupling fuse for each term. 
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Figure B-1. PLO 20 Programmer 
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Slgnetics Application Specific Products 

Low Cost Programmer for PLO 20-Pin Series 

Table B·1. Baud Rate Generation and UART Control PLO U1 Revision "B" Adds Test Mode 

CODE NO. 
U1 

FF MODE . . . . . . . . Ee POLARITY 

T AND (Ofil: 
E I B[ R c 
M 3 2 1 0 3 2 1 

Q(P) 

0 7 6 5 4 3 2 1 0 
REMARKS ......,,.....,....,..::9J'"+-~~..-....,-it-T~B~O,.,..,~ REMARKS 

765432103210 
0 . - - - - - - - - - - - - - - - - -------0 
1 - - --- --- ---- ----H ------0-
2 - --------------HH ---·-0-- •••• 161.t' .. ~I> 
3--1-:1-I- --------l-IHH - - - -IC> - - - . . . . .. . 
4-----1------L-J-ll-IM~ --~----- . . . . .. . 
5-----------M-~HMU ---o---- . . . . . .. 
6 A----- -----Hl.li..LLL -000---- . . . . h . 
7 00000000000000000 00000000 A"I A A . . 
8 - u- 14- LI-I- -Hul!iui..1..1.-L L.------- . . . . . .. 
9- ----L..---LW.U~L.L.1..L 1-1 - - - - - - - • • • • mlo.iw•(e"' 

10 - - - - - L - - - L - - - - - - - - - - - - - _ - ••• A f1£"'1".Jt)j!U(ei<r 

11 0 0 0 0 () 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o o o o AA A A-
12 - - - - L H - - - .1-1 H U 1-l 1... t.- L. L 
13 - - - - H M - - - L 1-1 H U I- L L l. H - - - - - - - • • •• u.serio.w(1..r 

14 - - - - H- .l.l - - - - - - - - - - - --------••A• 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ooooooooAAAQ.T,..;TMooli 
16 - - L - 1.- l-1 - - # # 1-1 H L L L. L L-------•••• 
17 0 D 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OIA Ft A A 
18 o o o o o o o o o o o o o o o o o o o o o o o o o A A A A 
19 0 O 0 0 o o o 0 o o o O O o o o o o o o o o o o o P. A~ 4 
20 o o o o o o o o o o o o o o o o o o o o o o o o o I~ A .c1lol 
21 00000000000 oo 0000 ooooooooAAAA 
2200000000000000000 OOOoooooAAAA 
23 l> o o o <> o o o o o o o o o o o o IQ_ O O o o o 012_ 11 ti A ti 
24000000 0000000 0000 oooo~oooUl_AAA 
25 0 0 o o o o o ol.Qj o o o o o o o o o o o o o o o o A A fl fl 
26 O O o o o o o o o o o o o o o J?lo -a O o o o o 0 O A- A i<l Q 
~0~000000000000000 oooooo~o~n11~ 
28()()~00 000000000000 00000000-Allll~ 

29 o oo o o o oll_o o o oo o ol.Qlo oo o o ol.Qolot.A A Alm 
ao o o o o o o oLQJo o o o o o o t> o o o o l_Q o o o o A t>. It~ 
31 o o o o o _g o o o o o o o o o o o 1> o o o o o o o II fl ~ 4 

FC 0 0 O 0 0 O O 0 0 0 0 o 0 o O 0 0 I ,~ I 1"""T"'""1 I I I I 1 
PB•oooooooooooooooo 11 111 111111 
RB.~0000000 0000 OOOo-----1-1,.......1 I I I 

LB • 0 0 _9 0 0 l_Q]_Qj O O O 0 0 0 0 0 6 I I I I I I 
I I I I I I 

I I I I I I 
PA • 0 O O O ol..c21..a1.Q 0 0 0 0 0 0 0 0 

RA· oooooooooooo~ooD 
LA• 0000000000 oo 0006 

D3 • o o o o o o o o o o o o o o ol_Q_ 
D2 • 0000000 oOOOIJOOt10 

D1_ ----------!------
DO-----------------

PIN 5 4 3 2 9 8 7 6 19 18 17 16 15 14 13 12 

November 1986 
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Slgnetlcs Application Specific Products Application Note 

Low Cost Programmer for PLO 20-Pin Series AN12 

Table B-2. Low Cost Programmer PLO #U4 Variable Address Generator 

CODE NO. 
U4 

L FF MODE 
l· ...... . 

Ee POLARITY 

H HM H 

REMARKS _g Nl B 0 REMARKS 
765432103210 

(0~ T AND 

~ C I ~iI Q(P) 
M 3210321076543210 
o -HLl.--H--1-1------- - - - - - - - 0 • • • • INf~GOOltff" 
1 -L!:tJLL--H--U------L.. ------D- ... ,, H 

2 -HLL--1-1-.1-1-----LL -- .. --o--A··•" • 
3 - U L L - - M - - M - - - -~ L L. - - - -~ - - - . . . . ... . 
4 - 11 LL - - "4 - - M - - - L. L L-L. ---o----···· .... 
5 - U L. L - - M1- - M - - L L LL L --o-----•••• '' N 

8 - 1-1 L. L - - ... -1- 1-1 - L L..Lb L LL!.,_ -0------· ...... 
7 - U L L. - - I.I - - U L. L I.. c... t..~ L - - - - - - - - ., •• A~"" eoooir 
8 00000000000000000 O o o o o o o o~A A A 
9- "HML-·-MH-------
10 - H H M L - - M - M - - - - - - - ------L..-· •••• u 

11- KMML-M--1-1---- -- - -----L!::--···· u If 

12 - H II 11 L. 1-1 - - - 1-1 - - - - - - - ----\...---···· ,, "' 
13 - H H ,.. I.I - - - H M - - - - - - - ---L.----····,," 
14 - H H H ll - - H - H - - - - - - - - - L - - - - - • • • • • • 
15 - H H # H - II - - H - - - - - - - - L - - - - - - • • • • .. • 
aoooooooooooooooolo oooooooo~~AA 
17 - IM IL H L. L. t.. L H - - - - - - - - I±!. - - - - - - - • • • • QIJL.INS: 
18 - M L. M L L.. L H L - - • - - - - - L - - - - - - - • • • • OFFUll!&:" 
19 0 o o o o o o o o o o o o o o o o O o o o o O o o A A A -A 
20 - M H H L - - - L H - - - - - - - - - - - - - - H • • • • L<>lll>:Wr 3/~ 
21-MUML.--L--i-1------- ------H- •••• . ., • 
22 - M[H]M L. - L - - M - - - - - - - - - - - - H - - • • • • • .. 
23-Hl-IML.L.---lH_------- ----H---•••• • • 
24· HMHU---Li.1--- ---- - --1-1- --- ·•• • • .. 
25-MMMH--L.-1-t------- --H-----·••• • • 
26-l-l~PIU-L.--1-1------- 1-H------•••• .. • 
vooooooooooooooooo ooooooooAAAA 
28 - H [H L L - - - - M - - - - - - - - 1-1 U H }/ U H I+ • • • • TG!f"' C&.R."*"'I 
29 - 1-1 H L M - - - - i.H - - - - - - - - H [!! H H H H 1-1 • • • • ~CLA.""""'i 
~00000000000000000 oooo~oooAAAA 

31 - 1-1 L H L L L 1..- L 1-1 - - - - - - - - H H H H H H- U • • • • SY>IC.. eE5a" 
Fc[z:i[Qooooooooooooooo I o"""T""" 11"""T"""1 1111 1 
PB•oooooooooooooooo 11 111 111111 
RB • 0 0 O 0 0 O 0 0 0 0 o 0 0 0 0 o-----1 - 1,._,, I I 1 I I I I I I 
LB • 0 O 0 0 0 0 0 0 0 O O 0 01£ 0 0 1 1 I I I 1 1 I 1 1 1 1 
PA•oooooooooooooooo 1 11111 111111 

RA•oooooooooooooooo 111 1T1111111 1 

~ 

LA•Oooooooooooooooo 111111111111 1 

03-Mi.._.<,;-----1-l------- 1111111 11111 
~·OOOOOOOoOOOOOOOO I I 1 1 ii I I I 1 
01 • OOOOOOOOOOOOOOOO 1 1 I 1 I 1 I I I I I I 
DO - ~ I.. L - - - - - H - - - _ - _ -------~-----,.....,.... 0) 

PIN 5 4 3 2 9 8 7 6 19 181716 1514 13 12 19 18 171615 14 13 12 9 8 7 6 ii) 

~ ~~ ~3 cn..J~ 
~ '> '°~ ~~..S"'<;"l"t\ei-0 
a:~ i~~.~~~-~,~~¢<~q~¢ ft 

HOl~uO~CQo>~~,:;.~:;. -

9 
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Slgne11cs Application Specific Products Application Note 

Low Cost Programmer for PLO 20-Pin Series AN12 

Table B-3. Low Cost Programmer PLO #U4 Variable Address Generator 

CODE NO. FF MODE Ea EA POLARITY 
_l· ••••••• • • IH .. ff H 

T AND 
REMARKS E I ~I) Q(P) 

Cc3210321016543210 
Q N) ~ 0 REMARKS 

765432103210 

o - M L.l..!d - - - - t.( H - - - - - - - - - - - - - - 0 • • • • )Nl". Memlall 
1 - HLl..-----H---- --L. __ - - - - - - • • • • Nal" OSilD 
2-[HLL..-----J.I--- --LL- --------···· .. 
3.; H~l..-----H--- -LLL.. ------=--···· .... 
4 - HL..L-- - --..+- -- LL.1.-L- --------··· ... 
5 - I-ILL- - - - -1-1--L..LL.LL- --------····HA 
6 o o o o o o o o o o o o o o[.e o o 
7 - M H L L - - - \.I J.I - • - ·- - - -

00 ODO 000 A .1111 A 
- - - - - - -~ • • • • LOAI> S&T 

8 - HM LL- -1-1- H - - - - - - - -----~-·-··"'. 
9 - HHL..L-H- - H------ - ---- L--•••• • .. 
10 - H H L L. H - - - M - - - - - - - - - - - L- - - - . . . . . . 
11 - M HLH- - - M 1-f- - - - - -- - - ... L.. - - - - . . . . . . 
12 - f.I ti L H - - M - If - - - - - - - - -~- - - - - . . . . . . 
nlooooooooooooooooo 0 000 0 0 0 0 A A A A 
14 - M L W L.. L.. L L 1-1 - - - - - - - - H - - - - - - - •••• C>i.ILINE 
15 - M I.. M L L L. M L. - - - - - - - - \...--- ---- • ••• OFFLlt\Mi. 
aooooooooooooooooo ooooooooAAAA 
17 - M M L L.. - - - L.. M - - - - - - - - - - - - - - M • • • • LOAD e&SliT' 
18 - 1-1 ... L L. - - L. - M - - - - _... - - ------M-···· II • 

19 - H H L L - L - - H - - - - - - - -----r•-- .... ,, .. 
20-WUt..L..L.--- M------ - ----H---••••" 
21-l!UL..H---l..U------ - ---H----•·••,, 
22-~ML.4-1--1..-M------ - --H----- ••• •"' • 
23 olQ o o olQo o o o o o o o o o o o oooooooAAAA 
24 - UL L - - - - 1-1 H - - - - -t::_ L. - - - - - - 0 - • • • • INT. MoOll/'.oollr 
25- HL.L----1-11-1-----'-L. -----o--···· . . 
26 - H LL- - - - H H- - - - LL.. L.. ----[QI---· ••• . . 
27-HLL.- ---HH---LLLL ---0---- •••• . . 
28- HLL- ---I-HI --LL.LLL --0-----···· . . 
~000000000000~0000 ooooo~ooAAAA 
30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o[g o@o A AA A 

. . 
31 - H i_t-11-1.. J- t.. I- H - - - - - - - - H H H H H Ii H • • • • s Y"'· l!&s&T 
FCj20000l.'11.Q~oooooo~oo 1 i"""!""": 1, , 1 1 I 

1-PiRBil.• tolito;l,o;to;;t;o;;t(o>tloilootio:;tt.o~o;;to;j,o;lnot.o~o;a• __ ~1_;_1 _J 1 1 1 1 1 1 1 1 
IRB • 0 0 0 0 0 0 _f1 0 0 () 0 0 0 0 0 () I 1 1 I I I I I I I I 

I 
I 

LB•Ooll2!.Q.oooooooooo~or 111111 11111 I 
PA • 01.Ql.Q_Q 0 0 0 0 () D 0 0 0 0 0 0 I I I I I I I I I I I I 
RA 0 0000000000000000 1111 111 11111 

LA·~ooooo~ooooooooo 111111111111 
I 
I 

D3 • 0 0 0 0 0 0 0 0 0 0 0 .0 0 0 0 0 I I I I T I T T ·1 I I I I 
D2 • 0000 f>OOOOOOOOOOO I I I 1Tll I l I I I 
D1 • 0 0 0 0 0 0 0 0 0 0 0 0 0~ 00 1 T I 1 I I I I I I I I 

I 
I 

DO • 0 0 0 0 o O O O 0 () 0 o 0 O 0 0----r--.-~~~~_,,_..,.......,......,,......,.., 

PIN 5 4 3 2 9 8 7 6 1918 1716 151413 12 1918 17161514 13 12 9 8 7 6 m 
!j 
a. 
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Low Cost Programmer for PLO 20-Pin Series AN12 

Table 8·4. Low Cost Programmer PLO #U2B Revision "3" Data Register 

CQOENO. 
02.B 

l FF MODE 

jA AA AAA AA 
Ee EA POLARITY 

• A H#IUU 
T AND 
~ t--..-~,~...,..~~,......!l~.,.-~~~Q(~P~)~~--iREMARKS 

M C3210321076543210 
Q N) B 0 REMARKS 

765432103210 

J:OR 

0 - - - - - - - - - - - - - t...- - - - - - - - - - - • • • A &I~ our 
1 00000000000000000 ooooooot>AAAA 
2 - HLL..- -- M--1-1- - -- -- 1-1 - - - - - - - • • • • SlflFT ~ 
3 - U L I- - - - +I • - - M - - - - - -).\------····,.. 
4-l-11-L.---1-1----1-1---- __ .., _____ .... " ,, 

5-Hl-L---U-H------- ---H----···· N '" 

6 -l-lt..c..- --1-f- ---- -H-- ----H---•••• • • 
7 - "' I.. I.. - - -JH:- - - - - - - 1-1- ---1--H--•••• "• 
8 - Hl-L.- - -M- -- -- - --H ------H-•••• •" 
s - M 1... t... - - - 14 - -i- - - H - - - -------H•••• ,, " 
roooooooooooooooooo OOOODOOOl.AAA • • 

11 - 1-1 1... L.. - M -1-1 L.. - - - • - - - - - L.- -- - - -- • • • • '1Afl1FY thl 
12 - #I c.. L.. - c.. ,., L.. - - - - - - - - - H-------••••., "' 
»00000000000000000 [Q]oooooo oAAAA 
14 A U t.. c.. - - - U - - - - - - - - - - - - - - - - - • • • • SHIFTfilrrlAfJ(..5' 

15 0 0 0 0 O O D D O o O O 0 o O o O 0 o o D o 0 o O A P. A A 
16 0 0 0 0 0 0 0 0 0 0 0 0 0 OJ?. o 0 O 0 O O O 0 0 O It- A A A 
17 0 Ol.Qj o O 0 0 O o o O o o o o o O 0 0 o o o o o O A A A A 
aooo[oooooooooooooo oooooooo~AAA 
19 0 0 0 o[Q 0 0 0 0 0 0 0 0 0 0 0 0 0 ~o 0 0 0 0 0 A A A A 
~00000000000000000 ooooooooAA~A 

~00000000000000000 ooooooooAAAA 
uooooooooooooooooo o~ooooooAAAA 
"Q~ooooooooooooooo ooooooooAAAA 
uooooooooooooooooo oooooooo~AAA 
~00000000000000000 ooooooooAAAA 
26 o[Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o[Qlo 0 0 0 0 A A A A 
27 O o 0 O OlEJ o o o o O o o o D O o OD o o o O 0 o A .fl A A 
aoooo~~oooooooo~oo oooooo~AAAA 
~~IO~ciooo~ooooooooo ooooooooAAAA 
~00000000000000000 ooooooooAAAA 
31- -11-L.liL.- ----------- H+tHtlttt!IHi • •• •SY.,..2-r 
FC•------------ ---- I 1~ I 1~1 1111 I 
Pe- oo:olooo[Qlooooooooo 1 1 1 1 1 1 1 1 1 1 1 
RB • o o o o o o o o ::Qio[Qlo o o o o-------' 1 I I I I I I I I I I I 
LB•Oo~oooooooooooo 1 

AA-000000~0~0~00000 I 
I I I I I I I I I I I 

I I I I I I I I I I I 
AA• 0000000000000000 I I I I ii I I I I I I I 
LA - I-IL!:: M f.I - - - - - - - - - - - - I 
D3•0oo[..QoooooooooooD 1 
D2•0000000000oooooo I 
01 • ol_Q ol.Q o o o o o o o o oLQ o o 1 

°:,; ~ ;L~; ; ; ; ~ 1~ ;8 ;11~ 1~ 1~ 1~ 1~ 1919 11151s 14 13 12 9 a 1 6 m 

I I I I I I I I I I I I 

I I I IT I IT I I I I 

I I I I T I I I 
I IT I I I I I IT I I 9 -

i ~ 
~ ~ 
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Low Cost Programmer for PLO 20-Pin Series AN12 

Table B-5. Low Cost Programmer PLO #U6 Revision "B" Results In New Timing Figures 

CODE NO. FF MODE Ea EA POLARITY 
U(o . . . . . . . . . . H L.l.!dJd 

T AND _iO~ 
E I BI) Q(P) REMARKS ~~ BO REMARKS· R c 
M 3 2 1 0 3 2 1 0 7 6 s 4 3 2 1 0 7 6 s 4 3 2 1 0 3 2 1 0 
0 - M L. - - - L 1-1 '4 H 1-4 l-1 L H H ti H L. - - - - - - - . . . • flll" ,..,.. MON! 
1 - - L- - - - - -l.!d - - - - - - -I - - - - - - - - •AA • l-J,2!l:-· 
2 - - L- - - - - - L H ML. +I ... HM - - - - - I- L - . . . . l)S.AY 

3 - 1-1 L - H - - - - L ti HL lH. H L .U - - L- - . H - . . . . ~-· 
4 - - 1...- - - - - - L ~L. (.._" +IM H - - - - L - - - . . . • VSP et.I 
s - - L - - - - - -IL; H L LL HHH - - - - - - - ._ . . . . D&LA'r' 
6 - - L - - - - - - l.. 1-1 LL LH H I- - - - H - 1...- H . . . • l"l""...:i°"' 
7 - - 1...-- - - - - LL HLH I.. L 1-1 1-1 - . - I... - - - - . . . . --8 - - L - - - - - - l.. H I.. L LL H H - - - ...,. 1-1 - - - . . . . "p Off 

9 0 00 000 () 0 0 0 0 () () 0 ooo 0 0 00 olc;> olo AA It ,. 
10 - - t.. - - - - - - J:l ML LU LH I+ - - M - - - - - . . . . SllT".l,.~'I' 
11 - - L - - - - - - LHH LU L 1-111 - - -f[ - - - - . . . . S!'Ro8li C>tll 

12 - - L. - - - - - - LI-I HH 1-1 L H4-! - L- - - - - - . . . . lolT.~oH 
13 - - '- - - - - - - LL I.II-I H L *I H - 1-1 - - - - L - . . . . INf·'-*O~ 

. 14 - -L- - -- - - I... i..i H H 1-1 L L 1--1- - - - L - - - - . . . . fTlfoll5. Of'~ 
15 - - LL - -- - -L HU L 1-1 I- L If - - - - - 1-1 U - A . . • INtR. "AR(ide 
16 00 Oo 00 00 IQ: 0 0 ])Jo 00 oO 0 00 DO oo DA AA A 
17 - -L H - - - - - LI.I HL 1-1 L. L H - - - - -H -LA . . • 81111.. our 
18 A - L-- - - - - LH I.IL I.I II LI.... - - - - - - 1-1 - . . . . :setlO CYOlt eoMP. 
19 - - l - - - - - -L 1-1 H L 1-1 HI-I Jd H - - - - - - - . . . • GUiNP' .... f'Clll&, 

20 - - L - - - - - - 1-1 1-1 HLH IHI L - - - - - - - l-1 . . . • -n(cm.-
21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 OOo 0 0 oo 0 0 0 0 ft II B A 
22 - fl L - L - - - - L. 1-1 H L.H U L. H - - - - - !.. 1-1 - . . . . ~r VFY(ZAP) 

23 0 0 0 0 00 00 00 oo 0 0 ooo 0 0 00 0 0 00 All " "' 24 . - L- - I- - - - L- - - - - - - - - - - - - - - . . . A ~ blrMD(Co) 

25 () 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 oo oo .A fl fl 4 
26 () 0 0 0 0 0 0 00 0 0 00 oo 0 0 0 0 0 0 00 00 A ~ A ll 
27 0 0 0 0 0 000 0 0 00 000 0 0 0 0 00 00 00 ~ A AJA 
28 0 C> ooo 0 00 () 0 000 00 oo 00 0 0 () 0 0 ~ AA All-
29 - - H-- - - - - - - - - - J- - - 1-l u ++ L H H H H . . . . o;:'FUWll. lllHTIAI... 

30 - HL - - - L. H L- - - - - - - - - 1-l UL IHI II 1-1 . . . . <oNIPUTIQ 1"'"'1L. 

31 - - - - - - - L L. LL L \.. \.jL. 
j.j " 

1-l - j.j fl 1-1 j.j . . . . po.>fluPI""""-

FC 0 ()0 0 0 00 0 0 0 0 0 00 000 I ..... ;- I ...... ;- I I I I 
PB . 0 0 00 0 0 0 0 0 0 0 0 oo 0 0 I I I I I I I I I I I 
RB . 0 () C> 0 oo DO 0 0 0 0 0 0 0 0 I I I I I I I I I I I I 
LB . 0 0 00 0 0 0 0 0 D 0 0 0 0 0 0 I I I I I I I I I I I I 
PA . 0 () o o~ 0 0 0 0 0 0 0 0 0 0 0 I I I I I I I I I I I I 
RA . 0 () 0 0 Do 0 0 0 0 DO 0 0 00 I I I I I I I I I I I I I 
LA . 0 0 D 0 0 0 00 0 0 0 0 0 0 D 0 I I I I I I I I I I I I I 
03 - - - - - - - - - L- - - - - - - I I I I I I I I I I I I I 
1)2 - - - - - - - - - L- - - - - - - I I I I I I I I I I I I :.g - -01 - - - - - - - - - - - - - - I I T IT I I ITT I I I 
DO - - - - - .., - - - L- - - - - - - 0) 

PIN 5 4 3 2 9 8 7 6 19 1817 16 15 14 13 12 1918 1716 15 14 13 12 9 8 7 6 II) 
th j fO ~ "2 !j ¥ >- ~ ~ u. \.... 
llC ~ 

.. 
~-c ~ :J IO N Ill VI ~ Clo. 0 :IE I I 

N ~ - aj "' a. w 'Z "' - t. 0 I~~ ~ C; C; 
llC 0 0 0. C; u I.) :> ~ ~r- I-
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Low Cost Programmer for PLO 20-Pin Series AN12 

Table B-6. Low Cost Programmer Parts List 

REF. DES. QUANT. DESCRIPTION RADIO SHACK# 

Resistors 

R1 1 10on 114w 5% 
R2 1 e2on 114w 5% 
R3, R5 2 1Kn 1/4W 5% 271-1421 
R14, R15 2 21on 114w 5% 
R4, R6 2 1.BKn 1/4W 5% 271·1324 
R7 1 39n 1/4W 5% 
RB 1 3.3n 1/4W 5% 
R9 1 12on 114w 5% 
R10 1 75n 1/4W 5% 
R11 1 47n 1/4W 5% 271-1307 
R12* 1 1Kn 1/4W 5% 271-023 
R13 1 10Kn 1/4W 5% 
RN1 1 10Kn 1/4W 5% 8-Pin SIP 

Capacitors 

C1 1 0.047µF 
C2, C4 2 4700µF Elec. 35V Axial 272-1022 
C3 1 220µF Elec. 35V Axial 272-1017 
C6, C7 2 470µF 
C5, CB-C13 7 0.01µF 

Diodes 

D1A 1 6.2V Zener 1N4735 276-561 
D1B 1 9.1V Zener 1N4739 276-563 
D2 1 1N4001 276-1101 
D3, 04 2 10mA Red LED 276-041 
DB1, DB2 2 1.4A Full-Wave Bridge 276-1151 

Voltage regulators 

VR1 -VR3 3 LM317 T0-220 276-1778 
VR4 1 7805 T0-3 

Integrated circuits 

U1, U2, 
U4-U6 5 PLS1591FL - Codes Req'd 
U3 1 AY-3-1015 UART 276-1794 

Transformers 

T1, T2 2 18.0VAC CT, 2A 273-1515 
FB1 1 Ferrite Bead FB-75B-01 

Amidon Associates 

Transistors 

01-04 4 2N2222 Transistors 276-2009 
05 1 TIP 120 Power Dar. 

~ 
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CONTROL 
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STATUS 
RECEIVED 
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ENABLE DATA ENABLE DR 081 
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Figure C-1. Block Diagram Figure C-2 
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INTRODUCTION 
The Field-Programmable Logic Sequencer 
PLS159 may be a self-contained system 
except that it requires a system clock which is 
generally provided by an external source. 
Using a simple R-C network, two bidirectional 
110 pins, one can make a simple oscillator 
which can provide a clock frequency up to 
7MHz (typical) with a pulse width of about 
75ns. The frequency of oscillation is set by 
adjusting the RC network, or by adjusting a 
reference voltage, V. The circuit is shown in 
Figure 1. This circuit may be used to clock the 
flip flops on the same chip, or provide a clock 
for a bigger system. While this circuit uses 
only two AND-terms and one control term, 
the rest of the chip may be used for other 
circuits. 

Initially, the capacitor has zero charge and 
thus is at zero volt. Output is also at a Low, 
which disables the tri-state buffer. As the 
capacitor is being charged up, its voltage 
increases. At about 1.6V, the non-inverting 
input buffer begins to turn on. One propaga
tion delay later, the output goes High, which 
enables the tri-state buffer after another prop
agation delay. Since the tri-state butter is 
unconditionally programmed to a Low, it be-

v 

R 

Appl/cation Note 

gins to discharge the capacitor at a fast rate. 
As the input voltage to the non-inverting 
butter drops below 1.6V, the butter begins to 
change state. One propegaijon delay later, 
output goes Low, which disables the tri-state 
butter after another propagation delay. The 
R-C netWork is ready to start all over again. 

To implement this circuit, we first choose B1 

to input voltage from the RC network and Bo 
to be the output pin. As shown in Table 1, we 
enable the output B(O)o by "dashing out" the 
AND-term 00, make the output non-inverting 
by programming POLARITY "H" and connect 
it to term-0 by entering an A in column B(O)o 
term-0. We then program an H in B(l)1, term-0 
to connect the non-inverting input of B1 to 
term-0. Since we don't need the rest of the 
inputs and outputs, we "dash out" all other 
input entries and "dot out" all unused outputs 
in term-0. To create a Low output on B(0)1o 
we may either have a Low input on the OR 
and have the output non-inverted, or have a 
High on the input of OR and have the output 
inverted to produce a Low. We will arbitrarily 
use the second method. Here we dash out all 
inputs and outputs in term-1 except B(0)1 
which is programmed an A. We then program 
the POLARITY of B(0)1 "L" to be inverting. 

._----~>--~o--- OUTPUT 

Figure t. R-C Network Circuit 
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Finally we program an H in B(l)0 and term-01 

and dash out all unused inputs so that when 
B(O)o becomes High, 0 1 will enable the 
output buffer B(0)1. The program is further 
illustrated by Figure 2. 

Since the High output pulsewidth is about two 
propagation delays of B1 to B0, it is wide 
enough to drive the clock Input of the 
PUl159. If a square wave is desired, one of 
the flip flops may be programmed to toggle, 
as shown in Table 1, term-4, in which case 
the output frequency of the square wave is 
half that of B(0)0. 

The stability of the output frequency can be 
controlled by: 

1. Making V a stable voltage source, 

2. making the charging current of the RC 
network much greater than the input 
current of B(lh (see Figure 4 for input 
current characteristics), 

3. making the period of oscillation much 
greater than four times the internal prop
agation delay (typical tpo = 35ns). 

Recommendations: 

a) Use capacitance less than 500pf. 

b) Choose R such that V /R> >liL (since 
l1L - -1 OOµA, worst case, over temperature 
range, V/R may be 1mA, for example). 

The recommendations above put a limit to the 
range of frequency which the PLS 159 may 
operate in exchange for stable operating 
frequency. One may extend its range by 
reducing C to zero (remove the capacitor) 
and thus operate the circuit at its maximum 
frequency, or increase the resistance to infi
nite (remove the resistor), and let the external 
capacitor be charged by the input current 11L. 
which gives a much lower frequency. 

9 
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CODE NO. l FF MODE 

I I J_ _l 
~- !A_ I POl.ARITY 

I 1" (.. H 

T 1-~--~---=AND=;....--=--~ IORI = I ::ij I) :JijP) REMARKS -:g fil ::i 0 REMARKS 
Mc321032101&_543210 7&5432103210 
0 -------H--------- --------•••A[!..•S1 
1 - - - - - - - - - - - - -l::J::__- - - - - - - - •• A &,.,-:;,.,,., 

-------o· . ._,...._ 

10 
11 
12 
13 
14 
15 
18 
17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
FC 
PB 
RB 
LB 
PA 
RA 
LA 
D3 
02 
DI -
DO 

H -

PIN 5 4 3 2 9 8 7 8 19 18 1716 15 1413 12 

COMMENTS: 

I l""'!'"'I I 
I I I I 

I I ' I I 

I I I I I 
I I I I I 

I I I IT 

I I I I I 

I I I 

I I I 
T1 I I I 

1918 1716 

' ' I I I 

I I I I I I I 

I I I I I I I 

I I I I I I I 
I I I I I I I 

I ' I I I I I I 

I I I I I I I I 
1T1 I I I I 
1TTT1 I I 

I I 1TTTI I 

514 13 12 9 8 7 8 

~I 
~f ~ 
~~ 

1. 01 is controlled by 8(1 )0, which enables B(O), when B(O)o outputs a High. 

en ..,, ,... 
(/) 
..J a. 

2. Q(N)-o is programmed as J-K flip-flop, and will toggle automatically at each rising-edge of the clock. 
NOTE: 
1. In order for the flip-flop to work the clock out (Bo) must be externally connected to pin 1. 
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V NOTE: V<5.5V 

OUTPUT 

o, 

Figure 2. Logic Diagram of Oeclllator Circuit 

9 -
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11------(LOGICTERMS-T)-------· ~-------(CONTROL TERMS)---------• OE 

-+@i 
-+--n .. l!JiiL .. m. 

~' .. ~ 
'• UC 

'• ,, 
Fa 

'• 
'• 
'• 
'• 
F7 .. 
a, ... 
•• 
[ 
~ 

s, .. 
s, 

So 

I~ ~a. 
I~ ~ .. 
I _;::•· -- i.!l a, 

""t"rti"iitt-ttt"tt1rtt-:ttTtt"rti--ttttt-t-tt-;1-~-~.:::1:_:::c>+-+-+-+-+--+----O.----l.H+,H+i++-+--fi& .. 
...r-. - p R 

-1. AU OR gale lnpuls wllh a blown link ftoat to logic "0". 
2. All other galel and conl!OI ~ wllh a blown link floal to logic "1". 
3. e clenolel WIRE-OR. 

Figure 3. Logic Diagram of PLS159 FPLS 
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> 1.971.----~--~--~--~--~--~--~--~--..------. 
'ii 

1 
Si 

-17.74 J---~--~--~--~--~--~--~--~--~---i 

0.0 

Vl(VOLTS) 
6.0 

(0.60 VOLTS/DIV.) 

Figure 4. Input Current vs Input Voltage Characteristics of 1/0 Pins 

PIN 6 
Bo 

PIN 7 
e, 

PIN 6 

Bo 

PIN 12 
Fo 

R ·· 2.2K. C - SOOpF 

Vcc=S.OV, V=S.OV, TA=25 c 

R=2.2K, C=SOOpF 

Figure 5. Output Waveforms of Oscillator Circuit 
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DESCRIPTION 
Using. the simple AND, OR and INVERT logic 
functions of the PLS153, memory functions 
such as latches and edge-triggered flip-flops 
may be implemented with a relatively small 
part of the chip and without external wiring. In 
this application note, - will discuss the 
implementation of two R-S latches, a D-latch, 
an edge-triggered R-S flip-flop, and an edge
triggered D flip-flop. 

INTRODUCTION TO PLS153 
To Implement this function, let's first take a 
look at the PLS153 logic diagram and its 
programming table as shown In Appendices A 
and B. On the left side of the logic diagram 
(Appendix A) are eight dedicatad Inputs, lo to 
17, each of which has a true and a comple
ment output. Each output is connected to the 
inputs of 32 AND functions <- will csll them 
AND-tenns from now on), the outputs of 
which are, In tum, connected to the Inputs of 
ten OR functions. The output of each OR 
function is connected to one Input of an 
Exclusive-OR function, which Is In tum con
nected to a non-inverting output buffer. The 
function of the XOR Is to control the output 
polarity. The output, in its virgin state, Is non
inverting, since one side of the XOR Is 

AN14 
Latches and Flip-Flops 
With PLS153 
Application Note 

connected to ground by the fuse Xno where 
n - o, 1, 3 ... 9. To have the output Inverted, 
one needs only to blow fuse Xn open so that 
the X,, Input is unconditionally High. The 
output buffers are all three-state buffers 
which may be enabled or disabled by their 
corresponding AND gates. The output buffers 
are disabled In their virgin state. All pins 
labeled "B" are bidirectional. Input buffers of 
the "B" pins are identical to those of the "I" 
pins. 

The programming table shown in Appendix B 
emulates a truth table. All the Inputs to the 
device are positioned on the left side, and all 
the outputs are on the right side. Each row In 
the table corresponds to an 18-input AND
tenn with up to ten outputs. On the left side, 
or the input side of the table, each column 
represents an Input The 18 columns repre
sent input buffers lo to l7, Bo to Bs. To 
distinguish ~ Inputs and outputs of the 
bidirectional pin, B(I) is used for input and 
B(O) Is used for outputs as shown In the 
programming table. On the right side of the 
table, each column represents an output 
circuit (B(O)o-el which consists of an OR 
gate, an XOR, and a non-inverting three-state 
buffer. The output buffers are controlled by 
AND-terms Do to Dg, the Inputs of which may 
be connected to any number of the 18 inputs. 

The polarity of the outputs is defined by the 
POLARITY entries which are on the upper 
right comer of the programming 1able. 

To program the inputs to the AND-terms, an 
"H" will cause the fuse of the inverting Input 
buffer to be blown, leaving the non-inverting 
buffer connectad to the AND-tenn; an "L" 
will do the opposite. A " - " will cause both 
fuses to be blown, and therefore the pro
grammed input is a "Don't care". A "O", the 
virgin state of the device, has both fuses 
intact, which causes the output of the AND
tenn to be unconditionally Low. 

To program the outputs, a "." causes the 
fuse that connects the output of AND-tenn to 
the Input of an OR to be blown and thus 
renders the output inactlye. An "A" causes 
the fuse to remain intact and thus the output 
Is active. 

The output polarity of esch output buffer may 
be programmed by entering an "H" or an "L" 
In the POLARITY section. An "L" causes the 
XOR to blow its grounding fuse and become 
inverted, whereas an "H" leaves the fuse 
Intact and the output is non-inverted. 

To AND several Inputs, - put them In a row; 
to OR several inputs, - put them In different 
rows, as shown In Illustrations in Appendix B. 
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SIMPLE R·S LATCH 
A simple R-S latch may be formed by cross
coupling two NAND functions together as 
shown in Figure 1. 

As an illustration, let's assign the input R to lo 
of the PLS153, input S to 11, output Q to 80, 

and output 0 to 8 1. As shown in Table 1, to 
form the NAND gates we need to program 
the POLARITY Low on 8(0)0 and 8(0)1. To 
unconditionally enable the output buffers, we 
"dash" out all inputs to Do and D1. As for the 
inputs, we put an "H" on 10, term-0 for the 
input R, non-inverted; another "H" on 8(1)1, 

term-0 for the feedback from 0. In the same 
manner, we program 11, term-1 and 8(0)0 

"H". The POLARITY, rows 0, 1, Do and Di. 
forms a "truth table" with which one can 
analyze his own or someone else's design. 
The program in Table 1 may be illustrated as 
shown in Figure 2. 
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Figure 1. RS Latch 

Do 

Figure 2. RS Latch 
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Table 1. PLS153/153A Programming Table 

CODE NO. POLARITY 
LL 

T Al IC OR 

~ I ~I) ~ OI 
M 7 6 5 4 3 2 1 0 9 8_L7 6 5 41_3 2 1 0 REMARKS 9 8I7 6 5 ([3 2 1 0 REMARKS 
0 - - - - - - - "' - -I- - - :.i.- - H - •• !. • • •I• • • A ~~R~-~) 
1 - - - - - - H -::::- -::::- - - H •• !. • • •I• • A ·~=~~ 
2 .....i... ! _:_ I I 
3 ....:... 

I 
....:... : :::: 

4 ....:... ....:... ....:... ...i.. 
5 I .. .. 

....:... 
8 ! ! ! ....:... 
7 .. l I 1 
8 :::: : : ! ::::: 
9 ! . ....:... .i + 10 ! ! 

11 ! ....:... : 
12 ....:... 

I 

13 ! .i + 14 : .i 
15 .. 
16 ~ ~ .i .i 
17 + ± .i 
18 
19 ~- ::::: : 
20 ....:... 
21 ....:... 
22 ....:... .i 
23 ~ .i 
24 ....:... + 25 I l + .i 
26 :::: ::::: ....:... 
27 ! ....:... ....:... 
28 + _:_ _L 
29 .....i... ....:... .i l 
30 _:_ _:_ ...i.. 
31 ....i. ...i.. :::: 
D9 ! _:_ LJI 08 l ! I I I I I I I I I 

-+ I I I I I I I I I I I 07 + ...i.. I I I I I I I I I I I 
D6 ...i ::::: I I I I I I I I I I I 
05 . _:_ 

I I I I I I I I I I I D4 .. I 
03 _:_ I I I I I I I I I I I 
02 .. :::: ! I I I I I I I I I I I 

I I I I I I I I I I I 01 - - - -...1..- - - . - -....i...- - - -!- - - -
DO - - - - - - - - - -·- - - - - - - - I I I I I I I I I I I M 
PN 8 7 6 5 4 3 2 1 19 18[7 1615 1413 1211 9 1918 1716 1514 1312 11 9 r.n 
Ill 

,.. 
:ii:: 

I~ ~ 
CJ) a: 

< _. 
::::e 

I~ Q. w 
lej~ 8 a: OI OI .s 

oQ oQ 

November 1986 9-78 



Slgnetlcs Appllcatlon Specific Products 

Latches and Flip-Flops With PLS153 

ANOTHER SIMPLE R·S LATCH 
Another way to implement a simple latch is 
shown in Figure 3, in which two NOR func
tions are cross-coupled to form a latch. 

As with the previous example, we first define 
the input and output pins. For this example, 
we use 12 for the R input, 13 for the S input, B2 
for the Q output, and 83 for the c:i output. We 
program B2 and 83 to have inverted outputs 
by programming POLARITY of 82 and 83 
Low, as shown in Table 2. Terms 6 and 7 are 
ORed together by 8(0)2, rows 6 and 7. In the 
same manner 8(0)3 ORs Terms 8 and 9. The 
programmed table of this design may be 
represented as shown in Figure 4. 

Since each ANO-term of the PLS153 can 
accommodate up to 18 inputs (true or invert
ing inputs of eight from 10 to 17 and ten from 
Bo to 89), and each OR circuit can be 
connected to up to thirty-two AND-terms, we 
can add addltional features such as those 
shown in Figure 5. 

The programming of this design is left to the 
reader as an exercise. 
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Figure 3. RS Latch 

Figure 4. RS Latch 
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R 

Bo . 
• • • 
Br 
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Figure 5. RS Latch 

Application Note 

AN14 

Q 

-9 -



Signetlcs Application Specific Products 

Latches and Flip-Flops With PLS153 

Table 2. PLS153/153A Programming Table 

CODE NO. 

5 
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D·LATCH 
A simple D-latch can be constructed with an 
PLS153 as shown in Figure 6. 

This circuit may be easily programmed into 
the PLS153 as shown in Table 3. The pro
gram may, in tum, be represented as shown 
in Figure 7. 

This circuit may be expanded to have multiple 
D-latches using the same latch enable (LE). 

Q 

Figure 6. D Latch 

R-S FLIP-FLOP 
Two R-S latches may be combined to form a 
master-save flip-flop that is triggered at the 
rising-edge of the clock (or the falling-edge of 
the clock, H the designer so desires). Figure 8 
shows a combination of two sets of cross
coupled NOR gates concatenated to form the 
flip-flop. The implementation of this circuit 
using PLS153 is as illustrated in Table 4 and 
Figure 9. 

November 1986 
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Figure 7. 0-Latch 

CK 

Figure 8. RS Fllp·Flop 

Figure 9. RS Flip-Flop 
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Table 3. PLS153/153A Programming Table 

CODE NO. 

I 
I 
I 
I 

---~~~...;._~'~~~ I 
I I 
I I 

I I I I I I I I 
I I I I I I I I I I I 
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Table 4. PLS1531153A Programming Table 

CODE NO. POLARITY 
L L LL 

I! ANll OR 
R I ~ 8(0) 
M 7 8 5 4 3 2 1 0 9 8 7 8 5 4..[3 2 1 0 REMARKS 9 8 7 8 5 4 3 2 1 0 REMARKS 
0 - - - - - L - N - - - - - -:::::- - - - U• R ••••••••• A \7cR•CJC.t~ 
1 - - - - - - - - - - - - - _,_ - H - Lli_ •••••••• •IA J 
2 - - - - - - - - - - - - - - !-- - - H l-$o • • • • • • • •IA • :7(5. iiiC. t!;'i 
3 - - - - - \. H - - - - - - - ,-_ - - - 41C• 5 • • • • • • • • A • 

5 - - - - - H - - - - - - - ;r_ - -Ii:[ l!IC•~ • • • • • •i•IA • • llti.·~t-~ 
8 --------------:::::H---&1 • .-.-. • • i!:• A • • 

7 - - - - - - - - - - - - - .:f- H - - 1k • • • • • •-:-A • • • ~·e.t::~aa 
8 - - - - - H - - - _""'f _ - - -I- - H - CIC• 81 • •. • • • ~IA• • • 
10 ..:.. ! : 
11 ...i_ ! I I 
12 ..:.. -.- ::::: 
.13 ! T 

18 ::::_ T T 
T 

21 : I 
22 I 

I 
...... ...... a · ; 

29 = T T I 1 
31 .i ; :.:.: 

Fn~iPt"°ttl:~Tlf"TiTrf-ti'-+t-t-H~--_LI .lJiTI I I I II II I 
lroi71HIT:1rt-t-Hi-t-t-rr:::::+-1H"t-"L---1..I JIUJI I I I II I II 
lrD81iitlrHIT"HH-t--rt1r;T-H-t""l..--.....Jll_...!.1....!..1 JIJI I I I I I I 
D5 ::r 11111111111 
04 J: I I I I I I I I I I I 

I I I I I I I I I I I 
D3 - - - - - - - - - -i- - - -:.!:- - - -D2 __________ , ___ .:::!:- _ _ _ I I I I I I I I I I I 
D1 __________ , ___ .:::!:- _ _ _ I I I I I I I I I I I 
DO - - - - •• - - _. ___ ~- _ _ _ I I I I I I I I I I I 

PN 8 7 6 5 4 3 2 11918b_7161514131211 9 1918171615141312119 
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D FLIP-FLOP 
An edge-triggered master-slave D flip-flop 
may be constructed with two D-latches in the 
manner shown in Figure 10. 

CK 

CK 

November 1986 

An PLS153 may be programmed as shown in 
Figure 11 to implement the D flip-flop which is 
equivalent to the circuit shown in Table 5 in 
the PLS153 logic representation. 

Figure 10. D Flip-Flop 

Figure 11. o Flip-Flop 
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Table 5. PLS153/153A Programming Table 

CODE NO. 
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APPENDIX A 

-----(LOQICnRM9-P)--------

-

.. 

.. 

.. 

.. 

.. 

.. 

., 

.. 

.. 
... 

• 1-<l 

• 
• 
• 
•I-<( 

@< 
7 

I 

• 
§-<( 
n 

.. .. .. .. .. .. 
... .. 
., 
.. 
•• 

.. ... . .. .. .. ...... .. .. ..... 
1. All programmed "ANO" gate loca1lons are pulled to logic "1 ". 
2. All progoammed "OR" gate locations are pulled to logic "O". 
3. Programmable connection. 

.. 
- .. - .. .. ., 
~ ... .. 
_ .... .. .. 
~ .. -.... .. -.... .. 
~ ... .. .. -

•• 7 . ..... 

m--(CONTROL TDllS)---9 

)1------, 

I>---, -----.,___ -
o.< o,~ °'~"' Dsl D,t o,9o,~ o,~ 

Figure A-1. FPLA Logic Diagram 
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Appendix B. PLS153/153A Programming Table 

CODE NO. POLARITY 
HHHHLLLHHH 

T Al OR 
fi I ~I) _!( Ol. 
M 7 6 5 413 2 1 0 9 8_17 6 5 4 3 2 1 0 REMARKS 9 8 7 6 5 41_3 2 1 0 REMARKS 
0 H H H H!- - - - - -_:_- - - - - - - - A•8• i!.• l:> A • • • A ·~· . . • l>C: A•S•c!-0 
1 ! ! -:::.: T =/CA•ll-C•l> 
2 t : 
3 : 
4 L L LL - - - - - -=- - - -=- - - - "A·a·'l:·~ •A • . . AJ_ • . . . Y=A·i·C::~ 
5 : _:_ Lt:L(A•°i•C.°& 
6 .i .i _:_ 
7 t :.:: 
8 :::.: 
9 - H L - - - - - - - - - - - - - - a•!: • • A • • •l.A • • • z~·Ct-a·"'f> 

10 - H - L - - - - - - - - - - - - - - !>·~ • • A • • ·J..A • • • !·t>:l 
n - - L L - - - - - -·- - - - - - - - e_, 'f5 • • A • • •:LA.. • • V~·C:n·D 
12 _:_ + ~·1>) 
13 + 

~· ! .i l 
14 : : .i :::.: 
15 :::.: 
16 .! T ~ .i :.:: 
17 .i .i .i _i 
18 : + :::.: 
19 : : _:_ 
20 ! 
21 I 

22 _:_ 
23 ! 
24 _i _:_ 
25 

t .i :::.: 
26 ·~ : :::.: 
27 : t _:_ 
28 : J: • j_ _i 
29 : : T _:_ 
30 _i :::.: 
31 .i ..i. ...L J.. _:_ 
09 - - - - - - - - - -:::.:- - - -J.:- - - - rJ'rr1 I I I I I I I DB - _T_ - - - - -l- -I-- - - - - - - I I I I I I I I I I I D7 - - - -=- - - - - .:::-:- - - -J.:- - - - I I I I I I I I I I I 
06 .i J.: J.: I I I I I I I I I I I 
D5 - - - - - - - - -:::.:- - - .:-::- - - - I I I I I I I I I 04 - - - -l- - ..:l- I I - - - - - - - - I I I I I I 03 - - - - - - - - -:::.:- -·- - - - I I I I I 

02 :.:: J.: I I I I I I I I I I I 
I I I I I 01 :.:: :.:: I I I I I I 

DO • • I I I I I I I I I I I 
C"') 

9 
PN 8 7 6 5 4 3 2 1 19 18[/ 1615 1413 12 11 9 1918 1716 1514 1312 11 9 Lt) 
II) 

,... 
:.:: en a:. 
< ..J 
:& a.. w 
a:. I<- Ill<:) tl >< '> N I- :::s > )( >- N I- ::s > 
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Latches and Flip-Flops With PLS153 

APPENDIX C 

R·S LATCH (Cross-Coupled NOR) 
See Figures 3 and 4 and Table 2 

D-LATCH 
See Figures 6 and 7 and Table 3 

EDGE· TRIGGERED R·S Flip-Flop 
See Figures 8 and 9 and Table 4 

NOTE: Timing requirements/performances are the 
same as the R-S latches 

R Pin 3 

SPIN 4 

Q PIN 12 

Q PIN 13 

D PIN 6 

LE PIN 7 

Q PIN 14 

R PIN 1· 

S Pin 2 

CLOCK PIN 3 

Q PIN 13 

-

R·S LATCH (Cross-Coupled NANO) 
See Figures 1 and 2 and Table 1 

Application Note 

AN14 

SPIN 1 

R PIN 2 

Q PIN 9 

Q PIN 11 

Typical set-up time~ Ons 
Typical hold time ~ O - 5ns 
Typical propagation delay ~ 20ns 

EDGE-TRIGGERED D Flip-Flop -
See Figures 10 and 11 and Table 5 

NOTE: Timing requirements/performances are the 
same as the D-latch 

D PIN 4 

CLOCK PIN 5 

Q PIN 15 

Figure c-1. Timing Photos 
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INTRODUCTION 
The PLS159 is a field programmable logic 
sequencer which consists of four dedicated 
inputs, four bidirectional I/O's, eight flip-flops, 
thirty two 16-input AND gates, twenty 32-input 
OR gates, and a complement array. Each flip
flop has a bidirectional 1/0 and may be 
individually programmed as J-K or D flip-flop, 
or switch between the two types dynamically. 
The flip-flops will accept data from the inter
nal logic array or from the bidirectional 1/0, or 
they may be set or reset asynchronously from 
the AND array. The output polarity of the four 
bidirectional I/O's are programmable and the 
direction is controlled by the AND array. 
Figure 1 is the logic diagram of PLS159. 

PROGRAMMING THE PLS159 
The programming table is shown in Table 1 
where there is a place for everything that is 

November 1986 

AN15 
PLS159 Primer 
Appl/cation Note 

shown in Figure 1. The program table is 
basically divided into two main sections. The 
left hand side of the table, section A, repre
sents the input side of the AND gates, while 
the right hand side, section B, represents the 
OR gates sections which includes the flip
flops and the combinatorial outputs B(O) to 
B(3). The flip-flops modes are defined in 
section C and the output polarities of the 
combinatorial outputs are defined in section 
E. The programming symbols are detailed in 
Figure 2. 

As shown in Table 1, the programming table 
is very similar to a truth table. Each column in 
section A represents an input to the 32 AND 
gates, and each row represents an AND gate 
connecting to 17 inputs. Columns lo to 13 
represent the 4 dedicated inputs, lo to 13. 
Columns B(l)o to B(l)a represent the inputs of 
the 4 bidirectional 1/0, Bo to B3. Columns 

9-89 

Q(P)o to Q(P), represent the feedback, Fo to 
F1. from the flip-flops (the present state). 
Column "C" represents the complement ar
ray. 

As shown in Figure 1, the outputs of the AND 
gates are connected to an array of OR gates 
which, in turn, are connected to either flip
flops or output circuits. Columns Q(N)o to 
Q(N)? represent the next state which the flip
flops will be in. Columns B(O)o to B(O)a 
represent the combinatorial outputs Bo to B3. 

Each row represents an AND gate with 17 
inputs each of which may be true and/ or 
complement and is, therefore, a perfect de
eoder. Referring to the programming symbols 
in Figure 2, to implement the equation 

Z•A * B * C * D, 

all one has to do is to enter one line as shown 
in Table 2, terrn-0. 

9 
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-----(l.OGICTERMS-TJ------- --· ------(CONTROL TERMS)-------~- OE 

~ 
-+-n .. ~ .. ~ .. .!ttL .. iil.: ;; ,, .. 

'• 
'• 
'• 
'• ,, .. 
•• .. .. 
t 
~ 

s, 
O_' 

EA Ee 

-1..!I a, 
s, 

s, 

So 

I :::x, 
I :-x, 

-w a, 

-1.!J a, 

-l!J Bo 

J 
., 

~JI l,.K' ,..,.......,..K 1-1"." 

...... J 

J •• 

J •• 

I"' T 
- ::f.,r-t.A 

r •• 

I •• 

~ ~ _,J]K CK' I: ..... il 

_...... :l -~K CK' 
-~ 'F 

I •• 
-J F, 

11ittt11t"ttttiitt'itttt1rtt--tttiittti=E!-c:;;---1'J7'-iii1--i--------__J.j~-1rn I --..;: =f" :JJ. _i..S,K' r •• 
CK ----+-{l] CK 

NO'TESo 
1. AH OR - inpu18 - a blown link - to logic "0". 
2. All other gatee and control I- with a blown Ink fl081 to logic "1 ". 
3. • - WIRE-OR. 

Figure 1. FPLS Logic Diagram 
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Table 1. FPLS Program Table 

CODE N0.5 C { FF MODE FCT/oN 1-r-.-~~.......-.,.-1 

T 
E 

AND (OR) ~srcnoN 5 

B I) Q(P) REMARKS 1-----Q-(N-~-'"''-"'---,..--B-(0-="--. REMARKS I R c 3 M 2 1 t-.-r-r-O-t-3...,...2....-1...,...0-+-7...,....6...,....5...,....4"'r-'3..,...2..,...1..-0-t 7 6 5 4 3 2 1 0 3 2 1 0 

0 
1 
2 

3 

4 

5 

6 
7 

8 

9 

10 
11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

FC 
PB 

I i""'T""'1 I ;"""T'""", I I I I I 
I I I I I I I I I I I 

RB I I 1 I I I I I I I I I 

LB I I I I I I I I I I I I 
PA I I I I I I I I I I I I 

RA I I I I I I 1 I I I I I I 

LA I I I I I I I I I I I I I 

~D_3-+--+-+-+-+-+--+--+--+--+--+--+--+--+-+-+--+-·.:----1-1-1-1-1_1_1_T-~1 I I I I 

D2 I I I I IT I IT I I I I 
D1 I I I I I 1 I I I I I I I 
DO 

PIN 5 4 3 2 9 8 7 6 19 18 1716 1514 13 12 

"' " a: c 
~ 

"' a: 
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19 18 17 1615 14 13 12 9 8 7 6 
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The FPLS can be programmed by means 
of Logic Programming equipment. 

With Logic programming, the AND/OR-EX
OR input connections necessary to imple-

I, B,Q ___ 
I, B,Q 4'"' 1,8,Q 

(T,Fc,l.P,R,O)n 

STATE CODE I L INACTNE1.2 } OJ 
"""""" 

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

Application Note 

AN15 

In these Tables, the logic state or action of 
all 1/0, control, and state variables is as
signed a symbol which results in the proper 
fusing pattern of corresponding links de
fined as follows: 

4"' 4'" 4'" 1,8,Q -- - ~~Q ---
T,i,Q 1,8,Q I, 8,Q 

(T,fc,L,P,R.~ CT, Fc,L,P, R,D)n (T, Fe. L, P, R, D)n 

STATE I C~OE·I I STATE I C~EI I STATE I C~DEI 1.8,0 i,i,o DON'T CARE 

"""""' """'"" LD001108 

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

ct: ct: ct: ct: 
CTn• Fe) fTn,Fcl ITn. Fe) CTn. Fcl 

ACTM>N CODE 

~ 
ACTION CODE ACTION CODE ACTION CODE 

L INACTIYE1•3.s I 0 ] GENERATES j A J [ PROPAGATE I . J [ TRANSPARENT I - ] 
"""'"" """"""' ""''"" ........ 

"COMPLEMENT" ARRAY - (C) 

[ ACTION _l CODE j 
[ • .;;r.rr~~L~ED) l A J 

ACTION ACTtoN ACTtoN CODE 

[ TRANSPARENT _l - j PROPAGATE J.K 

"""'"" 
"COMPLEMENT" ARRAY (cont.) "OR" ARRAY-(MODE) 

Tn 

TnSTATUS 

ACTIYE(S.I) 

November 1986 
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CODE 

A 

~Q 
~ 

Tn STATUS CODE 

INACTIVE (Rnt!I) e 

"OR" ARRAY-(OJ.=D·Type) 

Figure 2 
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lnSTATUS CODE 

TOGGLE 

f-D-T 

ACTIVE 

0 

P,R,S 
(ORB) 

CODE 

A 

a 

ACTION CODE ACTION CODE ACTION 

SET H RESET L HOLD 

"OR" ARRAY-(Qn=J-K Type) 

fo-- P.R.S 
(ORB) 

Tn STATUS CODE 
POLARITY CODE POLARITY 

INACTIVE • LOW L HIGH 

"OR" ARRAY-(S or B), (P), (R) "EX-OR" ARRAY-(B) 

ACTION CODE ACTION CODE ACTION CODE ACTION 

0 CONTROL A ENABLE4 • DISABLE 

"OE" ARRAY - (E) 

NOTES: 
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates. 
2. Arry gate (T, Fe, L, P, R, D)n will be unconditionally inhibited H arry one of the I, B, or Q link pairs is left intact. 
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T 0 , Fe. 
4. En= 0 and En - • are logically equivalent states, since both cause Fn outputs to be unconditionally enabled. 
5. These states are not allowed for control gates (L, P, R, D)n due to their lack of "OR" array links. 

Figure 2 (continued) 
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CODE 

H 

CODE 

-9 .............. 
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Table 2. FPLS Program Table 

CODE NO. FF MODE Ea EA POLARITY 
HHHl-l 

T AND .J.OR..l 
E I JP> ~~ REMARKS Q(N) _BO REMARKS R c 
M 3 2 1 0 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 3 2 1 0 
0 - H H HH - - - - - - - - - - -- A1'-8£.0 - - - - - - - - . . • A 2•A"6...CitD 
1 
2 .;... Lii L- - - -= - - -- - - -- - - /At<S_lf_C. - - - - - - - - . . A • v~IA,.Btt/C. 
3 
4 - - - - - - - - - - -1--1 - - - - - .,. -- - - -'-- - •A . . 'f.• I 
5 
6 () 0 00 0 0 olo 00 00 00 0 t:> () 'O" 60 () () ()0 () () A-A AA l~J~,,.i 
7 - - -0 - - -- - - - - - -- -L= ·o· r-1- -- - - - - A • • . W:O 
8 
9 - H L. - - - - - - - - - - - - - - Ar../6 - - - - -- - - A • •· . 'vl.=411</r!J. 
10 - - - [Ij_ L- - - - - - - - - - - -ie:f./D - - - - - - --A . . • .,_.,,,Clfo.(O 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
FC I ,..,.... I i-,...., I I I 
PB I I I I I I I I I I I 
RB I I I I I I I I I I I I 
LB I I I I I I I I I I I I 
PA I I I I I I I I I I I I 
RA I I I I I I I I I I I I I 
LA I I I I I I I I I I I I I 
D3 I I I I I I I I I I I I 
D2 I I I I _I_ I I I I I I I 
D1 I I I· I I I I I l IT I I CD DO 

PIN 5 4 3 2 9 8 7 6 19 1817 16 15 1413 12 1918 1716 1514 1·3 12 9 8 7 6 U') 
(I) .... 
:00: !1 a: c 
:Ii 

Al6 CD w)( Q. "' YZ a: 
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Notice that only 10 to 13 on the left hand side 
and B(0)4 on the right hand side have entries 
to implement the equation. All unused col
umns are dashed out or dotted out. 

To implement the equation 

Y •/A • B • IC, 

enter one line as shown in Table 2, term-2 
where the entry "H" represents the non
inverting input buffer while the entry "L" 
represents the inverting buffer. To have the 
AND gate to be unconditionally "High", dash 
out all the inputs of that particular AND gate 
as shown in Table 2, term-4. The virgin 
condition of the device, as shipped from the 
factory, has all connections intact, which 
means that the inverting and the non-invert
ing buffers of the same inputs are connected 
together. Such connection will cause the 
AND gate to be unconditionally "Low" as 
shown in Table 2, terms 6 and 7. The 
unconditional High and Low states are nor
mally useful only internally and seldom 
brought out to the output pins. 

To implement the equation 

W • A ' /B + C • ID, 

enter one line for A • /B and another line for 
C • ID as shown in Table 2, terms 9 and 1 a. 
Use one line to AND something together; use 

·different lines to OR something together -
one line per item to be OR'ed. 

All the pins which are labelled B's are bidirec
tional 110 pins. Their input buffers are repre
sented by the B(I) columns on the left hand 
side of the programming table. An "H" entry 
represents the non-inverting buffer and an 
"L" entry represents the inverting buffer. 
Their output buffers are represented by the 
B(O) columns on the right hand side of the 
table. An "A" entry means that the output is 
active (connected to the AND gates); a "." 

November 1986 

entry means that the output is inactive (not 
connected). The outputs may be programmed 
to be inverting or noninverting. The polarity of 
each output is determined by its exclusive OR 
gate (Figure 1 and Figure 2). To have a non
inverting output, enter an "H" in the section 
labelled "POLARITY" (Table 1, Section E). 
To have an inverting output, enter an "L". For 
example, Table 3, terms-a and-2 implement 
the equation 

Z •/(A • B) and Y =A • B 

respectively. The above two equations may 
also be implement by term-4 which uses the 
same AND gate to drive two OR gates. 

Besides being able to have programmable 
Active-High or Active-Low output, the pro
grammable output polarity feature also low 
output, the programmable output polarity fea
ture also allows the user to minimize his AND 
term utilization by converting his logic equa
tion into other forms such as conversion by 
De Morgan Theorem. 

For example, the equation 

X=A+B+C+D 

takes four AND terms to implement as shown 
in Table 3, terms 6 to 9. By using De Morgan 
Theorem, the same equation is changed to 

/W ~/A • /B • IC • ID 

The result is as shown in term 11 - a saving 
of three AND terms. The output buffers are 
disabled in their virgin states so that they all 
behave as inputs. The buffers are enabled or 
disabled by their corresponding Control AND 
terms Do to D3 (see Figure 1 ). The Control 
AND terms are represented in the program
ming table on the last four rows on the left 
hand side. Dashing out all the inputs will 
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cause the output buffer to be unconditionally 
enabled, whereas a "a" (zero) will cause the 
buffer to be unconditionally disabled. The 
buffers may also be controlled by a logical 
condition, e.g. A • /B • IC, etc. 

There are eight flip-flops on the chip each of 
which may be programmed as a J/K or a D 
flip-flop, or they may be programmed to 
switch dynamically. As shown in Figure 1, 
each flip-flop is a J/K to begin with. A tri-state 
inverter is connected in between the J and K 
inputs of each flip-flop, which when enabled 
by the AND gate Fe, will cause the flip-flop to 
function as a D flip-flop. The Inverters are 
enabled by Fe through fuses Mo to M7. A"." 
in the F/F Mode entry of the programming 
table means that particular fuse is to be 
disconnected and that particular flip-flop is to 
be J/K. An "A" entry will leave the M fuses 
intact, which allow the flip-flop to be D or J/K 
as controlled by the output of Fe (see Figure 
2, "OR" ARRAY- (MODE)). The inputs to 
the flip-flops are represented by the program
ming table as the next state, Q(N)o to 1 since 
their inputs are from the OR array. The 
outputs of these registers are connected to 
their respective tri-state inverting output buf
fers, four of which are controlled by EA and 
the other four by EB. A "." in EA will enable 
outputs Fo to F3, whereas a "-" will disable 
them. An "A" will allow the output buffers to 
be controlled by /OE, pin 11. Table 4, terms 
a. 1 and 3 represent the following equations 

Oo: J = A • C + /B • /E 

Oo: K=A • 1c 
eq.1 

eq. 2 

Notice that the J input in equation 1 is 
represented by the "H" entry in terms-a and 
1, column Q(N)o while the K input in equation 
2 is represented by Iha "L" entry in term-3, 
column Q(N)0. An undefined input, J or K, is 
considered "Low". 

9 
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Table 3. FPLS Program Table 

COOENO. FF llODE ~ EA POLARITY 
L H H L.. 

T AND :Tofil: 
E I ~!l_ Q(P) REMARKS Q(N) BQl REMARKS R c 
M 3 2 1 0 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 3 2 1 0 
0 - - - H H - - - - - - - - - - - - Ai'6 - - - - - - - - • • • A Z•/(Aft8) 
1 
2 - - - HH - - - - - - --. - - - - Aii.S - - - - - - --· • A • '(. Alff8 
3 
4 - - - HH - - - - - - - - - - - - AJ118 - - - - - - - - . •A A %• /CM11U_ 
5 ~AJJ8 
6 - H- - - - - - - - - - - - -!-:_- A - - - - - - - - . A . . 
7 - - fl - - - - -- - - - - - - - - 8 - - - - - - - - • lAJ. . 
8 - - - H - - - - - - - - - - - - - c - - - - - - - - . A • . ~·A+B~+D 
9 - - - -H - - - - - - - - - - - - D - - - - - - - - . A . . 

10 
11 - L. L ,_I.. - - - - - - - - - - - - /AIAl~ID - - - - - - --A . . . W?(iA'IJaw/c 
12 *ID) 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
FC I '9' ~ I r-,..., I I 
PB I I I I I I I I I I 
RB I I I I I I I I I I I 
LB I I I I I I I I I I I 
PA I I I I I I I I I I .1 
RA I I I I I I I I I I I I 
LA I I I I I I I I I I I. I 
D3 I I I I I I I I I I I 
D2 I I _I_ .I _I_ I I l:_T_ I I I 
D1 I I T,I I I I ITT I I 0) DO 

PIN 5 4 3 2 9 8 7 6 19 1817 16 15 1413 12 1918 1716 1514 1312 9 8 7 6 LO 
fl 

'P9 

a: en 
c ..I ::I 
Ill eA ~ li_yz a. a: 
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Table 4. FPLS Program Table 

CODE NO. FF MOOE Ea EA POLARITY . •• A• • • 
T ANO ]oi![ 
E I ::ili Ci Pl REMARKS ::g~ ~Qi_ REMARKS R c 
M 3 2 1 0 3 2 1 0 7 8 5 4 3 2 1 0 7 8 5 4 3 2 1 0 3 2 1 0 
0 - H- H-- - - - - - - - - - - - A11tC - - - - - - -H J•A'/l.C 
1 - - ll::- I.. - - -- - - - - - - - - /SWl/E - - - - - - - ff +/8Wl/E 
2 
3 - II - I..- -- - - - - - -. - - - - Afl:/C.. -- -- - - - I.. IC:A!lt:ZC 
4 
5 - t.. '- t.. - - - - - - - - - -1- /A~B{l/C . . • . . . A . D=JAJ4/611./C.. 
8 - - - -H - - - - - - - - - - - - e. . . . . .. A . +G: 
7 
8 - t.. t.. Li-:- - - - - - - - - - - - - /All~/C 1~- -- -- H- T>=/A~/C. 

• - - - - t+ - -- - - - - - - - - - & -1- -- -- H- +e. 
10 
11 - - - - - - - - -- -- - - - - - - - [!:!- - - - -
12 -- -- - - - - - -- H- 1-1--- - 0 -1-i -- - - Tod 

13 - -- -- -1- - - -H H- - - - - 0- -- - - - - T=Q& 
14 T:G-'-"'Q 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
FC - -1--1 - - - - I l"""'I'""' I ,-1"""1 I I I I 
·PB I I I I I I I I I I I 
RB I I I I I I I I I I I I 
LB I I I I I I I I I I I I 
PA I I I I I I I I I I I I 
RA I I I I I I I I I I I I I 
LA I I I I I I I I I I I I I 
D3 I I I I I I I I I I I I 
02 I IT I IT IT I I I 
D1 I T I I I I IT I I I O> DO 

PIN 5 4 3 2 • 8 7 6 19 1817 16 15 1413 12 1918 1716 1514 13 12 9 8 7 6 It) 

12 
,... 

a: "' i ...I 
a: AB C.D ""' 

9 

T8004118 

November 1986 9-97 



Slgnetlcs Application Specific Products 

PLS159 Primer 

A D flip-flop may be Implemented by first 
entering an "A" in F /F MODE. Then enter 
"O" in the row Fe, which will unconditionally 
enable the tri-state inverter between the J 
and K inputs. The following logic equation 
may be implemented as shown In Table 4, 
term 5 

01: D•/A * /B * /C+E. 

Notice that the entries in term 5, columns 
Q(N)o to 1 are "A" and "." instead of "H" 
and "L" as in the case of J/K flip-flops. The 
entry "A" will cause the fuse connecting to 
the "K" input to be disconnected and the "J" 
fuse to be intact. Whereas the entry "." will 
cause both fuses to be disconnected. This 
feature enables the user to quickly recognize 
the mode In which the flip-flops are operating 
without having to go through the control 
terms. Some commercially available device 
programmers in the market may not have the 
software capability to implement this feature, 
in which case an "H" and a"-" may be used 
In place of.'' A'' and ''. '' respectively as shown 
in Table 4, terms 8 and 9. 

Of course, the term Fe may have inputs 
instead of zeros and dashes, in which case 
the flip-flop modes· are controlled dynamical
ly. 

When both the J and K inputs are "1's", the 
flip-flop will toggle. A simple 3-bit counter may 
be implemented using only AND terms as 
shown In Table 4 terms 11, 12 and 13. The 
logic equations for the three flip-flops are as 
the following: 
05: T - 1; (Q5 toggles unconditionally) 
Ce: T • 05; (Oe toggles when Os= 1) 
Qr: T •Os• Ce; (Qr toggles when Os • 

Oe-1) 

The above equations represent an octal up
counter. However, since the outputs of the 
flip-flops are Inverted, the counting sequence 
of the outputs is that of a down-counter. 

The flip-flops may be asynchronously set and 
reset by the Control AND terms PA/PB and 
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Figure 3 

RA/RB respectively. As shown in Figure 1, 
PA and RA controls flip-flops Fo to F3, while 
PB and RB control F 4 to F1. 

In order to save the number of input pins, the 
eight flip-flops may be synchronously loaded 
directly from their own output pins. To use 
this feature, EA and/or EB must be pro
grammed "A" or "-" so that the output 
buffers may be disabled before loading. As 
shown in Figure 1, every flip-flop has an OR/ . 
NOR gate the Input of which is dlrectly 
connected to the output pin and the outputs 
of the OR/NOR are connected to the K and J 
inputs reepectively. This OR/NOR gate in
verts the input and feeds It to the flip-flop in a 
"wire-OR" fashion. Therefore, when loading 
data directly Into the flip-flops from the output 
pins, caution must be exercised to Insure that 
the Inputs from the OR array does not Inter
fere with the data being loaded. For example, 
if the data being loaded is a '' 1 '' on the output 
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pin, the J input will be a "O" and the K Input 
will be a "1". If, at the same· time, a "1" is 
pr-nt at the J-input from the OR array, the 
flip-flop will see "1 's" in both J and K inputs. 
It will toggle as a result The OR/NOR gates 
are enabled by the Control AND terms LA 
and LB. LA controls flip-flops Fo to F3 and LB 
controls F 4 to F1. 

All Control AND terms function and are pro
grammed in the saine manner as the other 
AND terms. The only cllffwaice Is that the 
Control AND terms are nOI connected to the 
OR array. 

The outputs of the flip-flops may be fed back 
Into the AND array as the present state, Q(P). 
The output of the AND array Into the OR array 
and the inputs to the flip-flops Is the next 
state, Q(N). As an example, Figure 3 is a 
state machine implemented In a PLS159 as 
shown in Table 5, terms O to 6. 
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Table 5. FPLS Program Table 

COOENO. Ff MODE Ee EA POLARITY .... . . . . . • . HHHI-! 
T AND (OR)_ 
E I B(I) Q(P) REMARKS _Ql~ B(~ REMARKS R c 
M 3 2 1 0 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 3 2 1 0 

0 - II It - - - - - - LL.. LL LL LL LL L L LL Lil . • A 
1 - - - H L- - - - ~ L. L L. L LLH LL LH L L L If •A . . 
2 - -- - - -- -1- LL Lti LL Lil L L.11 L II L H L. A 
3 
4 - II L- - - - -- LL LL LL LL [QL LL LL /.IL• . A . 
5 - - - tt - - - -I- LL LL LL /./ L l.!:JL LL LL L H • A . 
6 - - -J.l \.. - - - - LL LL LL lH_ L Ll_L, LL LL.- L 11 • A A . 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 L._ 
24 
25 
26 
27 
28 
29 
30 
31 
FC I ~ I ;-,..., I I I I I 
PB l I I I I I I I I I I I 
RB I I I I I I I I I I I I 
LB , 

I I I I I I I I I I I I 
PA I I I I I I I I I I I I 
RA I I I I I I I I I I I I I 
LA I I I I I I I I I I I I I 
03 - - - -r- - - - - - - - - - - - - I I I I I I I Tl I I I I 
D2 - - - - - - - -- - - -- - - - I I I I I T I I I I I I 
01 - - I I I I I I I I I I I I I 
DO - - - - - - - - - - - - - -- - - O> 

PIN 5 4 3 2 9 8 7 6 1918 1716 1514 1312 1918 1716 1514 13 12 9 8 7 6 It) 9 -"' 
,.. 

" "' a: c ..J :E 
w Ae CP tcz 0.. a: w 't. 
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DESCRIPTION 
The field-programmable logic sequencer 
(FPLS) PLS159 has eight edge-triggered flip-
flops which may be individually programmed 
to be J/K, D, or toggle flip-flops. The detail 
logic diagram of the device is shown in Figure 
2. 

A counter may be constructed by having 
individual flip-flops toggle when they are at 
certain states. Implementing such counters 
requires one toggle flip-flop per bit and an 
associating AND gate as a decoder for each 
flip-flop. Such a method allows the PLS159 to 
be a counter from modulo 2 to 256 or from 
one bit to 8 bits. 

MODUL0-8 UP/DOWN 
COUNTER 

The Up-Counter 
The PLS 159 has an inverting output buffer for 
each flip-flop. Therefore the counting se
quence of the flip-flops is from 7 to O so that 
the outputs will count from 0 to 7. Table 1 is 
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the truth table of the internal counting se
quence. 

Table 1 

COUNT 02 01 Oo 

0 1 1 1 
1 1 1 0 
2 1 0 1 
3 1 0 0 
4 0 1 1 
5 0 1 0 
6 0 0 1 
7 0 0 0 

From Table 1, logic equations for the flip-flops 
may be generated as the following: 

Oo: T = 1; (Oo unconditionally 
toggles) 

01:T= /Oo; (01 toggles if 
Oo=O) 

02: T = 100 • 101; (02 toggles if both 
Oo and 01 =O) 

9-100 

The equations are implemented as shown in 
Table 2, terms 0, 1, and 2. EA is enabled, and 
the mode for the three flip-flops is set to J/K. 
All unused flip-flops and outputs (the B(O)'s) 
associating to AND-terms are "dashed" or 
"dotted" out. The event to be counted is 
connected to the clock input, pin 1 of the 
device. 

The Down-Counter 
The down-counter is constructed in the same 
manner as the up-counter except that the 
counting sequence is reversed. The down
counter is implemented in Table 2, terms 4 to 
6 with the corresponding flip-flop mode set to 
J/K and Ee enabled. 

Modulo-16 Counter 
Expanding the modulo-8 counter to 4-bit, the 
counter becomes modulo-16, Table 3, terms 
o to 3 and the associating F/F MODE and EA 
implement a modulo-16 up-counter, while 
terms 5 to 8 and the associating F /F MODE 
and Es implement the modulo-16 down
counter. 



Slgnetlcs Application Specific Products Application Note 

PLS159 As Modulo Counters AN16 

Table 2 

CODE NO. T FF MODE Ee EA I POLARITY 

__[. . . . . . . . • . 1 
T AND J.Of!L 
E I BI) Q(P) REMARKS _gN BO REMARKS R c 
M 3 2 1 0 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 3 2 1 0 

0 I- -- -1- -1- -- -- -- - - -- - - -o 
1 - - - --- - - -- - - -- -L -- -- o- . . 
2 - -- - I- - -- --- L L - - -- -o -- . . . 
3 
4 - - -- - - - -- - - - -- -- -- -0 -- -- . . . 
5 -- -- -- - - -- -!of -- -- -- o- - - - - . . . . 
6 -- -- -- - - -- MlH -- -- -o - - -- -1-i. . . . 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
FC I :....... I ,...., r- I I I I 
PB I I I I I I I I I I I 
RB I I I I I I I I I I I I 
LB I I I I I I I I I I I I 
PA I I I I I I I I I I I I 
RA I I I I T I I I I I I I I 
LA I I I I I I I I I I I I I 
03 I I I I I I 11 I I I I I 
02 I I I I T I I I I I I 
01 I 11 I I I I ill I I I 
DO O> 

PIN 5 4 3 2 9 8 7 6 19 1817 16 15 141312 1918 1716 1514 1312 9 8 7 6 Lt) 

----= 

9 
(/) 

,... 
..: tn a: c -I :I! 
w Q. a: 
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Table 3 

CODE NO. FF MODE Ee EA POLARITY 

• • . . . . . . . . 
T AND (Ofil_ 
E I BI) Q(P) REMARKS _9N BO REMARKS R c 
M 3 2 1 0 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 3 2 1 0 
0 - - - - -- -- -- -- -- -- -- -- -- - . . . 
1 - - -- -- -- - - -- - --L -- -- -- 0- . . 
2 ---- -- -- -- -- -- LL - --- -0 -- . . . . 
3 -- -- -- -- ---- -L LL --!---_- --- . . . . 
4 
5 -- -- -- -- - --- -- -- -- -o -- -- . . . 
6 ------ --H -- H- --- -- o----- . . . . 
7 -- - - -- -- -- HH - --- -o -- -- -- . . 
8 - - -- -- -ltl MH -- -- o-1-1 -- --- . . . 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
FC I ~ I ~I I I I I I 
PB I I I I I I I I I I I 
RB I I I I I I I I I I I I 
LB I I I I I I I I I I I I 
PA I I I I I I I I I I I I 
RA I I I I I I I I I I I I I 
LA I I I I I I I I I I I I I 
D3 I I I I I I I I I I 
D2 I I I I I I I I I I I 
D1 I I I I I I I I I I I I I 
DO m PIN 5 4 3 2 9 8 7 6 19 1817 16 15 14 13 12 1918 1716 1514 13 12 9 8 7 6 

"' 
,... 

lo: "' 0: c ...I :I! 
w Q. 0: 
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DECADE COUNTER 

The Decade Up-Counter 
The truth table of a decade counter is as 
shown in Table 4. 

Table 4 

COUNT 03 02 01 Oo 
0 1 1 1 1 
1 1 1 1 0 
2 1 1 0 1 
3 1 1 0 0 
4 1 0 1 1 
5 1 0 1 0 
6 1 0 0 1 
7 1 0 0 0 
8 0 1 1 1 
9 0 1 1 0 
0 1 1 1 1 

Logic equations may be generated from Ta
ble 4 as the following: 

Oo:T= 1; 
01:T= /Oo * Qa; 
02: T = IOo * 101 * 03; 
Qa: T = IOo * /01 * /02 * Os + 

IOo * 01 * 02 * /03; 

November 1988 

CLOCK---m 

COUNT ENABLE ---[21 

TERMINAL COUNT 
OUTPUT 

PLS159 

Rgure 1 

The equations are implemented as shown in 
Table 5, terms O to 4 and the associating flip
flop mode and EA settings. 

Decade Down-Counter 
The decade down-counter is similar to the 
decade up-counter except that the counting 
sequence is reversed from O to 9 as shown in 
Table 5, terms 6 to 11 wnh the associating 
F/F MODE set to J/K and Ee to ENABLE. 

Decade Down Counter 

COUNT Or a. 05 

9 0 1 1 
8 0 1 1 
7 1 0 0 
6 1 0 0 
5 1 0 1 
4 1 0 1 
3 1 1 0 
2 1 1 0 
1 1 1 1 
0 1 1 1 
9 0 1 1 

04:T• 1; 
Os: T = 04 * Os * 0o * 101 + 

04 * /Os * /Oe * 01 + 
04* Os*/Oe* 01 + 
04*/0s* Oa* 01 

Oe: T = 0 4 * Os * Oe * 10, + 
04* Os*tOa* a, 

01: T = 04 * Os * Oa * 10, + 
04* Os* Oa* 0, 

9-103 

04 

0 
1 
0 
1 
0 
1 
0 
1 
0 
1 
0 

DIVIDE·BY·N COUNTER 
This counter, shown in Figure 1 and Table 6, 
takes an input (maximum = 8 bns for each 
device), complements it, and counts until all 
flip-flops become 1, then a terminal count is 
sent out at B(O)o (divide-by-NJ. At the end of 
the count, where all flip-flops are 1 's, terms 
LA and LB are activated which causes the 
flip-flops to load data from Fo to F7, and the 
cycle starts again. Since there are 8 flip-flops, 
the maximum count is 256. 

~ 

9 
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Table 5 

CODE NO. Ff MODE Ee POLARITY . . . . . . . . • • 
T AHO (OR) 

E I :]iii.: Q(P) REMARKSi--,_...,.O<_,,_~...,._ ...... ,,_i--,....!!J,...;o+0""""-1 REMARKS 
: c3210321016543210 155432103210 0----------------- -------0· ... 
1 ---------1----li--L 1 ... -----0 • • 
2 -------------1-1-L L -----0-- • • • 
3-----------1-1-IHLLL -1--- --- ·· 
4-------------L~HL 
5 6-----------------
7 --1-------Liijli~-- -
8--------~HLLHI----
9---------HLH~----
w---------H~L~----
11 - -1- H H!HIH 
12 
13 
14 
15 
16 

17 

18 
19 
20 

21 
22 
23 

24 
25 

26 
27 

28 
29 
30 

31 
FC 
PB 
RB 
LB 
PA 
RA 

LA 
03 
02 
01 

DO 

November 1986 

PIN 5 4 3 2 9 8 7 6 19 18 1716 1514 13 12 

"' "' a: 
C( 
:I! 
w 
a: 
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---0---- ... 
000-1-1--- .... 
- - 01-1- - - - . • • • 
HOO-----· • 
--!QJ---- - ..•. 
0-------.• ..• 

I ~ 1"""1 I~ ,..., I I 
I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 
I I I I I I I I I I I 

I I I I I I I I I I I I 
I I I I I I I I I I I I 
1TTTT1 ITT I I I 
I I I I I I I I I I I I 
I I I I I I I I I I I I 

1918 1716 1514 13 12 9 8 7 6 

I 
I 
I 

I 
I 
I 
I 
I 

I 
I 

O> 
Lt) ,.. 
"' ..J a. 
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Table 6 

CODE NO. FF MODE Ee POLARITY 

• • •J•_L •i• • • 
REMARKS 

(Olli_ 
REMARKS ~~ B 0 

765432103210 

T AND 
~ I BI) Q(P) 
M c321032101e543210 

o ---L-- L-------- -------0 
1 ---1.---1.-------!J,.f_ ------0-• 
2 - - - L - - - L - - - - - -IH.!H: 
3 - L - L -!HJH H 

-----0--. . ----o---· .. 
4 ---L---L----IHHHM ---0---- .... 
5 ---1.---L---H!ii.liHK 
6 -L -L HHHHHIH 

--o-----· .. -o------ .... 
1 ---L---L-H~HIKMHH o-------· ... 
s - - - IL - - - - llilHJH lH..I!il M IHJM. --------.••A 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 

24 
25 
26 
27 
28 
29 
30 
31 
FC I l"""P'"" I ;-,...., I I I i I 
PB I I I I I I I I I I I 
RB I I I I I I I I I I I I 
LB - -- -- -- -- IH.IH.J !ilH_ H_ :HJ iili:i I I I I I I I I I I I I 
PA I I I I I I I I I I I I 
RA I I I I T I I I I I I I I 
LA - -- -- -- -- IH_ li:l lHlHJ liilH: IK Iii: I I I I I I I I I i I I I 
03 I I I I T I I Tl I I I I 
02 I I I I IT I I I I I i I 
01 I I I I I I I I I I I I I 
DO - -- -- -- -- -- -- -- -- en -

PIN 5 4 3 2 9 8 7 6 1918 1716 1514 1312 1918 1716 1514 1312 9 8 7 6 LD 9 "' ... .,... 
lo: 0 ~ r:: ... .. c c ...... ::E z 
w I!! 0. II: 
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·------(LOGICTEAMS-T)-------- F-------(CONTAOL TEAMS)--------- OE 

-++-® 
--+-n. 

11Tfnit11irl11~1itrt11itll1ttt111r1 -o-__ ·--?f~f--tt~7"-"*~0~¢---------i+-J~·· ~ _JK CK' 

- t 

1~~fRif,~jfRif~~fR~fRi=~~tRR~~~~~~~3~t==~r:~~J=0~~~:=============~~-J~""rrn .... J"'< _A K J-5,K' 

31••••••24 23••••• •16 15••••• • 8 7•• •• • • 0; - "[ CK~CK 

NOTES: 
1. All OR gate inputs with a blown link float to logic "O". 
2. All other gates and control inputs with a blown link float to logic "1". 
3. e denotes WIRE-OR. 

Figure 2 

November 1986 9-106 



Signetics 

Application Specific Products 

INTRODUCTION 
A combination lock may be opened by enter
ing the correct numbers which match the 
preset security code that may be of any 
number of digits. Using a PLS157, an elec
tronic combination lock with user settable 
security code may be constructed. The secu
rity code may be one to five hexadecimal 
digits that can be preset by the user. The lock 
takes a 4-bit binary input as the "combina
tion" and a "Data Valid" input, which means 
that the combination may be five digits long 
and each digit may be from 0 to F. If the input 
matches the preset digit of the security code, 
the lock will wait for the next digit. If the input 
does not match the corresponding digit of the 
security code, the lock will reset itself to the 
first digit position again. The user may use as 
many as five digits for the combination which 
may be set by using five DIP switches or 
other means. The lock may be used in 
conjunction with a 4-bit binary encoded rotary 
switch, or an encoded push button key pad, 
or an optical card reader, or a magnetic strip 
reader. The design takes advantage of the six 
JK flip-flops of the PLS157, the bidirectional 
I/O's, the complement array, and the general 
architecture of common product terms. 

DESCRIPTION 
Figure 1 shows an example of an electronic 
lock which uses five DIP switches to set the 
security code (hexadecimal 0 to E, F is 
reserved for reset), a 4-bit binary encoded 
rotary switch to enter the combination at lo to 
13, and a single pole double throw push button 
switch, "Data Valid", as the clock which is 
debounced by the associated circuitry of pin 
65. The security code is set with five DIP 
switches which are connected to a four line 

November 1986 

AN17 
Electronic Combination Lock 
Application Note 

input (B(l)o to B(l)3). The five DIP switches are 
multiplexed by the outputs of the flip-flops, Fo 
to F4. In normal operation, one of the F/F 
outputs is Low (the content of the register 
being a "1 ") while the other five are High. 
The operation is actually a shift register with a 
zero bit shifting through five one's. Therefore 
only one DIP switch is pulled Low (selected) 
at any one time while the rest is deselected. 
The pin named "MATCH", B(0)4, is an 1/0 
which outputs a High if the input matches the 
corresponding digit of the security code, oth
erwise it outputs a Low. A High output of 
B(0)4 enables the shift register to shift one 
position while a Low causes the shift register 
to reset to the starting position which is a '' 1 '' 
in F/F0 (flip-flop O) (Fo is Low due the output 
inverter) and "O's" in the other five (F1 to 
F5 = High). The state diagram of the design is 
as shown in Figure 2 where the state num
bers are expressed in two hexadecimal digits. 
The least significant digit consists of F3, F2, 

F1, and Fo; whereas the most significant digit 
consists of F 5, and F 4. At the top of the state 
diagram, the power-up and reset state is 00 
hex. When the outputs have more than one 
Low, as sometimes happens during power
up, the circuit automatically resets the regis
ters to 00 hex which causes all outputs to be 
High in order to prevent more than one DIP 
switch being enabled. After power-up or re
set, pushing the "Data Valid" button will 
initialize the circuit to have the first digit of the 
security code enabled. Subsequently, any 
false entry will cause the circuit to go back to 
the initialized state of 01 hex. When the first 
digit is correctly set and the "Data Valid" 
button pressed, the circuit goes to 02 hex and 
the second DIP switch is enabled while the 
first DIP switch is disabled. The circuit is now 
ready for the second digit. By repeating the 
process, the circuit keeps shifting the "1" in 

9-107 

the shill register until it reaches F /F5 at which 
time the Low output may be used to trigger a 
solenoid. If at any time of the sequence, an 
incorrect digit is entered, the circuit reverts 
back to the initialized state of 01 hex. 

Notice that any of the live outputs from F 1 to 
F5 may be used as an output. Therefore, if, 
for example, a two digit security code is used, 
only two DIP switches are needed and the 
output is taken from F2 to trigger a solenoid. 
After the last digit has been entered, all DIP 
switches are deselected and the inputs B(l)o 
to B(lb become 1111 binary, or F hex. 
Therefore, the hex number F is not used as a 
valid code but as an initialization input en
tered at lo to 13. When the hex number F is 
entered, the circuit initializes itself to the 01 
hex state. After the last digit of the security 
code has been entered, if the "Data Valid" 
button is pressed again, the circuit sees a 
false entry and reinitializes itself. 

The design is implemented using a PLS157 
as shown in Table 1, H/L Programming Table 
of Electronic Lock. P-terms o to 14 are 
programmed as decoders. If an input 
matches the corresponding digit of the securi
ty code, one of the p-terms will be active 
which causes B(0)4 to output a High which, in 
turn, enables the registers to shift to the next 
digit by terms 16 to 20. In the event that an 
incorrect input is entered, B(0)4 outputs a 
Low which, in turn, causes the registers to be 
set 000001 binary by term 21. If an input of F 
is entered, term 15 causes the registers to be 
000001. Terms 22 to 29 and RB ensure that 
no more than one register is "1 " at a time. 
Terms 22 to 28 are connected to the comple
ment array, which in turn, drives terms 29 and 
RB to set the registers to 000000 when terms 
22 to 28 are inactive. 

-9 
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s~ Bo~SCo-----..... -------1~------...-------....--------, 

+SV 

~"' 
~!, 

~ '• 
~ 13 

PLS157 

~I I /, ~I I 

NC F1 t---------~-~--

~I /, I 

DATA !NO 

VALID~vrl Bs Fo 

~ 1---------------------' 

~ /, I. 

~1--~-----~---~----------------' 
~1-----------------------------~---~~~ 

~t------- OUTPUT 

NOTES: 
1. All diodes are Philips BAT81 Schottky diodes or equivalent. 
2. Single pole double throw momentary switch. 

Figure 1. Simple Block Diagram of Electronic Lock 

FOR 
FALSE ENTRY 

FOR 
FALSE ENTRY 

FOR 
FALSE ENTRY 

FOR 
FALSE ENTRY 

Figure 2. State Diagram of Electronic Lock 
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Table 1. PLS157 H/L Programming Table 

~t.'.li.t/J-·-:-"-'~~-·-:-•-'-•-';:, -·-:-·-·-.-.: •• .:A_) ' ' 
-LL'.H_; ' -, -!~'.#~ - ...: .., ~ ...! . ..!L -, -l - - _. - • : • ._;,_: 

0:5 - L~ ' -: '-•J:LJ:..",_it _. -: ~ - ~ ,£_ -' -: -• _. -,- ' ' • • ",1_) 
IJ6 I- L'.Jl,,IJ_'J. -,~.L'L!_~ ~-:-,--' ..Ji. -,-:-'-,~- "·' .;A:_: ' 

13 -~;Jl]-·-:a-!LJ._.H_ - ...: .... _, - ~ ::~:::·-:. ::: ::f 

Ii 
R 
11 
E 
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~";~'~flik'~ . ...-. 
b·i:/ y,;~j. ~·x.-~.~~.Pl:i~·53 IQ 

{*{~~~.:'._.~: aasr::-::: 
-~ -~·one input pm, ~o bidQo- · 

· . ') ;,/, j:., ·, · ~ 110 piM. and tddlti!>nal COlllflOl)"11s of 
three ~. The two tlveehold vottag!IS, 
• well as the. hy8terltis, are determined by 
lh• yaluee of the three resistors and the 
~of the PLS1531159 device, which 
W. t) Input threahold voltage, Ym 2) High 
p~ voltage, VQH; and 3) Low ouJput volt· 
efl"· V ot..· The <;1rcu11 mw be simplified if 
Sohmitt (linction is l'lllfKled only on Low going 
High or·High going Low, and H the hysterisis 
and threshold voltlllg4l8 are not important. 

DeSq5'1PTION 
A sltn(llified bloctl !fiagnlm of • llO(l-inverting 

· Schlnilttrigger is~ in F!QUlll 1 where R1. 
R2, .. and R1. R3, fClfm two pairs of~ 
lliU'a 0!1$ of wtlieh g!lt Into actJor\ ., Input 
volll!ge direction of High gQlng Low and the 
other Low going ·High. Asfwning . lhet. input 
vollllQe starts et zero volt, the output voltage 
is ll1t!lfef0fe at YQi: !lltllch c8ul8$ ~ to pull R3 
;·.~. _grqund. ~- the inpui voltage '°" 
~\~·. only a fr"11k!tl of -lt\8 voltage is 

AN18 
Schmitt Trigger Using PLS153 
and PLS159 

iltlfi ... uPori tile' input buffer due .to ihe 
dlvidi!IO n~ ~1 11!1d Ra. A8 soon as the 
ll!flut l(OltajJe l'!NlChes a point where v 1 • VrH 
(VTH .•.1.38V typlcal),. the output swftches to 
VQH which, In turn, tums off 02 and turns on 
o1 .. V1 will jump to a value greatw than VrH 
and 01 lt\en plllla the Input pin, throu9h R2. 
towards YOH, Which in tum locks the output to 
a High state even If the Input voltage fluctu
al9$, as long as it does nQI fluctuate outside 
of the designed hyaterisis. When the input 
voltage goes fr9fl1 a Hilih to a low, the 
Schmitt function repeats itseH except that 01 
and 02 reverse their roles. 

The triggering voltages, VH (Low going High) 
and VL (High going Low) are: 
VH -vTH I<R1 + Ral!FlaJ-VoL (R1/Ra); 
VL • VTH [(R1 + R2)/R2]- YoH (R1/R2); 
wher41, at room telllp4ilrature, Va:, • 5.0V, 
loHllOL < 1 mA. VTH ls the threshold voltage 
of the device, typically 1.38V; Vol is the 
output Low voltage of the device, !yplcally 
0.36V a! I loL I < 1 mA; YOH is the output 
High voltage of the device, typically 3.8V at 
1 l<>H I <1mA. 

Th41 implementation of Figure 1 using 
PLS153/153A is as shown In Table 1; and 
Figure 2a. A SCOPEi photo of the DP4ilf'Stion of 
the -oll'Cllit is shown in the Appendix. The 

~tation using PLS1S9 is shown in 
Table 2 and Figure 2b. In Tables 1 & 2, V1 is 
the input pin, Vo is the output pin, V2 is the 
o~ which pulls down V1 and V3 Is the 
output pin that pulls up V 1• The Schmitt 
output is available at pln Bo for external use, 
and is available intemally at the input buffers 
of lo and 8(1)0• However, there is a propaga
tion delay between the two signals from the lo 
buffer and the B(l)o buffer. 

An inverting Schmitt triggered buffer may be 
constructed using the same principle. A sim
ple block diagram of such inverter is shown In 
Figure 38. The circuit is implemented using 
H/L programming table as shown in Table 3 
for PLS153 and Table 4 for PLS159. Table 3 
is also represented in logic symbols In Figure 
3b. If the voltage levels <VL and VH) and the 
hysterisis are not critical, one 110 pin may be 
used to pull the input pin High and Low. 
Therefore one 1/0 pin and a resistor may be 
saved. The drawback is that the range of VH 
and VL Is quite limited. The circuit Is as shown 
in Figure 4. 

If Schmitt function is needed only In one 
direction, one of the r9Slstor/output circuit 
may be eliminated. The circuit is as shown in 
Figure 5. 

Figure 1. Simplified Block Diagram of a Schmitt Trigger 
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Table 1. PLS153/153A Programming Table 

CODE NO. POLARITY 
L H II H N 

1 Al ID OR 
I ~ Bf;)) 

M 7 8 5 qa 2 1 0 9 8 7 8 5 41_3 2 1 0 REMARKS 9 8_17 8 5 q3 2 1 0 REMARKS 
0 -- -~- - - II - - - - - -__:_- --1- __:_ • • A 111111-lllr. 8CH9li 
1 D 0 D oJ.:o 0 0 0 0 D 0 D 0 o:Io D Olo_ __:_ :::.: • IAJ • 00""'6 v.. 
2 -- --:::.:- -- - --- -- -:.:..- - - - : :::.: IA• • OU'f11fJr VM. 
3 l_ ...i.. l_ l_ 
4 l_ l_ l_ _i_ 
5 __:_ __:_ __:_ ! __:_ 
6 0 0 o ol_o 0 0 0 0 o!o 0 0 Qlo LoJ 0 /) A~ SAMl!AS 
7 l_ T ·~ I I --••& 
8 l_ ·~ .. T. ! T 

""''"" 9 : T : : a{o).Cc YI.. 
10 ! ! . ! ~)S=_.Y.I_ 
11 ""T I I 
12 __:_ __:_ 
13 • 
14 ...i.. :::.: 
15 __:_ __:_ . 
16 : + .i I 
17 _j_ : ! 

16 :::.: • : :::.: 
19 l_ J_ :.:.: 
20 J_ ! l_ 
21 : :::.: :::.: -i- _i_ 
22 : :::.: :::.: :::.: 
23 :.:.: :.:.: : :.:.: 
24 _i_ _i_ ! J_ 
25 l_ J_ ! :.:.: 
26 l_ l_ l_ J_ 
27 l_ J_ ! J_ 
28 .:._ :::.: __:_ _i_ 
29 :r : I 
30 : :::.: :::.: _i_ 
31 l_ _:_ _:_ 
09 __:_ ! __:_ 

UI DB : : : I I I I I I I I I 
I I I I I I I I I I I 

D7 .i .i I I I I I I I I I I I 
DB .i I I I I I I I I I I I 
D5 :::.: I I I I I I I I I I I 
D4 _j_ I I I I I I I I I I I D3 :.:.: I I I I I I I I I I I D2 -- - - - - - I- -_i_- -H I I I I I I I I I I I D1 -"I- --L 
DO -=- I I I I I I I I I I I - - - -- - - - - - - - -
PN 8 1 6 5 4 3 2 1 1918 716 1514 :g 12 11 9 1916 17~ 15~ 1312 11 9 (I) 

en U') 
~ lii a: ~ I~,: ~ c ...I :I w a.. a: 

9 

NOTE: 
Schmitt trigger ou1put may be obtained from both 10 and B(1)o to drive the AND-ARRAY. 
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PLSt58/163A 

lOorHER AND TERMS 

a. Using PLS153/153A 

b. Using PLS159 

Figure 2. Schmitt Trigger 
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Table 2. PLS159 FPLS Programming Table 

CODE NO. FF MODE 

T AND 

~ C I :.!J.l}_ ~~ 
II 3210321076543210 

o----M------------
1 ooooooooot.MoJoolaJooo 
2 
3 
4 
5 
8 
7 
8 
9 
10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26· 

28 
29 
30 

31 
FC 
PB 
RB 
LB 

POLARITY 
II H H 

]oi![ 
REMARKS ...... ~.....:a~r;;4..Nl~~-1--'"i~o~ REMARKS 

765432103210 

- - - - - - - - ••• A HIN4-/N>l.811FJl 

-------- •• A. OllT1'Ul"'IOL 
- - - - - - - - • A • • o"""1l'"V•" 

l~te-11 I I 
I I I I I I I I I I I 
I I I I I I 
I I I I I I 

I I I I I I 
I I I I I I 

PA I I I I I I I I I I I I 

RA ITllTT1illlll 
LA I I I I I I I I I I I I I 
D3 llTTT'"TT'"T'"Tllll 
D2 -------H-- -- I IT I "TT"T'TT I I I 
D1--------L-------- 1"TT11111'"TI. II 
DO - - - - - - - - - - - - - -- - -------------~~...-J 

PIN 5 4 3 2 9 8 7 6 19 18 1716 1514 13 12 19 18 171615 14 13 12 9 8 7 6 
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+Vee 

a. Simplified Block Diagram 

b. Ualng PLS159 

Figure 3. Inverting Schmitt Trigger 
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Table 3. PLS153/153A Programming Table 

CODE NO. POLARITY 
T LJ:ilL 

1 ANU c 
I ~ a )) 

1 6 5 413 J. 1 0 9 8 1 6 s 4T3 2 to REMARKS 9 8T7 •fl 413 2 1 0 REMARKS 

0 - 1::.-
_,_ 

-~ M - - -- --_l- - - - :I : • ... ""'· .,,,.,... 
1 0 0 0 • 0 Ltil_ 0 0 Lt_ ~Lt_ o ciro Ci Ii] Ii • A• OOl'l'Vr v.;o;-
2 - -1-I- -- -- -- -- --i- - -- f:A •• 

Oll'IPllr' --3 :..:. 
4 ...i ...:_ i 
~ :I :..:._ i 
8 :::: :::.: :::.: 
1 :::: :::.: j_ :::.: 
8 _i "1 -::: T :::.: 
9 _l : : i 
10 ! :::.: 
11 ...:_ T T i 
12 J_ J_ :I 
13 :::.: :::: T :::.: 
14 :::.: ...i : :::.: 
15 ! : I .i :I 
:Ml :::: ; ; T i 
17 _l :::.: I :::.: 
18 :::: T I :::.: 
19 :::.: T i 
20 J_ T -r 
21 _l T "T 

22 :::.: "T 

23 :::.: ...i 
24 _j_ :r .i 
25 ..:.: :r J_ 
28 ! _.:: ...:.. 
27 : _:_ 
28 _l "T 

29 :::.: :::: i 
30 ..L I _j_ I 
31 _l :r J_ :::::: I 

IDB :::.: _l _l 
I u•J• I I I I I I I D8 _.:: I I I I I I I I I I I I I D7 :r _i I I I I I I I I I I I 

De : I :::: I I I I I I I I I I I 
D5 :::.: _j_ I I I I I I I I I I I D4 _j_ 

I I I I I I I I I I I D3 : -I 
I I I I I I I I I I I D2 -- -- - - - --:I- - -- --M I D1 -1- -- -- -- -...:!"- -- -- --L I I I I I I I I I I 

DO -1- -- -1- - --- -~ - - -- -- I I I I I I I I I I I 

PN 87 8 5 4 3 2 1 15~ 11312 11 9 19118 117 11815 11413 ti 11 9 CW) 

~ 
It) 

I > I:=..: ,: ln .... 
a: A. 

-9 -
--
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table 4. PLS159 FPLS Program Table 

COOENO. L FF MODE l;a. EA POLARITY 
J_ M .[1.. 

I AND IORI 
a c I ::ii lI _gjl'l. REMARKS Q N) .J!O REMARKS 

3 2 1 0 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 3 2 1 0 
0 - - --LllJ -- -- -- -- -- -- -- --· • • A '""· .,,, ..... 
1 0 0 0 0 0 0 L.tJ 0 L2. LfJ.i] 0 0 Le. oL.tJ o -- -- -- -- ... A • Olll'M' v.. 
2 - .... -- -- -- -- • A • 0111""1"'~ 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 
21 
22 
23 
24 

26 
26 
27 

• ·'29L 
30 
31 
FC I I""" ;- I I""" ;- I 
P8 I I I I I I I I I I I 
RB Tl I I I I I I I I I I 
LB I I I I I I I I I I I I 
PA I I I I I I I I I I I I 
RA TTI I I I I I I I I I I 
LA I I I I I I I I I I I I I 
D3 I I I I I I I I I I I I I 
D2 - - - --- - - ... - -- - -- - - I I I I I TTTI I I 
01 - --- - --- M- - - - - - - - TTTI I I I' TTTI I 
00 -- ---- -- - - -- - ---- f8 PIN 5 4 3 2 9 8 7 8 1918 1716 1514 1312 1918 1716 1514 1312 9 8 7 8 

s > ~~ ~ lii 
I ...J 

a.. 
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-n4K 
INPUT OUTPUT 

K 

Figure 4. Schmitt Trigger Using One 1/0 Pin 

INPUT~OUTPUT 

Lk 
a. High Going Low Direction 

-12~~ 

b. Low Going High Direction j 
Figure 5. Schmitt Trigger 

~---

APPENDIX A 

Output 

Input 

9 
0.5ms/div 

NOTE: 
R1 = 3.9kS'l, R2 = 10.akn, R3 = 2.0kil, Vee= 5.0V, Ambient temperature ~ 25°C 

Figure A-1. A Non-Inverting Schmitt Triggered Buffer 
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DESCRIPTION 
A PLS159 is used to implement a pair of dice. 
Each die is represented by a series of six 
different state transitions. Two push button 
switches are used to "roll" the dice; in other 
words start/stop the state transitions. Each 
push button controls one die. When the 
switches are held low, the state transitions 
take place for each die and the result is 
displayed when a push button is released. 

Each die is made up of seven LED's which 
are connected to the outputs of the PLS159. 
The system also contains its own oscillator 
which generates the clock cycle necessary 
for the state transitions. 

The random release of the push button pro
vides a random output. The high frequency of 
the Internal oscillator and the fact that the 
switches are not debounced, add more "ran
domness" to each event. 

The overall system configuration is shown in 
Figure 3. 

LOGIC IMPLEMENTATION 
The configuration of each die is shown in 
Figure 1, with each letter representing an 
LED. 

To represent the numbers one through six the 
LED's are turned on as shown In Figure 2. 

Table 1 is the truth table generated from 
Figure 2. 

D E 

II 

A' B' 

C' D' E' 

F' G' 

Figure 1. Dice Configuration 

November 1986 

AN19 
Electronic Dice 
Appl/cation Note 

Figure 2. Number Repreaentatton 

Table 1. Truth Table for Dice 

A B c D E F G 

One 0 0 0 1 0 0 0 

Two 0 0 1 0 1 0 0 

Three 0 0 1 1 1 0 0 

Four 1 1 0 0 0 1 1 

Five 1 1 0 1 0 1 1 

Six 1 1 1 0 1 1 1 

The result of Table 1 is the following logic 
equations: 

A = Four + Five + Six; 
B = Four+ Five + Six; 
C • Two + Three + Six; 
D = One + Three + Five; 
E = Two + Three + Six; 
F =Four+ Five+ Six; 
G • Four + Five + Six; 

As can be seen from the above logic equa
tions: 

A=B=F=G; 
c=E; 

Table 2 is the result of Table 1 and the above 
common terms. 

9-118 

Table 2. Truth Table for PLS159 
Outputs 

A, B, F, C, E D 
G 

One 0 0 1 

Two 0 1 0 

Three 0 1 1 

Four 1 0 0 

Five 1 0 1 

Six 1 1 0 

For each die, three outputs of the PLS 159 are 
needed to implement the logic in Table 2. 
These outputs are conneCted to the LED's as 
follows: 

FO: A, B, F, G; 
F1: C, E; 
F2: D; 

Similarly for the second die: 

F3: A', B', F', G'; 
F4: C', E'; 
F5: D'; 
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Yee 

R 

PBI Vee 

F7 E' 

Pll2 
Fl 

F5 
-= 

18 F4 G' 
PUlllil 

ID Fl 

11 F2 Yee 

B2 F'I 

B3 FO 
R 

GND OE 
8 

R•27llll E 

Q 

'"'""'" 
Figure 3. Dice lmplementatlon Using the PLS159 

, . 
. ,-.,., 
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STATE TRANSITIONS 
Figure 4 shows two arbitrary state transition 
sequences which are used to implement each 
die. 

These state transitions are implemented in 
the program table of the PLS 159. 

INTERNAL OSCILLATOR 
An internal oscillator is also implemented for 
the system. The internal oonfiguration of the 
oscillator is shown in Figure 5. For a detailed 
explanation of the implementation of this 
oscillator see AN13: Oscillator with the 
PLS 159. BO is oonnected externally to the 
clock input of the PLS159. 

DIE1 

November 1986 

EXPLANATION OF PROGRAM 
TABLE 
The program table for the two dice is shown 
in Table 3. 

Terms O - 5 and 7 - 12 represent the state 
transitions for each die. 

Terms 14 -15 and 17 -18 reset the flip-flops 
to HLL and HLH if undefined. states occur, 
such as during power up. 

Terms 20 and 21 and output controls terms 
01 and 02 are used to implement the internal 
oscillator (see AN13). 

Inputs 10 and 11 are connected to the two 
push button switches which roll the dice. 
These inputs are programmed to be Active
Low. When the push button is closed the 
state transitions take place, and upon release 
of the push button, the current states are 
displayed on the outputs. 

Figure 4. Arbitrary State Transitions 

Figure 5. Oscillator Configuration 
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The outputs of the PLS159 are inverted and 
this must be taken into consideration when 
assigning "H" and "L"s to the FO, F1, F2, F3, 
F4, and F5. These assignments are shown in 
Table 4. All the flip-flops are set to be of the 
J-K type. 

Table 4. H And L Assignment 

F2, F5 F1, F4 FO, F3 

One H L L 

Two L H L 

Three H H L 

Four L L H 

Five H L H 

Six L H H 

DIE2 
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Table 3. Program Table for 2 Dice 

CODENO. T PFllODE Ea EA POLARITY 
_l_.tj_A • .J_ •• • • • I • L LJH] L 

T AND (OR) 
E I ~!l Q REMARKS a Nl BIOl RellARK8 R c 
II 3 2 1 0 3 2 1 0 7 I I 4 3 2 1 0 7 I 6 4 3 2 1 0 3 2 1 0 
0 - - - - ... - -- -- -- - H Ll.J L /06•111 - - -- -H L lHJ • • • • 
1 - -- - .. - ---- --- lll L&.. LH_ JH.-110 - -- - -[HJ lH_ ... . • • • 
2 -- -- L- -- - - - -- l1t Ii L 110-&11 -- - - -L&.J H H • • • • bll!_J_ 
3 -- -- L-- -- ---- [fl LlHJ 1111-11/b -- -- -L H &. • • • • 
4 ---- L- -- -- -- - L lHJ ... ~ ..... ---- -L L H • • • • 
I -C::J -- L- -- ---- - L L l!t OOl•JN -- -- -flfl L &. • • • • 
I 
7 -- -L - - - - -- -Ltl L. IH -- - lill_ .... 16& -- lfl.b L. - --· • • • 
I -- -L -- - - - - -1.H. LI... LI..- -- llO-Jlli LHJ -1=1 H L - - - . • • • 
11- -- L- -- -- -- HH L- - - _IH_~I -- .. L8J H- -- • • • • bll! 2. 
10 - - -L -- -- -L..,. -L ill ,,_ -- lJtt. •.Ml -- I. L H- -- ••• • 
11 -- -L ----- - - L. L. N -- - IOl•l>JO -- LH L- -- • • • • 
12 -- - a. -- -- - - -L Lil L. - -- ., ... JM -- llf_ LI[ LI.! - - -· • • • 
13 
14 -- - -- - -- - - -- -- L IL la.. ~ -- -L= H lJ... Lb. • • • • l&at11o /IO 
11 La Ut LH_ -1=1 lll L L ••• • 
11 
17 -- - - -- - - -- - a. .. LI. --=• --1-1 Lit LINI --· • • . ~,.,_ 
11 -LH. LH. Lit l=J H &.!HJ --· • • • 
11 
20 - - - --lH._ - I--- "'· - - -- - ---· • A • __._-. _J;: 
21 - --- - - -- - - ---- -- - - - -- -- - - . • • A 11IMI=..._, 
22 
23 
24 
21 
21 
27 
28 
21 
30 

31 
FC I .., I r- I 
p., • I I I I I I I I I I I 
RB I I I I I I I I I I I I 
L.8 ' I I I I I I I I I I I I 
M I I I I I I I I I I I I 
RA TT ITTTI I I I I I I 
LA I I I I ., I I I I I I I I 
DI TT T 1·1 I I I I I I I I 
D2 ... _ ... t TTl I I I I I I 
D1 - -- - - - - -·- --I=.- - - · .... u.a. _..,I I I IT IT ITTT I I 

9 
DO --- --- H - -- - - - -- liL m PIN 5 4 3 2 I I 7 • 1118 17 11 1114 1312 1111 f!18 1514 1312 I 8 7 • 

12 lii 
I ..I a. 
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INTRODUCTION 
The 825159 is a field-programmable logic 
sequencer which is self-contained as a logic 
sequencer except for the need of a system 
clock and/ or one or more debounced 
switches. Generally, most of the debouncers 
circuits utilize a cross-coupled NANO/NOR to 
form an RS-latch which takes two Input pins. 
To economize the 1/0 pin consumption, a 
single 110 pin may be used to debounce a 
single pole double throw switch. This scheme 
is applicable to all 5ignetlcs PLD's (Program
mable Logic Devices) that have non-regis
tered bi-directional I/O's, including 825153/ 
153A, and 825155. 

DEBOUNCED 
INPUT10 
OTMERGlll"ES 

D&OUNCED 
INPUT10 

AN20 
Single Pin Debouncer Using 
825153/159 
Application Note 

DESCRIPTION 
Figures 1 a and 1 b are logic diagrams of the 
circuit which utilizes one 1/0 pin of the 
825153/153A and 825159 respectively to 
form a debouncer. The single pole double 
throw switch is connected, at one terminal, to 
V cc. and, at another terminal, to ground. The 
blade of the switch is connected to BO. BO is 
programmed as an output. The input buffer of 
BO is programmed to drive a p-term which, in 
tum, drives the output BO. The circuit latches 
to whichever state it is in. As 8n example, 
assuming that the output BO is connected to 
Vee through the switch, and its output is a 
"1". When the switch is flipped from Vee to 
ground, BO is momentarily short circuited to 

ground. After one propagation delay (15-
30ns), BO is set to "O" and no more current 
will flow from BO. If the switch is flipped back 
to Vee, BO will be shorted to Vee for one prop 
delay and will be set to a "1" and will stay a 
"1" until the switch is flipped again. The 
switch may bounce while the blade breaks 
from one terminal and bounce again while it 
makes contact with the other terminal. As 
long as the movement of the blade is smaller 
than the gap which separates the two termi
nals, the output will remain stable, 

The circuit is implemented in an 825159 
using AMAZE as shown in Figures 2 & 3, and 
Table 1. 

DEllOUNCED SIGNAL 
10 OTHER PINI OR CHIPS 

'"'"''" 
a. Using 828153/153A 

OTMERGlll"ES ~~~~~~~~~J 

DEllOUNCl!D SIGNAL 
10 O'IMl!R PINI OR CHIPS 

b. Using 828159 

Figure 1. Slngle Pin Switch Debouncer Circuit 
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******************** DEBOUNCE ******************** 
##################### P I N L I S T ##################### 

LABEL ** FNC **PIN --------- PIN** FNC 
N/C ** Cl< ** 1-1 1-20 ** +5V 
N/C ** I ** 2-1 1-19 ** B 
N/C ** I ** 3-1 1-18 ** B 
N/C ** I ** 4-1 8 1-17 ** B 
N/C ** I ** 5-1 2 1-16 ** B 
SWITCH ** 0 ** 6-1 s 1-15 ** 0 
N/C ** /B ** 7-1 1 1-14 ** B 
N/C '** /B ** 8-1 5 :-13 ** B 
N/C ** /B ** 9-1 9 1-12 ** B 
GND ** ov ** 10-1 1-11 ** /OE 

Figure 2. Pin List 

******************** DEBOUNCE ******************** 
@DEVICE TYPE 
82S159 
@DRAWING 
************ SINGLE PIN DEBOUNCER 
@REVISION 
************ REV -
GIDATE 
************ xx/xx/xxxx 
@SYMBOL 
************ OEBOUNCE 
@COMPANY 
************ SIGNETICS 
@NAME 
@DESCR I PT! ON 

** LABEL 
**VCC 
**NIC 
**N/C 
**NIC 
**N/C 
**INPUT_LATCH 
**N/C 
**N/C 
**NIC 
**N/C 

This circuit accepts a single pole double pole switch which switches between 
Vee and GROUND. BO is used as· input, but it is defined in AMAZE as output. 
BO may be used to drive the rest of the logic circuit or it may be used 
in conjunction with one of the internal flip flops as registered input to 
handle asynchronous input to a state machine~ 
@COMMON PRODUCT TERM 
@COMPLEMENT ARRAY 
@110 DIRECTION 
@OUTPUT POLARITY 
@FLIP FLOP CONTROL 
@OUTPUT ENABLE 
@REGISTER LOAD 
@ASYNCHRONOUS PRESET/RESET 
@FL! P FLOP MODE 
@LOGIC EQUATION 
SWITCH = SWITCH ; 

.. *********************************************** * BO WITH LATCHED INPUT * 
*********************************************** '' /INPUT LATCH : D SWITCH 

Figure 3. Boolean Equation Fiie 

9-123 
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Single Pin Debouncer Using 825153/159 

Table 1. Programming Table 

******************** OESOUNCE ******************** 
Cust/Projact -
Date - ************ xx/xx/xKxx 
Rev/I. D. - ************ ~v -

826159 ! F/F TYPE E(b)• !E(a) • !POLARTV! 
I I I I I 

r !AtAtAtAtAtAtAtA!--o----·--o----;c;c;c;H! 
E -------------------------------~----------~--------------
R i ! Bli) &l<p) Q(n) ! B(o) 

H C!--------------------------------------------------~-----
--- _., 3_2_1_0 ! 3_2_1_0 ! 7 _6_5_ 4_3_2.;_1_0! 7 _6_5_4_3_2_1_0 3_2_1_0 ! 

0 A!- - - -!- - - H!- - - -,- - - -!O 0 0 O,A 0 0 0 A A A A! 
1 O!O 0 0 O!O 0 0 O!O 0 0 o,o 0 0 O!O 0 0 o,o 0 0 0 A A A A! 
2 O!O 0 O O!O 0 O O!O 0 0 o,o 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
3 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
4 O!O 0 0 O!O 0 o O!O 0 0 o,o 00 O!O 0 0 O,O 0 0 0 A A A A! 
5 O!O 0 O O!O O 0 O!O O 0 o,O O O O!O 0 0 o,O 0 0 0 A A A A! 
6 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
7 O!O 0 0 O!O 0 0 O!O O 0 o,o 0 0 O!O O 0 O,O 0 0 0 A A A A! 
8 O!O 0 0 O!O 0 0 O!O 0 0 o,O 0 0 O!O 0 0 o,o 0 0 0 A A A A! 
9 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 0 A A A A! 

10 O!O 0 O O!O 0 O O!O O 0 O,O 0 0 O!O 0 0 O,O 0.0 0 A A A A! 
11 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,o 0 0 0 A A A A! 
12 O!O 0 0 O!O·O 0 O!O 0 0 0,0 ~ 0 O!O 0 0 0 1 0 0 0 0 A A A A! 
13 O!O 0 0 O!O 0 0 O!O 0 0 O,o 0 0 O!O 0 0 O,O 0 0 Q A A A A! 
14 O!Q 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 Q A A A A! 
15 O!O 0 0 ~!O 0 0 O!O 0 0 O,O 0 0 O!O 0.0 O,O 0 0 0 A A A A! 
16 O!O 0 0 O!O 0 0 O!O 0 0 o,o 0 0 O!O 0 0 0 1 0 0 0 0 A A A A! 
17 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 Q O!O 0.0 O,O Q 0 0 A A A A! 
18 O!O 0 0 O!O 0 0 O!O 0 0 o,o 0 0 O!O 0 Q O,O 0 0 0 A A A A! 
19 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
20 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 0,0 0 0 0 A A A A! 
21 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
22 O!O 0 0 O!O 0 0 O!O 0 0 0,0 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
23 O!O 0 0 O!O 0 0 O!O 0 0 0 1 0 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
24 O!O 0 0 O!O 0 0 O!O 0 0 0 1 0 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
25 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
26 O!O 0 0 O!O 0 0 0!0 0 0 O,O 0 0 O!O 0 0 0 10 0 0 0 A A A A! 
27 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
28 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 0,0 0 0 0 A A A A! 
29 O!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 0 A A A A! 
30 O!O 0 0 O!O 0 0 0!0 0 0 O,O 0 0 O!O 0 0 0,0 0 0 0 A A A A! 
31 O!O 0 0 O!o·o 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 0 A A A A~ 
Fe O!O 0 0 O!O 0 0 O!O 0 0 o,o 0 0 O! 
Pb .!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
Rb • !O 0 0 O!O 0 0 O!O 0 0 0 1 0 0 0 O! 
Lb .!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
PA .!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
Ra .!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
La .!O 0 0 O!O 0 0 O!O 0 0 o,o 0 0 O! 
03 .!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
02 .!O 0 0 O!O 0 0 O!O O. 0 O,O 0 0 O! 
Dl .!O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
DO -·- - - -!- - - -!- - - -,- - -

_, 

N N N N N N N S N N N N I N N N 
I I I I I I I w I I I I N I I I 
c c c c c c c I c c c c p c c c 

T u 
c T 
H 

C 
A 
T 
c 
H 
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Signetics 

Appllcatlon Specific Products 

INTRODUCTION 
This application note presents the design of a 
parity generator using Signetics PLO, 82S153 
or 82S153A, which enables the designers to 
customize their circuits in the form of "sum
of-products". The PLA architecture and the 
10 bi-directional I/O's make it possible to 
implement the 9-bit parity generator/checker 
in one chip without any external wiring be
tween pins. A logic diagram of the device is 
shown in Appendix A. 

The parity of an 8-bit word is generated by 
counting the number of "1 's" in the word. If 
the number is odd, the word has odd parity. If 
the number is even, the word has even parity. 
Thus, a parity generator designed for even 
parity, for example, will generate a "O" if the 
parity is even, or a "1" if parity is odd. 
Conversely, an odd parity generator will gen
erate a "O" ii the parity of the word is odd, or 
a "1 " if the parity is even. This bit is then 
concatinated to the word making it 9-bits 

November 1986 

AN21 
9-Bit Parity Generator /Checker 
With 825153I153A 
Application Note 

long. When the word is used elsewhere, its 
parity may be checked for correctness. 

FEATURES 
• Generates even and odd parities 

(SUMe and SUMo) 
• SUMe= "1" for even parity, "O" for 

odd parity 
• SUM0 = "1" for odd parity, "O" for 

even parity · 

• Generate parity or check for parity 
errors 

• Cascaded to expand word length 

DESCRIPTION 
The most straight forward way of implement
ing the parity generator I checker is to take the 
9-input truth table (8 inputs for the 8-bit word, 
and 1 input for cascading the previous stage) 
and put it in a 256 X 4 PROM. Since there 
are 29 combinations and half of them is odd, 

9-!,.?,5 

the other half is even, the circuit will take 256 
terms. An alternative is to divide the 9-bits 
into 3 groups of 3-bits as shown in Figure 1. If 
the sum of the 3-bits is odd, then the interme
diate output SU1, or SU2, or SU3 equals 1. 
Otherwise it equals 0. The intermediate re
sults are grouped together and SUMo be
comes "1" if the sum is odd, otherwise 
SUMo equals "O". The circuit is implemented 
using AMAZE as shown in Figure 3. SU 1 is an 
intermediate output for inputs 10, 11 and 12. In 
the same manner, SU2 and SU3 are interme
diate outputs for 13, 14, Is and 15, 17, la. The 
design uses up 16 product terms and 5 
control terms leaving 16 product terms and 4 
bi-directional I/O's to implement other logic 
designs. 

The design is tested by using the logic 
simulator provided by AMAZE. The input test 
vector is chosen to exhaustively test for all 8 
input combinations at all 4 sections of the 
circuit. 

9 
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9-Bit Parity Generator/Checker With 825153/153A 

lo 11 12 

0 0 0 
0 0 1 
0 1 1 
0 1 0 
1 0 1 
1 0 0 
1 1 0 
1 1 1 

November 1986 

10 

M 
8U1 

12 

13 SUMO 

14 
SU2 

15 
SUMe: 

16 

17 
SU3 

18 

SU1 13 l4 Is SU2 Is 17 la 

0 0 0 0 0 0 0 0 
1 0 1 1 0 0 1 1 
0 0 0 1 1 1 0 1 
1 0 1 0 1 1 1 0 
0 1 0 1 0 0 0 1 
1 1 1 0 0 0 1 0 
0 1 0 0 1 1 0 0 
1 1 1 1 1 1 1 1 

SU1 SU2 SU3 SU Mo SUME 

0 0 0 0 1 
0 0 1 1 0 
0 1 0 1 0 
0 1 1 0 1 
1 0 0 1 0 
1 0 1 0 1 
1 1 0 0 1 
1 1 1 1 0 

Figure 1. Block Diagram of 9·Blt Parity Generator/Checker 

******************** PARGEN ******************** 
##################### P I N L I S T ##################### 

LABEL ** FNC **PIN --------- PIN** FNC ** LABEL 
IO ** I ** 1-: :-20 ** +5V **VCC 
11 ** I ** 2-: :-19· ** /0 **SLIME 
I2 ** I ** 3-: :-18 ** 0 **SUMO 
I3 ** I ** 4-: 8 :-17 ** B **N/C 
14 ** I ** 5-: 2 :-16 *" B **N/C 
I5 ** ** 6-: s :-15 ** B **N/C 
16 ** ** 7-1 1-14 ** B **N/C 
I7 ** ** 8-: 5 :-13 ** 0 **SU3 
I8 ** ** 9-: 3 :-12 ** 0 **SU2 
GND ** ov ** 10-: :-11 ** 0 **SUI 

---------
Figure 2. Pin List 
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***~**************** PARGEN ******************** 
eDEVICE TYPE 
828153 
eDRAWING 
******************************* PARITY GENERATOR/CHECKER 
eREVISION 
******************************* REV. -
•DATE 
******************************* xx/xx/xxxx 
llSYMBOL 
******************************* FILE IDi PARGEN 
9COl'IPANY 

******************************* SJGNETICS 
41NA11E 
•DESCRIPTION 
********************************************************************* * Thia circui't is a .,_bit parity generator/checker commonly used * 
* for error det•ction in high speed data transmission/retrieval. * 
* The add parity output <SUMO> is high whttn the sum of the data * 
* bits is add. Otherwise it is low. * 
* The even parity output <SLIME> i• high when the sum af th• data * 

bits is even. It is low otharwise. * 
********************************************************************* 8COMMON PRODUCT.TERM 
81/0 DIRECTION 

********************************************************************* * SUI, SU2 and SU::S: are outputs which are defin"ed in the PIN LIST * 
* and theraTore they don't need to be defined here again. * 
********************************************************************* 
80UTPUT POLARITY 

********************************************************************* * The output polarities of different outputs are defined in the * 
PIN LIST. They don't have to be defined again here. * 

********************************************************************* 
8LOGIC EQUATION 

********************************************************************* SUI, SU2, and SU3 are intermediate terms * 
********************************************************************* TRUTH TABLE 

INPUTS OUTPUTS ----------------
SU3 SU2 SUI SUMO SLIME ~ /SUMO 

18 17 lb SU3 
15 14 13 SU2 
I2 II IO SUI 

0 0 0 0 I 
0 0 I I 0 
0 I 0 I 0 
0 I I 0 I 
I 0 0 I 0 
·1 0 I 0 I 
I I 0 0 I 
I I I I 0 

SUI - /12 * /II * IO + /I2 * Il * /IO + 
11 * IO I 
14 * /13 + 
14 * 13 ; 

I2 * /Il * 
SU2 /15 * /I4 * 

15 * 114 * 
SU3 • /IS * 117 * 

18 * /17 * 

/IO + 
13 + 

/13 + 

lb + 
/16 + 

12 * 
/15 * 

15 * 
/IS * 

18 * 
17 * /16 + 
17 * lb I 

SUMO = /SUI * /SU2 * SU3 + /SUI * SU2 * /SU3 + 
SUI * /SU2 * /SU3 + SUI * SU2 * SU3 I 

SUME • /(/SUl * /SU2·* SU3 + /SUI * SU2 * /SU3 + 
SUI * /SU2 * /SU3 + SUI * SU2 * SU3) 1 

Flgun1 3. AMAZE lmplementatlon of the Parity Generator/Checker Circuit 

!1}!27 
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Table 1. Programming Table 

November. 1986 

******************** PARGEN ******************** 
Cust/Praject -
Date - ******************************* xx/xx/xxxx 
Rev/I. D. - ******************************* REV. -

828153 POLARITY 

T !CIHIHIHIHIHIHIHIHIH! 
E !---------------------------------------------------------
R ! B<i l B<o> 
M !--------------------------------------------------------

--- ! 7 _6_5 __ 4_3_2_1_0 ! '9_8_7 _6_5_4_3_2_1_0 ! '9_9_7 _6_5_4_3_2_1_0 ! 
O!- - ' - L L H!- - ' - - - - • - - - -! • •,A A A A,. A A! 
1 !- - - - ' - i.. H L!- -.• - - - -• - -!. •,A A A A,• A A! 
2!- - - -• - H L L!- -' - - - -,- -!. •,A A A A,. . A A! 
3!- - . H H H!.- - - - -• - -• - .;. -!. •,A A A ·A,. A A! 
4!- L. L,H -!- - .- -• - - - -!. •,A A A A,. A A! 
5!- - L H,L -!- -• - - - -.- -!. •,A A A A,. A A! 
6!- - H L,L -!- -.- - - - • -- - - -!. •,A A A A,. A A! 
7!- - H H,H - - -!- - • - - - -,- -!. •,A A A A,. A A! 
8!L H - - • - -!- - ' - -• - - L!. •,A A A A,A A! 
'9 ! H L - -• - -!- -.- -• - - - L!. •,A A A A,A A! 

lO!L L - -.- - - -!- - ' - -.- - H!. •,A A A A,A A! 
11 !H H - -. - -!- -• - - - - • - - - H! • • ,A A A A,A A! 
12!- -• - -!- -• - -,H L L -!A A;A A A A,. A! 
13!- - - -. - -!- - • - - - -,L H L -!A A,A A A A,. A! 
14!- -. - -!- - .- -,L L H -!A A,A A A A,. A! 
15!- - • -!- • - - -,H H H -!A A,A A A A,. A! 
16!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
17!0 0 0 o,o 0 0 O!Q o,o 0 0 o,o 0 0 O!A A,A· A A A,A A A A! 
19!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
1'9!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
20!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
21 !O 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 t) O!A A,A A A A,A A A A! 

. 22!0 0 0 o,o .o 0 O!O o,o 0 0 o,o 0 0 O!A A1 A A A A,A A A A! 
23!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
24!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A ·A,A A A A,A A A A! 
25!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
26!0 0 0 0,0 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
27!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A. A A! 
28!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
2'9!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
30!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
31 !O 0 0 o,o 0 0 O!O o,o. 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
D'9!- - - -.- -!- -• - -. - - - -! 
08!- - ' 

-!- • • - - -! 
07!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O! 
06!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O! 
DS!O 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O! 
04!0 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O! 
03!- - - -.- -!- -• - - - -• - - ...;! 
02!- -• - -!- - • - - • - - - -! 
Dl!- - • - - -!- • - - -• - -! 
DO!O 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O! 

I I I I I I I I s s N N N N s s s I s s N N N N s s s I 
7 6 5 4 3 2 1 0 u u I I I I u IJ u 8 u u I I I / u u u 9 

M M c c c c 3 2 1 M M c c c c 3 2 1 
E 0 E 0 
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*""'****""********************************************************~****•· * This is a test pattern for the 9-bit par.ity ger.erator/checker * 
~ circuit. The simul~tor will use this file as an input to * 
* simulate the logical function. * 
********•************************************************************ 

SS 
UU SSS 

" I II II I II MMEIBBEIUUU I 
"76543210 E07654321S 

LLLLLLLL /////////L 
HLHHLHLL /////////H 
LHHLLHHL /////////H 
HHLHLLHL /////////L 
LLHLHHLH /////////H 
HLLHHLLH /////////L 
LHLLHLHH /////////L 
HHHHHHHH /////////H 

QUIT 

82S153 A:pargen.STD 

EXPECTED 
OUTPUTS 

EIBBBB 
98321 

"HLLLL 
"LHLLH 
"LHLHL 
"HLLHH 
"LHHLL 
"HLHLH 
"HLHHL 
"LHHHH 

L Input Pattern PARGEN.TST 

Application Note 

AN21 

" This file is the result of logic: simulation of the parity generator/checker 
" circuit. The inputs are read from input file PARGEN.TST 

INPUTS <=B<I/Ol=> 
.. 76543210 9876543210 

00000000 HL •••• LLLO 
10110100 LH' •••• LLHl 
01100110 LH •••• LHLl 
11010010 HL •••• LHHO 
00101101 LH •••• HLLl 
10011001 HL •••• HLHO 
01001011 HL •••• HHLO 
11111111 LH •••• HHHl 

OOII I IOOOI 
OOIIIIOOOI 

"PIN LIST ••• 

TRACE TERMS 

I/O CONTROL LINES 
DESIGNATED I/O USAGE 
ACTUAL l/O USAGE 

.. 08 07 06 05 04 03 02 01 19 18 17 16 15 14 13 12 11 09 

November1986 

b. Output Fiie From SIMULATOR 

Figure 4. Test Vectors 
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APPENDIX A 

------(LOGIC__,,, _____ _ 

.. •K 

~ • 
.. •K 

.. • 
'• • K 

.. I 

.. 7 

'7 I 

.. • 

.. 101-<. 

... ,, 

.,, .. .. .. 
-+-l-+-l-44-l-l--+-l-+-l-+..+-l-l--l-l-44-1-1--1-+--l-l-l..+-l-l--l-+----l--<--+--+-+-+-+--+--+--+-'l>----.. -.___ .. .. .. 
-+-1-+-1-+..+-l-l--+-l-+-l-+..+-l-l--1-l-l..+-l-l--l-+--1-l-+..+-l-l--l-+----l--<--+--+-+-+-+--+--+--+-'}1----.. ),._.., .. 

.. =t:tltt1~tttltt1tt=ttttltt11=tttttttt====ttt1=tttjjt:::t:J~ 
Bt-+-~f-H-++-+-~f-H-++-+-f-H-++-++--Hf-H-++-++---+-1-11-1--+-+-+-+--+--+-)>.,' 

.. QO. o,I o,Qo.~o. o, o,Qo,~o, o,J .. .. 

.. 

x, •• .. .. .. - .. .... .. - .. .. - .. 
x, .. 

~ .. 
~ 

., 
..j .. 
~ .. ,. .. 

17 .. 
-a .. 

11 .. .. .. 
-

llOTElk 
1. All programmed .. AND" gate locations are pulled to logic "1 ". 
2. All programmed "OR" gate locations are pulled to logic "O". 
3. Programmable con-.. 

Figure A-1. FPLA Logic Diagram 
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a. Basic Gates Configuration 

·~.....,....._.. TK1:51-1 ** ...... *** .... *** .. .._ 
....... HlllllllllH•PIN LIST ... HllleM•NM•MH 

LABEL ** FNC 
A .. l 
8 ** l 
D .. l 
E .. l 
N/C .. l 
N/C .. l 
N/C .. /8 
N/C .. /8 
A-_N_B .. 0 
BND •• ov 

•.PIN --------- PIN** FNC .. LABEL 

.. .. 
1-1 1-20 
2-1 1-19 
3-1 1-18 
4-1 e 1-17 
s-1 2 t-16 
6-1 s :-1:5 
7-1 l 1-14 
8-1 s 1-13 
9-l l :-12 

10-1 :-11 

b. Pin List 

Figure 1 

0~131 

** +sv +ttVCC 
** 0 **A_NOR_B .. 10 ••A_OR_B .. 10 ••D_NAND_E .. 0 HA _AND_B .. /0 ••AB_OR_DE 
** 0 ••AB_NDR_DE . . /0 ••A_XOR_B 
•• 0 •*A_EQU_B 
•• 0 **A_N -8-

9 ........... 
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••••1111111111111111 TICU51-1 11111111111111111111 

-.VICE TYPE 
111111111111 82S1S1 

-lNB 
--• Fl._ 1. BASIC SATE ~1-TlDNB 
9REV1SlDN 
............ TK!Sl-1 REV. O 
-TE 
............. .JULY 10, 1985 
fiVl18llL 
.............. TIC1S1-1 
9COllPANY 
** ............. * BI&ETICS -•••11111u11 DAVID K. Wl::l'e 
llDESCRIPTlDN 
Thia file cant.•ina the 6 basic lDQic 9at-1 MD, NANO, OR, NOR, XOR and EDU. 
9COl9IDN PRODUCT TE~ 
U/D DIRECTION 
9DUTPIJT POLARITY 
U/D STEERIN6 
LDSIC E-TION 
A_AND_B • A * 8 I 
D_NAND_E = I< D • E ) ; 
A_OR_B • /( /A * /B ) I 
A_NOR_B • /A * /8 I 
AB_OR_DE • I ( I CA_AND_B) * D_NAND_E > I 
AB_NOR_DE • I CA_AND_B> * D_NAND_E I 
A_N_B- • A * /8 ; 
A-_N_S •IA•BI 
A_XOR_B • /C/CA_N_B-> * /CA-_N_8)) • Equival.nt to CA* /8) + CIA* B> • 
A_BIU_B • /CA_N_B-> * /CA-_N_B> ; • Equivalent to C/A * /8) + CA* B> • 

c. Boolean Equations of Basic Gate Configurations 

Figure 1 (Continued) 

Table 1. Program Table of Basic Gate Configurations 

1111111111• ........... TK1S1-1 .......... 111111111111 

Cust/ProJm:t - 111III1 I I I I I DAVID K. WONS 
ht. - .............. JlLY 10, 1985 
Rotv/l. D. - ... .-.. TICUll-1 AEV. 0 

'B2Sllll 

T POL !H.LiL.IHiLiHILi'HiHi'HiLiI! 
E ' 
R ! B<U 
" !-----!1 1 ·-----
--!l5_4_:S_2_1_0! 1_0_9_8_7 _6_l5_4_:S_:z_1_0! 

November 1986 

O!O o,o 0 0 O!O O 0 O,O 0 0 O,O 0 0 O! 
1 !O o,o 0 O O!O 0 0 0,0 0 0 O,O 0 0 O! 
2!- ·-,- - H L!- - - - 9 - - - -,- - - -! . 
::S!- .... ,- - L H!- - - -,- - - -,- - - -! 
4!- -,- - - -!- - - -,- - - -,L L - -! 
S!- -,- - - -!- .- - -,- - - -,L L - -! . 
6!- -,- - - -!- - H L,- - - ·-,- - - -! 
7!- -,- - - -!- - H L,- - - -,- - - -! 
8!- -,- - H H!- - - -,- - - -,- - - -! 
9!- -,H H - -!- - - -,- - - -,- - - -! 

10!- -,- - L L!- - - -,- - - -,- - - -! 
11 !- - 9 - - L L!- - - -,- - - -,- - - -! 
D2!- -,- - - -!- - - -,- - - -,- - - -! 
Dl !- -,- - - -!- - - -,- - - -,- - - -! 
DO!- -,- - - -!- - - -,- - - -,- - - -! 

NNEDBAAADAAAAAAANN 
I I 
cc 

____ BB ___ -// 
NDNA __ XEN_cc 
DRANDNDQ_N 
R_NDRDRUB _ 
_ BD __ R __ -B 

B EB~iiBB 
E 
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"""""' 

""''""' 

LE-

a. Basic Latches Configuration 

..... ••••••••••••••** TKl:Sl-2 ........... 1111111111 
llllllle ... elllllllH P J N L I B T H .... 111111111111111 

L.AllEL 
Rl-
61-
RR2 
SS2 
DIN 
LE-
N/C 
N/C 
N/C 
BNI> 

** FNC •*PIN ----- PJM** FNC ** L.AllEL 

"" I -•• I 
I .. I .. I .. I 

** /B .. 
•• /8 .. 
** /B 
*" OY ... 

1-1 1-20 ... +5V ..vcc 
2-1 1-19 **ID 
3-1 1-18 •• /0 
4-1 B i-17 •• 0 
ll-1 2 l-16 ** 0 
6-1 s 1-15 ** /0 
7-1 1 1-14 •• 0 
B-1 :I 1-13 •• 0 
9-1 1 :-12 •• /8 

10-1 1-11 ** /B 

b. Pin Ust 

Figure 2 

:a;,133 

-1 
-1----..... 
**D_N_LE 
....._N_LE-
-/C 
•*MIC 

"""""' 
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.......... ••••••••••• TKl:Sl-2 ••11111111111 ....... 
_,,ICE TYPE 
82111:51 
-INB 
............. FIBURE 2. BASIC LATOIES CONFl8URIATJON 
MEVIBIQN 
................ TICUH-2 REY. 0 
-TE 
.............. .JLLY 10, 19&5 ---.............. TI<1S1-2 
acatPANY 
******* ..... BIGNETIC&i -****** ........ DAVID K. WDNB 
MIESCRIPTlllN 
Thi• fil- can'tains ba•ic configtll"'ation• af bi.a RS-l•i:.ch99 and • D-lat.ch. 
9COllMllN PRODUCT TEMI 
•uo DIRECTIQN 
9mlTPUT POLMITY 
•I 10 STEER I NB 
•1.ocuc EllUATillN ...................................... 

* CRDSS-couPL.ED HAND RS-LATOI * .................................... 
Ql- • I ( /Rl- * Ql > I 
Ql • I< /St- * Ql- > S ........................... ~ 

* CROSS-COLPLED NOR RS-LATCH * .................................. . 
Q2- =-RR2•D21 
Q2 •SS2•Q2-1 ....................................... 

* D-LATCH * ....................................... 
D_N_LE • DIN * LE- I 
m_N_LE- - m • /LE- I 
Q3 - I ( I CD_N_un • I <ets_N_LE-> ) • 

c. Boolean Equations of Basic Latchas Configuration 

Figure 2 (Continued) 

Table 2. Program Table of B88ic Latches 

November 1986 

11111111111111111111 TK1:5l-2 11111111111111111111 

CU.•t.IProJ11c:t. - ............. DAVID K. MDN1 
0..te - 1111uu1u1 JLLY 10, 1985 
R9v/I. D.. - .............. TKlSl-2 REV. 0 

828151 

-:r POL !LiIIHlir.LiiiiHiLILiLi'LiI! 
E !---------------
R ! I ! BO> ! " ·-------! 1 1 -----------

- !S_4_:S_2_1_0! 1_0_ 9_8_7 _6_:5_ 4_3_2_1_0! 
O!O O,O 0 O O!O 0 O O,O 0 0 O,O 0 0 O! 
1 !O O,O 0 0 O!O 0 0 O,O 0 0 0 1 0 0 0 O! 
2!0 O,O 0 0 O!O O O O,O 0 0 O,O 0 O O! 
:S!O 0 1 0 0 0 O!O 0 0 O,O 0 0 0 1 0 0 0 O! 
4?0 0 10 0 0 O!O 0 0 O,O 0 0 0 10 0 0 ·O! 
S!L - 1 - - - -!- - - -,H - - -,- - - -! 
6tH H,- - - -!- - - -,- - - -,- - - -! 
7!- -,- - - -!- - - -.,- L L -,- - - -! 
B!- -.,- H - -!- - H -.,- - - -,- - - -! 
9!- -,H - - -!- - - H,- - - -,- - - -! 

10!- -,- - - L!H - - -,- - - -,- - - -! 
11 !- -.,- - L -?- H - -,- - - -.,- - - -! 
D2!0 O,O O 0 O!O 0 O O,O O O O,O 0 O O! 
Dl !- -,- - - -!- - - -,- - - -.,- - - -! 
DO!- -.,- - - -!- - - -.,- - - -.,- - - -! 

LDSRSRQQQQQDQNNNNN 
EISR1111223_3/"//// 
-N22-- N CCCCC 

- jj 
L -
EL 

E 

........ 
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,----------1 
r...L __________ I l 

DIN3-----, _ L_ ----- ---1 1-l -+------03 

DIN2 _l_ __ -------- 1-I -ji---;-----02 

DIN1-------I 
I I 1 1-1 --11--r,-1----01 

DINO---------i---1 ~--....----~-+-~-r1 -!~oo 

LE-

I 
I 
I 
I 
I 
I ----

a. 4·Blt D·Latch 

I I 
I I I 

I--' 
I I I 

L...J 
I I 
l--1 
I 

*...,.***************** TK1:51-3 **************...._* 
..................... PIN LIST .................... . 

LABEL ** FNC 
DINO ** I 
DINl 1 
DIN2 ** 1 
DIN3 ** I 
LE- ** I 
N/C ** 1 
N/C ** /B 
N/C ** /B 
N/C ** /8 
GND ** ov 

**PIN ------- PIN*• FNC ** 1-: 1-20 ** +SV ••VCC 
2-: 
3-: 
4-: 
:5-1 
b-1 
7-1 

** a-: 
** 9-: 

10-l 

:-19 ** B 
1-18 ** B 

B :-17 ** B 
2 1-16 ** B 
s l-1~ ** B 
I f-14 ** B 

" 1-13 •• B 
1 :-12 ** 8 

:-11 ** /B 

b. Pin List 

Figure 3 

l9:'135 

••QO 
-•.,g1 
**Q2 
••Q3 
••FBO 
•*F'Bl 
••FB2 
•*FB::S 
••N/C 

LABEL 
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*'******************* TK151-3 ******************** 
eDEVICE TVPE 
8251:51 
eDRAWING 

************ t="IBURE 3. 4 BIT D-l.ATCH 
llREVISION 
************ TI<151-3 REV. 0 
•DATE 

*******'***** .JLLV 10., 198:5 
9SvtlBOL 

************ TK151-3 
EOl'IPANV 

********* ... SIBNETICS -************ DAVID K. WONS 
•DESCRIPTION 
This file cont•ins • 4-bit !>-latch. Extlrrnal jUMpar is r9quirtld for each latch 
b•t.,_.,, Qn and FBn. Whttn LE- ·is HIGH, outputs QO, Ql, Q2., and Q3 ar• .c:tive and 
output• FBO, FBI, FB2, and FB3 are tri-statltd. Qn, therefore., equal• On whttn 

LE- is HIGH. When LE- becOMeS LOW, Q outputs &r• tri-stated" and FB outputs Are 
.c:ti ve. Since FB outputs feedback to their own inputs., they are la.tchtld to 
wh•tever level the Q outputs were in when LE- goes from HIGH to LOW. 
flCOfl'tON PRODUCT TERM 
91/0 DIRECTION 
DO z I ( /LE- > 
Dl "" I ( LE- > 
80UTPUT POLARITY 
•IIO STEERING 
LOGIC EQUATION 
'10 = DINO ; 
Qt s DIN1 ; 
Q2 • DIN2 ; 
Q:S = DIN3 
FBO • QO 
FB1 = Ql 
F92 = Q2 
FB:S = Q3 

c. Boolean Equations of 4-Blt 0-Latch 

Figure 3 (Continued) 

Table 3. Program Table of 4-Blt D-Latch 

******************** TK151-3 * .. ** ...... ************ 
Cust./ProJect. - ************ DAVID K. WONG 
0.t.e - ************ JLLV 10, 19BS 
Rev/I,, D. - **********•* TK151-3 REV. 0 

828151 

y- ! POL !HIHIHIH.HIHIHIHILILILIL! 
E •-----------------------------
R ! B<i) 

" ! ---------- ! 1 1 ------------------
---!5_ 4_3_2_1_0! 1_0_ 9_9_7 _6_5_ 4_3_2_1_0! 

November 1986 

O!O O,O 0 O O!O O O o,o 0 0 O,O 0 0 O! 
1 !O O,O 0 0 O!O 0 0 O,O 0 0 O,O 0 0 O! 
2!0 O,O 0 0 O!O 0 0 O,O 0 0 O,O 0 0 O! 
3!0 0,0 0 0 O!O ,0 0 o,O 0 O O,O 0 O O! 
4!- -,- - - -!- - - H,- - - -,- - - -! 
5!- -,- - - -!- - H -,- - - -,- - - -! 
6!- -,- - - -!- H - -,- - - -,- - - -! 
7!- -,- - - -!H - - -,- - - -,- - - -! 
8!- -,H - - -!- - - -,- - - -,- - - -! 
9!- -,- H - -!- - - -,- - - -,- - - -! 

10!- -,- - H -!- - - -,- - - -,- - - -! 
11!- -,- - - H!- - - -,- - - -,- - - -! 
02!0 O,O 0 0 O!O 0 0 O,O 0 0 0 1 0 0 0 O! 
01 !- H,- - - -!- - - -,- - - -,- - - -! 
DO!- L,- - - -!- - - -,- - - -,- - - -! 

NLDDDDQQQQFFFFNNNN 
/El I I I0123BBBB//// 
C-NNNN 0123CCCC 

3 2 I 0 

9-136 
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-
IN1 1 

0----.-------01 
Switch Debouncer 

~-
IN2----'-L _______ =o_ .... _ _, r----OUT2 

Pulse Shaper 

a. Single Pin Switch Debouncer and Pulse Shaper 

****************•*** TKl:il-4 ******************** .......... MHeMHeePIN LlST ... ••H•••••••eeeeHe 

LABEL ** FNC 
IN2 ** I 
N/C ** I 
N/C I 
N/C I 
N/C I 
N/C I 
N/C /8 
N/C 18 
N/C ** 18 
GND ** ov 

•*PIN --------- PIN•• 
1-: 
2-: 
:S-l 
4-1 
5-l 
6-1 
7-l 
e-1 
9-: 

10-: 

:-20 
1-19 
:-18 

a :-17 
2 1-16 
s l-15 
I :-14 
5 :-13 

:-12 
:-11 

b. Pin List 

Figure 4 

9-137 

** ... 
** 
** 
** 
** 
** 
** 
** 
** 

FNC ** LABEL 
+:SV **VCC 
0 ••INl 
/0 ••IN2-
0 ••ot.JT2 
/B ••N/C 
18 ••NIC 
18 •itN/C 
/8 ••N/C 
/8 ••N/C 
/8 •*MIC 

Application Note 
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••111111111 ......... TK151-4 1111111-.111111111111 

mlEVICE TYPE ' 
82&151 
-INS 
••• • 1111111 • PLSU51 TOOL.KIT FIBI.IE 4 
WElllSIDN 
............ ttclSl-4 REV. 0 
-TE . 
111111111111 .JI.LY 10., 1985 -............ TIC151-4 _., 
.............. SJSNETICS -.............. DAVIDk ........ 
MIESCRIPTIDN 
This file cant.•ift9 a single pin c19baunC.,.. and • pwl- M.-pllF'. 

- PlmDUCT TERlt •UD DIRECTION 
UITPUT PDLMITY 
euo STEERINB 
LOGIC ECIUATIDN ....................................................................... 

• DE80UNCER -- Thi• circuit u- art9 bidirect.ianal pin ta d•-
• bounc• • single pale dauble t.hrow .... it.ch .. ..,._.. * • the 111tt11it.ch i• thrown to it• apposit: palArit.y., 
* it shorts the out.put ta Vee or ground. an. pro-
* pacaation delay latttr, the output. i• awit.chlld to 
• the - polarity •• the swi.t.ch. • ........................................................................ 

INI • INl • .......................................................................... 
• PlLSE SHAPER -- This circuit creates • Ulrf-to-HBH Qlit.ch 
• lllh:lch has the pul- Nidth of ane prap delay. 
• Mid.,. pul- width ••Y b• gen.,.et.ad Nit.h edd-
* 1 ti anal feedback loap• • ....................................................................... 

JN2- • /C 1N2 > I 
OUT2 • JN2- * JN2 I 

c. Boolean EquaUons of Single Pin and Pulse Shaper 

Figure 4 (Continued) 

Table 4. Program Table of Single Pin Debouncer and Shaper 

·***••••••••••••••••• TIClSl-4 ...... •••••••••••••• 
Cust/PraJect . - 1••1•1•1 • • • • DAV JD K. WONS 
Date - .............. .JI.LY 101 1985 
Rev/I. D. - ******'* ..... t.klSl-4 REV. 0 

112S151 

-y POL !H'iLi'H"i"LILi'GLiL.LiLiLii:'i 
£ !-----------------
R ! J' BU>. 
" !------u i --------
--!S_ 4_3_2_1_0! t_0_ 9_8_7 _6_5_ 4_3_2_1_0! 

November 1986 

O!O o.o 0 0 O!O 0 0 0,0 0 0 0,0 0 0 O! 
1!0 0 1 0 0 0 O!O 0 0 O,O 0 0 0,0 0 0 O! 
2!0 o,o 0 0 O!O 0 0 o,o 0 0 o,o o·o O! 
3!0 0,0 0 0 O!O 0 0 0 1 0 0 0 0 1 0 0 0 O! 
4!0 0 1 0 0 0 O!O 0 0 0 1 0 0 0 O,O 0 0 O! 
S!O O,O 0 0 O!O 0 0 O,O 0 0 O,O O 0 O! 
6!0 0,0 0 0 O!O 0 0 0 1 0 0 0 0 1 0 0 0 O! 
7!0 O,O 0 0 O!O 0 0 0 1 0 0 0 0 1 0 0 0 O! 
8!0 O,O 0 0 O!O 0 0 O,O 0 0 O,O 0 0 O! 
9!- -,- - - H!- H - -,- - - -,- - - -! 

10!- -,- - - H!- - - -,- - - -,- - ·- -! 
11 !- -,- - - -!H - - -,- - - -,- - - -! 
DZ!O O,O 0 0 O!O 0 0 0 1 0 0 0 0 1 0 0 0 O! 
Dl!O 0 9 0 0 0 O!O 0 0 O,O 0 0 0,0 0 0 O! 
DO!- -,- - - -!- - - -,- - - -,- - - -! 

NNNNN 111 ONNNNNNNNN 
l///INNNU///////// 
ccccc212TCCCCCCCCC 

- 2 

9-138-~ 
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INTRODUCTION 
THE PLS168/ 168A is a bipolar Field-Pro
grammable Logic Sequencer as shown in 
Figure 1, which consists of 12 inputs, a 48 
product term PLA and 14 R/S flip-flops. Out 
of the 14 flip-flops, six are buried State 
Registers (P 4 - Pg), four Output Registers 
(Fo - Fs), and four Dual-purpose Registers 
(Po - Ps), which may be used as Output or 
State Registers. All flip-flops are positive 
edge-triggered. They are preset to "1" at 
power-up, or may be asynchronously set to 
"1" by an optional PR/OE pin, which may be 
programmed either as a preset pin or as an 
Output Enable pin. Additional features in
cludes the Complement Array and diagnos
tics features. 

ARCHITECTURE 
As shown in Figure 2, the device Is organized 
as a decoding AND-OR network which drives 
a set of registers some of which, In tum, 
feedbacks to the AND/OR decoder while the 
rest serve as outputs. Outputs Po to P3 may 
be programmed to feedback to the AND/OR 
decoder as State Registers and, at the same 
time, used as outputs. The user now can 
design a 10-bit state machine without eicter
nal wiring. The AND/OR array is the classical 
PLA structure in which the outputs of all the 
AND gates can be programmed to drive all 

November 1986 

AN23 
PLS168/168A Primer 
Application Note 

the OR gates. The schematic diagram of the 
AND-OR array is shown in Figure 3. This 
structure provides the user a very structured 
design methodology which can be automated 
by CAD tools, such as Signetics AMAZE 
software package. The output of the PLA is in 
the form of sum-of-products which, together 
with the RS flip-flops, is the Ideal structure for 
implementation of state machines. (Refer to 
Appendix A for a brief description of synchro
nous finite state machines.) 

Design Tools 
A direct approach to implement a design 
using the PLS168/168A is the H/L table 
supplied in the data sheet as shown In Table 
1. The table Is organized according to input 
and output of the PLA decoding network. The 
lelthand side of the table represent the Inputs 
to the AND-array, which includes input from 
input pins and present state Information from 
the feedback buffers which feedback the 
contents of the State Register. The righthand 
side of the table represents the output of the 
OR-array, which drives the State and Output 
Registers as the next state and output Each 
column in the lelthand side of the table 
represents an input butler, which may be 
inverting, non-inverting, disconnected or un
programmed. Each column in the righthand 
side of the table represents a pair of outputs 
to the flip-flops, which may be set, reset, 

9-139 

disconnected, or unprogrammed. The pro
gramming symbols are H, L, -, and 0. (See 
Figure 4 for details.) For Inputs buffers, "H" 
means that the non-inverting butler is con
nected, "L" means that the inverting buffer is 
connected, "-" means that both inverting 
and non-inverting ·butlers are disconnected, 
and "O" means that both Inverting and non
inverting buffers are connected which causes 
that particular AND-term to be unconditionally 
Low. On the output side of the table, "H" 
means that the particular AND-term Is con
nected to the OR-term on the "S" input of the 
particular flip-flop, "L" means that the AND
term is connected to the "R" side, "-" 
means that the AND-term is not connected to 
the flip-flop at all, and "O" means that the 
AND-term is connected to both the "S" and 
"R" sides. More details of the symbols and 
their meanings are shown in Appendix B. 
Each row in the table represents an AND
term. There are 48 AND-terms In the device. 
Therefore, there are 48 rows in the table. An 
example of implementing a transition from 
one state to another is shown in Figure 4a. 
The state diagram can be implemented by the 
PLS168 as shown In Figure 4b. The state 
diagram is translated into H/L format as 
shown in Figure 4C. The first column on the 
lefthand side of the table is for the Comple
ment Array which will be discussed In detail in 
the next section. 

--9 -
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11----------(U)GICTEAllS-1')-----------<1 

OPTION 

ti 
-----<11 ~OE 

I p 

N 

fct> 'iQ' 11 .,,., 

Tt-ti"TtTt-t-t-t-t-t-+t-t-'H-H-H-H--H-H-H-H-++++++++-++++++++~o--~~l:•1 :1•~f-l~4.l.----lJJ..:W' 
1 15 Pz'P1 

~ 1
14 P1"'7 

-I> ~ : 
iiiiiiii-++t+t+t+-t+t+t+t+-+-H-H-H-f--l-t-l-t-l-t-l-t-+t+t+t+t-o-+-flsiiil-1-----l+-lu Polf'o 

~ 
SQ 0. ! 11 f3'Po 

-t+-t+-t+-t-+-++++++++-+t+t+t+t-11-Hl-Hf+-f+--H-H-H-H--++++++++cH-r.!ll.=sna'n'i-~~l.---+-I 10 .,,.., 

~Q : -t-t-t-t-t-t+-t-++++++++-t+t+t+t+-Hl-HH-f+-f--l-t-l-t-l-H-t-+++++++t-o-t-flsnai\-l:!l..---<i-1• '• 
-t-t-t-t-t-t-t-t-++++++++-t+++t+t+-Ht-nH-H-f--l-t-l-t-l-t-l-t-++++++++~-o-t-fl~n:n-.,F°"!.._--+.i: • •• 
1.,/.~.~.! .. ~.~.! .. ~.1.! .. 1.1.! .. 1.1.!.~ .. t.t.t .. t.t.t .. t.t.} .. H..~.~ .. H.H.r •• r.r.i •• i.i.i.i •• i.i.i •• -.t.t .. t.t.t .. t.t.t~-o-~·~·:!='.___....,...---J , c• ....... 

NOTES: 
1. All programmed "AND" gate locations are pulled to logic "1". 
2. All programmed "OR" gate locations are pulled to logic "O". 
3. Programmable connection. 

Figure 1. Logic Diagram of PLS16B/16BA 
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Table 1. PLS168/168A Programming Table 

CUSTOMER NAME -------------

PURCHASE ORDER• ------------

SIGNETICS DEvtCE # __ _,C"-F"(X°"XX°'X,,_) --------

------- __ !!::!~-------------+------------2~----------

CUSTOMER SYUBOLtZED PART# ---------

TOTAL NUMBER OF PARTS -----------

PROGRAM TABLE# -------------

REY----------------~ 
OAT£ 

INACTIYI! 0 I INACTIYI 0 

:=:fl A C11 ! ~Ml H N,.,, 

Tll4N ........ MT - L--~~~~-~-=------------
~ f OPTION 

~ ,_ '· r--i:,:;---~1-----~~-----

OPTION (PIE) .l 
1---T- INPUT{I'") .. PRESENT STATE (P.) REMARKS NEXT ~::E (N•) t ___ ou_T,PUT (Ft) 

~: :~.~.--,~.~.P,--,~.~.~.~.~.~,~.~:h~:--,~.~,Po,... ____ -t~,,..,.1 p,,.....0,....,5,.....,~...,.,P2,.,..,,,.....,,+:-3 r.:-2 ~,cr.:01 

..... 

:::: 
_i_ 
_i_ 
...:.. 
! 

:::: 
::.:. 

:::: 

...:.. 

:::: 

_i_ 
_i_ 
_i_ 

__:_ 

:I 

PIN 1 1 2 2 2 2 
NO. 8 g 0 1 2 3 2 3 4 S 6 7 

VARIABLE 
NAME 

November 1986 

..... 

_i 

_i_ 
_i_ 
:::: 
:I 
_i_ 
_i_ 
_i_ 

::::: 

'9-141 

.l 

..l 

: 

.l 

: 

: 
....:. 

:± 
...... _;_ 
_;_ 
.:r .:r 
...:.. 
..l 

··~ 

' ' ' ' ' ' . . . ' ' . . . 
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121NPUTS 

10REGISl'ER 
FEEDBACK 

Figure 2. The Architecture of PLS168/168A 
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l lOOTHER 
----- AND4ATES 

l lOOTHER 
----- AND-GATES 

Figure 3. Schematic Diagram of AND-OR Array 

9 
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a. State Diagram b. lmplementatlon of State Diagram (a) With PLS168 

T AND 
OPTIONjPR/O_§_ 

E OR 

R INPUT PRESENT STATE NEXT STATE OUTPUT 
M c 1 1 

1 0 9 9;7 6 5 4;3 2 1 0 9 a:1 6 5 4;3 2 1 0 9 a:1 6 5 4;3 2 1 0 3 2 1 0 

00 - H L - - - - - - - - H L'- - - - - L H~- - - - H - - -
01 

PIN 1 1 2 2 2 2 1 1 1 1 1 1 
NO. 8 9 0 1 2 3 2 3 4 5 6 7 6 5 4 3 1 0 9 8 

N 't> A 
-'&. .... 

M :::::. 
E ~~ 0 

c. PLS168 Programming Table 

Figure 4. Implementing State Machine With PLS168 
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Figure 5. Logic Diagram of Complamant Array 

Complement Array 
An additional feature is the Complement Ar
ray, which Is often used to provide escape 
vectors in case the state machines get into 
undefined states during power-up or a timing 
violation due to asynchronous inputs. A logic 
diagram of the Complement Array Is shown In 
Figure 5. The output of the Complement Array 
is normally Low when one or more AND
terms are High. If all of the AND-terms are 
low, then the output of the Complement 

November t 986 

Array will be High. In this example, if each 
AND-term is a decoder for a particular state 
and Input combination, and if the circuit gets 
into en undefined state, none of the AND
terms will be High. Therefore, the output /C 
will be High, which will then enable the AND
term S which in tum may be used to reset all 
registers to Low or High as predefined. The 
state machine thus escapes from being in an 
undefined state by using the Complement 
Array and one AND-term. Without the Com
plement Array en alternate way of escaping 
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from being in an undefined state is by defining 
all possible states which are not being de
fined. This method may require quite a few 
AND-terms depending on the design. Another 
application for the Complement Array is illus
trated by the following example. As shown in 
Figure 6, when the machine is in state 23, if 
input vector equals 1001, it will go to next 
state 24. If the input is 1101, then go to state 
25. But if the input is neither 1001 nor 1101, 
then go to state 03. It takes only two terms to 
implement the first two transition vectors. To 
implement the third vector "go to state 03 if 
input is neither 1001 nor 1101", the Comple
ment Array accapts the outputs of the first 
two AND-terms as inputs. If the input vector is 
neither 1001 nor 1101, then both terms will 
be Low, which causes the output of the 
Complement Array (IC) to be High. A third 
AND-term is used to AND state 24 and /C 
together to set the registers to state 03. The 
State Diagram is translated Into AMAZE syn
tax as shown in Figure 6b, where all vectors 
are in square brackets and the Complement 
Array is represented by the ELSE statement. 
The State diagram Figure 6a can also be 
expressed in the format of a program table as 
shown in Figure 6c. The complement array 
may be used to exit from different present 
states to different next states. It can be used 
many times in one state machine design as 
shown in Figures 7a, b, and c where the state 
diagram is implemented using the AMAZE 
state equation syntax end the H/L format. 

~ 
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T 
E 
R INPUT .. c 1 1 

1 0 • •=1 • 5 

00 A H L. L. H:- - -
01 A H H L. H:- - -

... 02 • - - - -:- - -

'"'• 

a. State Diagram 

WHILE [Pl 
IF [1001) THEN [a•J WITH 

[0UT1) 
IF [1101) 'lffEN [a5J WITH 

[OUTa) 
El.Se: [03) WITH [OUT8) 

b. All~ State Equation Syntex 

AND 

PRESENT STATE 

4;3 2 1 0 • •=1 • 5 ,:3 2 1 0 

-:- - - - H L.:L L. H H:- - -
-:- - - ""'H L.;L. L. H H;- - -
-:- - - - H L.;L. L. H H;- - -lh 

oa : . ........ '/) .. ~$TATf•"(HEXI . . 'IJJ. 
: Nfir $TATf: llf!lllfc 05 

Piii 1 1 2 ''I i llO . • • • 1 : 2 3;4 5 • 7 

N 
A 

i~ il1 • E 

c. H/L Fonnat 

Figure &. AppllClltlOn of Complement Array 
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OPTION__i!'R/Q§_ J_ 
OR 

NEXT STATE OUTPUT 

9 1:1 • 5 •:a 2 1 0 3 2 1 0 

H L. L. H L. L. =- - - L. L. L. H 
H L. L. HL H;- - - IZ t. L. H L. 
L. L. L. L. H H;- - - rL ~L. L. H 

ou11'=ooo"h v 
OUTt•ooiili_ 
O/ffG•IOOI 

1 1 1 1 1 1 • 5 4 3 1 0 9 • 
~~ it 

......... 
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t AND 

= INPut 

M c ! : 8 8 ~? 8 S 4 l 3 2 1 o 
GO A L L L L :- - - - ; - - - -
01 A L L L Hi- - - - - - - .:.. 
Cl2 • - - - -:- - - - - - - -
03 . 

04 A L L H L:- - - - - - - -
as A L L H H:- - - - - - - -
OI • - - - -:- - -
01 
OI A L H L L:- - - - - -
GI A L H L H:- - - - - -
10 • - - - - - - - - - -
11 

PIN 1 1 2 2:2 2 
NO. • • 0 1 : 2 3 2 3 4 5 8 7 

N 
A ;1 il~ M 
E 

L State D189ram 

WHILE (GO] 
IF 1-i THEii [01] WITH [OUTO] 
IF [G001] THEii [02] WITH [Ol/T1] 
ELSE: [3F] WITH [OUttJ 

WHILE [01] 
IF [0010) 1HEll [02] WltH [OUl'2] 
IF [0011] THEii [04] "'111 [OUT3J 
ELSE: [2F] WltH [OU1tJ 

WHILE [02] 
IF [0180] 1HEll [05J WltH [OllT'J 
IF [01011 THEii [OOJ WltH [OUT5] 
ELSE: [2F] WITH [OUT7J 

b. AMAZE State Equation 

PRESENt stAtE 

• a:1 • s ,:a 2 1 0 

L L;L L L L:- - - -
L L:L L L L :- -
L L:L L L L:- - - -

L L;L L L H;- - - -
L L:L L L H:- - - -
L L;L L L H:- - - -

L L:L L H L:- - - -
L L:L L H L:- - - -
L L:L L H L:- - -

• 
L 
L 
H 

L 
L 
H 

L 
L 
H 

c. PLS168 Programming table 

• : 1 

L'L 
L:L 
H:H 

L:L 
L:L 
L:H 

L:L 
L:L 
L:H 

Froure 1. Appllcatlona of Complement Arrar 
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OPTION{Pfl/~ 

• s 
L L 
L H 
HH 

L H 
H L 
H H 

H L 
H H 
H H 

4 ;3 2 1 0 

H:- - - -
L:- - -
H:- - -
H:- -
L:- - -
H:- -
H:- - -
L:- - -
H:- - -

: 1 1 1 
:a s 4 

-
-

-

-
-
-
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a t 1 0 

L L L L 
L L L H 
H L L H 

L L H L 
L L HH 

L H H L 

L H L L 
L H L H 

L H H H 

9 1 
0 • 8 

....... 
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a. PLS168 Setup Time 
vs P-Term Loading 

100 

90 

80 

70 

80 

% 50 

40 

30 

211 

10 

0 

Figure 8 

INPUT ..1ZZl 
-1 !::'"" 

CLOCK I 

OUTPUT I __ __, 

..... ............ ~ ..- ,,. 
~ 

~ 

t,..Y 
~ 

•28"C 
.C.O"C 

i 51 
6 8 121821124283236404448 

NUMBER OFTERMS 

b. PLS168 Setup Time 
vs P· Term Loading 
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Figure 9. Difference In Propagation 
Delay Due to Different 

P-Term Loading 

\__ 

\ ~ 
OUTPUT UNDETERMINED 

DUE 10 METASTABLE CONDmON 
OFFUP.Fl.OP 

Figure 10. Change of tcKo Due to Metastable Condition of Fllp·Flop 
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Optional Preset/Output Enable 
The PR/OE pin provides the user with the 
option of either using that pin to control the 
Tri-state output buffers of the Output Regis
ters, or have that pin to asynchronously 
preset all registers to High. The purpose of 
the preset function is to provide the system a 
way to set the PLS1 BB to a known state, all 
Highs. The output enable function are some
times used where the state machine is con· 
nacted to a bus which is shared by other 
output circuits. It is also used during power-up 
sequence to keep the PLS 1 BB from sending 
power glitches to other circuits which it drives. 
By programming the PR/OE pin to control the 
Tri-state output buffers, the preset function is 
permanently disabled. By programming the 
PR/OE pin to control the asynchronous pre· 
set of the registers, the output buffers are 
permanently enabled. While using the preset 
function to asynchronously preset the regis
ter, If a rising edge of the clock occurs while 
the preset input is High, the registers will 
remain preset. Normal flip-flop operation will 
resume only after the preset input is Low and 
the rising edge of the next clock. Setting the 
registers to a.predefined pattern other than all 
Highs may be accomplished by using a dad~ 
cated p-term, which is activated by an input 
pin which will also inhibit all other p-tarms 
which are being used. The inhibiting of other 
p-tarms eliminates the problem of undetar· 
mined state of an RS flip-flop caused by 
having Highs on both R and S inputs. 

November 19B6 

Diagnostic Features 
In debugging a state machine, sometimes it is 
necessary to know what is Iha content of the 
state register. The buried State Register may 
be read by applying + 1 OV on 10, which will 
cause the contents of register bits P 4 to P5, 

Pe to P9 to be displayed on output pins F2 to 
Fa and Po and Pa respectively. While the 
device can handle Iha + 1 OV on pin 10, 

prolonged and continuous use will cause the 
chip to heat up since more power is being 
dissipated at + 1 OV. To facilitate more expedi
ent functional tests, synchronous preset vec
tors as described above may be used to set 
the State Register to different states without 
having to go through the entire sequence. 

Timing Requirements. 
Since the PLS1 BB is intended to be a syn
chronous finite state machine, the inputs are 
expected to be synchronous to the clock and 
set-up and hold time requirements are ex
pected to be met. In general, the set-up lime 
requirement is measured at its worst case as 
having the entire AND-array connected to the 
OR-term being measured and there is only 
one active AND-term to drive the entire line. 
The set-up time decreases from there as lass 
p-terms are used. This is due to Iha capaci· 
lance of the unused AND-terms being re
moved from the line. Figure Ba shows the 
typical set-up time requirement of a PLS168A 
device. Figure Bb shows the normalized set· 
up lime as a percentage of the worst case, 

9-8#9 

Application Note 

AN23 

· which is with 48 terms connected. In a typical 
state machine design, some flip-flops will 
change states more frequently than others. 
Those that change more frequently will have 
more p-term loading on its OR gates than 
those that change states lass frequently. The 
different loadings on the OR-terms cause 
different delay on the inputs of the flip-flops 
as shown in Figure 9. If an input fails to meet 
the set-up time specification, it is possible 
that the resultant of Iha input change gets to 
one set of flip-flops before the rising edge of 
the clock while it gets to other flip-flops during 
or after the clock's rising edge. The result is 
that some flip-flops have changed states and 
some have not, or some get Into metastable 
condition as shown in Figure 1 o. The state 
machine is now either out of sequence or is in 
an undefined state. This problem often oc
curs with asynchronous inputs which is gener
ated totally independent of the clock on the 
system. A common remedy for the problem of 
asynchronous inputs is to use latches or flip
flops to catch the input and then synchro
nously feed it to the state machine. This 
minimizes the problem with the different prop
agation delays due to different p-term load· 
ing. But there is still a finite probability that the 
external latches or flip-flops will get into 
metastable condition, which may be propa
gated into the state machine. Nevertheless, 
the window for the flip-flops in state machine 
to get into undefined states or metastable 
condition is narrowed by a great extent. 
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APPENDIX A 

INTRODUCTION TO STATE 
MACHINE 

A state machine is a synchronous sequential 
circuit which interprets inputs and generates 
outputs in accordance with a predetermined 
logic sequence. It is analogous to running a 
computer program with a computer. The state 
machine, with its sequence coded in hard-

INPUTS-

INPUTS 

November 1986 

ware, can run much faster than a computer 
running the sequence in software. Therefore, 
it is often used in controller applications 
where speed is important. 

Generally, state machines may be classified 
as Mealy or Moore machines as shown in 
Figures 1a and 1b. The fundamental differ
ence of the two types are: the output of a 
Moore machine is a dependent of only the 

OUTPUTS 

Appendix A-1. Moore Machine Model 
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state of the memory elements whereas the 
output of a Mealy machine is a dependent of 
both the state of the memory elements and 
the inputs to the state machine. The figures 
also show graphic representations of the 
logic sequence in the form of state diagram in 
which the bubbles represent state vectors, 
and the arrows represent transitions from 
present states to next states. 

m IS PRESENT srATE 
OUTa IS OUTPUT VECTOR 

INa IS INPUT VECTOR 

STb IS NEXT srATE 
OUTb IS OUTPUT VECTOR 

OUTPUl"S <i.? 
G)ou-

sra IS PRESENT srATE 

INa IS INPUT VEClOR 
O~ IS OUTPUTVECTilR 

STb IS NEXT STATE 

Appendix A·2. Mealy Machine Madel 
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APPENDIX B 

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

With Logic programming, the AND/OR gate 
input oonnections necessary to implement 
the desired logic function are coded directly 
from the State Diagram using the Program 
Table on the following page. 
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PRESET /OE OPTION - (PIE) 

OPTION OPTION l~I PRESET 

PROGRAMMING: 

In this table, the logic state or action of 
oontrol variables C, I, P, N, and F, associated 
with each Transition Term T 0 , is assigned a 
symbol which results in the proper fusing 
pattern of oorresponding link pairs, defined as 
follows: 

The PLS168A has a power-up preset feature. This feature insures that the device will power-up in a known 
state with all register elements (stete and output register) at a logic high (H). Whan pro!lrammlng the device It 
is important to realize this is Iha initial stete of the device. You must provide a next state jump H you do not 
wish to use all highs (H) as the present stete. 

II AND'' ARRAY - (I), (P) 

--~~r -4~ 4· -4~ 1,P i;p 
~p l,p 

Tn Tn Tn Tn ........ ...,, .... """'""' ........ 
I STATE I COOE I I STATE I CODE I I STATE I CODE I I STATE I~ INACTIVE'~ 0 I, P H l,Ji L DON'T CARE 

"OR" ARRAY-(N), (F) 

~ ~ ~ ~ : Q : Q : Q : Q 

n,I n,t n,t ·~ 
.... ,..,. .... .,.. LS01870S ,..,,..,. 

I ACTION I CODE I I ACTION I CODE I I ACTION I OODE I I ACTION I OODE I INACTIVE1•3 0 SET H RESET L NO CHANGE -
"COMPLEMENT" ARRAY - (C) 

C!: 
Tn 

ct 
Tn 

C!: 
Tn 

ct r. 
...,, .... """"" LS011t10S ... , .... 

I ACTION I COOE I I ACTION I CODE I I ACTION I CODE I I ACTION I COOE I INACTJYEM 0 GENERATE A PROPAGATE . TRANSPARENT -
NOTES: 
1. This is the initial unprogrammed stete of all link peirs. It is normally associated with all unused (inactive) AND gates T n· 
2. Any gate T n will be unconditionally inhibited H any one of Its I or P link peirs is left Intact 
3. To prevent simultaneous Set and Reset flip-flop commands, this state Is not allowed for N and F link pairs coupled to active gates T n (see lllp-flop truth tables). 
4. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T0 • 

November 1986 
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DESCRIPTION 
The PLS173 is a 24-pin PLA device which has 
1 O bidirectional outputs end 12 dedicated 
inputs. The output of the device is the sum of 
products of the inputs. The polarity of each 
output may be individually programmed as 
Active-High or Active-Low. A logic diagram of 
the device is shown in Appendix A. A 10-bit 
comparator similar to the 7 4LS460 compares 
two 10-bit data inputs to establish if EQUIVA
LENCE or NOT EQUIVALENCE exists. The 
output has True and Complement compari
son status outputs. The logic diagram of the 
comparator is shown in Figure 1. 

The truth table is as shown in Table 1 where 
vectors a and b are 10-bit inputs to A9 to AO 
and B9 to BO. If the input to A9-AO is bit-to-bit 
equivalent to the input to B9-BO, the two input 
vectors are considered EQUIVALENT, and 
output EQ goes High and NE goes Low. If the 
two input vectors are not bit-to-bit equivalent, 
then EQ goes Low and NE goes High. The 
circuit is implemented with AMAZE as shown 
in Figures 2a, 2b and 2c. The result of logic 
simulation of the circuit is shown in Figure 2d. 

AN24 
PLS173 as a 10-Bit Comparator, 
74LS460 
Application Note 

Notice that on the OR side of the program 
table in Figure 5, all the fuses in the OR-term 
are intact, which means that all the AND
terms are still connected to all the OR-terms. 
This feature provides for future modHication. 
But if all the unused AND-terms are deleted, 
the device will run faster. There are also 
many unused AND-terms which will provide 
for future modHication. But if they are deleted 
(both on the AND and OR side), it will amount 
to about 450µA per term power saving. Figure 
3 is the program table with all un·used terms 
deleted. 

Table 1. Function Table 

At-Ao Ba-Bo EQ NE 

a a H L 
b b H L 
a b L H 
b a L H 

TOP VIEW 

Figure 1. Logical Equlvalent Circuit of 
10-Blt Comparator 

******************** AN24 173 ******************** .............. IHltl•••• p I N L I 5 T .................... . 

LABEL ** FNC **PIN --------- PIN** FNC ** LABEL 
AO ** I ** 1-1 1-24 ** +SV **VCC 
BO ** I ** 2-1 1-23 ** I ••89 
Al ** I ** 3-1 1-22 ** I **A9 
Bl ** I ** 4-1 B 1-21 ** I **BB 
A2 ** I ** 5-1 2 1-20 ** I **AB 
B2 ** I ** b-1 s 1-19 ** 0 **NE 
A3 ** I ** 7-1 l 1-18 ** /0 **EQ 
B3 ** I ** B-1 7 1-17 ** I ••87 
A4 ** I ** 9-1 3 1-16 ** I **A7 
B4 ** I ** 10-1 1-15 ** I **Bi> 
A5 ** I ** 11-1 1-14 ** I **A6 
GND ** ov ** 12-1 1-13 ** I **B5 

---------
T801770S 

a. Pin List of 10-Blt Comparator 

Figure 2 
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******************** AN24_173 ******************** 
•DEVICE TYPE 
82S173 
•DRAWING 

10-8IT COMPARATOR USING PLS173 
8REVISION 

REV-0 
&DATE 

OCT-14-85 
•SYMBOL 
•••••••••••••.•••• AN24_173 
•COMPANY 

SIGNETICS 
9NAME 

DAVID WONG 
•DESCRIPTION 
Thi• circuit compares two 10-bit inputs. If they are bit-ta-bit equivalent, 
outputs EQ goe• HIGH and NE goes LOW. If the inputs are not bit-to-bit equiv
alent to each other, outputs EQ goes LOW and· NE goes HIGH. 
@COMMON PRODUCT TERM 

TO AO * /BO 
Tl • /AO * BO 
T2 Al * /Bl 
T3 • /Al * Bl 
T4 A2 * /B2 
T3 • /A2 * B2 
T6 A3 * /B3 
T7 .., /A3 * B3 
TB A4 * /B4 
T9 • IA4 * B4 
T10 - A5 * /B3 
T11 • /A3 * 85 
T12 - /A6 * B6 
T13 = A6 * /B6 
T14 - A7 * /B7 
T13 • /A7 * 87 
T16 • AB * /8B 
T17 - /AB * BB ; 
T1B - A9 * /B9 
T19 - /A9 * 89 

U/O DIRECTION 
•OUTPUT POLARITY 
•LOGIC EQUATION 

EQ • /( TO + Tl + T2 + T3 + T4 + TS+ T6 + T7 + TS+ T9 + 
TlO + Tl! + Tl2 + T13 + T14 + TlS + T16 + Tl7 + T18 + T19 

NE - TO + Tl + T2 + T3 + T4 + TS + T6 + T7 + TB + T9 + 
TtO + Tll + T12 + T13 + T14 + T15 + T16 + Tl7 + TlB + T19 

b. Boolean Equations of 10-Blt Comparator 

Figure 2 (Continued) 

9-t:sa 
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******************** AN24 ___ 1 73 ******************** 
Cust/Project - •••••••••••······• DAVID WONG 
Date •••••••••••••••••• OCT-14-85 
Rev/ I. D. - •.• •••••••••••••••• REV-0 

825173 POLARITY 

T "iH;H;H·~·H;H;L;H·;H;H;-H! 
E ! -----------·-----------------------------·-------------------------
R ! B<i) B<o) 
M ! 1 1 -------·--------···----------------------- -------·---------------

___ ! l __ v __ 9_.8 .. 7 1>_5_4_3 ... 2_1 __ 0!9_8J_1>_5_4_3_2 ... 10!9_8_/ __ 6_.5 4 3 2 l 0! 
O!- - - -,- - - -,- - L H!- -,·- - -· -,-- ·- ·- --!~ A,A A f·~ A·~A-·A-A-·A! 
1!- - - -,- , - H L!- -,- - - -,- - ·· -!A A,A A A A,A A A A! 
2!- - - -,- - - -,L H - - 1 - -,- - - -,- -!A A,A A A A,A A A A! 
3!- - ·-,H L - - 1 - -,- - - -·,- ·-!A A,A A A A,A A I-\ A! 
4!- - - -,- - L H,- - -,- - - -,- - - -!A A,A A A A,A A A A! 
5!- --.- - H ·L,- - - - 1 - -,- - - -,- - - -!A A,A A A A,A A A A! 
6!- -.L H -,- - - - 1 - -,- -,- - - -!A A,A A A A,A A A A! 
7!- - - -,H L - -,- - 1 - -,- - - -,- - - -!A A,A A A A,A A A A! 
8!- - L H,- - - 1 - -,- •• - -,- -!A A,A A t'.i A,A A A A! 
9!- - H L,- - - -,- - - - 1 - -,- - - -,- - - -!A A,A A n A,A A A A! 

10!L H ·• -,- - - -,- - -,- -,-· -!A A,A A A A,A A A A! 
11!H L - -,- - - -,- - - - 1 - -,- - - -,- - - -!A A,A A A A,A A A A! 
12!- -,- ·· - -,- - - - 1 - -.- - - -.- - H L!A A,A A A A,A A A A! 
13!- - - -,- - - -,- - - -!- -,- - , - L H!A A,A A A A,A A A A! 
\4!- - - -,- - - -,- - 1 - -,- - - -,L H - -!A A,A A A A,A A A A! 
15!- - - -,- - - -,- - - - 1 - , - - -,H L - -!A A,A A A A,A A A A! 
16!- - - -,- -,- - 1 - -,L H - -,- -!A A,A A A A,A A A A! 
17!- - - -,- - - -,- - - - 1 - -,H L - -,- - - -!A A,A A A A,A A A A! 
18!- - - -,- - - -,- -!L H,- - - -,- - - -!A A,A A A A,A A A A! 
19!- , , -!H L,-· , -!A A,A A A A,A A A A! 
20!0 0 0 O,o 0 0 0,0 0 0 O!O O,O 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
21!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 0 1 0 0 0 O!A A,A A A A,A A A A! 
22!0 0 0 O,O 0 0 O,O 0 0 O!O 0,0 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
23!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
24!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
25!0 0 0 O,O 0 0 O,O 0 0 O!O 0,0 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
26!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
27!0 0 0 O,O 0 0 O,O 0 0 O!O o,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
28!0 0 0 O,O 0 0 O,O 0 0 0!() O,O 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
29!0 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o~o 0 0 O!A A,A A A A,A A A A! 
30!0 0 0 o.o 0 0 o,o 0 0 O!O ·o,o 0 0 o,o I) 0 O!A A,A A A ,~,A A A A! 
31!0 0 0 0,0 0 0 0,0 0 0 O!O O,O 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
09!0 0 0 O.O 0 0 O,O 0 0 O!O 0,0 0 0 o,o 0 0 O! 
ne•o o o o,o o o o,o o o o!o o,o o o o,o o o o~ 
D7!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
06!0 0 0 0,0 0 0 O,O 0 0 O!O O,O 0 0 0,0 0 0 O! 
05 1 - - - -,- - - -,-· - - -•- -,·- - - -,- - ·~ -t 

04!- ' ' _,_ ' ' - - --1 

03!0 0 0 0 1 0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
D2!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O O O O! 
D1!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
DO!O 0 0 O,o 0 0 O,O 0 0 O!O o,o 0 0 O,O 0 0 O! 

B A B A B A B A B A B A 8 A B A N E 8 A B A B A B A N E 8 A B A 
5 5 4 4 3 3 2 2 I I 0 0 9 9 8 B E Q 7 7 6 6 9 9 9 8 E Q 7 7 6 6 

"'"""' 
c. Program Table of to-Bit Comparator After Aaeembly of Bool•n Equation Fiie 

Figura 2 (Continued) 
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825173 A:AN24_173.STD 
" AMAZE FILE ID1 AN24_173 
" LOGIC SIMULATION OF 10-BIT COl1PARATOR 

II <=•INPUTS••> (a.8(1/0)•) 
" II 
" 109876543210 9876543210 

000000000000 OOOOLHOOOO 
010000000000 OOOOHLOOOO 
100000000000 OOOOHLOOOO 
110000000000 OOOOLHOOOO 
000100000000 OOOOHLOOOO 
001000000000 OOOOHLOOOO 
001100000000 OOOOLHOOOO 
000001000000 OOOOHLOOOO 
000010000000 OOOOHLOOOO 
000011000000 OOOOLHOOOO 
000000010000 OOOOHLOOOO 
000000100000 OOOOHLOOOO 
000000110000 OOOOLHOOOO 
000000000100 OOOOHLOOOO 
000000001000 OOOOHLOOOO 
000000001100 OOOOLHOOOO 
000000000001 OOOOHLOOOO 
000000000010 OOOOHLOOOO 
000000000011 OOOOLHOOOO 
000000000000 0100HLOOOO 
000000000000 1000HLOOOO 
000000000000 llOOLHOOOO 
000000000000 0001 HLOOOO 
000000000000 OOlOHLOOOO 
000000000000 0011LHOOOO 
000000000000 OOOOHL0100 
000000000000 OOOOHLlOOO 
000000000000 OOOOLHI 100 
000000000000 OOOOHL0001 
000000000000 OOOOHL0010 
000000000000 OOOOLH0011 

" PINLlST ••• 

IIIIOOIIII 
IIIIOOIIII 

TRACE TERMS 

I/O CONTROL LINES 
DESIGNATED I/O USAGE 
ACTUAL I/O USAGE 

" 13 II 10 09 08 07 06 05 04 03 02 01 
.. 23 22 21 20 19 18 17 16 15 14 

d. Test Vectors Genereted by AMAZE After Logic Slmulatlon 

Figure 2 (Continued) 
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******************** AN24 173 ................... .. 
Cuat/ProJeect - ••••••••••• : • • • • • • DAVID WONG 
D•t• •••••••••• G. ~ ••••• OCT-14-8:5 
Rev/I. D. - •••••••••••••••••• REV-0 

828173 POLARITY 

-;:- !HiHiHiHiHii:i'HiHIHi'H! 
E !------------------------------------------
R ! I ! BU> B<o> 
K ! 1 1 ----------------------------------------

··-- ! 1_0_ 9_8_7 _6_S_ 4_3_2_1_0! 9_8_7 _6_5_ 4_3.:_2_1_0!9_8_7 _6_5_ 4_3_2_1_0! 
0!----,----,--LH!--,----,----!. AA,. ! 
1!- - - -:,- - - -,- - H L!- -,- - - -,- - - -!. A·A,. 
2!- - - -,- - - -,L H - -!- -,- - - -,- - - -! • A A,. 
3~- - - -,- - - -,H L - -!- -,- - - -,- - - -!. A A,. .! 
4!- - - -,- - L H,- - - -!- -,- - - -,- - - -!. A A,. 
5!- - - -,- - H L,- - - -!- -,- - - -,- - - -!. A A,. 
O!- - - -,L H - -,- - - -!- -,- - - -,- - - -!. A A,. 
7!- - - -,H L - -,- - - -!- -,- - - -,- - - -!. A A, .. 
B~- - L H,- - - -,- - - -!- -,- - - -,- - - -!.. A A,. 
9!- - H L,- - - -,- - - -!- -,- - - - 1 - - - -! • A A,. 

10!L H - -,- - - - 1 - - - -!- -,- - - -,- - - -!. A A,. 
11!H L - -,- - - -,- - - -!- -,- - - -,- - - -!. A A,. 
12!- - - -,- - - - 1 - - - -!- -,- - - -,- - H L!. A A,. 
13!- -. - -,- - - -,- - - -~- -,- - - -,- - L H!.. A A,. 
14!- - - -,- - - -,- - - -!- -,- - - -,L H - -!. A A,. 
15!- - - -,- - - -,- -·- -!- -,- - - -,H L - -!. A A,. 
16!- '":' - -,- - - -,- - - -!- -,L H - -,- - - -! • A A,. 
17!- - - -,- - - -,- - - -!- -,H L - -,- - - -!. A A,. 
19!- - - -,- - - -,- - - -!L H,- - - -,- - - -! • A A,. 
19!- - - -,- - - -,- - - -!H L,- - - -,- - - -!. A A,. 
20!- - - -,- - - -,- - - -!- -,- - - -,- - - -! . 
21 !- - - -,- - - -,- - - -!- -,- - - -,- - - -! • 
22!- - - -,- - - -,- - - -!- -T- - - -,- - - -! • 
23!- - - -,- - - -,- - - -!- -,- - - -,- - .:. -!. 
24!- - - -,- - - -,- - - -!- -,- - - -t- - - -! • 
25!- - - -,- - - -,- - - -!- -,- - - -,- - - -!. 
26!- - - -,- - - -,- - - -!- -,- - - -,- - - -!. 
27!- - - -,- - - -,- - - -!- -,- - - -,- - - -! . 
28!- - - -,- - - -,- - - -!- -,- - - -,- - - -! . 
29!- - - -,- - - -,- - - -!- -,- - - -,- - - -! • 
30!- - - -,- - - -,- - - -!- -,- - - -,- - - -!. 
31 !- - - -,- - - -,- - - -!- -,- - - -,- - - -! • 
D9!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
08!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
D7!0 0 0 O,O 0 0 0 1 0 0 O O!O O,O 0 O O,O 0 0 O! 
1>6!0 0 0 0,0 0 0 0,0 0 0 O!O O,O 0 0 0,0 0 0 O! 
D5!- - - -,- - - -,- - -., -!- -,- - - -,- - - -! 
04!- - - -,- - - -,- OR - -!- -,- - - -,- - - -! 
03!0 0 O O,O 0 0 O,O 0 0 O!O O,O 0 0 0,0 O 0 O! 
D2!0 0 0 O,O 0 0 0,0 O 0 O!O O,O 0 0 0,0 0 0 O! 
Dl!O 0 0 0,0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 O O! 
DO!O 0 0 O,O O O O,O 0 0 O!O O,O O O O,O 0 0 O! 

BABABABABABABABANEBABABABANEBABA 
55443322110099BBEQ776699BBEQ7766 

Figure 3. Program Table of 10-Blt Comparator With All Unused Terms Deleted 
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APPENDIX A 

FPLA LOGIC DIAGRAM FOR PLS173 

-----(U)Goc-...,------- _,.,.,,,.__ _,_ 
~ 1 

• 
~ • 
'• • 
~ I 

.. I 

.. 7 

~ I 

.. • 

.. 10 

... 11 

~ . .. .. 
-+-f-H++++-++++if-H+-i4+++++i-+++i4+++----+-+-+-+-+-+-11-+-+-+-",_____, .. 
-+1-l+H-++-l++l+++t-+H4+++-l-H4+++-l+---+-l-4--+-+->-+-!-...J.-+-'j>------.. 

•• .. 
-+-f-H++++-++++i4++-i4+++++1-+++1H.+++--·--+-+-+-+-+-+-11-+-+-+-")>----, .. 
--H-t+l+++-+-t+f-H-++-+H-+++H~-+++-H+---+-+-+-+-+-f-+-+--1-+-"j>--; .. 
-+1H-+++++-++++1-+++-1-++++++1-+++1-++-++·----+-+-+--+-+-+-11-+-+-+'l>--

•• 
--Hf-H++t+-++H-1-+++-i-++-H~H-++-f-H+++----+-+-1-+-+-+-+--+-+-J-Tl>-.. :>-

•• 

.. .. 

.. s, 

x, .. 

~ .. 
-@ .. 
~ a, .. .. 

18 .. 
11 .. 
17 .. 9 .. • • x, .. 

1S •• 
-G .. x, .. .. 

31••••••24 23••••••11 15••····· 7•••••• 

NOTES: 
1. All programmed "AND" gate locations are pulled to log:lc "1". 
2. All programmed "OR" gate locations are pulled to logic "O". 
3. Programmable connection. 
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Signetics AN25 
A Simple Entry /Exit 
Metering Device 

Application Specific Products 

DESCRIPTION 
The following is the implementation of a 
counter/controller using a PLS157. This sys
tem counts and controls the number of 
entries to a certain media. For example, it can 
be used as a parking-lot controller to keep 
track of the number of cars entering a parking 
lot, and restricting any entries when the 
parking lot is full. 

The design utilizes the six registers, six bi
directional 1/0 lines and the general architec
ture of the PLS157. In this design, the user 
can set the maximum number of entries using 

Application Note 

external switches. Since the six registers in 
the device are used as a six-bit counter, the 
maximum number that can be set is 26. 

However, the design can be cascaded to 
increase the number of entries. 

SYSTEM OPERATION 
The basic system configuration is shown in 
Figure 1. As can be seen from this figure, the 
system can be expanded indefinitely. All the 
devices in cascade are identical to each 
other. Whenever there is a need for expand
ing the maximum number of counts, a device 

Vee 

Figure 1. System Configuration 

/FULL_N 

:><>------- /ENA8_CTRL 

Figure 2. /ENAB_CTRL Output Configuration 
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can be programmed identical to the device(s) 
already in the system and added in cascade. 

There are external switches connected to the 
bi-directional inputs of the flip-flops. The user 
sets the maximum count in binary with the 
switches and loads the value into the regis
ters. If the maximum count necessary ex
ceeds the number available in one device, 
then another device is cascaded to the exist
ing device. For example, in a system with two 
devices, the maximum available increases to 
212 or 4096. 

When the maximum count is set, the control 
circuitry is used to keep track of the number 
of entries and exits. In the case of a parking 
lot, a pressure sensor can be used at the 
entrance and exit to generate a pulse which 
triggers the control circuitry. An alternative 
could be light beam sensors to generate the 
necessary pulses. 

The operation of the system is such that each 
entry decreases the maximum count stored in 
the registers by one. When the count is zero, 
it means that the media is full and the control 
circuitry generates a signal to disable any 
further entries to the system. On the other 
hand, each exit increases the count by one. 
Since it is assumed that the media is empty 
when the maximum count is set, it is, there
fore, impossible to physically count past the 
maximum set number. This is due to the fact 
that there cannot be more exits from the 
system than the actual number of objects 

·residing in the system. If there are objects in 
the system when the maximum number is set, 
these objects should also be taken into 
consideration when setting the maximum 
count. 

CONTROL SIGNALS 
The following is the explanation of the control 
signals shown in Figure 1. 

The /ENTRY and /EXIT inputs signify an 
entrance or exit to or from the respective 
media and are triggered from the sensors at 
the entrance and exit. Each entry causes a 
count-down from the maximum set number 
until all the flip-flops are low. This means that 
the system is full and the count-down should 
be disabled. 
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cut 

/l'ULL..._N-1 

/LOAD 

/ENAILDN 

/ENTRY 

/EXrr 

/ALLHIOH_N-1 

/ENAB_CTRL 

EXOR 

GND 

Vee 

/FULLN 

F5 

F4 

F3 

F2 

F1 

FO 

JAUHIQH_N 

N/C 

When all the flip-flops are low, the /FULL_N 
signal which is an Active-Low output is acti
vated. The count-down is enabled by the 
/ENAB_DN input, which is connected exter
nally to the /ENAB_CTRL line. The 
/ENAB_CTRL is a Tri-state output which is 
controlled by the /FULL_N signal. When all 
the flip-flops are low, the /FULL_N signal 
deactivates the /ENAB_CTRL output as 
shown in Figure 2. 

All of the /ENAB_CTRL outputs are connect
ed to the /ENAB_CTRL bus as shown in 
Figure 1. When the media is full, all the 
/ENAB_CTRL signals are deactivated which 
cause the count-down to be disabled. 

Figure 3. Single Device Configuration 

An exit causes a count up. As mentioned 
before, the total number of exits from the 
system cannot exceed the total number .of 
entries. 

CU< 

,,f;" /Rlu_N-1 

/LOAD 

,...._... -/Ear 

Yee 

EXOR - ..... 

The I ALLHIGH_N signal is an Active-Low 
output which becomes low when all the flip
flops are high. Figure 3 shows the configura
tion of a single device. 

The /FULL_N and I ALLHIGH_N signals are 
used to activate the /FULL_N-1 and /AL
LHIGH_N-1 of a cascaded device. These 

IRJU....N---- /FULL_N-1 .. .. 
F3 -.. 
A)TO 
FO SWITCH /INAB_CTRL 

EXOR 

"""" 

Figure 4. Cascaded Configuration 

Table 1. An Up/Down Count Sequence Example 
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DEV.B 
FOB 

0 
0 
0 

COUNTDOWN COUNT UP 
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signals will be explained in detail shortly. The 
/FULL_N signal is also used to trigger any 
control circuitry used to restrict any further 
entries to the system. In the case of a parking 
lot, the /FULL_N can be used to activate a 
light or close the entrance gate. 

The EXOR output is used to clock the system 
and is externally connected to the CLK input 
of the device. The EXOR generates a clock 
pulse when either an exit or entry take place. 
This restricts the system from counting if a 
simultaneous entry and exit takes place. 

To set the maximum count, the user can use 
switches connected to inputs FO-F5 of the 
device(s). Then by bringing the /LOAD input 
low and triggering the /ENTRY or /EXIT 
inputs to generate a clock pulse, the data 
from these switches can be latched into the 
registers. 

CASCADE DEVICE EXAMPLE 
This is an example of two cascaded devices. 
Figure 4 shows the cascade configuration of 
devices 'A' and 'B'. For the sake of simplicity, 
It is assumed that each device contains only 
two registers. This assumption gives clarity to 
the explanation, and can be extended to 
cover the six registers contained in each 
device. 

As an example, it is assumed that the maxi
mum count to be implemented in this exam
ple is 1001 in binary. In other words, the 
maximum number of entries is set to be 'ten'. 
FOA and F1 A are the registers in device A, 
and FOB and F1 B are the registers in device 
B. 1 O is the input sequence to device B and 
01 is inpu1 sequence to device A. 

The count-up and count-down sequences are 
shown in Table 1. 

Table 2. Count Sequence 

0 
1 
2 
3 
4 

15 
18 

31 
32 

62 
83 

9 
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In the 1001 example, FOB is the MSB (Most 
Significant Bit) and F1 A is the LSB (Least 
Significant Bit). As can be seen in Table 1, a 
count-down occurs in device 'B', when FOA 
and F1A are both low. When FOA and F1A 
are low, this means that the /FULL_N signal 
is active. The /FULL_N-1 input of device 'B' 
is connected to the FULL_N output of device 
'A'. Therefore, a count down occurs in device 
'B' only when thl! input to /FULL_N-1 goes 
low. In thi11 manner, the count-down se
quence in Table 1 can be implemented. 

Similarly, for the count-up sequence, a count
up occurs in device 'B' only when both FOA 
and F1A are high. At this point, the /ALL
HIGH_N signal becomes active. Therefore, a 
count-up occurs in device 'B' only when 
I ALLHIGH_N of device 'A' is active. 

UP/DOWN COUNTERS 
An up-down counter is Implemented In each 
device to keep track of the number of entries 
and exits. To implement these counters the 
flip-flops are set in the toggle mode. Table 2 
shows the count sequence. 

The following conditions are true for the 
count-up sequence: 

Table 3a 

REGISTER TRUE CONDITION FOR 
TOGGLE 

FO Unconditionally Toggle 

F1 FO 

F2 FO*F1 

FS FO*F1*F2 

F4 FO*F1 *F2*FS 

F5 FO*F1 *F2*FS*F4 

Similarly, for the count-down sequence: 

Table 3b 

REGISTER TRUE CONDITION FOR 
TOGGLE 

FO Unconditionally Toggle 

F1 /FO 

F2 /FO*/F1 

FS /FO* /F1 • tF2• 

F4 /FO* /F1 * /F2* /FS 

F5 /FO* /F1 * /F2* /FS• /F4 * 

November 1986 

/EXITj:O-
/LOAD CNT-UP 

/ALUllGH_N-1 

/ENTRY~ /LOAD 
CNT-DN 

'/ENAB_llN 

/FULl.....N-I 

Figure 5. CNT-UP and CNT-DN Signals 

::: ==>D---m-EXOR (TO BYBTEll CLOCK) 

Figure &. System Clock 

File Name 1 METER 
Date : 10/31/1985 
Time : 14:35:31 

LABEL ** FNC **PIN --------- PIN** FNC ** LABEL 
CLK ** CK ** 1-1 1-20 ** +SV **VCC 
/FULL_N-1 ** l ** 2-1 :-19 ** /0 **/FULL .. N 
/LOAD ** I ** 3-1 1-18 ** 0 **F5 
/ENAB~ON ** l ** 4-1 p 1-17 ** 0 **F4 
/ENTRY ** I ** 5-1 L 1-16 ** 0 **F3 
/EXIT ** I ** 6-1 x 1-15 ** 0 **F2 
/ALLHIGH_N-1** l ** 7-1 1 1-14 ** 0 **Fl 
/ENAB_CTRL ** /B ** B-1 5 1-13 ** 0 **FO 
EXOR ** 0 ** 9-1 7 1-12 ** 10 **/ALLHil3H_N 
GND ** ov ** 10-1 1-11 ** /OE **N/C 

,..., ... 
Figure 7 

CONTROL SIGNALS 
The following are the control signals usad to 
control the oparation of the devices: 

The logic diagram for generating the 'CNT· 
UP' and 'CNT-DN' signals is shown in 
Figure 5. 

As can be seen from this figure, a count-up 
occurs when the followlng Is true: 
a) An exit takes place and, 
b) the system is not loading in any data and, 
c) the previous stage has generated the 

I ALLHIGH_N-1 signal. 

A count-down occurs when: 
a) An entry takes place and, 
b) the system is not loading in any data and, 
c) the previous stage has generated the 

/FULL_N-1 signal and, 
d) the media is not full, thus /ENAB_DN 

signal is low. 

The system clock Is generated using the 
CNT-UP and CNT-DN signal11. The system is 

9-160 

to be clocked only when an exit or entry takes 
place. In order to prevent the system from 
being clocked when a ~multaneous entry and 
exit takes place, these two signals are exclu
sive-OR' ed (Figure 6). 

The equations shown in (Tables Sa and Sb) 
are generated using Signetics AMAZE soft
ware (Figures 7 and 8). The resulting program 
table Is shown In Table 4. 
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•DEVICE TYPE 
PLX1!57 
•DRAWING 
41REYISIDN 
41DATE 
10-31-8!5 

@SYMBOL 
ENTR/EXIT METER 

41COMPANY 
SIGNETICS 

•NAME 
ALI GHEISSARI 

•DESCRIPTION 
*********************************************************************** * The following is the implementation of a Entry/EKit Mater. A * 
* application of this device would be in controlling the number of 
*entries to a certain media. An eKample is a parking lot controller * 
* for restricting the number of cars en-tering the lot~ * 
* The maximum number .is programmable and the desiqn can be cacaded to *· 
* AccomOdate an increase in the number of entries. * 
* The system count& down from the maKimum set number· to zero * 
* The ·number of exits cannot exceed the maKimum count set by the * 
* eKternal switches,therei=ore the upper limit on the count will never * 
* be exceeded. * 
*********************************************************************** 

@COMMON PRODUCT TERM 
UPCNT = /LOAD * EXIT * ALLHIGH .... N-1; "UPCNT is the signal generated for 

"activating the count-up from the ENTRY 
"input and the ALLHIGH signal from any 
"c:onnec:ted devices 

DNCNT /LOAD * ENTRY * FULL_N-1; "DNCNT is similar to UPCNT except it is 
"generated for the count down 

ALL-HIGH = /FO * /Fl * /F2 * /F3 * /F4 * /F5; 
ALL-LOW = FO * Fl * F2 * F3 * F4 * F5; 

@COMPLEMENT ARRAY 
IC= /(O>; 

@I /D DIRECTION 
DO e 0; 
Dt = O; 
D2 = /FULL_N; 

D3 = 11 
D4 • 1; 
D5 • 1• 

"/EXIT is an input 
"ALLHIGH_N-1 is an input 
"When maxi mum count is reached /FULL_"N 
"disables /ENAB-CTRL which in turn disables 
"the device<s> from counting down 
"/ENAB-CTRL is connected to the ENAB ON of the 
" device<s> 

"EXOR is an output 
11 /ALLHIGH N is an output 
"/f.'ULL_N is an output 

Figure 8 

9-161 

Application Note 

AN25 

9 



Signetics Application Specific Products 

A Simple Entry /Exit Metering Device 

November 1986 

@OUTPUT POLARITY 

X2 = O; 
X3 = 1; 
X4 = O; 
X5 = O; 

@FLIP FLOP CONTROL 
FC = 1; 

@OUTPUT ENABLE 
"NOT USED" 

@REGISTER LOAD 
LA = LOADo 
LB = LOAD; 

@ASYNCHRONOUS PRESET/RESET 
"NOT USED" 

@FLIP FLOP MOOE 
"NOT USED" 

@LOGIC EQUATION 

"/ENAB CTRL is active low 
"EXOR is active high 
"/ALLHIGH N is active low 
"/FULL_N is active low 

"All flip flops are J-K 

"Load the registers with the number set 
"by the input switches 

EXOR = UPCNT*/DNCNT + DNCNT*/UF'CNT; "Output count pulse only if there is not. 
"a simultaneou!5 entry and exit 
"indicates when maximum count is reached 
"shows when empty 

/FULL ... N = I ( ALL-LOW * /LOAD); 
/ALL.HIGH_N = I ( ALl--HWH * /LOAD); 
/ENAB CTfiL = /(1); . "puts low on the ENAB_ ... CTRL bus 

"The following is the implementation of the counter tcJgether with the 
"necessary logic:." 

/FO: T 

/Fl: T 

/F2: T 

/F3: T 

/F4: T 

/F5: T 

<ENAB_DN * DNCNT> + UPCNT; 

CENAB ON* FO * DNCNT) + (/FO * UF'CNT>; 

CENAB ON* FO *Fl* DNCNT> + C/FO */Fl* UPCNT); 

CENAB .. _DN * FO * Fi * F2 * DNCNT> + 
(/FO * /F1 * /F2 * UPCNT>; 

<ENAB_DN * FO * Ft * F2 * F3 * DNCNT> + 
UFO * /Fl * /F2_ * /F3 * UPCNT); 

CENAB_DN * FO * Fl * F2 * F3 * F4 * DNCNT> + 
C/FO * /F 1 * /F2 * /F3 * /F4 * UPCNT); 

Figure 8 (Continued) 
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Cust/Project - ALI GHEISSARI 
Date - 10-31-85 
Rev/I. O. 

PLx157 ! F/F TYPE ~EB ! EA POLARITY ! 
' ' - -- -- - ·-- -- -- -- -----

T 1 A1A1A:A:A:A 1 0 • O 'L;L:H:L:L:L' 
E I---------------------------------------------------------------
R ! ! B(i> Q(p) Q(n) P!R! B(o) 
M ! C ! ------------------------------------------- A! A!------------

! !3 2 1 O!::i 4 3 2 ,1 0!5 4 3 1 1 0!5 4 3 2' 1 0 ! !5 4 3 2 1 O! 
-·-o!=!---·-H-H!---·;----·L-L!---·:-- -- --·-!---:----·--- - - -·;;A- -A-A! 

1 !-!H - H -!- -,- - LL!- -,- - - -!- -,- - - - • ,A A A! 
2!-!L - H L!- -,- - - H!- -,- - - -!- - 1 - - - - ,!.! •• ,A A A! 
3!-!L - H L!- ~,- - H -!- -,- - - -!- -,- - - - .!.! .. ,A A A! 
4!-!- - H -!- -,- - - -!L L,L LL L!- -.- - -,- .!.!A.,. A A! 
5!-!- - H -!- -,- - - -!H H,H H H H!- -,- - - - I I A, •• A A! 
6!-!- - - -!- -,- - - -!- -,- - - -!- -.,- - - - A A A! 
7!-!L L H L!- -,- - - -!- -,- - - -!- -,- - - 0 A A! 
8!-!- - H -!- -,- - LL!- -,- - - -!- -,- - - 0 A A! 
9!-!L L H L!- -,- - - -!- -.- - - L!- -,- - 0 - A A! 

10!·-!- - H -!- -,- - LL!--,- - - H!- -,- - 0 - .,. A A! 
11 !-!LL H L!- -,- - - -!- -,- - LL!- -,- 0 - - A A! 
12 ! - ! - - H - ! - - , - - L L ! - - , - - H H ~ - - , - 0 - - A A! 
13!-!L L H L.!- -,- - - -!- -,- L L L!- -,O - - - A A! 
14!-!- - H -!- -,- - L. L!- -,- H H H!- -,O - - - A A! 
15!-!l. L H L~- -,- - - -!- -,L L L L!- O,- - - - A A! 
16~-!- - H -!- -,- - L L!- ·-,H H H H 1 - 0,- - - - A A! 
17!-!L L H L!- -,- - - -~- L,L L L L!O -,- - - - A A! 
18 1 -~- - H -!- -,- - LL:- H,H H H H!O -,-· - - - ., •• A A! 
19!0 1 0 0 0 O!O 0,0 0 0 O!O O,O 0 0 O!O 0 1 0 0 0 0 A!A!A A,A A A A! 
20!0!0 0 0 O!O V,0 0 0 O!O 0 1 0 (1 0 O!O O,O 0 0 0 A!A!A A,A A A A! 
21!0!0 0 0 O!O 0,0 0 0 O!l.1 0,0 0 0 O!O 0,0 0 0 0 A!A!A A.A A A A~ 
22!0!0 0 0 O!O O,O 0 0 O!O 1),U 0 0 O!O O,O 0 0 0 A!A!A A,A 1" H A! 
2:-S!O!V 0 0 ()!O o,o 0 (I O!U 0,0 0 0 o~o o,o 0 0 0 A!A!A A.A I-\ A A! 
24!0!0 0 0 o~o o,o 0 () 0!9 0,0 (I 0 o~o o,o 0 0 0 A!A 1 A A,A A t\ A~ 
25~0!0 0 0 O!O O,O O·•) .O!V 0 1 0 I°• 0 O!O O,O (J 0 0 A!A~A A,A A A~~~ 
26!0!0 o o o•O o,o o o O~o 6·,n o o O!•) o,o o o o f·!A~A A,A A A A! 
27!0!0 0 (1 (1 1 (1 u.o 0 0 O!O' <i.o:o (I o~o o.o 0 (1 0 A~A!A f-1,A {.;,_ ,I~ A! 
'.l.1::1~0 1 0 0 0 O!O o,o 0 0 O!O o.o 0 0 O!O C),1) 0 () 0 '-\'A'A A,A f-i (~ A~ 
7.9!0!0 0 0 (•!() o,o 0 0 O!O n,o 0 0 O!O (1,0 0 ()I.) A!A~A A,~ A A H' 
30!0_!0 0 0 O!O 0,() 0 (> 0'0 0 1 0 0 n 0~(1 •),0 0 •) 0 A:A'A A,A A A 1;! 
31!0!0 0 0 O!O O,O 0 0 0 0 •) 1 0 0 0 0!1) O.O 0 0 0 A~A~H H,A A~~ A! 
Fe ! - ! - - - - ! - - , - - - - ~· - , - - - - ! 
PP! • ! o o 1) ·o ! u o, o o o ~, u o, o u v o ! 
Rb!-..!C? 0 0 O!t) o,o 0 (J 0 0 o~o 0 \) !)! 

Lb!-!- - L -!- -.- -

La~-!-~ L -1- -,- ·- - ·- - -,-· -~ .•. -! 
05!-~- - - -~-- -,- ·- - - .. -,·- -· - -! 
D4~-!- ·- - -!·· -,- - -· - ·- -,-· - ·- -~ 
03'- 1 - - - -!-''- •. - - - - -· -,·· - -· -~ 
D::'.:!-!- - - -!H -,- - - ·- - -.- - - ·-: 
D1!.~0 I) 0 0!(• o,o 0 (I I) (1 IJ,O 0 0 O! 
DO!. !On 1) O!O (1 1 •) 0 0 (J 0 O.O 0 0 (1~ 

/////E////FrFFFFFFF-~FF 
F E E E L >: E A F A 5 4 3 :2 J. 0 5 4 3 ·~· 1 1; 
UNNXOONl UL 
l.AT1ARALLL 
LBRTD BHt..H 

- Y l I 
N n t:: H N r:, 
- N T H H 
I R 

I.. N N 
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Signetics 

Appllcatlon Specific Products 

FEATURES 
• 100% functional replacement for all 

20-pln PALs 

• 110 propagation delay: 15ns (max) 

• Security fuse lock 

• 10 Inputs 

• 8 bldlrectlonal 1/0 llnes 

• Tri-state outputs have programmable 
polarlty 

• Architecture: 8 groups of nine AND 
gates. Total of 72 product terms 

• Software support on Slgnetlcs 
AMAZE 

• Complete TTL compatlblllty 

• Each bldlrecttonal 110 has lndlvldually 
controllable output -ble 

ARCHITECTURE 
The PLHS18P8A is an oxide-isolated, bipolar 
field-programmable logic array. This device is 
configured as a decoding two-level AND-OR 
(sum of products) structure. The PLHS18P8A 
block diagram is shown in Figure 1. All the 
AND gates are linked to ten inputs (lo -19) 

and eight bidirectional 110 lines (Bco> - 8(7)). 
These links can be made via the on-chip 
true/ complement buffers. The 72 AND gates 
are configured in 8 groups which contain 9 
AND_ gates each. In every group, eight AND 
gates are used for user-defined logic func
tions and the ninth AND gate is used as a tri
state output enable control. This gives the 
user capability to control the output enable by 
means of a product term. The outputs of the 
eight logical product terms are ORed together 
(see Figure 1 ). The output polarity of each OR 
gate is individually programmable via an Ex
clusive-OR gate. The user has a choice of 
Active-Low or Active-High on each of the 
eight outputs. Figure 2 shows the logic dia
gram of the PLHS18P8A. 

HOW A DEVICE IS 
PROGRAMMED 
There are three main programmable sections 
on the PLHS18P8A: 
A. The AND array. 

8. The output polarity. 

C. The security fuse. 

A. The AND array- The AND array fuses 
are back-to-back diode pairs which act as 
open connections in a virgin device. These 
open connections are configured as 'Don't 

November 1988 
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Cares' (' - ') in an unprogrammed device. The 
open connections are pulled to a logic high 
('1 ') (see Figure 3). Consequently, all unpro
grammed AND locations are pulled to a logic 
high (' 1 ') state. This means that in an unpro
grammed device, all the product terms are 
active. During fusing, current is avalanched 
across individual diode pairs. This essentially 
short circuits the diode and provides a con
nection for the associated product term. Fig
·ure 3 shows how a typical connection is made 
to the AND array (see Appendix B for a 
description of the vertical fuses). 

The inputs to the AND array consist of 10 
dedicated inputs (10 - 19) and 8 bidirectional 
I/Os (B(O) - 8(7)). Initially, all these inputs are 
configured as 'Don't Cares' (' - '). These 
inputs can be connected to the AND array 
through an inverting or non-inverting buffer. 
The AND gate can be connected to the 
inverting buffer by programming the inverting 
fuse. Similarly, a connection can be made to 
the non-inverting buffer by programming the 
non-inverting fuse. Disabling an AND term is 
achieved by implementing a logical low ('O') 
on the output of the specified AND gate. At 
least one pair of fuses must be programmed 
for one input to disable the product term. 
When both fuses are programmed, both the 
inverting and non-inverting buffers are con
nected to the inputs of the AND gate. This will 
in tum create a logical Low ('0') on the output 

In each block of nine AND gates, one gate is 
used as an output enable control for the tri
state output The remaining eight gates are 
connected to a fixed OR gate. Since in the 
unprogrammed state the outputs of all the 
AND gates are at logic High ('1'}, the output 
of the OR gate also acquires a logic High 
state. Therefore the user is responsible for 
deactivating any unwanted product terms. 
This is done by creating a logic Low ('0'} on 
the outputs of the unwanted product terms as 
previously explained. Moreover, the output 
buffer is always enabled since the product 
term controlling the tri-state output buffer also 
has a logic High state. If any of the bidirec
tional pins are to be defined as inputs, the 
product term controlling the specified bidirec
tional pin m11st be disabled. The bidirectional 
pin can also be configured as a dynamic 1/0 
by defining the required logic for the output
enable-control product term. 

B. The 011tp11t Polarity- In an unpro
grammed device, all the output polarities are 
configured as inverting buffers. The outputs 
of the PLHS18PBA are configured as tri-state 
buffers. The two inputs of each Ex-OR gate 
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are connected as follo\Ns: one input is con
nected to the output of the fixed OR gate. 
The second input Is a connection to ground 
(logic low} through a fusible link. Figure 4 
shows how an Ex-OR gate Is used to define 
the output polarity. 

As mentioned earlier, an unprogrammed fuse 
acts as an open connection which is pulled to 
a logic high. Therefore the output of the Ex
OR gate acts as an Inverting buffer. When the 
fuse is programmed, there is a connection 
between ground (logic Low} and the input of 
the Ex-OR gate. This will cause the Ex-OR 
gate to act as a non-inverting buffer. 

c. The security Fuse- Programming equip
ment used to program the PLHS18P8A are 
capable of determining the logip pattern 
stored in this device (see Appendix A). The 
security fuse can be blown to disable the 
programmer from reading the pattern in a 
programmed device. This feature adds a 
measure of protection for proprietary designs. 

The procedure for programming this fuse 
depands on the programmer manufacturer 
and is explained in the manufacturer's opera
tions manual. 

DESIGN TOOLS FOR THE 
PLHS18P8A 
Many CAD tools such as Signetics' AMAZE 
software 1 are available to implement designs 
using the PLHS18P8A. The AMAZE software 
enables the user to enter the design in the 
form of Boolean equations or via the program 
table shown in Table 1. This program table is 
a one-to-one map of all the programmable 
links of Figure 2. The foClowing explains the 
implementetion of designs using the program 
table. Also, an example on using the Boolean 
Logic Entry program of the AMAZE software 
is given. 

Using PTE (Program Table Entry)-As
surne that Z is a typical logic function with the 
following equation: 

Z=PO+P1 

Where PO and P1 are product terms with the 
following equations: 

PO-A*/B*C 

P1 =IA* B * ID 

NOTE: 

1. Reier to Signetioa P~ Logic Data Manual for a 
complete deacrtpllon of the AMAZ£ ~ loglo 
dovelopment-.... 
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1/0 

1/0 

1/0 

1/0 

INPUTS 

1/0 

1/0 

1/0 

9 
1/0 ~ 

Figure 1. Block Diagram of the PLHS 1 BPBA 
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NOTE& 
1. All unprogrammed or virgin "AND" gate locations are pulled to logic "1 ". 
2. All unprogrammed or virgin "OR" gate locations are pulled to I ogle "1 ". 
3. Programmable corrections. 

Figure 2. Logic Diagram of the PLHS 1 BPBA 
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a. Unprogrammed Connection b. Programmed. The Non-Inverting Buffer 
Is Connected to the AND Gate 

Figure 3. How a Fuse Is Programmed 

P·TERM==~-
FUSE- -r==::_J 

~~ 
"-;!! 

Ii! 
" 

~1 

FUSE P.TERM OUTPUT OUTPUT 
POLARITY 

1 0 1 ;>o-
1 1 0 

0 0 0 

--t>-
0 1 1 

Figure 4. How the Output 
Polarity is Defined 

The program table in Table 1 is used to 
implement this equation. Table 2 shows the 
implementation of the logic function using the 
PTE. The first group of AND terms is used to 
implement this function. B(7) is used for the 
output, 10, 11, and 12 as inputs. 

-- Term O is the direction control term. It is 
the tri-state output enable control term. 
Since Z is configured as an output, leaving 
Term O in its unprogrammed state causes 
the output to be unconditionally enabled. 

- Term 1 is the P-term labeled PO, where 
A•tB•c is designated by HLH in columns 
10, 11, and 12. 

November 1986 

- Term 2 is the P-term labeled P1, where 
I A •B• /Dis designated by LHL in columns 
10, 11, and 12. 

- Terms 3, 4, 5, 6, 7. At least one input (or 
all the inputs) must be set to zero to 
disconnect these terms from the OR gate. 

- The output polarity for B(7) is H, and this is 
entered in the 'Polarity' section. 

Using BLAST (Boolean Logic And State 
Transfer)- The BLAST module in AMAZE 
can be used to implement the above equa
tion. Figures 5 and 6 show the pin list and 
logic equation format. Table 3 is the program 
table generated from these equations. 

APPENDIX A 

Programmers 
The PLHS18P8A can be programmed by 
means of logic programming equipment. With 
Logic Programming, the AND/Ex-OR gate 
input connections necessary to implement 
the desired logic are coded directly from the 
logic equations using the program table 
shown in Table 1. 

The symbols used in the program table corre
spond to the fusing pattern of the corre
sponding link pairs, defined in Figure 6. 

To program the dev!ce, the address of every 
fuse to be programmed must be entered in 
the programmer. This is a tedious and error-
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prone method of implementing the required 
logic pattern. Using CAD software, such as 
Signetics' AMAZE software, enables users to 
go directly from program table or logic equa
tions to a fuse plot. The fuse plot can be 
downloaded to a programmer through a serial 
port. 

APPENDIX B 
The vertical fuse is the latest in programma
ble logic technology. It combines reliability, 
low capacitance and testability in an incredi
bly small space. 

The vertical fuse takes advantage of the 
properties of silicon and aluminum. The virgin 
fuse is a three-layer device: a shallow layer of 
N-type silicon on top, a layer of P-type silicon 
in the middle, and a layer of N-type silicon on 
the bottom. This forms a pair of PN diodes, 
back-to-back, which will not allow current to 
pass under normal circumstances. 

There is a cap of aluminum on top of this 
structure. During programming, high current 
conditions (50 to 100 times what is seen 
during normal operation) is induced by ava
lanche breakdown of the reverse-biased di
ode. The aluminum will "spike" through the 
shallow N-type layer. Once the aluminum has 
spiked through, the top diode in the pair is 
shorted out. The whole vertical fuse will then 
look like a pure PN diode. Before program
ming, the fuse is an excellent blocking ele
ment, having current leakages in the order of 
nanoamps. After programming, the fuse is set 
as a small, well-defined diode. 

QUALITY 
Besides the AC and C parametrics, each and 
every fuse goes through three tests for for
ward characteristics, reverse characteristics, 
and programmability. Extensive on-chip test 
circuitry ensures lull AC parametric testing 
before and after the part is programmed. This 
insures that the customer receives the high
est possible fusing yield which is made possi
ble by vertical fuses. Vertical fuses also offer 
the smallest and fastest array structure to
gether with the highest reliability possible. 

9 
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T 

~ II 
r· AND OR (FIXED) 

• I 8(1) 8(0) A 
u 9 8 7 • 5 • 3 2 1 o. 7 8 • • 3 2 1 0 7 i • • 3 2 1 0 

I 0 
,, 

if 1~ 
1 .. 
2 A 

ha Ii 
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• .. 
5 .. 

t! h'!I T .. 
JdlH 

7 A 
I I .. , i~ • ::D: 

·~ .. s I 10 A 

~-·i" 
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• ~lldi 13 .. 
14 A 
15 A 

.-N Cl') ... 18 A 

;T~ 
:::lL :A 

18 D 
11 A 
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21 .. 
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I 1 ~ .. A 
CM" A .. .. 

I Iii A 

I-r---1-·-- n'F D 
e; 28 A 

!t ~ A 
30 .. 

~ :c ... I 31 A 

! w 32 A 

I ~ 33 .. .. .. 
i "T -,; .. "' :Jr D 

~I~ 37 A 
38 A 
39 A 

I 
40 A 
41 A 
42 A 
43 A .. A .. D 

w 48 A 

( !i 47 A 
48 A Q "]I" A 

I 
50 A 
51 A 

~ .. A 
~ A ..... ::I[ 

G'.i 
.. A 
58 A 

a: 57 A 
'II: .. A 

Ii: 59 A 
80 A 

f .. A 

........ Ii -.- A 
83 D 
84 A .. A 

~ I g =- ~ ; 
58 A ,.,. 

A .. A > a: m 89 ~ a en Ill j$ 
A ,. 
A 

ffiW!'.jffi::I!::& 71 A 
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w 

fi !§ ~ i g ~ iilw 

~= II. ll'l u .. II. !fz 

Table 1. Program Table 
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CUat/proJt1et .;iout818PIM Pri..,.. 
Dam -flay .... 
,,_II. D. 
ca-nt•• 
..... agr .. Tllltle for i11Pl.-.nUng 

Z•PO+P'l 

PO • A. <18> .c 
P'l • <IA> • 8. CID> 

VA1llA8LE 
POLARITY 

T ! ~e TLi'L.Lii:iLitiii'i:! 
E ! . :i:u:t:r --r:r-----
: :----~- B<U ~ BCa> . ~ 

_ !9_a_7 _6_5_4_:s_2_1_0 !7 _6_S_4_:s_2_1_0! 7 _6_s_ 4_:s_2_1_0! 
O!- -.- - - -.- - - -!- - - -,- - - -!DI I 1,1 I I /! ... fri·.W•l.l~e""'1e 
1!- -,- - - -,- H L H!- - - -,- - - -!A I I 1,1 I I 1! .... PO-A.•/i • 
Z!- -,- - - -,L - H L!- - - -,- - - -!A I I 1,1 I I /!_.pt.;,,, 8 C. 
:S!- -_,- - - -,- - - -!- - - -,- - - -!A I I 1 1 1 I I I! /A•JJ•/J) 

~;~ ~!~ ~ ~ ~!~ ~ ~ m ~ ~ ~1~ ~ ~ ~1~ ~ ~ m ~ ~ ~1 
9!- -,- - - -,- - - -!- - - -,- - - -!/ D I 1 1 1 I I I! 

:!:: ::: : : ::: : : ::: : : :;: : : ::: : : ::: : : :: 
l:S!- -,- - - -,- - - -!- - - -,- - - -! I A I 1 1 1 I I I! 

i~l~ ~~~ ~ ~ ~~~ ~ ~ ~!~ ~ ~ ~~~ ~ ~ ~!~ ~ ~ ~~~ ~ ~ ~! 
18!- -,- - - -,- - - -!- - - -,- - - -!/ I D / 1 / I I /! 
19!- -,- - - -,- - - -!- - - -,- - - -!/ I A / 1 / I I I! 
20!- -,- - - -,- - - -!- - - -,- - - -!/ I A / 1 / I I I! 
21!- -,- - - -,- - - -!- - - -,- - - -!I I A / 1 / / / /! 

:;: ::: : : ::: : :- :;: : : ::: : : :;~ ~: ~:~ ~ ~ ~; 
24!- -,- - - -,- - - -!- - - -,- - - -!/ I A 1,1 I I /! 
Z5!- -,- - - -,- - - -!- - - -,- - - -! I I A I ,I I I I! 
26!- -,- - - -,- - - -!- - - -,- - - -!I I A 1,1 I I I! 
27!- -,- - - -,- - - -!- - - -,- - - -!I I I D,I I I I! ::: ::: : : ::: : : :;: : : ::: : : :;~ ~ ~ ::~ ~ ~ ~; 
:.10!- -,- - - -,- - - -!- - - -,- - - -!/ I I A,I I I I! 
31!- -,- - - -,- - - -!- - - -,- - - -!/ I I A,I I I I! 

::: ::: : : ::: : : :i: : : ::: : : :;~ ~ ~ ::~ ~ ~ ~: 
34!- -,- - - -,- - - -!- - - -,- - - -!I I I A,I I I /! 

iil l!l l 11!111 li~ l H!l 1 ~ lii l l l~ 11 ii 
43!- -,- - - -,- - - -!- - - -,- - - -!/ I I l,A I I I! 
44!- -,- - - -,- - - -!- - - -,- - - -! I I I I ,A I I I! 
4:1!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1 1 1 D I I! 
... !- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 A I I! 
47!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 A I I! 
411!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 A I I! 
49!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 A I /! 
SO!--,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 A I I! 
St!-·-,- - - -,- - - -!- - - -,- - - -!/I I 1,1 A I/! 
S2!- -,- - - - 1 - - - -!- - - -,- - - -!I I I 1,1 A I I! 
A!--,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 A I I! 
54!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I D /! 
915!- -,- - - -,- - - -!- - - -,- - - -!I I I 1,1 I A /! 
Mf- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I A /! 
S7!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I A I! 
M!- -,- - - -,- - - -t- - - -,- - - -!/ I I 1 11 I A /! 
ff!--,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I A /! 
60!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I A /! 
61!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I A /! 
62!- -,- - - -,- - - -!- - - -,- - - -!I I I 1,1 I A /! 
63!- -,- - - -,- - - -!"."'" - - -,- - - -!/ I I 1,1 I I D! 
64!- -,- - - -,- - - -!- - - -,- - - -!I I I 1,1 I I A! 
Ml!- -,- - - -,- - - -t- - - -,- - - -!I I I 1 1 1 I I A! 
66!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1 1 1 I I A! 
67!- -,- - - -,- - - -!- - - -,- - - -!I I I 1 1 1 I I A! 
68!- -,- - - -,- "":" - -!- - - -,- - - -!/ I I 1 1 1 I I A! 
69!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1 1 1 I I A! 
70!- -,- - - -,- - - -!- - - -,- - - -!I I I 1 1 1 I I A! 
71!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I I A! 

Table 2. lmplementatlon of the Function "Z" Using PTE 
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Fil• - I 1Bl'RltER 
0.te I l!/2211-
Ti .. I t:S11!21l54 

llllllllllllHlllll•tPIN LISTHll ... 11111111111 ... 

LA8EL 
A 
II 
c 
D 
N/C 
N/C 
N/C 
N/C 
N/C 
8ND 
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- FNC **PIN ------- PlN<Ht FNC ** LABEL -I .. 1-1 p 1-20 ** +ll\/ **I/CC .. l .. 2-1 L 1-19 ** D **Z .. I .. :S-1 H 1-18 ** ID fflNllERT .. I .. 4-1 8 1-17 ** I **INPUT .. I .. ll-1 1 1-16 **II ••81DIR -I •• 6-1 8 I-Ill** /II H/llDIR .. I .. 7-1 p 1-14 •• /8 HN/C .. I .. 8-1 8 1-1:s •• /8 HN/C 

** I .. 9-1 A 1-12 - ,, HN/C 
•• ov .. 10-1 1-11 ** I HN/C 

Figure 5 

Ftle - I lBl'RltER 
Date I l!/22/1-
Ti .. I l:Slll::Jlff 

-YICE TYPE 
PLHB1-
..,.._IN8 

MEl/18111N 

-TE 
•••••••••••••• llay 1986 

Bl&ETICB - Ali Bhe:la..,.i 

--IPTIDN 

........................................... ************************ 
• Thia l• an IHUMIPl• of h1pl....,tin9 911uationa fClf" • 
• the PLHBl-. 'l•ln11 -ze: • .................................................................. 
9C0'1llDN PRODUCT TERM 
PO • A * 18 * Ct • PO and Pl are ulMKI to d..:l are ComMX\ 
Pl • 'A • /8 • /DJ 11 product ter••· 

91/D DIRECTlllN 
07 - 11 
D6 - 11 
Da. 01 
D4 •Al 
o:s - 111 

eDUTPUT POLARITY 
X7 • 01 
X6 • 11 
X4 - 01 
X:S • 11 

LCIBIC EalATlllN 

Z • PO + Plt 

1-.n' • IC INPUT >1 

lllDIR • /llDlR * 8 I 

• Def :l "88 87 ta b• an output 
" Def:ln•• 86 ta ff an output 
• Def in•• 1:5 to be an input 
• 84 an output llllh.n A i• tr-u. ~herwl- an Input • 
• ~ .,. autput Wt11n 9 I• true otherN:l- an input • 

• Dacu.enta the output polarity •• active hiQh 
" Dac"89nts th• output polarity •• ac:tiv. hi9h 
" Dacu..nt• th• output polvtty •• active ht.eh 
• Dac<1eent:a t.htt out.put. pohrlt.y •• active hl9h 

/BDIR • IC A * C * D * /Z • INVERT • INPUT * ·lllDIR >I 

Figure 6. Boolean Equation File 
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File,.._ t l9'Rl..,_ 
Dat• I S/Zl/I ... 
Tl• 1 l:St:lttUI 

Cu•t/~DJKt - •••••••••••••• All 9'•1• ... 1 
0.t• - ................. y .... 
"9¥11. D. - • • •• •••• • •• • • • P\.H91..,. lll!V ·-• 

...... 1 .. 

T ! 7H'ILi'L.HiL.LiLiCT 
E !~~~~~~~~~~~~~~~~~~~-
" ! BU> Bto> 
" !~~~~~~~~~~~~~~~~~~~-

- t• _a_1_._s_4_:s_2_1_0 ! 7 _,_s_ 4_:s_2_1_0 t7 _,_s_ 4_:s_2_1_0 ! 
O!- -,- - - -,- - - -1- - - -,- - - -!D I I 1,1 I I I! 
1!- -,- - - -,- H L H!- - - -,- - - -!11•·1 I 1,1 I I/! 
2!- -,- - - -,L - L L!- - - -,-: - - -!• I I 1,1 I I /! 
:S!O O,O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!A I I I ,I I I I! 
410 O,O 0 0 0 1 0 0 0 O!O 0 0 0 1 0 0 0 O!A I I 1,1 I I I! 
S!O O,O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!A I I 1 1 1 I I It 
•IO 0,0 0 0 0 1 0 0 0 O!O 0 0 O,O 0 0 OIA I I 1,1 I I I! 
710 O,O 0 0 0 1 0 0 0 O!O 0 0 0 10 0 0 O!A I I 1 1 1 J I /! 
e!O 0,0 0 0 O,O 0 0 O!O 0 0 0,0 0 0 O!A I I 1,1 I I I! 
9!- -,- - - -,- - - -!- - - -,- - - -!/ DI 1 1 1 I I I! 

!~i; ;:; ; o ;:; ; ; ;io o: o~o; o ;;~ : ~ ~:~ ~ ~ ~; 
!~~: ::: : : ::: : : :;: : : ::: : : :;~ : ~ ~:5 ~ ~ ~; 
14!0 O,O 0 0 O,O 0 0 O!O 0 0 0 10 0 0 O!/ A I 1 1 1 I I I! 
115!0 O,O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!I A I 1 1 1 I I I! 
t.•!O O,O 0 0 O,O 0 0 O!O 0 0 0 1 0 0 0 O!/ A I 1 1 1 I I I! 
17!0 O,O 0 0 0 1 0 0 0 O!O 0 0 0 1 0 0 0 O!/ A I 1 1 1 I I I! 
t.•!O O,O 0 0 0 1 0 0 0 O!O 0 0 0 1 0 0 0 O!/ I D 1,1 I I I! 
1.9!0 0,0 0 0 O,O 0 0 OtO 0 0 0 1 0 0 0 O!/ I A / 1 / I I /! 
20!0 O,O O 0 0 1 0 0 0 O!O 0 0 0 1 0 0 O O!/ I A 1,1 I I /! 
21.!0 O,O 0 0 O,O 0 0 O!O 0 0 0 10 0 0 O!/ I A / 1 / I J I! 
22!0 O,O 0 0 O,O 0 0 O!O 0 0 0 1 0 0 0 O!/ I A 1,1 I I I! 
Z:S!O 0,0 0 0 O,O 0 0 O!O 0 0 0 1 0 0 0 O!/ I A / 1/ I I I! 
34!0 0,0 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!/ I A J,I I I I! 
25!0 O,O 0 0 0 1 0 0 0 O!O 0 0 O,O 0 0 O!/ I A J,I I I /! 
a.10 0,0 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!/ I A J,I I I I! 
27!- -,- - - -,- - - H!- - - -,- - - -!/ I I D,I I I /! 
28!- -,- - - -,- - H -!- - - -,H - - -!I I I A,I I I I! 
29!0 O,O 0 0 0 1 0 0 0 O!O 0 0 0 10 0 0 O!/ I I A,I I I I! 
30!0 O,O 'O 0 0 1 0 0 0 O!O 0 0 0 1 0 0 0 O!/ I I A,I I I It 
31.!0 O,O 0 0 O,O 0 0 O!O 0 0 0 1 0 0 0 O!/ I I e,1 I I I! 
U!O O,O 0 0 O,O 0 0 010 0 0 0 10 0 0 O!/ I I A1 / I I I! 
33!0 O,O 0 0 O,O 0 0 0!0 0 0 O,O 0 0 O!/ I I A1 / I I /! 
MtO O,O 0 0 0 1 0 0 0 0!0 0 0 0 1 0 0 0 O!/ I I .,I I I /! 
315!0 O,O 0 0 010 0 0 O!O 0 0 0 1 0 0 0 O!/ I I A,I I I /! 
~!- -,- - - -,- - H -!- - - -,- - - -!I I I / 1 0 I I I! 
S7!- -,- - - -,H H - H!L H H H1 - - - -!/ I I / 1A I I /! 
H!O 0 1 0 0 0 0,0 O 0 O!O 0 0 0 1 0 0 0 O!/ I I l,A I I J! 
39!0 0 1 0 0 0 0,0 0 0 O!O 0 0 0 1 0 0 0 O!/ I I J,A I I I! 
40!0 O,O 0 0 0,0 0 0 O!O 0 0 O,O 0 0 O!/ I I 1 1 4 I I I! 
'1!0 O,O 0 0 O,O 0 0 O!O 0 0 0 1 0 0 0 O!/ I I I,. I I I! 
42!0 0 1 0 0 0 0 1 0 0 0 O!O 0 0 0 1 0 0 «PO!/ I I I,. I I I! 
<Q!O 0,0 0 0 O,O 0 0 0!0 0 0 O,O 0 0 O!I I I / 1 A I I I! 
44!0 O,O 0 0 0 1 0 0 0 O!O 0 0 0 10 0 0 O!/ I I / 1 A I I I! 
ol&!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 D I I! 
46!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 A I I! 
•71- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 A I /! 
41!- -,- - - -,- - - -!- - - -,- - - -!I I I 1 1 1 A I I! 
.. ,_ -,- - - -,- - - -!- - - -,- - - -!I I I 1,1 A I /! 
SO!- -,- - - -,- - - -1- - - -,- - - -!/ I I 1,1 A I I! 
St.!--,- - - -,- - - -!- - - -,- - - -!I I I 1,1 A I I! 
U!- -,- - - -,- - - -1- - - -,- - - -!/ I I 1,1. I I! 
A!--,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 - I I! 
$t!- -,- - - -,- - - -!- - - -,- - - -!I I I J,J I D /! 
SS!--,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I A/! 
116!- -,- - - -,- - - -1- - - -,- - - -II I I 1,1 I • /! 
tJ7!- -,- - - -,- - - -1- - - -,- - - -!/ I I 1,1 I A /! 
•1- - 1 - - - -,- - - -!- - - -,- - - -!/ I I 1,1 I A I! 
.. I- -,- - - -,- - - -!- - - -,- - - -!/ I I 1 1 1 I A /! 
4'01- -,- - - -,- - - -!- - - -,- - - -!I I I 1 11 I A I! 
•t.!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I A/! 
62!- -,- - - -,- - - -1- - - -,- - - -!I I I 1,1 I A II 
63!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I I D! 
M!- -,- - - -,- - - -!- - - -,- - - -1/ I I 1,1 I I Al 
MS!--,- - - -,- - - -!- - .. -,- - - -!I I I 1,1 I I A! 
.. t- -,- - - -,- - - -!- - - -,- - - -!/ I I 1,1 I I A! 
67!- - 1 - - - -,- - - -!- - - -,- - - -!/ I I 1 1 1 I I A! 
.. I--,- - - -,- - - -!- - - -,- - - -!/ I I J,J I I A! 
ff!--,- - - -,- - - -1- - - -,- - - -!/ I I 1,1 I I A! 
70!- -,- - - -,- - - -1- - - -,- - - -!I I I 1 1 1 I I Al 
7l!- -,- - - -,- - - -!- - - -,- - - -!/ I I 1 1 1 I I A! 

NNNNNNDC9AZll•INNNZl19/NNN 
111111 NNl•I// NNl•lt/ 
CCCCCC VPDDCCC YPDDCCC 

EUii EUii 
RTRR RTRR 
T T 

Table 3. Programming Table Generated by AMAZE 
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Application Specific Products 

INTRODUCTION 
The PLHS473 is a 24-pin field- programmable 
logic array (FPLA) which has 11 dedicated 
inputs, 2 dedicated outputs and 9 bidirection
al I/Os. The logic array consists of 24 pro
grammable product terms which are connect
ed lo 22 programmable OR terms in the 
classical PLA architecture. A functional dia
gram is shown in Figure 1. The shaded areas 
represent programmable interconnects be
tween , vertical and horizontal lines. Eleven 
dedicated inputs, lo to 110, are located on the 
upper leflhand corner of the diagram, and the 
9 bidirectional I/Os, Bo to Be are located on 
the tower righlhand comer. All inputs to the 
AND array have true and inverting input 
buffers. The output portion of the 9 bidirec
tional I/Os and 2 outputs may be pro
grammed to be Active-High or Active-Low by 
altering fuses Xo to Xa. XA and Xe which are 
connected to one leg of the Exclusive-OR 
gates. Each output is connected to two OR
terms, one of which provides the logic func
tion OR to the output while the other provides 
the ENABLE function for the tri-state output 
buffer. Alternatively, each output may be 
configured to emulate an open-collector out
put by programming the output to an uncond~ 
tional LOW and apply the logic function on 
the In-state controlling OR-term as shown in 
Figure 2. In addition, the PLHS473 has a 
security fuse which may be programmed to 
lock out unauthorized access to the fuse map 
of the design. 

This device is fabricated with an oxide-isola
tion process for the best speed/power perfor
mance. The programmable element is a "ver
tical fuse" which is actually two PN diodes 
connected back-to-back (anode-to-anode 

November 1986 

AN27 
PLHS473 Primer 
Application Note 

stacked on top of one another) as shown in 
the insets of Figure 1. The fuses are normally 
open-circu~ed. To program a fuse, a suffi
ciently high voltage is applied across the two 
diodes such that one diode breaks down 
which induces metal migration across the PN 
junction of the avalanched diode. This tech
nology allows smaller chip size and faster 
speed performance. The guaranteed propa
gation delay may be tested by using the two 
factory-programmed test columns and a test 
row as a test vehicle for speed testing. These 
test columns are to be deleted automatically 
in the process of programming. 

The vertical fuses of an unprogrammed de
vice, being normally open-circuited, set all 
AND terms to a High state and disconnected 
to all OR terms. The OR terms are normally 
Low when they are not connected to the AND 
terms. Once an AND term is programmed to 
make connections with the OR array, ii can
not be disconnected. However, AND terms 
may be disabled by having the true and 
inverting input buffers (e.g., A • I A, B • /B, 
etc.) of all inputs connected to the AND term 
which is to be disabled. 

While even a single input, (A • I A), will hold 
the AND term to a Low, glltches may develop 
if the input voltage changes state. Therefore, 
It is recommended that the complementary 
buffers of all inputs in the disabled AND term 
be connected. 

Programming the PLHS473 
The programming table and symbols of the 
PLHS473 are shown in Table 1 where there is 
a place for every function that is shown in 
Figure 1. The table is divided into two main 
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sections. The left side of the table, sections A 
and B, represents the input side of the AND 
array (section A has all dedicated inputs lo to 
110. section B has inputs from the bidirectional 
I/Os Bo to Be). whereas the right side, sec
tions C, D, and E, represents the outputs of 
the OR array. Section C represents the OR 
array which controls the tri-state output buf
fers of the bidirectional I/Os Bo to Be and 
outputs OA and 0 8 , while section D repre
sents the OR array which drives the outputs. 
Section E controls the output polarity of each 
output. As shown in Table 1, the program 
table is very similar to a truth table. Each row 
represents one of the 24 product terms, while 
each column in sections A and B represents 
an input to the 24 pro.duct terms and in 
sections C and D, each column represents an 
output. The intersection of a column and a 
row in sections A and B represents four 
possible fuse configurations, namely, 1) both 
inverting and non-inverting input buffers are 
connected to the AND term, 2) only the 
inverting buffer is connected, 3) only the non
inverting input buffer is .connected, and 4) 
both inverting and non-inverting buffers are 
disconnected. These four configurations are 
represented as "O", "L", "H", and"-", 
respectively. Each intersection of a row and a 
column in sections C and D involves only two 
fuse configurations, either connected or dis
connected. Therefore, the entry there is ei
ther "A" or " - ", respectively. In the polarity 
control section (section E), each square rep
resents the configuration of the fuse connect
ed to the Exclusive-OR, which is connected 
to a particular output pin. An "H" represents 
an Active-High or non~nverting output, an 
"L" represents an Active-Low or inverting 
output. See Table 1 for further details. 
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l>------(LOGICTERMS-P)-------

'• 1 

h L!J 
,, 3 

,, . 
•• L!J 

15 l.!} 

•• t.!J 
,, • 
.. . 
lo 10 

Ito 11 .. 

.. ::tt:t::J::ttjtitttt:ttt::ttttttt:t===::J------, 
··::tt::t:t:l::t::t::t::t1~t::t:t:l:t:::t:l:tt:t::t::t:t=======)I----, 

23 .. 
22 ., 

8 .. 
"' .. 
17 .. 
16 .. 

8 . , 
~ .. 
13 .. 
,. Oe 

8 OA 

23••••••11 15••••••8 7••••••0 

NOTES: 
1. AH unprogrammed or virgin "AND" gate locations are pulled to logic "1 ". 9 
2. All unprogrammed or virgin "OR" gate locations are pulled to logic "O". 
3. Programmable connections. 

Figure 1. PLHS4 73 Logic Diagram 

November 1986 9-173 



Slgnetics Application Specific Products 

,PLHS473 Primer 

OUTPUT:i: 
/(SUM-Of'PRODUCl) 
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Figure 2. Emulation of Open-Collector Output 

HIGH. An example is shown in Table 2, term 
O where pins OA, 0 6 B(0)8 are programmed 
as dedicated outputs. The input section of 
term o is entirely "dashed out" (this is actual
ly its unprogrammed state) which causes the 
AND term to be unconditionally HIGH. OR 
terms EA. Ea. and D8 are connected to 
product term O by the "A" entries in their 
respective squares. The rest of the D section 
and the B(O) section are "dotted out" (left 
unconnected) since we are not concerned 
with them for the moment. If more outputs are 
needed later on, their corresponding squares 
may be changed to "As" from "dots" as the 
need arises. 

Notice that as shown in Figure 1, all fuses in 
their unprogrammed state are normally open
circuited. This means that all product terms 
are initially disconnected to the OR array, all 

OR gates are initially at a logic LOW, and all 
output pins are initially in High-Z state. There
fore, if anys of the outputs are to be enabled, 
its controlling OR term must be set to a logic 

r-~·-------------------,-_-_-_-_-_~A~;o~_-_-_-_1-J_l"_-_-_-_-_~°"_;;-_-_-_-__ l 
cusnim~ NAME________________ I AcnvE A 

0101 
PURCWE ORDER#_______________ INACTIVE I 0 I INACTIVE I • 
SKliNEik:S DEVICE# _____ CF (XXXX),______ 1, e 1 H 1----------

.:C. t---;-;l,B(I) I CONTROL 
CUST\fll!ER SYMBOLIZED PART#---------- i, ii IL :-..----------.,.-_,---

TOTAL~UMBER OF PARTS______________ OON'T CAREi- (I HIGH I H ~S=E-=C--T_IO;_N_E-::~:"'==,------, 
ii_ (POL.) I --,-.,--,--,-:.:POTLA;::R,IT'-'Yllf---,1 PROG'\i'MTABLE# ___ REV ___ DATE____ I LOW IL r J :I .l J .LI .l 
a 

T 1!i[ AND 

B(I) ~ .!. 
M 10 ~ 8 7 6 5 4 3 2 1 0 8 7 6 5 2 1 0 4 3 

' ' ' ' • 
7 

8 

t-To-
I-ii"' 
Mt 
If,-
Mi" 

15 

18 
17 

18 

" 20 

21 

22 

23 

LS'. 
ca 

liii 

~ 

SECTION A 

-t-
-t-
+ 
-t-
+ 

SECTION B 

~N 11 10 9 8 7 8 5 4 3 2 1 ~ ~ 21 ~ 17 16 15 14 13 

h 
NnvAmher 1986 

a E 
B A 

15 

" 17 

" 19 

20 

21 

22 
23 

D 

8 7 6 5 4 3 2 1 

SECTIONC 

OR 

ol 
0 B A 8 

-r
+ + + + 

7 G 

B(O) 

543210 

-
SECTION D 

= -

19 18 H U ~ ~ 17 16 15 14 13 ·-1. The FPLA is shlpPed with all links open, 
2. Unused I and e bita In the AND array exist as 

Don't care(-) In the virgin state. 
3. All P•terms are Inactive on all outputs (B, 0) In the 

virgin anay. 
4. Unused product terms can be left blank. 
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OUTPUT POLARITY - (0, B) 

·~0,1 

I ACT~~~VEL I c:DE j 

AND ARRAY - (I, B) 
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8
1'D--o,a 

ACTIVE LEVEL 
HIGH 

4· "4: 4· ·4: 1,8 1,8 ... ~· i:i l,B 

p p 
p 

I 
STATE 1~1 I 

STATE 

I 
~EI I 

STATE 
DON'T CAAE1 INACTIVE1 ~ 8 - ........ 

OR ARRAY - (0, B) 

fo-· 
[ Pn STATUS l COOE j 
L INACTIVE 1 I • J 

Pn STATUS CODE 

ACTIVE' A -
NOTES: 
1. This is the inHial unprogrammed state of all link pairs. 
2. Any gate Pn will be unconditionally inhibited n any one of its (I, B) link pairs is programmed for a 

connection. 

INPll1'1*1NPU1'2 

O.C =ONP111'1*1NPll1'2)+(1NPUT.a*INPmel 

Figure 3. Emulation of Open-Collector Output 
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I c~ I I STATE 

I 
c:DE I l,ll 

"""''" ....... 
VIRGIN STATE 
A factor shipped virgin device contains all 
fusible links. 
1. All output at "L" polarity. 
2. All P n terms are enable. 
3. All P n terms are active on all outputs. 
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Once we have determined the outputs, we 
can proceed with defining the logic functions. 
As an example, the logic function 

OUT-0 = INPUT-1 * /INPUT-2 

is shown in Table 2, term # 2 where in the 
column labeled "INPUT-1", an "H" is en
tered to represent a connection of the non
inverting input buffer of INPUT-1 and the AND 
term 2. In the column labelled "INPUT-2", an 
"L" is entered to represent the connection of 
the inverting input buffer of INPUT-1 and the 
AND term 2. On the output side of the table, 
Os in term O is programmed "A" to make a 
connection between term 2 and the OR term 
which is connected to the output pin 0 8: The 
output polarity of 0 8 is arbitrarily set to 
Active-High by programming an "H" in the 
Os column of the polarity section. 

A sum of several product terms (AND-OR) is 
implemented by connecting multiple AND 
terms to the same OR term. An example is 
shown in Table 2, terms 4 and 5, which 
implement the logic function 

OUT-1 = (INPUT-1 */INPUT-2) + 
(INPUT-3 • INPUT-4) 

The logic function 

OUT-2 = /((INPUT-1 * INPUT-2) + 
(INPUT-3 • INPUT-4)) 

is shown in terms 9 and 10. The output is 
Active-Low as programmed "L" in the polari
ty section of OUT-2. As a rule, the AND 
function is implemented in a row, whereas the 
OR function is implemented in a column. 
Since the AND portions of terms 2 and 4 are 
the same, they may be combined as shown in 
term 7, which saves a duplicated term. 

Table 2 terms 12 and 13 together emulate an 
open-collector output as an example. The 
logic equation 

0-C= /((INPUT-1 ' INPUT-2) + 
(INPUT-3 * INPUT-4)) 

is implemented by first programming 0-C 
Active-High in the polarity section. Terms 12 
and 13 implement the sum of product lune-

Application Note 
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lion. Notice that the B(O) of 0-C is pro
grammed as a "dot" in both terms 12 and 13, 
which, together with the polarity control, 
causes it to be unconditionally Low, since a 
disconnected OR term is unconditionally Low. 
The intersections of column 0, and terms 12 
and 13 are programmed "A" so that the tri
state output buffer of B(Oh is enabled at 
input conditions (INPUT-1 • INPUT-2) = 1 or 
(INPUT-3*INPUT-4)=1. Terms 10 and 11 
may be represented as shown in Figure 3. 

Signetics produces a software package, 
AMAZE, as a design tool which assists imple
mentation of logic design and documentation. 
For further information on AMAZE software, 
refer to the AMAZE User's Manual. Two 
simple circuits shown as examples are imple
mented using AMAZE. The first circuit is a 
simple cross-coupled RS latch. The second 
circuit is a multiplexer I demultiplexer which 
multiplexes four inputs to one output or dem
ultiplexes one input into four outputs. Both 
circuits are put into the same PLHS4 73 de
vice. 

Table 2. Examples of Programming PLHS473 

CUSTOMER NAME~-------------~ 
PURCHASE ORDER*---------
SIGNETICS DEVICE # _____ CF (XXXX) ____ _ 

CUSTOMER SYMBOLIZED PART*----------

AIM> I OR ----------+-----------
INACTIVE I 0 

! IACTIV£ I A I I B(O) 
I INAC11VE • 

TOTAL NUMBER OF PARTS ___________ _ 

PROGRAM TABLE#---- REY---DATE ___ _ 

,_'·-·--1+-H-<1,B(I) ~---~-
f-t_l __ !+-IL ~----------

1 Bm" H '-------:::::,-,:::::::--------, 
DON'T CAREi-

I IPOL) r POLARITY 

I LOW L ~.~ff...,...,..1-..--_l'""'.l""""".l...-.l.......,'""'.l-r-.l-r-1 
OR 

B{I) i 8(0) 

~,~O"T"".'OT":8.....-:7T"6:-r5:T<:-T"~3"T"".'2~1-r::0-+:8:-r7:T~8r:"Sr:'4i-:3-r.:2T"'.1CT".O~ 8 A 8 7 6 5 4 3 2 1 0 8 A 8 7 8 I 4 3 2 , 0 

o- o_]A_AA• 

"' . . . 
,, ,_ - • A 

H H . . ... • .ld • 

1 LJ! L 

• ]]!II!: - . . 
10 - ff H 10 • • • • • • •L! • 
11 
,, IR H 12 • • • A • 

" - ·- Ii H ,. 
" .. 15 ,. ,. 

17 
11 ,. 
" 19 
20 .. 
" ., ., 22 

" .. 
PIN 11 10 1· 8 7 8 5 4 3 2 1 D U ~ 20 17 18 15 U 13 19 18 D 22 21 20 17 18 11 14 1l 

November 1986 

-1. The FPLA i. lftlpped wl1h 11 llnb cpen. 
2. l.JnuliecllllndBblllilna.AND,,_.,exwt• 

Don'IC..(-)lna.Vlrgln...._ 
3. AllP-lwfM .. ...._on .. outputs(B,O)lna. --4. UnuAd product 1lrtM can be left blllnk. 
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Filt Miit o 47JPRlllE 
Dalt 1 9/4/1916 
Till I 15153128 

llllllllllllllllllHI P I N L I I I 111111111111111111111 

LAIEI. tt FMC ttPJN ···-····· PJNtt FMC tt 
/S HI .. l·i :-24 tt +5Y ttVCC 
/R tt I .. 2-i :-2!tt/O HQ 
N/C HI .. l·i 1·22 H /Q HQMOT 

N/C HI .. 4·1 :-21 II /8 tlfll/C 
l/C HI .. 5·i l·20H8 ttF 
N/C HI .. 6·l :-19 It 0 HN/C 
MIC HI H l·l H8ttD 1111/C 
l/C HI H 8·! H7 11 /1 1111/C 
so HI H ,., 1•16 tt I ttD 
Sl ttl tt IO·l 1-15 .. 8 HC 
DIR tt l tt u .. ; H4H I HB 
li111 H 0¥ Hl2-1 i·l3 H 8 HA 

Figure 4. Pin List 

filt lall I 47JPlllllE 
Datt t 9/411916 
TlH I lStS4tl4 

ID£YlCl TIPE 
PU184n 
llUlllNI 
111£¥151111 
IDAlE 
ISY"8ll. 

Filt ..... 47JPRlllE 
IClllll'AIY -lllESClllPTlllll 
-PROIMJCTTElllt 
11/0 DlllEClllll 

LAIEL 

'The l/O D1RECT10M d1fi11ition is optionil, ud uy bt dtfau.lttd 
to tti1 PIM LJST unlns it ii bidirtcticin1l and h contrallltl by 
& lotic tQUttion. • 

•111tttltfffflftffffl 110 D£f1NlTIDll FOR R/S LATCff tfflHtffllfffHH • 

18 • I J " EKh ou.lput Hit bt dtfintd upw1t1ly by itl OWi; 

lotit tt1t1tion. • 
D7 • 1 ; 

•ttfftlllltfflfl 1/0 DEFlllTlOI FOft MUl/DE1tUl CIRCUIT ffffllffllffffl I 

Dl • DIR 1 • 111tn DIR • 1, BJ, 12, 81, BO btcHt outpu.tl, D1t1 flot11 

frn f to A, 81 C, D. • 
D2 •DIR I 
DI• DIR I 
DO•DIRJ 

15 • /DIR I • llllfl DIR = O, 15 lltcOHI u output, CMllput buffers 
af 80 ta 83 tr• dtllbltd. D1t1 flan fr11 A, I, c, 
Dlo f, ' 

Figure 5. Boolean Equations 
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@OUTPUT POLAR ITV 

• The definition of output polarity is optional and HY be defaulted 
tht PIN LIST, ' 

' 111111111111111 POLARITY DEFINITION FOR R/S LATCH ttttttttttttt ' 

18, X7 • 1 ; ' Outputs with the saee pol1ritv HY be defined 
in the Hit equ1tion. Since the outpuh Q and 
QNOT are defined u active LOW, this equation 
causes the XOR to function as an inverter. ' 

' HtHHtH POLAR!TV OEFIN!TlON FOR MUl/DEMUX CIRCUIT HHtttHH " 

IS, 13, 12, 11, XO= 0; 'Outputs BO, Bl, 82, 83, BS are active 
HIGH. ' 

tLOSIC EQUmON 

' IHHHtttHHHH EQUATIONS FOR R/S LATCH HttttHllHttttttHH ' 

= I I /S • QNilT I ; • lhe equilion IUSl ustd the tor Ht 

QNOT = It /R t Q I ; 

output = It .. .. .. I; sinct output 
Q is defined H 1ctivt LOW. ' 

' tttttttttttttt EQUATIONS FOR llUX/DEllUI CIRCUIT tttttttttttttttttt ' 

F = ( A t /SO t /SI I + 
( 8 I so I /SI ) + 
( c I /SO I SI ) + 
t D • SO t SI l 

A = ( f I /SO t /SI ) 
8 = t F t SO t /SI l 
C = t F t ISO t SI I 
D = I F t SO t SI l 

Figure 5. Boolean Equations (Continued) 
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File Milt : 473PRlftE 
Datt : 9/4/198• 
!111 I 15:5•124 

tnst/Proitcl • 
Dito 
Rtvil. D. 

PLHS473 ! POl.ARllf I 

T ! !lllllHLHHHll! 
E !···································-·····-·-·· 
R ! I ! 8U l !E D !O Biol ! 
" ! i9874s4s2io!i7454l2io•1Ai765•32io!BAi7mJ2io! 

__ ... ! 0---... ------ ! ..................... !-............................. !----··---·-! 
0!·--·--··--H!-H·-·····!AA •• A.A •••• !AAA.A.A ... ,! 
I 1·--··----H·1H·-···-··!AA .. A.A •••• !AA.AA.A., •• 1 
2!·LL-·-···--!-----·-ll!AA, .A.A.,,. !AA •• AAA .. , •1 
l ! ·LH·----··- !-·--·-·ff-! AA .. A.A .... !AA .. AAA .... ! 
4!·HL·--·-·--!---··-H-·!AA .. A.A .... !AA, .AAA .... 1 
5!-HH-··-----!--···H···!AA .. A.A ... , !AA •• AAA •• ,,! 
•!·LL·--·-··· !--·H·····!AA •• A.A., •• !AA •• A.A ••• A! 
7!·LH········!···H·····!AA .. A.A .... !AA .. A.A .. A. ! 
8!-HL----···-!--·H··--·!AA .. A.A., .. !AA .. A.A.A .. ! 
9!-HH·-···-··!··-H···--!AA •• A.A ... ' !AA .. A.AA •• ' I 

IO!·--·-····-·!-·-····-·!AAAAA.A .... 1AA .. A.A .... ! 
II !H···---···-!·········!AA .. A.AAAAA!AA, ,A.A .. ,,! 
12!L----------!---··-·--!AA .. AAA .. ,, !AA •• A.A •• ,,! 
13!-·---•••-••!--•-••••-! •I 1111t111 O ! II I I II 1110 e ! 
14 !"'"'"'"''"''"'••••• ! ,."''"'"''"''"'"''"''"'! f I I I I I I I I I I ! I I I I 11I11 I I! 

15!'"''"'"'"'"'"'"'.,'"'"'-!"'"'"' .. ., .... ,.. ... ! I I I I I 0 I 11 I I! I I I 11 I I It I I ! 
l•!-••••••••"'•!-•-'"''""''"'"''"'! I 1111 I It I II! I 1110 II I I II! 

17!"'"'-'"'"'"'"''"''"'"'!'"'"'•-••••-!t lfll I I It I I! 11111Ill011 ! 
18!-•••••-••••!•••'"''"'"'•"'•! I II 1110 II 11!Ill111111 I I! 

19! ,.,.,.,....,,...,,...,..,.,.!"'"'"'"'•"'.,"'•! t 0 r I I I IO I IO!•• O • • • • • • • O ! 
20!------.. ----!-------..... ! ••••••••• '' ! ' •• '' ••• , •• ! 
21! .. .,,.. .. ,..., ............. !,...,., ............ .,.,.! Of IO t 11otII!11flt1111 tt ! 
22!-.,••"'"'"'"'""••! '""'"'"',."',."'"'! 111 ti 0 I 0 I I I! I• It I tlo t 0 I! 

23!-• ..... ,. .. .., .. ,...., ... !••••-•-"'"'! I 00 OI It It 10 ! 11II11001 I I! 

ISSlllllllllll/ I 8WRDCIA 
11011111 IRS Ml I 
R CCCCCC QC C 

1 

NllDWNDC8A 
II Ml I 
ct oc c 

1 

Figure 6. Program Table 
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INTRODUCTION 
· the general technique underlying the opera

tion Of this A/D converter is illustrated by the 
ftJctlonal block diagram in Figure 1. The 
system consists Of a D/A converter, a com
parator circuit, and digital logic circuitry. The 
digital logic circuitry outputs a digital vaue 
which is converted to analog by the D/ A 
converter .. 

The comparator senses when the output is 
greater ilr less than the input and causes the 
digital circuit to decrement or increment Its 
digital outl>ut respectively. The initial conver
sion is completed in 13 clock cycles. If 
tracking mode is used, the AID converter 
then tracks the input voltage as it changes by 
incrementing or decrementing 1 ·LSB per 
clock. The tracking function makes it possible 
to make an AID conversion in one clock 
cycle if the input changes less than the value 
of 1-LSB per clock period. The conversion 
may be halted and the digital output, as well 
ils the converted analog output from DAC, will 
hold their output constant indefinitely. This 
feature works well as ·sample-and-hold since 

· its output voltage will not decay over time 
Whereas the output of an analog sample/hold 
will decay due to charge leakages. 

in orcter to avoid the violation of setup time by 
the output of the comparator, Its output is 
18.tched. There iS a built-in 2-phase clock in 
U2 which may be used to drille the logic 
circuitry and the latch of the comparator (see 
Signetics NE5105 data sheet for details on 
output .latches Of voltage comparators). 

The analog input voltage may be sampled 
and held by an analog sample/hold circuit to 

AN28 
High-Speed 12-Bit Tracking A/D 
Converter Using PLS179 
App/lcstlon Note 

keep the input to the ADC from changing. The 
DONE output may be used to control the 
sample-and-hold if needed. 

This paper discusses only the digital circuit 
which contains the SAR and the Up/Down 
Counter. The analog circuits are not within 
the scope Of this paper. 

SAR 
Two PLS179s are connected together to form 
a 12-bit shift register and up/ down counter. 
The schematic diagram of the AID converter 
is shown in Figure 2. U2 contains bits 0 to 4 
and U1 contains Bits 5 to 11. Interconnects 
are made as shown in the · diagram. The 
digital output to the DAC is in natural binary 
format (e.g. 0000 0000 0000 equal zero, and 
1111 1111 1111 is full scale or 4095). After 
the/ST input becomes O, at the rising edge of 
the next clock, the SAR is initialized to half
scaie (1 ooo 0000 0000) and the DONE flip
flop is reset to output o which causes the 
open-collector output /DONE_OC to become 
high Impedance. The digital output Is convert
ed by the DAC and is compared to the analog 
input voltage by the comparator. If the digital 
output is greater than the analog input, the 
SAR shifts the 1 to next MSB on the right. 
The content of the SAR becomes (01 oo 0000 
0000). If the digital output is still greater than 
the input, the SAR shifts right one bit again. 
The content of the SAR then becomes (001 o 
0000 0000). The shifting of 1 to the next MSB 
in equivalent to reducing by half the value Of 
the bit under consideration. If the output is 
still too large, the SAR reduces it by half 
again by shifting to the right one more time. 

The SAR keeps shifttng to the right until the 
digital output is less than the input. When the 
output is less .than the input, the SAR adds 
one bit to the next MSB while keeping all the 
higher order bits unchanged. For example, if 
the current output Is 0001 0000 0000 and the 
output is less than the input, the SAR adds 
one bit to the right al the next clock. The 
output becomes 0001 1000 0000. The output 
is again compared to the Input. If the addition 
of that one bit is too much, it will be shifted to 
the right until the output becomes less than 
the Input When that happens, that SAR will 
again add one bit to the right. The algorithm 
of the SAR may be summarized as the 
following: If the output Is greater than the 
input, shift to the right; otherwise add one bit 
to the right. This process continues until all 12 
bits have been operated on. The last bit (Bit 
O) is always changed from o to 1, which is 
used as the condition to set DONE to 1 
which, in tum, sets open-collector output, 
/DONE_OC, to 0. 

UP/DOWN COUNTER 
After DONE becomes 1, if /ST and /HOLD 
are 1 and /TRACK is o, the SAR turns Into a 
12-bit up/down counter. If the analog input 
voltage Increases, the counter will increment 
by 1 at every clock until it matches the input. 
If the input decreases, the counter will decre
ment by 1. When /HOLD becomes 0, the 
counter is inhibited and the output is held 
indefinitely. The counters consist of 12 toggle 
flip-flops and 2 p-terrns per flip-flop for direc
tional control. The counter will operate only 

ii'---
TiiiCK----. 
HOl.D----i 

12-lllT SAR 
AND 

UPIDOWN COUNTER 

t---... DONE 

t---- DONE-DC 

1----... CLOCK1 

t----- CLOCK2 

ANALOG INPUT 
.----,/ 1MIT IMl'AOUTPUT 

Figure 1. Functional BIOCk Diagram Df 12-Blt High.Speed AID Converter 
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r--, 

...I! :..11 v • +Vee"'" A 10 v 
swir I& ·~c 
~ 1C 

~ 1: h 11 
PLS171 

21 HlD PLS171 

i....! • 
17 2 • 
18 • 15 • • ..1!l. ~ 7 19 

r--..! • 18 
9 17 
10 18 
11 15 U2 

23 
U1 1 

\.LATCH ENABLE 
./ CLOCK1 

~ ' 
COMMRATOR MSB LS8 

( 12-lllTDAC 

VIN (ANALOG INPUT) 

f!gure 2. Schematic Diagram of 12-Blt High-Speed AID Converter 
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after the approximation cycle is completed 
and DONE is 1. 

Since the /ST and /HOLD inputs may be 
asynchronous wtth the clock, in order to 
minimize the possibilities of having a metasta
ble condition from happening, these inputs 
close-up are latched by flip-flops /START of 
U1 and /HLD of U2 respectively. Once they 
are latched, subsequent operation begins at 
the rising-edge of the next clock. The output 
of the comparator may be latched to prevent 
setup time violation. (Signetics NE5105 is a 
high-speed comparator with an output latch. 
External latch may be used with other com
parators.) 

CLOCKS 
U2 generates an optional 2-phase clock 
which may be used to control the latch of the 
comparator. The two clocks are basically 
180° out of phase and CLOCK2 has an 
additional 25ns propagation delay behind 
CLOCK1. CLOCK2 is used to drive the clock
inputs of the PLS 179 devices. 

The clock frequency is controlled by R and C. 
Those who want to use the built-in clock 

CLOCK1 

CLOCK2 

should experiment with RC time constants for 
the best value. It is recommended that the 
capacitance should be less than 1 OOOpF for 
best results (see Ap Note AN13 for more 
detail). 

DONE AND /DONE_QC 
The output DONE is reset to 0 when /ST is 0. 
It remains o until the approximation cycle is 
completed. After the least significant bit be
comes 1, the DONE bit becomes 1 at the next 
clock. It remains 1 until it is reset again by 
input /ST. 

The /DONE_OC output is configured to emu
late an open-collector output. The output is 
programmed to have a logic O. Wpen DONE 
is o, the Tri-state output buffer is set to Hi-Z 
condition. As soon as DONE equals 1, the Tri
state buffer is enabled and /DONE_OC be
comes O. 

In the initial phase of A/D conversion, 13 
clock cycles are required. It is essential that 
the input voltage to the comparator remains 
unchanged while the SAR is converting. It 
may be necessary to have a sample/hold at 

the front end. The DONE output may be used 
to control the analog sample/hold circuit. 

INPUT LATCHES 
Flip-flop /START and 2 p-terms in U1 are 
configured as a non-inverting D flip-flop. The 
input, /ST, and the output /START have the 
same polarities. Flip-flop /HLD and 2 p-terms 
in U2 also form a non-inverting D flip-flop. The 
output /HLD and the input /HOLD have the 
same polarities. 

AMAZE INPLEMENTATION 
The implementation of the logic circuit using 
AMAZE is as shown in the appendices. The 
SAR circuit is first designed as a state ma
chine (file name: ADCS.SEE). It is then parti
tioned into two PLS179s after proper pin 
assignments are made. Then the up/down 
counter, input latches, 2-phase clocks and 
the open-collector output, are implemented 
by using Boolean equations in their respec
tive .BEE files (file names: ADCB1 .BEE and 
ADCB2.BEE) in AMAZE. The files are then 
assembled to produce the fuse-maps of 
PLS179 (ADCB1.STD and ADCB2.STD). 

H : lw~ 1 CLOCK PERIOD 

I i-t-l~~~~~~~~~~~~~~~-t--+~~~~~~~ 

iiT l!-J I 
BITS0-11 

DONE 

November 1966 

I 
I DATA VALID 

1_1 ___ _ 

Figure 3. Timing Diagram of Successive Approximation Cycle 
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APPENDIX A: STATE EQUATIONS OF SAR 

November 1986 

File Name 1 ADCS 
Dat.e & 10/21/1986 
Time = 1112: 14 

@DEVICE SELECTION 
ADCB1/PLS1 79 
ADCB2/PLS 179 

@STATE VECTORS 
C /START, BIT11, BITlO, BIT9, BITS,. 8IT7, BIT6, BIT5, BIT4'1 BlT3, BIT2, 
81T1, BITO, DONE l 

INIT 
HALFSCALE, 
ST2048 
ST1024 
ST~l2 
ST256 
ST128 
ST64 
ST32 
ST16 
STB 
ST4 
ST2 
ST! 

A01024 
AD512 
AD256 
AD12B 
AD64 
AD32 
AD16 
ADB 
AD4 
AD2 
ADl 
END 

SH1024 
SH512 
SH256 
SH12B 
SH64 
SH32 
SH16 
SHB 
SH4 
SH2 
SH! 
SHO 

- 0 ---- ---- ---- - b 
- 1000 0000 0000 0 b 

= 1 1000 0000 0000 0 b 
-100 0000 0000 0 b 
--10 0000 0000 0 b 
---1 0000 0000 0 b ; 

1 ---- 1000 0000 0 b 
1 ---- -100 0000 0 b 
1 ---- --10 0000 0 b ; 
1 ---- ---1 0000' 0 b 

= 1 ---- ---- 1000 0 b 
= 1 ---- ---- -100 0 b 

---- ---- --10 0 b 
---- ---- ---1 0 b 

= - -1-- ---- ---- - b ; 
= - --1- ---- ---- - b 
= - ---1 ---- ---- - b 
= - ---- 1--- ---- - b 
= - --- -1-- ---- - b 
= - ---- --1- ---- - b 
= - ---- ---1 ---- - b ; 
... - ---- --- 1--- - b 
= - ---- ---- -1-- - b 
= - ---- ---- --1- - b 
= - ---- ---- ---1 - b ; 
= - ---- . ---- ---- 1 b 

= - 01-- ---- ---- - b I 
= - -01- ---- ---- - b 
= - --01 --- ---- - b 
= - ---() 1--- ---- - b ; 
= - ---- 01-- --- - b 
= - ---- -01- ---- - b 
= - ---- --01 ---- - b 
= - ---- ---0 l--- - b 
= - ---- ---- 01-- - b 
= - ---- ---- -01- - b 
= - ---- ---- --01 - b 
= - ---- ---- ---o 1 b 

ti!IINPUT ~ECTORS 
[ COMPARE l 

"START CONVERSION PROCESS" 
6 $ET SAR TO HALF SCALE .. 
"PRESENT STATE = 2049 <HALF SCALE>" 

"ADD 1 BIT TO THE RIGHT" 

"SHIFT ONE BIT TO THE RIBHT" 

GREATER = 1 b ; •IF DIGITAL OUTPUT IS GREATER THAN ANALOG INPUT, 
LESS = 0 b J "IF DIGITAL OUTPUT IS LESS THAN ANALOG INPUT, •••• n 

@OUTPUT VECTORS 
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APPENDIX A: STATE EQUATIONS OF SAR (Continued) 

November 1986 

8T-ITIONS 
WHILE [ INIT l 

IF Cl THEN C HALFSCALE l "INITIALIZE RESISTER TD HALF SCALE" 
WHILE C ST204B l 

IF [ BREATER l nEN C SH1024 l "IF 6REATER THAN, SHIFT 1 BIT" 
IF C LESS l THEN C AD1024 l "IF LESS THAN, ADD l BIT" 

WHILE C ST1024 l 
IF C BREATER l THEN C BH512 l 
IF [ LESS l THEN [ AD512 l 

WHILE ST!l12 l 
IF [ BREATER l THEN [ SH256 
IF C LESS l THEN C AD2!56 l 

WHILE C ST256 l 
IF C BREATER l THEN [ SH128 l 
IF [ LESS l THEN C AD128 l 

WHILE C ST128 l 
IF C BREATER J TIEN C 9H64 J 
IF C LESS l THEN [ AD64 l 

WHILE C ST64 l 
IF [ BREATER l THEN [ SH32 l 
IF C LESS J THEN C AD32 l 

WHILE [ ST32 l 
IF [ BREATER l Tl£N [ SH16 l 
IF [ LESS l THEN [ AD16 l 

WHILE ST16 l 
IF C BREATER l THEN C SHB 
IF C LESS l THEN C ADS l 

WHILE C STB l 
IF I BREATER l THEN [ SH4 l 
IF [ LESS l THEN C AD4 l 

I WHILE ST4 ] 
IF [ BREATER l THEN [ SH2 l 
IF [ LESS l Tl£N C AD2 l 

NHILE ST2 l 
IF C BREATER l THEN C SHl 
IF [ LESS l THEN [ ADI l 

WHILE C ST1 l 
IF C BREATER l THEN [ SHO 
IF Cl Tl£N CENDl 

9·184 

Application Note 

AN28 



Slgnetlcs Application Specific Products 

High-Speed 12-Bit Tracking A/D Converter Using PLS179 

APPENDIX B: PIN LISTS 

November 1986 

Fil• Na- 1 ADC82 
Date 1 10121/1986 
Ti- t 101:58126 

••••••••••••HH•4t4t#*PIN LIST•••••nMH••••tt••••• 
LABEL •• FNC ••PIN ------- PIN*• FNC ** LABEL 

CLOCK **CK 
/START I 
CDl1PARE ** I 
/HOLD ** I 
/TRACK I 
BIT5 I 
N/C ** I 
N/C ** I 
N/C ** I 
RC ** /B 
CLOCKl **a 
GND •• ov· 

File N..- I ADC81 
D•t• I 10/21/1986 
Ti- I 101:5317 

** 
** 

** 
** 

** 
** 

1-1 :-24 ** +5V ••VCC 
2-1 1-23 •• /8 ••IDOrE_OC 
3-1 1-22 ** B ••N/C 
4-1 p :-21 **a ••IHL.D 
5-1 L :-20 •• 0 ••BIT4 
b-1 B 1-19 ** 0 **8IT3 
7-1 1 1-18 ** 0 **BIT2 
a-1 7 :-17 ** 0 ••BITl 
9-1 9 1-16 •• a ••BITO 

10-t 1-15 ... 0 **DONE 
11-l 1-14 •• /0 ••CLOCK2 
12-1 :-13 •• /OE ••N/C 

•••••H4t4t ...... 4tM#HPIN L!STHM .............. N. 
LABEL ** FNC **PIN --------- PIN** FNC ** LABEL 

CLOCK **CK 1-1 1-24 ** +:SV **YCC 
/ST I ** 2-1 1-23 •• /B **N/C 
COMPARE I ** 3-1 l-22 •• 0 ••/START 
/HLD I 4-1 p 1-21 **a ••BITll 
/TRACK ** I 5-1 L :-20 ** 0 ••BIT10 
BIT4 ** I b-1 s t-19 ** 0 ••BIT9 
BIT3 I 7-: 1 f-18 ** 0 ••BITS 
BIT2 I e-: 7 1-17 ** 0 **BIT7 
BIT! I 9-1 9 :-16 ** 0 **BIT6 
BITO ** I 10-1 t-15 ** 0 **BITS 
DONE ** I 11-: :-14 ** /B •*MIC 
GND *• ov 12-: l-13 ** /OE **N/C 
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APPENDIX C: BOOLEAN f:QUATIONS OF UP/DOWN COUNTER AND INPUT LATCH 

NC>Vember 1986 

File - 1 ADCBl 
Date t 10/21/1986 
Tl- i 10154148 

ellEVICE TYPE 
PL8l79 
lllRANING 
IAEYISIDN 
lllATE 
llSV1111DL 

FILE NA11E ADC81 

tccll'IPAlllY 
INAl'IE 
lllESCR tPTtilN 
ICOl'll10N PROl>IJl:T TERtt 
ICOl'IPLEl'ENT ARRAY 
11/0 DlRECTioN 
.eoutPut POL.Mttv 
FLIP FLaP CONTRCL 

. FC: ,;.. · 1 I "SET ALL FLIP FLOP TO 8E .J/K" 

, :;~=PRESET/RESET 
IFLIP. FLof> l'lllllE 
lilLOGIC EWAhON 

"NON-INVERTING lNPUT LATCH: /START /ST " 
START : .J = st I 

K = /St ; 
"UP/DOWN COUNTER ROUTINE" 
/BITS : T = /START * TRACK * DONE * /HU> * C!lt1PARE * /81TO * /BlTl * 

/B1T2 • /BIT3 • /BIT4 + 
/START • TRACK * DONE • /tLD * /CIJl9'ARE • BlTO • BITl * 
~IT2 • BIT3 * 8IT4 I 

/BIT6 1 T = /SlART • TRACK • DOllE • /HLD * COl9'ARE • /BlTO • /BITl * 
181T2 • /BIT3 * /BlT4 • /BITS + 
/START • TRACK • DOllE * /HLD * /COMPARE • BITO • BITl • 
SIT2 • BIT3 * BIT4 • BITS I 

/BIT7 : T = /START * TRACK • DONE • /HLD * COl9'ARE • 
/SITO • /BITl * /8IT2 * /BIT3 * /BIT4 • /BITS * /BIT6 + 
/START * TRACK • DONE * /HLD * /COl'IPARE * . 
SITO * BITl * BIT2 • BIT3 • 8IT4 * BITS * BIT6 1 

/BITB I T - /START * TRACK * DONE * /HLD * COl'IPARE * /BlTO * /BlTl • 
/81T2 * /81T3 * /BlT4 • /BITS ~· /2IT6 • /BIT7 + 
/START * TRACK * DONE * /HLD * /COl'IPARE * BlTO * BITl * 

SIT2 * BIT3 * BIT4 * BITS * BIT6 * ~IT7 I 
/8IT9 : T = /START • TRACK * DlllE * /HLD * COl9'ARE * /BlTO * /BlTl * 

/BIT2 * /BIT3 * /BIT4 * /BITS * /BIT6 * /SIT7 * /BITB + 
/START * TRACK * DONE * /HLD * /CIJl9'ARE * BlTO * BlTl * 
8IT2 * BIT3 * BIT4 * SITS * 8IT6 • BIT7 * 8ITB I 

/BITlO I T = /START * TRACK * DlllE * /HLD * COl9'ARE * /8ITO * /BITl * 
/8IT2 * /BIT3 * /BIT4 • /BITS * /BIT6 * /BIT7 * /BITB * 
/BIT9 + 
/START • TRACK * DONE * /tLD * /COl9'ARE * BlTO * 81Tl * 

BIT2 * BIT3 * BIT4 * BITS * BIT6 * BIT7 * BITB * 
Btn·1 

/BITll I T • /START • TRACK • DlllE * /HLD • COl9'ARE * /BITO * /BITl * 
/BlT2 * /BlT3 * /BIT4 * /BITS * /BlT6 • /BlT7 * /BlTB • 
IB1T9 * 
/BlTlO + 
/START * TRACK • DlllE * /tLD * /COl'IPARE * BlTO * 81Tl * 

BIT2 * BIT3 * BIT4 * BITS • BIT6 * BIT7 * BITB * 
BlT9 * BITlO I 
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APPENDIX C: BOOLEAN EQUATIONS OF UP/DOWN COUNTER AND INPUT LATCH (Continued) 

BIT2 + 

BIT2 

BIT2 * 

BIT2 * 

November 1986 

Fi l • NAIMt 1 ADCB2 
Date 1 10/21/1986 
Tl- 1 101!581:56 

aDEV lCE TYPE 
PLS179 
aDRAWINS 
aREVISION 
aDATE 
aSYt1BOL 

FI LE NAME ADC82 

ecot1PANV 
G!NA11E 
@DESCRIPTION 
@COf11'1QN PRODUCT TERM 
f!COl'fPLEHENT ARRAY 
@l/O DIRECTION 

DO = RC ; "RC OSCILLATOR" 
03 "' DONE ; "ENABLE /DONE_OC TO OUTPUT A LOGIC LOW." 

@OUTPUT POLARITY 
@FLIP FLOP CONTROL 

FC = 1 ; 
@OUTPUT ENABLE 
@REG I STER LOAD 
@ASYNCHRONOUS PRESET /RESET 
fii!FLIP FLOP l10DE 

"MO, Ml, M2, H3, M4, 115 = 1 ; SET FO - FS TO J/K FLIP FLOPS~" 

@LOGIC EJ;JUATION 
hNON-INVERTING INPUT LATCH /HLD = /HOLD " 

HLD =J= HOLD; 
K = /HOLD ; 

"UP/DOWN COUNTER ROUTINE" 
/BITO T = /START * TRACK * DONE * /HLO ; 
/Bl Tl T ~ /START * TRACK * DONE * /HLD * 

/START * TRACK * DONE * /HLD * 
/BIT2 T ~ /START * TRACK * DONE * /HLO * 

/START * TRACK * DONE * /HLD * 
/BIT3 T = /START * TRACK * DONE * /HLD * 

/START * TRACK * DONE * /HLD * 
/BIT4 T = /START * TRACK * DONE * /HLD * 

BIT3 + 
/START * TRACK * DONE * /HLO * 
/BIT3 ; 

/DONE_OC /( I l 

"RC OSCILLATOR" 
RC = /(1> 
CLOCK! = RC ; 

/COMPARE * BITO + 
COMPARE * /BITO ; 

/COMPARE * BITO * 
COMPARE * /BITO * 

/COMPARE * BITO * 

COMPARE * /BITO * 

/COMPARE * BITO * 

COMPARE * /BITO * 

CLOCK2 = I < CLOCK 1 > "BUILT-IN DELAY OF 1 tPD" 

9-187 

BIT1 
/BIT! 

BIT1 

/BIT! 

BIT1 

/BIT! 

+ 
; 

* 
* I 

* 

* I 

9 



Signetics Application Specific Products 

High-Speed 12-Bit Tracking A/D Converter Using PLS179 

APPENDIX D: U1 ADCB1 FUSE MAP 
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File ~ : ADCB1 
Date : 10/21/198" 
Time : 10;56:5 

Cust/Prajact -
Date 
Rev/I. D. 

PLS179 F/F TYPE E<b>• !ECa> • !POL.ARTY . . 
T A;A;A;A;A;A;A;A --o----·--o~--!c;c:c;c 
E '------------~----------------------------------------------------
R ! ! ! B<i > liHp> Q(n) ! B<a> 

" !C!----------------------------------------------------------------
___ !_!7 _6_5_4_3_2_1_0!3~2_1_0!7_6_5_4_3_2_1_0!7_6_5_4_3_2_1_0!3_2_1_0! 

O!A!- - , - - L!- - - -!- - - -,- -!H - - -,- - - -!A A A A! 
1!A!- - - -,- -.- H!- - 1 - - - -,- - - -!L , - - -!A A A A! 
2!A!L L L L,L H H -!- - H L!L - - -,- - - - 1 - -,- - - O!A A A A! 
3!A!H H H H,L H L -!- - H H!L - - -,- - -•- -,- - - O!A A A A! 
4!A!L L L L,L H H -!- - H L!L - - -,- - - H!- -,- - 0 -!A A A A! 
5!A!H H H H,L H L -!- - H H!L - - -,- - - L!- -,- - 0 -!A A A A! 
6!A!L L L L,L H H -!- - H L!L - - -,- - H H!- - - -,- 0 - -!A A A A! 
7!A!H H H H,L H L -!- - H H!L - - -,- - L L!- - - -,- Q - -!A A A A! 
B!A!L L L L,L H H - 1 - - H L!L - - -,- H H H!- - - -,0 - - -!A A A A! 
9!A!H H H H,L H L -!- - H H!L - - -,- L L L!- - - -,O - - -!A A A A! 

lO!A!L L L L,L H H -!- - H L!L - - -,H H H H!- - - O,- - - -!A A A A! 
ll!A!H H H H,L H L -!- - H H!L - - -,LL LL!- - - O,- - - -!A A A A! 
12!A!L L L L,L H H -!- - H L!L - - H,H H H H!- - 0 -,- - - -!A A A A! 
13!A!H H H H,L H L -!- - H H!L - - L,L L L L!- - 0 -,- - - -!A A A A! 
14!A!L L L L,L H H -!- - H L!L - H H,H H H H!- 0 - -,- - - -!A A A A! 
15!A!H H H H,L H L -!- - H H!L - L L,L LL L!- 0 - -,- - - -!A A A A! 
16!A!- , - - -!- - - -!H - - -,- - - -!- L H H,H H H H!A A A A! 
17!A!L L L L,- - H -!- - L L!L L H H,H H H H!- H L -,- - - -!A A A A! 
18!A!L L L L,- - L -!- - L L!L L H H,H H H H!- - L -,- - - -!A A A A! 
19!A!L L L L,- - H -!- - L L!L - L H,H H H H!- - H L,- - - -!A A A A! 
20!A!L LL L,- - L -!- - L·L!L - L H,H H H H!- - - L,- - - -!A A A A! 
21!A!L LL L,- - H -!- - L L!L - - L,H H H H!- - - H,L - - -!A A A A! 
22!A!L L L L,.- - L -!- - L L!L - - L,H H H H!- - - -,L - - -!A A A A! 
23!A!L L L L,- - H -!- - L L!L - - -,L H H H!- - - -,H L - -!A A A A! 
24!A!L L L L,- - L -!- - L L!L - - -,L H H H!- - - -,- L - -!A A A A! 
2:5.!A!L L L L,- - H -!- - L L!L - - -,- L H H!- - - -,- H L -!A A A A! 
26!A!L LL L,- - L -!- - L L!L - - -,- L H H!- - - -,- - L -!A.A A A! 
27!A!L L L L,"- - H -!- - L L!L - - -,- - L H!- - - -,- - H L!A A A A! 
2B!A!L L L L,- - L -!- - L L!L -,- - L H!- - - -,- - - L!A A A A! 
29!A!L LL L,- - H -!- - L L!L - , - - L!- - - -,- - - H!A-A A A! 
30!0!0 0 0 O,O 0 0 ~!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!A A A A! 
31!0!0 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!A A A A! 
Fc!A!- - - -,- - - -!- - - -!- - - -,- - - -! 
i'b!.!O 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
Rb!.!O 0 0 O,O 0 0 O!O 0 0 O!O 0 0 o,o 0 0 O! 
Lb!.!O 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
Pa!.!O 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
Ra!.!O 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
La!.!O 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
D3!.!0 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
D2!.!0 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
Dl!.!O 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 
DO!.!O 0 0 O,O 0 0 O!O 0 0 O!O 0 0 O,O 0 0 O! 

BBBB//C/NNDB/BBBBBBB/BBBBBBBNNDB 
I 1·1 1--·T·R o·s-r r1J··1-s·r1-rT I y-1··s·1 1·ry·1··1· rT·ro·1 
T T T T R L M T C C N T T T T T T T T T T T T T T T T T C C N T 
1234ADP EOA119B76SA119876S EO 

C A R10 R10 
K R T T 

E 
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APPENDIX D: U2 ADCB2 FUSE MAP (Continued) 
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File Name : ADCB2 
Date : 10/21/1986 
Time : lh0:7 

Cust/Project -
Date 
Rev/I. D. 

PLS179 ' F/F TYPE E<b>= E<a> • POLARTV 

T 
E 
R 
11 

0 L:L:H:L 

! B<i > Q(p) Q(n) ! B<o> 
c -----------------------------------------------------------------

7 _6_5_4_3_2_1_0 3_2_1_0 7_6_5,_4_3_2_1_0!7_6_5_4_3_2_1_0!3_2_1_0! 
OA----,-L- --,----!OH--,- -! .! 
1 A - - - -,- H - - - - - - - - - -,- - - -!O L - , - - -• 
2 A - - - -,L H - - L - -,- - - L!O - - -,- - 0 - 1 

3 A - -,L ~ L H - - L - -,- - L L!O - - -,- 0 - - 1 

4 A - -,L - H H - - L - -,- - H L!O , 0 - - 1 

5 A - - - -,L - L H - L - -,- L L L!O - - -,O - - - 1 

6 A -,L - H H - - L - , H H L!O - - -,O - - - 1 

7 A - - - -,L - L H - - - L - -,L L L L!O - - O,- - 1 

8 A - ~,L - H H - - - L - -,H H H L!O - - 0,- - - - 1 

9 A - -,L - L H - - - L - L,L L L L!O - 0 -,- - 1 

10 A -,L - H H - - - L - H,H H H L!O - 0 -,- - - - 1 

11 A - - - -,- - - - - - - -,- - - -!O -,- -!A 
12 A - -,- - - H - - - -,- - - -!O - - -,- - - -1 A 
13 A - - - -,- - - - H - - - - -,- - - -!O - - , - - -' A 
14 A - , - - L - - - - -,- -!O - H H,H H H H!. 
15 A - - - H,- - H H - - H H,H H H H"!O - L -,- - - - 1 

16 A - - - H,- - L H - - H H,H H H H!O - L , - - - 1 

17 A - -,- - H H - - L H,H H H H!O - H L,- - - - 1 

18 A - -,- - L H - - - L H,H H H H!O - - L,- - - - 1 .! 
19A- -,--HH- --L,HHHH!O--H,L---1 .! 
20 A - -,- - L H - - L,H H H H!O - - -,L - - - 1 

21A- -,--HH- --,LHHH!O---,HL-- 1 .! 
22 A - -,- - L H - - -,L H H H!O - - -,- L - -! 
23 A - -,- - H H - - - - - - - -,- L H H!O - , H L -! • • ! 
24 A - -,- - L H - -,- L H H!O - - -,- - L -! . ... ! 
25 A - - - -,- - H H - -,- - L H!O - - -,- - H L!. • ! 
26A- , --H- -,--LH!O---,---L! . • ! 
27 0 0 0 0 0,0 0 0 0 0 0 0 0 0 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!A A A A! 
28 0 0 0 0 O,O 0 0 0 0 0 0 0 0 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!A A A A! 
29 0 0 0 0 0,0 0 0 0 0 0 0 0 0 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!A A A A! 
30 0 0 0 0 O,O 0 0 0 0 0 0 0 0 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O'A A A A! 
31 0 0 0 0 O,O 0 0 0 0 0 0 0 0 0 0 O,O 0 0 O!O 0 0 O,O 0 0 O!A A A A! 
Fe A - - - -,- , - - t 

Pb 0 0 0 O,O 0 0 0 Q 0 0 0 0 0 0 O,O 0 0 O! 
Rb 0 0 0 O,O 0 0 0 0 0 0 0 0 0 0 O,O 0 0 O! 
Lb 0 0 0 0,0 0 0 0 0 0 0 0 0 0 0 O,O 0 0 O! 
Pa 0 0 0 O,O 0 0 0 0 0 0 0 0 0 0 O,O 0 0 O! 
Ra 0 0 0 0,0 0 0 0 0 0 0 0 0 0 0 0,0 0 0 O! 
La 0 0 0 o,o 6 0 0 0 0 0 0 0 0 0 0,0 0 0 O! 
03 - - -,- - - - - -,- -· 
D2 - - - - -,- -,- -• 
D1 -,- - -,- - - -• 
DO - - - - -,- - - - - - - - -,- - - -• 

N N N B I C I I c C R N I 8 8 8 8 B D N I B B B B B D I C C R 
I I I l T H 0 S D L L C I H l I l I I 0 I H I I I l 0 D L L c 
c c C T R 0 11 T 0 0 0 c L T T T T TN C L T T T T T N 0 0 0 

5 A LPANCC D 4 3 2 1 0 E D 4 3 2 1 0 E N C C 
c DAREKK EK K 
K RT 2 1 2 1 

£ ii ii 
c c 

TB00350S 
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Signetics AN29 
PLHS501 Programmable Macro 
Logic Primer 

Appllcatlon Specific Products 

SUMMARY 
The evolution of Programmable Logic De
vices (PLD's) has led to the birth of a new 
generation of programmable devices desig
nated as PML (Programmable Macro Logic). 
The immense versatility of these devices 
brings them closer as plausible alternatives to 
semlcustom design approaches in low-to
medium ranges of applications. The following 
paper begins with a background on PML and 
a brief description of the PML basic architec
ture (See Reference 1.) Next, the first PML 
devices are introduced with a detailed discus-

• 

Appl/cation Note 

slon of the PLHS501. The implementation of 
PML in the AMAZE software package is 
presented. A system level example intends to 
demonstrate the capabilities of PML as an 
eloquent and efficient design alternative. 

THE EMERGENCE OF THE 
THIRD GENERATION PLD 
ARCHITECTURE 
PML was introduced at WESCON '85 by 
Signetics Corporation. The unique architec
ture of PML breaks away Into a new era of 

AND-CIR CHAIN 
AND OUTPUT MACRO 

Figure 1. One of the Latest Registered PALaTM 

PAL TM Is a Trademark of Monolithic Memories. Inc. 
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programmable logic devices. The purpose of 
the PML architecture is to overcome the two 
level AND-OR bottleneck and provide the 
user with a higher level of logic integration. 
Current PLD's rely on two levels of logic 
transformation to implement combinational 
logic in Sum-Of-Products (SOP) form. In addi
tion various PLO' s make use of higher level 
macros such as flip-flops to form sequential 
logic functions. These macros connect the 
AND-OR chain to dedicated 110 pins. 

Figure 1 show the basic architecture of one of 
the most recent PAL™ devices. It is clear 
that this architecture is Inefficient In making 
full use of the available on-chip resources. 
This is due to the fact that an unused 1/0 
macro will be wasted and remains futile. 

For example. if an 1/0 pin is used as an input, 
the output macros are all wasted. Obviously, 
such an architecture cannot provide the user 
with an increase in the levels of logic integra
tion. The PML device takes advantage of the 
fundamental architecture shown in Figure 2 to 
overcome these deficiencies and waste of 
on-chip resources. As shown In Figure 2, PML 
incorporates the NANO-NANO gate equlva
lance to break the AND-OR bottleneck. 

The core of the PML Is the programmable 
NANO-NANO network which connects the 
input and output macros to each other. Thus 
the Inputs, outputs, and function macros are 
all connected by a single array. 

At the present, two devices are under devel
opment which employ the above architecture. 
Both devices are fabricated by the Signetics 
state-of-the-art oxide Isolation process and 
are packaged in 52-pin PLCC. 

The first d.evlce available will be the 
PLHS501. The seemingly simple structure of 
this device can implement. every logic func
tion furnished by the current PAL ™IPLA 
devices. Although the PLHS501 Is principally 
a combinational logic device, its unique archi
tecture makes It an Ideal tool for applications 
Involving asynchronous state machines (See 
Reference 2.) 

The PLHS502 is a sequential logic device. It 
supplements the PLHS501 features with six
teen edge-triggered flip-flops. The device can 
provide diverse applications encompassing 
synchronous and asynchronous state ma
chine designs. 



Signetlcs Application Specific Products Application Note 

PLHS501 Programmable Macro Logic Primer AN29 

Table 1. Functlonal Description of PLHS501 1/0 Pins 

PIN NO. IDENTIFIER FUNCTION 

41-45, 47-52, 
10-123 Dedicated inputs 

1-7, 9-14 

37-40 /BO-/B3 
Fuse-programmable bidirectional I/Os with Active-Low 
outputs. Can be configured as open-collector outputs. 

15-18 B4-B7 
Logic controlled bidirectional I/Os with Active-High 
Tri-state outputs. 

28-29 XO-X1 
30-31 X2-X3 Pairs of Tri-state Exclusive-OR outputs that have 
32-33 X4-X5 common Output Enable. 
35-36 X6-X7 

19, 21 00-01 Pairs of dedicated Active-Low Tri-state output buffers. 
22-23 02-03 Each pair has common Output Enable control. 

24-25 04-05 Pairs of dedicated Active-High Tri-state output buffers. 
26-27 06-07 Each pair has common Output Enable control. 

0 

0 

M 

Figure 2. PML Fundamental Architecture 

9 

November 1986 9-191 



Signe~ Appllcatlon Specific Products Appllcation Note 

PLHS501 Programmable Macro Logic Primer AN29 

THE PLHS501 PML 
The PLHS501 architecture in Figure 3 exhib
its an exquisite logic tool. The device provides 
a combination of 72 NANO terms, 24 dedicat
ed Inputs (10-123), eight bidirectional 1/0' s 
(B0-87), eight exclusive-OR outputs (XO-X7), 

24_L 

1/0 --< 

November 1986 

and eight dedicated outputs (00-07). Figure 
4 shows the PLHS501 logic diagram and 
Table 1 illustrates the functional breakdown 
of the PLHS501 1/0 pins. 

Since the output of each NANO term feeds 
back to the inputs of the NANO array, intri-

cate logic functions can be implemented 
without wasting valuable 1/0 pins. For exam
ple, in order to implement an internal 'RS' 
latch in a combinational PAL ™!PLO, at least 
two inputs and two outputs are required. The 
same internal latch can be configured by the 
PLHS501 without using any 1/0 pins. 

._I---- 110 

J 72 

Figure 3. PLHS501 Logic Diagram 
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117 111 1, 

Vee 

o,. 

GND 

o, o, 

TOP VIEW 

Figure 4. PLHS501 Pin Assignments 

INPUTC]-i~o--;:JouTPUT 

INPUT CJ-li~o-OoUTPUT 

a. RS Latch 

b. D Latch 
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Figure 5 illustrates how 'RS' and 'D' latches 
are implemented in the PLHS501. 

Another eminent application of the PLHS501 
is in generating asynchronous state ma
chines. 

The blend of internal feedback paths together 
with the abundant number of gates makes 
this device suitable for designing asynchro
nous state machines which employ propaga
tion delays of feedback paths as memory 
elements as shown in Figure 6. (See Refer
ence 2.) 

D -----...... -++-t--

Figure 5. R/S and D Latch Implementation With PML 

November 1986 9-193 

9 



Slgnetics Application Specific Products 

PLHS501 Programmable Macro Logic Primer 

INPUTO OUTPUTO 
• • • • • • INPUTn OUTPUTm 

COMBINATIONAL 

.--:-+ 
ENT e PRES 
~ ATE • • 

LOGIC 

t--;-
• • 

~ PROPAGATION DELAY ~ 
NE XTSTATE 

yp _J 
PROPAGATION DELAY } Yp , 

Figure 6. Model of Asynchronous State Machines Using Propagation 
Delays of the Feedback Path as Memory Elements 

PML DEVELOPMENT 
SOFTWARE 
Programmable logic development software 
has become an integral part of the PLO 
design process. Without software tools PLDs 
become perplexing devices which are incon
venient to use. Development software en
ables the user to take full advantage of the 
programmable logic's resources. The com
plexity of the PML devices makes software an 
indispensable element in the design process. 

The AMAZE PLO design software, as noted in 
Reference 3, has been developed for 
Signetics programmable logic devices. PML 

LOGIC 
SIMULATOR 

Piil 
INTEGRATOR 

design and development will be fully support· 
ad by AMAZE. Figure 7 shows the AMAZE 
configuration for supporting PML. The struc
ture of the software is based on the following 
modules: 
.BLAST (Boolean Logic And State Trans· 

fer entry) 
.DPI (Device Programmer Interface) 
.SIM (PLO functional SIMulator) 
.Pl (PML Integrator) 

The foundation for the above modules is an 
AMAZE standard fuse file (STD). The STD file 
is the common means of communication 
between all the modules. The following para· 

DEVICE PROGRAMMER 
INTERFACE 

Figure 7. AMAZE Configuration tor PML 
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graphs briefly explain the implementation of 
PML in the AMAZE structure. 

BLAST 
The basic elements of BLAST are: 

1. Boolean Equation Entry (BEE). 

2. State Equation Entry (SEE) . 

3. Schematic To Boolean Converter (STBC) . 

1. BEE accepts user defined logic in the form 
of boolean equations and produces an 
AMAZE standard fuse file. The boolean nota
tion in BEE will account for the following PML 
features. 

a. The single array architecture provides an 
option to specify the number of logic (gate) 
levels that accommodate a specified function. 
The number of gate levels dictate the delay 
between the inputs and outputs. The number 
of logic levels for each function can be 
specified using the following notation: 

LABEL [ number of logic levels ] = equation; 
where LABEL is the user designated name of 
the output pin. 

b. Some outputs have more than one gate 
associated with them (for example registered 
or EXOR outputs). The input SIDE of these 
outputs can be specifically defined. For ex
ample: 

Pin Label: R = eqn; 
S=eqn; 

c. User definable CLOCK Logic (e.g. as in the 
PLHS502) can be spec~ied. 

d. For PML devices the Sum-of-Products 
(SOP) can be defined as common terms. 

BOOLEAN EQUATION 
ENTRY 

STATE EQUATION 
ENTRY 

SCHEMATIC TO 
BOOLEAN CONVERTER 

BLAST 
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2. SEE accepts state machine definitions and 
produces the AMAZE standard fuse file. Par
ticularly, SEE will include asynchronous state 
machine implementations utilizing the 
PLHS501. 

3. STBC converst schematic netlists pro
duced by CAD systems such as Futurenet fM, 

Daisy, and Mentor into an AMAZE BEE file. 
STBC will fully embody the PML in the follow
ing manner: 

a. De Morgan's theorem is applied to produce 
equations in SOP form. All the functions in 
SOP form are then converted into their 
NANO- NANO equivalent. 

b. The converter will determine the polarity 
and the number of levels in each equation 
and will automatically determine the correct 
output polarity. 

DPI 

Device Programmer Interface provides the 
interface between the AMAZE standard fuse 
file and a commercial programmer. It allows 
the transmission of data to and from the 
device programmer. 

SIM 

The functional simulator uses the AMAZE 
standard fuse file in the following manner: 

a. An event driven simulator will assess the 
delays within the PML in order to properly 
simulate the pattern. 

b. Automatically generates test vectors for 
the pattern simulation. 
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The PML Integrator is a conversion that 
transforms various PAL TM or PLD circuits into 
a PML device. It will automatically fit multiple 
PAL™IPLD devices into a single PML. It is 
capable of automatically receiving patterns 
from a commercial device programmer and 
downloading it back to the programmer after 
the PML transformation. The implementation 
of an 'Integrator' will allow the automatic 
conversion of numerous PAL ™tPLDs into a 
single PML device. 

AMAZE will not be the total extent of devel
opment software available for the PML de
vices. The task of implementing PML design 
software is already underway by a number of 
different vendors of CAD software. 

PLHS501 DESIGN EXAMPLE 
The following example intends to manifest 
the capabilities of the PLHS501. Figure 8 
shows a system formed with TIL logic. The 
system requirements make it imperative only 
to use discrete asynchronous latches. Thus, 
none of the 7 latches in the system can be 
directly replaced by registers. The system 
diagram is drafted using Futurenet ™ DASH-2 
Schematic Designer. The system is parti
tioned into two PLS173s and one PLS 153. In 
order to convert the system into its targeted 
PLD' s, the PINLIST (see Figures 9a-9c) has 
to be defined. Using the AMAZE PIN-LIST 
editor. the specified PLD's are labeled with 
the same labels as those on the system 
schematic (Figure 8). After the declaration of 
labels, AMAZE automatically converts the 
system to the designated PLDs. The AMAZE 
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generated boolean equation files are shown 
in Figures 9a, 9b, and 9c. Figure 1 O shows 
the overall system implemented with PLDs. 
The logic condensation capabilities of PML 
makes it feasible to replace the whole system 
by a single PLHS501 (Figure 11 ). The 
PLHS501 in this design will still have ample 
space for any future additions. 

The above example demonstrates only part 
of the PLHS501 capabilities. The introduction 
of PML devices and their immense logic 
power will pave the way for a new generation 
of efficient and elegant systems. 

REFERENCES 
1. Cavlan, Napoleone 1985. "Third Genera
tion PLD Architecture Breaks AND-OR Bottle
neck", WESCON 1985 Conference Proceed
ings. 

2. Wong, David K. "Third Generation PLS 
Architecture and its Applications", Electro 
1986 Conference Proceedings. 

3. "1986 PLD Data Manual", Signetics Cor
poration. 
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Figure a. System Implemented With TTL Logic 
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File Name 1 PART1 
Date 1 12/10/1986 
Ti me 1 181 251 54 

U\BEL ** FNC 
IN1A ** I 
IN1B ** I 
0'136 ** I 
IN1D ** I 
IN1E ** I 
OT3AIN1F ** I 
IN16 ** I 
IN1H ii·* I 
UHi ** I 
IM1J ** I 
OT3Eifll11< ** I 
ONO ** ov 

File Name I PARTl 
Date I 12/10/1986 
Time I 18126156 

<ilDEVICE TYPE 
PLS1'73 

@DRAWING 
@REVISION 
<l!DATE 
@SYMBOL 
@COMPANY 
<l!NAME 

PART1 
@DESCRIPTION 
<iill/O DIRECTION 
@LOGIC EQUATION 

**PIN --------- PIN** 
** 1-1 1-24 ** 
** 2-1 1-23 ** 
** 3-1 1-22 ** 
** 4-1 p 1-21 ** 
** 5-1 L 1-20 ** 
** 6-1 s 1-19 ** 
** 7-1 1 1-18 ** 
** 8-1 ·7 t-17 ** 
** 9-t 3 1-16 ** 
** 10·-I 1-·15 ** 
** 11-1 1-14 ** 
** 12···1 1-13 ** 

---------

FNC 
+5V 
0 
0 
0 
0 
0 
0 
0 
0 
0 
I 
I 

OUT1A =/IN1A*/IN1B*<IN1J+/OT3AIN1F>; 
OT1BIN3A •/IN1B*IN1IJ 

** LABEL. 
**VCC 
**OlJTlI 
**OUT1H 
**OlJTlG 
**OT1F 
**OT1EIN3B 
**OUT1D 
**OT1C 
**OT1BIN3A 
**OUT1A 
**OT2CIN1M 
**IN1L 

OTlC =I Ifll1H+OT2CIN1M+/ IN1D*IOT3AU.11F+OT3EIN11(J 
OUTlD =INlB+/INlJ; 

November 1986 

OT1EIN3B =IIN1B*IN1J+OTic1N1M+/OT3G*IN1A+/IN1A*/IN1G; 
OT1F =OT2CIN1M*/IN18*/IN1L1 
OUTlG =OT2CIN1M+/IN1G*IN1E+IN1B+/OT3G*IN1A; 
OUTlH =/IN1H*<IN1E>+OT3AIN1F+/IN1A+IN1B+IN10; 
OU!1I =C/IN1E>*OT36; 

Figure 9a. Part 1: PLS 173 
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File Name 1 PART! 
Date 1 12/10/1986 
Time 1 18127140 

Cust/Project - PART! 
Date 
Rev/I. D. 

PL.9173 POLARITY 

T lH;·H;·H;H;H;H;·H;H;H;f.ff 
E !----------------------------------------------------------------
R ! B<il B<o> 
M !1 1 ------------------------------------------------------------

! 1 __ 0 .9 .. 8 .. 7 .. 6 _5 _4 .. 3 .. 2 ... 1 ... o !9 __ 8_7 __ 6 ... 5 .. 4 ... 3_.2 __ 1 __ 0 !9_8_7 _6 .... 5_4_,3_.2_1_0! 
O!- - H -,- - - -,- - LL!--,- - - -,- - - -!. A A! 
1!- -,- -· L -,- - L l.!- -,- - - -,- -!.. A A! 
2!- - - H,- -,- - L -!- -,- - - -,- - - -!. A A! 
3!- -,L - - -,- - - -!- -,- - - -,- -! . ,A A! 
4!- -,~· , - -!- -,- -,- - - H! •• ,A A • ,A A! 
5!- -,- - L -,L - - -!- -,- - -,- - - -!. .,A A! 
6!·- H -- -,- - -,- - - -!··- -,- - - ... ,- ··! • ,A A! 
7!- - - -,- - - -,- - H -!- -,- - - -,- -! A,A A,. A! 
8!--L, ·--,----!--,- -,----!. A,. A! 
9!--H·-,----,--L-!--,----,----!. A A! 

10!- -,- - - -,- L - H!- -,- - - -,- - - -! •• ,A A A! 
11!----,-L--,---L!--.,----,----!. A A! 
12~L---,-L-, --!·--,- -,---H~ .• ,.A A! 
13!- , L-H,----!--,----,----! .. ,A A! 
14!- - - -,L - - H,- - - -!- -,- - - -,- -!. A,. A! 
15!- - - -,- - H -,- - - -!- -,- - - -,- - - -!. A,. A! 
16!- - - -,- - , - L!- -,- -,- - - -!. A,. A! 
17!- -,- - - -,H -!- -,- -,- - - -!. A,. A! 
18!- , L,- H - -!- -,- - , -!A A! 
19!0 0 0 0,0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
20!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
21!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
22!0 0 0 O,O 0 0 o,O 0 0 0!0 0,0 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
23!0 0 0 O,O 0 O O,O 0 0 O!O O,O 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
24!0 0 0 O,O 0 o O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
25!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
26!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
27!0 0 0 O,O 0 0 O,O 0 0 O!O 0,0 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
28!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
29!0 0 0 O,O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
30!0 0 0 O,O 0 0 O,O 0 0 O!O 0,0 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
31!0 0 0 O,O 0 0 O,O 0 0 O!O 0,0 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
09!- - - -.- - - -,- - - -!-·-,- -,- - - -! 
DB!- - - -,- - - -,- - - -!- -,- -,- -! 
07!- -,- - - -,- - - -!- -,- - - -,- -! 
06!- - - -,- - ~ -,- - - -!- -.- -.- - - -! 
05!- - - -,- - - -.- - - -!- -,- - - -,- - - -! 
D4!- - - -,- - - -,- - - -!- -,- - - -,- - - -! 
03!- - - -.- - - -,- - - -!- -,- - - -.- - - -! 
02!- - - -,- -,- -!- -,- -,- - - -! 
01!- '---,----!-. ' -! 
DO!O 0 0 O,O 0 0 O,O 0 0 0!0 O,O 0 0 O,O 0 0 O! 

l 0 l I I l 
N T N N N N 
l 3 I I J I 
L. E J I H G 

I 
N 
I 
K 

0110110000 
TNNTNNUUUT 
31J~~JlTTT1 

A E D G B A I 1 1 F 
I l H G 
N 
1 
F 

00000000 
T U T T U T U U 
JrJJT?TT 
EICBIC!I 
ID IAIIH 
N N N 
3 3 1 
B A M 

Figure 9a. Part 1: PLS173 (Continued) 
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000000 
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File Name : PART2 
Date 1 12/10/1986 
Ti me 1 J.8: 30: 42 
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##################### P I N L I S T ##################### 

LABEL ** FNC **PIN -~-- .. -~ .... ____ PIN** 
IN1A '"'* I ** 1-1 1-24 
IN2B ** I *•M- 2·-1 I ·-23 
IN2C ** I ** 3-1 1···22 
IN1G ** I ** 4-1 p t-21 
IN1 I ** I ** 5-1 I.. 1-2(1 
IN1J ** I ** 6·-1 s 1-19 
IN1B ** I ** 7-1 1 1-18 
OUT1G ** I ** 8-· I 7 I ·-17 
OUT1H ** I ** 9-1 3 1-16 
OTlC ** I ** 10-1 1-15 
OT3AIN1F ** I ** 11-1 1-14 
GND ** ov ** 12-1 I ·-13 

---------
File Name : P~\RT2 

Date I 12/10/1986 
Time I 18:31149 

@DEVICE TYPE 
PL9173 

<i!DRAWIN6 
@REVISION 
@DATE 
@SYMBOL 
<ICOMPANY 
@NAME 

PART2 
@DESCRIPTION 
@I/0 DIRECTION 
@LOGIC EQUATION 

/OUT2A =/ < (0UT2B*/OUT1G)); 
OUT2B =OUT 11++-0LIT2~\J 
OIJT2C =OT2CIN1M+/IN1G+OT2FIN3Dg 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

FNC ** LABEL 
+5V **VCC 
B **N/C 
B **N/C 
0 **OT2GIN3E 
0 **/OT2FIN3D 
(] ·HOT2CIN1M 
0 **DUT2E 
0 **DUT20 
0 **DUT2C 
0 **OUT2B 
/0 **/OUT2A 
I **OT3G 

OUT2D •OT3AIN1F*/IN1G+(/0T3AIN1F*<<IN1B+/IN1J>*IIN1I>>*IN1B 
+(0T2FIN3D*/OT3G*/IN1A>*<<IIN1A*/IN1B*<IN1J+/OT3AIN1F>> 
*<IIN1B*IN1J))+/OT26IN3E; 

OUT2E =/OT2CIN1M*/IN2C1 
OT2CIN1M =IN1G*/OUT2E1 
/OT2FIN3D =l<<OUT2C*<IN2B>>>a 
OT26IN3E =/OUT2D+OT1C1 

Figure 9b. Part 2: PLS173 
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Fil• Nam• I PART2 
Dat• I 12/10/1986 
Tim• I 18132135 

Cuat/ProJect - PART2 
Dat• 
R•v/l, D. 

PL8173 POLARITY 

T TH;H;H;H;H;H;H;H;HICT 
E !----------------------------------------------------------------
R ! I B<i> ! B<o> 
M ! 1 1 ------------------------------------------------------------___ ! 1_,o_ 9 __ 8_.7 __ 6 .. )S_,4._3 ... 2_1 __ 0 ! 9 __ a_.7 ... 6 .. 5 .... 4._3 .... 2_,1 _o !9 _B . ....7 _6_5_ .. 4_3_2 .... 1 ... 0' 

O!- - - -,L -,- - - -!- -.- - - -. - - H -!A A,. A 
1 !- - - H,- - - -.- - - -!- -.- - - -.- - - -!A A,. . ' ~ A 
2!- - - -.- - - -.- - - -!- -.- - - -,- - - L!A A,. .,. A 
3!- - - -.- . - -!- -.- - H -.-. - - -!A A,, ., . A 
4!- - ' - - -,L -!- -.- - - -,- - - -!A A,. ... A 
5!- - - -,- . - - -!- -.- ;,_ - -.- - - -!A A,. A 
6!- H - -,- - - -,L - - -!- -.- - - -.- - - -!A A,. •,A 
7!- L - -.- H - L,- - - -!- -.- - - -.- - - -!A A,. •,A 
B!- L. - - ' - H L L,- - - -!- -,- -·.- -!A A,. •,A 
9!L L - -.- L H -.- - - L .. !- -.- L. - -.- - - -!A A,, •,A 

lO!L .. - -. - L H -,- - - L!-
' 

L • - -.- - - -!A A,, • ,A • ! 
11 !- - - -. - - - -.- - - -!- -,L - - -.- -!A A,. •,A • ! 
12!- - - -. - . L. - -!- -,··· - L -' 

-!f\ A,. A,. ! 
13!- - - -.- -,H - - -!- -.- - - L,- -!A A,. A ! 
14!- - - -.- -. - - - -!- -,- - .. ... ' -- L.. - -!A A,. A • ! 
15!- - - -,- -. - - L 

_,_ -.- ' 
-!A A,, A • ! 

16!- - - -,·- - ' - -!- -.- ··,L - - -!A A,A • ! 
17!- - H . . - -!--

' ' - - -!A A,A • ! 
18!0 0 0 o.,o 0 0 o,o 0 0 0!0 o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
19!0 0 0 o,o 0 0 o,o 0 0 O!O 0,0 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
20!0 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
21 !O 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
22!0 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
23!0 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
24!0 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
25!0 0 0 0,0 0 0 o,o 0 0 O!O o,o 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
26!0 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
27!0 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
28!0 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
29!0 0 0 o,o 0 0 o,o 0 0 0!0 o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
30!0 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
31 !O 0 0 o,o 0 0 o,o 0 0 O!O 0,0 0 0 o,o 0 0 O!A A,A A A A,A A A A! 
D9!0 0 0 o,o 0 0 o,o 0 0 O!O 9,0 0 0 o,o 0 0 O! 
DB!O 0 0 o,o 0 0 o,o 0 0 O!O o,o 0 0 o,o 0 0 O! 
07!- - - -. - - - -. - -!- -.- -.- - - -! 
D6!- - - -.- -· .- -!- -.- -,- - - -! 
D5!- - - -.- -.- - - -!- -.- - - - ' - -! 
D4!- - - -,- -,- - - -!- -,- - - -.- -! 
D3!- - - -.- - - -.- - ·- -!- -,- -.- - - -! 
D2!- - - -.- -.- -!- -.- - - -.- - - -! 
01!- - - -.- - - - -. -!- -.- - - -. - - - -! 
DO!- - - -.- -.- - - -!- -.- - - -. - - - -! 

0 0 0 0 0 I I I I I I I N N 0 I 0 0 0 0 0 I N N 0 I 0 0 0 0 0 I 
T T T lJ u N N N N N N N I I T 0 T U U U U 0 I I T 0 TUIJUUD 
3 3 1 T l 1 I I I 2 2 I c c 2 r ';>I l T T If C C 2 T 2 T T'fTll 
G A c 1 1 B J I G C B A G 2 C ,2 2 2 2 T G 2 C 2 2 2 2 T 

I HG I F I E D C B 2 I F I E D C B 2 
N N I N A N I N A 
1 3 N 1 3 N 1 
F E 3M E 3M 

D D 

Rgure 9b. Part 2: PLS173 (Continued) 
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File Name : PAR13 
D~te I 12/10/1986 
Time 1 181 ;s5: :se 

L.f\BEL. ** FNC 
OT1BIN~~?\ ** I 
OT1EIN3B ..... r 
rn:sc ** I 
llT2IN3D ** I 
O'T2G I N:SE ii·* I 
OTJ.F ** I. 
IhliL *«· I 
IM!M ** I 
1cn:so1N1F ·M·-K· 10 
GND ** ov 

November 1986 

**PIN ..... -..... _,._"''" ·- --· ·-· PIN*·• FNC 
** 1-.. : 1-20 ** +5V 
·lt·M· '? .. ·-' ; --19 *•It B 
*«· 3-· t p ; -.. 18 ** B 
·•* 4 ... ; L : .... u It* n 
** ~.)-· t s :-16 ** /CJ 
*ii· ~, ..... l 1 : ··- J. ~) ** 0 
'"'* 7-·: ~i :-14 ** n 
*·• 9 ..... , :~ ; ··· 1.3 ·It* () 

**' 9-.. t t-1.2 *ii·· O 
'** 10 .... ; : ... _ J J 

.,,,, ___ ,,_._ .. _,,_ .......... 

File Name 1 PART3 
Date 1 12/10/1986 
Time 1 181361 18 

•DEVICE TYPE 
PLS153 
CIDRAWING 
GllREVISIDN 
CIDATE 
CISYMBDL. 
llCOMPANY 
&NAME 
8DESCRIPTIDN 

·M·* 

CICDMMOM PRODUCT TERM 
&IID DIRECTION 
SOUTPUT POLARITY 
&LOGIC EQUATION 

Figure 9c. Part 3: PLS153 
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*•It LABEL 
*·M·VCC 
**NIC 
*i!·N/C 
**OT3M 
i!·*/OT3G 
**OUT3F 
H·OT3EIN1K 
**Ot..rr:so 
*-K·Ol.JT3C 
*·•JM1G 
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File Name 1 PART3 
Date 1 12/10/1986 
Time I 18136147 

Cust/Project -
Date 
Rev/I. D. 

PLS153 POLARITY 

T 
E !-------------------------~~------------------------------
R ! 8(!) B<ol 
H ! ------------------------------------·--------------------

! 7 _o __ 5._4 .... 3_2 ... 1_ .. o ! 9_8_7_ .. o __ :s_4_3_2_1 ... o !9 _.e_7 ... o_5_4_3_.2_.1_0 ! 
O!O 0 0 O,O 0 0 O!O O,O 0 0 0 1 0 0 0 O!A A,A A A A,A A A A! 
1!0 0 0 O,O 0 0 O!O 0,0 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
2!0 0 O O,O O 0 O!O O,O 0 0 0 1 0 0 0 O!A A,A A A A,A A A A! 
3!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
4!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
5!0 0 0 O,O 0 0 O!O 0,0 0 0 0,0 0 0 O!A A,A A A A,A A A A1 

o!O 0 0 O,O 0 0 O!O O,O 0 0 0,0 O 0 O!A A,A A A A,A A A A! 
7!0 0 0 O,O 0 0 O!O 0,0 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
8!0 0 0 0,0 0 0 O!O O,O O 0 0,0 0 0 O!A A,A A A A,A A A A! 
9!0 0 0 0 1 0 0 0 O!O 0 1 0 0 0 O,O O 0 O!A A,A A A A,A A A A! 

10!0 0 0 0 1 0 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
11!0 0 0 O,O 0 O O!O O,O 0 O O,O 0 0 O!A A,A A A A,A A A A! 
12!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O~A A,A A A A,A A A A! 
13!0 0 0 O,O 0 0 O!O O,O 0 0 0,0 0 0 O~A A,A A A A,A A A A! 
14!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
15!0 0 0 O,O 0 ~ O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
16!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
17!0 0 0 o~o 0 0 O!O o,o 0 0 0,0 0 0 O!A A,A A A A,A A A A! 
18!0 0 0 O,O 0 0 O!O 0,0 0 0 0,0 0 0 O!A A.A A A A,A A A A! 
19!0 0 0 O,O 0 0 O!O o.o 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
20!0 0 0 0 1 0 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
21!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
22!0 0 0 O,O 0 0 O!O O,O 0 O 0 1 0 0 0 O!A A,A A A A,A A A A! 
23!0 0 0 0,0 0 0 O!O 0,0 0 0 0,0 0 0 O!A A,A A A A,A A A A 1 

24!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
25!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 O O!A A,A A A A,A A A A! 
2o!O 0 0 O,O 0 0 O!O 0 1 0 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
27!0 0 0 O,O 0 0 O!O 0 1 0 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
28!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
29!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
30!0 O 0 0 1 0 0 0 O!O O,O (1 0 O,<• 0 0 O!A A,A A A A,A A A A! 
31!0 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O!A A,A A A A,A A A A! 
D9!0 0 0 O,O 0 0 O!O O,O 0 .O O,O 0 0 O! 
DB!O 0 0 O,O 0 0 O!O O,O 0 0 O,O 0 0 O! 
07!- -,- - - -!- -,- - - -,- -! 
D6!- -,- - - -!- -,- - - -.- -! 
05!- - - -,- -~- -,- - - -,- -! 
D4!- - - -,- - - -!- -,- - - -,- - - -! 
03!- - - -,- -!- -,- - - -,- - - -! 
02!- - ' - -!- ' ' - - -! 
D1!0 0 0 0,0 O 0 O!O O,O 0 O O,O 0 0 O! 
DO!- - - -,- - - -!- -,- - - -.- ·- - -! 
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Figure 10. System In Figure 8 Implemented With PLD's 
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Slgnetlcs Appllcatlon Specific Products 

Package Outlines 

PLASTIC PLCC 
1. Package dimensions conform to JEDEC 

specifications for standard Leaded Chip 
Carrier outline (PLCC) package. 

2. Controlling dimensions are given in 
inches with dimensions in millimeters 
contained in parentheses. 

3. Dimensions and tolerancing per ANSI 
Y14.5M - 1982. 

4. "D-E" and "F-G" are reference datums 
on the molded body and do not include 
mold flash or protrusions. Mold flash or 

protrusions shall not exceed 0.15mm 
(0.006") on any side. 

5. Pin numbers start with pin #1 and con
tinue counterclockwise when viewed 
from the top. 

6. Lead material: Olin 194 (Copper Alloy) or 
equivalent, solder dipped. 

7. Body material: Plastic (Epoxy). 

8. Thermal resistance values are deter
mined by temperature sensitive parame
ter (TSP) method. This method uses the 

PLASTIC LEADED CHIP CARRIER (PLCC) 

forward voltage drop of a calibrated di
ode to measure the change in junction 
temperature due to a known power appli
cation. Test condition for these values 
follow: 

Test Ambient-Still Air 
Test Fixture-IJJA-Glass epoxy test 

board (2.24" x 
2.24" x 0.062".) 

IJJc-Water cooled heat 
sink 

NO. OF LEADS PACKAGE CODE DESCRIPTION J TYPICAL IJJAllJJC VALUES (°C/W) 

20 A 350mil-wide 
28 A 450mil-wide 
52 A 750mil-wide 

20-PIN PLASTIC PLCC (A PACKAGE) 

.395 (10.03) 

~ l'F·G 

.350 (8.89) 

1.-;::===~==!-~-
i---+-- .050 (1.27) BSC 

• sioes 
.... ,,.,..~~~~-...... -----+-- .356~.04) 

.C45 (1.1') R 

.025 (0.8') 

853-0400 84711 

November 1988 

.350 ~.89) 

.o32 (.81) 

.CJ26 (.88) 

J 

10-3 

Die 
Size 

20K 
25K 
50K 

Power Average Average 
Dissipation (W) IJJA IJJC 

.75 70 30 
1.0 61 23 
1.0 42 15 

NOTES: 
1. Package dimensions conform lo JEDEC specification 

MO-G47·M for plastic leaded chip carrier 20 IMds, 
.050 Inch lead spacing, square. (Issue A, 10131184). 

2. Controlling dimensions: inches. Metric are shown In 
paranUleses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 
4. "A" and "B" are reference datums on the molded 

body at piano "H" and do not Include mold flaah. 
Mold flash protrusion shell not excood .006" (.15mm) 
on any side. 

5. Dstum "D-E" and "F-G" are dotormlned whore theao 
cemer leads 8>dt from tho body at plane "H". 

e. Pin numb8f8 continue counterclockwise to pin ·#20 
(top Ylow). 

7. Signotlcs order code for product packaged In a PLCC 
i8 the suffix A after the product number. 

.015 (.38) 

.ll05 (.13) 
SEATtlG 

~~&<'6'~~======!:.-..+-P.LA>E 
-il4A!sM .010 l0.25) cg 
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Signetics Application Specific Products 

Package Outlines 

28·PIN PLASTIC PLCC (A PACKAGE) 

~~~'-+-----. 
TYP. 3 PLACES +----4.,.,.i!=l.OU:i.c.lfl=;t--------r 

853·0401 8471 i 

.495(12.!7) 

.485(12.32) 

---. 
.060 (1.52) 

~-

==t 

. 120 (3.05) 

.090 (2.29) 

.025 (0.64) 
MIN • 

.180 (4.57) 

.166 (4.19) 

.007 {0.18} DI 

52-PIN PLASTIC PLCC (A PACKAGE) 

~R 
.025 (0.64) 

853-0397 84711 

November 1986 

NOTES: 
1. Package dimensions conform to JEDEC specification 

M0-047-AB for plastic leaded chip carrier 28 leads, 
.050 inch lead spacing, square. (issue A, 10/31 /84). 

2. Controlling dimensions: inches. Metric are shown in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 
4. "A" and "B" are reference datums on the molded 

body at plane "H" and do not include mold flash. 
Mold flash protrusion shall not exceed .006" (.15mm) 
on any side. 

5. Datum "D-E" and "F-G" are determined where these 

6. ~~~t~~~b~d~ :~,[~~~ :~n~~:!o~~!!"~o "~~. #28 
(top view). 

7. Signetics order code for product packaged in a PLCC 
is the suffix A after the product number. 

1----Hf-= ~::: 1fiAIB4l .010 lO.ZS! Q 

1-----<f-:: ~;:~:) -4i10-E(\1)!.016 (;30l! 

NOTES: 
1. Package dimensions conform to JEDEC specification 

M0-047-AA for plastic leaded chip carrier 20 leads, 
.050 inch lead spacing, square. (issue A, 10/31/84). 

2. Controlling dimensions: inches. Metric are shown in 
parentheses. 

3. Dimensions and tolerancing per ANSI Y14.5M-1982. 
4. "A" and "8" are reference datums on the molded 

body at plane "H" and do not include mold flash. 
Mold flash protrusion shall not exceed .006" (.15mm) 
on any side. 

5. Datum "D-E" and "F-G" are determined where these 
center leads exit from the body at plane "H". 

6. Pin numbers continue counterclockwise to pin #20 
(top view). 

7. Signetics order code for product packaged in a PLCC 
is the suffix A after the product number . 

. 015 (0.38) 

.005 (0.13) 

_J SEATING 

"1'!111r~64i'W4fii'f'ili'IH~~ANE 

10-4 
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Slgnettcs Application Specific Products 

Package Outlines 

HERMETIC CERDIP 
1. Package dimensions conform to JEDEC 5. 

specifications for standard Ceramic Dual 
lnline (Cerdip) package. 

2. Controlling dimensions are given in 6. 
inches with dimensions in millimeters, 
mm, contained in parentheses. 

3. Dimensions and tolerancing per ANSI 7. 
Y14.5M - 1982. 

4. Pin numbers start with pin # 1, and con· 8. 
tinue counterclockwise when viewed 
from the top. 

These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 

Lead material: ASTM alloy F-30 (Alloy 42) 
or equivalent - tin plated or solder 
dipped. 

Body Material: Ceramic with glass seal at 
leads. 

Thermal resistanos values are deter· 
mined by temperature sensitive parame· 
ter (TSP) method. This method uses the 

forward voltage drop of a calibrated di· 
ode to measure the change in junction 
temperature due to a known power appli· 
cation. Test condition tor these values 
follow: 

Test Ambient-Still Air 
Test Fixture- 8JA - Textool ZIF socket 

with 0.04" stand· 
off 

8Jc ··Water cooled heat 
sink 

HERMETIC DUAL-IN-LINE PACKAGES 

NO. OF LEADS PACKAGE CODE DESCRIPTION 

20 F 300mil-wide 
24 F 300mil·wide 
28 F 600mil·wide 

20-PIN CERAMIC DIP (F PACKAGE) 

-i r .078 (1.98) I .012 (.30) 

-.---~~~~~==...:..::....~--i 

=t";='!"c:::ltl7""ii7""7""7"\7'""\7'""7'"7''7""";-r1 

JL.023 <·58>-l$1T I e!o@l.010 (.2S4) 
.015 (.38) 

863-0584 81594 

November 1986 

®I 

. 306 (7.77) 

.285 r24) 

10-5 

TYPICAL 8JAl8Jc VALUES (°C/W) 

Die 
Size 

20K 
25K 
30K 

.175 (4.45) 

~ 

.035 (.89) 

.020 (.51) 

,015 (.38) 

.010 (.25) 

Power Average Average 
Dissipation (W) 8JA 8JC 

.75 70 7.8 
1.0 62 6.9 
1.0 48 e:a 

NOTES: 
1. Controlling dimension: Inches. Millimeters are shown i.n 

parentheses. 
2. Dimensions and tolerancir:ig per ANSI Y14.5M - 1982. 
3. "r', "D", and "E" are reference datum!! on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to pas& mismatch. 

4. These diri1ensions measured with the leads c:onstr~~ 
to be perpendicular to plane T . 

5. Pin numbers start with pin # 1 and continue 
~l!ri .. to pin #20 when viewed from ti>! top, 

.320 (8.13) 

.290 (7.37) ~ 
(NOTE 4) 

10 



Signetlcs Application Specific Products 

Package Outlines 

24·PIN CERAMIC DIP (F PACKAGE) 

• 100 (2.54) BSC 

-D-
1.280 (32.51) 

.098 (2.49) 

"iiii (.78) 

-f~.Q70(1.47) 1.2<0(31.40) 

I ·* <·781 

853-0586 84000 

28·PIN CERAMIC DIP (F PACKAGE) r- .098 (2.'9) 

I~ 

853-0589 84000 

.175 (4.45) 

.145 (3.88) 

.005 (.89) 

.020 (.51) 

.015 (.311) 

.010 (.25) 

November 1986 10-6 

NOTE8' 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. "T", "O", and "E" are reference datums on the body 

and Include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers stan with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 

6. Denotes window location tor EPROM products . 

.320 (8.13) 

.290 (7.37) 
(NOTE 4 

: ! 

BSC 
.300 (7.82) 
(NOTE 4) 

.3115 (10.03) 
.300 (7.82) 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown kl 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. "T", "O", and ''E" are reference datums on the body 

and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to ptane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwiBEI' to pin #28 when viewed from the top. 

6. Denotes window .location for EPROM products . 

. 820 (15. 75) 

.580 (14.88) 
(NOTE 4) 



Slgnetlcs Application Specific Products 

Package Outlines 

HERMETIC CERDIP WITH QUARTZ WINDOW 
1. Package dimensions conform to JEDEC 

specifications for standard Ceramic Dual 
lnline (Cerdip) package. 

2. Controlling dimensions are given in 
inches with dimensions in millimeters, 
mm, contained in parentheses. 

3. Dimensions and tolerancing per ANSI 
Y14.5M - 1982. 

4. Pin numbers start with pin # 1 and con
tinue counterclockwise when viewed 
from the top. 

5. These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 

6. Lead material: ASTM alloy F-30 (Alloy 42) 
or equivalent - tin plated or solder 
dipped. 

7. Body Material: Ceramic with glass seal at 
leads. 

8. Thermal resistance values are deter
mined by temperature sensitive parame
ter (TSP) method. This method uses the 

forward voltage drop of a calibrated di
ode to measure the change in junction 
temperature due to a known power appli
cation. Test condition for these values 
follow: 

Test Ambient - Still Air 
Test Fixture-IJJA-Textool ZIF socket 

with 0.04 n stand
off 

IJJc - Water cooled heat 
sink 

HERMETIC DUAL·IN·LINE PACKAGES WITH QUARTZ WINDOW 
.--------· 

NO. OF LEADS PACKAGE CODE DESCRIPTION 

24 F 300mil-wide 
28 F 600mil-wide 

Die 
Size 

25K 
30K 

24-PIN CERAMIC DIP WITH QUARTZ WINDOW (FA PACKAGE) 

·D· ~ 
1.240 (31.40) 

.070 (1..47) 

.050 (.78) 

JL.o~ CC.38.B8ll-i+!rJElo@.010 (.2S4) 
.015 

853-0586 84000 

November 1986 

81 

.098 (2.49) 

. 030 (.76) 

.035 (.89) 

.020 (.61) 

.015 (.38) 

.010 (.25) 

10-7 

TYPICAL IJJAllJJc VALUES (°C/W) 

Power Average Average 
Dissipation (W) IJJA IJJc 

.5 67 7.8 

.5 52 7.0 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses . 
2. Dimensions and toletancing per ANSI Y14.5M - 1982. 
3. "r', "O", and "E" are reference datums on the body 

and Include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. , 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 

6. Denotes window location for EPROM products. 

10 



Si!;)netics ApplicCJtlon Specific Products 

Package Outlines 

28-PIN CERAMIC DIP WITH QUARTZ WINDOW (FA PACKAGE) 

~ r .098 (2.49) 

853-0589 84000 

November 1986 10-8 

NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 

parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. "T', "D", and "E" are reference datums on the body 

and Include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

5. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 

6. Denotes window location for EPROM products . 

. 620 (15.75) 

.590 (14.99) 
(NOTE 4) 



Signetics Application Specific Products 

Package Outlines 

PLASTIC DIP 
1. Package dimensions conform to JEDEC 

specification MS-001-AA for standard 
Plastic Dual lnline (DIP) package. 

2. Controlling dimensions are given in 
inches with dimensions in millimeters, 
mm, contained in parentheses. 

3. Dimensions and tolerancing per ANSI 
Y14.5M - 1982. 

4. "T", "D" and "E" are reference datums 
on the molded body and do not include 
mold flash or protrusions. Mold flash or 
protrusions shall not exceed 0.01 inch 
(0.25mm) on any side. 

5. These dimensions measured with the 
leads constrained to be perpendicular to 
plane T. 

6. Pin numbers start with pin # 1 and con
tinue counterclockwise when viewed 
from the top. 

7. Lead material: Olin 194 (Copper Alloy) or 
equivalent, solder dipped. 

8. Body material: Plastic (Epoxy) 

9. Thermal resistance values are deter
mined by temperature sensitive parame
ter (TSP) method. This method uses the 

forward voltage drop of a calibrated di
ode to measure the change in junction 
temperature due to a known power appli
cation. Test condition for these values 
follow: 

Test Ambient-Still Air 
Test Fixture-OJA - Textool ZIF socket 

with 0.04" stand
off 

IJJc -Water cooled heat 
sink 

PLASTIC DUAL-IN-LINE PACKAGES 

NO. OF LEADS " PACKAGE CODE DESCRIPTION 

20 N 

24 N 

28 N 

20-PIN PLASTIC (N PACKAGE) 

0 s .004 .10 

1--"lio"l----f----- 1.051 (26.85) 
1.045 (26.54) 

- .064 (1.63) 

.045 (1.14) 

Cu. Lead Frame 
300mil-wide 

Cu. Lead Frame 
300mil-wide 

Cu. Lead Frame 
600mil-wide 

I 
.255 (6.48) 

. 245 (6.22) 

:J-~ 

.135 (3.43) 

.138 (3.51) 

.120 (3.05) 

#IT!EIO®I .. 010 (.25> ®! 

853·0408 81234 

November 1986 10-9 

Die 
Size 

20K 
25K 
50K 

TYPICAL IJJAllJJc VALUES (°C/W) 

Power Average Average 
Dissipation (W) IJJA IJJc 

.75 61 25 
1.0 55 25 
1.0 46 18 

-----

NOTES' 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 

. ·--·--1 
2. Package dimensions conform to JEDEC specification 

MS-001·AE for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 20 leads (issue a, 7 /85) 

3. Dimensions and tolerancing per ANSI Y14. 5M~1982. 
4. "T", "D" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm} 
on any side . 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #20 when viewed from the top. 

.035 (.89) ~ij 

.020 (.5:J) 

.o15 (.38) 

.010 (.25) 

BSC 
.300 (7.62) 
(NOTE 5) 

.395 (10.03) 

.300 ( 7.62) 

10 
~--·-:-· 



Slgnetics Application Specific Products 

Package Outlines 

24-PIN PLASTIC (N PACKAGE) 

.004 .1 

853-0410 81236 

28-PIN PLASTIC (N PACKAGE) 

: !: -t+lt!EIXtll .010 C25) A I 

853-0413 84099 

November 1986 

• 560 (14.22) 

.545 (13.84) 

.155 (3.IM) 

.146(3.88) 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 
2. Package dimensions conform to JEDEC specif!C8.tion 

MS-001 -AR for standard dual In-line (DIP) package .300 
inch row spacing (PLASTIC) 24 leads {issue B. 7 /85) 

3. Dim9nsions and tolerancing per ANSI Y14. 5M-1982. 
4. "r', "0" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed ,010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 

NOTES: 
1. Controlling dimension: inches. Metric are shown in 

parentheses. 
2. Package dimensions conform to JEDEC specification 

MS-011-AB for standard dual in-line (DIP) package .600 
inch row spacing (PLASTIC) 28 leads (issue B. 7 /85) 

3. Dimensions and tolerancing per ANSI Y14. 5M-1982. 
4. 'T', "D" and "E" are reference datums on the molded 

body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed ,010 Inch (.25mm) 
on any side . 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. . 

6. Pin numbers start with pin # 1 and continue 
counterclockwise to pin #28 when viewed from the top. 

~:J .eoo (tU4) 
(NOTE 6) 

.046 (1.14) jf \ 

138 (351) .020 I-•~> I- . -11 · · .600 (15.24) BSC 
. 120 (3.06) (NOTE 5) 
~ .696(17.85) 
.G10 1.26) .600 (15.24) 

10-10 



Argentina: PHILIPSAAGENTINAS.A., Div. Elcoma, Vedia 3692, 1430 BUENOS AIRES, Tel. (01) 541 - 7141 to 7747. 
Auatraila: PHILIPS INDUSTRIES LTD., Elcoma Division, 11 Waltham Street, ARTAAMON , N.S.W. 2064, Tel. (02)439 3322. 
Auatria: 0STEAAEICHISCHE PHILIPS INDUSTAIE G.m.b.H., UB Bauelemente, Trlester Str . .64, A- 1101 WIEN, Tel . (0222) 629111-0. 
Belgium: N.V. PHILIPS & MBLE ASSOCIATED, 60 Aue Des Deux Gares, B - 1070 BRUXELLES, Tel. (02) 525-61 - 11. 
Bnu:il: CONSTANTA-IBRAPE; (Active Devices): Av. Brigadeiro Farla Lima, 1735-SAO PAULO-SP, Tel . (011) 211-2600, 

(Passive Devices & Materials): Av. Francisco Monteiro, 702 - AIBEIRAO PIRES-SP, Tel . (011) 459-8211. 
Canada: PHILIPS ELECTRONICS LTD., Elcoma Divisloh, 601 Milner Ave., SCARBOROUGH, Ontario, M1B1 MB, Tel. (416) 292-5161 . 
Chila: PHILIPS CHI LENA S.A .. Av. Santa Marla 0760, s,l\NTIAGO, Tel . (02) 77 36 16. 
Colombia: IND. PHILIPS DE COLOMBIA S.A .. c/o IPRELENSO lJ"D., Cra. 21, No. 56-17, BOGOTA, D.E .. Tel. (01) 2497624. 
Denmark: MINIWATT A/S, Strandlodsvej 2 , P.O. Box 1919, DK 2300 COPENHAGEN S, Tel. (01) 5411 33. 
Finland: OYPHILIPSAB, Elcoma Division, Kaivokatu 8, SF-00100 HELSINKI 10, Tel. (90) 17271. 
France: RTC-COMPELEC, 130Avenue Ledru Rollin , F-75540 PARIS 11 , Tel. (01) 43366000. 
Germany (Fed. Republic): VAL.YO, UB Bauelemente der Philips G .m .b .H ., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, Tel. (040) 3296-0. 
Greece: PHILIPS HELLENIQUE S.A., Elcoma Division, No. 15, 25th March Street, GA 17776 TAVAOS, Tel. (01) 4694339/ 4694 911. 
Hong Kong: PHILIPS HONG KONG LTD., Elcoma Div., 15/F Philips Ind. Bldg., 24-28 Kung Yip St., KWAI CHUNG, Tel. (0)-24 51 21. 
India: PEICO ELECTRONICS & ELECTRICALS LTD .. Elcoma Dept., Band Box Building, 

254-D Dr. Annie Besant Rd., BOMBAY- 400025, Tel. (022) 4930311 /4930590. 
lndoneala: P.T. PHILIPS-AALIN ELECTRONICS, Elcoma Div., Setlabudl 11 Building, 6th Fl ., Jalan H .R. Aasuna Said (P.O . Box 223/KBY) Kunlngan, 

JAKARTA 12910, Tel. (021) 51 7995. 
Ireland: PHILIPS ELECTRICAL (IRELANO) LTD., Elcoma Division , Newstead, Clonskeagh, DUBLIN 14, Tel . (01) 69 33 55. 
Italy: PHILIPS S .p .A ., Div. Componenti Elcoma, Piazza IV Novembre 3, 1-20124 MILANO, Tel . (02) 6752.1. 
Japan: NIHON PHILIPS CORP., Shuwa Shlnagawa Bldg. , 26-33 Takanawa 3-chome, Mlnato-ku , TOKYO (108), Tel. (03) 448-5611. 

(IC Products) SIGNETICS JAPAN LTD., 6-7 Sanbancho Chlyoda-Ku, TOKYO 102, Tel. (03) 230- 1521. 
Korea (Repubtlc of): PHILl.PS ELECTRONICS (KOREA) LTD., Elcoma Div., Philips House, 260-199 ltaewon-dong, Yongsan-ku, SEOUL, 

Tei. (02) 794-5011. 
Malayala: PHILIPS MALAYSIASDN BHD, Elcoma Div .. 345 Jalan Gelugor, 11700 PULAU PINANG, Tel. (04) 670044. 
Mexico: ELECTRONICA, S.Ade C .V., Carr. Mexico-Toluca km. 62.5, TOLUCA, Edo. de Mexico 50140, Tel. Toluca 91(721)613-00. 
Netherlands: PHILIPS NEDERLAND, Marl<tgroep Elonco, Postbus 90050, 5600 PB EINDHOVEN, Tel. (040) 7637 49. 
New Zealand: PHILIPS NEW ZEALAND LTD., Elcoma Division, 110 Mt. Eden Road, C .P.O . Box 1041, AUCKLAND, Tel. (09) 605-914. 
Norway: NOASKA/S PHILIPS, Electronics Dept., Sandstuvelen 70, OSLO 6, Tei. (02) 680200. 
Pakistan: PHILIPS ELECTRICAL CO. OF PAKISTAN LTD .. Philips Markaz, M .A . J innah Rd .. KARACHl-3, Tel. (021) 72 57 72. 
Peru: CADESA, Av. Alfonso Ugarte 1268, LIMA 5 , Tel. (014) 326070. 
Phillpplnes: PHILIPS INDUSTRIAL DEV. INC .. 2246 Pasong Tamo, P.O. Box 911 , Makatl Comm. Centre, MAKATl- AIZAL 3116, Tel. (02) 66 69 51 to 59. 
Portugal: PHILIPS PORTUGUESAS.A.R.L. , Av. Eng. Duarte Pacheco 6 , 1009 LISBOA Codex, Tel. (019) 6631 21. 
Singapore: PHILIPS PROJECT DEV. (Singapore) PTE lJ"D., Elcoma Div .. Lorong 1, Toa Payoh , SINGAPORE 1231, Tel. 3502000. 
South Africa: S.A. PHILIPS (Pty) LTD., EDAC Div. , 3rd Floor Rainer House, Upper Railway Rd. & Ove St., New Doornfontein, JOHANNESBURG 2001, 

Tel. (011) 402-4600/07. 
Spain: MINIWATTS.A., Balmes 22, BARCELONA 7, Tel. (03) 301 6312. 
Sweden: PHILIPS KOMPONENTER A.B., LldlngOvAgen 50, S-11564 STOCKHOLM 27, Tel. (06) 7621000. 
Swttzertand: PHILIPS A .G., Elcoma Dept., Allmendstrasse 140-142, CH-8027 ZORICH, Tel. (01) 4882211. 
~lwan: PHILIPS TAIWAN LTD., 150 Tun Hua North Road, P.O . Box 22976, TAIPEI, Taiwan, Tel. (02) 7120500. 
Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD .. 263 Sllom Road, P.O . Box 961, BANGKOK, Tel. (02) 233-6330-9. 
Turkey: TORK PHILIPS TICARET A.S .. Eicoma Depariment, lnOnO Cad .. No. 76-60, 60090 Ayazpasa ISTANBUL, Tel. (01) 14359 10. 
United Kingdom: MULLAAD LTD., Mullard House, Torrington Place, LONDON WC1E7HD, Tel . (01) 5806633. 
United States: (Active Devices & Materials) AM PE REX SALES CORP., Providence Pike, SLATERSVILLE, A.I. 02676, Tel. (401) 762-9000. 

(Passive & Electromech. Dev.) MEPCO/CENTRALAB, INC., 2001 West Blue Heron Blvd , RIVIERA BEACH, Florlda 33404, 
Tel. (305) 661 -3200. 
(IC Products) SIGNETICS CORPORATION , 611 East Arques Avenue, SUNNYVALE, CA 94066-3409, Tel. (406) 991-2000. 

Uruguay: LUZILECTAON S.A., Avda Uruguay 1267, P.O. Box 907, MONTEVIDEO, Tei. (02) 96 5395. 
Venezuela: IND. VENEZOLANAS PHILIPS S.A., c/o MAGNETICA S.A., Calle 6, Ed. Las Tres Jotas, App. Post. 76117, CARACAS, Tel. (02) 2393931. 

For all other countries appty to: Phillps Electronic Components and Materials Division, International Business Relations, P.O. Box 218, 
5600 MD EINDHOVEN, The Netherlands, Telex 35000 phtcnl 

AB54 © Philips Export B .V. 1987 

This information is furnished for guidance, and with no guarantee as to its accuracy or completeness; its publicatlon conveys no licence under any patent 
or other right, nor does the publisher assume liability for any consequence of its use; specifications and availability of goods mentioned In it are subject to 
change without notice; It Is not to be reproduced in any way, in whole or in part, without the written consent of the publisher. 

Printed In The Nether1ands 939814 7 00011 


