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Preface

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

The Signetics Programmable Logic family consists of devices which are designed to
address logic needs ranging from random gates in the case of the Field Programma-
ble Gate Arrays, to highly sophisticated state machines in the case of Field
Programmable Logic Sequencers. Signetics pioneered the fully-programmable
AND/OR/INVERT architecture in 1975. In 1987, Signetics introduced yet another
new concept in PLD architectures. Moving away from an AND-OR array structure,
the Signetics' Programmable Macro Logic architecture relies on a single NAND array
concept. Signetics' novel architectural approach to Programmable Logic incorpo-
rates all the advantages associated with more dense complex gate arrays while
retaining all the benefits of instantly programmable PLDs. By using the programma-
ble features allowed by either powerful architecture, Signetics Programmable Logic
can encompass wide-ranging levels of integration without the necessity of a
multitude of devices, each with a different 1/0 configuration. The flexible program-
ming structure allows the designer to "'mold"" the device architecture to the range of
applications typically found in system design. In this way, one device can be used to
perform several functions in the same design.

The 1988 — 1989 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

Data Sheet
Identification

Product Status

Definition

F or In Design

This data sheet contains the design target or goal
ifi for product ificati may
change in any manner without notice.

Preliminary Specification

Preproduction Product

This data sheet contains preliminary data and Y
data will be published at a later date. Signetics reserves the
right to make changes at any time without notice in order to
improve design and supply the best possible product.

Product Specification

Full Production

This data sheet contains Final Specifications. Signetics
reserves the right to make changes at any time without
notice in order to improve design and supply the best
possible product.
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SIGNETICS TOTAL | poonucr| | STATE | oututs | T
PD Icc
PN ARCHITECTURE | PACKAGE * ':')‘:t"‘:;st eq)| TERMS | REGISTERS |C, 1/0, R/RI/O | (Max) Fuax | (Max)
(# Dedicated)
PGA
PLS103 16 X9X9 28-Pin 16 (16) 9 0 9C 35ns 170mA
PLS151 18 X 15X 12 20-Pin 18 (6) 15 0 12 1/0 25ns 155mA
PAD
PLS162 16 X5 24-Pin 16 (16) 5 0 5C 30ns 155mA
PLS163 12X9 24-Pin 12(12) 9 0 9C 30ns 155mA
PLA
PLS100 16 X 48 X 8 28-Pin 16 (16) 48 0 8C 50ns 170mA
PLC153-45/60 | 18 X 42 X 10 20-Pin 18 (8) 42 0 10 1/0 45/60ns 60mA*
PLS153 18 X 42 X 10 20-Pin 18 (8) 42 0 10 170 40ns 155mA
PLS153A 18 X 42X 10 20-Pin 18(8) 42 0 10 I1/O 30ns 1565mA
PLHS153 18X 42X 10 20-Pin 18 (8) 42 0 10 1/0 20ns 155mA
PLUS153B 18 X 42 X 10 20-Pin 18 (8) 42 0 10 1/0 15ns 200mA
PLUS153D 18 X 42X 10 20-Pin 18(8) 42 0 10 1/0 12ns 200mA
PLS161 12X 48X 8 24-Pin 12(12) 48 0 8C 50ns 170mA
PLS173 22X 42X 10 24-Pin 22 (12) 42 0 10 1/0 30ns 170mA
PLUS173B 22X 42X 10 24-Pin 22 (12) 42 0 10 1/0 15ns 200mA
PLUS173D 22X 42X 10 24-Pin 22(12) 42 0 10 170 12ns 200mA
PLC473-60 20X 24 X 11 24-Pin 20(11) 24 0 2GC, 910 60ns 60mA*
PLHS473 20 X 24 X 11 24-Pin 20 (11) 24 0 2GC,91/0 | 22ns 155mA
PALE-TVPE
PLHS18P8A 18X72X8 20-Pin 18 (10) 72 0 8 1/0 20ns 155mA
PLHS18P8B 18X72X8 20-Pin 18(10) 72 0 8 1/0 15ns 155mA
PLHS16L8A 16 X 64 X8 20-Pin 16 (10) 64 0 2GC,61/0 20ns 155mA
PLHS16L8B 16 X64X8 20-Pin 16 (10) 64 0 2C,61/0 15ns 155mA
PLUS16XXD**( 16X 64 X 8 20-Pin Variable 64 0-8 Variable 10ns 56MHz | 180mA
PLC16V8Q 16 X72X8 20-Pin 16 (8) 72 8(0) 8 RI/O 35, 45ns |18, 13MHz| 50mA*
PLC16V8H 16 X72X8 20-Pin 16 (8) 72 8(0) 8 RI/O 35, 45ns |18, 13MHz| 90mA*
PLC20V8Q 20X72X8 24-Pin 20 (12) 72 8(0) 8 RI/O 35, 45ns |18, 13MHz| 50mA*
PLC20V8H 20X72X8 24-Pin 20 (12) 72 8(0) 8 RIVO 35, 45ns |18, 13MHz| 90mA*
PLUS20XXD**| 20X 64 X 8 24-Pin Variable 64 0-8 Variable 10ns 56MHz | 210mA
PLS
PLS105 16X 48 X 8 28-Pin 16 (16) 48 6 (6) 8 R 13.9MHz | 180mA
PLS105A 16 X 48 X 8 28-Pin 16 (16) 48 6 (6) 8 R 20MHz | 180mA
PLUS405 16 X 64 X 8 28-Pin 16 (16) 64 8 (8) 8R 33MHz | 225mA
PLS155 16 X 45 X 12 20-Pin 16 (4) 45 4 (0) 8 1/0, 4 RI/O 50ns 14.3MHz | 190mA
PLS157 16 X 45 X 12 20-Pin 16 (4) 45 6 (0) 6 1/0, 6 RI/O 50ns 14.3MHz | 190mA
PLS159A 16 X 45 X 12 20-Pin 16 (4) 45 8 (0) 41/0, 8 RI/O 35ns 18MHz | 190mA
PLS167 14X 48X 6 24-Pin 14 (14) 48 8 (6) 6R 13.9MHz | 180mA
PLS167A 14X 48X 6 24-Pin 14 (14) 48 8 (6) 6R 20MHz | 180mA
PLS168 12X 48X 8 24-Pin 12(12) 48 10 (6) 8 R 13.9MHz | 180mA
PLS168A 12X 48X 8 24-Pin 12(12) 48 10 (6) 8 R 20MHz | 180mA
PLS179 20 X 45 X 12 24-Pin 20(8) 45 8 (0) 41/0 and 8 35ns 18MHz | 210mA
RI’O
PML
PLHS501 32X 116 X 24 52-Pin 32 (24) 72 0 16 C and 8 I/0| 22ns 295mA
PLHS502 32X 144 X 24 68-Pin 32 (24) 64 16 (0) 16 C or R, 20ns 50MHz | 370mA
8 170 or RI/O

OUTPUTS:

C = Combinatorial output PGA = Programmable Gate Array

R = Registered output PAD = Programmable Address Decoder

1/0 = Combinatorial 1/0 PLA = Programmable Logic Array

R 1/0 = Registered 1/0 PALQ—Type = Programmable Array Logic (Fixed OR Array)-Type

* Measured at 15MHz (TTL input level) PLS = Prog ble Logic Seq

** Under development PML = Programmable Macro Logic

NOTES:

Fumax = 1/(Tis + Teko) worst case
® PAL is a trademark of Monolithic Memories Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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FAdS

DEVICE PROGRAMMER REFERENCE GUIDE

DATA 1/0 CORPORATION
10525 WILLOWS RD. N.E.
REDMOND, WA 98073-9746

(800) 247-5700

DEVICE CODES? MODEL 208 UNISITE 40 MODEL 60
ART NUMBER | gy || sveTen ADAPTOR REVISION SYSTEM ADAPTOR REVISION sysTem | ADAPTOR REVISION
CODES REVISION o pLCC REVISION [ o pLCC REVISION | oo pLCC

PAL-TYPE DEVICES

PLC16VS 86 B 303AV04 | 303A-O11A; VO5 | 303A011B;V03 | V21 | SITE40; 10 | CHIPSITE; 1.0 TBA TBA TBA

PLC20V8 86 4 303AV04 | 303A011A: VOB | 303A-011B; V03 | V21 | SITE 40; 1.0 | CHIPSITE: 1.0 TBA TBA TBA

PLHS16LOA/B 1 17 303AV04 | 303A-012; V02 - v21 | SITE 40; 10 | CHIPSITE; 1.0 —_ - -

PLHS18PBA/B 1A 3 303AV04 |  303A-012; VO1 - _ V21 | SITE 40: 10 | CHIPSITE: 1.0 - - ——

PLA DEVICES

PLS100/101 % o1/61 | 303AV04 | 303A-001; VOI, - Vi5 | SITE40; 1.0 | CHIPSITE; 1.0 | 60A/M; Vo1 | 3604003 |  TBA

vos
PLS103 % 02/62 | 303AV04 | 303A-001; Vo1, - VI5 | SITE40; 1.0 | CHIPSITE; 1.0 | 60A/H; Vo1 | 3604003 |  TBA
V05

PLS151 9 64 300AVO4 | 303A011A; V02 | 303A011B; V02 | V15 | SITE 40; 1.0 | CHIPSITE; 1.0 - - ——
303A-001; VO .

PLC153 86 65 300AV04 | 303A0T1A; VOS5 | G03A-011B;V03 | V21 | SITE40;1.0 | CHIPSITE; 1.0 TBA TBA TBA

PLS153/153A 96 65 303AV04 | 303A011A: V02 | 303A011B; Vo2 | V15 | SITE 40; 1.0 | CHIPSITE 1.0 | 60A/H; VO1 | 360002 |  TBA
303A-001; V05

PLHS153 1A 65 303AV04 | 303A012; V02 - V21 | SITE40; 10 | CHIPSITE; 10 —— - -

PLUS1538/D 1B 65 303AV04 | 303A011A; VO7 | 303A011B; Vo3 | v21 | SITE 40; 1.0 | CHIPSITE; 1.0 TBA T8A TBA

PLS161 9 69 303AV04 | 303A001; VO5 | NOT AVAILABLE | V15 | SITE 40; 1.0 | NOT AVAILABLE | 60A/H; VO1 | 360A002 |  NOT
303A-011A; V02 IN PLCC IN PLCC AVAILABLE

PLS162 9 73 —_ - " V15 | SITE 40; 1.0 " goA/H; Vo5 | 306004 | ™ FRCC

PLS163 9 75 —_ “ Vi5 | SITE 40; 10 " 60A/H; VO5 | 360A004 "

PLS173" 9 76 300AVO4 | 303A011A; V02 | 303A011B; Vo2 | V17 | SITE 40; 1.0 | CHIPSITE; 1.0 | 60A/H; V08 | 3604002 |  TBA

PLUS1738/D 18 76 303AV04 | 303A0MA VO7 | 303A011B: VO3 | V24 | SITE 40; 1.0 " TBA TBA TBA

PLC4T 86 78 303AV04 | 303A011A; V02 TBA v21 | SITE 40; 10 " TBA TBA TBA

PLHS473 1A 78 303AV04 | 303A012; VO1 - v21 | SITE 40; 10 " - - -

SOpINS adualgjey lewwplibold
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DEVICE PROGRAMMER REFERENCE GUIDE (Continued)

DATA 1/0 CORPORATION
10525 WILLOWS RD. NE.
REDMOND, WA 98073-9746
(800) 247-5700

DEVICE CODES? MODEL 298 UNISITE 40 MODEL 60
PART NUMBER | pamiLy SYSTEM ADAPTOR REVISION SYSTEM ADAPTOR REVISION SYSTEM | ADAPTOR REVISION
PIN CODES
CODES REVISION DIP PLCC REVISION [ po PLCC REVISION | pio PLCC
PLS DEVICES
PLS105/105A 9 03/63 | 303A; VO4 | 303A-011A; V02 | 303A-011B; V02 | V15 | SITE 40; 1.0 | CHIPSITE; 1.0 | 60A/H; V01 | 360A008 |  TBA
303A-001; VO1, 05
PLS155 9 67 303A; V04 | 303A-011A; V02 | 308A011B;V02 | V1.5 | SITE 40; 1.0 | CHIPSITE; 10 | 60A/H; VO1 | 360A002 |  TBA
303A-001; V05
PLS157 9 68 303A; V04 | 303A-001; VO5 | 303A-011B; V02 | V15 | SITE 40; 1.0 | CHIPSITE; 1.0 | 60A/H; V01 | 360A002 |  TBA
303A-011A; V02
PLS159A 64 66 303A; VO4 | 303A-011A; V02 | 303A-011B; V02 | V15 | SITE 40; 1.0 | CHIPSITE; 1.0 TBA TBA TBA
PLS167/167A 9 60 303A; V04 | 303A-011A; V02 | 303A-011B; V02 | V15 | SITE 40; 1.0 | CHIPSITE; 1.0 | 60A/H; V05 | 360A002 |  TBA
PLS168/168A 9% 74 303A; VO4 | 303A-011A; V02 | 303A011B;V02 | V15 | SITE 40;1.0 | CHIPSITE; 1.0 | 60A/H; V05 | 360A002 |  TBA
PLS179 96 7 303A; VO4 | 303A-011A; V02 | 303A-0118; V02 | V17 | SITE 40; 1.0 | CHIPSITE; 1.0 TBA TBA TBA
PLUS405 TBA TBA  [303A; V04 | 303A-011A; VO7 | 303A0118; Vo3 | TBA TBA TBA TBA TBA TBA
PML DEVICES
PLHS501 010 707 - - - V1.7 - CHIPSITE; 1.0 - - -
PLHS502 TBA TBA - —— —— TBA - - - - -

® The software and hardware revisions listed are the earliest revisions that support these products. Later revisions can also be assumed to support these products.

NOTES:

1. Also supported on 303A-001; VO6.

2. For Unisite model users only:
*Family codes listed above must be preceeded with a 0" when programming PLCC packages.
*Pin codes listed above must be preceeded with a ''7"" when programming PLCC packages.

3. "— —"' indicates no support planned.

seping adusIseey 1awwbibold
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DEVICE PROGRAMMER REFERENCE GUIDE STAG MICRO SYSTEMS, INC.

WESTERN AREA: 1600 WYATT DRIVE, SUITE 3, SANTA CLARA, CA. 95054 (408) 988-1118

EASTERN AREA: 3 NORTHERN BLVD., SUITE B4, AMHERST, N.H. 03031 (603) 673-4380

DEVICE CODES MODEL ZL30 MODEL ZL30A PPZ: ZM2200
PART NUMBER FAMILY PIN CODES (DIP ONLY) DIP PLCC DIP PLCC
CODES
PAL-TYPE DEVICES
PLC16V8 Co12 154 30A27 30A27 30A001 30 .
PLC20V8 12 156 30A28 30A28 30A001 TBA -
PLHS16L8A/B 10 029 NA 30A29! 30A101 TBA *
PLHS18P8A/B 10 10 NA 30A23' 30A101 29 .
PLA DEVICES
PLS100/101 13 00 30A01 30A01 30A001 17 *
PLS103 13 o1 NA 30A012 30A001 TBA .
PLS151 14 04 30A01 30A01 30A001 26 -
PLC153 12 05 30A27 30A27 30A001 34 .
PLS153/153A 14 05 30A01 30A01 30A001 17 -
PLUS153B/D 1 05 30A27 30A27 30A001 34 -
PLS161 15 90 NA 30A012 NOT AVAILABLE 24 NOT AVAILABLE
PLS162 15 94 NA 30A012 IN PLCC 288 IN PLCC
PLS163 15 95 NA 30A012 " 26* o
PLS173 15 96 30A01 30A01 30A001 23 .-
PLUS173B/D 1" 96 30A27 30A27 30A001 TBA -
PLC473 12 132 30A24 30A24 30A001 32 -
PLHS473 10 132 NA 30A27" 30A101 30 .
PLS DEVICES
PLS105/105A 13 02 30A01 30A01 30A001 17 *
PLS155 14 06 30A01 30A01 30A001 17 .-
PLS157 14 07 30A01 30A01 30A001 17 b
PLS159A 13 08 30A25 30A25 30A001 27 *
PLS167/167A 15 91 30A01 30A01 30A001 TBA .
PLS168/168A 15 97 30A01 30A01 30A001 23 ue
PLS179 15 130 30A27 30A27 30A001 24 e
PML DEVICES
PLHS501 10 133 NA NA 30A22! NA NA
PLHS502 TBA TBA NA NA TBA NA NA

The software and hardware revisions listed are the earliest revisions that support these products. Lates revisions can also be assumed to support these products.

NOTES:

1. Requires 30A101 Adaptor; includes PLCC support.
2. Requires 30A100 Adaptor.

3. Requires 30-1594 Adaptor.

4. Requires 30-1595 Adaptor.

** Socket Adaptors required.

- seping eoueivey 1owwpIBold
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Signetics

Application Specific Products

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

New Signetics PLD Part Numbering System

description is located on each data
sheet.

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

PL XX YYYY z P
Package Designator
F - 20-, 24-, 28-pin CERDIP DIP

N - 20-, 24-, 28-pin Plastic DIP

A - 20-, 28-lead Plastic Leaded
Chip Carrier

FA - 20-, 24-pin CERDIP DIP with Quartz
Window

Performance Indicator

(may be blank, A, B, D etc. to designate speed

variations in basic part.)

Basic Part Number

(3 or 4 characters)

(e.g. 100, 105, 153, 168, 173, 18P8, 151)

Process Indicator

S - Bipolar Junction Isolated
Schottky — Nichrome fuses

C - CMOS - EPROM cells

HS - High Speed Bipolar
Oxide Isolated - Vertical Fuse

US - High Speed Bipolar Oxide
Isolated — Lateral Fuse

Indicator for Signetics

Programmable Logic

June 1988 1-10
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Signetics

Application Specific Products

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 (PROMSs). Out of
this marriage came Signetics Program-
mable Logic Family. The PLS100 Field-
Programmable Logic Array (FPLA) was
the first member of this family. The FPLA
was an important industry first in two
ways. First, the AND/OR/INVERT archi-
tecture allowed the custom implementa-
tions of Sum of Product logic equations.
Second, the three-level fusing allows
complete flexibility in the use of this
device family. All logic interconnections
from input to output are programmable.

Introduction

Signetics Programmable Logic

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

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

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

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

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

‘8:
“COMPLEMENT" 8 5 PR
ARRAY »‘-’\/D +~—R o |—
© &-BIT
(N) STATE
REGISTER
a8 6
e D = C
61 CK
T,
® L ALS 28 OR GATES "°<-D
P -
L @8 PR/QE.
48 8 cK
16 —ff\,—D +—r
lo—hs (U}
8-BIT
Al Al (G] OUTPUT =
38 AND GATES REGISTER
a8 8 8 8
""\JD + S Qe p—+ Fo7
PR
BDO1900S
NOTE:
I, P, C, N, F and P/E are user-programmable connections.
Figure 1. FPLS
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Signetics Application Specific Products

Signetics Programmable Logic

Introduction

Table 1. PLD Product Family

PART NUMBER TYPE CONFIGURATION
20-PIN
PLS151 PGA 18-Input/ 12-Output
PLS153/153A/PLHS153 PLA 18-Input/10-Output — 42-Term
PLUS153B/153D/PLC153 PLA 18 input/10-Output — 42-Term
PLS155-159 PLS 16-Input/12-Output - 45-Term
PLS155 PLS 4 Registered Outputs
PLS157 PLS 6 Registered Outputs
PLS159 PLS 8 Registered Outputs
PLHS18P8A/B PAL-Type 18-Input/10-Output - 72-Term
PLHS16L8A/B/D PAL-Type 16-Input/8-Output - 64-Term
PLC16V8 Series PAL-Type 18-Input/8-Output - 72-Term
24-PIN
PLS161 PLA 12-Input/8-Output - 48-Term
PLS162 PGA 16-Input/5-Output
PLS163 PGA 12-Input/9-Output
PLS167/A PLS 14-Input/6-Output - 48-Term
8-Bit State Registers
6-Output Registers
PLS168/A PLS 12-Input/8-Output - 48-Term
10-Bit State Registers
8-Output Registers
PLS173/PLUS173B/D PLA 22-Input/10-Output - 42-Term
PLS179 PLS 16-Input/12-Output — 42-Term
8-Bit State and Output Registers
PLHS473/PLC473 PLA 20-Inputs/11-Output — 24-Term
PLC20V8 Series PAL-Type 22-Input/8-Output — 72-Term
28-PIN
PLS100/101 PLA 16-Inputs/8-Output ~ 48-Term
PLS103 PGA 16-Inputs/9-Output
PLS105/105A/PLC105 PLS 16-Inputs/8-Output - 48-Term
6-Bit State Register
8-Output Registers
PLUS405 PLS 16-Inputs/8-Outputs — 64-Terms
8-Bit State and Output Registers
52-, 68-PIN
PLHS501 PML 32-Input/24-Output - 116-Term
PLHS502 PML 32-Input/24-Output — 144-Term
June 1988 2-4
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Signetics Programmable Logic Intfroduction
P3 Po Dg Do
R
I7°_k (\ 7
0 0 0
o~ ! o 1D : -0 By
N i i
Xg I <8

Figure 2. PLS153 20-Pin Functional Diagram

LD02400S

June 1988
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Signetics Programmable Logic

Introduction

2:INPUT

AND-OR-INVERT DUAL — 2 OUTPUTS

LD024108

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

OCTAL
8-OUTPUTS

10024208

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

Table 2. Gate Replacement (All Terms Used)

Gates I.C.s
Each P-Term =2 8-Input AND Gates & 1 2-Input AND Gate = 144 108
OR Matrix = 16 4-Input OR Gates = 128 _32
. 272 140
Table 3. Typical Application
4 Variables/P-Term 40 Gates
4 P-Terms/Output 15-20 I.C.s

June 1988 2-6

PRODUCT DESCRIPTION

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

Package-Gate Replacement
Potential

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

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

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

The replacement of 15-20 I.C.s with one
PLS100 is not unusual.
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Signetics Programmable Logic

Infroduction

PLD ECONOMICS

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

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

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

10 I.C.s @ 0.35 = $3.50

1 PLS100 FPLA = $7.00

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

PC BOARD

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

Table 4. Cost Analysis

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

PCB FABRICATION

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

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

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

INCOMING INSPECTION

The cost of incoming inspection can be
calculated on a per-pin basis. Assuming an
equal mix of 14- and 16-pin 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
IC COMPONENTS .35 7.00
PCB MANUFACTURING
Incoming Inspection 15 .28
Component Inventory/Usage .03 16
PC Board .28 58
Fabrication 14 16
Test .18 .45
Rework .09 18
ASSEMBLY LABOR .28 .65
COST PER COMPONENT 1.50 9.46
NUMBER OF COMPONENTS X 10 X 1
TOTAL 15.00 9.46
CONCLUSION:

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

June 1988
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the PLS100 would be $0.01 X 28 or $0.28
total.

COMPONENT INVENTORY/
USAGE

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

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

PCB TESTING

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

PCB REWORK

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

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

Now using these figures, the comparison in
Table 4 can be made.
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PLD LOGIC SYNTHESIS ean Logic Equations with PLD. Each term in Xo = AB + CD + BD
each equation simply becomes a direct entry R
28-PIN into the Logic Program Table. The following X1 =AB+CD +EFG

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

AND POLARITY
TT T T T T T
INPUT(Ir) e Rt e
Kl 'T'I'T [ rTTf T~ — oututrFr |
P-Terms | TeRM | 5 | 4 13 |a ] |o[oTa 7 c[5]afal2]1]0 7]6|s]afa]2]1]0
Po = AB 0 [—|—[—[——1=1=1=1=lrnl=1=1=1=1= «| A
Py =CD 1 = =|=[=1=f{=t—=(—0=I=]—-1ctfu[=1-T1- Al A
P2 = BD 2 === 1—T-1—1—1=Iwl=1c=1=1= o | A
P3 = AB 3 I=I—=1=1=1=-1-1-1=01-T1TtInl=—0=1=1=1= Al e
Pa=EFGL 4 11— |—[—[—[—I—[—[—|—]—|n[n]n Al
—1—1 T
— 1
44 —— L] — ]
25 —— ° —
46 [~ -
Xo=Pg+ P1+ P2 e
X1=P3+P1+Pa| pn[2f2f2)2f2]{2]2]2 BRI EREAERE
NO. 2(3flaf{sfef{7|8]e
ol1|2|3)afs]|s|7 of1f2]als|el7]|s
w alslc|o|e|F]|a X1 | Xo
aw
<=
E<
£z
S

TBO1910S

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

A A
B ]
c [
Xo X4
5 D
Xo=AB+CD +BD € X1=AB+CD+EFG
F
o G

LD02471S

Figure 4. Equivalent Fixed Logic Diagram
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Signetics Programmable Logic Introduction

A - G are the input variable names. Ig through
lop were selected to accept inputs A-G re-

Program Table. This was accomplished in the
following manner:

In the previous example, the two Boolean
Logic equations were broken into Product

terms. Each P-term was then programmed Step 1 spectively.
into the P-term section of the PLS100 FPLA L " "
Select which input pins lp - 145 will corre-
spond to the input variables. In this case
AND POLARITY
rT T TT‘!’TL’TH_'
INPUT(Im) e _I.BIE..\._L_L._.
FTITITIITT N O O L
TERM alafz|s|o 3T Te s a3 2T o] [7{els]e[3]2[1]0
== [
]
) —— . o
45 L —1
46 - T
47
1111 111 1
PIN 2121221212120 2 1) hslelz]e]s
NO. | of1|2fafa|s]|e]|7 of1|2]a]ls|e|7]s
w A|lB|[C]|D|E|F|G
-
w
2=
=<a
Elz
>
TB01900S
Figure 5

Step 2

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

This P-term translates to the Program Table
by selecting A=lg=H and B=I5=H and
entering the information in the appropriate
column.

This term is defined by selecting C=14=1L
and D = I3 = H, and entering the data into the
Program Table. Continue this operation until
all P-terms are entered into the Program
Table.

Table. Py=CD
eg., Po=AB
AND POLARITY
TTTT T T T
INPUT(Im) S T S 8 5'5 P TR T
DEAERER ERER [~ oururr |
TERM s | afa|2|1|o[osTa 7 e s s3]z T0 7]e]s ][4
0 el e el el e e I el e B I e e e e
T === === = === = m ===
z_[— ot ol e e el e et I N W e e
3 == ===l rl=I=1=1=1=
PR e e e e e e e e el e e e R TR R
= [
a4 I T T [ ]
a5 o
46 T 1_
47
PIN [2]2]2]2]2]2]2(2 \AREREEE RRERER B!
NO. 2|3flals]e|7[8]o
of1f2f3ls)slel|7 of1|2fa)s)e|7]s
w afe|clo|efF]a
Bw
g =
£
Tz
>
TB01890S
Figure 6
June 1988 2-9
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Step 3
Select which output pins correspond to
each output function. In this case Fp = Pin
18 = Xp, and Fy =Pin 17 = Xj.
AND POLARITY
rrrrrr—T7T T -
INPUT(Im) r.l.....l..LaIR. [
FTYTITTTi]7T7] _ | [T~ ouirurr, — — 7
TERM 15| a3 |2)1|o[9Ta7 s s]a]3]2]1]o s[s]a[3[2]1]0
0 J=l—=]=1—-1-1-T1-T=1-TH]H|=-T-T1-T1—-1—
1 J=1=1=1=1—-01—1—-1—-1=]-1—-ltqH]=1=]=
PR e el e e e e e e e D Y e S
I e e ) e e e e S D e e e
O e e Y N e e e e e e e B N R I
= e
— L L—
) — ) —
a5 ®
46 I~ -
a7
P'N2222222223456789““““
NO. |o|1]|2]|3]a]|s]|s]7 of1l2]3]s|el7]s
w Ale|c]p|E|Fla X1| Xo
2w
2s
E<
%z
>
TB01882S
Figure 7
Step 4 level is high for a positive logic expression of be expressed as Xq by placing an (L) in the

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

each Output Function. For Xy the active 0 place an (H) in the Active Level box above  (Fy).
Output Function 0, (Fp). Conversely, X1 can

AND POLARITY
FrT T T T T
INPUT(Im) i I R L
ERERERER R ER m— = ourputFe |
TERM | s Jafsf2l1|o[sTe7Te s o320 7Je]s]af3]2]1]0
T === ===
—I === e e e e = ==
=== ===
I e e e e S S S S S N S S S
e e e e e el e el el el i 3 S R ICB I
= —
] [
- —r— ° -
a5 [ L
46 Y 1

VARIABLE
NAME

TB018708

Figure 8

June 1988
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Step 5
Select the P-Terms you wish to make
active for each Output Function. In this
case Xg=Pgo+Py+Py so an A has been
placed in the intersection box for Pg and Xp,
Py and Xp and P, and Xo.

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

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

Step 6

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

AND POLARITY
FT T T T T T
INPUT (1) _J_.L_n.ala_l..l_.L_
PT[TTT'T’T (1] ™ 7 ToutrutFr |
TERM | s[4 {3 |z|1|of{oTa 7T 523210 7e]s]a]3]2]1]0 |
I e e e e I e e e I T ) e e < | A
T === l—l=1=— ===t {u—=[—1= Al A
P e e e e e e e T e T e e «| A
3 |—{—=1=]—f=1—-|—-l—J—JL|IH][=f]—=]—]—1— Al e
e e ) e e e e e R R Al e
—
[
44 — [ —1
45 ° —
46 N T
Xo=Po + P11+ P2 re
X1=P3+ Py +Pa 212222 |2)2}|2 IIREREEE REREERE!
1 3 ! PIN 2{3|a|ls|e[7|B]9
NO. {of1(2|3fafs|e]{7 ofl1)2f{3]slef7]e
w alBlc]o|e|Fl|a X1| Xo
2g
23
c=z
>
TBO1861S
Figure 9
June 1988 2-11




Signetics Application Specific Products

Signetics Programmable Logic

Introduction

PLD LOGIC SYNTHESIS considered first choice. The PLS153 is an
FPLA with 8 inputs, 10 1/O pins, and 42
20-PIN product terms. The user can configure the

When fewer inputs and outputs are required  geyice by defining the direction of the 1/0
in a logic design and low cost is most ins This is easily accomplished by using the
important, the Signetics 20-pin PLD should be  gjrection control terms Do~ Dy to establish

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

Pay Po Do Dy

9 U UCE

So T GATES
N
NK ! o ! D> D —0 By
' TRI-STATE :
| BUFFER !
1 1
1l 1
1 1
)
Sg | !
¥ L TRI-STATE
BUFFER
AF022018
Figure 10. PLS153 Functional Diagram
P3y Po Dg
P3y Po Dy

Q

l () OUTPUT
| | 8
- TRI-STATE

=~ BUFFER ACTIVE

LD02450S

a. Dg Active Makes By Appear as an Output

Figure 11

with Feedback b. Dg Inactive

) INPUT
Rt Doy =
TRI-STATE

= BUFFER INACTIVE
(OPEN)

LD02460S

Makes Bg Appear as an Input

June 1988 2-12
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To control each D-term, it is necessary to HIGH can be forced on all control gate input  Programming the fuse permanently places a
understand that each control gate is a 36- nodes, or fuses can be programmed. When a  HIGH (1) on the input to the control gate. The
input AND gate. To make the Tri-state buffer  fuse is programmed, that control gate input input pin no longer has any effect on that
active (By pin an output), the output of the node is internally pulled up to HIGH (1). See  state.

control gate must be at logic HIGH (1). This  Figure 12 and Figure 13.

can be accomplished in one of two ways. A

v
FUSE INTACT ce

I=HIGH (1)

CONTROL GATE CONTROL GATE

TO AND
ARRAY

TO AND
ARRAY

OR-

ARRAY Bx =0UTPUT

Bx=INPUT

OR-
TRISTATE ARRAY TRISTATE
BUFFER BUFFER
TC02360S

Figure 12. Input Effect on Control Gates (Fuse Intact)

Ve 0=V

...l

U
I= HIGH(i)O—ﬁ
H H

FUSE PROGRAMMED

CONTROL GATE

TO AND
ARRAY

OR-

ARRAY Bx=OUTPUT

TRI-STATE
BUFFER

TC023708

Figure 13. Effect on Control Gate if Fuse is Programmed
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DEDICATING By PIN
DIRECTION

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

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

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

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

POLARITY
T T
IR EEEEEE
s T AND OR
® o 3 3 : B(1) B(0)
P8
'é"n:"l"—'f_:"M7es4321oea75543210 9|lsl7|ef{s|{ai3]2|1]0
= o w 'é‘ 1 G |
R BHIEE
wl lsigfions|zl -
w <|Z I|a
al 2
< = 3
it g
= e 4
g olx|a I
(Y g m °
o1 o °
T ¥ 3 °
a g it
z
S|lolo
Z|Z|218] L2
31
D9 ofojojojojojojojojo ojojojolojojojo
D8 o|j|ojojlolojofojojofolojojOo|fO0lO]O|jO]|O
D7 ojojojolojojofofofoloOojoOojO0|lo0oiO0O|O}|O]O
D6 ojo|jofojojojojojo|oO ojojojojojojoijo
pDsjojojojocjojyojojojojoiojojojoiojojo}o
D4 olJojojolojo|ojfojJojolo]Jofo|oloOofoOo]O]|O
D3 ofojojojo|jofjojofojoiofojlo|loto}jojojo
D2 ojofofoitofojojojojoiojojojolojofojo
o |—|——|—l—] === === | === | == |-
0 |—|—]—=|—1—]—=|—=|—=]=|—=1=]|—=|—=[—1—=|=|—=|—
PIN 8|7 (6|54 (3|21 [19[8|17{16|15]14]13}12]11}9
NOTES:
w 1. The FPLA is shipped with all links intact. Thus a
-4 w g of entries to states of
2 = virgin links exists in the table, shown BLANK for
E( clarity.
< 4 2. Unused | and B bits in the AND array are normally
> programmed Don't Care (—).
3. Unused product terms can be left blank.
8018308
Figure 14. Dedicating Bp and B; as Outputs and B, Through Bg as Inputs
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By placing a (—) Don't Care in each input
box you are specifying that the True and
Complement fuses are programmed on each
Control Gate, thus permanently dedicating
the Bp and By pins as outputs. By placing a
(0) in all input boxes for Bp—Bg, you are
specifying that both True and Complement
fuses are intact. This causes a low (0) to be
forced on half of the Control Gate inputs,
guaranteeing the output of the Control Gate
will be low (0). When the Control Gate out-
puts are low (0), the Tri-state buffer is inactive

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

ACTIVE DIRECTION CONTROL

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

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

POLARITY

TP T T T T TTT

B T AND OR
5 E
o gt g 1 B(1) B(0)
@ =<T-]lo! & | 8
gz :"’M7554 2|1]oflo|s|7]|6|s5]|ala]|2]|n alsl7|6|slai3|2]|11]0
Eow%‘gxao
>
= x
w NWEIgoNE Z)
w <|Z |
d 2
< = 3
E g
= = 4
é o|lziaf]
G2 o
olZ & .
- " 3 .
>
a g e
z
<lola
z|Z|Z|8) |
31

D8

D7

Do

2|8|8|R|2|8
olrlrir|ricrlr|elr|r|r
|
|
|

VARIABLE
NAME

NOTES:
1. The FPLA is shipped with all links intact. Thus a
of entries ing to states of

virgin links exists in the table, shown BLANK for
clarity.

2. Unused | and B bits in the AND array are normally
programmed Don't Care (—).

3. Unused product terms can be left blank.

Figure 15. Active Control of By-Bg Using 17 Active Low (L)

TB01840S
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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

X, =AB +CD + EFG
Note that By was used as a CHANGE input.
When By is HIGH (H) the outputs appear on
Bg and Bg. When By is LOW (L), the outputs

appear on Bg and B;7. By through Bs are not
used and therefore left unprogrammed.

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

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

device documentation, and a functional simu-
lator. The simulator features 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.
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Figure 16. PLS153 Example
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SEQUENTIAL LOGIC
CONSIDERATIONS

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

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

cLock
J Q@ -wewr

>

STATE _

REGISTER ® = PRESENT STATE
t ® = NEXT STATE
PR
@ = NEXT OUTPUT
P N
COMBIN.
LoGIC v
| —] F OuTPUT o
REGISTER

Figure 17. Basic Architecture of PLS105 FPLS. |, P, N, and F are Muliti-line
Paths Denoting Groups of Binary Variables Programmed by The User.

e

80018905

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

The following pages summarize the PLS105
architecture and features.

FPLS Architecture

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

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

AF02180S
Figure 18. Typical State Diagram.
14-3 Are Jump Conditions Which
Must be Satisfied Before Any
Transitions Take Place. F, Are
Changes in Output Triggered by Iy,
and Stored in The Output Register.
State Transitions a— b and ¢ —d
involve No Output Change.

#Tn=!-I-P

AF02190S

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,. | is the Jump Condition.

June 1988
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bety 1 stable states, triggered by a valid
input condition (l) at clock time (t). All stable
states are arbitrarily assigned and stored in
the State Register. The logic output of the
machine is also programmable, and is stored
in the Output Register.

Clocked Sequence

A synchronous logic sequence can be repre-
sented as a group of circles interconnected
with arrows. The circles represent stable
states, labeled with an arbitrary numerical
code (binary, hex, etc.) corresponding to
discrete states of a suitable register. The
arrows represent state transitions, labeled
with symbols denoting the jump condition and
the required change in output. The number of
states in the sequence depends on the length
and complexity of the desired algorithm.
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Figure 20. Typical State Jump From State (0)
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LD02390S.

to State (1),

if Inputs A=B="1". The Jump Also Forces F="1", as Required.
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Figure 21. Simplified Logic Diagram of PLS105 FPLS

June 1988

State Jumps

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

State jumps can occur only via 'transition
terms'' T,. These are logical AND functions
of the clock (t), the Present state (P), and a
valid input (l). Since the clock is actually
applied to the State Register, T, = 18P. When
Tnis "'true', a control signal is generated and
used at clock time (t) to force the contents of
the State Register from (P) to (N), and to
change the contents of the Output Register (if
necessary). The simple state jump in Figure
20, involving 2 inputs, 1 state bit, and 1 output
bit, illustrates the equivalence of discrete and
programmable logic implementations.

FPLS Logic Structure

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

Ty Ellllll

Figure 22. Typical AND Gate Coupled to (l) and (P) Inputs.
If at Least One Link Pair Remains Intact, T, is Unconditionally Forced Low.

EEP
-

LD023708.

Figure 23. Choice of Input Polarity Coupling to a Typical
AND Gate. With Both Links Open, (I) is Logically Don't Care.

10023308

Ty l T2 | l T l
lo13P2 Tola lo P2
LD02340S

Figure 24. Typical Transition Terms
Involving Arbitrary Inputs and State
Variables. All Remaining Gate Inputs
Are Programmed Don't Care. Note
That T2 Output is State independent.

June 1988

Input Buffers

16 external inputs (I,) 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 (Ps).

"AND" Array

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

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.

2-19
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Figure 25. Typical OR Array Gating of Transition Terms Ty23 Controlling Ar-
bitrary State and Output Register Stages.

AND ARRAY

] ]
— QUY O

v

OR ARRAY

10023608

Figure 26. The COMPLEMENT Array is Logically Constructed from a 48-Input
Programmable OR Gate Followed by an inverter. All AND Terms Coupled to
the OR Gate are Complemented at the Inverter Output, and Can be Fed Back
as Inputs to the AND Array.

June 1988 2-20

"OR'" Array

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

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

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

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

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

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

But a complement jump such as T3 generally
requires many AND gates if implemented as a
direct jump. However, by using the Comple-
ment Array, the logic requirements for this
type of jump can be handled with just one
more gate from the AND Array.
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TRANSITION TERMS
AF021608

Ty=PoX
DIRECT
T2=Po¥

COMPLEMENT { Ta=Po(Xe V) = Po(Ty + T3)

a. Typical State Sequence

Py ——————————

>

T3 PoX PoY

R

COMPLEMENT ARRAY
AF021708

T3 = Po(PoX + PgY)
T3 = Po[Po(X +Y),

Ty = Po[Fo + (X + V)]
T3=0+PX+Y)
T3=Py(XeY)

b. Complement Jump

Figure 27. a. X And Y Specify the Conditional Logic for Direct Jump
Transition Terms T, and T.. The Complement Jump Term T3 is True Only
When Both T4y and T, are False. b. Note that the Complementary Logic
Expression for T3, Tq + T2, Corresponds Exactly to the Logic Structure of the
Complement Array.

June 1988
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As indicated in Figure 28, the single Comple-
ment Array gate may be used for many states
of the state diagram. This happens because
all transition terms linked to the OR gate
include the present state as a part of their
conditional logic. In any particular state, only
those transition terms which are a function of
that state are enabled; all other terms cou-
pled to different states are disabled and do
not influence the output of the Complement
Array. As a general rule of thumb, the Com-
plement Array can be used as many times as
there are states.
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a. State Diagram

AF02150S

ARRAY
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Tas

Tds
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8 TRANSITION TERMS USED

c. State Logic without Using the Complement Array

Figure 28. Logic Reducti
Tcs Defined in (b). When Using the Complement Array, a Savings of 2 Transition Terms Results, as Shown in (c) and (d).

with the C

t Array.

Ta1 = lol1Pg
Taz = 12Pg
Tea = (Ta1 + Ta2)Po = (loly + I2)Pg

Taa=12P3
Tas = loliP3
Tes = (Taa + Tag)Pa = (Ioly + 1)P3

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

b. Logic Definition

o ——TF
1 ot——
oo
N i
E—3
P

COMPLEMENT ]
) O PUYYOO mmeer

Tar Ta2 Te3 Taa Tas Tes

6 TRANSITION TERMS USED
0023205 LD02310S

d. State Logic Using the Complement Array

The Logic State Diagram in (a) Includes Complement Jumps T¢3 and

June 1988
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Table 5. 20-Pin PLD 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 PLD family also includes sequen-
tial devices. These devices are all similar in
architecture. The major difference consists of
the number of outputs which are registered.

FEATURES

The PLD-20 sequencers have been designed
with a maximum of flexibility in mind. Each
element of the architecture contributes to the
ease of use the PLD-20 family provides. Each
part has the features listed:

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

® Parallel bus load

® Asynchronous preset and reset
capability

® Combinational 1/0 pins

@ Programmable enable pins

® Output feedback to AND Array
available

OUTPUT REGISTER

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

In addition, a dynamically 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.

(LOGIC TERMS)

(CONTROL TERMS)

31—
a

DD
DT =S s Q
M— (n)
D O K cK
Tar To Fc

Figure 29

LD024408
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PARALLEL BUS LOADING forces the data contained on the Fp pininto can be used to preload a state into the
The Output Register may be loaded from the the J/K flip-flop. It operates synchronously — machine, or to latch input data into the AND
bus via the load control term (L). This feature with the rising edge of the clock. This feature  Array.

(LOGIC TERMS)

(CONTROL TERMS)
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) 00
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(
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1:7

(n)

CK
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Tn To Fc

Figure 30

LD02440S
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PRESET AND RESET devices. This feature is controlled in the AND-  and reset controls are split between the two
Asynchronous preset and reset capability has ~ Array on the PLS159. However, the preset arrays. See the individual data sheets for
been provided on the PLD-20 sequential and reset function on the PLS155 is con-  details.

trolled via the OR Array. The PLS157 preset

(LOGIC TERMS) (CONTROL TERMS)

a
a
b
b
3
°_|
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O
O
C

(n)

Ta1 To Fc ;—'

Figure 31

10024408
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COMBINATIONAL 1/0 PINS programmed and used exactly as the B pins  pins. The individual data sheet should be
Each PLD-20 sequential device has a number ~ on the PLS153 FPLA. The direction control ~ consulted for the quantity and pin number
of combinational pins (Bn) which can be term (D) establishes the data flow on these assignment for each device.

(LOGIC TERMS) (CONTROL TERMS)
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Figure 32
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Signetics Programmable Logic

Intfroduction

PLA vs. PAL® ARRAYS

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

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

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

A2

[+

L/
UNUSED! _D_r___‘

UNUSED? --l:)———-l_7
M)~ :>———->o—————o.=A+s+c

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

4. 10 P-terms used.

W

A2
UNuseo!
D N\ N
-l |
£ EXTERNAL
INVERTER
F

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

Figure 33. Application Example PAL Approach

O2=A+D+E+F

O2=A+D+E+F

LD02431S.

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

4. 6 P-terms used.

I}
-H;—L

3. Programmable outputs eliminate need for external component.

Figure 34. PLD Approach

—L Bop=01=A+B+C

81-02=A+D+E+F

LD02481S
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Application Specific Products

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 QAO5 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 10° amps/cm?. Layout rules are
followed to minimize the possibility of shorts,
circuit anomalies, and SCR type latch-up
effects. Numerous ground-to-substrate con-
nections are required to ensure that the entire
chip is at the same ground potential, thereby
precluding internal noise problems.

PRODUCT CHARACTERIZATION

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

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

QUALIFICATION

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

QAO05 - QUALITY DATA BASE

REPORTING SYSTEM

The QAO05 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 QAO5 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:
Ty =150°C, 1000 hours, static biased or
dynamic operation, as appropriate (worst
case bias configuration is chosen)

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

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

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

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

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

SURE REPORTS

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

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

In addition to the product performance moni-
tors encompassed in the Programmable Log-
ic SURE program, Signetics' Corporate and
Division Reliability Engineering departments
sustain a broad range of evaluation and
qualification activities.

Included in the engineering process are:

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

® Device or generic group failure rate
studies.

® Advanced environmental stress
development.

® Failure mechanism characterization and
corrective action/prevention reporting.

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

FAILURE ANALYSIS

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

ZERO DEFECTS PROGRAM

In recent years, United States industry has
increasingly demanded improved product
quality. We at Signetics believe that the
customer has every right to expect quality
products from a supplier. The benefits which
are derived from quality products can be
summed up in the words, lower cost of
ownership.
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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
100PPM (parts per million), down from an
industry practice of 10,000PPM, we needed
to supplement our traditional quality programs
with one that encompassed all activities and
all levels of the company. Such unprecedent-

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

QUALITY PAYS OFF FOR OUR
CUSTOMERS

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

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).

Defective Parts per Million
In Thousands
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Figure 1. Signetics Quality Progress
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At Signetics, quality means more than work-
ing circuits. It means on-time delivery of the
right product at the agreed upon price.
Signetics considers Performance to Custom-
er Request and Performance to Original
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.

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.
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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.

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

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

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

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

1. Sets aggressive product quality improve-
ment goals;

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

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

4. drives quality improvement projects.

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

VENDOR CERTIFICATION
PROGRAM

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

MATERIAL WAIVERS
1988 - STD = 0 Waivers

1987 -
1986 -
1985 -
1984 -
1983 -
1982 -
1981 -134

MO OoOOOoOOo

Higher incoming quality material ensures
higher outgoing quality products.

QUALITY AND RELIABILITY

ORGANIZATION

Quality and reliability professionals at the divi-

sional 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 product. A sepa-

rate corporate-level group provides 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

June 1988

® Quality and reliability engineering
® Customer liaison

COMMUNICATING WITH EACH
OTHER

For information on Signetics' quality programs
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 corpo-
rate V.P. 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

2-31

resolution before physical return of
shipment.

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 de-
velopment of the program many profound
changes were made. Figure 4, Programmable
Logic Process Flow, shows the result. Key
changes included such things as implementing
100% temperature testing on all products as
well as upgrading test handlers to insure 100%
positive binning. Some of the other changes
and additions were to tighten the outgoing QA
lot acceptance criteria to the tightest in the
industry, with zero defect lot acceptance sam-
pling across all three temperatures.

The achievements resulting from the improved
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 having
the best programming yield in the industry.
Within the framework of a formal quality pro-
gram, our efforts to improve circuit designs and
refine manufacturing controls have 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 target.

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

SCANNING ELECTRON MICROSCOPE CONTROL

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

DIE SORT VISUAL ACCEPTANCE

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

PRE-SEAL VISUAL ACCEPTANCE

Product is inspected to detect any damage incurred at the die attach and wire bonding stations. Defects such
as ination and ball bonds are included in the lot acceptance criteria.

HERMETIC
SEAL
PLASTIC
ENCAPSULATION
[« JE S [« 25— STABILIZATION BAKE PRECONDITIONING
Plastic molded devices are baked to stress wire and die bonds and help eliminate marginal devices. It also
ensures an optimum plastic seal to enhance moisture resistance. Hermetic devices are baked to ensure the
limination of any ining cavity moi

O e TEMPERATURE CYCLING (Monitor)
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 without degrading good devices. A
loosened bond is later detected during 100% electrical tests.

[« T R - SEAL TESTS

|___ Hermetic package seal integrity is ensured by 100% gross leak testing.

O eeeesceeeecceceeeen 100% PRODUCTION ELECTRICAL TEST
Every device is tested for il and AC/DC at high with guard bands to assure
performance to data sheet limits.

T BURN IN (SUPR Il LEVEL B OPTION)

| Devices are burned in for 21 hours at 155°C maximum junction temperature.

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

- — VISUAL

l All products are 100% visually i per the requi ified in Si ics or

O e 100% PRODUCTION ELECTRICAL TESTING
Every device is tested for functional and AC/DC parameters at 25°C with guard bands to assure
performance to data sheet limits.

o FINAL QUALITY ASSURANCE GATE
The final QA inspection step that the ifi ical and tests have met
Signetics Zero Defect Requirements. Every shipment is sealed and identified by QA personnel.

Figure 3. Application 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 Specific Quality Assurance
department has monitored PPM progress,
which can be seen in Figure 4. 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.

June 1988

Defective Parts per Million
In Thousands
7

Electrical and Mechanical
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Figure 4. Programmable Logic EPQ (Estimated Process Quality)
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The Application Specific Reliability Depart-
ment has established an ongoing Infant Mor-
tality Monitor, the results of which can be
seen in Figure 5. This monitor is used to
determine and drive ongoing Corrective Ac-
tion for the purposes of continuously improv-
ing product reliability.

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.

Product Programmability, as illustrated in Fig-
ure 6, is continously monitored to assure that
the highest performance possible is attained.

June 1988
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Figure 5. EPROM/EPLD Infant Mortality Monitor
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Figure 6. EPROM/EPLD Programmability Monitor
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CMOS RELIABILITY
INFORMATION

All Signetics' EPROM die are designed as low
power UV light erasable and electrically pro-
grammable read only memories. They have
been designed to perform over military and
commercial temperature ranges. These die
are assembled in EPROM packages that
comply with industry standard packages: Cer-
dip (Quartz window), Plastic DIP (One Time
Programmable) and Plastic Leaded Chip Car-
rier (One Time Programmable).

The following descriptions are of the tests
and calculations performed on each device
organization and package type to validate the
quality and reliability of the CMOS design and
technotogy. All described tests are performed
on each package type, with the exception of
the 'Program-erase cycling' test for the One
Time Programmable devices.

ELECTROSTATIC DISCHARGE
PROTECTION (ESD)

This test is performed to validate the prod-
uct's tolerance to electrostatic discharge
damage.

Both MIL-STD-883 criteria (human body mod-
el) and mechanical model charged device
test are performed.

HIGH TEMPERATURE STORAGE
LIFE TEST (HTSL)

Another popular name for this test is data
retention bake. This process is used to ther-
mally accelerate charge loss from the floating
gate. The test is performed by subjecting
devices that contain a 100% programmed
data pattern to a 250°C bake with no applied
electrical bias or clocks.

In addition to charge loss, this test is used to
detect mechanical reliability (i.e., bond integri-
ty) and process instability.
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DYNAMIC LOW TEMPERATURE

LIFE TEST (DLTL)
This test is performed at —10°C to detect the
effects of hot electron injection into the gate
oxide as well as package-related failures (i.e.,
metal corrosion). The biasing and clocking
conditions for this test are identical to the
DHTL #1 test.

TEMPERATURE CYCLE (TMCL)
This test consists of performing 200 cycles of
ambient air temperature of the chamber and
housing the unbiased subject devices from
-65°C to +150°C and back. The 200 cycles
are performed at 20 minutes per cycle.

DYNAMIC HIGH TEMPERATURE
LIFE TEST (DHTL #1)

This test is used to accelerate failure mecha-
nisms by operating the devices at 125°C
ambient temperature with worst-case speci-
fied power supply voltages of Vgc and Vpp at
5.5V. The memory is sequentially addressed
to exercise the fully-loaded outputs. A check-
erboard complement data pattern is used to
simulate random patterns expected during
actual use.

DYNAMIC HIGH TEMPERATURE
LIFE TEST (DHTL #2)

This test is used to accelerate oxide break-
down failures and to further accelerate the
failure mechanisms of DHTL #1. The test
setup is identical to the one used for the
DHTL #1 test except the temperature is
150°C and the Vgc and Vpp power supply
voltages are 6.5V, resulting in a 20% increase
over the specified operational electrical field
across the gate oxides of the device
(1.25mV/cm for 325R oxide thickness). This
represents a 55 X electrical field induced
acceleration in addition to the thermal accel-
eration at 150°C.
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PROGRAM-ERASE CYCLING
AND PROGRAMMABILITY

All four power supply voltage combinations for
Vcc and Vpp are tested for programmability
(Vo = 6.0V £0.25V and Vpp = 12.5V £0.5V in
program mode). The number of possible pro-
gram/erase cycles is then tested to establish
program-erase cycling expectations.

FAILURE RATE PREDICTIONS

In preparation for the various life tests, a 168
hour, 125°C, 5.5V production burn-in is per-
formed on the devices. The infant mortality
rejects are removed from the population in
order to develop long-term failure rate infor-
mation during the random failure rate portion
of the device life cycle.

The failure rate calculation combines all fail-
ure mechanisms by activation energies and
associated device hours for the 125°C, 5.5V
Dynamic Life Test (DHTL #1), the 150°C,
6.5V Dynamic Life Test (DHTL #2), the
150°C, 7.5V Static Life Test and the 250°C
Bake.

The activation energies for the various
EPROM failure mechanisms are:

Defective bit 0.6eV
charge gain/loss
(electron hopping conduction)
Oxide breakdown 0.3eV
Silicon defects 0.3eV
Contamination 1.0-1.2eV
Intrinsic charge loss 1.4eV
NOTE:

The combined failure rate for the stresses is the sum
of failure rates by activation energies.
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METHODS OF FAILURE RATE
CALCULATIONS

Actual Device Hours = Number of Devices
X Number of Hours. In order to determine
the Equivalent Hours derated to a given
operating temperature, the junction tempera-
tures of the devices should be calculated
using the known thermal resistance of the
package (0,a) and the power dissipation of
the devices:

Ti,2=0a (IV), 2+ Ta1, 2 (1)
Using the Arrhenius relation, the test temper-

ature and the derated operating temperature
will yield the thermal acceleration factor from

23]

eV/Kelvin (Boltzmann's

F‘1 A'eXP[kT1]
R2 A-exp EA

k=8617 X 1078
constant)

A = proportionality constant for a given
failure mechanism

Rq = mean time to failure @ Ty

R2 = mean time to failure @ T,

Ea = activation energy for the failure

mechanism
T4 = operating temperature
To = life test temperature
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An additional 55 X acceleration factor should
be added for the 150°C/6.5V dynamic life
test due to the time-dependent oxide failure
acceleration (20% higher than specified pow-
er supply voltage).

Multiplying the actual device hours by the
acceleration factor for each failure mecha-
nism will result in the equivalent hours.

Poisson statistics are applied to estimate the
performance of the population from the life
test results of a sample test. This is useful
when the probability of failures is small and
the failures occur randomly in time. A com-
monly used formula for estimating the failure
rate is the "'chi-squared" equation:

Fo X X 100% @)
2nt

Fc = calculated failure rate estimate (in
%/1000 hrs) at upper confidence
limit

2 = "chi-squared" value for 2Fp + 2 de-
grees of freedom for < where Fj is
the number of actual failures (x?
comes from available tables for a
known <)

«=1-B, where B is the confidence limit
(B is stated in %).

n =number of units in test

t=test time in thousands of hours
(equivalent)

X
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Equation 3 will calculate the estimated failure
rates/1000 hrs for 60% confidence level
(industry standard) for each failure mecha-
nism.

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 “sfress performance
audit and a short-term accelerated stress
monitor. In the case of Memory products,
samples are selected that represent product
groups from all wafer fabrication and assem-
bly locations.

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.
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Signetics

Application Specific Products
® Series 20

DESCRIPTION

The PLC16V8 Programmable Array Log-
ic device is a 20-pin CMOS PLD de-
signed to replace full-power as well as
quarter-power and half-power Series 20
PAL® devices. Available in four speed/
power configurations, the generic
PLC16V8 device can be configured to
emulate 22 different PAL devices in
multiple speed/power configurations.
The more complex AND/OR logic func-
tions can be easily implemented with the
PLC16V8 because of the flexibility inher-
ent to its generic Output Macro Cell
architecture.

The PLC16V8 is a two-level logic ele-
ment comprised of 10 inputs, 72 AND
gates and 8 Output Macro Cells (OMC).
Each Output Macro Celi can be individu-
ally configured as a dedicated input, a
dedicated output, a bidirectional 1/0 or
as a registered output with feedback.
This generic architecture provides a
means of reducing documentation, in-
ventory and manufacturing related
costs. Furthermore, the PLC16V8 series
devices are designed to accept both
TTL and CMOS input levels to facilitate
logic integration in almost any system
environment.

FUNCTIONAL DIAGRAM

PLC16V8 Series

Erasable and OTP PAL®-Type

Device

Signetics Programmable Logic

Product Specification

FEATURES

e 100% functional replacement for
Series 20 PAL devices
=loL = 24mA

e Low power performance:
50 and 90mA max

- All inputs and outputs
switching at 15MHz

e Equivalent bipolar performance
- 35 and 45ns tpp
- 28.5 and 22.2MHz fyax (async)
o EPROM cell technology
- Erasable
- 100% testable

- Reconfigurable (quartz window
package only)
e TTL and CMOS compatible

PROGRAMMABLE AND ARRAY
36 ROWS x 72 COLUMNS

e
GEL_cHL |
——

LD09021S

® PAL is a registered trademark of Monolithic Memories, Inc

June 22, 1988

PIN CONFIGURATIONS

N and

icLK 1]
[ E3
NEl
15 [4]
1, [5]
15 [€]
& [T
y [E]
15 [2]

N = Plastic
FA = Ceramic with Quartz Window

FA Packages

CD14981S

® Security fuse A Package
e Available in 300mil-wide DIP with ol
quartz window, plastic DIP (OTP), 2 h ek Vec Fr
or PLCC (OTP) L2
I [4] BF,
i L [5] Li]F_.,
PIN LABEL DESCRIPTIONS s [5] 1F,
| | Dedicated input s [7] 5] F,
B [ Bidirectional input/output L[ ] F,
O | Dedicated output 1e] bo] [n] 12
D | Registered output ls GND 1y Fy Fy
(D-type flip-flop) OE
CD14
A =Plastic Leaded Chip Carrier e
PAL DEVICE TO PLC16V8 OUTPUT PIN CONFIGURATION
CROSS REFERENCE
16L8
PIN | PLC | 16H8 | 16Ra | 16R6 | tems | 1SL2 | 14L4 | 12L6 | 1018
NO. 16V8 16P8 | 16RP4 | 16RP6 | 16RP8 16P2 14P4 12P6 10P8
18P8
1 lo/CLK | CLK CLK CLK | | I 1
19 F7 B B B D | | | (o]
18 F6 B B D D | | (o] (o]
17 F5 B D D D ] o (o] o
16 F4 B D D D o (o] (o] o
15 F3 B D D D (o] [e] (o] (o]
14 F2 B D D D | (o] (o) o
13 F1 B B D D | | (o] (o]
12 Fo B B B D | | | (o]
11 19/0E 1 OE OE OE 1 1 I |
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., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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LOGIC DIAGRAM
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LD09030S.
NOTES:
In the unprogrammed or virgin state:
All colls are in a conductive state. Pins 1 and 11 are configured as Inputs 0 and 9, respectively, via the cell. The clock and OE
All AND gate locations are pulled to a logic "'0" (Low). functions are disabled.
Output polarity is non-inverting. All output macro celis (OMC) are configured as bidirectional 1/0, with the outputs disabled via the direction term.
& Denotes a programmable cell location.

June 22, 1988
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The Signetics state-of-the-art Floating-Gate
CMOS EPROM process yields bipolar equiva-
lent performance at one-quarter to one-haif the
power consumption. The erasable nature of
the EPROM process enables Signetics to func-
tionally test the devices prior to shipment to
the customer. Additionally, this allows
Signetics to extensively stress test, as well as
ensure the threshold voltage of each individual
EPROM cell. 100% programming yield is sub-
sequently guaranteed.

Signetics' AMAZE PLD design software sup-
ports all aspects of design, simulation and
programming. For simple conversion of exist-
ing PAL device codes into the PLC16V8 series
format, a PAL-to-V8 Converter is also avail-
able. This stand-alone, single-disk software
package translates a PAL device code (from a
device or a JEDEC standard fuse map) into an
equivalent PLC16V8 series JEDEC format. The
PAL-to-V8 converter, which runs on an IBM PC
or compatible, includes the necessary pro-
grammer interface software for most commer-
cially available programmers.

THE OUTPUT MACRO CELL
(OMC)

The PLC16V8 has 8 individually programmable
Output Macro Cells. The 72 AND inputs (or
product terms) from the programmable AND
array are connected to the 8 OMCs in groups
of 9. Eight of the AND terms are dedicated to
logic functions; the ninth is for asynchronous
direction control.

Each OMC can be independently programmed
via 16 architecture control bits, AC1,, and AC2,,
(one pair per macro cell). Similarly, each OMC
has a programmable output polarity control bit
(Xn). By configuring the pair of architecture
control bits according to the table, 4 different
configurations may be implemented.

CONFIGURATION CELL

A single configuration cell controls the func-
tions of Pins 1 and 11. Refer to Functional
Diagram. When the configuration cell is pro-
grammed, Pin 1 is a dedicated clock and Pin
11 is dedicated for output enable. When the
configuration cell is unprogrammed, Pins 1 and
11 are both dedicated inputs. Note that the
output enable for all registered OMCs is com-
mon — from Pin 11 only. Output enable control
of the bidirectional /0 OMCs is provided from
the AND array via the direction product term.

If any one OMC is configured as registered, the
configuration cell will be automatically config-

June 22, 1988

CONTROL CELL CONFIGURATIONS

FUNCTION CONFIG COMMENTS
AC1, AC2, CELL
Registered mode | Programmed | Programmed | Programmed [Dedicated clock from

Pin 1. OE Control
for all registered
OMCs from Pin 11
only.

Bidiret;:tional 170

Unprogrammed | Unprogrammed | Unprogrammed |Pins 1 and 11 are

mode dedicated inputs. 3-
State control from
AND array only.
Fixed input Unprogrammed| Programmed |Unprogrammed|Pins 1 and 11 are
mode dedicated inputs.
Fixed output Programmed |Unprogrammed | Unprogrammed |Pins 1 and 11 are
mode dedicated inputs.
The feedback path
(via Fpux) is
disabled.
NOTE:
1. This is the virgin state as shipped from the factory.
OUTPUT MACRO CELL (OMC)
TO ALLOMCs
m—lcu(
mnmwmmﬁ
Vee |
— 01 OE
MUx
I
= 01
el E ( D— ° o o
= POLARITY e
conroL [ 1% 5
‘c"n
m-
— r-—lm
E 0
= < o,
]
TOALL OMCs
OF
LDOS040S

NOTE:
0 Denotes a programmable cell location.

ured (via the design software) to ensure that
the clock and output enable functions are
enabled on Pins 1 and 11, respectively. if none
of the OMCs are registered, the configuration
cell will be programmed such that Pins 1 and

3-5

11 are dedicated inputs. The programming
codes are as follow:

Pin 1=CLK, Pin 11=0E L
Pin 1 and Pin 11 = Input
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ORDERING INFORMATION

DESCRIPTION ORDER CODE
Propagation Delay (Max) Icc (Active at 15MHz)
fpax = 18.1MHz 50mA PLC16V8Q35
tpp = 35ns Synch
(Synchronous) 90mA PLC16V8H35
= 50mA PLC16V8Q45
tpp = 45ns fMAX h13.3MHZ
(Synchronous) 90mA PLC16V8H45
Package Type PACKAGE!
20-pin Plastic DIP (one time programmable; OTP) N
20-pin Plastic Leaded Chip Carrier A
20-pin Ceramic DIP with quartz window (reprogrammable) FA
NOTE:
1. The package order code directly follows the device order code, i.e., PLC16VBQ35N for Plastic DIP (OTP).
ABSOLUTE MAXIMUM RATINGS' THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vee Supply voltage -05to +7 Voc Maximum junction 150°C
Vin Input voitage -0.5 to Voo +0.5 Voc Maximum ambient 75°C
Vour Output voltage -0.5 to Vgc +0.5 Voc Allowable thermal rise
) " o
In Input currents -10 to +10 mA ambient to junction 75°C
The PL016V8 device is also processed to military
lour Output currents +24 mA requir ts for operation over the military
Ta Operating temperature range 0to +75 °C temperature range. For specifications and ordering
ir consult the Signetics Military Data Book.
Tsta Storage temperature range -65 to +150 °C
NOTE:

1. Stresses above those listed 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.

AC TEST CONDITIONS

VOLTAGE WAVEFORMS

+5V

R.
FROM OUTPUT 1
(BX, FX)

UNDER TEST
3900 o

CAPACITANCE

Test Load Circuit

TEST POINT

TC227018

*Cy INCLUDES JIG AND PROBE TOTAL

+30v

MEASUREMENTS:

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

Input Pulses

WF05396S

June 22, 1988

36



Signetics Application Specific Products @ Series 20

Product Specification

Erasable and OTP
PAL®-Type Device
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DC ELECTRICAL CHARACTERISTICS 0°C < T <+75°C, 4.75 < Vg <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ! | Max
Input voltage?
ViL Low VCC = Min -0.3 0.8 \)
ViH High Ve = Max 2.0 Voc +0.3 \"
Output voltage?
VoL Low |:,I,?c==2yni::\ 05 RY
VoH High lon =-3.2mA 24 \
Input current
I Low® Vin = GND -10 WA
'IH High V|N = Vcc 10 UA
Output current
loorm Hi-Z state Vour = Vce 10 HA
Vout = GND -10 HA

los Short-circuit® 7 Vout = GND -130 mA

4 _ 5 Quarter power (Q) 50 mA
lcc Vcc supply current (Active) lout =0mA f = 15MHz halt power () % A
Capacitance
c Input \X :C:Zf’o‘(/ 12 pF
Cg 1/0 Vg =2.0V 15 pF

NOTES:

1. All typical values are at Vgg =5V. T = +25°C.

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

3. Duration of short-circuit should not exceed one second. Test one at a time.

4. Tested with TTL input levels: V)= 0.45V, V| = 2.4V. Measured with all inputs and outputs switching.
5. Refer to Figure 1, Alcc vs Frequency (worst case). (Referenced from 15MHz)

6.1 for Pin 1 (lp/CLK) is £10uA with Viy=0.4V.

7. Refer to Figure 2 for Atpp vs output capacitance loading.

+10

) 4

/

Algg(MA)

LA
i
1 5 0 15 20 25 30
f(MH2)

-1

0P205108

Figure 1. Algc vs Frequency

(Worst Case) (Referenced from 15MHz)

6
5
4 4/
3
g Ll A
£’ 7
S
o A
.y
"0 20 40 80 80 10 20 0 180 180 200
OUTPUT CAPACITANCE LOADING (pF)
0P20220S

Figure 2. Atpp vs Output
Capacitance Loading (Typical)
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AC ELECTRICAL CHARACTERISTICS 0°C <T)<+75°C, 4.75V <V <5.25V Ry = 39092

PLC16V8Q-35 PLC16V8Q-45
TEST CONDITION'
SYMBOL | PARAMETER TO FROM PLC16VEH-35 | PLC16VEH-45 | ypir
Ry () cLeP| Min [ max | min | max
Pulse width
Clock period
tcke (Minimum CLK + CLK + 55 75 ns
ts + tcko)
tokn Clock width High CLK - CLK + 20 25 ns
tokL Clock width Low CLK + CLK- 20 25 ns
Hold time
Input or feedback
tiH data hold time Input + CLK + 0 0 ns
Setup time
Input or feedback
s data sotup ime CLK+ | 1%, F¢ 30 40 ns
Propagation delay
N I e R - e
Clock High to
tcko output valid Fx CLK + 200 50 25 35 ns
access Time
Product term . "
3 . Active-High R = 1.5k
toe1 g:ta:‘:f to active Ft 1%, Ft | otow R=550 | 50 35 45 ns
Product term
2 . From Voy R=o0
top1 glf?able to outputs F+ I+, Fx | oo Voo R =200 5 35 45 ns
Pin 11 output -
topz?  |disable High to Ft OE- FF'°"‘\)’°HRR_ oo | 5 25 30 ns
outputs off rom VoL R =2
Pin 11 output . .
3 " Active-High R = 1.5k
toe2 gﬂta;:? to active Ft OE + Active-Low R = 550 50 25 30 ns
tPPR Power-up reset F+ Vee + 35 45 ns
Frequency of operation (ts + tcko)
Maximum Synch. 18.1 13.3
fmax frequency Asynch. 200 50 285 222 MHz
NOTES:

1. Refer also to AC Test Conditions. (Test Load Circuit)
2.3-State levels are measured +0.5V from the active steady-state level.
3. Resistor values of 1.5k and 55092 provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level.

June 22, 1988
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POWER-UP RESET

In order to facilitate state machine design and
testing, a power-up reset function has been
incorporated in the PLC16V8. All internal
registers will reset to active-Low (logical ''0"')
after a specified period of time (tppg). There-
fore, any OMC that has been configured as a

TIMING DIAGRAMS

registered output will always produce an ac-
tive-High on the associated output pin be-
cause of the inverted output buffer. The
internal feedback (Q) of a registered OMC will
also be set High. The programmed polarity of
OMC will not affect the active-High output
condition during a system power-up condi-
tion.

The following conditions must be considered
when the asynchronous power-up reset oc-
curs. Vg rise to 4.5V (90%) must be mono-
tonic. The clock input must stabilize to a valid
TTL level prior to the Vg rise to 60% (3.0V).
All input setup and hold times (ts and ty)
must be adhered to prior to clocking the
device.

INPUTS

110, REG.
FEEDBACK

VALID INPUT

L

CLK

—

PIN11OE

VALIDINPUT T
[t —>fe—1tm

I S W

tooz~] tor2—+|

texn
3-STATE

REGISTERED
OUTPUTS

»-—'cxo&

=

too1~

NOTE:

o
COMBINATORIAL
OUTPUTS

3-STATE

Switching Waveforms

WF22701S

+5V

—— Vou

f_ +3V
15V

s OV

Diagram presupposes that the outputs (F) are enabled. The reset occurs regardless of the output conditon (enabled or disabled).

Power-Up Reset

WF22763S

June 22, 1988
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REGISTER PRELOAD FUNCTION
(DIAGNOSTIC MODE ONLY)

In order to facilitate the testing of state
machine/controller designs, a diagnostic
mode register preload feature has been incor-
porated into the PLC16V8 series device. This
feature enables the user to load the registers

with predetermined states while a super volt-
age is applied to Pins 11 and 6 (Ig/OE and Is).
(See diagram for timing and sequence.)

To read the data out, Pins 11 and 6 must be
returned to normal TTL levels. The outputs,
Fo -7, must be enabled in order to read data
out. The Q outputs of the registers will reflect

REGISTER PRELOAD (DIAGNOSTIC MODE)

data in as input via Fo_7 during preload.
Subsequently, the register Q output via the
feedback path will reflect the complement of
the data in as input via Fo_7.

Refer to the voltage waveform for timing and
voltage references.

& /7 \_
end / E
Foz ———g‘ PRELOAD DATA IN i-——( PRELOAD DATA OUT Inﬂnour._ Foz
v ‘} bass

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 implement the
desired logic function are coded directly from
logic equations using the Program Table. Similar-
ly, various OMC configurations are implemented
by programming the Architecture Control bits
AC1 and AC2, as shown below. Note that the
configuration cell is automatically programmed
based on the OMC configuration.

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

"AND" ARRAY — (I, B)

OUTPUT POLARITY — (O, B)

LD08920S

[ Acmive LEver [ copE |
| Nverting | L ]

D

LD08830S.

ACTIVE LEVEL | CODE |
| Non-NveERTING | H ]

LB

1,8
4]
14}

P P

LB

sTaTE [ cooe | [

STATE [ cooe |

INACTIVE' |

o]

I
[ LB

[t ]

June 22, 1988
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and AC2

ARCHITECTURE CONTROL — AC1
OE
s!—-»: af F(O)FD
= CLK
OMC CONFIGURATION | CODE

REGISTERED (D-TYPE) D

(COMBINATORIAL)

s s .
E) —FE.F@ !_.)! >———Po—roid
= =

LD08S91S
OMC CONFIGURATION CODE OMC CONFIGURATION CODE
BIDIRECTIONAL 1/0" B

FIXED OUTPUT o

i

LDo9010S

OMC CONFIGURATION CODE
FIXED INPUT !

F(D), F(B) T oHo—ro 7
ne—oE @
— 4 |
LD09200S 1D09160S
CONFIGURATION CELL CODE ‘CONFIGURATION CELL CODE
PIN 1=CLK L PIN 1=INPUT H®
PIN 11=0E 11 =INPUT

NOTE:

A factory shipped unprogrammed device is configured such that:

1. All celis are in a conductive state.

2. All AND gates are pulled to a logic "'0'"" (Low).

3. Output polarity is non-inverting.

4.Pins 1 and 11 are configured as inputs 0 and 9. The clock and OE functions are disabled.
5. All Output Macro Cells (OMCs) are configured as bidirectional 1/0, with the outputs disabled via the direction term.

6. This configuration cannot be used if any OMCs are configured as registered (Code = D). The

cell will be autc

i to ensure that the

clock and output enable functions are enabled on Pins 1 and 11, respectively, if any one OMC is programmed as registered.

ERASURE CHARACTERISTICS
(For Quartz Window Packages
Only)

The erasure characteristics of the PLC16V8
Series devices are such that erasure begins
to occur upon exposure to light with wave-
lengths shorter than approximately 4000 Ang-
stroms (R). It should be noted that sunlight
and certain types of fluorescent lamps have
wavelengths in the 3000 -4000A& range.
Data shows that constant exposure to room
level fluorescent lighting could erase a typical
PLC16V8 in approximately three years, while

June 22, 1988

it would take approximately one week to
cause erasure when exposed to direct sun-
light. If the PLC16V8 is to be exposed to
these types of lighting conditions for extend-
ed periods of time, opaque labels should be
placed over the window to prevent uninten-
tional erasure.

The recommended erasure procedure for the
PLC16V8 is exposure to shortwave ultraviolet
light which has a wavelength of 2537 Ang-
stroms (R). The integrated dose (i.e., UV
intensity X exposure time) for erasure should
be a minimum of 15Wsec/cm?. The erasure

time with this dosage is approximately 30 to
35 minutes using an ultraviolet lamp with a
12,000uW/cm? power rating. The device
should be placed within one inch of the lamp
tubes during erasure. The maximum integrat-
ed dose a CMOS EPLD can be exposed to
without damage is 7258Wsec/cm? (1 week
@ 12000uW/cm?). Exposure of these CMOS
EPLDs to high intensity UV light for longer
periods may cause permanent damage:

The maximum number of guaranteed erase/
write cycles is 50. Data retention exceeds 20
years.
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PROGRAM TABLE
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DESCRIPTION

The PLHS16L8A is a high-speed "A"
version PAL®-type device. The sum of
products (AND-OR) architecture is com-
prised of 64 AND gates and 8 OR gates.
The Signetics PLHS16L8A offers 100%
functional compatibility with other PAL
16L8 devices. Specified at a tpd of 20ns
(maximum), the PLHS16L8A is 20%
faster than other "'A"' version PAL 16L8
devices. And, the PLHS16L8A con-
sumes 20% less power than most other
"A" speed 16L8 devices.

All AND gates are linked to 10 dedicated
inputs, 6 bidirectional 170 and 2 dedicat-
ed outputs. On-chip buffers couple ei-
ther true (I, B) or complement (I, B) input
polarities to all AND gates. The 64 AND
gates are separated into eight groups of
eight product terms each. Within each
group, seven of the AND terms are
OR'ed together, while the eighth is used
to control the 3-State function of the
bidirectional 1/0. All outputs (bidirection-
al and dedicated) are inverting.

In the virgin state, the AND array fuses
are back-to-back CB-EB diode pairs,
which act as open connections. Current
is avalanched across individual diode
pairs during fusing, which essentially
short circuits the EB diode and provides

FUNCTIONAL DIAGRAM

PLHS16L8A

PAL®-Type Device

Signetics Programmable Logic

Product Specification

the connection for the associated prod-
uct term.

The PLHS16L8A is field-programmable,
allowing the user to quickly generate
custom patterns using standard pro-
gramming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

® 20% faster than other "A"
version PAL devices
- tpd = 20ns (MAX)

® Icc supply current: 155mA
(worst-case)

e 100% functionally and pin-for-pin
compatible with AmPAL16L8A,
MMI PAL16L8A, TIBPAL16L8-25
and NSC PAL16L8A devices

o Field-programmable
o 10 dedicated inputs
e 8 outputs
- 6 bidirectional 1/0
- 2 dedicated outputs

¢ Individual 3-State control of all
outputs

® 64 AND gates/product terms
o Security Fuse

Pe3 LOGIC TERMS Po
ot /(@
o€
o 3
Be ¥
ml J J
07
T Bg
g,
L 0o
LD02584S.

PIN CONFIGURATIONS

N Package
1o[1] 20]Vee
n[2] [19]o,
12[3] 18] B¢
15[} [17]B5
ls E [16]B,
1s[€] 15185
le E 14] 8,
L4 E [13] 8,
ls E 12] 0y

GND [10] [11] 1o
‘ €DO05323S
A Package
12 4 lo Vec O7

[12] 8
[17] 85
[15] B

CDO5338S

APPLICATIONS

e 100% functional replacement for
20-pin 16L8 combinatorial PAL
devices

o Random logic

e Code converters

o Fault detectors

e Function generators

e Address mapping/decoding
o Multiplexing

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Inc.

February 29, 1988
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PAL®-Type Device PLHS16L8A

FPLA LOGIC DIAGRAM

PLHSTELEB
W1
N\
g Pot—[le
3
r— [i5] o
I:E—m I
> o
; S a-
g
5 .
33—
) o>
43— |
| > r— e
<
™
| %
s [0]43- H s,
° NPUTS (0-31) s

LDo2626S

NOTES:
1. All unprogrammed or virgin ""AND" gate locations are pulled to logic ""1".
" Programmable connections.
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PAL®-Type Device PLHS16L8A
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP (300mil-wide) PLHS16L8AN Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLHS16L8AA Maximum ambient 75°C
Allowable thermal rise
ambient to junction 75°C

ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage -0.5 to +7 Voc
ViN Input voltage -0.5 to +5.5 Voc
Vour Output voltage -0.5 to Vg Max Voc
Voutpra | Output voltage (programming) +21 Voc
IIn Input current -30 to +5
lout Output current +100 mA
loutPrg | Output current (programming) +170
Ta Operating temperature range 0to +75 °C
Tste Storage temperature range -65 to +150 °C
NOTE:
1. Stresses above those listed may cause ion or p d 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.

February 29, 1988 3-15
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PAL®-Type Device PLHS16L8A

DC ELECTRICAL CHARACTERISTICS 0°C <T,<75°C, 4.75V <V¢c <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min L Typ! | Max

Input voltage?

ViL Low Vce = Min +0.8 v
Vi High Vee = Max +2.0 v
Vic Clamp Vce = Min, Iy =-18mA -0.9 -1.2 v
Output voltage

Vee =Min, Viy=V|y or Vi,
VoL Low loL = +24mA +0.50 v
VoH High lon =-3.2mA +2.4 +35 \"
Input current
Vee = Max
I Low ViN = +0.40V -20 -100 MA
iy High Vin=+2.7V +25 HA
| High ViN = +5.5V +1.0 mA
Output current
Vcc = Max, V;_=0.8V, Viy=2.0V
lozH Output leakage Vout = +2.7V +100 A
lozL Output leakage Vouyr = +0.40V -50 MA
los Short circuit® Vour = +0.5V -30 -60 -90 mA
lcc Ve current Vce = Max, All inputs = GND 100 155 mA
Capacitance*
Ve = +5V
Cin Input ViN=2.0V @ f=1MHz 6 pF
Cout 1/0 Vour =20V @ f=1MHz 9 PF
NOTES:

1. Typical limits are at Vg =5.0V and Tp = +25°C.

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

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

4. These parameters are not 100% tested, but are periodically sampled.

February 29, 1988 3-16
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PAL®-Type Device PLHS416L8A

AC ELECTRICAL CHARACTERISTICS R, =200%2, Ry =390, 0°C <Tp < +75°C, 4.75V < Vg <5.25V

SYMBOL PARAMETER TO FROM TEST CONDITION LTS UNIT
Min Typ Max
trD Propagation delay Input + Output * Cp = 50pF 14 20 ns
tea Output enable Input Output - C_ =50pF 14 20 ns
ter Output disable Input * Output + C_= 5pF 14 20 ns
NOTES: ’

1. Typical limits are at Vcc=5.0V and Ta= +25°C.

2.Tpp is tested with switch Sy closed and C_ = 50pF.

3. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and Sy is open for high-impedance to High tests and closed for high-impedance
to Low tests. Output disable times are tested with C|_ = 5pF. High-to-High impedance tests are made to an output voltage of Vo = -0.5V with Sy open, and Low-
to-High impedance tests are made to the VoL = +0.5V level with S; closed.

VIRGIN STATE TIMING DEFINITIONS

A factory shipped virgin device contains all
fusible links open, such that: SYMBOL PARAMETER
1. All outputs are enabled. tpD Input to output progagation
2. All p-terms are enabled in the AND array. delay.
ter Input to output disable (3-
State) delay (Output Disable).
tea Input to Output Enable delay
(Output Enable).

TIMING DIAGRAMS

INPUTS, 1/0 s 1.5V
ter
OUTPUTS 0.
Vo
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS ouTPUTS
— MUST BE WiLL BE DON'TCARE;  CHANGING;
STEADY STEADY ANY CHANGE  STATE
PERMITTED UNKNOWN
CENTER
DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE
'WF07383S

February 29, 1988 3-17
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Product Specification

PAL®-Type Device

PLHS16L8A

AC TEST LOAD CIRCUIT

VOLTAGE WAVEFORMS

2]
z
o

=
|
1
|
l
!
|
|
Bzf—— =

NOTE:
Cy and C; are to bypass Vcc to GND.

|]}—

TC02551S

+3.0v
ov
+3.0V
ov
'WF05307S
MEASUREMENTS:
All circuit delays are measured at the + 1.5V level
of inputs and outputs, unless otherwise specified.
Input Pulses

LOGIC PROGRAMMING

PLHS16L8A logic designs can be generated
using any commercially available, JEDEC
standard design software that supports the
16L8 architecture. No JEDEC fuse map con-
version or translation is necessary when us-
ing the PLHS16L8A.

"AND" ARRAY — (I, B)

PLHS16L8A designs can also be generated
using the program table format, detailed on
the following page. This program table entry
(PTE) format is supported on the Signetics
AMAZE PLD design software. AMAZE is
available free of charge to qualified users.

To implement the desired logic functions,
each logic variable (I, B, P and D) from the
logic equations is assigned a symbol. TRUE
(High), COMPLEMENT (Low), DON'T CARE
and INACTIVE symbols are defined below.

— 1B — 1B 1,8 — 1,8
18 _ uzo—C 18 B I.BO_C

— 18 — 18 p— 18 — 18

P,D PD PD Ql’.D

TCo2851S TC02661S TCo2671S TC02641S
[ st | cooE ] [ STATE | cooE | [ STATE [ copE | [ STATE ] cooE |
| nactive2 | o | TRUE || | compLEMent | L | | DONTCARE' | -

NOTES:
1. This is the initial state of all diodes pairs.

2. All unused product terms must be programmed with all pairs of diodes in the INACTIVE state (all fuses on an unused p-term must be programmed).

February 29, 1988
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PLHS16L8A

PAL®-Type Device

PROGRAM TABLE

D

A

A
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2

OR (FIXED)
GUTPUTS (B, O)
als
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/I
_~1
/'
19| 18 |17 | 1616 | 14 |13 |12

- :
&l -
m.ﬂj;:-.---..-..;f -1 ir.ﬁ-- -t R PR R PR PR AR R R A

© e
o -
Q
m - ~
~ L]
el L L L b
e .”i.- TTTT l........Jr.r +t+++++++1-+ Jr I S L B B A 2 L1l Jr.- LLi Ll Jr LLL "
e :
© ~
RN AN AR AR AN AR NA N AR ARN
@ a
o b=
rucs »m“uuum_mnuwnnuuu:nmnmuunuuu....um_w auaua‘uam_muuu“_m_nuuum_,u_ﬁ_ u.s.>
‘|IXqoeIpIe
©OASp ey JO 6JqBU pexXy ey 0} enp
o ASUD 1O 0B CK posmD 00 1A T8G9 3iva A3Y # 378V1L WvHDO0Ud
oq 1o ot posn s e abiox Tauvo Lvoa S1HVd 40 UIGWNN TVIOL
aEs m>._m_b<z o U seen) jo M.a Qs 3 o # 1Hvd A3ZITOGWAS HINOLSND
.§§4M%Hﬁ.uuw o= 01 1 ) # 30IA30 SOLLINDIS
e s ey sy o ot | (o1 atat | [o o # H3QHO 36VHOUNd
L ¥ Vidieul 't
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DESCRIPTION

The PLHS16L8B is a very high-speed
"B" version PAL®-type device. The sum
of products (AND-OR) architecture is
comprised of 64 AND gates and 8 OR
gates. The Signetics PLHS16L8B offers
100% functional compatibility with other
PAL 16L8 devices. Specified at 155mA
lcc (maximum), the PLHS16L8B con-
sumes 20% less power than other ''B"
version PAL 16L8 devices.

All AND gates are linked to 10 dedicated
inputs, 6 bidirectional 1/0 and 2 dedicat-
ed outputs. On-chip buffers couple ei-
ther true (I, B) or complement (I, B) input
polarities to all AND gates. The 64 AND
gates are separated into eight groups of
eight product terms each. Within each
group, seven of the AND terms are
OR'ed together, while the eighth is used
to control the 3-State function of the
bidirectional 1/0. All outputs (bidirection-
al and dedicated) are inverting.

In the virgin state, the AND array fuses
are back-to-back CB-EB diode pairs
which act as open connections. Current
is avalanched across individual diode
pairs during fusing, which essentially
short circuits the EB diode and provides
the connection for the associated prod-
uct term.

FUNCTIONAL DIAGRAM

PLHS16L8B

PAL®-Type Device

Signetics Programmable Logic

Product Specification

The PLHS16L8B is field-programmable,
allowing the user to quickly generate
custom patterns using standard pro-
gramming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

o Consumes 20% less power than
other '""B"' version PAL devices
- 155mA Igc (worst-case)

e |/O propagation delay: 15ns
(MAX)

® 100% functionally and pin-for-pin
compatible with AmPAL16L8B,
MMI PAL16L8B, TIBPAL16L8-15
and NSC PAL16L8B devices

o Field-programmable
e 10 dedicated inputs
o 8 outputs
- 6 bidirectional 1/0
- 2 dedicated outputs

e Individual 3-State control of all
outputs

® 64 AND gates/product terms
e Security Fuse

PIN CONFIGURATIONS

Pea LOGIC TERMS Po
104§ >
B, 31—
Bg ﬁ.‘

-

07

:B,

.

Qo

LD02584S

N Package
lo E: [20] Ve
n[2] [19]0;
12[3] [18] 86
13[4] 17|85
la E [16]B4
15 (€]} 15]B3
1s [7] [14] B,
17 [g] (13] B,
1s[9] 12]0,

GNp [10} 1)1,
CD053238
A Package

[17] 85
6] B4
14 8

CD05338S

APPLICATIONS

o 100% functional replacement for
20-pin 16L8 combinatorial PAL
devices

o Random logic

e Code converters

o Fault detectors

e Function generators

o Address mapping/decoding
o Multiplexing

®pAL is a rogistered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices Inc.

February 12, 1988
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PAL®-Type Device PLHS16L8B

FPLA LOGIC DIAGRAM

PLHS16LBA
0[]
|
’ :
- T\
{ e
7
4 2] 45— %
" —~
J/ l°—— [l 86
16
2 E—D K « D |
® -
IBAE > lo—-—@ Bg
a3
13[AE -
§‘ L E Bs
i e
E N e
/ > 3
E
mﬂﬂ.m..ﬁ_ﬂﬂﬂ B
/ v EB:
lmmﬂﬁmmﬁﬂmamﬂm :
IP————‘
-,
— E By
S
>—lc.—(::]o.,
R
0 31
INPUTS (0-31)
LD026275
NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic "'1".
2. % Programmable connections.

February 12, 1988 3-21



Signetics Application Specific Products ® Series 20 Product Specification

PAL®-Type Device PLHS16L8B
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP (300mil-wide) PLHS16L8BN Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLHS16L8BA Maximum ambient 75°C
Allowable thermal rise
ambient to junction 75°C

ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER RATINGS UNIT
Vec Supply voltage ' 05 to +7 Vo
VIN Input voltage -0.5 to +5.5 Voc
Vout Output voltage ) -0.5 to Vg Max Vbe
Voutprg | Output voltage (programming) +21 Voc
N Input current -30 to +5 mA
lout Output current +100 mA
loutprg | Output current (programming) +170 mA
Ta Operating temperature range 0 to +75 °C
TstG Storage temperature range -65 to +150 °C
NOTE:

1. Stresses above those listed 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.
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PAL®-Type Device PLHS16L8B

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ! | Max

Input voltage?

ViL Low Ve = Min +0.8 v
Vi High Voo = Max +20 v
Vic Clamp Voe = Min, Iy =-18mA -0.9 -1.2 \
Output voltage

Vee = Min, Viy=Vjy or Vi
VoL Low loL = +24mA +0.50 v
VoH High lon = —-3.2mA +24 | +35 v
Input current
Vee = Max
" Low Vin = +0.40V -20 -100 uA
"] High VIN=+27V +25 MA
I High Vin=+5.5V +1.0 mA
Output current
Vee =Max, V| =0.8V, Viy=2.0V
lozH Output leakage Vouyr = +2.7V +100 HA
lozL Output leakage Vout = +0.40V -50 MA
los Short circuit® Vout = +0.5V -30 -60 -90 mA
Icc Vcc current Vcc = Max, All inputs = GND 100 165 mA
Capacitance*
Vec=+5V
Cin Input ViIN=20V @ f=1MHz 6 pF
Cout 1/0 Vour=20V @ f=1MHz 9 pF
NOTES:

1. Typical limits are at Vg = 5.0V and Ta = + 25°C.

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

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

4. These parameters are not 100% tested, but are periodically sampled.
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Product Specification

PAL®-Type Device

PLHS16L8B

AC ELECTRICAL CHARACTERISTICS R;

=200Q, Ry =390%2, 0°C<Tp<

+75°C, 4.75V <V <5.25V

SYMBOL PARAMETER TO FROM TEST CONDITION LIMITS UNIT
Min Typ Max
trp Propagation delay Input + Output * C_ = 50pF 12 15 ns
tea Output enable Input Output - C_ = 50pF 12 15 ns
ter Output disable Input * Output + C_= 5pF 12 15 ns
NOTES:

1. Typical limits are at Voo =5.0V and Tp = + 25°C.

2. Tpp is tested with switch Sy closed and C| = 50pF.

3. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S; is open for high-impedance to High tests and closed for high-impedance
to Low tests. Output disable times are tested with C = 5pF. High-to-High impedance tests are made to an output voltage of Vo = -0.5V with S; open, and Low-
to-High impedance tests are made to the Vg_ = +0.5V level with S; closed.

TIMING DEFINITIONS

VIRGIN STATE

A factory shipped virgin device contains all
fusible links open, such that: SYMBOL PARAMETER
1. All outputs are enabled. teD Input to output progagation
2. All p-terms are enabled in the AND array. delay.
ter Input to output disable (3-
State) delay (Output Disable).
tea Input to Output Enable delay
(Output Enable).
TIMING DIAGRAMS
3.0v
INPUTS, 1/0 s 1.5V
'Ea
M
Vcn.
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS
MUST BE WILL BE DON'T CARE; CHANGING;
ANY CHANGE ~ STATE
—_— STEADY STEADY M PERMITTED UNKNOWN
CENTER
H DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE
WF07383S
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Product Specification

PAL®-Type Device

PLHS16L8B

AC TEST LOAD CIRCUIT

VOLTAGE WAVEFORMS

T
|
1 | R2 3
INPUTS purt | <
o—l——, Ig |
o—'—b Bw | ]
' |
o—l—3]5, Bzf——— -4
GND OUTPUTS

NOTE:
Cy and C; are to bypass Vcc to GND.

|||~—

To2551S

+3.0vV
ov
+3.0v
o
WF05307S
MEASUREMENTS:
All circuit delays are measured at the + 1.5V level
of inputs and outputs, unless otherwise specified.
Input Pulses

LOGIC PROGRAMMING

PLHS16L8B logic designs can be generated
using any commercially available, JEDEC
standard design software that supports the
16L8 architecture. No JEDEC fuse map con-
version or translation is necessary when us-
ing the PLHS16L8B.

"AND" ARRAY — (I, B)

PLHS16L8B designs can also be generated
using the program table format, detailed on
the following page. This program table entry
(PTE) format is supported on the Signetics
AMAZE PLD design software. AMAZE is
available free of charge to qualified users.

To implement the desired logic functions,
each logic variable (I, B, P and D) from the
logic equations is assigned a symbol. TRUE
(High), COMPLEMENT (Low), DON'T CARE
and INACTIVE symbols are defined below.

18 — 18 — 18 — 18
18 I - 18 . 18 |,50—C __
— 18 — 18 — 18 — 18
PD PD PD PD
TC02651S TC02661S TCo2671S TC02641S
STATE | cooE | [ STATE [ copE | ( STATE [ cooE | [ STATE [ copE |
[ mactive2 | o | TRUE | w1 | compLEMENT | L | | poNTcare' | - ]
NOTES:

1. This is the initial state of all diodes pairs.

2. All unused product terms must be programmed with all pairs of diodes in the INACTIVE state (all fuses on an unused p-term must be programmed).

February 12, 1988
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PLHS16L8B

PAL®-Type Device

PROGRAM TABLE

° <[<|</<[</<<]x]
- o< |
O~ || <|<|<|d B
m g <] <|<|</<< o
£ m B N NAPPPERRE F
m ") ol<j<i<id < =
. o
N < 0
- P
s [z
) m
m hdi 505 I I I A A A I I A I A A A Y _1,
< °
2 ~ ~
© of
° -
el I- o~
<
~ |
hd LLLL L L L L M
cEHHHHH R T T T
w - "
© ~
~ o
R LLLLLLLLLL L e R R
L -
ruecz fo .muuuum_unummﬂ:ﬂ_nun_nunmu_:us_unu_nmuﬁu««n_:wmu umun:umum‘,m_ o
‘emoeyore
g 4813 1O 88 O} P o1 1o WRC S aiva A3y # 318VL WYYDOHd
o s sy o e od o e SIHVd 40 HIEWNN TVLOL
ems w>h0o“z o sosny QME syed .-G-G 3 T # 1HYd A3ZIT08WAS HIWOLSND
pewnresBo. snw suwe § pesnun h 4 n el —_—
gg&uwﬁ.%ﬂuﬁ%& ® m a3sn LON (0]:4] " a1 *xgv &O *WUEQ wo_.mzc—w
wwoq se ks Aewe QNy o 18 8 puw | pesnun) 2 | =R iag] mzononu Euﬂnm ol anovm # H3QHO 3SVHOUNd
000 SN IR i PO 31 VIdd ol b IWVN HIWOLSND
(G 80 v

TB02024S

3-26

February 12, 1988



Signetics

Application Specific Products
® Series 20

FEATURES DESCRIPTION In order to facilitate state machine de-
e Ultra high-speed: The Signetics PLUS16XXD family is an  sign and testing, a power-up reset func-
- tpp = 10ns ultra high-speed 10ns version of existing  tion has been incorporated into these e}

- fmax = 55.5MHz (with feedback)
- tis = 10ns (worst case)
- tcko = 8ns (worst case)

e 100% functionally and pin-for-pin
compatible with industry standard
20-pin PAL ICs

o Power-up reset function to
enhance state machine design
and testability

o Design support provided via
AMAZE and other CAD tools for
Series 20 PAL devices

o Field-programmable on industry
standard programmers

e Security fuse

o Individual 3-State control of all
outputs

PLUS16R8D Series
PAL®-Type Devices

Signetics Programmable Logic

Preliminary Specification

Series 20 PAL devices.

The PLUS16XXD family is 100% func-
tional and pin-compatible with the 16L8,
16R8, 16R6, and 16R4 Series devices.

The sum of products (AND/OR) archi-
tecture is comprised of 64 AND gates
and 8 OR gates. Multiple bidirectional
pins provide variable input/output pin
ratios. Individual 3-State control of all
outputs and registers with feedback (R8,
R6, R4) is also provided.

The PLUS16R8D, R6D, and R4D have
D-type flip-flops which are loaded on the
Low-to-High transition of the clock input.

‘devices to reset all internal registers to

active-Low after a specific period of
time.

The Signetics State-of-the-Art oxide iso-
lation Bipolar fabrication process is em-
ployed to achieve high-performance op-
eration.

The PLUS16XXD family of devices are
field programmable, enabling the user to
quickly generate custom patterns using
standard programming equipment.

DEVICE DEDICATED | COMBINATORIAL | REGISTERED fmax fuax
NUMBER INPUTS OUTPUTS OUTPUTS teo lec F"é’g";‘g( FE£;2CK
PLUS16L8D 10 8(6 1/0) 0 10ns 180mA
PLUS16R8D 8 0 8 180mA 62.5MHz 55.5MHz
PLUS16R6D 8 2 1/0 6 10ns 180mA 62.5MHz 55.5MHz
PLUS16R4D 8 4 1/0 4 10ns 180mA 62.5MHz 55.5MHz
June 1988 3-27
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PAL®-Type Devices

PLUS16R8D Series

PLUS16L8D
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PAL®-Type Devices PLUS16R8D Series

PLUS16R6D PLUS16R4D
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DESCRIPTION

The PLHS18P8A is a two-level logic
element consisting of 72 AND gates and
8 OR gates with fusible connections for
programming 1/0 polarity and direction.

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

On-chip T/C buffers couple 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 1/0 direc-
tion. All outputs are individually program-
mable via an Ex-OR gate to allow imple-
mentation of AND/OR or NAND/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

PLHS18P8A

PAL®-Type Device

Signetics Programmable Logic

Product Specification

The PLHS18P8A is field-programmable,
allowing the user to quickly generate
custom pattern using standard program-
ming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

e 100% functionally compatible
with AmPAL18P8A and all 16L8,
16P8, 16H8, 16L2, 16H2, 14L4,
14H4, 12L6, 12H6, 10L8, 10H8,
16LD8 and 16HD8 PAL type
products

e Field-Programmable

e 10 inputs

e 8 bidirectional 1/0 lines

o 72 AND gates/product terms

- configured into eight groups of
nine

o Programmable output polarity
(3-State output)

e I/0 propagation delay: 20ns (max)
o Power dissipation: 500mW (typ)
e TTL compatible

e Security Fuse

PIN CONFIGURATIONS

P71 —————————— LOGIC TERMS —————p;
-4
i
|
H
H
L R R
1
!
H
1 |
H d
lg hS%g
-D h
H
i
H
H
H
1
|
By
=
H
pa—
_____ i
)
J— Bi\
————— ) B.
- i o
B
i 0
10025838

N Package

A Package

I2 14 lp Vec By

il e
7] 85
6] 84
15] 85
e

APPLICATIONS

e 100% functional replacement for
all 20-pin combinatorial PAL
devices

¢ Random logic

e Code converters

o Fault detectors

o Function generators
e Address mapping

o Multiplexing

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.

May 11, 1988
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PAL®-Type Device PLHS18P8A

FPLA LOGIC DIAGRAM

INPUTS (0-35) 35

19} By

35

-4

PRODUCT TERMS (0-71)

11

4

11l

7

|.

LDo2621S

NOTES:
1. All unprogrammed or virgin "AND" gate locations are pulled to logic "*1".
2. & Programmable connections.
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PAL®-Type Device PLHS18P8A
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP (300mil-wide) ) PLHS18P8AN Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLHS18P8AA Maximum ambient 75°C
Allowable thermal rise
ambient to junction 75°C
ABSOLUTE MAXIMUM RATINGS'
SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage -05to +7 Vpc
VIN Input voltage -0.5 to +5.5 Vpc
Vour Output voltage -0.5 to Voo Max Voc
Voutprg | Output voltage (programming) +21 Voc
In Input current -30 to +5 mA
lout Output current +100 mA
loutprg | Output current (programming) +170 mA
Ta Operating temperature range 0to +75 °C
Tsta Storage temperature range -65 to +150 °C
NOTE:

1. Stresses above those listed 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.
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Product Specification

PAL®-Type Device PLHS18P8A
DC ELECTRICAL CHARACTERISTICS 0°C <Ta<75°C, 4.75V < Vg <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min i Typ? | Max
Input voltage?
ViL Low Vce = Min +0.8 \"
Vi High Ve = Max +2.0 \
\ Clamp Vce = Min, Iy =-18mA -0.9 -1.2 \
Output voltage
Vcc = Min, VIN = VIH or V||_
VoL Low loL = +24mA +0.50 v
VoH High lon=-3.2 +24 +3.5 \
Input current
Vee = Max
I Low Vin = +0.40V -20 -100 HA
IiH High Vin=+27V +25 uA
I High ViN = +55V +1.0 mA
Output current
Vee = Max, Vi =0.8V, Viy=2.0V
lozn Output leakage Vour =+27V +100 LA
lozL Output leakage Vout = +0.40V -250 MA
Isc Short circuit® Vour = +0.5V -25 -60 -90 mA
lcc Ve current Ve = Max, All inputs = GND 100 155 mA
Capacitance?
Vec = +5V
Cin Input VIN=20V @ f=1MHz 6 pF
Cout 1/0 Vour=2.0V @ f=1MHz 9 pF
NOTES:

1. Typical limits are at Voo =5.0V and Ta= +25°C.

2.These are absolute values with respect to device ground and all overshoots due to system or tester noise are included.
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyr = 0.5V has been chosen to avoid test

problems caused by tester ground degradation.

4. These parameters are not 100% tested, but are periodically sampled.

May 11, 1988
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Product Specification

PAL®-Type Device

PLHS18P8A

AC ELECTRICAL CHARACTERISTICS R,

= 2008, Ry =390%, 0°C<TA<

+75°C, 4.75V <Vcg <5.25V

SYMBOL PARAMETER TO FROM TEST CONDITION LIMITS UNIT
Min Typ Max
trD Propagation delay Input * Output + C_ = 50pF 14 20 ns
tea Output enable Input + Output — CL = 50pF 14 20 ns
ter Output disable Input *+ Output + CL= 5pF 14 20 ns
NOTES:

-

. Typical limits are at Voo = 5.0V and Tp = +25°C.

2. Tpp is tested with switch Sy closed and C = 50pF.

3. For 3-State output; output enable times are tested with C_ = 50pF to the 1.5V level, and S is open for high-impedance to High tests and closed for
high-impedance to Low tests. Output disable times are tested with C = 5pF. High-to-High impedance tests are made to an output voltage of
Vo =-0.5V with S; open, and Low-to-High impedance tests are made to the Vo = +0.5V level with Sy closed.

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

1. All outputs are at ""H" polarity.
2. All outputs are enabled.
3. All p-terms are enabled.

TIMING DEFINITIONS

SYMBOL PARAMETER

tpD Input to output progagation
delay.

ter Input to output disable (3-

State) delay (Output Disable).

tea Input to Output Enable delay
(Output Enable).
TIMING DIAGRAMS
3.0v
INPUTS, 1/0 s 1.5V
‘En
ou'n’u‘rs
VOL
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS oUTPUTS
- MUST BE WILL BE DON'T CARE; CHANGING;
STEADY STEADY ANY CHANGE ~ STATE
PERMITTED UNKNOWN
CENTER
DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE
'WF073838
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Product Specification

PAL®-Type Device

PLHS18P8A

AC TEST LOAD CIRCUIT

VOLTAGE WAVEFORMS

ol L,
Tt

|
P N

INPUTS I ouTt
°—|——>

[2]
Zz
o

Bzf—t— =
OUTPUTS

NOTE:
Cy and C; are to bypass Vcc to GND.

||'—

TC02s51S

ov

+3.0V

WF05397S

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

Input Pulses

LOGIC PROGRAMMING
PLHS18P8A logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLHS18P8A logic designs can also be gener-
ated using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

"AND" ARRAY — (I, B)

OUTPUT POLARITY — (B)

P . D’—E

Teozs32s

| acmive LEveL [ copE |
Low | v

F X D—s

TC025438

| ACTIVE LEVEL | coDE |
| HIGH! | w

p— 1B
—18

—— 18

0,

PD 3

TC02651S8 TC02661S TC02671S TC02641S
[ STATE [ copE | [ STATE | CODE | [ STATE [ copE | | STATE [ copE |
[ mNactivez T o | | 1, B | v ] | i, B L] [ ponTcare! | - ]

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).

May 11, 1988
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Signetics Application Specific Products @ Series 20

PAL®-Type Device

PROGRAM TABLE
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DESCRIPTION

The PLHS18P8B is a two-level logic
element consisting of 72 AND gates and
8 OR gates with fusible connections for
programming 1/O polarity and direction.

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

On-chip T/C buffers couple 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 1/0 direc-
tion. All outputs are individually program-
mable via an Ex-OR gate to allow imple-
mentation of AND/OR or NAND/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

PLHS18P8B

PAL®-Type Device

Signetics Programmable Logic

Product Specification

The PLHS18P8B is field-programmable,
allowing the user to quickly generate
custom pattern using standard program-
ming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

e 100% functionally compatible
with AmPAL18P8B and all 16L8,
16P8, 16H8, 16L2, 16H2, 14L4,
14H4, 12L6, 12H6, 10L8, 10HS,
16LD8 and 16HD8 PAL type
products

o Field-Programmable

e 10 inputs

e 8 bidirectional 1/0 lines

e 72 AND gates/product terms

- configured into eight groups of
nine

e Programmable output polarity
(3-State output)

® |/0 propagation delay: 15ns (max)
e Power dissipation: 500mW (typ)
e TTL compatible

@ Security Fuse

PIN CONFIGURATIONS

P71-

LOGIC TERMS —FP

[ -y

=

B -

j,-_.l Bo

IQE
1 [Z]
IzE
|3E
1[5}
15 (6]
16 (7]
17 8]
13 [9]

GNo [0}

LD02583S

N Package

A Package

Vee

| "I )

120] vee
[19]87
[18]8¢
[17]Bs
[16]B,4
[15] B3
[14] 8,
13] B,
Bo
[11] 15

CDO53248

B7

o
[16] B4
14] B,

APPLICATIONS

e 100% functional replacement for

all 20-pin combinatorial PAL

devices

o Random logic

o Code converters

o Fault detectors

e Function generators
o Address mapping

e Multiplexing

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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Product Specification

PAL®-Type Device

PLHS18P8B

FPLA LOGIC DIAGRAM

PRODUCT TERMS (0-71)
s
-

INPUTS (0-35)

35

19} By

g >

—34 e,

S

NOTES:

Programmable connections.

1. All unprogrammed or virgin ""AND" gate locations are pulled to logic "'1"".

I

0026218

May 11, 1988
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PAL®-Type Device PLHS48P8B
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP (300mil-wide) PLHS18P8BN Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLHS18P8BA Maximum ambient 75°C
Allowable thermal rise
ambient to junction 75°C

ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage -05 to +7 Voc
VIN Input voltage -0.5 to +5.5 Vpc
Vout Output voltage -0.5 to Vgc Max Vpbc
Voutpra | Output voltage (programming) +21 Voc
N Input current -30 to +5 mA
lout Output current +100 mA
loutPrg | Output current (programming) +170 mA
Ta Operating temperature range 0to +75 °C
Tsta Storage temperature range -65 to +150 °C
NOTE:

1. Stresses above those listed 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.
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PAL®-Type Device PLHS18P8B
DC ELECTRICAL CHARACTERISTICS 0°C <Ta <75°C, 4.75V <V <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min | Typ' | Max

Input voltage?

Vi Low Ve = Min +0.8 Vv
ViH High Ve = Max +20 v
Vi Clamp Vee = Min, Iy =-18mA -0.9 -1.2 v
Output voltage

Voo =Min, ViN=V)y or V||_>
VoL Low loL = +24mA +0.50 \
Vou High lon =-3.2 +24 | +35 v
Input current
Vce = Max
e Low ViN = +0.40V -20 -100 MA
I High V= +2.7V +25 HA
Iy High Vin = +5.5V +1.0 mA
Output current
Vce = Max, VL =0.8V, Vi =2.0V
lozH Output leakage Vour =+2.7V +100 MA
lozL Output leakage Vourt = +0.40V -250 MA
Isc Short circuit? Vour = +0.5V -30 -60 -90 mA
lcc Ve current Vce = Max, All inputs = GND 100 155 mA
Capacitance*
Veoc = +5V
CiN Input ViN=2.0V @ f=1MHz 6 pF
Court 170 Vour =2.0V @ f=1MHz 9 pF
NOTES:

1. Typical limits are at Voo =5.0V and Ta= +25°C.

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

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

4. These parameters are not 100% tested, but are periodically sampled.
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PAL®-Type Device PLHS18P8B

AC ELECTRICAL CHARACTERISTICS R; = 2009, Rp=390%2, 0°C <Tp <+75°C, 4.75V < Vg <5.25V

SYMBOL PARAMETER TO FROM TEST CONDITION LIWITS UNIT
Min Typ Max
trp Propagation delay Input £ Output + C_ = 50pF 12 15 ns
tea Output enable Input * Output - C_ =50pF 12 15 ns
ter Output disable Input + Output + CL= 5pF 12 15 ns
NOTES:

1. Typical limits are at Vgc=5.0V and Tp = + 25°C.

2. Tpp is tested with switch Sy closed and C = 50pF.

3. For 3-State output; output enable times are tested with C; = 50pF to the 1.5V level, and Sy is open for high-impedance to High tests and closed for
high-impedance to Low tests. Output disable times are tested with C_ = 5pF. High-to-High impedance tests are made to an output voltage of
Voun =-0.5V with Sy open, and Low-to-High impedance tests are made to the VoL = +0.5V level with Sy closed.

VIRGIN STATE TIMING DEFINITIONS

A factory shipped virgin device contains all

fusible links open, such that: SYMBOL PARAMETER

1. All outputs are at ""H" polarity. teD Input to output progagation

2. All outputs are enabled. delay.

3. All p-terms are enabled. ter Input to output disable (3-
State) delay (Output Disable).

tea Input to Output Enable delay

(Output Enable).

TIMING DIAGRAMS

3.0v
INPUTS, 1/O am— .5V
ov
'ER—>| ‘EAP‘

WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OQUTPUTS
weree v sovToE oo
STEADY STEADY

PERMITTED UNKNOWN

DOES NOT LINE IS HIGH
APPLY IMPEDANCE
“OFF" STATE

WF073835

BN
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PAL®-Type Device

PLHS18P8B

AC TEST LOAD CIRCUIT

VOLTAGE WAVEFORMS -

Vee +5V S
[
¢ J_ l(}g E: Ry
y 0—1—» lo By T
T 11
INPUTS ! put : Rz g G
o115 i I
O—-ll—> Bw : ]
|
o—-‘—b‘ By Bz —:—P =
GND OUTPUTS

NOTE:
Cq and C; are to bypass Vcc to GND.

rll--

TC02651S

+3.0V

WF05397S

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

Input Pulses

LOGIC PROGRAMMING
PLHS18P8B logic designs can be generated
using Signetics’ AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLHS18P8B logic designs can also be gener-
ated using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

"AND'" ARRAY — (I, B)

OUTPUT POLARITY —(B)

TC025328
[ ACTIVE LEVEL [ coDE |
Low [ v ]

[ _AcTIVE LEVEL | coDE |
| HIGH' [ H ]

— 18 — 18 — 18 18
|.50—C - r.am——C _ v,so——C |.BG——C

— 18 — 18 — T8 —18

PD l eD Q,o (‘Jpp

TCO2651S TC02661S TCo2671S TC028418
[ statEe [ cooE | STATE ] copE | [ STATE | cooE | STATE [ copE |
[ macmive2 | o | | 1, B | | B L] | poNTcARe" | -

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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PLHS18P8B

PAL®-Type Device

PROGRAM TABLE

POLARITY
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DESCRIPTION

The PLC20V8 Programmable Array Log-
ic device is a 24-pin CMOS PLD de-
signed to replace full-power as well as
quarter-power and half-power Series 24
PAL® devices. Available in four speed/
power configurations, the generic
PLC20V8 device can be configured to
emulate 21 different PAL devices in
multiple speed/power configurations.
The more complex AND-OR logic func-
tions can be easily implemented with the
PLC20V8 because of the flexibility inher-
ent to its generic Output Macro Cell
architecture.

The PLC20V8 is a two-level logic ele-
ment comprised of 14 inputs, 72 AND
gates and 8 Output Macro Cells (OMC).
Each Output Macro Cell can be individu-
ally configured as a dedicated input, a
dedicated output, a bidirectional 1/0 or
as a registered output with feedback.
This generic architecture provides a
means of reducing documentation, in-
ventory and manufacturing related
costs. Furthermore, the PLC20V8 series
devices are designed to accept both
TTL and CMOS input levels to facilitate
logic integration in almost any system
environment.

FUNCTIONAL DIAGRAM

PLC20V8 Series
Erasable and OTP PAL®-Type

Device

Signetics Programmable Logic

Product Specification

FEATURES

e 100% functional replacement for
Series 24 PAL devices
=loL=24mA

o Low power performance:
50 and 90mA max

- All inputs and outputs
switching at 15MHz

o Equivalent bipolar performance
- 35 and 45ns tpp
- 28.5 and 22.2MHz fyax (async)
o EPROM cell technology
- Erasable
- 100% testable
- Reconfigurable (quartz window
package only)
e TTL and CMOS compatible
o Security fuse
e Available in 300mil-wide DIP with
quartz window, plastic DIP (OTP),
or PLCC (OTP)

PIN LABEL DESCRIPTIONS

Dedicated input

Bidirectional input/output

|
B
O | Dedicated output
D | Registered output

PIN CONFIGURATIONS

N Package

N = Plastic
FA = Ceramic with Quartz Window

A Package

g 17 1o NIC 15 14 I3

(D-type flip-flop)
5’ Fy F2 F3 N/C F‘ Fg F.
o ] b ?ﬂa A = Plastic Leaded Chip Carrier oS
PAL DEVICE TO PLC20V8 OUTPUT PIN CONFIGURATION
Y -E CROSS REFERENCE (DIP Packages Only)

. 20L8 | 20L2 | 18L4 | 16L6 | 14L8
. . R | I | 2one | e | Ay | 20H8 | 20H2 | 18H4 | 16H6 | 14H8
. 3, 20P8 | 20P2 | 18P4 | 16P6 | 14P8

wPE 23 1 |lo/CLK| CLK | CLK | CLK [ | [ I I

EE 13 |4/OE| OE | OE | OE i I I i I

35 12 ha ] i i I | 1 i i

R 5 | Fo | D | B | B | O [ [ [ o

3| 16 F1 D D B B I I [S) 0

17 F2 D D D B i o 0 o

18 F3 D D D B 0 3] 0 [5)

DR >3 19 Fa D D D B o [6) o o)

20 F5 D D D B ! o o [5)

21 F6 D D B B 1 I o 0

22 F7 D B B o I I i o

— oonszs 23 113 1 i I 1 I I I i

®PAL is a registered trademark of Monolithic Memories, Inc., a wholly owned subsidiary of Advanced Micro Devices, Inc.
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LOGIC DIAGRAM
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NOTES:
In the unprogrammed or virgin state:
All cells are in a conductive state. Pins 1 and 13 are configured as inputs 0 and 11, ively, via the iguration cell. The clock and OE

All AND gate locations are pulled to a logic 0" (Low). functions are disabled.
o t polarity i inverti All output macro cells (OMC) are configured as bidrectional 170, with the outputs disabled via the direction term.
utput potarity is non-inverting. & Denotes a programmable cell location.
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The Signetics state-of-the-art Floating-Gate
CMOS EPROM process yields bipolar equiva-
lent performance at one-quarter to one-half the
power consumption. The erasable nature of
the EPROM process enables Signetics to func-
tionally test the devices prior to shipment to
the customer. Additionally, this allows
Signetics to extensively stress test, as well as
ensure the threshold voltage of each individual
EPROM cell. 100% programming yield is sub-
sequently guaranteed.

Signetics' AMAZE PLD design software sup-
ports all aspects of design, simulation and
programming. For simple conversion of exist-
ing PAL device codes into the PLC20V8 series
format, a PAL-to-V8 converter is also available.
SimPal, (sim’pal), a stand-alone, single-disk
software package translates a PAL device
code (from a device or a JEDEC standard fuse
map) into an equivalent PLC20V8 series
JEDEC format. The SimPal PAL-to-V8 convert-
er, which runs on an IBM PC or compatible,
includes the necessary programmer interface
software for most commercially available pro-
grammers.

THE OUTPUT MACRO CELL
(OMC)

The PLC20V8 has 8 individually programmable
Output Macro Cells. The 72 AND inputs (or
product terms) from the programmable AND
array are connected to the 8 OMCs in groups
of 9. Eight of the AND terms are dedicated to
logic functions; the ninth is for asynchronous
direction control.

Each OMC can be independently programmed
via 16 architecture control bits, AC1,, and AC2,,
(one pair per macro cell). Similarly, each OMC
has a programmable output polarity control bit
(Xn). By configuring the pair of architecture
control bits according to the table, 4 different
configurations may be implemented.

CONFIGURATION CELL

A single configuration cell controls the func-
tions of Pins 1 and 13. Refer to Functional
Diagram. When the configuration cell is pro-
grammed, Pin 1 is a dedicated clock and Pin
13 is dedicated for output enable. When the
configuration cell is unprogrammed, Pins 1 and
13 are both dedicated inputs. Note that the
output enable for all registered OMCs is com-
mon — from Pin 13 only. Output enable control
of the bidirectional I/0 OMCs is provided from
the AND array via the direction product term.

If any one OMC is configured as registered, the
configuration cell will be automatically config-

January 27, 1988

CONTROL CELL CONFIGURATIONS

FUNCTION COMMENTS
AC1, AC2, CONFIG.
Registered mode | Programmed | Programmed | Programmed |Dedicated clock from

Pin 1. OE Control
for all registered
OMCs from Pin 13
only.

Bidirectional 1/0

Unprogrammed | Unprogrammed | Unprogrammed | Pins 1 and 13 are

mode dedicated inputs. 3-
State control from
AND array only.
Fixed input Unprogrammed| Programmed -|Unprogrammed|Pins 1 and 13 are
mode dedicated inputs.
Fixed output Programmed | Unprogrammed | Unprogrammed |Pins 1 and 13 are
mode dedicated inputs.
The feedback path
(via Fmux) is
disabled.
NOTE:
1. This is the virgin state as shipped from the factory.
OUTPUT MACRO CELL (OMC)
m__' TO ALL OMCs
cLK
DIRECTION CONTROL TERM
v 0]
cC ot oE
MUX
Y
"D s ‘
. o1
our
ARRAY oo D_ °  Mux
L oureur Q
control 1% 5
‘c‘-
m"
3 -
00
P 0
= o,
o
TOALL OMCs
[13]0E
LD0g041S
NOTE:
0O Denotes a programmable cell location.

ured (via the design software) to ensure that
the clock and output enable functions are
enabled on Pins 1 and 13, respectively. If none
of the OMCs are registered, the configuration
cell will be programmed such that Pins 1 and
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13 are dedicated inputs. The programming
codes are as follow:

Pin 1=CLK, Pin 13=0E L

Pin 1 and Pin 13 = Input H
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ORDERING INFORMATION

DESCRIPTION ORDER CODE
Propagation Delay (Max) Icc (Active at 15MHz)

oo = 3508 faax = 18.1MHz 50mA PLC20V8Q35

(Synchronous) 90mA PLC20V8H35

t0p = 4505 fuax = 13.3MHz 50mA PLC20V8Q45

(Synchronous) 90mA PLC20V8H45

i Package Type PACKAGE'

24-pin Plastic DIP (one time programmable; OTP) N
24-pin Plastic Leaded Chip Carrier (one time programmable; OTP) A
24-pin Ceramic DIP with quartz window (reprogrammable) FA

NOTE:

1. The package order code directly follows the device order code, i.e., PLC20V8Q35N for Plastic DIP (OTP).

ABSOLUTE MAXIMUM RATINGS'

THERMAL RATINGS

SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vce Supply voltage -0.5 to +7 Vbc Maximum junction 150°C
Vin Input voltage -0.5 to Vgc +0.5 Vbc Maximum ambient 75°C
Vout Output voltage -0.5 to Vgg +0.5 Vpc Allowable thermal rise
N . . o
[ITY] Input currents -10 to +10 mA ambient to junction 75°C
The PLC20V8 device is also processed to military
lout Output currents +24 mA requirements for operation over the military
Ta Operating temperature range 0to +75 °c temperature range. For specifications and ordering
information consult the Signetics Military Data Book.
Tsta Storage temperature rnage -65 to +150 °C
NOTE:

1. Stresses above those listed 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.

AC TEST CONDITIONS

VOLTAGE WAVEFORMS

+3.0v
+5V
ov
3Ry
FROM OUTPUT ]
(BX, FX) TEST POINT
UNDER TEST q +a0V
:woszj; c* -
TC227018 ov
*C_ INCLUDES JIG AND PROBE TOTAL 15 S
CAPACITANCE WF05396S
MEASUREMENTS:
All circuit delays are measured at the + 1.5V level of inputs and outputs, unless otherwise specified.
Test Load Circuit Input Pulses
January 27, 1988 3-47
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DC ELECTRICAL CHARACTERISTICS 0°C <Tp<+75°, 4.75<Vgc <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ! | Max

Input voltage?
ViL Low Vce =Min -0.3 0.8 v
Vi High Voe = Max 2.0 Voo +03 v
Output voltage?
VoL Low |ZEC=Z4MI‘:3\ 05 v
Vou High loy =-3.2mA 24 \"
Input current
I Low® VN = GND -10 pA
[ High ViN = Vee 10 MA
Output current
IO(OFF) Hi-Z state Vout = Vce 10 uA

VOUT =GND -10 [IA
los Short-circuit® 7 Vout = GND -130 mA

Quarter power (Q) 50 mA
Icc Ve supply current (Active)* louT =0mA f = 15MH25 Halt power () ” —
Capacitance
c Input \X gc==25:)\(/ 12 pF
Cg 170 Vg =2.0V 15 pF
NOTES:

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

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

3. Duration of short-circuit should not exceed one second. Test one at a time.

4. Tested with TTL input levels: V) = 0.45V, V| =2.4V. Measured with all inputs and outputs switching.
5. Refer to Figure 1, Alcc vs Frequency (worst case). (Referenced from 15MHz)

6. I for Pin 1 (Io/CLK) is £10pA with Viy=0.4V.

7. Refer to Figure 2 for Atpp vs output capacitance loading.

+10

/

Algg (mA)

LA

/|

1 5 0 15 20 25 30
#(MH2)

-1

0P20510S

Figure 1. Alcc vs Frequency
(Worst Case) (Referenced from 15MHz)

Mpp (ns)
N
N

0
74
iy

y

-2
0 20 40 60 80 100 120 140 160 180 200
‘OUTPUT CAPACITANCE LOADING (pF)
0P202208

Figure 2. Atpp vs Output
Capacitance Loading (Typical)
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AC ELECTRICAL CHARACTERISTICS 0°C <Tp <+75°C, 4.75V < Vg <5.25V Ry = 39082

PLC20V8Q-35 PLC20V8Q-45
TEST CONDITION!
SYMBOL | PARAMETER TO FROM PLC20V8H-35 | PLC20VBH-45 | yyyt
Ry () CL (pF)| Min r Max Min Max
Pulse width
Clock period
tckp (Minimum CLK + CLK + 55 75 ns
tis + tcko)
tokH Clock width High CLK - CLK + 20 25 ns
tekL Clock width Low CLK + CLK - 20 25 ns
Hold time
Input or feedback
tiH data hold time Input = CLK + 0 0 ns
Setup time
Input or feedback
ts data setup time CLK + 1+, Ft 30 40 ns
Propagation delay
Delay from input
teD to active output Fz I+, Ft 200 50 35 45 ns
Clock High to
tcko output valid F+ CLK + 200 50 25 35 ns
access Time
Product term . .
3 . Active-High R = 1.5k
toe1 enable to active Fx £, F+ | ACtive-Low R = 550 50 35 45 ns
output
Product term
2 . From Voy R=o
top1 g;?able to outputs Fx I+, Fx From Vo, R = 200 5 35 45 ns
Pin 13 output _
tops2 |disable High to Fs Og- | fromVou R=% | 5 25 30 ns
outputs off oL
Pin 13 output . .
3 . Active-High R = 1.5k
toe2 enable to active F* OE + Active-Low R = 550 50 25 30 ns
output
tpPr Power-up reset F+ Ve + 35 45 ns
Frequency of operation (ts + tcko)
. Maximum Synch. 18.1 13.3
fmax frequency Asynch. 200 50 28.5 22.2 MHz
NOTES:

1. Refer also to AC Test Conditions. (Test Load Circuit)
2.3-State levels are measured +0.5V from the active steady-state level. .
3. Resistor values of 1.5k and 55082 provide 3-State levels of 1.0V and 2.0V, respectively. Output timing measurements are to 1.5V level.

January 27,

1988
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POWER-UP RESET

In order to facilitate state machine design and
testing, a power-up reset function has been
incorporated in the PLC20V8. All internal
registers will reset to active-Low (logical "'0"')
after a specified period of time (tppg). There-
fore, any OMC that has been configured as a

TIMING DIAGRAMS

registered output will always produce an ac-
tive-High on the associated output pin be-
cause of the inverted output buffer. The
internal feedback (Q) of a registered OMC will
also be set High. The programmed polarity of
OMC will not affect the active-High output
condition during a system power-up condi-
tion.

The following conditions must be considered
when the asynchronous power-up reset oc-
curs. Vg rise to 4.5V (90%) must be mono-
tonic. The clock input must stabilize to a valid
TTL level prior to the Vg rise to 60% (3.0V).
All input setup and hold times (ts and ty)
must be adhered to prior to clocking the
device.

INPUTS
1/0, REG.
FEEDBACK

VALID INPUT

VALID INPUT

it

PIN 13 OF

*—-ﬁs——»*——‘m—%

CcLK __//_\__—‘

%
1,

['om-— t‘ozz*

REGISTERED
OUTPUTS

._!cm&

3-STATE

NOTE:

tpo
COMBINATORIAL
OUTPUTS

=

too1+{

ISTATE

Switching Waveforms

Wr227028

+6V

ov

Diagram presupposes that the outputs (F) are enabled. The reset occurs regardiess of the output

+3V
18V
e ()Y

Wr227048

Power-Up Reset

January 27, 1988
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REGISTER PRELOAD FUNCTION
(DIAGNOSTIC MODE ONLY)

In order to facilitate the testing of state
machine/controller designs, a diagnostic
mode register preload feature has been incor-
porated into the PLC20V8 series device. This
feature enables the user to load the registers

with predetermined states while a super volt-
age is applied to Pins 13 and 8 (l44/OE and
17). (See diagram for timing and sequence.)

To read the data out, Pins 13 and 8 must be
returned to normal TTL levels. The outputs,
Fo-7, must be enabled in order to read data
out. The Q outputs of the registers will reflect

REGISTER PRELOAD (DIAGNOSTIC MODE)

data in as input via Fg_7 during preload.
Subsequently, the register Q output via the
feedback path will reflect the complement of
the data in as input via Fo_7.

Refer to the voltage waveform for timing and
voltage references.

CE(Vo)

N 8 é
v - ' N
, ! e l-—rm——acm;k

l18, 810, 1213

WF22771S

LOGIC PROGRAMMING
The EPLD 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 function are coded directly from
logic equations using the Program Table. Similar-
ly, various OMC configurations are implemented
by programming the Architecture Control bits
AC1 and AC2, as shown below. Note that the
configuration cell is automatically programmed
based on the OMC configuration.

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

""AND'" ARRAY — (I, B)

OUTPUT POLARITY — (O, B)

LD08920S

ACTIVE LEVEL | CODE |

INVERTING L

D

1D08930S

ACTIVE LEVEL CODE

[ Now-INVERTING | H |

P

LD08940S.

181

P
0089505

P

LD08260S

q

ol

1LD08970S

[ STATE | copE ] [

STATE T cooe | [ STATE

[ cooe |

STATE CODE

|___DON'T cARE

-1 I

INACTIVE

1 o | [

| LB [ e ]

H]

January 27, 1988
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ARCHITECTURE CONTROL —AC1 and AC2

OE
s E af FOLF®) R
Y_) a s s __
= FEBLF® D__‘>°“ ©.FO)
cLK
= - LDO9000S
LD08981S LD08991S
OMC CONFIGURATION | CODE OMC CONFIGURATION CODE OMC CONFIGURATION CODE
BIDIRECTIONAL 1/0
REGISTERED (D-TYPE) D  COMBINATORALY B FIXED OUTPUT °
N
D..—__I >3
v
ClK @ —D«»—F(D), F(D) Ne—poK g _>°_F(°)' Fd)
E _ 6 -
3 o OE NC~—JOE e
LD09010S
3{ =|s|
LD09200S LD09190S
OMC CONFIGURATION | CODE CONFIGURATION CELL CODE CONFIGURATION CELL CODE
PIN 1= CLK PIN 1= INPUT
FIXED INPUT ! PIN 13= OF L 13= INPUT H

NOTE:

A factory shipped unprogrammed device Is configured such that:

1. All cells are In a conductive state.
2. All AND gates are pulled to a logic ''0"" (Low).
3. Output polarity is non-inverting.

4.Pins 1 and 13 are configured as inputs 0 and 11. The clock and OE functions are disabled.

5, All Cutput Macro Cells (OMCs) are configured as bidirectional 1/0, with the outputs disabled via the direction term.

6. This configuration cannot be used if any OMCs are configured as registered (Code = D). The configuration cell will be automatically configured to ensure that the
clock and output enable functions are enabled on Pins 1 and 13, respectively, i any one OMC Is programmed as registered.

ERASURE CHARACTERISTICS
(For Quartz Window Packages
Only)

The erasure characteristics of the PLC20V8
Series devices are such that erasure begins
to occur upon exposure to light with wave-
lengths shorter than approximately 4000 Ang-
stroms (R). It should be noted that sunlight
and certain types of fluorescent lamps have
wavelengths In the 3000 - 40004 range.
Data shows that constant exposure to room
level fluorescent lighting could erase a typical
PLC20V8 in approximately three years, while

January 27, 1988

it would take approximately one week to
cause erasure when exposed to direct sun-
light. If the PLC20V8 is to be exposed to
these types of lighting conditions for extend-
ed periods of time, opaque labels should be
placed over the window to prevent uninten-
tional erasure.

The recommended erasure procedure for the
PLC20V8 is exposure to shortwave ultraviolet
light which has a wavelength of 2537 Ang-
stroms (R). The integrated dose (i.e., UV
intensity X exposure time) for erasure should
be a minimum of 15Wsec/cm?. The erasure

3-52

time with this dosage Is approximately 30 to
35 minutes using an ultraviolet lamp with a
12,000uW/cm? power rating. The device
should be placed within one inch of the lamp
tubes during erasure. The maximum integrat-
ed dose a CMOS EPLD can be exposed to
without damage is 7258Wsec/cm? (1 week
@ 12000uW/cma). Exposure of these CMOS
EPLDs to high intensity UV light for longer
periods may cause permanent damage.

The maximum number of guaranteed erase/
write cycles is 50. Data retention exceeds 20
years.
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FEATURES
e Ultra high-speed:
- tpp = 10ns
- fmax = 55.5MHz (with feedback)
- tig = 10ns (worst case)
- tcko = 8ns (worst case)

e 100% functionally and pin-for-pin
compatible with industry standard
24-pin PAL ICs

o Power-up reset function to
enhance state machine design
and testability

e Design support provided via
AMAZE and other CAD tools for
Series 24 PAL devices

e Field-programmable on industry
standard programmers

o Security fuse

¢ Individual 3-State control of all
outputs

PLUS20R8D Series
PAL®-Type Devices

Signetics Programmable Logic

Preliminary Specification

DESCRIPTION

The Signetics PLUS20XXD family is an
ultra high-speed 10ns version of existing
Series 24 PAL devices.

The PLUS20XXD family is 100% func-
tional and pin-compatible with the 20L8,
20R8, 20R6, and 20R4 Series devices.

The sum of products (AND-OR) archi-
tecture is comprised of 64 AND gates
and 8 OR gates. Multiple bidirectional
pins provide variable input/output pin
ratios. Individual 3-State control of all
outputs and registers with feedback (R8,
R6, R4) is also provided.

The PLUS20R8D, RéD, and R4D have
D-type flip-flops which are loaded on the
Low-to-High transition of the clock input.

In order to facilitate state machine de-
sign and testing, a power-up reset func-
tion has been incorporated into these
devices to reset all internal registers to
active-Low after a specific period of
time.

.The Signetics State-of-the-Art oxide iso-

lation Bipolar fabrication process is em-
ployed to achieve high-performance op-
eration.

The PLUS20XXD family of devices are
field programmable, enabling the user to
quickly generate custom patterns using
standard programming equipment.

DEVICE DEDICATED | COMBINATORIAL | REGISTERED fmax fmax
NUMBER INPUTS OUTPUTS OUTPUTS teo lec FV;LL"E&%L FEI‘,_"D';:CK
PLUS20L8D 14 8(6 1/0) 0 10ns 210mA
PLUS20R8D 12 0 8 210mA 62.5MHz 55.5MHz
PLUS20R6D 12 21/0 6 10ns 210mA 62.5MHz 55.5MHz
PLUS20R4D 12 41/0 4 10ns 210mA 62.5MHz 55.5MHz
June 1988 3-54
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PLUS20L8D
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2 1y lg NC Vg b3 O
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23 |1y

22 |0,

N
&

w
o

o
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w
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13 {1y

CD152008
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R
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(=]
|,E— -30— 2|0
|,E._ -t 21 Q5
s[sH &N 0]
‘CH %D
'5E" ARRAY '3"_@"3
leE— 13*302
1, ET -3@3@
o g 3°‘r_’_5_'°°
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GNDE LQo—E] OE
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Series 20
PLS151
PLC153

PLS153
PLS153A
PLHS153
PLUS153B
PLUS153D

Series 24
PLS161
PLS162
PLS163
PLS173
PLUS173B
PLUS173D
PLC473-60
PLHS473

Series 28
PLS100/101
PLS103

INDEX

Field-Programmable Gate Array (18 X 15 X 12); 25ns............... 4-3
Erasable and OTP Programmable Logic Array (18 X 32 X 10);

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

Field-Programmable Logic Array (12 X 48 X 8); 50ns................ 4-46
Field-Programmable Address Decoder (16 X 5); 30ns ............... 4-52
Field-Programmable Address Decoder (12 X 9); 30ns 4-58
Field-Programmable Logic Array (22 X 42 X 10); 30ns ... 4-64
Field-Programmable Logic Array (22 X 42 X 10); 15ns ... 4-70
Field-Programmable Logic Array (22 X 42 X 10); 12ns 4-76

Erasable and OTP Programmable Logic Array (20 X 24 X 11); 60ns . 482
Field-Programmable Logic Array (20 X 24 X 11); 22ns .............. 4-89

Programmable Logic Array (16 X 48 X 8); 50ns
Programmable Gate Array (16 X 9 X 9); 35ns....







Signetics

Application Specific Products
® Series 20

DESCRIPTION

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

All gates are linked to 6 inputs (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 T/C buffers couple either True
(I, B) or Complement (I, B) input polari-
ties to each AND gate. The polarity of all
gate outputs is individually programma-
ble through a set of EX-OR gates for
implementing AND/NAND logic func-
tions. Alternately, if desired, OR/NOR
logic functions can also be realized by
programming for each gate the 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 listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS151

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

Signetics Programmable Logic

Product Specification

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

APPLICATIONS

e Random gating functions
e Address decoding

e Code detectors

e Memory mapped 1/0

o Fault monitors

e |/0 port decoders

PIN CONFIGURATIONS

Gy

[T Do-2

o O—12

~N

WO—1e

kf.

All_Ni-Cr links are initially intact

LDO1711S

N Package
o [1] [20] Ve
4 2] [19] B1
Y2 E [18] B1o
1 [2] B
L [5] [6] Bs
s [&] [15] 87
8 [7] [12] B¢
B [} 13] 85
B2 [9 [12] B4
GND [70 mEy

] 510
7] 8
EBL
an
14] B

CD04550S

LOGIC FUNCTION

TYPICAL OUTPUT FUNCTIONS:

x=A'B-C'...

NOTES:

1.For each of the 12 outputs, either function X
(Active-High) or X (Active-Low) s avallable, 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

May 11, 1988

fixed inputs (I) and bidirectional pins (B).
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Product Spec'ificcﬂon

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

PLS151

FPGA LOGIC DIAGRAM

#——————————— (LOGIC GATES—G)————————&  (CONTROL GATES)
" 10 9 8 7 6 5 4 3 2 1 o0 D2 D1 Do
o[t
hiz
i2{3
132
(A8
1s[6
B1
Bio
By
Bg
B7
Be
Bs -
o
-7]
B3
82
B
% i
RI9LU9L] 8 7 6 5 4 3 2 1 0
X11] X10| Xo| Xg X7| Xe| Xs| Xa X3| Xz2f Xi| Xo| D2 [Dy [Do
, & A
;‘ S3| Sa2i S
XA XX s';ss st ss
BB
S| S1wo| Se| Ss
71 Bo
8] 81
5] 52
1] B3
—{ale.
{5] &5
[14] 85
87
[ic] Bs
17} By
{ig] 810
LDo2270S
NOTES:
1. All gato inputs with a blown link float to a logic "'1".
2. Programmable connection.
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Field-Programmable Gate PLS151
Array (18 X 15 X 12)
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLS151N Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLS151A Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS' ﬁi%fﬁ'io‘?ﬁﬁl‘é‘én"se 75°C
RATINGS'
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Vbc
Vin Input voltage +5.5 Voc
Vout Output voltage +5.5 Vpe
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C
NOTE:

1. Stresses above those listed 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.

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ' L Max

Input voltage?
ViL Low Vce = Min 0.8 \
Viy High Ve = Max 2.0 \
Vic Clamp? 3 Vee = Min, Iy =-12mA -0.8 -1.2 Y
Output voltage?

Vee = Min
VoL Low loL = 10mA 0.5 \
VoH High lon = —2mA 2.4 v
Input current®

Vce = Max
i Low VN = 0.45V -100 MA
hiH High V|N = 5.5V 40 HA
Output current

Ve = Max
looFF) Hi-Z state Vour = 5.5V 80 MA

Vout = 0.45V -140

los Short circuit® 4 Vout =0V -15 -70 mA
lcc Vce supply current Vce = Max 115 165 mA
Capacitance

Vo =5V
Cin Input ViN = 2.0V 8 pF
Cs 110 Vg = 2.0V 15 pF

Notes on following page.
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Product Specification

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

PLS151

AC ELECTRICAL CHARACTERISTICS R, =4708, Ry =1k, 0°C <Tp < +75°C, 4.75V < Vg <5.25V

TEST LIMITS
SYMBOL PARAMETER TO FROM UNIT
CONDITION Min Typ! Max
trp Propagation delay Output * Input 16 25 ns
C = 30pF
toe Output enable Output - Input * 17 25 ns
too Output disable® Ouput + Input £ CL = 5pF 17 25 ns
NOTES:
1. All typical values are at Vgc =5V, Ta=+25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one pin at a time.
4. Duration of short circuit should not exceed 1 second.
5. Measured at V1 =Vg_ + 0.5V.
6.1y and Iy limits are for dedicated inputs only (lo-Is).
TEST LOAD CIRCUITS VOLTAGE WAVEFORMS
?Vcc
+5V
INCLUDES SCOPE
o— Iy AND JIG A .
1 ) CAPACITANCE 15nst Y t {5nst
1 ] e — Ry
o!_. [’5 : +3.0v
I
1
] Bw B H Ry CL
| t4
0—'—— By I o
GND = =
J_ 'WF05392S
= MEASUREMENTS:

TC020008

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

Input Pulses

TIMING DIAGRAM

TIMING DEFINITIONS

le—top—

VoL
—ty l_

WF05411S

SYMBOL PARAMETER

tpD Propagation delay between
input and output.

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

toe Delay between input change

and when output reflects
specified output level.

May 11, 1988
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Field-Programmable Gate
Array (18 X 15 X 12) PL3151

LOGIC PROGRAMMING 1/0 DIRECTION - (B)

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

PLS151 logic designs can be generated using S S

Signetics' AMAZE PLD design software or D o

one of several other commercially available,

JEDEC standard PLD design software pack- G B G B
ages. Boolean and/or state equation entry is

accepted. [omecrion | cooe | [ omecrion | coee |
PLS151 logic designs can also be generated [ ot [ a1} [ weur e |
using the program table entry format detailed Loo173ts Lo017408

on the following pages. This program table

entry format is supported by the Signetics' QUTPUT POLARITY - (B)
AMAZE PLD design software (PTP module).

AMAZE is available free of charge to qualified G G —
users. X T’D"— G x I ’Do— [
To implement the desired logic functions, the

state of each logic variable from logic equa- Loot7szs Loo1761S
tions (i, B, O, P, etc.) is assigned a symbol. ACTIVE LEVEL | CODE ACTIVE LEVEL | CODE
The symbols for TRUE, COMPLEMENT, IN- HIGHT H Tow T
ACTIVE, PRESET, efc., are defined below. (NON-INVERTING) (INVERTING)

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

1. All outputs are at 'H' polarity.
2. All P, terms are disabled.
3. All P, terms are active on all outputs.

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

""AND'' ARRAY - (I, B)
— L8 — 18 —18 — 18
° — iB '8 _C_ iB 18 O_E._ iB e | _is

G,D GD G,D ' G,D

(s T cooe | st cooe | [—stAve [ cooe | [ stare ] oooe |
[Cwacve® | o | e T n] s [ v ] oonteaRe |- |
LDO01770S LDO1780S LD01790S LDO1800S

NOTES:
1. This is the initial unprogrammed state of all links.
2. Any gate P, will be unconditionally inhibited if both the True and Complement of an input (either | or B) are left intact.

May 11, 1988 47
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Signetics Application Specific Products ® Series 20

Field-Programmable Gate

Array (18 X 15 X 12)

PLS151

FPGA PROGRAM TABLE

12

13

B

14

15

16

g
< . ~
o @
° -
- ~
) -«
a0
H
o-d u
oW
23
o< 8|8 8la 5 elr [
=============h.._H ™ ® il el il il Il AVAN
N © = N M v W 10 ©O NN ©O © O ™ v
0000 U0COUCOCUOU 0606 | -2 NAMEE EIEIAE BARIEEE
3aiva A3d # 378VL WvHO0Ud ‘sindu) se Ajuo pasn sajen 10} AJsejod pieBassiq ‘v y @ | LNdNI
SLHVd 40 HIGWNN V101 yoera o oq ueo sowes posnan = | O [y T o —]_ewowea
# 1dvd A3ZINOGWAS HIWOLSNO (=) 3180 1,u0q POWWEIE0:d AJJBULIOU 818 S} G PUB | PeSNUN T a1 1 a1
(XXXX) 49 # 301A30 SOILINDIS o 10) yNvIE umous | (0 1L MOT H a1
'01qE) Oy} U} 8181X0 S| UIBIIA JO 8938IS O} BulPUODSRLIOD OIS H| HOH 0 JALIVNI
# 43quo ww<IO.E=& 10 punoiByoeq 8 8Ny 1OBIU) SHUI| 118 YUM Paddiys 8] vOdd oL 'L
JWVN HIWOLSND S310N 70HLNOD anv

TBO17208
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Application Specific Products
® Series 20

DESCRIPTION

The PLC153 CMOS devices are two-
level logic Erasable and OTP (One Time
Programmable) Programmable Logic Ar-
rays. The PLC153 devices are low power
versions of the Signetics PLS153/153A
and PLHS153 Bipolar Programmable
Logic devices. EPROM cells provide the
connections for the programmable AND
array, the programmable OR array and
the Ex-OR output polarity gates.

On-chip buffers couple either True (I, B)
or Complement (I, B) inputs to all AND
gates, whose outputs can be optionally
linked to all OR gates. Their output
polarity, in turn, is individually program-
mable through a set of Ex-OR gates for
implementing AND/OR or AND/NOR
logic functions.

The PLC153 is field-programmable, us-
ing Floating-Gate EPROM cells. This
enables the generation of custom logic
patterns using standard programming
equipment.

FUNCTIONAL DIAGRAM

PLC153

Erasable and OTP
Programmable Logic Array
(18 X 42 X 10)

Signetics Programmable Logic
Product Specification

FEATURES PIN CONFIGURATIONS

e Low power, 100% functional
replacement for PLS153 Series

N and FA Packages

PLAs F—\ S
o EPROM cell technology o1} 2] vec
- Erasable (quartz window el 9] B
package only) 12 [3] [8) 8,
- 100% Testable B o [@e
- Reconfigurable 1s (5] ( ) [75] 86
o 8 dedicated inputs sE <7 [@es
e 42 AND gates 1 [7] [14) B4
e 10 O'R‘ gato'zs ) i [8] 73] 85
e 10 bidirectional 1/0 lines 8 (9] 72 8,
e Active-High or -Low outputs P
[11] 8y
e 42 product terms:
- 32 logic terms N = Plastic comens
- 10 control terms FA = Ceramic with Quartz Window
e I/O propagation delay: 45 and A Package
60ns (max.)

® Input loading: - 10uA (max)

e Power dissipation: 60mA at
15MHz (max)

e 3-State outputs

i o

Py Po

By

Sq

May 10, 1988

e CMOS and TTL compatible >'——€| B
73] B
o[
Do Dy
Bp GND By Bz B3
3 CD04690S
A = Plastic Leaded Chip Carrier
_______ APPLICATIONS
© Random logic
e Code converters
e Fault detectors
o Function generators
g e Address mapping
o Multiplexing
o Bs
% i
1
]
i
1
]
1
]
»——'-oBo
X uk
) AF01833S
4-9 853-0087 93239
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Programmabile Logic Array (18 X 42 X 10) PLC153

FPLA LOGIC DIAGRAM

#————————— (LOGIC TERMS—p) ————————8 —— (CONTROL TERMS) ——@
b
h
L]
s
e
Is
‘e
L]
[ATRCACACAEN
S it Rt i | ™ Bg
18| 8g
17|87
16| Bg
15] Bs
1|8,
13( By
12] 82
1|8
Lle
3eeceee2s 230 ee8 7eseene
TB00943S
NOTES:
1. Al "AND" gate { are pulled to logic "1".
2. Al "OR" gate { are pulled to logic "0".
3. @ Programmable connection.
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Product Specification

Programmable Logic Array (18 X 42 X 10) PLC153
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
. X . . o PLC153-45FA Maximum junction 150°C
20-Pin Ceramic DIP with Window (300mil-wide) -
PLC153-60FA Maximum ambient 70°C
. i . PLC153-45N Allowable thermal rise
20-Pin Plastic DIP (300mil-wide) PLC153-60N ambient to junction 70°C
‘ PLC153-45A
20-Pin Plastic Leaded Chip Carrier
PLC153-60A
ABSOLUTE MAXIMUM RATINGS!
SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage +7 Vpc
Vin Input voltage Vec +0.5 Voc
Vout Output voltage Vec +0.5 Vbc
N Input currents -30 to +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 to +70 °C
Tsta Storage temperature range —-65 to +150 °C
NOTE:
1. Stresses above those listed 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.
DC ELECTRICAL CHARACTERISTICS 0°C <Tp < + 70°C, 4.75 <Vgg <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ! | Max
Input voltage?
Vi Low Vce = Min -0.3 0.8 \
ViH High Vce = Max 2.0 Ve +0.3 \
Output voltage?
Vce = Min
VoL Low loL =8mA 0.45 \
VoH High lon =-3mA 24 \
Input current'®
M Low Vin = GND -10 HA
i High Vin=Vce 10 pA
Output current
loorr) Hi-Z state” Vout = Vce 10 A
Vout = GND -10 HA
los Short circuit® & Vout = GND -15 -70 mA
Vcc supply current No load .
Icc (Active)™ & © f = 15MHz TTL inputs 48 60 mA
Capacitance
Vec =5V
Cin Input Vin = 2.0V 6 pF
Cg 170 (bidirectional) Vg = 2.0V 12 pF
Notes on following page.
May 10, 1988 4-11
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Programmable Logic Array (18 X 42 X 10) PLC153

AC ELECTRICAL CHARACTERISTICS 0°C < T <+70°C, 4.75 <Vgc <5.25V, Ry =470%, Ry = 1k

TEST PLC153-45 PLC153-60
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min Max Min Max
teD Propagation delay Output * Input * C_ =30pF 45 60 ns
toe Output enable Output - Input + Cp = 30pF 45 60 ns
top Output disable® Output + Input + C_ = 5pF ' 45 60 ns
NOTES:
1. All typical values are at Voo =5V. Tp=+25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one at a time.
4. TTL inputs: Vj_ = 0.45V, Vjy = 2.4V
5. Measured with all inputs and outputs switching.
6. Duration of short circuit should not exceed 1 second.
7. Leakage values are a combination of input and output leakage.
8. Measured at V1= Vg +0.5V.
9. Refer to Figure 1 for worst case Igc vs frequency specifications.
10. Pin 1 (Vpp) has an input leakage current of 100uA.
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER

+3V
trD Propagation delay between .8 Xst thv thv ov

input and output.

top Delay between input change
and when output is off (Hi-Z R

\ Vou
or High). B * 15v JI/VY \itsv

toe Delay between input change | | | Vo
and when output reflects e < top— — e
specified output level. WFos411S
VOLTAGE WAVEFORMS
75

70 +3.0V

65

ov

sol 2]

4

Ice ACTIVE (mA) (MAX)
3

+3.0V

40

01 5 10 15 20 25
MAXIMUM FREQUENCY (MHZ)

0P205425. ov
NOTES: - -
1. Tested with all outputs switching. 15NSk .
2. Tested with TTL inputs. WF053928
MEASUREMENTS:
All circuit delays are measured at the + 1.5V level of inputs and outputs, unless otherwise specified.
Figure 1. (Worst-case) Icc vs Frequency Input Pulses
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Product Specification

Programmable Logic Array (18 X 42 X 10)

PLC153

TEST LOAD CIRCUITS

gYee

+5V
INCLUDES SCOPE
o 1 | L) AND JIG
I 1 CAPACITANCE
| | Ry
I bl
O—t—s] 1, ]
|
bur ]
| 18w B 1 R2 —/=C,
' ‘ I
o——~]Bx 1 L
GND - -
<

Tco16025

OUTPUT POLARITY — (O, B)

ST[':JD—M

TC025635

ACTIVE LEVEL CODE '

[ NverTING | L

TCo25738

[ AcTivE LEVEL | copE |

| NON-INVERTING" |

H

"AND'" ARRAY — (I, B)

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

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

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

vt |

wo—1% :’:“

S

TC025825

Pn STATUS CODE

[ mNacmive | e ]

TC025028

P, STATUS CODE

[ acmve' T

A

]

P P
TC02602S TC026335 TC02611C TCo26218
[ STATE ] cooE | [ STATE [ copE | [ STATE | copE | [ STATE | cooE |
[ ponTcare | - | [ macmive? | o | { [ W ] l LB v ]
"OR" ARRAY — (O, B) VIRGIN STATE
A factory shipped virgin device contains all
P P fusible links intact, such that:

1. All outputs are at ""H'" polarity.
2. All P, terms are inactive.
3. All P, terms are active in the OR array.

NOTES:

1. This is the initial unprogrammed state of all link pairs.
2. Any Product Term (Py,) will always be inactive if one of its input pairs (I, B) is left unprogrammed as shown.

May 10, 1988

4-13




Signetics Application Specific Products @ Series 20

Product Specification

Programmable Logic Array (18 X 42 X 10)

PLC153

ERASURE CHARACTERISTICS
(For Quartz Window Packages
Only)

The erasure characteristics of the PLC153
Series devices are such that erasure begins
to occur upon exposure to light with wave-
lengths shorter than approximately 4000 Ang-
stroms (X). It should be noted that sunlight
and certain types of fluorescent lamps have
wavelengths in the 3000 - 4000R range.
Data shows that constant exposure to room
level fluorescent lighting could erase a typical
PLC153 in approximately three years, while it

May 10, 1988

would take approximately one week to cause
erasure when exposed to direct sunlight. If
the PLC153 is to be exposed to these types
of lighting conditions for extended periods of
time, opaque labels should be placed over
the window to prevent unintentional erasure.

The recommended erasure procedure for the
PLC153 is exposure to shortwave ultraviolet
light which has a wavelength of 2537 Ang-
stroms (K). The integrated dose (i.e., UV
intensity X exposure time) for erasure should
be a minimum of 15Wsec/cm?. The erasure
time with this dosage is approximately 30 to

4-14

35 minutes using an ultraviolet lamp with a
12,000uW/cm? power rating. The device
should be placed within one inch of the lamp
tubes during erasure. The maximum integrat-
ed dose a CMOS EPLD can be exposed to
without damage is 7258Wsec/cm? (1 week
@ 12000uW/cm?). Exposure of these CMOS
to high intensity UV light for longer periods
may cause permanent damage.

The maximum number of guaranteed erase/
write cycles is 50. Data retention exceeds 20
years.
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Programmable Logic Array (18 X 42 X 10)

Signetics Application Specific Products @ Series 20

FPLA PROGRAM TABLE

TB00959S
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Signetics

Application Specific Products
® Series 20

DESCRIPTION

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

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

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

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

Order codes are listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS153

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

Signetics Programmable Logic

Product Specification

FEATURES
e Field-Programmable (Ni-Cr links)
e 8 inputs
e 42 AND gates
e 10 OR gates
e 10 bidirectional 1/0 lines
e Active-High or -Low outputs
e 42 product terms:
- 32 logic terms
- 10 control terms
e |/O propagation delay: 40ns (max.)
@ Input loading: ~100uA (max.)
o Power dissipation: 650mW (typ.)
e 3-State outputs
e TTL compatible

APPLICATIONS

e Random logic

e Code converters

o Fault detectors

e Function generators
o Address mapping

o Multiplexing

PIN CONFIGURATION

Py Po

i

aa

So

&
vf"!

|

——O0 Bg

—O0 Bg

AF01838S
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N Package

lo (1] = E Vee
1 [2] [19) By
12 (3] 18] Bg
13 [4] 557
11 [5] [16) B
15 [E] 15] 85
ls [Z [14] B4
L4 E‘ 13] B3
8o [9] tﬁ] Bz
oo [ e,

CD04680S.

LOGIC FUNCTION

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

AT OUTPUT POLARITY = L
Z=PO+PI+P2+ ...
z=P0-Pi-P2-...

NOTES:

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

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

853-0311 93253
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Field-Programmable Logic Array (18 X 42 X 10) PLS153

FPLA LOGIC DIAGRAM

#————————— (LOGIC TERMS—P) —————————— @ B——— (CONTROL TERMS) ———@&
| .
W[ 7 5 o
W[
[T
u[eh<
W[
L
nls t
8
8,
8,
B
al
B
Bg
8;
8, —1-
By
100
g 19| By
18| 8
178
6| B
15| Bs
14]8,
13| B3
5 12| 8,
-+ 1|8
Al .
TTTTTT BE
3l1ecesen24 23000ceelf 1500000
TB00943S
NOTES:
1. All programmed "AND" gate locations are pulled to logic "1".
2. Allp "OR" gate i are pulled to logic 0.
3. & Programmable connection.
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Field-Programmable Logic Array (18 X 42 X 10) PLS153
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLS153N Maximum junction 150°C
Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS' -
Allowable thermal rise
RATINGS ambient to junction 75°C
SYMBOL PARAMETER - UNIT
Min Max The PLS153 device is also processed to
Vee Supply voltage +7 Vpe military requirements for operation over the
military temperature range. For specifications
Vin Input voltage +55 Voo and ordering information consult the
Vour Output voltage +55 Vbc Signetics Military Data Book.
In Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tste Storage temperature range -65 +150 °C
NOTE:

1. Stresses above those listed 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.

DC ELECTRICAL CHARACTERISTICS 0°C < T, <75°C, 4.75V < V¢ <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ' L Max
Input voltage?
ViL Low Ve = Min 0.8 v
ViH High Vce = Max 2.0 v
Vic Clamp? 8 Voe = Min, Iy =-12mA -0.8 -1.2 %
Output voltage
Vee = Min
VoL Low? 4 loL = 15mA 0.5 v
VoH High? 5 loH =-2mA 24 v
Input current'®
Vee = Max
I Low V|N = 0.45V -100 MA
/™ High Vin= 5.5V 40 MA
Output current
Vce = Max
loors) Hi-Z state® Vour = 5.5V 80 HA
Vour = 0.45V -140
los Short circuit® 5 © Vout =0V -15 -70 mA
lec Voo supply current’ Vg = Max 130 155 mA
Capacitance
Vec =5V
CiN Input ViN= 2.0V 8 pF
Cg 1/0 Vg =20V 15 pF
Notes on following page.
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Field-Programmable Logic Array (18 X 42 X 10)

PLS153

AC ELECTRICAL CHARACTERISTICS R;=470Q, R, =1k, 0°C < T < +75°C, 4.75V < Vgp < 5.25V

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min | Typ' | Max
trD Propagation delay Output * Input * C_ = 30pF 30 40 ns
toe Output enable Output — Input C_ = 30pF 25 35 ns
top Output disable® Output + input * CL = 5pF 25 35 ns
NOTES:

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

. Test one at a time.
Measured with +10V applied to 7.

. Measured at V1= Vg +0.5V.

COPNOO A WN =

=

TEST LOAD CIRCUITS

Measured with +10V applied to lp_7. Output sink current is supplied through
. Duration of short circuit should not exceed 1 second.
lcc is measured with lp, 11 at 0V, Iz-17 and Bg_g at 4.5V.

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

. Leakage values are a combination of input and output leakage.
. i, and liy limits are for dedicated inputs only (lo-I7).

a resistor to Vge.

VOLTAGE WAVEFORMS

? Vee

+5V
INCLUDES SCOPE
O'—h | '0 D
| | CAPACITANCE
| | 8 Ry
| | A
o—t—e}i, 1
|
out 1
] Bw B : R2 ==Cp
! ‘ I
o——+]ax L L
GND = =
L

TCO16028.

ov

+3.0V

WF053925
MEASUREMENTS:
All circuit delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.

Input Pulses

TIMING DIAGRAM

TIMING DEFINITIONS

ov

— — " Vou
A | R

VoL
—ltoe L_

WF05411S

SYMBOL PARAMETER

tpD Propagation delay between
input and output.

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

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

May 11, 1988
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Field-Programmable Logic Array (18 X 42 X 10)

PLS153

LOGIC PROGRAMMING OUTPUT POLARITY -(B)

PLS153 logic designs can be generated using
Signetics' AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is

accepted. Lsoteses

ACTIVE LEVEL | CODE
PLS153 logic designs can also be generated HIGH' H
using the program table entry format detailed (NON-INVERTING)

on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

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

ACTIVE LEVEL CODE

Low
(INVERTING)

NOTES:

1. This is the initial unprogrammed state of all links.
2. Any gate Py, will be unconditionally inhibited if both the True and Complement of an input (either | or B) are

left intact.

May 11, 1988
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— 15 — 8 * 15 —8
qJP,D PD P.D Q"D
LS01990S LS02000S I.S;)IO‘IOS LS01960S
[ STATE [ copE_| [ | cope | [ STATE [ copE | [ STATE CODE |
[ Nacive? [0 | | | v ] [ LB v ] [ boNTcare [ - |
OR ARRAY -(B) VIRGIN STATE
A factory shipped virgin device contains all
P P fusible links intact, such that:
s s 1. All outputs are at '"H'" polarity.
2. All P, terms are disabled.
Leomoes Leozoms 3. All P, terms are active on all outputs.
[ Pns8TATUS | cODE | [ PasTATUS | CODE |
L acmive! [ A | _Nactive | e |
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PLS153

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

FPLA PROGRAM TABLE

POLARITY
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DESCRIPTION

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

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

On chip T/C buffers couple either True
(1, 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 listed int the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS153A

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

Signetics Programmable Logic

Product Specification

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

e I/0 propagation delay: 30ns
(max.)

© Input loading: -100uA (max.)

e Power dissipation: 650mW (typ.)
e 3-State outputs

o TTL compatible

APPLICATIONS

¢ Random logic

e Code converters

o Fault detectors

e Function generators
e Address mapping

o Muitiplexing

Do Dy

S

? ’
]

: -0 By
1 Xg
]
i
|
1
1
i
8y
0 - Bo
Xo I
- AFo1838S
May 11, 1988 4-22

PIN CONFIGURATIONS

N Package
Y 20] Vee
w[2] [19] By
12 [3] 18] Bg
13 [4] B;
13 [5] (16] Bg
15 [6] [15] B5
1s [7] 14] B4
i [8] [13] B3
B [9] [12] B,
GN [io] [11] B,
CDO4680S
A Package

l2 h lo Vec By
19|

[3] [2] [7] [ [19]

i [4] E]Ba
la [5] [17] &7
15 [6] [16] Bs
16 [7] ’1__5135
78] 13] B4

CD04630S

LOGIC FUNCTION

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

AT OUTPUT POLARITY =L
=POFPI+P2+ ...
© Z=FO-Pi-F2...

NOTES:

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

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

853-0312 93253
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Field-Programmable Logic Array (18 X 42 X 10) PLS153A

FPLA LOGIC DIAGRAM

&————————— (LOGIC TERMS—P) ——————————@ B——— (CONTROL TERMS) ———&

IR
T

W[

08

188,

171{8;

"] 8,

13} Bs

1|8

1|8

Meseses2t 2300000018 15000veeg 7rovanol =
TB00MIS

NOTES:

1. All programmed ""AND" gate locations are pulled to logic "
2. All programmed ''OR" gate locations are pulled to logic "
3. ¢» Programmable connection.
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Field-Programmable Logic Array (18 X 42 X 10) PLS153A

ORDERING INFORMATION THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLS153AN Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLS153AA Maximum ambient 75°C
Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Vbc
ViN Input voltage +5.5 Vbc
Vour Output voltage +5.5 Vbc
N Input currents -30 +30 mA
lout Output currents . +100 mA
Operating temperature o
Ta range 0 +75 C
Tste Storage temperature range -65 +150 °C
NOTE:
1. Stresses above those listed 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.
DC ELECTRICAL CHARACTERISTICS 0°C <Ta<75°C, 4.75V < V¢ <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min L Typ? I Max
Input voltage?
ViL Low Vcc = Min 0.8 \
Vi High Vce = Max 2.0 \
Vic Clamp? 3 Ve = Min, Iy =-12mA -0.8 -1.2 \%
Output voltage
Vce = Min
Vo Low? 4 loL = 15mA 0.5 \
VoH High? 8 loH = —2mA 2.4 \
Input current'®
Vce = Max
I Low Vin = 0.45V -100 MA
liH High Vin=5.5V 40 KA
Output current
Vce = Max
lo(oFF) Hi-Z state® Vour = 5.5V 80 MA
Vour = 0.45V -140
los Short circuit® 5 6 Vout =0V -15 -70 mA
lcc Ve supply current’ Vce = Max 130 155 mA
Capacitance
Ve =5V
Cin Input Vin = 2.0V 8 pF
Cg 170 Vg =2.0V 15 pF
Notes on following page.
May 11, 1988 4-24
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Field-Programmable Logic Array (18 X 42 X 10)

PLS1563A

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

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min | Typ' | Max

teD Propagation delay Output * Input * C = 30pF 20 30 ns
toE Qutput enable Output * Input * Cp = 30pF 20 30 ns
too Output disable® Output * Input * C =5pF 20 30 ns

NOTES:

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

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

3. Test one at a time.

4. Measured with + 10V applied to I;.

5. Measured with +10V applied to lp_7. Output sink current is supplied through a resistor to Vcc.

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

7. Icc is measured with lp ¢ at OV and l;_7 and By.g at 4.5V.

8. Measured at V1 =Vg_ + 0.5V.

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

10. i and I limits are for dedicated inputs only (lg-lg).

TEST LOAD CIRCUITS

VOLTAGE WAVEFORMS

+3.0V
Q Vec
v ov
INCLUDES SCOPE
1% AND J1G
| 1 CAPACITANCE
1 1 B Ry
o_L_. ||, Y i +3.0V
buTt ]
1 By ! R c
| Bz [—— 2 I - ov
o—L—s] By L
GND - b 15 Sns}
-‘l.-' MEASUREMENTS: o
TCo18028 All circult delays are measured at the +1.5V level
of inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DIAGRAM TIMING DEFINITIONS
+av SYMBOL PARAMETER
L8 8 xm X"“ tpp Propagation delay between
o input and output.
too Delay between input change
— = = Voy and when output is off (Hi-Z
] X.sv J|{vT \l\u-v or High).
v
‘ I_ o toe Delay between input change
tpp— —top—>l  —+ltor and when output reflects
wrosms specified output level.
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Field-Programmable Logic Array (18 X 42 X 10)

PLS1563A

LOGIC PROGRAMMING

PLS153A logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLS153A logic designs can also be generat-
ed using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

""AND" ARRAY - (I, B)

OUTPUT POLARITY - (B)

LS019508

ACTIVE LEVEL | CODE
HIGH' H
(NON-INVERTING)

1LS01960S
ACTIVE LEVEL CODE
Low L
(INVERTING)

NOTES:

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

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

left intact.

May 11, 1988
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— 18 '8 — 18 '8
I.BO—C 18 0—— & - o_.li '-B°—L -
— 18 — 18 8 L 75 —1.8
QP.D (P PD Q"D
LS01990S LS02000S LS01970S LS01880S
[ STATE | copE_| [ state [ cooE | [ state T copE | [ statEe [ cooE |
[ NacTive? [ o | [ |, B [ v | [ 1, B [ v ] [ ponTcamre [ - ]
OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
P P fusible links intact, such that:
s D—s 1. All outputs are at "H" polarity.
2. All P, terms are disabled.
tsozones Lsoz0208 3. All P, terms are active on all outputs.
| PnSTATUS [ CODE | [ P,status [ cooE |
[ acmive' | A | [ INacTIVE [ e |

CAUTION: PLS153A TEST
COLUMNS

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

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

The PLHS153 is a high-speed version of
the PLS153 and PLS153A FPLAs.

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

All AND gates are linked to 8 inputs (1)
and 10 bidirectional 170 lines (B). These
yield variable 1/0 gate configurations via
10 direction control gates (D), ranging
from 18 inputs to 10 outputs.

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

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

FUNCTIONAL DIAGRAM

PLHS153

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

Signetics Programmable Logic

Product Specification

diode pairs during fusing, which essen-
tial'y short circuits the EB diode and
provides the connection for the associ-
ated product term.

FEATURES

o Field-Programmable

e Functionally identical to PLS153/
153A

® 8 inputs
e 10 bidirectional 1/0 lines
® 42 AND gates
e 10 OR gates
® Programmable output polarity
® 42 product terms:
- 32 logic terms
- 10 control terms .
e |/0 propagation delay: 20ns
(max.)
o Input loading: —100uA (max.)
e Power dissipation: 650mW (typ.)
e 3-State outputs
e TTL compatible
o Security fuse

PIN CONFIGURATIONS

N Package
'YER ~ 20] vee
n 2] [19) By
12 [3] [18] B,
i3 [4] 7] 8
1s [5] [76] B6
Is E E Bs
16 [7] 4] B4
17 (€] [13] B,
8o [9] [12] B,
ano (1] o
CD04680S
TOP VIEW
A Package
Iz h lo Vec By
7 o
e,
CD04690S

P Po Do Dy
loo—JF
|
1
1
1
l ---------------------- @
]
]
i
! N
l7o——§' 7
& 33—
Bg
Y, 9
Y : ——0Bg
| |
| |
! 1
| I
! H
So I B,
Xo =
AF01835S
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APPLICATIONS

e Random logic

e Code converters

e Fault detectors

e Function generators
e Address mapping

e Multiplexing

853-1271 93422
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Field-Programmable Logic Array (18 X 42 X 10) PLHS153

FPLA LOGIC DIAGRAM

fg———— (LOGIC TERMS-P) —— @ O—— (CONTROL TERMS) —=

! ) ! ! I !
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° ‘ !
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te [1}4 !
HOg
Bo IR ]
Bq T - -
By—
1
B3
By ‘
Bg
Bg :
By — - +
f ]
Bg
] |
B9 |1 i i |§
T I (1} [T
?p?u(?w:g ??W fif fw????tptf c;tptf?o?tf .
]
= 8
‘xa ?; i :: Bz
e 2
—3 o (]
: DX_S_:;: [s)®
t = — 15
T %6 Tse 5
D‘:::‘lﬁ @54
X4 [sg
ST [el
4 2
| KAy Ol
| TR iy
T TSP [2]%
Xo |
3100000024 2300000018 15 c0ecee 8 7 oceeeco ( =

TBO0944S

NOTES:

1. All unprogrammed or virgin "AND" gate locations are pulled to logic "1"".

2. All unprogrammed or virgin ""EX-OR" gate locations are pulled to logic 0" .
3. # Programmable connection.
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Field-Programmable Logic Array (18 X 42 X 10)

PLHS153

ORDERING INFORMATION

THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLHS153N Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLHS153A Maximum ambient 75°C
Allowable thermal rise

ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
SYMBOL PARAMETER RATINGS UNIT The PLHS153 device is also processed to
Vce Supply voltage +7 Vbc 2:::::3 ::;::tfrnetsrage?Fl,:i:a;i::ci(f)i‘:::rtic:::
ViN Input voltage +5.5 Vbc and ordering information consult the
Vout Output voltage +55 Voc Signetics Military Data Book.
IiN Input currents -30 to +30 mA
lout Output currents +100 mA
Ta Operating free-air temperature range 0to +75 °C
Tsta Storage temperature range -65 to +150 °C

NOTE:

1. Stresses above those listed 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.

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min l Typ? ‘ Max
Input voltage?
Vi Low Vce = Min 0.8 Vv
ViH High Vce = Max 2.0 \
Vic Clamp® Vee = Min, Iy =-12mA -0.8 -1.2 v
Output voltage?
Vce = Min
VoL Low* loL = 15mA 0.5 Y
VoH High® loH =-2mA 24 v
Input current'®
Vce = Max
I Low Viy = 0.45V -100 WA
IH High VN = 5.5V 40 pA
Output current
Vce = Max
lo(oFr) Hi-Z state® Vout = 5.5V 80 WA
Vourt = 0.45V -140 pA
los Short circuit® 5 € Vour = 0.5V -15 -70 mA
Icc Vcc supply current” Ve = Max 130 155 mA
Capacitance
Vcc =5V
Cin Input Vin = 2.0V 8 pF
Cs 1710 Vg = 2.0V 15 pF
Notes on following page.
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Field-Programmable Logic Array (18 X 42 X 10) PLHS153

AC ELECTRICAL CHARACTERISTICS R =470, Ry = 1k§2, 0°C <Tp <+75°C, 4.75V < V¢g < 5.25V

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min | Typ! | Max
tep Propagation delay Output * Input Cp = 30pF 14 20 ns
toe Output enable Output - Input CL = 30pF 16 20 ns
top Output disable® Output + Input CL =5pF 14 20 ns
NOTES:
1. All typical values are at Vgo =5V, Tp=+25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one at a time.
4. Measured with +10V applied to Is.
5. Output sink current is supplied through a resistor to Vcc.
6. Duration of short circuit should not exceed 1 second.
7. Icc is measured with all pins = open or 4.5V.
8. Measured at V1 =Vg_ + 0.5V.
9. Leakage values are a combination of input and output leakage.
10. I and |y limits are for dedicated inputs only (lp-I7).
VOLTAGE WAVEFORMS TEST LOAD CIRCUITS
g e
+5V
INCLUDES SCOPE
o—=11, AND JIG
1 ] A CAPACITANCE
+30v | : By !
o——s]1, :
buT |
ov O:—o By 8 ] R2 c.
ot B I
25ns 25ns GND - =
'WF05394S
MEASUREMENTS: =
All circuit delays are measured at the + 1.5V level =
of inputs and outputs, unless otherwise specified. Tooteozs
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER 3V
tpp Propagation delay between LB xw’ x»;v %’ o
input and output.
top Delay between input change
and when output is off (Hi-Z — — - Vou
v,
toe Delay between input change L— I o
and when output reflects top =1 [<—top—>! toe

specified output level. WFOs411S
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Field-Programmable Logic Array (18 X 42 X 10)

PLHS153

LOGIC PROGRAMMING

PLHS153 logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLHS153 logic designs can also be generat-
ed using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

""AND" ARRAY -(l, B)

OUTPUT POLARITY —(B)

-

Ls018508
ACTIVE LEVEL CODE
HIGH H
(NON-INVERTING)

LS01960S
ACTIVE LEVEL | CODE
Low! L
(INVERTING)

w1 | "

w1 |

P

P o

NOTES:

1. This is the initial unprogrammed state of all links. All unused P, and D, terms must be programmed as

INACTIVE.

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

programmed for a connection.
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! P.D PD "
LS01990S LS02000S8 LS‘O!I?GS 1LS01980S
[ “state | cooE | [ STATE [ cooE | [ state [ copE | [ sTate [ copE |
| nactive2 | o | [ [ v ] | i, B v ] | pontcare' | - ]
OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
P P fusible links intact, such that:
s s 1. All outputs are at ""L" polarity.
2. All P, terms are enabled in the AND
LS020108 LS020208 arraY.
[__Pnstatus | cooe | [ Pnstatus | cooe | 3. All P, terms are inactive in the OR array.
| acmve [ A | [ mNactive' | o |
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POLARITY
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Field-Programmable Logic Array (18 X 42 X 10)

Signetics Application Specific Products @ Series 20

FPLA PROGRAM TABLE
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DESCRIPTION

The PLUS153B is a 15ns version of the
Signetics PLS153 FPLA architecture.
The Signetics state-of-the-art Oxide iso-
lated Bipolar fabrication process is em-
ployed to produce performance levels
not yet achieved in devices of this com-
plexity.

The PLUS153B is a two-level logic ele-
ment, consisting of 42 AND gates and
10 OR gates with fusible link connec-
tions for programming 1/O polarity and
direction.

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

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

The PLUS153B is field programmable,
enabling the user to quickly generate

FUNCTIONAL DIAGRAM

PLUS153B

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

Signetics Programmable Logic

Product Specification

custom patterns using standard pro-
gramming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

o Field-Programmable (Ti-W links)

e Functionally identical to, and pin-
for-pin compatible with, the
PLS153/153A, PLHS153, and the
PLUS153D

e 8 inputs
e 42 AND gates
e 10 OR gates
e 10 bidirectional 1/0 lines
© Programmable output polarity
- active-High or -Low outputs
e 42 product terms:
- 32 logic terms
- 10 control terms
o 1/0 propagation delay: 15ns (max.)
® Input loading: -100uA (max.)
e Power dissipation: 750mW (typ.)
o 3-State outputs
e TTL compatible
e Security fuse

Py Po Do Dy
I °T_[Z
]
1
1
v
B,
" -
B
o O /
Xo
S0 ‘7 ; 0Bg
o

L

AF01838S
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PIN CONFIGURATIONS

N Package
o E’_u_tE Ve
(2] [19) B,
1 [3] [18] Bg
13 [4] 7] 87
s [5] 16] Bs
15 [6] [15] B5
15 [7] [14] B,
(8] [13] By
By [8] @ B,
ano [io} 1] 8
TOP VIEW
A Package
I2 h o Vecc By
[3] [2] [7] Po] o]
i[4] : E Bg
4 [5] 17] &7
ts [6] 16] &6
s [15] Bs
i [8] E Bs
(2] [rof [n9] [a2] gl
Bo GND B; B, Bj
APPLICATIONS

o Random logic

e Code converters

o Fault detectors

e Function generators
e Address mapping

o Multiplexing

853-1286 93257
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Field-Programmable Logic Array (18 X 42 X 10) PLUS153B

FPLA LOGIC DIAGRAM

#——————— (LOGIC TERMS—P) ————————@ &—— (CONTRQC!. TIRMS) ——@
[
o] 1 Lo
w2
w[ 1
ufe
B
J[E
:
:
8y
B,
8,
By
al
B85
Bg
& |
T
B, ”
By
00000008 HOO0VVE V#J(pouéur} J0000
19| By
18| By
17| By
6 | Bg
—D- 15| B,
% s
14| 8y
13| By
1218,
1|8
i L)
3100002024 2308000316 1500c0cesy 7Tovooasse(
TB00943S
NOTES:
1. All programmed "AND" gate locations are pulled to logic "1'".
2. All “OR" gate { are pulled to logic "0".
3. & Programmable connection.
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Field-Programmable Logic Array (18 X 42 X 10)

PLUS153B

ORDERING INFORMATION

THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLUS153BN Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLUS153BA Maximum ambient 75°C
Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS! ambient to junction 75°C
SYMBOL PARAMETER RATINGS UNIT The PLUS153B device is -also processed to
Min Max military requirements for operation over the
L e e e e
Vin Input voltage +5.5 Voc Signetics Military Data Book.
Vourt Output voltage +5.5 Vbe
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Ta g;;zr:tmg free-air temperature 0 +75 oG
Tsta Storage temperature range -65 +150 °C
NOTE:

1. Stresses above those listed 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.

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min | Typ! [ Max
Input voltage?
ViL Low Ve = Min 0.8 \
ViH High Vee = Max 2.0 \
Vic Clamp Vee =Min, Iiy=-12mA -0.8 -1.2 \
Output voltage
Vee = Min
Vou Low* loL = 15mA 0.5 v
VoH High’ loH = -2mA 2.4 v
Input current'®
Vee = Max
e Low Vin = 0.45V -100
[ High Vin=5.5V 40 MA
Output current
Vce = Max
looFR) Hi-Z state® Vour = 5.5V 80 uA
Vout = 0.45V -140
los Short circuit® 5 8 Vour =0V -15 -70 mA
Ico Vg supply current’ Ve = Max 150 200 mA
Capacitance
Voo =5V
Cin Input ViN=2.0V 8 pF
Cg 170 Vg = 2.0V 15 pF
Notes on following page.
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Field-Programmable Logic Array (18 X 42 X 10)

PLUS153B

AC ELECTRICAL CHARACTERISTICS R, =470%, Ry =1kS2, 0°C <Tp <+75°C, 4.75V < Vg <5.25V

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min | Typ' | Max
tep Propagation delay Output Input + C, = 30pF 11 15 ns
toe Output enable Output — Input £ Cp = 30pF 1 15 ns
top Output disable® Output + Input + C_=5pF 11 15 ns
NOTES:

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

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

3. Test one at a time.

4. Measured with inputs lp—12 = 0V, inputs I3-15 = 4.5V, inputs |7 = 4.5V and lg = 10V. For outputs Bg-B4 and for outputs Bs-Bg apply the same conditions, except

Iz =0V.

. Same conditions as Note 5, except Iz = +10V.

. Duration of short circuit should not exceed 1 second.
. Icc is measured with inputs lg-i7 and Bg-Bg =0V.

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

5.
6.
7
8. Measured at V1= Vg + 0.5V.
9,
0.

-

VOLTAGE WAVEFORMS

. i, and Iy limits are for dedicated inputs only (lg-17).

TEST LOAD CIRCUITS

+3.0V

WF053925

MEASUREMENTS:

? Vee

+5V
= o
| |
1 ] B Ry
| [ M
o——=]1, :
buT 1
OI—> By :
B ———
1
ot Bx 1
GND =
<

INCLUDES SCOPE
AND JIG
CAPACITANCE

Co

—

All circuit delays are measured at the + 1.5V level TCO16028
of inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER +3V
tpD Propagation delay between 8 XLSV thv Xﬁv ov
input and output.
top Delay between input change
and when output is off (Hi-Z — - Vo
or High). 8 >|<‘~5" 7'/,,,~ \‘\,?
toe Delay between input change l I Vou
and when output reflects L_tpn_. [«—top—> —toe
specified output level. WFOS411S
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Field-Programmable Logic Array (18 X 42 X 10)

PLUS153B

LOGIC PROGRAMMING

PLUS153B logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software

packages. Boolean and/or state equation’

entry is accepted.

PLUS153B logic designs can also be generat-
ed using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

AND ARRAY -(l, B)

OUTPUT POLARITY - (B)

LS019508
ACTIVE LEVEL | CODE
HIGH! H
(NON-INVERTING)

ACTIVE LEVEL

LOW
(INVERTING)

NOTES:

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

left intact.
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- b— 1,8 L5 — 18
b— 15 — ’ — 5 e
P.D Q,D PD Qp,p
LS01990S LS02000S LS01970S LS01980S
STATE | copE | [ STATE [ copE | [ STATE [ copE ] [ STATE [ copE |
[ mactive? [ o | [ LB [ W ] [ i, B [ DONTCARE | - |
OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
P P fusible links intact, such that:
s s 1. All outputs are at ""H" polarity.
2. All P, terms are disabled.
L807108 LSomozos 3. All P, terms are active on all outputs.
[ PnsTaTUS T cobE [ Pnstatus [ copE |
[ actve® | A | [ mactive | o |
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PLUS153B

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

FPLA PROGRAM TABLE

POLARITY
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DESCRIPTION

The PLUS153D is a 12ns version of the
Signetics PLS153 FPLA architecture.
The Signetics state-of-the-art Oxide Iso-
lated Bipolar fabrication process is em-
ployed to produce performance levels
not yet achieved in devices of this com-
plexity.

The PLUS153D is a two-level logic ele-
ment, consisting of 42 AND gates and
10 OR gates with fusible link connec-
tions for programming 1/0O polarity and
direction.

All AND gates are linked to 8 inputs (I)
and 10 bidirectional I1/0 lines (B). These
yield variable I/0O gate configurations via
10 direction control gates (D), ranging
from 18 inputs to 10 outputs.

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

The PLUS153D is field programmable,
enabling the user to quickly generate

FUNCTIONAL DIAGRAM

PLUS153D

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

Signetics Programmable Logic

Product Specification

custom patterns using standard pro-
gramming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

e Field-Programmable (Ti-W links)

e Functionally identical to, and pin-
for-pin compatible with, the
PLS153/153A, PLHS153 and
PLUS153B

e 8 inputs
® 42 AND gates
e 10 OR gates
e 10 bidirectional 1/0 lines
e Programmable output polarity
- active-High or -Low outputs
® 42 product terms:
- 32 logic terms
- 10 control terms
® |/O propagation delay: 12ns (max.)
e Input loading: -~100uA (max.)
® Power dissipation: 750mW (typ.)
e 3-State outputs
o TTL compatible
o Security fuse

PIN CONFIGURATIONS

Py Py Do Dy
1o o—'-—-{}
i
]
1
1
l ______________________
i
|
! 1
I o'—k T
Bo n
B;
Y S,
@/\ ' | o
1 Xo
1
1
|
|
i
1
S0 : 0B
Xo uk °
- AF01838S
May 11, 1988 4-40

N Package
o E E Vee
n (2] 78] 8y
12 [3] E Bg
15 [4] 7] 87
s (5] [16] 86
15 [6] [15] Bs
15 [7] [14] B,
17 [8] [13] By
By [9] 12] B,
GND [10 11] By
CD04680S
TOP VIEW
A Package
2 h Tl Vcc By
o
15| Bs
14] B,
CD04690S

APPLICATIONS

o Random logic

e Code converters

o Fault detectors

o Function generators
e Address mapping

e Multiplexing
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Field-Programmable Logic Array (18 X 42 X 10) PLUS153D

FPLA LOGIC DIAGRAM

#————————— (LOGIC TERM$—P) ———— ————f B (CONTROL TERMS)—@

w[1H<
w2

19| B9

18| By

17| 8;

16 | B¢

15] Bg

1418y

{13 By

12|82

1|8,
=9|50

TB009435

T T

3100000024 2300000016 150000008 Tooesoe(

NOTES:

1. All programmed ""AND" gate locations are pulled to logic "1".
2. All programmed "OR" gate locations are pulled to logic "'0".
3. ¢ Programmable connection.
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Field-Programmable Logic Array (18 X 42 X 10) PLUS1563D
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLUS153DN Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLUS153DA Maximum ambient 75°C
Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Voc
ViN Input voltage +55 Vpe
Vout Output voltage +5.5 Vbc
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Ta ?a;:‘:reating free-air temperature 0 +75 oc
Tsta Storage temperature range -65 +150 °C

NOTE:

1. Stresses above those listed 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.

DC ELECTRICAL CHARACTERISTICS 0°C <T,<75°C, 4.75V < V¢ <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ‘J Max

Input voltage?
Vi Low Vg = Min 0.8 \"
Vin High Ve = Max 20 v
Vic Clamp Vee = Min, Iy =-12mA -08 -1.2 v
Output voltage?

Vee = Min
Vo Low?* loL = 15mA 0.5 \
Vou High® loH = -2mA 2.4 v
Input current!?

Vce = Max
[ Low VN =0.45V -100 MA
hH High Vin=5.5V 40 MA
Output current

Vce = Max
lo©FF) Hi-Z state® Vout = 5.5V 80 uA

Vout = 0.45V -140

los Short circuit® 5 & Vout = 0V -15 -70 mA
lec Vce supply current’ Vce = Max 150 200 mA
Capacitance

Vec =5V
Cin Input Viy=2.0V 8 pF
Cg 170 Vg =2.0V 15 pF

Notos on following page.
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Field-Programmable Logic Array (18 X 42 X 10) PLUS153D

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

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min | Typ' | Max
tep Propagation delay Output * Input * C_ = 30pF 10 12 ns
toe Output enable Output — Input * Cp = 30pF 10 12 ns
top Output disable® Output + Input + CL =5pF 10 12 ns
NOTES:

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

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

3. Test one at a time.

4. Measured with inputs lo—-lz = 0V, inputs I3—15 = 4.5V, inputs |7 = 4.5V and Ig = 10V. For outputs Bo—B, and for outputs Bs-Bg apply the same conditions, except
lz=0V.

5. Same conditions as Note 5, except Iz =+ 10V.

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

7. Igc is measured with inputs lp-17 and Bo-Bg = 0V.

8

9

0.

. Measured at Vr =Vg +0.5V.
. Leakage values are a combination of input and output leakage.
. i, and liy limits are for dedicated inputs only (lo-I7).

-

VOLTAGE WAVEFORMS TEST LOAD CIRCUITS
§ Yee
+5V
INCLUDES SCOPI
5 4 Iy s, Lo 1 AND JIG CoPE
15nst t 15ns} 1 1 a CAPACITANCE
I ] i
1 [ Byf——
+3.0V fo SU— 1y ]
ouT :
1 Bw : R2 CL
o ! Bz I
0‘—‘ Bx — =
GND = =
WF05392S J—
MEASUREMENTS: =
All circuit delays are measured at the + 1.5V level TCo16028
of inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DEFINITIONS . TIMING DIAGRAM
SYMBOL PARAMETER +3V
tpp Propagation delay between L8 xw’ Xi.sv thv o
input and output.
top Delay between input change
and when output is off (Hi-Z — — - Vo
or High). B XW f vr w
toe Delay between input change _J L_ Vou
and when output reflects L—*p,, —too— toe

WF05411S

specified output level.
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Field-Programmable Logic Array (18 X 42 X 10)

PLUS153D

LOGIC PROGRAMMING

PLUS153D logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLUS153D logic designs can also be gener-
ated using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

AND ARRAY - (I, B)

OUTPUT POLARITY - (B)

LS019508
ACTIVE LEVEL CODE
HIGH! H
(NON-INVERTING)

LS01860S
ACTIVE LEVEL | CODE
LOW L
(INVERTING)

NOTES:

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

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

left intact.
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b— 18 18 18 e
O__C_T,; — 18 18 - — 75
qJv’,u Q"’ PD (g"-"
1LS01990S LS02000S LS01970S LS01960S
[ STATE [ copE | [ state [ copE | | STATE ] copE | | STATE ] copE ]
[ macnve? | o | [ L, B [ v ] [ [ v ] [ ponTcare | - |
OR ARRAY - (B) VIRGIN STATE
A factory shipped virgin device contains all
P P fusible links intact, such that:
s s 1. All outputs are at ""H'" polarity.
2. All P, terms are disabled.
Loosoes Lsooms 3. Al P, terms are active on all outputs.
P, STATUS | CODE [ Pastatus [ cooE |
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Product Specification

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

Application Specific Products
® Series 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 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 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 controi and expansion of input
variables.

Order codes are listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS161

Field-Programmable Logic
Array (12 X 48 X 8)

Signetics Programmable Logic

Product Specification

FEATURES

e Field-Programmable (Ni-Cr Link)
o Input variables: 12 :
e Output functions: 8

e Product terms: 48

e i/0 propagation delay: 50ns (max.)
o Power dissipation: 600mW (typ.)
e input loading: -100uA (max.)

e Chip Enable input

e Output disable function

o Separate 1/0 architecture

© 3-State outputs

APPLICATIONS

e CRT display systems

o Random logic

e Code conversion

o Peripheral controllers

e Function generators

e Look-up and decision tables
e Microprogramming

e Address mapping

e Character generators

e Sequential controllers
o Data security encoders
o Fault detectors

o Frequency synthesizers

PIN CONFIGURATION

Io D—%

N TYPICAL CONNECTION

Lt}

— T R

Po Py

LDO1482S

May 11, 1988
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N Package

TOP VIEW

CD03332S.
+ Fuse Enable Pin: It is recommended that this pin
either be left open or tied to ground during normal
operation.

LOGIC FUNCTION

TYPICAL PRODUCT TERM
Po=lgelyelzelselyy

TYPICAL OUTPUT FUNCTIONS:
@CE=0:

Fo=(Pg + Py +Py) @ L= CLOSED
Fo=(Pg+P7eP2) @ L=OPEN

NOTE:

For each of the 8 outputs either the function Fp
(active-High) or F,, (active-Low) is available, but not
both. The desired output polarity is programmed via
the Ex-OR gates.

853-0313 93256
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Field-Programmable Logic Array (12 X 48 X 8) PLS161

FPLA LOGIC DIAGRAM

IBEEEEE

mé'
wa— T

LI T LI
4700 000 0403900 00032 310000002 23ceesecif (50000008 7e000e 000

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 "0".

3. ¢ Programmable connection.
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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
Maximum ambient 75°C
ABSOLUTE MAXIMUM RATINGS' -
Allowable thermal rise
SYMBOL PARAMETER RATINGS UNIT ambient to junction 75°C
Vee Supply voltage +7 Voc
ViN Input voltage +5.5 Voc
Vo Output voltage +5.5 Voc
N Input current +30 mA
lout Output current +100 mA
Ta Operating temperature range 0 to +75 °C
TsTta Storage temperature range -65 to +150 °C
NOTE:
1. Stresses above those listed may cause mal ion or p d: ge 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.
DC ELECTRICAL CHARACTERISTICS 0°C < T, <75°C, 4.75V < Vg <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min l Typ! | Max
Input voltage?
ViH High Ve = Max 2 \
Vi Low Vce = Min 0.8 v
Vic Clamp® Ve = Min, Iy =-12mA -0.8 -1.2 Y
Output voltage?
Vce = Min
VoH High* loH = -2mA 2.4 v
VoL Low® loL = 9.6mA 0.35 0.45 %
Input current
Voo = Max
I High VN = 5.5V <1 40 uA
i Low VN = 0.45V -10 -100 MA
Output current
CE = High, Vgc = Max
loorr) Hi-Z state Vour = 5.5V 1 40 HA
_ Vour = 0.45V -1 -40
los Short circuit® © CE = Low, Vour =0V -15 -70 mA
Icc Vce supply current” Vce = Max 120 170 mA
Capacitance
CE = High, Vg = 5.0V
CiN Input ViN=2V 8 pF
Cout Output Vout =2V 17 pF
Notes on following page.
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Product Specification

Field-Programmable Logic Array (12 X 48 X 8)

PLS161

AC ELECTRICAL CHARACTERISTICS R, =470, Ry =1k, C_ = 30pF, 0°C <Tp < +75°C, 4.75V < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min I Typ! | Max
Propagation delay
teD Input Output Input 35 50 ns
tce Chip enable Output Chip enable 15 30 ns
Disable time
tco Chip disable Output Chip enable I I 15 I 30 | ns
NOTES:

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

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

. Test one pin at a time.

d with a prog

. Duration of short circuit should not exceed 1 second.
. lcc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open.

LOGIC PROGRAMMING

PLS161 logic designs can be generated using
Signetics' AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS161 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

"AND'" ARRAY - (I)

1
2
3
4. Measured with V) applied to CE and a logic high stored.
5.
6.
7.

EX-OR ARRAY - (F)

d logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to Vcc.

s D_F

15022938

ACTIVE LEVEL

CODE

Low
(INVERTING)

D—

LS02304S
ACTIVE LEVEL | CODE
HIGH! H
(NON-INVERTING)

—1g 1|

o— 1

| e

Q

STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE'2 (o} ) H 1 L DON'T CARE -
LS02311S LS023218 LS02331S LS02341S
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Product Specification

Field-Programmable Logic Array (12 X 48 X 8)

PLS161

"OR" ARRAY - (F)

3
s
LS020108
[ PnsTaTUs | copE |
{ ACTIVE | |

P

s

LS020208
[ PasTaTUS | copE |
[ wmNacive | e ]

NOTES:

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

AND gates Pp.

2. Any gate P, will be unconditionally inhibited if any one of its (I) link pairs is left intact.

TEST LOAD CIRCUITS

VIRGIN STATE

The PLS161 virgin device is factory shipped
in an unprogrammed state, with all fuses
intact, such that:

1. All P, terms are disabled. (Inactive).
2. All P, terms are active on all outputs.
3. All outputs are active-High.

VOLTAGE WAVEFORMS

+3.0V
T ov
o—=|ip vee
| +5v
: FoI™ +3.0v
| but H Ry
| 1
1 F7 j—t—a
Oo—={in v
R2 C
O—=|TE GND I t
_L = = (INCLUDES WFos3928
SCOPE AND JIG MEASUREMENTS:
- CAPACITANCE) All circuit delays are measured at the + 1.5V level
TCote525 TCo1661S of inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DIAGRAM TIMING DEFINITIONS
F30V SYMBOL PARAMETER
'"P“%-s" tce Delay between beginning of
ov Chip Enable Low (with Input
cE 30V valid) and when Data Output
__XEV ./——'1'5‘, becomes valid.
ov tco Delay between when Chip
t t
! ct e co > Von Enable becomes High and
Fo-Fy 15V 15v¥ Data Output is in off state
) (Hi-Z or High).
s - = VoL
- Po—> rossors tep Delay between beginning of
valid Input (with Chip Enable
Low) and when Data Output
Read Cycle becomes valid.
May 11, 1988 4-50
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Application Specific Products
® Series 24

DESCRIPTION

The PLS162 is a bipolar, Field-Program-
mable Address Decoder. The device
consists of five AND/NAND 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 lp - l15 can be
programmed to provide the True (H),
Complement (L), or Don't Care (—)
state to each of the five AND/NAND
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 3-State outputs for ease of
expansion of input variables and applica-
tion in bus-organized systems.

Order codes are listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS162

Field-Programmable Address
Decoder (16 X 5)

Signetics Programmable Logic

Product Specification

FEATURES

o Field-Programmable (Ni-Cr link)

® 16 input variables

e 5 output functions

e Chip Enable input

e I/0 propagation delay: 30ns
(max.)

e Power dissipation: 500mW (typ.)

o Input loading: -100uA (max.)

e 3-State outputs

e Output disable function: Hi-Z

o Fully TTL compatible

APPLICATIONS

© Random logic

o Address decoders

e Code detectors

e Peripheral selectors

e Fault monitors

o Machine state decoders

PIN CONFIGURATION

4 3

Typical Connection

(:K\@

P11

7

) fo

o | F3

) I
4 &

LD012318

May 11, 1988
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N Package

i
s [Z]
Is [3]
uE’
|3E
IzE
w [T
o [2]
Fa[9]
FQE
FzE
anb [i2]

LOGIC FUNCTION

TYPICAL OUTPUT FUNCTIONS:
ACTIVE-HIGH

X=A‘B:C: ...
ACTIVE-LOW

X=A-B-C:...
X=A+B+C+ ...

NOTES:

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 is programmed via the
Ex-OR gates.

2.X, A, B, G, etc. are user defined connections to
fixed inputs (I) and output pins (F).

853-0320 93253
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Field-Programmable Address Decoder (16 X 5) PLS162

FPAD LOGIC DIAGRAM

——— (LOGIC GATES—G) ———i

i

[~]
5

-~

o

'

s

o

PTTTIIT]

&

3

V4

a1 ]

o

o

L

LD012408

NOTE:
1. All gate inputs with a blown link float to a logic "1".
2. %: Programmable connection.
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Field-Programmable Address Decoder (16 X 5) PLS162

ORDERING INFORMATION

DESCRIPTION ORDER CODE
ABSOLUTE MAXIMUM RATINGS'
SYMBOL PARAMETER RATINGS UNIT
Vece Supply voltage +7 Vbc
Vin Input voltage +55 Vbc
Vo Output voltage Off-State +5.5 Vpc
Iin Input current +30 mA
lout Output current +100 mA
Ta Operating temperature range 0 to +75 °C
Tste Storage temperature range -65 to +150 °C
NOTE:

1. Stresses above those listed may causo malfunction or permanent damage to the device. This is a stress
rating only. Functional operation at thoso or any other conditions above those indicated in the operational
and programming specification of tho dovico is not implied.

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min L Typ? | Max

Input voltage?
Vi High Ve = Max 2.0 v
ViL Low Vce = Min 0.8 \
Vic Clamp® Vee = Min, Iy =-12mA -08 | -1.2 \Y
Output voltage'

Vce = Min
VoH High® loH =-2mA 2.4 \%
Vou Low?* loL = 15mA 0.35 0.5 v
Input current

Vce = Max
I High Viy = 5.5V <1 40 LA
e Low Vin = 0.45V -10 -100 HA
Output current

Vce = Max
lo (oFF) Hi-Z state® Vour = 5.5V 1 40 uA

Vourt = 0.45V -1 -40

los Short circuit® 7 Vout =0V -15 -70 mA
lcc Ve supply current® Vee = Max 100 155 mA
Capacitance

Ve = 5.0V
Cin Input Vin = 2.0V 8 pF
Cout Output® Vour = 2.0V 15 pF

Notes on following page.
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Field-Programmable Address Decoder (16 X 5) PLS162

AC ELECTRICAL CHARACTERISTICS 0°C <Tp < +75°C, 4.75 <Vcc <5.25V, Ry = 4708, R = 1k

LIMITS
SYMBOL PARAMETER TO FROM TEST CONDITION UNIT
Min | Typ' | Max

trD Propagation delay Qutput Input CL = 30pF 20 30 ns
tce Chip enable Output Chip enable Ci = 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 Voo =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.
. Measured with V_ applied to CE and logic high at the output.
. Measured with Vi applied to CE.
. Duration of short circuit should not exceed 1 second.
. |cc is measured with the outputs open.

@NO O,
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Product Specification

Field-Programmable Address Decoder (16 X 5)

PLS162

TEST LOAD CIRCUITS

VOLTAGE WAVEFORMS

O—]

|

|

I Fo

I

1

I Fq
O—|
O]

s

||l— g

TCo16508

3.0v

INPUT>

CE

1.5V

+3.0V

~—teg —f

ov

"—-‘co—~|

CL
Fo~ Fy
= (INCLUDES
SCOPE AND JIG
CAPACITANCE)
TCO01660S

1.5V

VoH
1.5V

ety

All inputs: t =t =5ns (10% to 90%)

~--VoL

WF05521S.

LOGIC PROGRAMMING

PLS162 logic designs can be generated using
Signetics’ AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS162 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

""AND" ARRAY - (I)

OUTPUT POLARITY - (F)

G D°—'F

>~

LS023518

CODE

ACTIVE LEVEL

5023628

ACTIVE LEVEL

CODE

H

HIGH
(NON-INVERTING)

Low! L
(INVERTING)

—1 1
(J

o— | ]

{

1 |

Y

STATE CODE

STATE CODE

STATE

STATE CODE

INACTIVE'2 o)

) H |

DON'T CARE

15023708

15023808

LS023908

15024008

NOTES:

1. This is the initial unprogrammed state of all links.
2. Any gate Gy, will be unconditionally inhibited if both the True and Complement of any input (either | or B) are left intact.

VIRGIN DEVICE
The PLS162 is shipped in an unprogrammed
state, in which:

1. All P, terms are disabled. (Inactive).
2. All P, terms are active on all outputs.
3. All outputs are active-Low.

May 11, 1988
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Product Specification

Field-Programmable Address Decoder (16 X 5)

PLS162

FPAD PROGRAM TABLE

CUSTOMER NAME

PURCHASE ORDER #

CF (XXXX)

SIGNETICS DEVICE #

THIS PORTION TO BE COMPLETED BY SIGNETICS

CUSTOMER SYMBOLIZED PART &

TOTAL NUMBER OF PARTS

DATE RECEIVED

PROGRAM TABLE #

COMMENTS

Fo(14) =

F,(13) =

Fa(11) =
F;3(10) =

F4(9) =

GATE

POLARITY | ' | N | "ol o | W] T

PIN 16 | 17 18 | 19 20 | 21
NO.

22 23 1 2 3 4 5

VARIABLE
NAME

NOTES

. The FPAD is shipped with all links intact. Thus a background of entries
corresponding to states of virgin links exists in the table, shown BLANK
for clarity.

Unused | bits are normally programmed Don't Care (—).

Unused Gates can be left blank.

wnN

PROGRAM TABLE ENTRIES AND

CONTROL

INACTIVE

[HiGHh _~ H ]

[ow ¢

Dan’t Care

o

May 11, 1988
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DESCRIPTION

The PLS163 is a bipolar, Field-Program-
mable Address Decoder. The device
consists of nine AND/NAND 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 Ip - ly4
can be programmed to provide the True
(H), Complement (L), or Don't Care (—)
state to each of the nine AND/NAND
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 3-State outputs for ease of
expansion of input variables and applica-
tion in bus-organized systems.

Order codes are listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS163

Field-Programmable Address
Decoder (12 X 9)

Signetics Programmable Logic

Product Specification

FEATURES

o Field-Programmable (Ni-Cr link)
e 12 input variables

e 9 output functions

e Chip Enable input

o i/O propagation delay: 30ns
(max.)

e Power dissipation: 600mW (typ.)
¢ Input loading: -100uA (max.)

o 3-State outpuis

e Output disable function: Hi-Z

e Fully TTL compatible

APPLICATIONS

¢ Random logic

e Address decoders

e Code detectors

o Peripheral selectors

e Fault monitors

o Machine state decoders

PIN CONFIGURATION

8 7

Typical Connection

AN

1

N

1
]

A
=)
__j —Fg
Ll ~
= CE

LDO12158

Fusible Ni-Cr links are initially intact at all array cross-points.

May 11, 1988
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N Package

15 [}
I4E
13 3]
12 [4]
n (5]
1o [6]
Fs
Fr [3]
Fe [9]
Fs [10]
Fa [17]

GND {12

TOP VIEW

CD03333S

LOGIC FUNCTION

TYPICAL OUTPUT FUNCTIONS:
ACTIVE-HIGH

X=A-B-C: ...
ACTIVE-LOW

X=A-B-C-...
X=A+B+C+ ...

NOTES:

1. For each of the 9 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 () and output pins (F).
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Field-Programmable Address Decoder (12 X 9) PLS163

FPAD LOGIC DIAGRAM

#———————————— (LOGIC GATES—G) -

S

-

&

&

L DI

=

o

<

&

o

=<
Py

LDO01221S

NOTES:
1. All gate inputs with a blown link float to a logic "1".
2. ¢ Programmable connection.
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Field-Programmable Address Decoder (12 X 9) PLS163

ORDERING INFORMATION

DESCRIPTION ORDER CODE
ABSOLUTE MAXIMUM RATINGS'
SYMBOL PARAMETER RATINGS UNIT
Vece Supply voltage +7 Vbe
Vin Input voltage +55 Vpc
Vo Output voltage Off-State +5.5 Vbc
IIN Input current +30 mA
lout Output current +100 mA
Ta Operating temperature range 0to +75 °C
Tsta Storage temperature range -65 to +150 °C
NOTE:

1. Stresses above those listed 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.

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min W Typ? I Max

Input voltage
ViH High' Vo = Max 2.0 s
ViL Low’ Vce = Min 0.8 \
Vic Clamp'? Ve = Min, Iy =-12mA -08 | -1.2 v
Output voltage

Ve = Min
VoH High'® loH =—-2mA 2.4 Y
VoL Low™4 loL = 15mA 0.35 05 v
Input current

Vce = Max
IH High ViN=5.5V <1 40 uA
IiL Low Vin = 0.45V -10 -100 HA
Output current

Vce = Max
lo (oFF) Hi-Z state® Vout = 5.5V 1 40 uA

] Vout = 0.45V -1 -40 uA

los Short circuit®’ Vout =0V -15 -70 mA
[ Vce supply current® Vce = Max 120 155 mA
Capacitance

Vee = 5.0V
Cin Input ViN = 2.0V 8 pF
Court Outputs Vout = 2.0V 15 pF

Notes on following page.
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Field-Programmable Address Decoder (12 X 9) PLS163

AC ELECTRICAL CHARACTERISTICS 0°C <Tp <+75°C, 4.75 <Vgc <5.25V, Ry = 4708, Ry = 1k

LIMITS
SYMBOL PARAMETER TO FROM TEST CONDITION UNIT
Min | Typ? | Max
trD Propagation delay Output Input CL = 30pF 20 30 ns
tce Chip enable Output Chip enable CL = 30pF 20 30 ns
tco Chip disable Output Chip enable C_ = 5pF 20 30 ns
NOTES:
1. All voltage values are with respect to network ground terminal.
2. All typical values are at Vgg =5V, Ty = + 25°C.
3. Test each pin one at a time.
4.M with a prog d logic condition for which the output under test is at low logic level. Output sink current is supplied through a resistor to Vgg.
5. Measured with Vy_ applied to CE and logic high at the output.
6. Measured with V| applied to CE.
7. Duration of short circuit should not exceed 1 second.
8. Icc is measured with the outputs open.
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Field-Programmable Address Decoder (12 X 9)

PLS163

TEST LOAD CIRCUITS

R2 CL
I Fo~Fg

o—|ty VeC
| Vee
! rolre
| our H Ry
I 1
1 Fgft o
O—{iqy
O—=ICE GNo
TC016308

VOLTAGE WAVEFORMS
+3.0v
|NPD@5V
+3.0v

CE —\F.sv
— tog —f

= (NCLUDES
SCOPE AND JIG
CAPACITANCE)

TCo16405

Al inputs: t, =

f——tpp——

t;="5ns (10% to 90%)

LOGIC PROGRAMMING

PLS163 logic designs can be generated using
Signetics’ AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS163 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, efc., are defined below.

""AND" ARRAY - (I)

OUTPUT POLARITY - (F)

G D_F

15022945

ACTIVE LEVEL CODE

HIGH
(NON-INVERTING)

[>—r

LS023628

ACTIVE LEVEL CODE

Low! L
(INVERTING)

Q

o | e | e

— T
Q

STATE CODE

STATE CODE STATE

CODE

STATE CODE

INACTIVE'2 o]

DON'T CARE -

Lso2311S

15023208

15023308

15023408

NOTES:

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

2. Any gate G, will be unconditionally inhibited if both the True and Complement fuses of any input (I) are left intact.

VIRGIN DEVICE
The PLS163 is shipped in an unprogrammed
state, in which:

1. All P, terms are disabled. (Inactive).
2. All P, 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 THIS PORTION TO BE COMPLETED BY SIGNETICS

PURCHASE ORDER # CF (XXXX)
SIGNETICS DEVICE # CUSTOMER SYMBOLIZED PART #
TOTAL NUMBER OF PARTS DATE RECEIVED
PROGRAM TABLE # COMMENTS

Fo (16) =
Fq(15) =
Fy(14) =
F3(13) =
Fqs(11) =
Fs (10) =
Fg(9) =
F7(8) =
Fg (7) =

GATE INPUT
POLARITY I o lo lg iy le Is ls I3 Iy h lo

18 19 20 21 22 23 1 2 3 4 5 6

zD
oz

VARIABLE
NAME

PROGRAM TABLE ENTRIES
NOTES ,
. The FPAD is shipped with all links intact. Thus a background of entries AND 1 CONTROL

corresponding to states of virgin links exists in the table. shown BLANK - —— +--———-————=4

for clarity.

. Unused | bits are normaily programmed Don't Care (—). INACTIVE )
. Unused Gates can be left blank. ] ' H
L

~

©

1
Don’t Care

(U

)
£
-

TBO12718
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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 /O polarity and direction.

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

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

The PLS173 is field programmable, en-
abling the user to quickly generate cus-
tom patterns using standard program-
ming equipment.

Order codes are listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS173

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

Signetics Programmable Logic

Product Specification

FEATURES
o Field-Programmable (Ni-Cr links)
e 12 inputs
e 42 AND gates
e 10 OR gates
e 10 bidirectional 1/0 lines
o Active-High or -Low outputs
e 42 product terms:
- 32 logic terms
- 10 control terms
e |/O propagation delay: 30ns (max.)
o [nput loading: —-100uA (max.)
e Power dissipation: 750mW (typ.)
o 3-State outputs
e TTL compatible

APPLICATIONS

e Random logic

o Code converters

@ Fault detectors

@ Function generators
e Address mapping

o Multiplexing

PIN CONFIGURATIONS

Py Po

Dy D,

N
7
A

08,

AF054308
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N Package
1o [ ] 23] Ve
Ll E: 23] 8,
L (3] [22] B,
s E 1] 5,
1,[5] [20] B,
15[€] [19] B;
ls E 1_-—3! By
7 2] [17] B,
15 (2] 6] 8,
1, [0} 5] B,
4o (31} 73] 8,
GND (12 73] 1,y
CD03293S
A Package

N/C ls 17 le Is5 14 N/C

[ (9] [5] [#] [7] [5] [5]
N

15 [12] [4]1,
140 [13] 3]1,
GND [17 21,
134 [35] o |7t
B[] 278,
B, [1g] 7584

T EEEE
N/C By B, B; Bg B, N/C
CD03390S

LOGIC FUNCTION

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

AT OUTPUT POLARITY =L
Z=PO+PI+P2+ ...
Z=P0-Pi-P2-...

NOTES:

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

2.Z, A, B, G, etc. are user defined connections to
fixed inputs (), and bidirectional pins (B).
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Field-Programmable Logic Array (22 X 42 X 10) PLS173

FPLA LOGIC DIAGRAM

@ —————————— (LOGIC TERMS—P) ——————— @ @ —— (CONTROL TERMS) ———l

W[

23| By

2|8,

18| By

178

) 8,

5] 8,

1|8

31e0cese2s 230ceceelf 150000008 7oo0cce(

TB00941S

NOTES:

1. All programmed "AND" gate locations are pulled to logic 1",
2. Al p "OR" gate i are pulled to logic "0".
3. # Programmable connection.
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Field-Programmable Logic Array (22 X 42 X 10) PLS173
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
g;apir:l F’I.x(a’stic DIP PLS173N Maximum junction 150°C
mil-wide Maximum ambient 75°C
28-pin Plastic Leaded Allowable thermal rise
N PLS173A o
Chip Carrier ambient to junction 75°C
ABSOLUTE MAXIMUM RATINGS'
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Vbc
Vin Input voltage +5.5 Vpc
Vour Output voltage +5.5 Voc
IIN Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C
NOTE:
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a siress
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.
DC ELECTRICAL CHARACTERISTICS 0°C <Tp <+75°C, 4.75 <Vgc <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min | Typ! | Max
Input voltage?
Vi Low Vee = Min 0.8 '
Viu High Vee = Max 2.0 "
Vic Clamp? 3 Ve = Min, Iy =-12mA -08 | -1.2 Y
Output voltage
Ve = Min
Vo Low? 4 loL = 15mA _ 0.5 v
VoH High? 8 loH = -2mA 2.4 v
Input current’®
Vec = Max
e Low Vin = 0.45V -100 HA
[} High Vi =5.5V 40 uA
Output current
Ve = Max
lo(orrm) Hi-Z state® Vour = 5.5V 80 LA
Vour = 0.45V -140
los Short circuit® 5 & Vour =0V -15 -70 mA
1] Vce supply current” Vee = Max 150 170 mA
Capacitance
Voo =5V
In Input Vin = 2.0V 8 pF
Cs [V{e] Vg = 2.0V 15 pF

Notes on following page.
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Field-Programmable Logic Array (22 X 42 X 10)

PLS173

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

TEST LIMITS
SYMBOL PARAMETER TO FROM UNIT
CONDITION Min Typ Max
tep Propagation delay Output * Input * CL = 30pF 20 30 ns
toe Output enable Output - Input + C_ = 30pf 20 30 ns
top Output disable® Qutput + Input CL = 5pF 20 30 ns
NOTES:

1. All typical values are at Vcc =5V, Tp = +25°C.
2. All voltage values are with respect to network ground terminal.

3. Test one at a time.

4. Measured with V;_ applied to ly4. Pins 1-5=0V, Pins 6-10=4.5V, Pin 11 =0V and Pin 13 =10V.

5. Same conditions as Note 5 except Pin 11

. Duration of short circuit should not exceed 1 second.
. lcc is measured with I and |y =0V and Iz-1yy and Bp-

=+10V.

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

6.
7
8. Measured at V1t =Vg_ + 0.5V.
9,
10,
TEST LOAD CIRCUITS

. i and iy limits are for dedicated inputs only (lo-111).

Bg =4.5V. Part in Virgin State.

VOLTAGE WAVEFORMS

g e
+5V
INCLUDES SCOPE
o=} AND JIG
| | a CAPACITANCE
| ] ]
1 [ Syl
o — |“ :
out 1
Lo —
: Bw 8, H R2 ICL
o— =]y 1 L
GND - =
=

TC01601S

ov

+3.0V

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

Input Pulses

TIMING DIAGRAM

TIMING DEFINITIONS

SYMBOL PARAMETER

teD Propagation delay between
input and output.

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

toe Delay between input change

and when output reflects
specified output level.
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Field-Programmable Logic Array (22 X 42 X 10) PLS173

LOGIC PROGRAMMING OUTPUT POLARITY - (B)
PLS173 logic designs can be generated using

Signetics' AMAZE PLD design software or s B s B
one of several other commercially available, x D_ x D_
JEDEC standard PLD design software pack-

ages. Boolean and/or state equation entry is = =

accepted. 15019508 Lso19805

’ ACTIVE LEVEL | CODE ACTIVE LEVEL | CODE
PLS173 logic designs can also be generated HIGHT H Low T
using the program table entry format detailed (NON-INVERTING) (INVERTING)

on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

""AND" ARRAY -{(l, B)

T e ey L I L I

9,

Ls:nms 15020008 LPQ'EBYOS LS01080S8
[ stame [ copE_| [ state | cope | | STATE [ copE | [ STATE [ cooE |
[_macnive? [ o | L8 w1 | T, B o] | poNTcAaRe | -
OR ARRAY - (B) ‘ VIRGIN STATE

A factory shipped virgin device contains all

P P fusible finks intact, such that:
s s 1. All outputs are at ""H'" polarity.
2. All P, terms are disabled.

LS008 Lsoz0z0s 3. All P, terms are active on all outputs.

[ PaSTATUS | cODE | [ PasTATUS | coDE |
[ Acmive' [ a ] [ mnacive | e |

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive)
AND gates P, Dy,

2. Any gate Py, Dy, will be unconditionally inhibited if both the True and Complement of any input (1, B) are
left intact.
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PLS173

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

FPLA PROGRAM TABLE

POLARITY

TTE = :
- ]
« Ld
b
= - =
5|5 2
- e
U hed R
~ &
-— - Lll' L'l' ]
-
g - i
i
° z
- 2
~ 2
- - Lllll.l - e ek -
=]~ ]
H
- ]
- 8
- - lr.lrLlillllflrllllll!lnllr|l..l-lll..r LleLfll 5
b {8
- ]
HE = .
~ B
- lllllljl*lllLllllllllllllllilllrllLflt hd
- °
- ~
- 4444l Ll 8 A Y 0 N 6 W T A 0 I W
- -
- e
2 13
= e
INVN
rwaa “I1=l=l=l=1~1=1=12l=12 12 | 2|2 | 2| = | 2|28 |=]|n]n|a|a]|n]|s|nin|s|=s]|af2|s|2]|8|z|a]|c|c|8 )z
J18VIHVA
R —— g —— (17 m] T
auva Ay # I18VL NVHOOUd AR 1441 9 D RILE 150PON peenun (10 HET T 2uvo LN0O
A=) '
—e&!l!?ll.-!:.icx:ﬁssz.!:tus.ua JO¥INGD wer " 21
#301A30 SOLL3NDIS (A4 104 WKV Umoug) 1 aauovw] =4 2
219 o u) o1 panas o e ﬂ” 0} 3Auovm
10 PUNCIBTING § SNULL 1IN SRR (1F Ym PESENS 9 VIdS oL 'L <n ARV
3NVN HINOLSND b o oY

TB00956S
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DESCRIPTION

The PLUS173B is a 15ns version of the
PLS173 FPLA architecture. The Sig-
netics state-of-the-art Oxide Isolated Bi-
polar fabrication process is employed to
produce performance levels not yet
achieved in devices of this complexity.

The PLUS173B is a two-level logic ele-
ment consisting of 42 AND gates and 10
OR gates with fusible link connections
for programming /O 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 10 outputs.

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

The PLUS173B is field-programmable,
enabling the user to quickly generate

FUNCTIONAL DIAGRAM

PLUS4173B

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

Signetics Programmable Logic

Product Specification

custom patterns using standard pro-
gramming equipment.

FEATURES

o Field-Programmable (Ti-W links)

o Functionally identical to, and pin-
for-pin compatible with, the
PLS173 and the PLUS173D

e 12 inputs

e 42 AND gates

e 10 OR gates

© 10 bidirectional 1/0 lines

e Programmable output polarity
- active-High or -Low outputs

@ 42 product terms:

- 32 logic terms
- 10 control terms

e |I/0 propagation delay: 15ns
(max.)

@ input loading: -100uA (max.)

o Power dissipation: 750mW (typ.)

e 3-State outputs

o TTL compatible

o Security fuse

PIN CONFIGURATIONS

'ooi—i? . e, % o
.,, o_;_k ara
" 33—
-
S - oD 08,

AF01837S

N Package

TOP VIEW

A Package
N/C s 17 s s Ia.N/C

[ 9] [5] [5] [7] [e] [5]

N/C B, B,

Bg Bg By N/C
(CDO3330S|
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APPLICATIONS

o Random logic

o Code converters

e Fault detectors

e Function generators
o Address mapping

o Multiplexing
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Field-Programmable Logic Array (22 X 42 X 10) PLUS173B

FPLA LOGIC DIAGRAM

B———————— (LOGICTERMS—p) ——————————@ B (CONTROL TERMS) ————
W[
W2
s[HC
W[
u[e}
w[THC
w [
w1
w[eh
I |1 g
8,
B8y
B,
By
By
Bg T
B T T
8;
oy~
oL :
L
[sie]o]e] VC o s f? C H C
23{ By
22| By
A}mlay
198
18] B4
S - 6] 8,
LIL e,
LB .
! ']'l IRER 1415
31ececce2s 23ececeelf 150c00003 7oseoeo =
TB00341S
NOTES:
1. All programmed 'AND' gate locations are pulled to logic "1".
2. Al 'OR' gate i are pulled to logic "'0".
3. # Programmable connection.
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Field-Programmable Logic Array (22 X 42 X 10)

PLUS173B

ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
24-pin Plastic DIP 300mil-wide PLUS173BN Maximum junction 150°C
28-pin Plastic Leaded Chip Carrier PLUS173BA Maximum ambient 75°C
Allowable thermal rise o
ABSOLUTE MAXIMUM RATINGS' ambient to junction 7%
17| g | ooty e, orsetenons
ViN Input voltage +5.5 Voc Signetics Military Data Book.
Vout Output voltage +5.5 Voc
N Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating free-air temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 | °C
NOTE:

1.Stresses above those listed 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.

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min | Typ! l Max

Input voltage?
ViL Low Vce = Min 0.8 \
Vin High Vce = Max 2.0 \
Vic Clamp Vce = Min, Iy =-12mA -0.8 -1.2 \'
Output voltage?

Vee = Min
VoL Low? loL = 15mA 0.5 \Y
VOoH High® IoH = -2mA 2.4 \
Input current'®

Vce = Max
n Low VN = 0.45V -100 | uA
I High Viy =55V 40 Y
Output current

VCC = Max
lo(oFF) Hi-Z_state® Vout = 5.5V 80 uA

N Vour = 0.45V -140

los Short circuit® 5 © Vour =0V -15 -70 mA
lcc Ve supply current’” Ve = Max 150 200 mA
Capacitance

Vee =5V
Iin Input Vin = 2.0V 8 pF
Cg 170 Vg =2.0V 15 pF

Notes on following page.
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Field-Programmable Logic Array (22 X 42 X 10) PLUS173B

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

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min Typ Max
teD Propagation delay Output * Input CL = 30pF 1 15 ns
toe Output enable Output - Input * CL = 30pF 11 15 ns
too Output disable® Output + Input * CL=5pF 11 15 ns
NOTES:

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

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

3.Test one at a time.

4. Measured with inputs Ig— 14 = 0V, inputs I - lg = 4.5V, 111 = 4.5V and lyo = 10V. For outputs By - B4 and for outputs Bs - Bg apply the same conditions except
139 = OV.

5.Same conditions as Note 4 except input Iy = +10V.

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

7.lcc is measured with inputs lg—ly1 and Bo—-Bg=0V. Part in Virgin State.

8.Measured at V1 =Vg_ + 0.5V.

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

10. Iy and Iy limits are for dedicated inputs only (lp-141).

VOLTAGE WAVEFORMS TEST LOAD CIRCUITS
?Vcc
+5V
INCLUDES SCOPE
{5ns} & t {5ns} o——11, AND JIG
H ) CAPACITANCE
1 | Ry
+30v 1 1 By
O—t—=]ly :
out |
ov ° ! ~|Bw 8, | Ry o=Cp
Ol—— Bx L ]_:
WF05392S| GND -
MEASUREMENTS: ‘é‘
All circuit delays are measured at the + 1.5V level of TCO1601S.
inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER 3V

tep Propagation delay between 18 x"v Xmsv X"W o

input and output.
too Delay between input change

and when output is off (Hi-Z — — - Vo

or High). B Xlsv J/v, 15V
toe Delay between input change l L_ Vo

and when output reflects fe—tpp—=1 <—top— toe

specified output level. Wo54128
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Field-Programmable Logic Array (22 X 42 X 10)

PLUS173B

LOGIC PROGRAMMING

PLUS173B logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLUS173B logic designs can also be generat-
ed using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics’ AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

AND ARRAY - (I, B)

OUTPUT POLARITY - (B)

15019508

ACTIVE LEVEL CODE

HIGH! | H
(NON-INVERTING)

ACTIVE LEVEL

Low
(INVERTING)

9,

o

0,

"

NOTES:

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

AND gates Py, Dp.

2. Any gate Pp, D, will be unconditionally inhibited if both the True and Complement of any input (1, B) are

left intact.
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PD PD
LS01990S LS02000S LS'O!\I?OS LS01980S
[ STATE | CODE | [ STATE | copE | [ state [ copE | [ STATE | copE |
[ mactve? [ o | L 1, B [ v ] [ i,B [ v ] DONTCARE | - |
OR ARRAY -(B) VIRGIN STATE
A factory shipped virgin device contains all
P P fusible links intact, such that:
s s 1. All outputs are at '"H'" polarity.
2. All P, terms are disabled.
Lsnaores e 3. Al P, terms are active on all outputs.
[ Pnstatus | cooe | P, STATUS CODE
| ACTIVE' | a7 [ iNacTvE [ e |
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PLUS173B

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

FPLA PROGRAM TABLE

POLARITY

° 2
- - 2
-
] L
—d
" 13
- o e
L 1=15|=
of|& " e
- - =
-
~ &
— - - - Lﬁllr. - —— )
— 4
- 8
o J .
- F)
~ 2
- =
g e afen SIS 'S E N S S Sy 1 . . N i NG 0 Seul e -
|-
F
- [
© ]
~ 3
o e s e e e e S e e e e e e e e B LIITLrnILlnI
- 8
L ]
Qo -
LS -
o -
.raﬂr lrlllr.lrlllTJFlrlrllllllll-_Illlﬁlll[lllllllrlllrlr -
- -
- -
- ~
- e e ..l-iL..llui..iLl.illnT..lLILILI..ILIL_l-lllll._ILI -
- -
- 2
E3 =
z 2 ——
reea | |- “|olel~]=l=[=[=]e = |2 [= | = | 2 22 = | ool 2 || = |s [s]|n]8]= |2 5|5 || ]3]z [s|s|a }z] Samwn,
auva A3y #318VL WVHOOUd N 1) 9Q UE s [npaid pesnun T (104} E 7 3uvo LNOG
P '
-:oﬂvl.l!ooxl.llalloxqcisgn!..‘:ﬂ.ﬂd TOHINOD we k! " mw
#301A30 SOILINDIS (4340 10 WNYVG Umous) Hy ”
‘a2 v By riuaso toynue o 03  AUOVM
" L 1o o e avidasut Vi aniov
swon
INVN HINOLSND wo aNv

TB00503

4-75

May 11, 1988



Signetics

Application Specific Products
® Series 24

DESCRIPTION

The PLUS173D is a 12ns version of the
PLS173 FPLA architecture. The Sig-
netics state-of-the-art Oxide Isolated Bi-
polar fabrication process is employed to
produce performance levels not yet
achieved in devices of this complexity.

The PLUS173D is a two-level logic ele-
ment consisting of 42 AND gates and 10
OR gates with fusible link connections
for programming 1/0 polarity and direc-
tion.

All AND gates are linked to 12 inputs (1)

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

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

The PLUS173D is field-programmable,
enabling the user to quickly generate

FUNCTIONAL DIAGRAM

PLUS173D

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

Signetics Programmable Logic

Product Specification

custom patterns using standard pro-
gramming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

o Field-Programmable (Ti-W links)

o Functionally identical to, and pin-

for-pin compatible with, the
PLS173 and the PLUS173B

e 12 inputs

® 42 AND gates

e 10 OR gates

e 10 bidirectional 1/0 lines

e Programmable output polarity
- active-High or -Low outputs

® 42 product terms:

- - 32 logic terms
-~ 10 corntrol terms

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

® Input loading: - 100uA (max.)

e Power dissipation: 750mW (typ.)
e 3-State outputs

e TTL compatible

‘e Security fuse

PIN CONFIGURATIONS

.1,°-§._§ <}
o g____
U 0 j‘

AF01837S

N Package
1 [1] w Vee
w2} [23] 8,
3] 28,
1s [4] [21] &,
|5 [20] B
Is é E Bs
15[T] 18] B,
v [&] [17] B,
1s (5] g LA
1o [10] 1] 8,
1o [11 [14] B,
GND [12 %3] 1,
TOP VIEW C003293S
A Package
N/C ls 17 ls Is 14 N/C

[ [0] [5] [s] [7] [5] [5]

"['——2: \3'3
110 [13] - 3]0,
GND [14 2],
144 [38] o [T,
anE va
de‘ EB,
8. [ig] %584
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N EAEEE

N/C B; B, By Bg B; N/C

€D03390S |

APPLICATIONS

e Random logic

e Code converters

o Fault detectors

e Function generators
e Address mapping

© Multiplexing

853-1298 93257
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Field-Programmable Logic Array (22 X 42 X 10) PLUS173D

FPLA LOGIC DIAGRAM

#——————————— (LOGIC TERMS—P) ——————————8 @——— (CONTROL TERMS)——

By
B‘
8,
By
B‘
Bs
Bg
B;
By
8y
ﬁ 00 Q0 ) ) ¢ lll + 00 (JI <|7
Sy |Dg|Dg|D;7[Dg |Ds | D4 03| 02| 040
= __‘_u, Inl By
s
s,
s
D_'X D~ @ i
8] s,
D—1D— 2|8,
Xy S6
DXF:“ INI Bg
Ss
XD 1985
s s,
D—D— 18| By
Xy s
R —b 17|83
3 s
2
=P )82
s‘
=l 151 By
" s,
=D 1|8
o
3100000 e2i 230eccceelf 1500000eg 7oe00sse( -
TBO0941S

NOTES: .

- 1. All programmed 'AND' gate locations are pulled to logic "1,
2. All p d 'OR' gate i are pulled to logic "'0".
3. # Programmable connection.

May 11, 1988 4-77



Signetics Application Specific Products @ Series 24 Product Specification

Field-Programmable Logic Array (22 X 42 X 40) PLUS173D
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
24-pin Plastic DIP 300mil-wide PLUS173DN Maximum junction 150°C
28-pin Plastic Leaded Chip Carrier PLUS173DA Maximum ambient 75°C
AIIO\{vable tr!ermgl rise 75°C
ABSOLUTE MAXIMUM RATINGS' ambient to junction
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Vbc
ViN Input voltage +5.5 Vbc
Vout Output voltage +5.5 Vbc
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating free-air temperature range 0 +75 °C
TstG Storage temperature range -65 +150 °C
NOTE:

1.Stresses above those listed 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.

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min i Typ! | Max
Input voltage?
ViL Low Vcc = Min 0.8 v
Vin High Vee = Max 2.0 v
Vic Clamp Vce =Min, Iy =-12mA -0.8 -1.2 \
Output voltage?
Vce = Min
VoL Low* loL = 15mA 0.5 v
VoH High® IoH = -2mA 2.4 v
Input current®
Ve = Max
I Low Vin = 0.45V -100 MA
lin High ViN=5.5V 40 MA
Output current
Vce = Max
lo(oFF) Hi-Z state® Vout = 5.5V 80 pA
Vout = 0.45V -140
los Short circuit® 5 © Vout =0V -15 -70 mA
lcc Vce supply current” Vce = Max 150 200 mA
Capacitance
Vec =5V
Iin Input ViN = 2.0V 8 pF
Cs 110 Vg = 2.0V 15 pF

Notes on following page.
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Field-Programmable Logic Array (22 X 42 X 10) PLUS173D

AC ELECTRICAL CHARACTERISTICS 0°C <T, <+75°C, 4.75 <Vgc <5.25V, Ry =470%, Ry = 1kQ

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min Typ Max
tep Propagation delay Output * Input + CL = 30pF 10 12 ns
toe Output enable Output - Input + CL =30pF 10 12 ns
top Output disable® Output + Input * C_ = 5pF 10 12 ns
NOTES:

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

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

3. Test one at a time.

4. Measured with inputs lg— 14 = 0V, inputs Is - g = 4.5V, 17 = 4.5V and l1g = 10V. For outputs Bg - B4 and for outputs Bs~ Bg apply the same conditions except
ly3 =0OV.

5. Same conditions as Note 4 except input |11 = +10V.

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

7.1cc is measured with inputs lg— 147 and Bg—Bg=0V. Part in Virgin State.

8. Measured at V1 =Vg_ + 0.5V.

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

10. I, and |y limits are for dedicated inputs only (Ip - l41).

VOLTAGE WAVEFORMS TEST LOAD CIRCUITS

§ee
+5V
INCLUDES SCOPE
1 AND JIG
1 1 CAPACITANCE
1 \ . R,
+3.0V 1 ] By
o——el]i, :
out |
O] ]
ov : Bw Y R2 IcL
o——+]ay L
GND = =
'WF053925|
MEASUREMENTS: -J,-
All circuit delays are measured at the + 1.5V level of TC01601S
inputs and outputs, unless otherwise specified.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER v
tpD Propagation delay between L8 :X‘“"" Xw X"sv ov
input and output.
top Delay between input change
and when output is off (Hi-Z — — - Vo
or High). B X,,sv j{ v \\tv
toe Delay between input change | I Vou
and when output reflects le—tpp—i [+—top— toe
specified output level. WFos4128
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Field-Programmable Logic Array (22 X 42 X 10) PLUS173D

LOGIC PROGRAMMING OUTPUT POLARITY -(B)
PLUS173D logic designs can be generated

using Signetics' AMAZE PLD design software s D B s 5
or one of several other commercially avail- X x D—
able, JEDEC standard PLD design software

packages. Boolean and/or state equation = =

entry is accepted. s | e

ACTIVE LEVEL | CODE ACTIVE LEVEL | CODE
PLUS173D logic designs can also be gener- HIGH" H Low L
ated using the program table entry format (NON-INVERTING) (INVERTING)

detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

AND ARRAY -(l, B)

T e . S I IR o, i IS

b— 18 |
(IJP,D PD ng.D Q”'D
LS01990S 15020008 Lso18708 LS01880S
[ STATE [ copE | [ STATE [ CODE | [ statE T cooE | [ state T copE |
|_mactive® [ o ] [ |, B v ] [ B [t ] | DONTCARE | -
OR ARRAY -(B) VIRGIN STATE

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

s s 1. All outputs are at ""H'" polarity.
2. All P, terms are disabled.

P P

Lsozones Lsozoms 3. All P, terms are active on all outputs.
P, STATUS CODE [ Pastatus [ copE |
[ actve® | a | | mactive | e ]

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive)
AND gates Py, Dp.

2. Any gate Pp, Dy, will be unconditionally inhibited if both the True and Complement of any input (I, B) are
left intact.
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POLARITY
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DESCRIPTION

The PLC473-60 is a two-level logic
CMOS Erasable Programmable Logic
Device (EPLD) consisting of 24 AND
gates and 22 OR gates with EPROM cell
connections for programming |I/O polari-
ty and direction. The Signetics state-of-
the-art Floating-Gate CMOS process is
used to produce UV erasable and One
Time Programmable (O.T.P.) versions of
the PLC473.

All AND gate inputs are linked to 11
dedicated input pins (lp—110) and 9 bi-

~ directional 1/0 pins (Bg - Bg). These bi-
directional pins are controlled via the OR
array. Employing the 2 dedicated out-
puts (Oa-Og) and the programmable
170 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 (lx) and the bidirectional signals
(Bx) as programmable connections to

FUNCTIONAL DIAGRAM

PLC473-60

Erasable and O.1.P.
Programmable Logic Array

(20 X 24 X 11)

Signetics Programmable Logic

Product Specification

FEATURES

o Electrically Programmable; UV
erasable and One Time
Programmable (O.T.P.) versions
available

e 11 dedicated inputs
e 2 dedicated outputs
e 9 bidirectional 1/0 lines
e 24 product terms
e |/0 direction decoded in OR
array
e I/0 propagation delay: 60ns
(max.)
o Input loading: ~10uA (max.)
o Power dissipation:
- CMOS ‘inputs: 53mA max at
15MHz
- TTL inputs: 60mA max at
15MHz
e Output: 3-State condition
decoded in OR array
e TTL and CMOS compatible

23

1_

]

~J

v

{

Bo

Og

Oa

o
1

%
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PIN CONFIGURATIONS

FA and N Packages

1o [1]
4 [Z]
1 (3]
1, [4]
1,[5]
1 (6]
16[7]
1 E]
s (2]
1, [30]
1o (0]
ano [12]

CD052938
FA = Ceramic with window (erasable)
N =Plastic (O.T.P.)

A Package

Ig 1z le NC s Is I3

mmmrﬂmmm‘

1o [12 [4]12
o E zl I
oo [ia a
Nc [i5 o T]Nnc
By E 28] Voo
82 [ig} %] 5,

N EE
By By Op NC Op Bs Bg
CD03391S
NOTE:
A = Plastic Leaded Chip Carrier

APPLICATIONS

e Random logic

e Code converters

o Fault detectors

e Function generators
e Address mapping

o Multiplexing
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Erasable and O.T.P. Programmable
PLC473-6
Logic Array (20 X 24 X 14) C473-60

FPLA LOGIC DIAGRAM

(LOGIC TERMS-P)——————————=

T]wmu,,

2 ®

00000007 t#)é:f:t:&:t)ﬁ: UU0Y00YC

Dg —D
S° A N
oy :>——1
S7 —D—p @ B7
Dg DT
S D—_l
Ds D_xs 81 @ Be
Ss DD —20] 85
Ds D_s._l
Sa Dx_—:h' E Bs
D 4
3 D___l
s D> e
D2 $Lj
Sz D —hp {15] &2
Dy D-l-j
St D—mp —{33) &4
Do p*]
So on—"i 13] Bo
Es D—
Ss D-':l
Ea S ‘El Os
o MY
XA 18| Oa
23 ¢ o o o o o 16 15 ¢ o o o o o 8 7 o o e 0 0 o A:.-
LD02630S

NOTES:

1. All programmed ""AND" gate locations are pulled to logic "'1".
2. All programmed "OR" gate locations are pulled to logic "0".
3. # Programmable connection.
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Erasable and O.T.P. Programmable
Logic Array (20 X 24 X 11)

PLC473-60

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' 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 func-

ORDERING INFORMATION

tions. In addition, the 1/0 configuration of
each bidirectional pin is individually controlled
by a sum-of-products (AND-OR) function
which may also contain any of the 24 AND
gate outputs. This allows dynamic I/O config-
uration of all 9 bidirectional pins.

The PLC473-60 is field programmable using
Floating-Gate Ultraviolet Erasable Cells. The
UV erasable version is available in a ceramic
DIP (300mil-wide) with a quartz window. One
Time Programmable versions are available in
plastic DIP and PLCC.

LOGIC FUNCTION

TYPICAL PRODUCT TERM:
Pn=A-B-C-D* ...
TYPICAL LOGIC FUNCTION:
AT OUTPUT POLARITY =H
Z=P0O+P1+P2...

AT OUTPUT POLARITY =L
Z=POFPTI+P2¥ ...
Z=P0-Pi-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 prdgrammed
via the EX-OR gates.

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

idirecti pins (B).

DESCRIPTION ORDER CODE

24-pin Ceramic DIP with Window (300mil-wide) PLC473-60FA

24-pin Plastic DIP (300mil-wide) PLC473-60N

28-pin Plastic Leaded Chip Carrier (PLCC) PLC473-601

ABSOLUTE MAXIMUM RATINGS'

SYMBOL PARAMETER RATINGS UNIT NOTES:
Vee Supply voltage +7 Vbe
VIN Input voltage Vce + 0.5 Vbc
Vourt Output voltage Vec +0.5 Vbc
N Input currents -30 to +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 to +70 °C
Tste Storage temperature range -65 to +150 °C

NOTE:

1. Stresses above those listed 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.

May 11, 1988
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Product Specification

Erasable and O.T.P. Programmable

Logic Array (20 X 24 X 11)
DC ELECTRICAL CHARACTERISTICS 0°C <Tp <+70°C, 4.75 <V < 5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min | Typ! l Max
Input voltage?
Vi Low Vce = Min -03 0.8
Vi High Vce = Max 2.0 Vgc + 0.3 \
Output voltage?
Vce = Min
VoL Low loL = 8mA 0.45 \
VoH High loH =-3mA 24
Input current?
I Low Vin = GND -10 A
" High Vin = Voe 10
Output current
lo(oFF) Hi-Z state’ Vout = Vee 10 uA
Vout = GND -10 MA
los Short circuit® & Vout = GND -15 -70 mA
) Ve supply current No load, f=15MHz, CMOS inputs 53 mA
cc (Active) > 8 Vee = Max TTL inputs 60 mA
Capacitance
Ve =5V
Cin Input Vin = 2.0V 6
Cg 170 (bidirectional) Vg = 2.0V 12 pF
NOTES:
1. All typical values are at Vgg =5V. Tp = +25°C.
2. All voitage values are with respect to network ground terminal.
3. Test one at a time.
4.CMOS inputs: V| =GND, V|4 =Vcc
TTL inputs: V)= 0.45V, Vi =24V
5. Measured with all inputs and outputs switching.
6. Duration of short circuit should not exceed 1 second.
7. Leakage values are a combination of input and output leakage.
8. Refer to Figure 1 for Igc vs frequency specifications (worst case).
9. Pin 1 (Vpp) has a leakage current of +100uA.
AC ELECTRICAL CHARACTERISTICS 0°C <Ta<+70°C, 4.75 <Vgc <5.25V, Ry = 4708, Ry = 1kQ
LIMITS
SYMBOL PARAMETER TO FROM TEST CONDITION UNIT
Min Max
trD Propagation delay Output * Input £ Cp = 30pF 60 ns
toe Output enable Output ~ Input + C = 30pF 60 ns
top Output disable’ Output + Input * CL=5pF 60 ns
NOTE:
1. Measured at V1 =Vg_ +0.5V.
May 11, 1988 4-85




Signetics Application Specific Products @ Series 24

Product Specification

Erasable and O.T.P. Programmable
Logic Array (20 X 24 X 11)

PLC473-60

TIMING DIAGRAM

TIMING DEFINITIONS

 — " Vou
° K AR
Voo
ot — ety —| —t
PD oD OE

WF05412S

SYMBOL PARAMETER

trD Propagation delay between
input and output.

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

toe Delay between input change

and when output reflects
specified output level.

+3.0v

WF053928

MEASUREMENTS:

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

70
Iy
2
S e0
5 TTL INPUTS
g L="""_ CMOS INPUTS
<
g |
w 40
E
<
g %0
20 !
01 5 10 15
MAXIMUM FREQUENCY (MHz)
0P19991S

NOTES:

1. Tested with all outputs switching.
2. Tested with TTL inputs (worst case).

Figure 1. Dynamic Icc vs Frequency

Input Pulses
TEST LOAD CIRCUITS
?Vcc
+5V
INCLUDES SCOPE
Lonnane 1 AND JIG
1 1 CAPACITANCE
] 1 s
1 I Y
O—t—ef 1y ]
1
1
= Bw ! c
1 By p—— I L
ot By oy b——
GND = =
=

TC02680S
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LOGIC PROGRAMMING

PLC473-60 logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLC473-60 logic designs can also be gener-
ated using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.
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Product Specification

Erasable and O.1.P. Programmmable
Logic Array (20 X 24 X 11)

PLC473-60

OUTPUT POLARITY - (O, B)

ACTIVE LEVEL | CODE
L

TC02561S

[ ACTIVE LEVEL | cooE |
[ HIGH' [ w1

TC02571S

"AND" ARRAY -(l, B)

S

[_stae [ cooe | [ state T cooe | [ state T coue |
[ oonTcare | - | [ macve [ o | L we [ w | -
Tcoz601S TC026325 Jco26108 Tcoze208

"OR'" ARRAY -(O, B)

P

s
[ PastATUS [ cooe
INACTIVE | » |

TCo2581S

[ PasTATUS
[ acmive

[ copE |
[~ ]

TC025908

NOTES:

1. This is the initial unprogrammed state of all link pairs.
2. Any Product Term (P,,) will always be False (logic low) if at least one of its (I,B) link pairs is unprogrammed

as shown.

ERASURE CHARACTERISTICS

(FOR FA PACKAGE ONLY)
The PLCA473 is erased by exposure to ultra-
violet light. The recommended erasure
procedure is exposure to short-wave ultra-
violet light which has a wavelength of 2537
Angstroms (,3‘). The integrated dose (i.e.,
UV intensity X exposure time) for erasure
should be a minimum of 15Wsec/cm®.

May 11, 1988

The erasure time with this dosage is
approximately 15 to 20 minutes using an
ultraviolet lamp with 12,000uW/cm? power
rating.

The PLC473 should be placed within one
inch of the lamp tubes during erasure.
The maximum integrated dose a PLC473
can be exposed to without damage is
7258Wsec/cm? (1week @ 12,000uW/cm?).
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VIRGIN STATE

A factory shipped virgin device is configured

such that:

1. All outputs are at ""H" polarity.

2. All P, terms are inactive in the AND
array.

3. All P, terms are active in the OR array.

Exposure of this CMOS EPROM to high-
intensity UV light for longer periods may
cause permanent damage. Some erasure
may occur with exposure to light sources
having wavelengths shorter than 4,000 such
as sunlight or fluorescent light. For maximum
system reliability, precautions should be
taken by placing opaque labels over the
quartz window when used in these environ-
ments.
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AND OR
CUSTOMER NAME
PURCHASE ORDER # — - ATIVE 12 o
SIGNETICS DEVICE # — i [NACTIVE {°
3 H
CUSTOMER SYMBOLIZED PART # 3 " 18(1) CONTROL
TOTAL NUMBER OF PARTS -
DON'T CARE |— HIGH
PROGRAM TABLE # REV DATE s (POL)
Low
[T T T T T TTT1
T AND T OR
H ' B () E E )
Mlwo|ols|7|6]s5|a|3 1|0 4 MIelale|7]6]s]alalz]1]o0
o 0
1 1
2 2
3 3
4 4
5 5
6 6
7 7
8 8
9 9
10 10
11 11
12 12
13 13
14 14
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
PIN |11 ]10| 9 8 7 6 5]4 2 1 17
Notes:
1. The EPLA is shipped with all links intact.
w 2. Unused | and B bits in the AND array should be
5 programmed as Don’t Care (-).
;g 3. Unused product terms should be programmed in
£g the OR array.

4. Al product terms are active in the OR array
in the virgin state.
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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 1/0O 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 PLHS473 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 PAL® device archi-
tectures or most macrocell architec-
tures). 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 I/O configuration of each
bidirectional pin is individually controlled
by a sum-of-products (AND-OR) function
which may also contain any of the 24
AND gate outputs. This allows dynamic

FUNCTIONAL DIAGRAM

PLHS473

Field-Programmable Logic
Array (20 X 24 X 11)

Signetics Programmable Logic

Product Specification

170 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™) fyses to program
the cells. This enables the generation of
custom logic patterns using standard
programming equipment.

Order codes are listed in the Ordering
Information Table.

FEATURES

o Field-Programmable

o 11 dedicated inputs

e 2 dedicated outputs

e 9 bidirectional 1/0 lines

e 24 product terms

e 22 OR gates

e |1/0 direction decoded in OR array

e Output Enable decoded in OR
array

e Security fuse
e |/O propagation delay: 22ns (max.)

|1o*§

(7

too——f

B .

B .

%p

Oa

1LD02645S

PIN CONFIGURATIONS

N Package

10 0]
L7}
l,E
15 [4]
W [E]
15[6]
lGE
4 [2]
15 (2]
1 [19]
o 1]

GND {12

CD05294S
A Package

NC & b ) 1), N/C

[ [6] [3] [8] [7] [+] []

. [i2] af
o [13] af
oo ig) ap
B, 15} o 1]t
8+ [1e} 28] v,
B’E Bg
B3[18 [26]8,

o] Tl ] (o] (] T T
N/C By Oap Opg Bs Bg N/C
CD05300S

e Input loading: -100uA (max.)

e Power dissipation: 700mW (typ.)
e Security fuse

e Testable in unprogrammed state

® Programmable as 3-State or
Open-Collector outputs

e TTL compatible
e Programmable output polarity

APPLICATIONS

e Random logic

e Code converters

e Fault detectors

e Function generators
e Address mapping

e Multiplexing

PAL is a trademark of Monolithic Memories, Inc., a wholly owned subsidary of Advanced Micro Devices, Inc.

May 11, 1988
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Field-Programmable Logic Array (20 X 24 X 11) PLHS473

FPLA LOGIC DIAGRAM

X {z] es
;il' {22) &
;il- {21] 86
—\‘L {20] 8s

Xs ;Jk {37] 84
b
bb
b

X774

X¢~]

X3
X2 Jlislﬂz
X1 14| By
Xo~Y @'0
19| Op
18] Oa
230 ¢ o ¢ ¢ 016 150 0 0 0 0 08 7 e e o000 00 =
10026308

NOTES:

1. All unprogrammed or virgin "'AND" gate locations are pulled to logic
2. All unprogrammed or virgin ""OR"" gate locations are pulled to logic *
3. 7 Programmable connection.
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Field-Programmable Logic Array (20 X 24 X 14) PLHS473
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
ggbpr::l;lizsetlc DIP PLHS473N Maximum junction 150°C
Maximum ambient 75°C
28ipin Plzfstic Leaded PLHS473A Allowable thermal rise 75°C
Chip Carrier ambient to junction
ABSOLUTE MAXIMUM RATINGS' LOGIC FUNCTION
SYMBOL PARAMETER RATINGS UNIT TYPICAL PRODUCT TERM:
v Supply voltage +7 v Pn=A-B-C-D- ...
ce PPy 9 be TYPICAL LOGIC FUNCTION:
Vin Input voltage +5.5 Vbc A'l'zg\;';P:l;1"+0;~;\RlTV= H
Vour Output voltage +55 Voc AT OUTPUT POLARITY =L
Iin Input currents -30 to +30 mA if;%.’s?.%’.“
lout Output currents +100 mA NOTES:
Ta Operating free-air temperature range 0to +75 °C 1‘(‘:,:’c'ﬁfj_ﬂ}g;’; o‘rhg (;;ﬁfe‘fﬁ;’ﬁ'i::\',‘:i:ag}';f&"mzt
TsTa Storage temperature range -65 to +150 °C S;;"‘g,,l”;x,%e;"ggt:;‘,‘p“‘ polarity s programmed
2.Z, A B, C, etc. are user defined connections to
NOTE: fixed inputs (1), fixed output pins (0) and
1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress bidirectional pins (B).

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.

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min J Typ‘—[ Max

Input voltage?
Vi Low Vce = Min 0.8 \
VIH High Voo = Max 2.0 \
Vic Clamp® Vee = Min, Iy =-12mA -08 | -1.2 Y
Output voltage?

Ve = Min
VoL Low? loL = 15mA 0.5 \%
VoH High® loH =-2mA 2.4 \Y
Input current

Vce = Max
I Low Vin = 0.45V -100 MA
iy High Vin = 5.5V 40 HA
Output current

Vce = Max
lo(oFF) Hi-Z state® Vout = 5.5V 40 HA

Vourt = 0.45V -100 HA

los Short circuit® % 8 Vout = 0.5V -15 -70 mA
Ico Vcc supply current’ Ve = Max 140 155 mA
Capacitance

Vec =5V
In Input Vin = 2.0V 8 pF
Cg 170 Vg = 2.0V 15 pF

Notes on the following page.
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Product Specification

Field-Programmable Logic Array (20 X 24 X 11)

PLHS473

AC ELECTRICAL CHARACTERISTICS 0°C <Ta<+75°C, 4.75 <Vgc <5.25V, Ry =4708), Ry = 1k

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min Typ Max
teD Propagation delay Output + Input £ C = 30pF 15 22 ns
toe Output enable Output - Input + Cy = 30pF 15 22 ns
top Output disable® Output + Input + CL = 5pF 15 22 ns
NOTES:
1. All typical values are at Voo =5V, Tp= +25°C.
2. All voltage vaiues are with respect to network ground terminal.
3. Test one at a time.
4. Measured with inputs 0-4 =0V, inputs 5, 7 =4.5V, and inputs 6, 8—10 = 10V.
5. Same conditions as Note 5 except input 8 = 4.5V.
6. Duration of short circuit should not exceed 1 second.
7. Icc is measured with all inputs and bidirectional pins at 4.5V. Part in Virgin State.
8. Measured at V1 =Vg_ +0.5V.
9. Leakage values are a combination of input and output leakage.
VOLTAGE WAVEFORMS TEST LOAD CIRCUITS
? Vee
+5V
o INCLUDES SCOPE
{sns} Yt Yy—eiSns} 1 lo AND JIG
| | CAPACITANCE
+3.0V : : By
e~ DUT i
1
| Bw B, ! Co
ov ! —
o——e{8, ox f——o
GND = =
WF052925
MEASUREMENTS: 'é'
All circuit delays are measured at the + 1.5V lovel TC026815
of inputs and outputs, unless otherwise spocifiod.
Input Pulses
TIMING DEFINITIONS TIMING DIAGRAM
SYMBOL PARAMETER +3v
L8 * 15V XISV Xt.sv
trD Propagation delay betwoen ov
input and output.
top Delay between input change
and when output is off (Hi-Z =~ " Vou
or High). 8 xw 7|/Vr \‘\‘3’
I VoL
toe Delay between input change R I . l .
— o1y
and when output reflects =="p0 oo oE
specified output level. wrosi12s

May 11, 1988
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Product Specification

Field-Programmable Logic Array (20 X 24 X 11)

PLHS473

LOGIC PROGRAMMING

PLHS473 logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLHS473 logic designs can also be generat-
ed using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

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

OUTPUT POLARITY

= (O, B)

Tcozs785

ACTIVE LEVEL

CODE

HIGH
(NON-INVERTING)

H

TC02564S
ACTIVE LEVEL | CODE
Low! L
(INVERTING)

[sware ] cose |
oowtoame |- |

TC026008

wo—tp_ | "

oot |
werver o ]

STATE

TC02630

s T oo |
e T w]

TC026108

P
s ] oo |
s [ ]

TC026208

OR ARRAY - (0O, B)

VIRGIN STATE

P

s
{__P.STATUS | coDE |
U mnactve' [ o |

TC025808

P
s
[ PnsTATUS [ cODE | 3.
L acve [ A |

TC02591S

NOTES:

1. This is the initial unprogrammed state of all links. All unused Py, and Dy, terms must be programmed as

INACTIVE.

2. Any gate P, will be unconditionally inhibited if the True and Complement of either input (I or B) are both

programmed for a connection.

May 11, 1988
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A factory shipped virgin device contains all
fusible links intact, such that:

1. All outputs are at "L polarity.

2. All P, terms are enabled in the AND
array. (Don't Cares)

All P, terms are inactive in the OR array.
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S0961081

AND OR
CUSTOMER NAME 7
ACTIVE | A
PURCHASE ORDER # =T B(0)
INACTIVE | o
SIGNETICS DEVICE # ___ CF (XXXX)._— . "
, H
CUSTOMER SYMBOLIZED PART # 3 el CONTROL
TOTAL NUMBER OF PARTS T
DON'T CARE |~ HIGH "
PROGRAM TABLE # REV DATE LOW T{Pou POLARITY
T AND : OR
5 i 8 () El € o 0 B (0)
Miw[s[s[7]6|slaJala]1]o|s]7]|6]s]ala]a]r]ol™[Blale]lz]els]alalz]r]ole]|alelz]als]|alalz]r]o
[ 0
1 1
2 2
- 3 3
a )
5 5
6 6
7 7
[] )
9 9
10 10
1 1
12 12
13 13
14 1
15 15
16 16
17 17
18 18
19 19
20 20
21 21
22 22
23 23
pnJ11j10[ 98|72 |6|s5|alal2]|1]f2s]22[20]20{17[16[15[1a]13 19 |18| 23] 22| 21|20 17|16 [ 15| 14|13
Notes
w 1. The FPLA is shipped with all links open.
2 2. Unused I and B bits in the AND array exist as
w Don't Care (-) in the virgin state.
5; 3. All P-terms are inactive on all outputs (B, O) in the
> virgin array.
4. Unused product terms can be left blank.
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Signetics

Application Specific Products
® Series 28

DESCRIPTION

The PLS100 (3-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 3-state outputs for ease of expan-
sion of product terms and application in
bus-organized systems.

Order codes are listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

Product Specification

FEATURES

o Field-Programmable (Ni-Cr link)
e Input variables: 16

e Output functions: 8

© Product terms: 48

® I/0 propagation delay: 50ns
(max.)

e Power dissipation: 600mW (typ.)
o Input loading: ~100uA (max.)
e Chip Enable input
e Output option:
- PLS100: 3-State
- PLS101: Open-Collector
e Output disable function:
- 3-State: Hi-Z
- Open-Collector: High’

APPLICATIONS

e CRT display systems

e Code conversion

o Peripheral controllers

¢ Function generators

e Look-up and decision tables
e Microprogramming

® Address mapping

e Character generators

o Data security encoders

® Fault detectors

® Frequency synthesizers

e 16-bit to 8-bit bus interface
¢ Random logic replacement

PLS100,/PLS101

Field-Programmable Logic
Array (16 X 48 X 8)

Signetics Programmable Logic

PIN CONFIGURATIONS

0 o—1%

4 §@wmm CONNECTION

h

his

TYPICAL CONNECTION E] E

G ]

:’D_ Fo

Sg

vy

D

Po  Pq

W

-
Paz ] @

LDO1481S
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N Package

CD042845

t Fuse Enable Pin: It is recommended that this pin
either be left open or connected to ground during
normal operation.

A Package

fE 5
GND [14] B
2 ] oks
F2 [1e] f2s]Vee
Fy E E lg
Fo [ %]

W EEE &
CE Iys l1a M3 h2 hy Yo
TOP VIEW

CDo4271S
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Signetics Application Specific Products @ Series 28

PLS100/PLS101

Field-Programmable Logic

Array (16 X 48 X 8)

FPLA LOGIC DIAGRAM

(LOGIC TERMS:

o] [o] [~] [¢] [«
L T N 2

e

| [ [N
» »

PP

fio]F,

Xy

o

I 2

h2

h3

(M

s

47000000480 3000000032310 00c002i2300c0c0coelB1560 060008 7Too0eeosel

LDO1450S

2. All OR gate inputs with a blown fuse float to logic

3. # Programmable connection.

1. All AND gate inputs with a blown link float to a logic

NOTES:

4-96
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Product Specification

Field-Programmable Logic
Array (16 X 48 X 8)

PLS100/PLS101

ORDERING INFORMATION

The PLS100 device is also processed to

military requirements for operation over the
DESCRIPTION TRI-STATE OPEN-COLLECTOR military temperature range. For specifications
28-pin Plastic DIP 600mil-wide PLS100N PLS101N and ordering information consult the
- - " 5 Signetics Military Data Book.
28-pin Plastic Leaded Chip Carrier PLS100A PLS101A
ABSOLUTE MAXIMUM RATINGS' THERMAL RATINGS
SYMBOL PARAMETER RATINGS UNIT TEMPERATURE
Vce Supply voltage +7 Vpc Maximum junction 160°C
ViN Input voltage +5.5 Voc Maximum ambient 75°C
Vo Output voltage +5.5 Voc Allowable thermal rise
In Input current +30 mA ambient to junction 75°C
lout Output current +100 mA
Ta Operating temperature range 0to +75 °C
Tsta Storage temperature range -65 to +150 °C
NOTE:
1. Stresses above those listed 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.
DC ELECTRICAL CHARACTERISTICS 0°C <Tp<+75°C, 4.75V < Vg <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min | Typ! ] Max
Input voltage?
ViH High Vce = Max 2 \
Vi Low Vce = Min 0.8 \
Vic Clamp? 3 Ve = Min, Iy =-12mA -0.8 -1.2 v
Output voltage?
Ve = Min
Vou High (PLS100)* loH = -2mA 2.4 v
VoL Low’ loL = 9.6mA 0.35 0.45 \
Input current
liH High Viy = 5.5V <1 25 MA
e Low Vin = 0.45V -10 -100 HA
Output current
lo(oFF) Hi-Z state (PLS100) CE = High, Vcc = Max
Vour = 5.5V 1 40 MA
Vout = 0.45V -1 -40
los Short circuit (PLS100)% © CE = Low, Vout =0V -15 -70 mA
lcc Ve supply current’ Vee = Max 120 170 mA
Capacitance
CE = High, Vcc = 5.0V
Cin Input Vin = 2.0V 8 pF
Cout Output Vour = 2.0V 17 pF
Notes on following page.
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Field-Programmable Logic PLS100/PLS101
Array (16 X 48 X 8) / °

AC ELECTRICAL CHARACTERISTICS R, =470%, R, = 1k, C_ = 30pF, 0°C < Tp < +75°C, 4.75V < Vg <5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min 1 Typ? l Max
Propagation delay
trp Input Output Input 35 50 ns
tce Chip enable Output Chip enable 15 30 ns
Disable time
tco Chip disable Output | chip enable | | 15 [ 30 [ ns
NOTES:
1. All values are at Vgc =5V, Ta= +25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one pin at a time.
4. Measured with V)_ applied to CE and a logic high stored.
5. 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.
6. Duration of short circuit should not exceed 1 second.
7. lcc is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open.
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Field-Programmable Logic

Array (16 X 48 X 8) PLS100/PLS101

LOGIC PROGRAMMING OUTPUT POLARITY - (F)
PLS100/PLS101 logic designs can be gener-

ated using Signetics' AMAZE PLD design s D_ F s D_‘
software or one of several other commercially

available, JEDEC standard PLD design soft-
ware packages. Boolean and/or state equa-

tion entry is accepted. Ls022055 15022055

PLS100/PLS101 logic designs can also be ACTIVE LEVEL | CODE ACTIVE LEVEL | CODE

generated using the program table entry for- Low L HIGH! H
(INVERTING) (NON-INVERTING)

mat detailed on the following pages. This
program table entry format is supported by
the Signetics' AMAZE PLD design software
(PTP module). AMAZE is available free of
charge to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

""AND'"'" ARRAY - (I)
o T e | e | [,
Q S Q )

STATE CODE STATE CODE STATE CODE STATE CODE
INACTIVE'2 (o] ) H [ L DON'T CARE —_
LS02311S LS023218 LS02331S LS02341S8

"OR'" ARRAY - (F)

P P
s s
15020108 15020208
[ PosTaTUs [ copE | P, STATUS CODE
[ acmve' | A | [ nacTive [ e ]

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive)
AND gates Py,

2. Any gate P, will be unconditionally inhibited if any one of its (I) link pairs is left intact.
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Field-Programmable Logic
Array (16 X 48 X 8)

PLS4100/PLS101

TEST LOAD CIRCUITS

VOLTAGE WAVEFORMS

O

|

|

|

|

|

|
O—={l15
O—s|

Fo

Tco1651S

+5v

Ry

R2 CL

= (INCLUDES
SCOPE AND UIG
CAPACITANCE)
TCO1661S

ov

+3.0V

WF053928

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

Input Pulses

TIMING DIAGRAM

TIMING DEFINITIONS

+3.0V

ov

+3.0V

ov

VoH
1.5V ;[

T —

Read Cycle

= VoL

WF06502S

SYMBOL PARAMETER

tce Delay between beginning of
Chip Enable low (with Input
valid) and when Data Output
becomes valid.

tco Delay between when Chip
Enable becomes High and
Data Output is in off state
(Hi-Z or High).

trD Delay between beginning of
valid Input (with Chip Enable
Low) and when Data Output
becomes valid.

May 11, 1988
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VIRGIN STATE

The PLS100/101 virgin devices are factory
shipped in an unprogrammed state, with all
fuses intact, such that:

1. All P, terms are disabled (inactive), in the
AND array.

2. All P, terms are active in the OR array.

3. All outputs are active-High.
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Signetics Application Specific Products @ Series 28

Field-Programmable Logic

Array (16 X 48 X 8)

PLS100/PLS101

FPLA PROGRAM TABLE
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DESCRIPTION

The PLS103 is a bipolar, fuse Program-
mable Gate Array. The device consists
of nine AND/NAND 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 lp-1li5 can be pro-
grammed to provide the True (H), Com-
plement (L), or Don't Care (— ) state to
each of the nine AND/NAND 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 3-State outputs for ease of
expansion of input variables and applica-
tion in bus-organized systems.

Order codes are listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS103

Field-Programmable Gate
Array (16 X 9 X 9)

Signetics Programmable Logic

Product Specification

FEATURES

o Field-Programmable (Ni-Cr link)
e 16 input variables

o 9 output functions

e Chip Enable input

e |/0 propagation delay: 35ns
(max.)

e Power dissipation: 600mW (typ.)
© Input loading: -100uA (max.)

e 3-State outputs

e Output disable function: Hi-Z

e Fully TTL compatible

APPLICATIONS

® Random logic

e Address decoders

e Code detectors

o Peripheral selectors

o Fault monitors

o Machine state decoders

PIN CONFIGURATIONS

8 7

Typical Connection
N
7

\@

s

P1f

1k

|
U U4 U

Fo

Fz

Fg
CE

LDO1460S

Fusible Ni-Cr links are initially intact at all array cross-points.

N Package
iz @] [26] vee
s [2] 27] 1g
15 [3] 28] 1
14 [4] 25] 1o
13 [5] 24] 14
1, [6] 23] 142
i [T [22] h3
1o (2] 21] ha
fg [9] [20] 15
F7 [io 19] CE
Fs [11] 18] Fo
Fs [12] [17] F1
Fq [i3] 18] F
ano [13] [15] F3
€D04285S
A Package

Fg F7 Fg lo 4 12 13

[11] [o] [#] [¢] [7] [¢] [5]

Fs [12 (4] 14
GND fid] 2] 16
F2 [ig] 28]Vee
G e 1
Fo [i] 26] lo

N EEEEE
CE l15 la W3 M2 1 lo
CD04272S

LOGIC FUNCTION

TYPICAL OUTPUT FUNCTIONS:
ACTIVE-HIGH

X=A‘B-C-...
ACTIVE-LOW

X=A-B-C- ...
X=A+B+C+ ...

NOTES:

1. For each of the 9 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 output pins (O).

May 11, 1988
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Field-Programmable Gate
Array (16 X 9 X 9) PLS103

FPGA LOGIC DIAGRAM

B————— (LOGIC GATES—-G) a
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398 P08 4008
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ha 22

v

=

17

1] ==

ac—
&
~ M
\d
&
—C]
i
.

LDO1471S

NOTES:
1. All gate inputs when a blown link float to a logic 1",
2. & Programmable connection.
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Field-Programmable Gate PLS103
Array (16 X 9 X 9)
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
28-pin Plastic DIP 600mil-wide PLS103N Maximum junction 150°C
28-pin Plastic Leaded Chip Carrier PLS103A Maximum ambient 75°C
Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage +7 Vbc
Vin Input voltage +55 Voc
Vo Output voltage +5.5 Voc
In Input current +30 mA
lout Output current +100 mA
Ta Operating temperature range 0to +75 °C
Tsta Storage temperature range -65 to +150 °C
NOTE:

1. Stresses above those listed 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.

DC ELECTRICAL CHARACTERISTICS 0°C <Tj <+75°C, 4.75V <Vgc <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min l Typ? | Max
Input voltage'
Vi High Ve = Max 2.0 v
ViL Low Vee = Min 0.8 \
Vic Clamp® Voo = Min, Iy =-12mA -0.8 -1.2 \%
Output voltage!
Vce = Min
VoH High® loH = -2mA 2.4 v
VoL Low* loL = 9.6mA 0.35 0.45 v
Input current
I High V)N = 5.5V <1 25 pA
e Low Vi = 0.45V -10 -100 MA
Output current
CE = High, Vg = Max
lo©oFF) Hi-Z state Vour = 5.5V 1 40 MA
Vout = 0.45V -1 -40
los Short circuit®® CE = Low, Voyr =0V -15 -70 mA
lec Vce supply current’ Ve = Max 120 170 mA
Capacitance
Ve = 5.0V
CiN Input ViN = 2.0V 8 pF
Cour Output Vout = 2.0V 15 pF

Notes on following page.
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Field-Programmable Gate

Array (16 X 9 X 9) PL3103

AC ELECTRICAL CHARACTERISTICS R; =470%, Ry =1k, C_ = 30pF, 0°C < Tp < +75°C, 4.75V < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min J Typ? l Max
Propagation delay
tPD Input Output Input 20 35 ns
tce Chip enable Output Chip enable 15 30 ns
Disable time
top 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 Vgg =5V, Tp = + 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 Vgg.
5. Measured with V|_ applied to CE and a logic high at the output.
6. Duration of short circuit should not exceed 1 second.
7. Icc is measured with the outputs open.
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Field-Programmable Gate

PLS103
Array (16 X 9 X 9)

TEST LOAD CIRCUITS VOLTAGE WAVEFORMS

1

1p vee

Fo ™

15V

Fg H—

(~—-'co——|

Von

~ - -Vor

O—|
|
|
|
|
|
!
Oo—=|liys
O—s| I Fo~Fg
(INCLUDES
SCOPE AND JIG
CAPACITANCE)
TCot640S

2
i z
1|
]

TC16315S WF05511S

All inputs: t,=t;=15ns (10% to 90%)

OUTPUT POLARITY - (F)
D_ . ¢

15022968

LOGIC PROGRAMMING

In a virgin device all Ni-Cr links are intact.
PLS013 logic designs can be generated using G
Signetics' AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

D

15023068

ACTIVE LEVEL CODE ACTIVE LEVEL CODE

H Low! L
(INVERTING)

PLSO013 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

HIGH
(NON-INVERTING)

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

"AND" ARRAY - (1), (P)

— | e

— T |

Q

STATE CODE

STATE

CODE

INACTIVE"2 (o]

H

15023105

15023208

G

Q

STATE

CODE

STATE

CODE

L

DON'T CARE

15023308

15023408

NOTES:

1. This is the initial unprogrammed state of all links.
2. Any gate G, 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 P, terms are disabled (inactive).
2. All P, terms are active on all outputs.
3. All outputs are active-Low.

May 11, 1988
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Field-Programmable Gate
PLS1
Array (16 X 9 X 9) : 5103

FPGA PROGRAM TABLE

CUSTOMER NAME THIS PORTION TO BE COMPLETED BY SIGNETICS
PURCHASE ORDER # CF (XXXX)
SIGNETICS DEVICE # CUSTOMER SYMBOLIZED PART #
TOTAL NUMBER OF PARTS DATE RECEIVED
PROGRAM TABLE # COMMENTS
Fo (18) =
F (17) =
F2 (16) =
Fa (15) =
F4 (13) =
F5 (12) =
Fg (11) =
F; (10) =
Fg (9) =
GATE INPUT
POLARITY hs Y S 12 'n "o 'y s l s s 4 3 L Y Yo
FD
Fl
F?
F3
F
4
Fs
FG
F7
FB
PIN 2 2 2 2 2 2 2 2 1 2 3 4 5 6 7 8
NO. 0 1 2 3 4 5 6 7
VARIABLE
NAME
Nores: PROGRAM TABLE ENTRIES AND CONTROL
1. The ‘FPGA is shipped with all links intact. Thus a background of INACTIVE - 0O
entries corresponding to states of virgin links exists in the table, ] “H { HIGH - H ]
shown BLANK for clarity. T iy [to T |
2. Unused Inputs are normally programmed Don't Care (—). 0 Low
3. Unused Gates can be left blank. Dont Care ;= PoL)
o

LD02260S
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Signetics

Application Specific Products
® Series 20

DESCRIPTION

The PLS155 is a 3-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 Fg. It
features 4 registered 1/0 outputs (F) in
conjunction with 8 bidirectional I/0 lines
(B). These yield variable I/0 gate and
register configurations via control gates
(D, L) ranging from 16 inputs to 12
outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and
21 OR gates with fusible link connec-
tions for programming /O 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

PLS155

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

Signetics Programmable Logic

Product Specification

FEATURES
® fyax = 14MHz
- 18.2MHz clock rate
o Field-Programmable (Ni-Cr link)
e 4 dedicated inputs
e 13 control gates
® 32 AND gates
e 21 OR gates
e 45 product terms:
- 32 logic terms
- 13 control terms
o 8 bidirectional 1/0 lines
e 4 bidirectional registers
e J-K, T, or D-type flip-flops
o Asynchronous Preset/Reset
e Complement Array
o Active-High or -Low outputs
e Programmable OE control
o Positive edge-triggered clock
e Input loading: -100uA (max.)
o Power dissipation: 750mW (typ.)
o TTL compatible
e 3-State outputs

(LOGIC TERMS) (CONTROL TERMS)
a N a E a
123 5 -
ﬂ_
: .

[Z U OC

Oe=

2Vl =
N oy né?

Ta To F

AF01870S

May 11, 1988

PIN CONFIGURATIONS

N Package

A Package

I, lg CK Vec By
3] [2] [7] z0] [i9]

. [4] . [ig] 86
5 [ e
B, [6] 6] F2
8, [7] [15] F1
B, [g] 1] £y

D EE
B; GND B, Bs

CDO33208

SIE]

APPLICATIONS

o Random sequential logic

e Synchronous up/down counters
e Shift registers

o Bidirectional data buffers

e Timing function generators

e System controllers/synchronizers
® Priority encoder/registers

853-0317 93255
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Product Specification

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

PLS155

On-chip T/C buffers couple either True (I, B,
Q) or Complement (i, B, Q, 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 I/O (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 listed in the Ordering infor-
mation Table.

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.

May 11, 1988

LOGIC FUNCTION

Q3 Q2 Q1 Q0
[ To[ o] () rassumsom

STATE REGISTER ReBeCo...

TeTel] €) verveome

SETQq: Jg= (Q3° G, Q,*Qg)*A*BC...
Ko=0

RESET Q;: J,=0 _ o
Ky= (Q3% Q,°Q,*Qg)*A*BeC...

HOLD Qy: J,=0
Ky=0
TOGGLE Qg' J3=(Q3* Q,* Q¢ Q) sA*B+C...
K3=(Qg® Q;¢Q Q) sA*B*C...

TB00901S

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

FLIP-FLOP TRUTH TABLE

OE |[LCKP R J K| Q F
H Hi-Z
L | X XHLXX|H L
L |[XXLHXX| L H
LjttTeririrela Q
Lt TLrLruLH|L H
L LT LLHL|H L
L{LTLLHH|Q Q
H|HTLLLH| L H*
H|HTLLHL|H L
X T XX LH[ L[ H
POVt x xH LA | oL
NOTES:
1. Positive Logic:
JIK=To+ Ty +To cevvernennnnns T31

Tn=Ce (lpslielp ..) ¢ (QpeQy..) «(BoeBye..)

2. Tdenotes transition from Low to High level.

3. X =Don't care

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

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

6.* * =Forced at F, pin to load J/K flip-flop
independent of program code (Diagnostic mode),
3-State B outputs.
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS155

FPLS LOGIC DIAGRAM

B——————————(LOGIC TERMS - T) - = ONTROL TERMS)
| . —
o 214 i 2 ’-4— o
h3 ; L
[
s [
Fo
F i
F2 b__._
F )__
Bo }_—
By -
B2 3’_—
B3 y
Bs )
Bs
N 3
-2 ""
’ ] TTTITN
010]0]C C 0]0{010] 0l010(0] O L
L BToToTS TSNS TOTOTers Tororers FL‘LTD,ﬁL )00U00 00
DD ! BE]
Xa-L e [i8] &
o= 2o 73] 8s
D’G:hj‘ 12] B4
Di;::d).,s’ [5]ss
DD {]e:
DX-(:F St EB‘
DD ]
Re
e [~
fig)e.
Ra
P 15§ F1
fuvo
3lesce e 28 23c 0 e e 16 150 e o o o » 8 7eeevea & e
NOTES:
1. All OR gate inputs with a blown link float to logic "0".
2. Al other gates and control inputs with a blown link float to logic ""1'".
3. @ denotes WIRE-OR.
4. % Programmable connection.
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS155
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
20-pin Plastic DIP 300mil-wide PLS155N Maximum junction 150°C
20-pin Plastic Leaded Chip Carrier PLS155A Maximum ambient 75°C
Allowable thermal rise o
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
RATINGS
SYMBOL PARAMETER UNIT
Min Max

Vee Supply voltage +7 Vpc

ViN Input voltage +55 Vo

Vout Output voltage : +5.5 Vbe

[ Input currents -30 +30 mA

lout Output currents +100 mA

Ta Operating temperature range 0 +75 °C

Tsta Storage temperature range -65 +150 °C
NOTE:

1. Stresses above those listed 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.
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS155

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ! l Max
Input voltage?
ViH High Ve = Max 2 \
ViL Low Vce = Min 0.8 \
Vic Clamp Vee = Min, Iy =-12mA -0.8 -1.2 \
Output voltage?
Vce = Min
Vou High lon =-2mA 2.4 \
VoL Low loL = 10mA 0.35 0.5 \
Input current®
Vee = Max
by High Vin=5.5V <1 80 uA
e Low Vin = 0.45V -10 -100 HA
Output current
Vee = Max
lo oFF) | Hi-Z state® © Vour = 5.5V 1 80 WA
Vout = 0.45V -1 -140 uA
los Short circuit® 7 Vout =0V -15 -70 mA
lcc Vo supply current? Vee = Max 150 190 mA
Capacitance
Vce = 5.0V
CiN Input Vin=2.0V 8 pF
Cour Output Vout = 2.0V 15 pF
NOTES:
1. All typical values are at Voo =5V, Ta= +25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one at a time.
4. Icc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open.
5. Leakage values are a combination of input and output leakage.
6. Measured with V| applied to OE.
7. Duration of short circuit should not exceed 1 second.
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Product Specification

Field-Programmable Logic Sequencer (16 X 45 X 12) PLS165
AC ELECTRICAL CHARACTERISTICS 0°C <Tp<+75°C, 4.75 <Vgg <5.25V, Ry = 4709, Ry =1kQ
LIMITS
SYMBOL PARAMETER TO FROM TEST CONDITION UNIT
Min® I Typ? I Max
Pulse width
tokH Clock? High CK - CK + 25 20
tokL Clock Low CK + CK - Cy = 30pF 30 20 ns
tckp Period CK + CK + 70 50
tPRH Preset/Reset pulse (,B) + (1,B) - 40 30
Setup time
tis1 Input CK + (,B) £ 40 30
tis2 Input (through Fp) CK + F t CL = 30pF 20 10 ns
tis3 Input (through
Complement Array)* CK + (,B) * 65 40
Hold time
tiHe Input CK + (,B) = CL = 30pF 0 -10 ns
tiHz CK + F & 15 10
Propagation delays
tcko Clock Ft CK + CL = 30pF 25 30
toEq Output enable F - OE - CL = 30pF 20 30
top1 Output disable® F+ OE + C_=5pF 20 30
tep Output B+ (1,B) Cy = 30pF 40 50 ns
toea Output enable B+ (,B) + CL = 30pF 35 55
topz Output disable® B + (1,B) - C_ = 5pF 30 35
tPRO Preset/Reset F £ (1,B) + Cp = 30pF 50 55
NOTES:

oM A WN =

May 11, 1988

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

. To prevent spurious clocking, clock rise time (10% - 90%) < 10ns.
. Measured at V1= Vg + 0.5V.
When using the Complement Array Tckp = 95ns (min).
. Limits are guaranteed with 12 product terms maximum connected to each sum term line.
. For test circuits, waveforms and timing diagrams see the following pages.

5-8




Signetics Application Specific Products @ Series 20

Product Specification

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

PLS155

TEST LOAD CIRCUITS

TIMING DEFINITIONS

vce

I

ly O—»

I, O—»

Bw O—| bDuT

i | A2
| b——> FN I
Bx O—»

‘— (INCLUDES
«—0O OE

CL

CK O—»|

Tco1611S

SCOPE AND JIG
CAPACITANCE)

I TC016208

SYMBOL

PARAMETER

teku

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.

TIMING DIAGRAMS

+3V
ov

l._t.m»<__ tigy —

.8
(INPUTS) 1.5V

I +3v

1.5V 1.5V 1.5v
cK !
'<— tig 1 —— |t okH —>|*— tokL—

tcke

- —— —— VOH
F |,5\\ vt
(OUTPUTS) t /i

toer
WF05471S

Flip-Flop Outputs

1. B

(INPUTS) 1.5V

8

vr
(OuUTPUTS)

too2

LB

(OUTPUT ENABLE) +15v

+1.5v

Gate Outputs

+3V

ov

VoH

VoL

+3V

ov
WF05481S

H1

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

tiHz

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

tcko

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

Delay between beginning of
Output Enable Low and
when Outputs become valid.

top1

Delay between beginning of
Output Enable High and
when Outputs are in the
OFF-state.

trp

Propagation delay between
combinational inputs and
outputs.

toe2

Delay between predefined
Output Enable High, and
when combinational Outputs
become valid.

topz2

Delay between predefined
Output Enable Low, and
when combinational Outputs
are in the OFF-state.

trrO

Delay between positive
transition of predefined
Preset/Reset input, and
when flip-flop outputs
become valid.
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS155

TIMING DIAGRAMS (Continued) VOLTAGE WAVEFORMS
+3v +3.0V e
]
(INPUTS) y( 15v
ov
ov I
+3v N v " N
cK 1.5V | )
———— oV +3.0V
0ns MIN. | e tis1 texo >|
{ X +3v
*PRESET RESET 7 1.5v Xosv ov -——| L
o e ——— - ———— OV L
(1. BINPUTS) le— t pRH ——] {sns} Is
WF05461S
MEASUREMENTS:
(PRESET) \ = o —— All circuit delays are measured at the +1.5V level
Q RESET) x of inputs and outputs, unless otherwise specified.
! AT T T Input Pulses
r<— tPRO
- === VoH
F 1.5V (RESET) }: 5V
(ouTPUTS) " (PRESET) I\ e Vo

WF05491S

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

Asynchronous Preset/Reset

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

ov
+3v
OF -l1.5v 1.5V
ov
toEe1
fm——————— e
L % \
e T p—— .
|
|
F | +3V Vou
(INPUTS) vy (FORCED D|N) 1.5V
oV VoL
e— too1 tis2
"+3v
CK

ANN\EN

Flip-Flop Input Mode

WF05501S
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Product Specification

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

PLS155

LOGIC PROGRAMMING

PLS155 logic designs can be generated using
Signetics' AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

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

PLS155 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

— — 1,B,Q
+— 18,0 L .80 18,Q
L8,Q o "B'QO—E 1,8,Q ___ |8 5%
r——:,a.o —1.8.a +—1.8,Q .8,
I
(T, Fc,L,P,R, D)y (T,Fc. L P.R, D)y (T,Fe L, P,R, D), (T, Fe, L. P, R, D)y
STATE CODE [ STATE T cooe] STATE CODE STATE CODE
meme® [ 0] | [hime W e L sowrome | -
LS02030S 15020408 LS02050S LS02060S
"COMPLEMENT"' ARRAY - (C)
< c c c
c c ¢ c
(Tp, Fo) T Fe) (T FO) (Tn, Fo)
ACTION CoDE ACTION CODE ACTION CODE ACTION CODE
INACTIVE ™SS o) GENERATE® A PROPAGATE D TRANSPARENT -
LS02070S LS02080S LS02090S LS02100S

"OR'" ARRAY - (F-F CONTROL MODE)

Fc Fc
J — Q J — a
M—¢ M—
K
ACTION CODE ACTION CODE
JIK OR D A
(CONTROLLED) J-K o
LS02130S 15021408
Notes on following page.
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Product Specification

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

PLS155

"OR" ARRAY - (Q, = D-Type)

Tn Tn
—q J Q| J — a
M = ENABLED M =ENABLED
— K — K
Tn STATUS CODE Tp STATUS CODE
ACTIVE (Set) A INACTIVE (Reset) ®
1.5021508 LS02160S

"OR" ARRAY - (Qp = J-K Type)

Tn Tn Tn Tn
— Q — J —Q [ — J — Q
M = DISABLED M = DISABLED M= DISABLED! M = DISABLED
— __’ >_.$_ K — K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE [0} SET H RESET L HOLD -
LS02170S LS02180S 15021908 1LS02200S8
""OR" ARRAY - (S or B), (P), (R) ""EX-OR'" ARRAY - (B)
Tn Tn
P.R,S P.R.S s Do— 8 s
(ORB) (ORB) 8
|
[ TastATUS CODE [_7,sTATUS CODE POLARITY CODE POLARITY CODE
ACTIVE A L INACTIVE ° Low L HIGH H
15022208 LS022308 18022408

"OE" ARRAY - (E)

=t
-

En

ACTION

CODE

ioLe?

0

15022505

s>t
-

En

& > —
u

>
L]

En

ACTION

CODE

ACTION

CODE

ACTION

CODE

CONTROL

ENABLE?

DISABLE

15022608

15022708

15022808

NOTES:

1
2
3.
4
5
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- This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.

. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if both of the I, B, or Q links are left intact.
To prevent oscillations, this state is not allowed for C link pairs coupled to active gates T, Fc.

. En=0 and E, =" are logically equivalent states, since both cause F, outputs to be unconditionally enabled.

. Theso states are not allowed for control gates (L, P, R, D), due to their lack of "OR' array links.
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS155

FPLS PROGRAM TABLE

AND T OR T CONTROL I NOTES
—— — = — —— =———— = — | ——————————— —_— 1. The FPLS is shipped with all links intact. Thus a back-
INACTIVE !o | LACYIVE EA ] PR B(O) 2K :. | ground of entries corresponding to states of virgin
8.0 W, B | [ INACTIVE ;. , ©=0) | T FIF MODE [ 1DLE !o | links exists in the table, shown BLANK for clarity.
T35 t om | (eommuna),A ControL Ta | 2 ProgramunusedC,1.B.and Q bits in the AND array as
SonTonne + | | TnaaiE i. Ea g (—). Program unused Q, B, P, and R bits in the OR
1 | | Py — : array as (—) or (A), as applicable.
T Y 1= 3. Unused Terms can be left blank.
INACTIVE ;o | [roseLe =o I oL} | 4. Q(P)and Q (N) are respectively the present and next
GENERATE A | o |[ser Wl o ] states of fip-lops Q.
PROPAGATE :Lo | [Reser T | FIF MOOE [ € POLARITY
TRANSPARENT! — woo  J—
L ! . 1 L[] RN
T AND OR
* £ . | B(1) aF) a(N) P | n B(0)
Q M al2[1]o]7f{e]s]ala]2f1]o]a]2]1]0 af2[1]o]s[alBlaf7]e]s]aja]2]1]0
y t
'u-J o 4 Il
z 1 v T
o] > —+ .'
} —t
> 3 N 1
o P T i
1
2 : .
~ £ } +
w 6 1 T
4 #* | L
Q [ 7 | T
= 3 } t
Q < 8 I I
[&] a 9 d T
w (9 — f
o H 10 | |
o 8 11 ! 1
T T
P pes] 12 ; f
o E a 3 . 4
E o Lzu w 14 ; ;
8 < 5 (u_')j [ 15 : |
b = T T
o X = W 16 1 N
Txoers 17 T T
= X - w Il 1
= = PPy T T
u 2D < O } t
o o0onoO 19 \ '
T 1]
20 1 ]
21 X j
+— 1
22 | .
v T
w 23 % :
Z 24 ; '
o 25 ) .
T L}
l 26 : =
27 N N
> 28 | N
w } }
o 29 ! :
30 ) N
31 N |
]
L]
2 Fo .
o L
< 5 }
= +
® o La L
wf Yoy o7 \ | 4
203 o6 N | &
S gguwad t
Z 00 = 05 ! l &
o ow 7)) = D4 N .
4B S= }
s%2o0=z 2 ) X R
OThHh & t
= Q %‘ < 8 D2 Il —’
(23 = v )
2-58o0«¢g o1 ,
oca n+a Do : F
piN_[sfala]2[1a]18{13]12/9]8] 7]6]17]16]15]1a]

TBO1211S
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DESCRIPTION

The PLS157 is a 3-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 Fg. It
features 6 registered 1/0 outputs (F) in
conjunction with 6 bidirectional 1/0 lines
(B). These yield variable I/0 gate and
register configurations via control gates
(D, L) ranging from 16 inputs to 12
outputs.

The AND/OR arrays consist of 32 logic
AND gates, 13 control AND gates, and
21 OR gates with fusible link connec-
tions for programming 1/0 polarity and
direction. All AND gates are linked to 4
inputs (l), bidirectional I/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

PLS157

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

Signetics Programmable Logic

Product Specification

FEATURES
o fyax = 14MHz
- 18.2MHz clock rate
o Field-Programmable (Ni-Cr link)
e 4 dedicated inputs
e 13 control gates
e 32 AND gates
@ 21 OR gates
e 45 product terms:
- 32 logic terms
- 13 control terms
e 6 bidirectional 1/0 lines
e 6 bidirectional registers
e J-K, T, or D-type flip-flops
e 3-State outputs
e Asynchronous Preset/Reset
e Complement Array
e Active-High or -Low outputs
e Programmable OE control
e Positive edge-triggered clock
o Input loading: -=100uA (max.)
e Power dissipation: 750mW (typ.)
e TTL compatible

(LOGIC TERMS)
P

(CONTROL TERMS)
R

" B

a
b

o
000 U iﬂ

P R

D-nr_'lm

(n)

K

H—1—CK

|

(n)

ﬂEJ V] (ﬂfgg >
v

PR

4 CK

Tar T, Fc

AF01891S

May 11, 1988
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PIN CONFIGURATIONS

N Package

CD033728

A Package

Iy lg CK Vge Bg

3] [2] [7] [20] [19]
2[4 . 18] Fs
155 17] Fa
8, 6} [16] Fs
a,E i_g] F,
B, (8] 1a] Fy

©D03380S.

APPLICATIONS

e Random sequential logic

e Synchronous up/down counters
o Shift registers

e Bidirectional data buffers

e Timing function generators

e System controllers/synchronizers
o Priority encoder/registers

853-0318 93255
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS157

On-chip T/C buffers couple either True (I, B, LOGIC FUNCTION
Q) or Complement (i, B, Q, T) input polarities
to all AND gates, whose outputs can be
optionally linked to all OR gates. One group Q3 Q2 Q1 Qo
of AND gates drives bidirectional 1/0 lines nnnn e PRESENT STATE
(B), whose output polarity is individually pro-

grammable through a set of EX-OR gates for
implementing AND-OR or AND-NOR logic — Q

functions. Another group drives the J-K inputs n“u NEXT STATE
of all flip-flops. The Asynchronous Preset and
Reset lines (P, R), for two of the registers are

STATE REGISTER AeBeCo...

SET Qg Jo= (Qg @,*Q,*Qp)sA*B=C...

driven from the AND matrix. The Preset and Ko=0

Reset lines (P, R) controlling the lower four RESET Q7 J,=0 — e
registers are driven from the OR matrix. Ki- Q3% 000y Qg*AsBeC...
All flip-flops are positive edge-triggered and HOLD Gy ,i;.%

can be used as input, output or 1/0 (for

interfacing with a bidirectional data bus) in TOGGLE Qg' J3=(Qg* Q0 Q,* Op)A*B*C ...

conjunction with load control gates (L), steer-
ing inputs (), (B), (Q) and programmable

. K3=(0Q3° Q¢ Q2 Q) sA*BC...
output select lines (E).

18009015

The PLS157 is field programmable, enabling
the user to quickly generate custom patterns

using standard programming equipment. NOTES:
i ) . Similar logic functions are applicable for D and T
Order codes are listed in the Ordering Infor-  mode flip-flops.

mation Table.
FLIP-FLOP TRUTH TABLE

VIRGIN STATE OE [LCKP R J K Q F
The factory shipped virgin device contains all H Hi-Z
fusible links intact, such that:
e L X XHLXX|[H L
1. OE is always enabled. L X X L HX X L H
2. Preset and Reset are always disabled. L 1 LLLLila a
3. Al tx.'ansmon terfns are disabled. L LT LLLH L H
4. All flip-flops are in D-mode unless other- Ll tTLLHL|H L
wise programmed to J/K only or J/K or D LlLTLLHHI|Q Q
(controlled).
5. All B pins are inputs and all F pins are H H ; LLLH L H,
outputs unless otherwise programmed. H H LLHL H L
X T XX LH|[ L | H
FIOVIX T X X HL|H| L
NOTES:
1.Positive Logic:
JIK=To+ T+ T2 cevvriineiiinnn Ta1

Tn=Ce (lpelyelp ..)s(QpeQy..) »(BoeBye..)

2. Tdenotes transition from Low to High level.

3. X =Don't care

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

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

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

May 11, 1988 5-15
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Field-Programmable Logic Séquencer (16 X 45 X 12) PLS157

FPLS LOGIC DIAGRAM

(LOGIC TERMS—T) —————————— 1 OL TERMS), -
— - .

A
El}
Ql

.

e
J

—{isle,
{2,

o]e,
{2le,
{e]s,

18] Fs

fielr,

fidr,

14]F,

13)F,

g}
e eeeee2d 23ccccesiB15ecseeeB Tooeooeol F T———"f

LDO1693S

NOTES:

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

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

4. Programmable connection.
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS157
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
Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
RATINGS
SYMBOL PARAMETER UNIT
Min Max

Vce Supply voltage +7 Vpc

Vin Input voltage +5.5 Voc

Vour Output voltage +55 Vg

hn Input currents -30 +30 mA

lout Output currents +100 mA

Ta Operating temperature range 0 +75 °C

Tsta Storage temperature range -65 +150 °C
NOTE:

1. Stresses above those listed 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.

May 11, 1988 5-17
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS457
DC ELECTRICAL CHARACTERISTICS 0°C <Ta<+75°C, 4.75 <V <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min l Typ! l Max
Input voltage?
ViH High Vce = Max 2 Vv
ViL Low Vce = Min 0.8 )
Vic Clamp Vce = Min, iy =-12mA -08 -1.2 Vv
Output voltage?
Vce = Min
VoH High lon =-2mA 24 Vv
VoL Low loL = 10mA 0.35 0.5 v
Input current
v High Vin=5.5V <1 80 HA
he Low Vin = 0.45V -10 -100 MA
Output current
Ve = Max
lo ©FF) | Hi-Z state® & Vout = 5.5V 1 80 kA
Vout = 0.45V -1 -140 MA
los Short circuit® 7 Vout =0V -15 -70 mA
loc " Vcc supply current? Voo = Max 150 | 190 | mA
Capacitance
Ve =5.0V pF
Cin Input V)N =2.0V 8 pF
Cout Output Vour = 2.0V 15 pF
NOTES:
1. All typical values are at Vg =5V, Ta= +25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one at a time.
4. Icc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open.
5. Leakage values are a combination of input and output leakage.
6. Measured with V4 applied to OE.
7. Duration of short circuit should not exceed 1 second.
May 11, 1988 5-18
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS157

AC ELECTRICAL CHARACTERISTICS 0°C <Ta <+75°C, 4.75 <Vcc <5.25V, Ry =470, Ry = 1k

LIMITS
SYMBOL PARAMETER TO FROM TEST CONDITION UNIT
Min® l Typ! ‘ Max

Pulse width
tokH Clock? High CK - CK + 25 20
teke Clock Low CK + CK - Cy = 30pF 30 20 ns
tokp Period CK + CK + 70 50
tPRH Preset/Reset pulse ,B) + (,B) - 40 30
Setup time
tis Input CK + (.B) 40 30
tis2 Input (through Fp) CK + F £ CL = 30pF 20 10 ns
tisa Input (through

Complement Array)* CK + ,B) = 65 40
Hold time
tiH1 Input CK + (,B) £ Cp = 30pF 0 -10 ns
YH2 CK + F * 15 10
Propagation delays
tcko Clock Fz CK + C_ = 30pF 25 30
tog1 Output enable F - OE - Cy = 30pF 20 30
top1 Output disable® F+ OE + C_ = 5pF 20 30
tpp Output B+ (,B) = Cy = 30pF 40 50 ns
toe2 Output enable B % (1,B) + C = 30pF 35 55
top2 Output disable® B+ (,B) - CL = 5pF 30 35
tpRO Preset/Reset Fz ,B) + Cy = 30pF 50 55

NOTES:

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

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

Measured at V= Vg + 0.5V.

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

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

OU A WP S
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PLS157

TEST LOAD CIRCUITS

TIMING DEFINITIONS

vee

I

lp O—o|

In O—|
8w O—>| out

B8x O]
cK O—»

b— By

——— Bz

| R2 CL
—— FN
—_ — (INCLUDES

l«—O OF

I

SCOPE AND JIG
CAPACITANCE)

TC016208

TC016108

SYMBOL

PARAMETER

tokH

Width of input clock pulse.

teke

Interval between clock
pulses.

tckp

Clock period.

teRH

Width of preset input pulse.

tis1

Required delay between
beginning of valid input and
positive transition of clock.

sz

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

TIMING DIAGRAMS

.8
(INPUTS) 1.8V

+3V
X1.5V

CK

l‘— ‘|s1—»I<—'cxH—>I<~ tek—
. !

iu-n—»L— tigy —|
+3V

1.5v 1.5v 1.5v

L ov

teke

F
(OUTPUTS)

- —— - — - VOH
1,5\/\\ % vr
(

<tcko™ o VoL
l<—»|

+3v
1.5V 1.5V
I ov
Tor]
toe1

WF05471S

Fiip-Flop Outputs

e
(INPUTS) 1.5V

|
I tep
8 / 1.5v v
(OuTRUTS) & : T
toe2 too2

.8
(OUTPUT ENABLE)

+1.5v +1.5v

Gate Outputs

ov

VoH

VoL

+3v

ov
WF05481S

tiH1

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

tiHe

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

fcko

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

Delay between beginning of
Output Enable Low and
when Outputs become valid.

top1

Delay between beginning of
Output Enable High and
when Outputs are in the
OFF-state.

trp

Propagation delay between
combinational inputs and
outputs.

toe2

Delay between predefined
Output Enable High, and
when combinational Outputs
become valid.

top2

Delay between predefined
Output Enable Low, and
when combinational Outputs
are in the OFF-state.

teRO

Delay between positive
transition of predefined
Preset/Reset input, and
when flip-flop outputs
become valid.

May 11, 1988
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Field-Programmable Logic Sequencer (16 X 45 X 12)

PLS157

TIMING DIAGRAMS (Continued)

VOLTAGE WAVEFORMS

+3v
1.8
(INPUTS) )(Tsv
ov
+3v
cK 1.5V
- OV
03 MIN. e e Y5 teko >|
l = +3v
*PRESET RESET 7 1.5V X sy
[ ST
(1. B INPUTS) [— tpRH ——n
a (PRESET) ‘('-
(RESET) o
<— tpRO
——— VOH
F 15y (RESET) N "‘ 5\/——-
(ouTPuTS) _emesen  Nsome

WF05491S

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

Asynchronous Preset/Reset

+3v
1,8 > >
1.5V 1.5V
(LOAD SELECT) ( (
ov
+3v
OE -ltsv 1.5V
J ov
tog1 —
yr————————f
L \
—————————-.—.II \——u
|
|
. | +3V VoH
(INPUTS) vr (FORCED D) )(LSV
ov VoL
{e——toD1 tis2

CK

A

WF05501S

Flip-Flop Input Mode

+3.0V  ———

ov |
s

+3.0V

ov -——|
le

o

P
WF05461S
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-Programmmable Logic Sequencer (16 X 45 X 12)

PLS157

LOGIC PROGRAMMING

PLS157 logic designs can be generated using
Signetics' AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

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

PLS157 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

| L— 1,B,Q
b 18,0 L_'-“ 1LB.Q
L8,Q ”Mo{ 18,0 ___ |vea 5%
L - == , B, ——— b— — L8,
18,0 | 753 1B,Q
I | 1
(T,Fc, L, P,R, D)y (T,Fc, L,P,R, D)y (T,Fc.L,P,R, D), (T Fe,L,P.R, D)y
STATE CODE L STATE I CODE I STATE CODE STATE .CODE
NacTIVE "2 [0} | 1.B,Q [ H] i8Q L DON'T CARE -
1S02030S LS02040S LS02050S LS02060S
""COMPLEMENT'' ARRAY -(C)
< c c c
c c —G——— c c
T FO) o, FO) Ty, Fo) o, FO)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVE"S 0 GENERATE® A PROPAGATE . TRANSPARENT -
LS02070S LS02080S LS02090S LS02100S
""OR'" ARRAY - (F-F CONTROL MODE) ""OR'" ARRAY -(Q, = D-Type)
Fc Fc Tn Tn
J a J f—a — $oF | EI
e ] M= ENABLED M =ENABLED
K | — K — K
ACTION CODE ACTION CODE Tn STATUS CODE Tn STATUS CODE
(cd""(TgQL?_ED) A JK ° ACTIVE (Set) A INACTIVE (Reset) o
LS02130S LS02140S LS021508 LS92160S

Notes on following page.

May 11, 1988
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PLS157

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

Tn Tn
J — Q — J — a
M = DISABLED! M = DISABLED M =DISABLED! M= DISABLED!
K — K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE (o] SET H RESET L HOLD -
LS02170S LS02180S LS02190S LS02200S
""OR" ARRAY -(S or B), (P), (R) "EX-OR" ARRAY -(B)
rn Tﬂ
P.R,S P,R,S s D_ e s
(ORB) (ORB) Do— 8
T, STATUS CODE T, STATUS CODE POLARITY CODE POLARITY CODE
ACTIVE A INACTIVE . Low L HIGH H
15022108 LS02220S LS02230S LS02240S

""OE" ARRAY - (E)

= [—>—f—
I

i ——
i

g ——
—

& [—D>——
o

o T T |
En En Ep =
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
IDLE? (o] CONTROL A ENABLE? . DISABLE -
LS02250S LS02260S Ls022708 LS02280S

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
2. Any gate (T, F¢, L, P, R, D), will be unconditionally inhibited if both of the I, B, or Q links are left intact.
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Ty, Fc.

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

May 11, 1988
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Field-Programmable Logic Sequencer (16 X 45 X 12) PLS157

FPLS PROGRAM TABLE
T

o LN.D_ R —— _(?R_ _ | CONTROL ' NOTES
. - - -t+t-—-——--—--—"-"—"—"—"—"— - 1. The FPLS is shipped with all links intact. Thus a back-
INACTIVE 0 | ACTIVE Al prewo | T Ts ground of entries corresponding to states of virgin
18,0 n L8, | INACTIVE | @=D) | T ; FIF MODE TOLE :o | links exists in the table, shown BLANK for clarity.
1 em | I (controtied) | SonTRoL T A | 2. ProgramunusedC, 1, B, and Q bits in the AND array as
1 e
sowteme 1= -+ Er B (—). Program unused Q, B, P, and R bits in the OR
1 | | EnaBLE 1 hd : array as (—) or (A), as applicable.
OISABLE | — 3. Unused Terms can be left blank.
NACTIVE 1o | [Foceie To -
3 n | o : | m woL) | 4. Q (P)and Q (N) are respectively the present and next
ENERATE ;A ¢ | SEV i" P, | [row it states of flip-flops Q.
PROPAGATE RESET L
d | H | [ Femooe €s | €a ] [ rouamiry
= |
TRANSPARENT | woto | T T
L ! HEEEN | |
; AND OR
# e [ 8(1) a(p) Q(N) plr 8(0)
' 3f2]1]o]s{a’af2f1]ofs[a/3]2]1]0 slalaf2[1]o]AlAlsla 3]2]1]0
t+ t T
° | b I )
] 1 1 T
4 } + +— +
[©} 2 | L | I
] 3 -+ 1 y t
> f 1 + {
@ : s : } +
Q 5 )
E s —T F |L 4
)
i 7 t t t }
a e 3 + 4 1 -+
{ 3 4 }
g < T T T t
's) [ o 4 4 n y
- a 0 T t t T
!
o w " T t + }
o | 5§ | } 4 i
- o 12 4 | 4 |
T T
aQ 3 ; ! ) '
E a " 1 =t y T
E |58 | ; i | +
cm® + t + 1
o - T T
XWwos 16 ' ) J
o XZWE [ ! i i t
gt | : ,L |
Sok 2 + s - ;
5358 [ . . 1 |
2 —T al t T
;
21 ! t t +
] I Il -1
T T 1 T
‘ 22 + . t ‘
23 ;
w + } 1 +
= 24 : : 4 n
<< 25 —T T T T
o 4 ) 4
26 T T T T
t t t -
27 4 ] ' :
28 T T T T
8 ¢ : i '
T
o 29 4 Il 4 Il
30 -+ + 1 +
31 H t X l
%) 5 ' v
E fe il + v
Pg !
< ] $
# o1 QO Rg N !
o & #® g T =
Wy oO0w | 4 ;
2o0S o o [ K
Sacgpwd t 1
Z5% @ [os X i |
[+ ) = D T 1 .
uop B3 + +
g < Z2 < |03 ! | | 2
X E - & t t
EE2§ [ A i b
[72] = D1 T T '
32acf X ‘ 4
DO
! L
PN |5]4]3|2]1e]12]9]8] 7] 6 18]17]16]15[14]13]

TB013508
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DESCRIPTION

The PLS159A is a 3-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 Fg. It
features 8 registered 1/0 outputs (F) in
conjunction with 4 bidirectional 170 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 CR gates with fusible link connec-
tions for programming 1/0 polarity and
direction. All AND gates are linked to 4
inputs (l), bidirectional 1/0 lines (B),
internal flip-flop outputs (Q), and Com-
plement Array output (C). The Comple-
ment Array consists of a NOR gate
optionally linked to all AND gates for
generating and propagating complemen-
tary AND terms.

FUNCTIONAL DIAGRAM

PLS159A

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

Signetics Programmable Logic

Product Specification

FEATURES
o High-speed version of PLS159
® fmax = 18MHz
- 25MHz clock rate
o Field-Programmable (Ni-Cr link)
® 4 dedicated inputs
e 13 control gates
® 32 AND gates
o 21 OR gates
® 45 product terms:
- 32 logic terms
-~ 13 control terms
o 4 bidirectional 1/0 lines
e 8 bidirectional registers
e J-K, T, or D-type flip-flops
e Power-on reset feature on all
flip-flops (F,=1)
e Asynchronous Preset/Reset
@ Complement Array
e Active-High or -Low outputs
e Programmable OE control
o Positive edge-triggered clock
® Input loading: -100uA (max.)
e Power dissipation: 750mW (typ.)
o TTL compatible
o 3-State outputs

(LOGIC TERMS) :’CON;ROL Lrsrm:) i
a[—% . 58
o[ 1—F E =
3+
Q
Qa <E|__
: Qo
) DD e e
D7 JP Fo F
M ———% (n)
D K 4 cK
T ® e —
May 11, 1988 5.25

PIN CONFIGURATIONS

N Package

A Package

Iy ly CK Veo F7

3] [2] [ [20] [19]
L [ : ] s
15 [E] 7] 5
8 [€] 6] Fs
8, [7] 15] F3
8, [8] 1] F2

L] boJ [n] 2] D3

By GND OE FO F1

APPLICATIONS

o Random sequential logic
e Synchronous up/down counters

e Shift registers

e Bidirectional data buffers

e Timing function generators

e System controllers/synchronizers
e Priority encoder/registers

853-1159 93255
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PLS159A

On-chip T/C buffers couple either True (I, B,
Q) or Complement (i, B, Q, C) input polarities
to all AND gates, whose outputs can be
optionally linked to all OR gates. One group
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 I/0 (for
interfacing with a bidirectional data bus) in
conjunction with load control gates (L), steer-
ing inputs (I), (B), (Q) and programmable
output select lines (E).

The PLS159A is field-programmable, en-
abling the user to quickly generate custom
patterns using standard programming equip-
.ment.

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

1. OE is always enabled.

2. Preset and Reset are always disabled.

3. Al transition terms are disabled.

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

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

May 11, 1988

CAUTION: PLS159A
PROGRAMMING ALGORITHM

The programming voltage required to pro-
gram the PLS159A is higher (17.5V) then that
required to program the PLS159 (14.5V).
Consequently, the PLS159 programming al-
gorithm will not program the PLS159A.
Please exercise caution when accessing pro-
grammer device codes to insure that the
correct algorithm is used.

LOGIC FUNCTION

Q3 Q2 Q1 Qo

[Tl i o] () emesawne

STATE REGISTER ReBeCe...

SET Qg Jp= (Qz® Q,0 Q¢ Q) SA*BeC...

NEXT STATE

Ko=0

RESETQy ;=0  _ e
Ky= Q3% @, Q. Qg)sAsBeC...

HOLD Qy J,=0
K=

TOGGLE Qg' J3=(Qg® Q,0Q,* Q) SA*BC...

K3=(Qg® Q;0Q,*Qg)sA*BeC...

TB00901S

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

5-26

FLIP-FLOP TRUTH TABLE

OE [LCKPR J K| Q F
H Hi-Z
L |[XXLXXX| L H
L {XXHLXX|H L
L [XXLHXX|L H
Lj{ttrirre|a Q
Lt tuLLriLrH|L H
L |LTLLHL|H L
L{LTLLHH|Q Q
H|HTLLLH|L H*
HIHTLLHL]|H L
X T XX LH| L | H
HOVES X XH L] H | L
NOTES:
1. Positive Logic:
JK=Tog+T1+Ta cerrririnnnns Ta1

Tn=Ce (lgelyely ...)e(QoeQy..) «(BgeBye..)
2. Tdenotes transition from Low to High level.
3. X=Don't Care
4.* = Forced at Fy, pin for loading J-K flip-flop in 170

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

disabled via steering input(s) I, B, or Q.
5.AtP =R = H, Q = H. The final state of Q depends

on which is released first.

6.* * =Forced at F, pin to load J-K flip-flop
independent of program code (Diagnostic mode),
3-State B outputs.
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FPLS LOGIC DIAGRAM

B——————(LOGIC TERMS — T) - " (CONTROL TERMS) ———————— 8 og
|| | )
o [Z14€ T 1
4 BHE =
'2@%
13 [Ehe
Fo
F
F2
F3
Fs
Fs
Fe
F’
8y
a‘
B,
83
<> - - - - <
(s5 00000 ) DODOUOC 0000 J’J,
l<: T [ ?c 0o 0 \ 0 9 2.0
o HE Lk —~ Pg [Rg|Pa|Ralls [La [D3{D2{Dy |Op EalEe
S3 - - I Dy Po- i {s] s,
Sz [ 8] 8,
s, ] — {71 s,
So I {e)e,
]Fr
B T@Fs
I@Fs
£ !EFA
T@F:
Y ‘EFz
!Eﬂ
‘l‘@Fo
Fleeeesen 23receccig JSecrcceg Toooson P ] cx
LDO1681S

NOTES:

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

2. Al other gates and control inputs with a blown link float to logic "1".
3. @ denotes WIRE-OR.

4. & Programmable connection.
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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 75°C
1 Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS ambient to junction 759G
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vce Supply voltage +7 Vbc
ViN Input voltage +5.5 Vbc
Vout Output voltage +5.5 Vbc
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C
NOTE:
1. Stresses above those listed 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.
DC ELECTRICAL CHARACTERISTICS 0°C <Ta<75°C, 4.75V < Vgc <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min } Typ' } Max
Input voltage?
ViH High Vce = Max 2 v
ViL Low Ve = Min 0.8 \"
Vic Clamp Vee = Min, Iy =-12mA -0.8 -1.2 \
Output voltage?
VoH High Vee = Min, loy =-2mA 2.4 Vv
VoL Low loL = 10mA 0.35 0.5 \"
Input current
IIH High Voo = Max, Viy =5.5V <1 40 MA
e Low Vin = 0.45V -10 -100 MA
Output current
loFr) | HiFZ state* 7 Ve = Max, Voyr = 5.5V 1 80 uA
Vout = 0.45V -1 -140 MA
los Short circuit® 5 Vout = 0V -15 -70 mA
Icc Ve supply current® Ve = Max 150 190 mA
Capacitance
Cin Input Voo = 5.0V, Vin=2.0V 8 pF
Cout Output Vour = 2.0V 15 pF
NOTES:

1. All typical values are at Vgc =5V, Tp = +25°C.

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

3. Test one at a time.

4, Measured with Vi applied to OE.

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

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

May 11, 1988 5.28
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AC ELECTRICAL CHARACTERISTICS R, =470Q, Ry =1k, 0°C < T < +75°C, 4.75V < Ve <5.25V

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min’ ] Typ' ' Max
Pulse width
tokH Clock? High CK- CK + Cy = 30pF 20 15
tekL Clock Low CK + CK - C = 30pF 20 15 ns
tckp Period CK + CK+ C = 30pF 55 45
tPRH Preset/Reset pulse (, B) + (, B)- C_ = 30pF 35 30
Setup time
tis1 Input CK + (, B C = 30pF 35 30
tis2 Input (through Fp) CK + F* C| = 30pF 15 10 ns
tis3 Input (through
Complement Array)* CK + (I, By * C_ = 30pF 55 45
Hold time
tiH1 Input CK + (, B C = 30pF 0 -5
tiH2 Input (through Fp) CK + F+ C_ = 30pF 15 10 ns
Propagation delay
tcko Clock F * CK + C = 30pF 15 20
toE1 Output enable F - OE - CL = 30pF 20 30
top1 Output disable® F + OE + CL =5pF 20 30
tep Output Bt (, B) £ CL = 30pF 25 35
ns
toez Output enable Bt (, B) + C_ = 30pF 20 30
topz Output disable® B + (I, B) - C_ =5pF 20 30
trrO Preset/Reset Ft (, B) + CL = 30pF 35 45
tepPR Power-on/preset F - Voot CL = 30pF [ 10
NOTES:
1. All typical values are at Voo =5V, Tp= +25°C.
2. To prevent spurious clocking, clock rise time (10% -90%) < 10ns.
3. Measured at V1= Vg + 0.5V.
4. When using the Complement Array Tckp = 75ns (min).
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.
TEST LOAD CIRCUITS VOLTAGE WAVEFORMS
vce +3.0V
T 90%
+5V 10%
") O—|> —— By ov |
| } Pt e
[}
'n O %2 R1 +3.0V
Bw O—* out —'—> F
! L1, ., o
Bx O—+ R2 C | L
o GND OF Y l Iwrwe-s
= — (INCLUDES MEASUREMENTS:
_L SCOPE AND JIG All circuit delays are measured at the +1.5V level
= CAPACITANCE) of inputs and outputs, unless otherwise specified.
Teote11s Teotez08 Input Puises
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TIMING DIAGRAMS

TIMING DEFINITIONS

Power-On Reset

+3v
.8
(INPUTS) >< 1.5V >< 1.5v
ov
e tiH 1~ tgy —|
+3V
1.5v 1.5V 1.5v
cK L ov
|<——- s 1 —|e—tokH —>|~— ‘CKL——|
| teke
—————— VoH
F 1.5V vr
(ouTPUTS) texon ' 4 vou
oml
I +3v
OF 1.5V 1.5V
I ov
Toet]
toe1
WF054718
Flip-Flop Outputs
+
.8 3v
(INPUTS) 1.5V
ov
VoH
8 v
(OuUTPUTS)
VoL
top2
+3v
LB
(OUTPUT ENABLE) +1.5v +1.5v
ov
WF05481S8
Gate Outputs
+5V
ov
VoH
VoL
+3v
ov
+3v

ov

WF06872S

May 11, 1988
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SYMBOL PARAMETER
Width of input clock pulse.

tckH
ek

Interval between clock
pulses.

tckp Clock period.

tPRH Width of preset input pulse.

Required delay between
beginning of valid input and
positive transition of clock.

tist

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

tis2

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

tH1

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

tiHz

Delay between positive
transition of clock and when
outputs become valid (with
OE Low).

Delay between beginning of
Output Enable Low and
when outputs become valid.

texko

Delay between beginning of
QOutput Enable High and
when outputs are in the
OFF-state.

Delay between V¢ (after
power-on) and when flip-flop
outputs become preset at
1" (internal Q outputs at
"o").

Propagation delay between
combinational inputs and
outputs.

top1

terR

trp

Delay between predefined
Output Enable High, and
when combinational outputs
become valid.

Delay between predefined
Output Enable Low and
when combinational outputs
are in the OFF-state.

top2

Delay between positive
transition of predefined
Preset/Reset input, and
when flip-flop outputs
become valid.

tPRO
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TIMING DIAGRAMS (Continued)

+3v

18
(INPUTS) 1.5v
ov

+3v
cK 1.5V \
-———nw OV

—Ti51™ Tis1 Tcko »
+av
PRESET/RESET l‘l.5V 1.5v
—-————'- ov

(1, B INPUTS) le— TpRH

. e ———— T y—————
\ (RESET) /

F—Tpno
g —— s —— - VOH
RESET ‘Z
F 1.5y (RESET) 1.5V
(OUTPUTS) Y (PRESET) \
- voL

- — —— = — — -
WF17070S

* Praset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Tis1 cannot
be guaranteed by the user.
Asynchronous Preset/Reset

+3v
18 >
1.5V 1.5V
(LOAD SELECT) ( )(
ov
+3v
OE -lmsv 1.5V
—4 ov
toet
g e e e o
L \
——t—————————] | S
|
|
. | +3V VoW
(NPUTS) v (FORCED DjN) 1.5V
oV VoL
[a—— toD1 tis2
= +3v
cK
—ov
I,_ _____
Q3 (DIN)
AN | S
'WF05501S

Flip-Flop Input Mode
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LOGIC PROGRAMMING

PLS159A logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

""AND" ARRAY — (l), (B), (Qp)

PLS159A logic designs can also be generat-
ed using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

— 1.8,Q | — 1,8,Q
- L8 Q i
:,a.oo._{ o lnoo—E 18,0 |,a,00——£ |,a,oo——£ o
- , B, . |
,8,Q —18.a »—1,8,0 1,B,Q
T [
(V,Fg, L, P,R, D)y (T, Fe, L. P,R, D)y (T,Fc,L,P,R, D)y T, Fc, L, P, R, D)y
STATE CODE [ staTE [ cobE ] STATE CODE STATE CODE
NacTive " 2 (o) [ 1,B,Q T H ] 18,0 L DON'T CARE -
15020328 LS02040S LS02050S LS020808
"COMPLEMENT" ARRAY — (C)
G —¢ g B
: — .« | a4
(Tne Fo) T FO) T FO) (T FO)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
INACTIVE" 3 5 [0} GENERATE® A PROPAGATE ° TRANSPARENT -
LS020728 LS020808 15020908 LS021008
"OR' ARRAY — (F-F CONTROL MODE) ""OR" ARRAY — (Q, =D -Type)
T
Fc fe n Tn
— J Q ) Q — 4 Q[ — J p—a
M —gENABLED i —|DISABLED M=ENABLED M=ENABLED
— X - K - 1 ] X
ACTION CODE ACTION CODE Tn STATUS CODE Tp STATUS CODE
JK OR D !
(consRoL20)1 A 4K ONLY . ACTIVE (Set) A INACTIVE (Reset) )
Ls021318 LS02141S LS02151S. 1LS021608
CAUTION:
The PLS159A Programming Algorithm is different from the PLS159.
May 11, 1988 5-32
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"OR" ARRAY — (Q, =J-K Type)

Tn Tn Tn Tn
—q J Q —q J — Q - J F—Q | — J —a
M = DISABLED! M =DISABLED M = DISABLED! M= DISABLED
—q K — K — K — K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE (o] SET H RESET L HOLD -
1LS02170S 15021808 LS02190S 15022008
""OR" ARRAY —(S or B) "EX-OR" ARRAY — (B)
Tn Ta
s, B s, B s s
[ [ Do
Tn STATUS CODE Tn STATUS CODE POLARITY CODE POLARITY CODE
1
ACTIVE A INACTIVE ° Low L HIGH H
Ls022118 Lsd22218 LS022308 LS022408
"OE " ARRAY — (E)
—
inn LT T T
Ep En €, En
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
iDLe® 4 o] CONTROL A ENABLE? e DISABLE -
150225258 LS022605 LS022708 LS022308
NOTES:
1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates.
2. Any gate (T, F¢, L, P, R, D), will be unconditionally inhibited if both of the |, B, or Q links are left intact.
3. To prevent oscillations, this state is not allowed for C link, pairs coupled to active gates Tp, Fc.
4. E,=0 and E,= -are logically equivalent states, since both cause F, outputs to be unconditionally enabled.
5. These states are not allowed for control gates (L, P, R, D), due to their lack of "OR" array links.

May 11, 1988
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FPLS PROGRAM TABLE

T

NOTES

. The FPLS is shipped with alt links intact. Thus a back-
ground of entries corresponding to states of virgin
links exists in the table, shown BLANK for clanty
Program unused C. I, B.and Q bits in the AND array as
(=—). Program unused Q. B. P. and R bits in the OR
array as (—) of (A). as apphicable

Unused Terms can be left blank

Q (P)and Q (N) are respectively the present ang next
states of fhio-flops C.

CONTROL

T
I
|
Iy
H
|
|
t
|
|
:s
|
]
..[._
|
|
|
|
|
|
|
|
]
|
|
|
1

INACTIVE O

8.0 H
— Leq.

18.Q I a®

OON'T CARE 1~

[acvve YA} 405001 ™
INACTIVE ! @ ©=0) 2
[inactive To ]

T
0
N

Tan o] FF Mooe [t ~To
i

~

(controtied)

|

| CONTROL | &

I ENABLE lo
TOGGLE 10 | DISABLE | —

|

-l

Eae

w

INACTIVE o
GENERATE A
.

IS

SEY
RESEY
HOLD

c oL

@=JiK) wow L

PROPAGATE
'lANS'AWEN""

I
|
I
|
|
|
1
|

{. FIF MODE €a H €4 [ rouanry
P LT T T 1T H LI [
AND (OR)
] (1) Q (P Q (N) 8(0)
3j2jtjojs3j2]|1]o0]7ls|5]a4]3|2]1]0 7{6|5(4|3]2]1j0fJ3}2]1]0

olo|v|oajajajelnisjojEDdm~

Iy
Y k-

THIS PORTION TO BE COMPLETED BY SIGNETICS

CF (XXXX)

CUSTOMER SYMBOLIZED PART #

DATE RECEIVED
COMMENTS

REV DATE ____
2

&8

RA
La
D3
D2
D1

TOTAL NUMBER OF PARTS

PROGRAM TABLE #

PURCHASE ORDER #
SIGNETICS DEVICE #

CUSTOMER NAME

d#-q

TBO1201S
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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 Q;, and 4 Qf edge-
triggered, clocked S/R flip-flops, with an
asynchronous preset option.

Al flip-flops are unconditionally preset to
""1" during power turn-on.

The AND Array combines 14 external
inputs, lo.13, with 8 internal inputs, Pg.7,
fed back from the State Register to form
up to 48 transition terms (AND terms). in
addition, Pg and P 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

PLS167

Field-Programmable Logic
Sequencer (14 X 48 X 6)

Signetics Programmable Logic

Product Specification

Enable function, as an additional user
programmable option.

Order codes are listed in the Ordering
Information Table. ‘
FEATURES
® fyax: 13.9MHz
- 20MHz clock rate
o Field-Programmable (Ni-Cr link)

o 14 True/Complement buffered
inputs

e 48 programmable AND gates
® 25 programmable OR gates
o B-bit State Register

e 2-bit shared State/Output
Register

® 4-bit Output Register
o Transition Complement Array

o Programmable Asynchronous
Preset/Output Enable

© Positive edge-triggered clock

o Power-on preset to logic ""1"" of
all registers :

e Automatic logic ""HOLD" state
via S/R flip-flops

e On-chip Test Array

¢ Power: 600mW (typ.)
o TTL compatible

o 3-State outputs

e Single +5V supply

o 300mil-wide 24-pin DIP

EHE

LDO11518

PIN CONFIGURATIONS

N Package

A Package

NC Fo b h B Iy

NC W3 lh2 ly ko h NIC

CD044718

May 11, 1988
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APPLICATIONS

o Interface. protocols

e Sequence detectors

o Peripheral controllers

o Timing generators

e Sequential circuits

o Security locking systems

853-0314 93255
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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.
2-7 l1-13 Logic Inputs: The 13 external inputs to the AND array used to program jump conditions| Active-High/Low
17-23 between machine states, as determined by a given logic sequence.
lo Loglc/Diagnostic Input: A 14th external logic input to the AND array, as above, when| Active-High/Low

exercised with standard TTL levels. When g is held at +10V, device outputs Fo_3 and
Po_1 reflect the contents of State Register bits P,_7 (see Diagnostic Output Mode
diagram). The contents of flip-flops Po_.1 and Fg.3 remain unaltered.

9-11 Fo-3 Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of Active-High
13 Output Register bits Qp_3, when enabled. When | is held at +10V, Fo_3= (P2_5).
14-15 Po-1 Logic/Diagnostic Outputs: Two register bits with shared function as least significant Active-High
State Register bits, or most significant Output Register bits. When |g is held at +10V,
Po-1=(Pg-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 Active-High (H)
bits. Preset overrides Clock, and when held High, clocking is inhibited and Po_¢ 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 cutput buffers. Active-Low (L)
LOGIC FUNCTION TRUTH TABLE " %3456
Typical State Transition: OPTION
Vcc — |o CK S R Qp/F F
Q2 a1 Qo PR OE

6 PRESENT STATE H v X X X H H
STATE REGISTER ReBeCe... L +10V X X X Q, Qpn
L X X X X Qn (QF)n

") oo !
H * X X X Qn Hi-Z
T O 6.2 G, Q. Ty SEeTe C +5V L +10V X X X Qq (Qp)n
SET Qg Sp=(Qg® Qy* Qp) *A L X X X X Qn (Qp)n

Ro=0

RESET Qy: S, 20 L X 1 L L Q, (Qp)n

v n::(azoo‘.ﬁoy.fo"ioc”, L X T L H L L

HOLD O 5.0 L X 1 H L H H
) L X 1 H H IND. | IND.

oS 1 X X X X X X H
NOTES:
1. Positive Logic:
VIRGIN STATE S/R=To+Ty+To+..+Ts7

A factory shipped virgin device contains all Tn=Cllo |y I2) (Po P1..P7)

. . N y 2. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired
fusible links intact, such that: function is a user programmable option.
1. PR/OE option is set to PR. Thus, all 3. T denotes transition from Low to High level.
outputs will be at ''1"", as preset by initial 4. R =S = High is an illegal input condition.
power-up procedure. 5. *=H/L/+10V
6. X=Don't Care (<5.5V)

2. All transition terms are disabled (0).

All S/R 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.

®
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FPLS LOGIC DIAGRAM

| (LOGIC TERMS—T) 9
b |8 M
yl7
L e OPTION
D %
[ ‘1 18 | PRIOE
5 ]2
h |23
|2
W |
Yo (20
g (¥
ha {18
h (17
1 Pa
P‘
P2
Ps T
P Ps T
o sa:
Pl___+
L P’-.}‘ g
3 ‘+ _FI
ny 11 1
B 0000000 oLololulelofiulelelelelvlelofvlelolslelels v
c - - 1
- T T
B T
T -
; T TrrT
N J IREERE 1 .
1'1 ; 6 20 g b
- : F —
_ 4 b 15| Py
L4 4 1 +—1- —~+- T - + u| po
T T ] &
; ST 4 Jt_ sa ____+.°‘ & Fr
TR +"‘r‘+‘|'£; g 0 0 : R P !
- - H % l - - S a2 3] R
| AuEmAn ] {‘ : .
T T 1] ex
47 000000080 394000000032 31 000000024 230ecssceeif15cconvcnel 7esoccanse
LDozz282s
NOTES:
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 ""0".
3. % Programmable connection.
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ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
N - "
24-pin Plastic DIP PLSTB7N Maximum junction 150°C
300mil-wide Maximum ambient 75°C
28-pin Plastic Leaded Allowable thermal rise
Chip Carrier PLS167A ambient to junction 75°C
ABSOLUTE MAXIMUM RATINGS'
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Vbe
Vin Input voltage +5.5 Vpe
Vout Output voltage +5.5 Vbe
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C

NOTE:
1. Stresses above those listed 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 dovico is not implied.
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DC ELECTRICAL CHARACTERISTICS 0°C <Ta<75°C, 4.75V < Vg <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min J Typ! ‘ Max

Input voltage?
Vin High Vce = Max 2 Vv
ViL Low Ve = Min 0.8 \
Vic Clamp® Veg = Min, Iy =-12mA -08 | -12 \
Output voltage?

Vee = Min
VoH High?* loH =—-2mA 2.4 v
VoL Low® loL = 9.6mA 0.35 0.45 v
Input current
i1 High Vin = 5.5V <1 25 pA
i Low Vin = 0.45V -10 | =100 pA
e Low (CK input) Vin = 0.45V -50 -250 HA
Output current

Vce = Max
lo(oFm) Hi-Z state® Vout = 5.5V 1 40 uA

Vourt = 0.45V -1 -40 HA

los Short circuit® 7 Vout =0V -15 -70 mA
Icc Vce supply current® Ve = Max 120 180 mA
Capacitance®

Voe = 5.0V
Cin Input ViN=2.0V 8 pF
Cout Output Vout = 2.0V 10 pF

NOTES:

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

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

3. Test one at a time.

4. Measured with V,_ applied to OE and a logic high stored, or with Viy applied to PR.

5. Measured with a programmed logic condition for which the output is at a low logic level, and V_applied to PR/OE Output sink current is supplied through a resistor
to Vee.

6. Measured with Vi applied to PR/OE.

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

8.Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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AC ELECTRICAL CHARACTERISTICS R;=470Q, Ry = 1k, C_ = 30pF, 0°C <Ta < +75°C, 4.75V < Vg <5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min IiTyp1 | Max
Pulse width®
tokH Clock? High CK- CK+ 25 15
tokL Clock Low CK+ CK- 25 15 ns
tckp1B Period (without Complement Array) CK+ CK+ 80 40
tckp2B Period (with Complement Array) CK+ CK+ 120 60
tPRH Preset pulse PR - PR + 25 15
Setup time®
tis1A Input CK + Input + 60
tis1B Input CK + Input + 50
t51C Input CK + Input + 42
tiseA Input (through Complement Array) CK + Input + 90 ns
tis2B Input (through Complement Array) CK + Input 80
tis2C Input (through Complement Array) CK + Input 72
tvs Power-on preset CK- Vec + 0 -10
teRs Preset CK- PR - 0 -10
Hold time
tin Input Input £ CK + 5 | -10 I ns
Propagation delay
tcko Clock Output £ CK + 15 30
toe Output enable Output - OE - 20 30 ns
top Output disable Output + OE + 20 30
tpr Preset Output + PR + 18 30
tpPR Power-on preset Output + Vee + 0 10
Frequency of operation®
fmaxC Without Complement Array 13.9 MHz
fmaxC With Complement Array 9.8
NOTES:
1. All typical values are at Vgc =5V, To= +25°C.
2. To prevent spurious clocking, clock rise time (10% -90%) < 30ns.
3. Soo "Speed vs. OR Loading" diagrams.
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PLS467

TIMING DIAGRAMS

TIMING DEFINITIONS

+3V
lo13 } 15V .
ov

+3V

CLK ov

e p— Vou
; 1.5V
cKo l VoL
'ou—]

OF +av
15V 71 15V
ov

Fo-o/Po

L'oz’

Sequential Mode

WF053538

+3V

ov

e +3V
ov

bt oy —|

————— Vo,

% 15V * 15v
J Vou
r‘ra I“Pﬂs’ F-tex

L} +3V
15V 15V \\ 15V
PR ov

L—'PRH—‘I

Fo-3/Po1

WF053635

Asynchronous Preset

+5V
4.5V

Vee ov
l=—tPPR

- - Yoy

&Q 1.5V (F)=1 1.5V &s (Fa=1)
Fo-o/Po-y _4 Voo
le-t CKO-

teke
" +3v
15V 34 \ 15V 15V
CLK = en o ononcoen o oncm om an /' ov
[e—— tCKH—]
tvs
+3V

lo-n ov
ts ——— ——l

Power-On Preset

WF05403S

SYMBOL

PARAMETER

tckH

Width of input clock pulse.

tekL

Interval between clock
pulses.

tckpt

Clock period —when not
using Complement array.

tist

Required delay between
beginning of valid input and
positive transition of clock.

tckp2

Clock period - when using
complement array.

tis2

Required delay between
beginning of valid input and
positive transition of clock,
when using optional
Complement Array (two
passes necessary through
the AND array).

tvs

Required delay between Vo
(after power-on) and negative
transition of clock preceding

first reliable clock pulse.

tPRs

Required delay between
negative transition of
asynchronous Preset and
negative transition of clock
preceding first reliable clock
pulse.

ty

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

tcko

Delay between positive
transition of clock and when
Outputs become valid (with
PR/OE Low).

toe

Delay between beginning of
Output Enable Low and
when Outputs become valid.

top

Delay between beginning of
Output Enable High and
when Outputs are in the
OFF-state.

tsRe

Delay between input lp
transition to Diagnostic mode
and when the Outputs reflect
the contents of the State
Register.

tsRD

Delay between input lg
transition to Logic mode and
when the Outputs reflect the
contents of the Output
Register.

teR

Delay between positive
transition of Preset and
when Outputs become valid
at ",

terR

Delay between Vgg (after
power-on) and when Outputs
become preset at "'1".

tPRH

Width of preset input pulse.

fmax

Maximum clock frequency.
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TIMING DIAGRAMS (Continued)

+3v
| } 15V
ov

- v
15V \ 15V

INTERNAL == -::s::: o™ _— ----------------- Vou

e O 2 I
l Je— 'sns g o 'sno—’l

OUTP#I (Fp) ,// / / ,//// W 15V (F,+ 1)

WF053815

Diagnostic Output Mode

TEST LOAD CIRCUITS VOLTAGE WAVEFORMS
T +3.0V
+5V
o—1, Vee
: P — R, ov
P b—
o
‘ R, c, +3.0v v
( A I
O—=] 1y = = 10%
(INCLUDES SCOPE oV -— ——}-
O——=1CK PR/OE |~—0 AND JIG
CAPACITANCE) . _
_TL TC015808 o leos:razs
cosms MEASUREMENTS:

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

Input Pulses
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SPEED VS. "OR" LOADING

The maximum frequency at which the FPLS
can be clocked while operating in sequen-
tial mode is given by:

(1/fmax) = toy = tis + tcko

This frequency depends on the number of
transition terms T, 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 tis, due to capacitive loading.
The effect of this loading can be seen in
Figure 1, showing the variation of tjgq with
the number of terms connected per OR.

The AC electrical characteristics contain
three limits for the parameters tig1 and tigz.
The first, tis1a is guaranteed for a device
with 48 terms connected to any OR line.
tis1g is guaranteed for a device with 32
terms connected to any OR line. And tig1c
is guaranteed for a device with 24 terms
connected to any OR line.

60 T
I 418
50 ¢ \ ts1A_
[
N
a0 //
H
z® LT
20
10
0 8 16 24 32 40 48
TERMS CONNECTED/OR
OP01281S
Figure 1. tig1 vs. Terms/OR
Connected

The Three other entries in the AC table, tis2
A, B, and C are corresponding 48, 32, and
24 term limits when using the on-chip
Complement Array.

The worst case tig for a given application
can be determined by identifying the OR
line with the maximum number of T, 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 tg 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.

TRANSITION TERMS T,

OUYQUOY,

TEAMS/OR “OR"

Not
useo

AF01810S
Figure 2. Typical OR Array
Interconnect Pattern
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LOGIC PROGRAMMING PRESET/OE OPTION - (P/E)

PLS167 logic designs can be generated using —

Signetics' AMAZE PLD design software or PR/OE PR/OE

one of several other commercially available,

JEDEC standard PLD design software pack- P P=0

ages. Boolean and/or state equation entry is E=1 (PRESET E
accepted. (:;:I;:;) DISABLED)

PLS167 logic designs can also be generated - Lsoe14s = Lso18255
using the program table entry format detailed I OFTIoN T cooE | [ OPTION [ GooE |
on the following pages. This program table [ pmeser | W | | 5 L
entry format is supported by the Signetics'

AMAZE PLD design software (PTP module). proGRAMMING:

AMAZE is available free of charge to qualified  The PLS167 has a power-up preset feature. This feature insures that the device will power-up in a known
users. 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

To implement the desired logic functions, the wish 1o use all Highs (H) as the present state.

state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

"AND" ARRAY -(I), (P)

— ip — Ip l— Ip - ip
1 °_§ Lpo—& l‘po—'é _ l,PO——'é _
® ip ip — ip ——ip

ip — ip
To qﬂ Tn [PT.-
LS01850S LS01860S LS01830S LS01840S
[ STATE | copE | [ STATE [ cooE | [ STATE | CODE | [ STATE | CODE |
|_NacTive? | o | | 1, P | v ] ( TP v ] | poNTcaRe | - |

"OR" ARRAY - (N), (F)

T T, T Tn
""_J—D_" s e "-""-"—D— s |—a | n —D— s |—a | n -————l >—s |—a
s+D+ | | +Dp | |+ D] |
15018908 LS01800S Lso18708 LS01880S
[_acrion T cooE | [ acmion T copE | [ AcTion [ "copE ] [ acTion | cooE )
[ mnacnive® | o | [ SET | v ] | RESET o] [ _NocHANGE | - ]

""COMPLEMENT" ARRAY -(C)

—P—a— G : ‘ &
U

n n n n

LS01930S LS01940S LS01910S. 15019208
[ ACTION | copE | [ ACTION | cooE } [ ACTION | copE | [ ACTION | copE |
[ NacTive™ [0 | | GENERATE | A ] | PROPAGATE | o | | TRANSPARENT | - |

NOTES:

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

2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact.

3. To provent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates Ty, (see flip-flop truth tables).
4. To provent oscillations, this state is not allowed for C link pairs coupled to active gates Tp.
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FPLS PROGRAM TABLE PROGRAN TABLE ENTRIES
AND OoR
CUSTOMER NAME ——=- —— ————
PURCHASE ORDER # INACTIVE [) INACTIVE a
GENERATE A SET H
SIGNETICS DEVICE # CF (00XX) n
PROPAGATE . RESET I L Ve, Fr
CUSTOMER SYMBOLIZED PART # TRANSPARENT | — 'NO CHANGE | —
TOTAL NUMBER OF PARTS -
NACTVE r R ——
PROGRAM TABLE # - —
Le H m, Ps
REV i T ' PRESET | H -
DATE DON'T CARE | — OE L
!
D omop:‘(gg I
T INPUT (1) PRESENT STATE (P5) REMARKS NEXT STATE (Ng) | OUTPUT (Fr)
Cn
R 1 \II 1
M 3{2f81{ofafef7]esTaf3]21[od7{e]s[sf3[2[1{0 7i6[{s5f{af3j2f1]o¥3[{2{1f{0
LJ w LB L
L] L [} L]
[ ¥ 0] [
L} ] i |
] ] i L i ]
] L L R i 8
s M M " s
¥ L e L
* T . .
[0 L T T . T
11 0 0 0 ¥ [
T2 0 [ [] [ 0
13 ] % N [ 1
i; ] u Il a A
1 2
16 " : : . "
7 . M - s
8
o * v . * *
Ld L] LJ L N
21 L LJ T L) T
22 L] ] [] ] T
23 [] [} [] [] [
24 [] [} 1 [] [N
’;‘: i ) M 1 '
I’} [} i -
27 . . . . .
% L ) T +
35 * T x + +
5 T ¥ T T T
32 T ¥ [ ¥ T
33 [ [ [ T ¥
34 ] [ 1 ] [
35 1 (] M [] []
36 2 i M 1 2
g; M N z 'l M
" . s s
!2 L L] L +
4 bl L ¥ * *
a2 T LJ T T T
43 L3 [] [} ¥ T
| 44 [] [] ] []
|45 8 [ T 0
18 B 0 [
a7 ) o 1
PN 1|1 li]2]2{2])2 [AR1 BEREER
No. [7{sfefofv(2]a|2]3[*}5(8(7|® s|als|1fo]®
5III
i3
Tz
s
TBO1622S
NOTES:

1. The FPLS is shipped with all links initially intact. Thus, a background of ""0" for all Terms, and an ""H" for the P/E option, exits in the table, shown BLANK instead for clarity.
2. Unused Cp, Im, and P 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 o sy
parametric tests prior to programming via an _ cc
on-chip test array. a (In+ F)/Fy Vee
The array consists of test transition terms 48
and 49, factory programmed as shown below.
XY i F P, Po.
Testing is accomplished by clocking the FPLS (" F)/F, (- Fo)/Fy h—lo1s 97 o
and applying the proper input sequence to @ CLOCK —] CK FogforFr

lo.13 as shown in the test circuit timing dia- ~ PR/OE
gram. v (I + Fo)F, E_I GND

AFO1821S

State Diagram

TCO15928

FPLS Under Test

OPTION (P/E) R
AND OR
T
5 c TS INPUT (im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
Y
3l2f1jofe]s]7]e]s]a]al2f1]Jo]7]e]s][af3]2]1]0 7lelsfalaf2]1fof3f2]1]0
48 | A [HIH[H]H]H[H[HTH]H[HTH]H][W]R][H][n]a]Hu]H]n]H clefoefefefefe e
49 o [Lliflefelefe]elefeeTelefe e ejelejefee]e]e H[H|H|H|H|H[H|[H|H[H][H][H
TBO1600S
Test Array Program
+5V
Veo 4TSV
ov
‘——'vs—-r-'cxu 'cm.—»'
Vi
Both terms 48 and 49 must be deleted during Vi
user programming to avoid interfering with the —-l ('™ lm—j rl.s,-><-t..,*l
desired logic function. This is accomplished - Viy
automatically by any of Signetics' qualified b1 %LW 1.5V 15V u.vf v
programming equipment. === ===

—»| tppr texo — texo
N =
Fos 1.5V lsvt 15V

ov
STATE —————— /=== HGH
REGISTER | W — Low
'WF053758
Test Circuit Timing Diagram
OPTION (P/E) I
AND
T OR
H ¢ 71T INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
[!]
3]2)1]ojs|8|7|6]s|afa|2[1]of7]e[s]aa3]2]1]0 7le|slalalal1fofa]2]1]0
48 =~ |HIH|H|H|H|{H|H|[H]|H]|H]|H|H|[H]H[H|[H][H][H]H][H[H]H —-=]=1=T=1=]={=1T=1T=1=1-
49 | e jrLjrjrjrjrjejefefjefo]efjefefefefo]eoeloleleTc —=T=1T=1=1=1=1=1=1=1=1=
TB01610S

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 Qp, and 4 Qr 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, lp.13, with 8 internal inputs, Pg.7,
fed back from the State Register to form
up to 48 transition terms (AND terms). In
addition, Pg and P 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

PLS167A

Field-Programmable Logic
Sequencer (14 X 48 X 6)

Signetics Programmable Logic

Product Specification

enable function, as an additional user
programmable option.

Order codes are listed in the Ordering

Information Table.

FEATURES

o fmax: 20MHz
- 25MHz clock rate

o Field-Programmable (Ni-Cr link)

e 14 True/Complement buffered
inputs

e 48 programmable AND gates

e 25 programmable OR gates

o 8-bit State Register

© 2-bit shared State/Output
Register

® 4-bit Output Register

o Transition Complement Array

e Programmable Asynchronous
Preset/Output Enable

o Positive edge-triggered clock

e Power-on preset to logic ''1" of
all registers

e Automatic logic ""HOLD" state
via S/R flip-flops

e On-chip Test Array

o Power: 600mW (typ.)
e TTL compatible

e 3-State outputs

o Single +5V supply

o 300mil-wide 24-pin DIP

[ o> 3

PR/CE

@ Jourrur
REG.

L)

cK

LDO1151S.

PIN CONFIGURATIONS

N Package
ck[1]
1s[Z]
15[3]
1 [4]
i3 E
12[e]
W [T]
to [8]
Fo [9]
F [1g]
F2 [i1]
GND E‘
N = Plastic
A Package
NC Fo o h 2 I3 NC
w1] [w] [5] ] [7] [6] [5]
Fi {12] [4]u
F2 [13] (3]s
GND [14] [2]16
F3 [15] o]1]cx
Po [16] Vee
Py [17] 27] 1y
PR/OE [18] [26] 16
o & & & = B ]
NIC h3 h2 I ho k NIC
CDO4471S

A = Plastic Leaded Chip Carrier
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APPLICATIONS

o Interface protocols

e Sequence detectors

o Peripheral controllers

e Timing generators

e Sequential circuits

e Security locking systems
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PIN DESCRIPTION

PIN NO.

SYMBOL

NAME AND FUNCTION

POLARITY

9-11
13

14-15

16

CK

li-13

Fo-3

Po_1

PR/OE

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 13 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 14th external logic input to the AND array, as above, when
exercised with standard TTL levels. When [y is held at + 10V, device outputs Fy_3 and
Po-1 reflect the contents of state register bits P»_7 (see Diagnostic Output Mode
diagram). The contents of flip-flops Pg_4 and Fg-3 remain unaltered.

Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents of
Output Register bits Qp_3, when enabled. When |y is held at +10V, Fo_3 = (P2_s).

Logic/Diagnostic Outputs: Two register bits with shared function as least significant
State Register bits, or most significant Output Register bits. When |y is held at +10V,
Po_1=(Pg-7).

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 Py 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.

Active-High

Active-High/Low

Active-High/Low

Active-High

Active-High

Active High (H)

Active-Low (L)

LOGIC FUNCTION

TRUTH TABLE"2 %456

VIRGIN STATE

Typical State Transition: OPTION
Vee — Io cK s R Qp/r F
Q2 Q1 Qo PR OE
e PRESENT STATE H . X X X H H
STATE REGISTER RKeBeCo... L +10V X X X Qn Qp)n
L X X X X Qq (QF)n
[o]o]+] @ NEXT STATE " -
H X X X Q, Hi-Z
. — +5V L +10V X X X Q, (Qp)n
SET Qg S4=(0,* Q) sA*BeC... L X X X X ar Qo
Rp=0
RESETQy: §y=0 L X ! L L Gn @Qrln
! n::(dz.o‘.ﬁn)ﬂ'.'a"ocm L X % L H L L
i I X H L H H
HOLD 0, :;;g L X 1 H H IND. IND.
o 1 X X X X X X H
NOTES:

1. Positive Logic:
S/IR=To+Ty+To+..+Ta7
Ta=Clo 11 12..) (Po P1..P7)

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 S/R 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.

May 27, 1988

Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired
function is a user programmable option.
denotes transition from Low-to-High level.
R =8 =High is an illegal input condition.
*=H/L/+10V
X =Don't care (< 5.5V)
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FPLS LOGIC DIAGRAM

[ 2 (LOGIC TERMS—T) —u
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o o IFF
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S C—1-

»
[+]
-
&

Py

Po

-
[+]

S —
=]

F

]

47 seevoeedl 390000000032 31 000050024 23000000s018 15000000008 7000000000

LD02282S

NOTES:

1. All AND gate inputs with a blown link float to a logic "'1".
2. All OR gate inputs with a blown link float to a logic ""0"".
3. @ Programmable connection.
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Field-Programmable Logic Sequencer (14 X 48 X 6) PLS167A
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
N y - - "

24-plq Pl_astlc DIP PLS167AN Maximum junction 150°C
300mil-wide Maximum ambient 75°C
28-pin Plastic Leaded Allowable thermal rise

) . PLS167AA
Chip Carrier S ambient to junction 75°C

ABSOLUTE MAXIMUM RATINGS'
RATINGS
SYMBOL PARAMETER UNIT
Min Max

Vee Supply voltage +7 Vbc

ViN Input voltage +55 Voc

Vour Output voltage +55 Voc

N Input currents -30 +30 mA

lout Output currents +100 mA

Ta Operating temperature range 0 +75 °C

Tsta Storage temperature range -65 +150 °C

NOTE:
1. Stresses above those listed 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.
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DC ELECTRICAL CHARACTERISTICS 0°C <Ta <75°C, 4.75V < V¢ <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ! | Max
Input voltage?
Vi High Vce = Max 2 v
ViL Low Ve = Min 0.8 \"
Vic Clamp® Ve = Min, Iy =-12mA -08 | -1.2 %
Output voltage?
Vce = Min
VoH High* lon = -2mA 24 SV
VoL Low’ . loL = 9.6mA 035 | 045 \
Input current
IH High Vin=5.5V <t 25 MA
I Low ViN =0.45V -10 -100 MA
i Low (CK input) Vin = 0.45V -50 -250 HA
Output current
Vce = Max
lo(oFF) Hi-Z state® Vour = 5.5V 1 40 uA
Vour = 0.45V -1 -40 HA
los Short circuit® 7 Vour = 0V -15 -70 mA
Icc Ve supply current® Ve = Max 120 180 mA
Capacitance®
Vce =5.0V
Cin input VN = 2.0V 8 pF
Cout Output Vout = 2.0V 10 pF
NOTES:
1. All typical values are at Vgg=5V. Tp= +25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one at a time.
4. Measured with V;_ applied to OE and a logic high stored, or with Vi applied to PR.
5. M d with a prog d logic condition for which the output is at a low logic level, and Vy_applied to PR/OE Output sink current is supplied through a resistor

to Vce.
6. Measured with V) applied to PR/OE.
7. Duration of short circuit should not exceed 1 second.
8.lcc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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PLS167A

AC ELECTRICAL CHARACTERISTICS R, =4708, Ry = 1kS2, C| = 30pF, 0°C < Ta < +75°C, 4.75V <V <5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min | Typ? 1Max
Pulse width®
tokH Clock? High CK- CK + 20 15
tekL Clock Low CK + CK- 20 15 ns
tckp1B Period (without Complement Array) CK + CK + 50 40
tckp2B Period (with Complement Array) CK + CK + 80 50
teRH Preset pulse PR- PR+ 25 15
Setup time®
tis1A Input CK + Input + 40
tis1B Input CK+ Input + 30
tis2A Input (through Complement Array) CK + Input + 70 ns
tis2B Input (through Complement Array) CK + Input 60
tvs Power-on preset CK- Vee + 0 -10
trRs Preset CK- PR- 0 -10
Hold time
ti Input L Input + CK+ 5 -10 | ns
Propagation delay
tcko Clock Output £ CK + 15 20
toe Output enable Output - OE- 20 30 ns
top Output disable Output + OE + 20 30
ter Preset Output + PR + 18 30
tppR Power-on preset Output + Vee + 0 10
Frequency of operation®
fmaxB Without Complement Array 20.0 MHz
fMaxB With Complement Array 125
NOTES:
1. All typical values are at Voo =5V, T =+25°C.
2. To prevent spurious clocking, clock rise time (10% -90%) < 30ns.
3. See '""Speed vs. OR Loading" diagrams.
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TIMING DIAGRAMS TIMING DEFINITIONS
v SYMBOL PARAMETER
lo1a %1:.v Xmsv tokn Width of input clock pulse.
_l o tokL Interval between clock
tin <——-‘ls——| pulses.
3V
* tckpi Clock period - when not
e — W using Complement array.
tis —"‘“—‘“H—’L—. 'C"L—l tis Required delay between
Fo.o/Poy o e s Von beginning of valid input and
1‘5‘,}& |2|.sv positive transition of clock.
texo | Vou tokpz Clock period - when using
rto complement array.
oF 3V tis2 Required delay between
15V 15v beginning of valid input and
Ll ov positive transition of clock,
O wrosssas when using optional
Complement Array (two
Sequential Mode passes necessary through
the AND array).
tvs Required delay between Voo
(after power-on) and negative
- +3v transition of clock preceding
lo-13 thv first reliable clock pulse.
=== ov tpRs Required delay between

texp N 7
I‘—"‘ _—‘[ av negative transition of

v asynchronous Preset and
i 15V 15V 15 o negative transition of clock

CLK ——— Allabn .
c,s_.LtCKO..I L_tcm_.._.:cu g:ﬁ:eedmg first reliable clock
-—— -\
kA I R T
v, positive transition
FodfPo ton ,I tonse] ftexo _,l o and end of valid Input data.
r r +av tcko Delay between positive
15v7z 1.5V%\\%\15V transition of clock and when
PR ov Outputs become valid (with
e tomn— . PR/OE Low).
WFO53¢
toe Delay between beginning of
Asynchronous Preset Output Enable Low and
when Outputs become valid.
top Delay between beginning of

Output Enable High and

v when Outputs are in the
4.5V OFF-state.
tsRe Delay between input Iy
Vee ov transition to Diagnostic mode
e tppR and when the Outputs reflect
o - - - Vo the contents of the State
\ \\\ 15V F)=1 15V % (F,=1) Register.
Foo/Poy LM Vo tsRD Delay between input lp
=t cKo: transition to Logic mode and
Loke —_— v when the Outputs reflect the
’ \ contents of the Output
1.5v,-j» 15V 15V w Register.
K oncomahosasos o oo oo an om an
cu L—-—*cxu—— tpr Delay between positive
tys transition of Preset and
when Outputs become valid
+3V an
at "1'".
. '*"“X X""“' tepR Delay between Vcc (after
e o power-on) and when Outputs
tig ——>1+—1tm become preset at 1",
WF54035 tPRH Width of preset input pulse.
Power-On Preset fmAx Maximum clock frequency.
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TIMING DIAGRAMS (Continued)

+3v
ov
______ - +10V
%+ sov X sov
" N —————
\
o 15V v 4 \
——— 0\
r— Y —I
+3v
15V
CLK s ov
S Ju—
INTERNAL —---_--ﬂr-_ ...... I o o o o e Vo
STATE REG. (P X
[RONE SRy IS (RN 44 VNS Uy Ry Sy [ S S Uy —— Vou
Vou
(F) 15V X 15V (F,+1)
ouTPUT v,
BF t oL
cxo
OF = =~ ov
'WF05381S
Diagnostic Output Mode
TEST LOAD CIRCUITS VOLTAGE WAVEFORMS
430V == ———
T +5V 90%
Vec
Oo—=llg 10%
| R ov
l LY 1
P — Sns 4 Y SnsL_
| Fo
|
| Ry c +30V 80%
I F
O—] Iyy = T 10%
__ (INCLUDES SCOPE [T p——
O—=1CK PR/OE [=—O AND JIG
CAPACITANCE) N . N
-?L Tootseos WF05302S
oot MEASUREMENTS:
All circuit delays are measured at the + 1.5V level
of inputs and outputs, unless otherwise specified.
Input Pulses
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PLS167A

SPEED VS. "OR'" LOADING

The maximum frequency at which the FPLS
can be clocked while operating in sequen-
tial mode is given by:

(1/fmax) = tcy = tis + texo

This frequency depends on the number of
transition terms T, 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 tig, due to capacitive loading.
The effect of this loading can be seen in
Figure 1, showing the variation of tjg¢ with
the number of terms connected per OR.

The AC electrical characteristics contain
two limits for the parameters tig1 and tsz.
The first, tig1a is guaranteed for a device
with 24 terms connected to any OR line.
tis1g is guaranteed for a device with 16
terms connected to any OR line.

NN
50 I /
ts1A /
“
1B
2
5%
P et
10
[

o 8 1% 24 32 40
TERMS CONNECTED/OR
0PO1251S

Figure 1. tig1 vs.
Terms/OR Connected

The three other entries in the AC table, t52
A and B are corresponding 24 and 16 term
limits when using the cn-chip Complement
Array.

The worst case of tig for a given application
can be determined by identifying the OR
line with the maximum number of T, 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 tig 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.

TRANSITION TERMS T,

0y,

} > “OR"
ARRAY

TERMS/OR

o
NOT
UsED
AF01810S
Figure 2. Typical OR Array
Interconnect Pattern
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PLS167A

LOGIC PROGRAMMING

PLS167A logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLS167A logic designs can also be generat-
ed using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

""AND" ARRAY -(l), (P)

PRESET/OE OPTION ~ (P/E)

PR/OE PRIGE
P oy P=0 -
(ALWAYS (PRESET
ENABLED) DISABLED)
- LS01814S. = LS018258
[ OPTION | copE | OPTION CODE
[ pRESET" | H | | OF o]
PROGRAMMING:

The PLS167A has a power-up preset feature. This feature insures that the device will power-up in & 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.

b ip — 1o — Ip — ip
I.PO—C |,po{ I.Po——C ~ |.no——|i -
rﬁ — Tp ip —~— ip
Q‘n an T q"
L8018508 18018608 LS01830S LS01840S
[ STATE [ cooE | STATE [ copE | [ STATE [ cooE | [ STATE | copE |
[ nacmive® | o | B I, P [ | [ v ] [ poNTcaRE [ - |
"OR" ARRAY -(N), (F)
Ta Ta Ta To
™ __'D— s —Q m'—‘—D—— s —aQq | nt D——-— s —a nv'—-——’ >—1s —a
s "D i ——Dr "D
LS01890S LS01800S LS018708 LS01880S
[ acTioN | copE | [ acTion [ copE | [ acmioN T copE | [ AcTioN | copE |
[__nacTive®® | o | [ SET H | [ RESET [ [ NocHaNGE [ - |
""COMPLEMENT" ARRAY ~(C)
¢ c e ©
.
c c c c
Tn Ta Tn T
15018308 LS019408 LS019108 LS018208
[ action [ copE | [ ACTION [ copE | [ ACTION [ cooE | ACTION | copE |
L_mNacmive™ | o | [_GENERATE | A | | _PROPAGATE [ o | | TRANSPARENT | - |

NOTES:

1. This is the initial unprogrammed state of all links.
2. Any gate T, will be unconditionally inhibited if both the true and complement of any input (I, P) are left intact.
3. To provent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates Ty (see flip-flop truth tables).
4. To provont oscillations, this state is not allowed for C link pairs coupled to active gates Tp.
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AND oR
CUSTOMER NAME F-omooeo oo ——— ———
PURCHASE 0R0ER # e =i
GENERATE A
CF {XXXX) Ci
SIGNETICS DEVICE # PROPAGATE S n RESET T Ns, Fr
‘CUSTOMER SYMBOUIZED PART # TRANSPARENT | — NO CHANGE | —
TOTAL NUMBER OF PARTS ;
INACTIVE 0
PROGRAM TABLE ¢ OPTioN
P H " P
REV 1P L ' PRESET | H PE
DATE DON'T CARE | — BE L
1
AND op‘noor:‘ (PE) |
E INPUT (i) PRESENT STATE (Pg) REMARKS NEXT STATE (Ns) | OUTPUT (Fr)
Caf1f1f1]1
R -r
] 82I1098I7654]32107654[3210 7]e[sTa]3[2N1Jof{3[2]1]0
L] L L] — .
a L] L] L) L]
] ¥ 0 ] ]
[] [ 1 1 i
1 ] '} A A
1] ] . A I B
L - L L L
10 L L] ] L L
1 T [ [ ¥ ®
12 ¥ ] n T 0
13 [] 1 X [] [
14 1 ' B ] i
18 2 . . " a
7 s o -~ :
8
% + - T . *
) T L L L}
21 L) L L} LJ T
22 L] L) ] ] Ll
[] [} [] L] ]
[1 ] 5 ] 1
|25 2 [ o [ 2
28 A M ™ '}
s . 2 o
E] * T T &
. L L] - w
31 LJ L] L] ¥ L
32 T T [ L ¥
33 [} [] 0 L) ¥
£ [] N 1 [] 0
35 i ' M [] []
ﬁ I 1 'l i -] 9
37 M M o B B
- T T + i
) : . : : :
L] L | T L Ll
g ] [] LJ L]
s ] [] L) L
45 1 [ ] []
48 ' L [] [
a7 1 u O
PIN 1{1R1|2]2]2f2 111 1]
No. |7|sfafols|283]2|2|*)5|6(7]® s|als|1]o]®
+
=T
s
TB01622S
NOTES: )
1. The FPLS is shipped with all links initially intact. Thus, a background of "'0" for all Terms, and an ""H"" for P/E option, exists in the table, shown BLANK instead for
clarity.

2. Unused Cp, Iy, and Pg 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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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.

Vec @ SV

u (1n* FF, Vec

= g P P,
(I * F)/F, (1 F)F, Iy =113 o7 ot
clock—={cK  FoglesF,

®
@+ P, E_J GND

AF01821S -
State Diagram Teo1sezs
FPLS Under Test

user programming to avoid interfering with the
desired logic function. This is accomplished
automatically by any of Signetics' qualified
programming equipment.

GPTION (PE) 1]
T AND OR
3 c BTETTS INPUT (im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
]
3l2f{1|ofofs[7]e]s]a[a]2f1]of7]e]s]ala]2]1]0 7fels[alsf2]1fofal2]1]0
48 | A IH|H[H[H|HIHIH]H]H][H][H[H[H][H[H[u]H[H]H]Ha]H]H Clefefelefefe el e e
49 | o Julcfefelofelelefel e ee ool eefeefe e e HIHIH|[H|H|[H[H]H[H]H]H]H
TBO1600S
Test Array Program
5V
Voo :77
ov
t, et ! toxu 1
vs CxH
1 | Viu
cK 15V X 15V ji.sv
Both terms 48 and 49 must be deleted during Vo

_..l (™ I-—m—-l r-'m**'lﬂ-'l .
lots | fnsv 1.sv3k_____:iiﬂ£__ Vo

—»| tpen r— "—‘el(o —> ]“"0‘“’ v
Fos 15V 15v3k %1.5V

ov
STATE —————— /=== HiGH
REGISTER | S LOW
: WF053758
Test Circuit Timing Diagram
OPTION (PE) |H
A
T ND OR
E ¢ TS INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fr)
]
3j2(1]o)of8|7]|6|s5fa[3]|2|1]o]7|6]5]a]|3]2]1]0 7]6|5]ajal2]1]of3]2[1]0
48 = (HIH|H[{H[H|H[H[H]n[a]n]A]a]au{u]ulu]n[u]uln =|={=1=1=1=1=]=[=]=1=]=
49 o fLfifufififfefefe]efe]elelefeleefefele]l =|=]={={=1={=]=1=1=1=1=
TB01610S
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 Q,, and 4 Qs edge-triggered,
clocked S/R flip-flops, with an Asyn-
chronous Preset option.

Al flip-flops are unconditionally preset to
""1" during power turn-on.

The AND array combines 12 external
inputs, lp.11, with 10 internal inputs, Pg.g,
fed back from the State Register to form
up to 48 transition terms (AND terms). In
addition, Pg-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-
enable function, as an additional user
programmable option.

FUNCTIONAL DIAGRAM

PLS168

Field-Programmable Logic
Sequencer (12 X 48 X 8)

Signetics Programmable Logic

Product Specification

Order codes are listed in the Ordering PIN CONFIGURATIONS

Information Table.

FEATURES
o fyax: 13.9MHz
- 20MHz clock rate
o Field-Programmable (Ni-Cr link)

e 12 True/Complement buffered
inputs

e 48 programmable AND gates
@ 29 programmable OR gates
e 10-bit State Register

e 4-bit shared State/Output
Register

® 4-bit Output Register
o Transition Complement Array

e Programmable Asynchronous
Preset/Output Enable

o Positive edge-triggered clock

o Power-on preset to logic ''1" of
all registers

o Automatic logic ""HOLD" state
via S/R flip-flops

e On-chip Test Array

o Power: 600mW (typ.)
e TTL compatible

o 3-State outputs

o Single +5V supply

e 300mil-wide 24-pin DIP

N Package

A Package

NC Fy Fo lp |4

(4]0

Fs[1] 3]

GND [14] [2]1s
Po [15] [1]ck
Py 18] 28] Vee

P2 [17] [27] 16

Ps [26] 17

N/CPR/OE Iy1 o I

g NIC

CDO4461S

|: PR/OE
P |E
P
1
1
i
s«) “Rea. =y
R AP
Ta To cK
LDO1150S
May 11, 1988 5-59

APPLICATIONS

¢ Interface protocols

e Sequence detectors

o Peripheral controllers

¢ Timing generators

o Sequential circuits

e Elevator controllers

e Security locking systems
e Counters

e Shift registers
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PLS168

PIN DESCRIPTION

PIN NO.

SYMBOL

NAME AND FUNCTION

POLARITY

1

2-6
18-23

13- 16

10-11

CK

l-11

Po_3

Fa-F3

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 12th external logic input to the AND array, as above,
when exercised with standard TTL levels. When |y is held at +10V, device outputs
Fo_3 and Pg_3 reflect the contents of State Register bits P4._g (see Diagnostic
Output Mode diagram). The contents of flip-flops Pg_1 and Fg_3 remain unaltered.

Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents
of State Register bits Pg_3. When Ig is held at +10V these pins reflect (Pg- Pg).

Logic/Diagnostic Outputs: Two register bits (F2 — F3) which normally reflect Output

Active-High

Active-High/Low

Active-High/Low

Active-High

Active-High

17 PR/OE

8,9 Fo-F4

Register bits (Q2-Qg). When lg is held at + 10V these pins reflect (P4 - Ps).

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 Py-g and Fop_g3 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 Output: Two device outputs which reflect Output Registers Qg - Q4. When |y
is held at +10V Fo-F¢ = Logic "1'".

Active-High (H)

Active-Low (L)

LOGIC FUNCTION

TRUTH TABLE" 234 56

Typical State Transition: OPTION
Vee — lo CK S R Qp/F F
Q2 01 Qo PR OE
9 PRESENT STATE H R X X X H H
STATE REGISTER ReBecCe... L +10V X X X Qn Qp)n
L X X X X Q, (QR)n
(..) wecrome !
H . X X X Q, Hi-Z
_ — +5V L +10V X X X Q, (Qp)n
SETQy S5=(Q,* Q,*Qg)sA*BeC... L X X X X Qn @)
Rp-0
RESETQ ~°s -0 L X ! L L Gn (@e)n
N R::('(_j:.q""o'o).T.F-c___ L X T L H L L
HOLD Qs S 20 L X 1 H L H H
" Ry-0 L X 1 H H IND. IND.
Tooeeces 1 X X X X X X H
NOTES:

VIRGIN STATE
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 S/R 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.

May 11, 1988

1.
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o0 s w

Positive Logic:
S/R=To+T1+To+..+ Ty
Tn=Cllo It 12..) (Po Py...Pg)
Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired
function is a user programmable option.
T denotes transition from Low to High level.
R =S =High is an illegal input condition.
* =H/L/+10V
X =Don't care (<5.5V)
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FPLS LOGIC DIAGRAM

(LOGIC TERMS—T)
o 2
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s o
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2
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o 1
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S o E] 3
R p|
T ST [ n
- rire 8 i e 4dipHre
Tl T Ll TTH [} __—<_—ch
L P rY

TB00882S

NOTES:

1. All programmed "AND" gate locations are pulled to logic '1".
2. All programmed "OR' gate locations are pulled to logic "0".
3. @ Programmable connection.
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ORDERING INFORMATION THERMAL RATING
DESCRIPTION ORDER CODE TEMPERATURE
gg;)piql PI‘ZS“C DIP PLS168N Maximum junction 150°C
mil-wide Maximum ambient 75°C
28-pin Plastic Leaded PLS168A Allowable thermal rise
Chip Carrier ambient to junction 75°C
ABSOLUTE MAXIMUM RATINGS!
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vece Supply voltage . +7 Voc
VIN Input voltage +5.5 Vbc
Vour Output voltage +55 Vpc
In Input currents -30 +30 mA
IiN Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C

NOTE:

1. Stresses above those listed 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.
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DC ELECTRICAL CHARACTERISTICS 0°C <T,<75°C, 4.75V < Vg <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
MIL[ Typ‘—[ Max
Input voltage?
ViH High Vce = Max 2 Vv
Vi Low Vce = Min 0.8 Vv
Vic Clamp® Vee = Min, Iy =-12mA -08 | -1.2 Y
Output voltage?
Ve = Min
Vou High* loH =-2mA 2.4 v
VoL Low® loL = 9.6mA 035 | 045 \;
Input current
liH High Vin=5.5V <1 25 HA
IiL Low Vin =0.45V -10 -100 MA
i Low (CK input) Vin = 0.45V -50 -250 HA
Output current
Vee = Max
lo(oFF) Hi-Z state® Vour = 5.5V 1 40 WA
Vout = 0.45V -1 -40
los Short circuit® 7 Vout =0V -15 ~70 mA
leo Vce supply current® Ve = Max 120 180 mA
Capacitance®
Vcc = 5.0V
Cin Input Vin=2.0V 8 pF
Cout Output Vourt = 2.0V 10 pF
NOTES:
1. All typical values are at Vgc =5V, Ta= +25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one at a time.
4. Measured with Vy_ applied to OE and a logic high stored, or with Vi applied to PR.
5.\ red with a progi d logic condition for which the output is at a low logic level, and V,_applied to PR/OE Output sink current is supplied through a resistor

to Vee.
6. Measured with V| applied to PR/OE.
7. Duration of short circuit should not exceed 1 second.
8.lcc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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AC ELECTRICAL CHARACTERISTICS R, =4708, R, = 1k, C = 30pF, 0°C <Tp < +75°C, 4.75V <V <5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min I Typ? | Max
Pulse width®
tokH Clock? High CK- CK + 25 15
tokL Clock Low CK+ CK- 25 15 ns
tckp1B Period (without Complement Array) CK + CK + 80 40
tckp2B Period (with Complement Array) CK+ CK + 120 60
tPRH Preset pulse PR - PR+ 25 15
Setup time®
tis1A Input CK+ Input £ 60
tis1B Input CK + Input £ 50
tis1C Input CK + Input £ 42
tisoA Input (through Complement Array) CK + Input £ 90 ns
tis2B 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
tin Input ' Input + [ CK + I 5 | -10 | | ns
Propagation delay
tcko Clock Output + CK+ 15 30
toe Output enable Output - OE - 20 30 ns
too Output disable Output + OE + 20 30
tPr Preset Output + PR+ 18 30
tpPR Power-on preset Output + Vee + 0 10
Frequency of operation®
fmaxC Without Complement Array 13.9 MHz
fmaxC With Complement Array ) 9.8
NOTES:

1. All typical values are at Vgc =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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TIMING DIAGRAMS TIMING DEFINITIONS
SYMBOL PARAMETER

+3V
oo thv ] . ok | Width of input clock pulse.
ov

tokL Interval between clock
pulses.

v tokpi Clock period - when not
using Complement array.

tist Required delay between
beginning of valid input and

Fo-a/Po-3 \ —————72_— Vou positive transition of clock.
15V 15V - -
. d tokp2 Clock period - when using

v,
cKo . D.| oL complement array.
r o

CLK

tis2 Required delay between
beginning of valid input and
15V 15v positive transition of clock,
[y o when using optional
= Complement Array (two
passes necessary through

Sequential Mode the AND array).
tvs Required delay between Vo

+3V

WF05354S

WF05334S

texe

vl \ 15V 15V
O Yepepnynpppmp——" ov
L—-—-tcxn

—]

- - +3V
o va first reliable clock pulse.
15V 15V 1.5V 15V \ negative transition of clock
- - Vou ty Required delay between
15V x ﬂ 18V 15V positive transition of clock
15V ' 15V transition of clock and when
.--I . ov Outputs become valid (with
Asynchronous Preset Output Enable Low and
Output Enable High and
tsRe Delay between input lp
- - - Voy the contents of the State
+3v when the Outputs reflect the
tPR Delay between positive

(after power-on) and negative
transition of clock preceding
— ov ters Required delay between
tekp negative transition of
l I +3v asynchronous Preset and
CLK [p— A ov preceding first reliable clock
tis —’L-'cxo‘] L—'cm—““‘cu—— pulse.
FoPos Vou and end of valid input data.
‘Pn'l r‘wns’ '-'cxo‘l p
r +av tcko Delay between positive
15v7¢
m b tomn PR/OE Low).
toe Delay between beginning of
when Outputs become valid.
ton Delay between beginning of
sV when Outputs are in the
4.5V OFF-state.
Vee ov transition to Diagnostic mode
[~treR and when the Outputs reflect
& 15V (F)=1 15v sk (Fa=1) Register.
Fo-o/Po-3 Vo tsRD Delay between input lg
f+tcko: transition to Logic mode and
contents of the Output
Register.
tvs transition of Preset and
when Outputs become valid

+3V

1.st Xst
lots _.I o tepR Delay between Vcc (after

power-on) and when Outputs
‘._ tig ———afe— by

become preset at "'1".
Power-On Preset fmMAX Maximum clock frequency.

WROS404S tPRH Width of preset input pulse.
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TIMING DIAGRAMS (Continued)

e ———————— 0V

80V X sov

—,‘ N ]
\
I x 1 1 4 \

5V
l‘—'m
15V %

ettty

INTERNAL == = = = == = = ahoncm e mma ol —— - ———
STATE REG. (Pg) —X (Ng)

+3V
\ 15v

ov

________ h o ——— - ———— Vg,

le—tspp

Vou
(F) 15V K 1SV (Fa+1)
OUTPUT v,
RF . oL
—"1 “cxo
OF = — ov
WF05381S
Diagnostic Mode
TEST LOAD CIRCUITS VOLTAGE WAVEFORMS
#30V = = —— -
T +5V 0%
Vec
°'I—’ lo 10%
| - " " I
| Py f— Isi .r o, 5,
i Fy —l—s
+3.0V
| I Ry CL 90%
| A I
Oo—ly = = 10%
(INCLUDES SCOPE [rYI—
O——={CcK PR/CE |*—O AND JIG I
J_ CAPACITANCE) sns 5ns|
= TCO15808
I MEASUREMENTS:
All circuit delays are measured at the +1.5V level
of inputs and output, unless otherwise specified.
Input Pulses
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PLS168

SPEED VS. "OR'" LOADING

The maximum frequency at which the FPLS
can be clocked while operating in sequen-
tial mode is given by:

(1/fmax) = tey = tis + tcko

This frequency depends on the number of
transition terms T, 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 tg, due to capacitive loading.
The effect of this loading can be seen in
Figure 1, showing the variation of tjg; with
the number of terms connected per OR.

The AC electrical characteristics contain
three limits for the parameters tig1 and tigo.
The first, tig1a is guaranteed for a device
with 48 terms connected to any OR line.
tis1g is guaranteed for a device with 32
terms connected to any OR line. And tisic
is guaranteed for a device with 24 terms
connected to any OR line.

L T
J [»
0 ! LA,
us1C
w >
2 //
A
20
w
o 8 1% 24 32 40 48
‘TERMS CONNECTED/OR
OP01281S
Figure 1. tigq vs.
Terms/OR Connected

The three other entries in the AC table, tisa
A, B and C are corresponding 48, 32 and
24 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, 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 tig 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.

o] D -

Figure 2. Typical OR Array
Interconnect Pattern
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LOGIC PROGRAMMING

PLS168 logic designs can be generated using
Signetics' AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS168 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

"AND" ARRAY - (I), (P)

PRESET/OE OPTION - (P/E)

PR/OE

OPTION CODE [

PR/OE
P=0
E=1
(ALWAYS (PRESET
ENABLED) DISABLED)

LSo1814S

LS018255

[ PRESET

[ v | [

OPTION [ copE |

OF [ v ]

PROGRAMMING:

The PLS168 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.

— ip — ip
— ip ip

l— 1p
P O_I é -
— ip

— ip
-

Tn n n T,.

LS01850S LS01860S 15018308 LS018408
[ STATE [ cooE | [ statE [ copE | [ STATE [ copE | ( STATE | CODE |
L mnacmive? | o | | [ H ] | i, P | v ] | _ponTcare | - |

"OR" ARRAY - (N), (F)

-—D—-s —a
___D__

T Ta Tn
""_‘__Dﬁ s e n— nJ———D— s }—o ""___I >—s }—a
"D it | s +DA | | D
15018905 LS01900S LS01870S LS01880S
[ Aaction T cooE | [ acTion | copE | [ acTion | cope | | acmion T cooE |
[ mnactve® | o | SET | w1 | RESET 1 L [ _NocHANGE | - |
""COMPLEMENT"' ARRAY - (C)
c c c c
c c c c
T, T, T, T
LS01930S 15019408 LS01910S LS01920S
[ action T cooE | [ action ] copE ] [ AcTion ] cooE | [ acmioN T cooE |
[_mactive® | o | GENERATE | A | | PROPAGATE | o | |_TRANSPARENT | - |

NOTES:

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

2. Any gate T, will be unconditionally inhibited if 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 ga(es Thn (see flip-flop truth tables).
4. To provent oscillations, this state is not allowed for C link pairs coupled to active gates Tp.

May 11, 1988
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FPLS PROGRAM TABLE PLS168

NAME . AND
ORDER # INACTWE o]

SIGNETICS DEVICE # CF (XXXX) F:n_—om&_u n“_. e

CUSTOMER SYMBOLIZED PART # LT

TOTAL NUMBER OF PARTS r———— S e
PROGRAM TABLE # :c"" = . OPTION
REV Al T * e
DATE Loonrcae ]
e e St ———

D OPTION (FE) |
OR

v PRESENT STATE (P1) REMARKS NEXT STATE (Ns) || OUTPUT (Fr)
A na INPUT(im) 0 P

N ofofskrleTs T« Tz [eto e 7[5 <3120 ss]7Jels <031z 01°03]12]"|°
o T

1

2

3 3

. H I

3 'l

s L

7

s 3

9 H

) H

n H

12

13

"

5 H

16 H }

i 3 L4

1 H H

Y L] T

20

£l

2 H 2 3

3 H H H H

20 L H H H

2 Hi H H H

= H H H H

27 H T H

28 H H

E) H H

0 H H

3t ¥ H

2 = L L :

33 L] L4 L] H

d H

x H

3% H v

31 : :

E) HE H i

= - H

w NN H H

a H H H H

= : H H

43 : H

i 1 H !

45 M H H

“ H H H

47 h - M B

en f1]if2f2f2]2 AR nr
no. [s|efo|sf§2fafja]afe]s]c]~ efs|afafrfole]e
VARIABLE

NAME

T8020308
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TEST ARRAY
The FPLS may be subjected to AC and DC
parametric tests prior to programming via an _ Vee @ +5V
on-chip test array. ‘ (ln+ Fp)/Fy Vee
The array consists of test transition terms 48 o
and 49, factory programmed as shown below.
Testing is accomplished by clocking the FPLS (- Fo)/Fy (- F)/Fy t,——Jlon  Poo*Pos
and applying the proper input sequence to CLOCK —+1 CK N
lp.11 as shown in the test circuit timing dia- @ PR/OE r
gram. ' @+ F)/F, E—l GND
. AF01822S =
TC0O15938
State Diagram
FPLS Under Test
aND opn;):(vsy 1 H
T PRESENT STATE (Ps) REMARKS NEXT STATE (Ns) I QUTPUT (Fr)
: c _‘-'ﬂ INPUT(Im) % *x
M 109317554321093|7|s|543210 987654'32!03210
a8 JATH[H]WH gWIH JB JHgWH [H W W W gH[H R ][ [H Llofeufofoseefufefefufi]e
o ihfefegefeifegrfofe el o sefefufejeie [ Y EH I T A
Test Array Program
475V sV
Vee
o
Both terms 48 and 49 must be deleted during —tvs fretoxnsy t i
user programming to avoid interfering with the oK Tov 5v v Vin
desired logic function. This is accomplished . ) Vo
automatically by any of Signetics' qualified b N tiszomletur
programming equipment. = e " ~ "I .
— — - - H
To4g 15V I,5V¥ 15V 15v
I R.-----L_f--. i
= tppn — '*—'cxo — tewo
F 15v r_ 1.5V* r_ ¥
15v
0-3 % o
STATE —————- /=== HiGH
REGISTER | S Low
WF05376S
Test Circuit Timing Diagram
AND OPTION (P E) l H
OR
; _’__ INPUT(Im) ) PRESENT STATE (Ps) REMARKS NEXT STATE (Ns) I OUTPUT (Fr)
R JIS|}? (Px) (Px)
L |099l765432I095765~132l0 987654'32I03210
i o 7Y C3 E CH Y SN CHA G 1 5 O I O e e r 0 ~1-1-1-[-1-3-1-1-1-1-]- -]
49 Je L LL:LLLLLLLLlLLLL.LLLLLL ------:---- lel=-]~
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 Qp, and 4 Qs 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, lp.11, with 10 internal inputs, Pg_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-
enable function, as an additional user
programmable option.

FUNCTIONAL DIAGRAM

PLS168A

Field-Programmable Logic
Sequencer (12 X 48 X 8)

Signetics Programmable Logic

Product Specification

Order codes are listed in the Ordering
Information Table.

FEATURES
o fyuax: 20MHz
- 25MHz clock rate
o Field-Programmable (Ni-Cr link)
e 12 True/Complement buffered
inputs
® 48 programmable AND gates
e 29 programmable OR gates
e 10-bit State Register

@ 4-bit shared State/Output
Register

® 4-bit Output Register
e Transition Complement Array

e Programmable Asynchronous
Preset/Output Enable

e Positive edge-triggered clock

e Power-on preset to logic '"1" of
all registers

e Automatic logic '"HOLD" state
via S/R flip-flops

@ On-chip Test Array

© Power: 600mW (typ.)
o TTL compatible

e 3-State outputs

e Single +5V supply

o 300mil-wide 24-pin DIP

PIN CONFIGURATIONS

a3

LDO11508

May 27, 1988
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NC Fy Fo lo L

N Package
ok [1] [24] Vee
Is |z 23] 1
1 [3] [22] 17
1, [4] [21] 15
,[5] [20] 15
h [€] [19] 1o
1 [T} 18] 1y,
7 (2] [17] PR/OE
F 3] [16] Py
F, [10] 15] P,
F3 E [1a] P,
Gnp[i2] 13] 7,
CD03282S
N = Plastic
A Package

(o] [20] [=1] faz] [23]

NICPRIOE Ity lip o

A = Plastic Leaded Chip Carrier

[ea] 28] -
Ig NIC
CDo4461S

APPLICATIONS
e Interface protocols
e Sequence detectors

e Peripheral controllers

e Timing generators
e Sequential circuits
e Elevator controllers

© Security locking systems

e Counters
e Shift registers

853-0323 93423
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PIN DESCRIPTION

PIN NO.

SYMBOL

NAME AND FUNCTION

POLARITY

13- 16

10-11

CK

l-11

Po-3

Fa-F3

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 12th external logic input to the AND array, as above,

when exercised with standard TTL levels. When |l is held at + 10V, device outputs
Fo-F3 and Py-Pj3 reflect the contents of State Register bits P4_g (see Diagnostic
Output Mode diagram). The contents of flip-flops Pg_1 and Fg.3 remain unaltered.

Logic/Diagnostic Outputs: Four device outputs which normally reflect the contents
of State Register bits Po_3. When lg is held at +10V these pins reflect (Pg - Pg).

Logic/Diagnostic Outputs: Two register bits (F2 ~ F3) which reflect Output Register

Active-High

Active-High/Low

Active-High/Low

Active-High

Active-High

PR/OE

8,9 Fo-F4

bits (Qz-Qg). When Ip is held at +10V these pins reflect (P4 - Ps).

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 Pg_g and Fp_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 Output: Two device outputs which reflect Output Registers Qp- Q4. When lg
is held at +10V Fo-Fy = Logic "1"

Active-Higp (H)

Active-Low (L)

LOGIC FUNCTION

TRUTH TABLE" 2 3. 4 56

Typical State Transition: OPTION
Vee — lo CK S R Qp/F F
Q2 Q1 Qo PR OE
e PRESENT STATE H N X X X H H
STATE REGISTER KeBeCo... L +10V X X X Qn @Qpln
L X X X X Q, (Qp)n
nnn @ NEXT STATE -
H * X X X Qn Hi-Z
— — +5V L +10V X X X Q Q
SET Qg §g=(Gy+ Q¢ Gy sA*B*C... L X X % X Q: zog:
R0 L X 1 L L Q @)
- n Fin
RESETOR 870 o, Ty ETeC ... I|: X 1 }I:| ll-l ’l-.‘ I';
X
Mo Gr Batd L X 1 H H IND. | IND.
ooms 1 X X X X X X H
NOTES:

VIRGIN STATE
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 S/R 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.

May 27, 1988

1.

n

o0 s W

Positive Logic:
S/R=To+T1+To+..+Tys
Ta=Cl(lg l1 12..) (Po Py...Pg)

. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired

function is a user programmable option.
denotes transition from Low to High level.

. R=8=High is an illegal input condition.
. *=H/L/+10V
. X =Don't Care (<5.5V)
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FPLS LOGIC DIAGRAM

(LOGIC TERMS—T)
W 2
W e
W
W
i, 12
Ig 2
N E
L |2
i, |2 -
o 12 -
I b2
[
Po
Py
L]
Py
p|Pe
Py >
R
[ »
N 2
hd Py -
E]° 5000 . G0GH3% Bos: : S0eo0800
c
o
1 e 1
8 Qf
HER i R P
s

E3
1

vy
'

o O

> |P

—

1
1
L)
°_ O]

] g P
: D8 o}t
- Lo p
F T 8| Py
D ”
D]
- ul e
o]
13| py
F £ % 1n| F
-]

v

w3 wl[® @ o «)@ vr «= o
Of{v oflv ojlv olie ojlv Oflv Oljiv ©
@

©

9| F

8| &

£

cK

47 c2000000t000000000000000000000000004ssssv0toscessssnsastcnnsscsnes D

TBO0B82S

NOTES:

1. All programmed ""AND" gate locations are pulled to logic 1",
2. All programmed "OR'" gate locations are pulied to logic "0".
3. Programmable connection.
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Field-Programmable Logic Sequencer (12 X 48 X 8) PLS168A
ORDERING INFORMATION THERMAL RATING
DESCRIPTION ORDER CODE TEMPERATURE
gg;);::;ljlizztic DIP PLS168AN Maximum junction 150°C
Maximum ambient 75°C
ki
ABSOLUTE MAXIMUM RATINGS'
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voitage +7 Vbc
VIN Input voltage +5.5 Vbe
Vour Output voltage +5.5 Vpc
Iin Input currents -30 +30 mA
] Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C

NOTE:

1. Stresses above those listed 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.
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Field-Programmable Logic Sequencer (12 X 48 X 8) PLS168A

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min ' Typ! L Max
Input voltage?
Vi High Vee = Max 2 \
ViL Low Vce = Min 0.8 \
Vic Clamp® Vce = Min, iy =-12mA -08 | -1.2 v
Output voltage?
Vce = Min
VoH High?* loy =-2mA 24 v
VoL Low® loL = 9.6mA 0.35 | 0.45 \
Input current
I High Viy = 5.5V <A 25 uA
i Low Viy = 0.45V -10 | =100 | pA
i Low (CK input) Vin = 0.45V -50 -250 uA
Output current
Vce = Max
looFF) Hi-Z state® Vout = 5.5V 1 40 uA
Vour = 0.45V -1 -40 uA
los Short circuit® 7 Vout = 0V -15 -70 mA
Icc Vce supply current® Vg = Max 120 180 mA
Capacitance®
Ve = 5.0V
Cin Input ViN= 2.0V 8 pF
Cout Output Vour = 2.0V 10 pF
NOTES:

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

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

3. Test one at a time.

4. Measured with V_ applied to OE and a logic high stored, or with Vi applied to PR.

5. Measured with a programmed logic condition for which the output is at a low logic level, and Vy_applied to PR/OE Output sink current is supplied through a resistor
to Vee.

6. Measured with V| applied to PR/OE.

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

8.lcc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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PLS168A

AC ELECTRICAL CHARACTERISTICS R; = 4709, Ry = 1k, C_ = 30pF, 0°C <Tp <+75°C, 4.75V < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min | Typ! lMax
Pulse width®
tokH Clock? High CK- CK + 20 15
tekL Clock Low CK + CK- 20 15 ns
tckp1B Period (without Complement Array) CK + CK + 50 40
tckp2B Period (with Complement Array) CK + CK + 80 50
tpRH Preset pulse PR- PR+ 25 15
Setup time®
tis1A Input CK + Input + 40
tis1B Input CK + Input + 30
tiseA Input (through Complement Array) CK + Input £ 70 ns
tis2B Input (through Complement Array) CK + Input 60
tvs Power-on preset CK- Voo + 0 -10
ters Preset CK - PR- 0 -10
Hold time
tin Input Input + CK + | 5 t -10 —I ns
Propagation delay
tcko Clock Output CK + 15 20
toe Output enable Output - OE - 20 30 ns
too Output disable Output + OE + 20 30
tpR Preset Output + PR+ 18 30
tepR Power-on preset Output + Vee + 0 10
Frequency of operation®
fmaxB Without Complement Array 20 MHz
fmaxB With Complement Array 125
NOTES:
1. All typical values are at Vgc =5V, Tp = +25°C.
2. To prevent spurious clocking, clock rise time (10% -90%) < 30ns.
3. See ""Speed vs. OR Loading" diagrams.
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PLS168A

TIMING DIAGRAMS

TIMING DEFINITIONS

lon

X 15V

‘m-—»l-—hs

1.5V

—

+3v
15V

cLK —_—
e R e e
teke
FosPos o e e Vou
1.5v\ 15V
tekor | VoL
‘oool
OF +3V
15V 7‘ 15V
ov

L'os—

Sequential Mode

WF05354S

fonn % 15V

+3V

—

teke ———l

ov

\— +3V

CLK —— ov

tis —’L‘cxo°] L—‘cm-*‘—‘cm.—’
- Von
15V X }( 15V 15V
Fo-a/Po-3 ’| rr'l Vou
ter tors =1 -tk
| +3V
15V % 1.sv\\\\%mv
PR ov
L— teRH —'I
WF05364S
Asynchronous Preset
+5V
4.5V
Vee ov
=t pPR
- - Vo
& 15V (Fy=1 1.5V % (F,=1)
Fo-a/Po-a Vo
| tcko.
texe
- +3V
15V 4 \ 1.5V 15V
’ ov
ClLK = e ehon e oo o onomow o toxn
tvs
+3V
1.5vX va
lo-1 ov

=

Power-On Preset

—

WF05404S

SYMBOL

PARAMETER

tckH

Width of input clock pulse.

teke

Interval between clock
pulses.

tcke

Clock period —when not
using Complement array.

tis1

Required delay between
beginning of valid input and
positive transition of clock.

tcke2

Clock period -~ when using
complement array.

tis2

Required delay between
beginning of valid input and
positive transition of clock,
when using optional
Complement Array (two
passes necessary through
the AND array).

tvs

Required delay between Voo
(after power-on) and negative
transition of clock preceding

first reliable clock pulse.

teRS

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 become valid.

too

Delay between beginning of
Output Enable High and
when Outputs are in the
OFF-state.

tsRe

Delay between input lp
transition to Diagnostic mode
and when the Outputs reflect
the contents of the State
Register.

tsRD

Delay between input lg
transition to Logic mode and
when the Outputs reflect the
contents of the Output
Register.

teR

Delay between positive
transition of Preset and
when Outputs become valid
e

trPR

Delay between Vcc (after
power-on) and when Outputs
become preset at "'1".

tPRH

Width of preset input pulse.

fmax

Maximum clock frequency.
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TIMING DIAGRAMS (Continued)

------ - +10v
4 sov X eov
| VU 7}
Io 15v 15 4 \ N
r—'m*—l
+3v
15v \ 15v
CLK et ov
'—'ls—"‘—"cm—'-’l
INTERNAL == = = = == = = of b - o - - e e = e Vg
STATE REG. (Pg) X (Ng)
——— e - -1 -------- [ e emem = e VoL
| ~— tsre '—'snn
v
7/ OH
ouTPUT h
RF
— ‘tcko I_
OF = = ov
WF05381S

Diagnostic Mode

TEST LOAD CIRCUITS VOLTAGE WAVEFORMS
430V = = ———
i oo
1 Ve
O—'I o 10%
| o b— ov
Py p— 5ns|
T -
| +3.0V
| | 90%
| S
Oo—= iy 10%
(INCLUDES SCOPE [V —
O—=]CK PR/OE [=—0 AND JIG
CAPACITANCE) N N
_L TCO15808
- 'WF05392S
corsnos MEASUREMENTS:
All circuit delays are measured at the + 1.5V level
of inputs and output, unless otherwise specified.
Input Pulses
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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/fmax) = toy = tis + tcko

This frequency depends on the number of
transition terms T, 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 t5, due to capacitive loading.
The effect of this loading can be seen in
Figure 1, showing the variation of tigy with
the number of terms connected per OR.

The AC electrical characteristics contain
two limits for the parameters tig1 and tiso.
The first, tigya is guaranteed for a device
with 24 terms connected to any OR line.
tis1g is guaranteed for a device with 16
terms connected to any OR line.

€0
N %
tg1A

“ Us1B ! /
o>
=0

10

o

o 8 1% 24 32 40
TERMS CONNECTED/CR
0P01251S.

Figure 1. tig1 vs.
Terms/OR Connected

The three other entries in the AC table, s
A and B are corresponding 24 and 16 term
limits when using the on-chip Complement
Array.

The worst case of tig for a given application
can be determined by identifying the OR
line with the maximum number of Ty 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 riumber 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 tg 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.

TRANSITION TERMS T,

s[v[v[v]6]0]v)

D
1 ¢
D

TERMS/OR (2)

usep
AFO1810S

Figure 2. Typical OR Array
Interconnect Pattern
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LOGIC PROGRAMMING PRESET/OE OPTION - (P/E)

PLS168A logic designs can be generated — —

using Signetics' AMAZE PLD design software PR/OE PR/GE

or one of several other commercially avail-

able, JEDEC standard PLD design software P P=0

packages. Boolean and/or state equation f:n.:rmvs (PRESET £
entry is accepted. L ENABLED) DISABLED) 1

PLS168A logic designs can also be generat- Lsoreres Lsorezss
ed using the program table entry format [ opmion T copE | [ opmion T cooE |
detailed on the following pages. This program [ preser” | ] | OE [ ¢ 1

| f i ted by th
table entry format is supported by the PROGRAMMING:

Slggelhcs AWA;ZEE.PLD dle ilgn fsoftwaflreh(PTP The PLS168A has a power-up preset feature. This feature insures that the device will power-up in a known
mocul e.).. Is available free of charge 10 with all register elements (state and output register) at a logic High (H). When programming the device it
to qualified users. is important to realize this is the initial state of the device. You must provide a next state jump if you do not

To implement the desired logic functions, the ~ Wish to use all Highs (H) as the present state.

state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

"AND" ARRAY -(l), (P)

e I I S e B S IR - S

— ip — ip

Ta E'Jrn A (|J~rn

15018508 LS01860S 15018308 LS01840S.
[ STATE [ cooE | ( STATE ] copE | [ STATE | cope | [ statE | cooE |
[_mnacTive®? | o | | |, P | W ] | i, P v ] | _pontcare | - ]

"OR" ARRAY -(N), (F)

s —aQ

R nf —

T, T, Tn
n.'——“——D— S —a n,l———D— s l—a nt — s —a n.i——D—
- D | |+ +D{ | | D

Lsotna0 LS01900S 15018708 LS01880S
| ACTION ] copE | [ ACTION [ CODE | [ ACTION | cooE } [ acTioN ] cooE |
[_NacTIVER® | 0 | | SET [ W ] I RESET v ] [ NocHange [ - ]

""COMPLEMENT" ARRAY -(C)

c < ¢ <
c c < c
T T L Ta
Ls019308. LS01940S Ls019108 LS01920S
[ actioN T coopE | [ AcTion [ copE | [ action T copE | [ acmion T copE |
_NacTive™* | o | [ GENerRATE | A | | PROPAGATE | e | _TRANSPARENT | - |

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tp.

2. Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact.

3. To provent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates Ty, (see flip-flop truth tables).
4. To provent oscillations, this state is not allowed for C link pairs coupled to active gates Tp.
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FPLS PROGRAM TABLE PLS168A

NAME AND o
Pl ORDER # acT S
DEVICE # CF (XXXX) CLULES ‘
PROMGATT _ + Mot
CUSTOMER SYMBOLIZED PART ¥ (Tmmmnt_— ]
TOTAL NUMBER OF PARTS Mrocrre o] P o
TABLE # e " - P
DATE SowTcAN (s ]
e e ———
o cwn::(ws) 1
T PRESENT STATE (Ps) REMARKS NEXT STATE (Ns) l OUTPUT (Fr)
: .l "—| T INPUT(im) Px) (Px)
L] 1{ofe .l? slsfafaf2|r|ofs|a)7[esfs|«f3]2] ] sfsf7rjefs[ef3f2frjogafzfti|o
o .
1
2
3 -
4 M rY
s H
" T
7
8 rl
D H
10 H H 3
n H H H
2 H
13 H
"
15 H
6 H i
i H 2 H
" H H
) H M
20 1
Fi H
22 M H H
23 H H H
24 M H N
28 H H H N
26 M H H
27 H M H
28 H M
n H
Py T
3 M M
32 H H
23 H H
> H
3 M
= H H M
a1 H H N
) H H H N
© H H H H
4 H H H T
© H H H H
[ H H H H
m H H H M
45 H H N
. H H H
47 s ¢ M I
PIN Ty1f2f2g82f2 AERERERE AR R
NO. slojo|v@2y3f2lafa]s]s]? elsjalapgrjojsele
VARIABLE
NAME

T802031S
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TEST ARRAY

The FPLS may be subjected to AC and DC
parametric tests prior to programming via an Vee @ *5V

on-chip test array. (1 + Fo)/Fy
The array consists of test transition terms 48 °

and 49, factory programmed as shown below.

Testing is accomplished by clocking the FPLS (1 Fo)/Fy (1-F)/Fy th——flon  Pos[*>Pos
and applying the proper input sequence to CcLoCK —=fCK
lo.11 @s shown in the test circuit timing dia- @

gram.

Foa—F

PR/OE
{1y + Fo/F, E—/ GND

AF018225 =

TC015938

FPLS Under Test

State Diagram

OPTION (P E) | »
AND
OR -
T PRESENT STATE (Ps) REMARKS NEXT STATE (Ns) l OQUTPUT (Fr)
: cn'ﬂ_ﬂ INPUT(Im) (Px) (Px)
M |098l755‘32|09876|5432|0 987654]32103210
EI 8 (58 053 O PHE N (TS (T A N W W gH[H R [HIK W I_LLLLLL!LLLLLLLL
e Jofelefe e Sefefufogufufefefo oo Sl fufufe fa MM L5 nren
Test Array Program
4.75v +5v
Vee -
ov
Both terms 48 and 49 must be deleted during t >e-tonst ) l
user programming to avoid interfering with the |(—§1 7‘[-—\_ Vin
desired logic function. This is accomplished e v e i ™
automatncglly by any of Signetics' qualified tier s [
programming equipment. _.1 I* -I v,
- H
o4y 15V l‘SVN 15v 15V
I — X | e

—’j torm r-— — I<~'cxo — r—"c.(o
v
[ 15V 15V * % 15V

ov

STATE ——-——.\ Y abauinded HIGH
REGISTER | U —— | Low
WF05376S

Test Circuit Timing Diagram

AND OPTION (P E) ]u
OR

; _ INPUTAm) PRESENT STATE (Ps) REMARKS NEXT STATE (Ns) l OUTPUT (Fr)

R Cofr )0 (Px) {(Px)

M vlofofs Hrfe s [asT T JoRelel Tehel=]21z2] "¢ ofsfrTelsf«fsl2] TeR=]2]"To

@ -MH[HHHR R TR TR RIRH (W] RER]H |H (B [BW == - - 1-1= 1= 1=1= 1= 1~

o fefelejegefen o e fufefufe [ fu]efi]e === ===

Test Array Deleted
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DESCRIPTION

The PLS179 is a 3-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 Fc. It
features 8 registered 1/0 outputs (F) in
conjunction with 4 bidirectional 170 lines
(B). There are 8 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 8
inputs (), 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

PLS179

Field-Programmable Logic
Sequencer (20 X 45 X 12)

Signetics Programmable Logic

Product Specification

FEATURES
® fyax = 18.2MHz
- 25MHz clock rate
® Field-Programmable (Ni-Cr link)
o 8 dedicated inputs
e 13 control gates
e 32 AND gates
e 21 OR gates
® 45 product terms:
- 32 logic terms
~ 13 control terms
® 4 bidirectional 1/0 lines
o 8 bidirectional registers
e J/K, T, or D-type flip-flops
o Asynchronous Preset/Reset
e Complement Array
o Active-High or -Low outputs
e Programmable OE control
o Positive edge-triggered clock
o Power-on reset on flip-flop
(Fn = " 1")
o input loading: PLS179: - 100uA
(max.)
® Power dissipation: 750mW (typ.)
e TTL compatible
e 3-State option

(LOGIC TERMS) :::ou:‘nm. TER":)
L E
o[ Is ; OE.
b ; =
S+
Q
a S
T
.ee
U-0C 000
c ]
s
X D L —Oe
\'\u; PRy £
M- )
A g K
- K cK
T3 T Fc J)._Lx

AF01880S
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PIN CONFIGURATIONS

N Package

CLK h_"

o (2]
4 3]
2 E
Is E
1 [€]
15 [T}
15 8]
1 3]
Bo E
8y [11]
GND [E
‘ CD04521S
A Package*
N/C
[5]
[4]1,
[3]n
ap
o J1]ck
28] vec
B3
[28] 77

NEEEEEE
NIC F2 F3 F4 Fs Fg NIC

cDo4s5308|

APPLICATIONS

e Random sequential logic

e Synchronous up/down counters
e Shift registers

o Bidirectional data buffers

e Timing function generators

e System controllers/synchronizers
o Priority encoder/registers
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PLS179

On-chip T/C buffers couple either True (I, B,
Q) or Complement (i, B, Q, C) input polarities
to all AND gates, whose outputs can be
optionally linked to all OR gates. One group
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 I/0 (for
interfacing with a bidirectional data bus) in
conjunction with load control gates (L), steer-
ing inputs (1), (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 listed in the Ordering Infor-
mation Table.

LOGIC FUNCTION

FLIP-FLOP TRUTH TABLE

OE ([LCKP R J K|Q| F
H H/Hi-Z
L |X X X X X X|L| H
L |X X H L X X|H| L
L |[X X L HXX|L| H
L (LT LLLL|Q| @
L (LT L LLH[L| H
L fL T L L HL[H| L
L|L T L L HH|Q|l Q
H{H T L L L H{L| n
H|H T L L HL|H| L

X T X X L H|L| v
VIS X X H L|H]| L
NOTES:

1.Positive Logic:
J/IK=To+Ti+To+ ...+ Ty
Ta=C+lo *l1*l2.) *(Qo*Qj..) *(Bo*Bs..)
2.t denotes transition from Low to High level.
3. X=Don't Care
4. * = Forced at F, pin for loading J/K flip-flop in I/0
mode. L must be enabled, and other active Ty,

Q3 a2 a1 ao
[+ To] 1 To] e PRESENT STATE

STATE REGISTER AsBeCe...

ToTel ] 6 wawrowe

SETQy Jp= (Qz° Q,0Q,¢Qp)sA*B+C...
Ko=0

RESET Qy: J,=0 _ I
Ky= (Q3® Q,°Q,¢Qp)*A*B*C...

HOLD Qp J,=0
K2=0
TOGGLE Q3 J3=(Qge Q_z.o‘.o_“).I.i.c,,,
K3=(Qg* Q,9Q,%Qg)sA*BeC...

T800901S.

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

May 11, 1988

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

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

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

————————— (LOGIC TERMS — T), aw TERMS) ——————————————8
&
L
qgu
Pa [Ra[Ps |Ra]le [La |03]02 |0y Dy EAlEs
% F—D-T~ Do + £ s,
XaF {ig s,
X, > {3 &
%D fid s
S .
y :" - ]F1
el Al
b Q! - l@s‘
K o
oL
J Q e 9 F,
k =
o lr.
= L
=
o
2
« lex l ?
L
X,
J Q] ¥,
e -
L
J Q] F,
; " e : “E 3
THIT L v a i8] Fo
P A |
JNeceece2d Weooooelf 15eccccc8 Toooeood Fp o o
LDO1672S

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

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

4. & Programmable connection.
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ORDERING INFORMATION

THERMAL RATINGS

DESCRIPTION ORDER CODE TEMPERATURE
gg-opiql :’!zztic DIP PLS179N Maximum junction 150°C
mil-wi Maximum ambient 75°C
28-pin Plastic Leaded PLS179A Allowable thermal rise
Chip Carrier ambient to junction 75°C
ABSOLUTE MAXIMUM RATINGS'
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Voc
Vin Input voltage +5.5 Voc
Vout Output voltage +5.5 Vbc
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C
NOTE:
1. Stresses above those listed 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.
DC ELECTRICAL CHARACTERISTICS 0°C <Tp<75°C, 4.75V < Vg <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min | Typ! | Max
Input voltage?
Viu High Vce = Max 2 \
ViL Low Vee = Min 0.8 \"
Vic Clamp Vge = Min, iy =-12mA -0.8 -1.2 v
Output voltage?
Vou High Vee = Min, loy =-2mA 2.4 \
VoL Low loL = 10mA 0.35 0.5 v
Input current
lin High Vceo = Max, Viy =5.5V <1 40 MA
M Low Vin = 0.45V -10 -100 A
Output current
lorr) | Hi-Z state® 7 Vce = Max, Vour = 5.5V 1 80 kA
Vour = 0.45V -140 MA
los Short circuit® 5 Vout = 0V -15 -70 mA
lec Vce supply current® Vcg = Max 150 210 mA
Capacitance
Cin Input Vce = 5.0V, Viy=2.0V 8 pF
Cout Output Vour = 2.0V 15 pF
NOTES:

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

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

3 Test one at a time.
4. Moasured with Vi applied to OE.

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

6.lcc is measured with the OE input grounded, all other inputs at 4.5V, and the outputs open.
7. Leakago values are a combination of input and output leakage.
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AC ELECTRICAL CHARACTERISTICS R, =4709, Ry =1k, 0°C <Tp < +75°C, 4.75V <V < 5.25V

TEST LIMITS
SYMBOL PARAMETER TO FROM CONDITION UNIT
Min® l Typ' J Max
Pulse width
toky | Clock? High CK- CK + 20 15
tokL Clock Low CK + CK- 20 15 ns
tckp Period CK + CK + 55 45
tPRH Preset/Reset pulse (1,B) + (1,B) - 35 30
Setup time
tis1 Input CK + (1B) 35 30
tis2 Input (through Fp) CK + F+ C_ = 30pF 15 10 ns
tisa Input (through
Complement Array)* CK + 1,B) £ 55 45
Hold time
tiH1 Input CK+ B+ 0 -5
tiH2 Input (through F) CK + F+ 15 10 ns
Propagation delay
tcko Clock F* CK+ 15 20
toe1 Output enable F- OE - 20 30
topy | Output disable® F+ OE + C_=5pF 20 30
trD Output Bt (,B) + - 25 35 ns
toes | Output enable B (.B) + G = 30pF 20 | 30
topz  |Output disable® B+ (,8) - CL=5pF 20 30
trPRO Preset/Reset Fz (,B) + 35 45
tpr  |Power-on preset F- . Ve + Cy = 30pF 0 10
NOTES:
1. All typical values are at Vgg =5V, Ta= +25°C.
2. To prevent spurious clocking, clock rise time (10% -90%) < 10ns.
3. Measured at V1= Vg, +0.5V.
4. When using the Complement Array Tckp = 75ns (min).
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line.
TEST LOAD CIRCUITS VOLTAGE WAVEFORMS
vee 43,0V ————
T 90%
5V 10%
Iy O~ — By ov
: ‘ s N
Iy O—>| B;
" z R1 +3.0V
8w o—l> out | Fo
| |
FN
| oV ———
ox oo mg T il |
CK O—> l«—o0 oE L L
GND WF05481S
— (INCLUDES MEASUREMENTS:
j_ SCOPE AND JIG All circuit delays are measured at the +1.5V level
= CAPACITANCE) of inputs and outputs, unless otherwise specified.
TCo1611S Teot621S Input Pulses
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TIMING DIAGRAMS

TIMING DEFINITIONS

1.8
(mpurs,}tsv X-s"
ov

’<—I|m_><._ tigy _.I

Power-On Reset

+3v
1.5V 1.5V 1.5V
cK ! ov
l‘— tis1—|e—*tokn —>|<—tekL—>
t
! e ———= von
F 1.5\1\\ vr
(ouTPUTS) texon 4 Vo
'oml
«—
|
OE 1.5V 1.5V
I ov
Tomtl
toet
WF05471S
Flip-Flop Outputs
.8 +3V
(INPUTS) 1.5V
ov
|
r~ 'po
8 / VoH
1.5V %
(OUTPUTS) &‘ T
VoL
toE2 too2
+3v
.8
(OUTPUT ENABLE) +15v +1.5v
ov
'WF05481S
Gate Outputs
+5V
j a.sv
vee ov
I—- tepr ~—|
——— ——— — —— —— ——— - VoK
(OUTI’:UTS) 1.5v 1.5v
VoL
I-'cxo
+3v
(NI;UBTS) 1.5v thv
ov
fe—tint tis1 ——|
cK
tckp

WF06872S

SYMBOL PARAMETER
tokH Width of input clock pulse.
tokL

Interval between clock
pulses.

tokp Clock period.

tPRH Width of preset input pulse.

Required delay between
beginning of valid input and
positive transition of clock.

tis1

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

tis2

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

tiH1

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

tiH2

Delay between positive
transition of clock and when
Qutputs become valid (with
OE Low).

tcko

Delay between beginning of
Output Enable Low and
when Outputs become valid.

toE1

tob1 Delay between beginning of
Output Enable High and
when Outputs are in the

OFF-state.

Delay between Vg (after
power-on) and when flip-flop
outputs become preset at
"1" (internal Q outputs at
"0").

tepR

Propagation delay between
combinational inputs and
outputs.

trp

Delay between predefined
Output Enable High, and
when combinational Outputs
become valid.

Delay between predefined
Output Enable Low and
when combinational Outputs
are in the off state.

Delay between positive
transition of predefined
Preset/Reset input, and
when flip-flop outputs
become valid.

tPRO
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TIMING DIAGRAMS (Continued)

8 +av
(INPUTS) 1.5V
ov
+3v
cK 1.5V \
- OV
f—t 151 teko o
{ +3v
PRESET/RESET 7 1.5v 1.5v
ov

(), BINPUTS) le— tpRH

a [ (PRESET) .
\,__(REsED)

——— - - — Vv
] (RESET) ‘z OH
1.5V \ 1.5v

(PRESET)

[e— tprO

F
(ouTPUTS)

.

- - —— ————— - — —— - -

wrons

*Preset and Reset functions override Clock. However, F outputs may glitch with the first positive Clock Edge if Ty,
cannot be guaranteed by the user.
Asynchronous Preset/Reset

8 +3v
" 1.5V 1.
(LOAD SELECT) )( s
ov

+3v
OE -lnsv 1.5V
— ov
toer
l---—-—_—- ---.-\
L ¥ \
--‘----_----"l \—--
|
|
. | +3V VOH
(NPUTS) vt (FORCED Din) 1.5V
ov voL
le—— top1 tis2

CK

,—-+3v
— 0oV
——— | ]

- ———

Flip-Flop Input Mode

WF05501S
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PLS179

LOGIC PROGRAMMING

PLS179 logic designs can be generated using
Signetics' AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

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

PLS179 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

b 1,B,Q L eo .80 l— 18,0
.8.a0 —§ _— o——% T l.a.oo—{é o Ls,oo——lé o
p—i5a | "% | 153 15,3 153
I
(.Fc. L, PR, Djp (T,Fc L,P,R, D) (. Fc, L. P, R, D)y . Fc. L. PR, D)y
STATE CODE [ _state [ cooe] STATE CODE STATE CODE

INACTIVE"? o | 1,8,Q I Hj 18,0 L DON'T CARE -

LS02030S LS02040S8 LS020508 LS02060S
"COMPLEMENT' ARRAY -(C)
< c c <
c c —C —°C
T FO Tns Fo) (o, FO) Tn, Fo)
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
actve™® | O GENERATE® A PROPAGATE ° TRANSPARENT -
15020708 1LS02080S LS02090S 15021008
"OR" ARRAY — (Qy = D - Type) "OR" ARRAY — (F-F CONTROL MODE)
Tn Tn Fc Fc
— LI el B J o ——J J r Q J —a
M = ENABLED M =ENABLED M—4 M—
— K — K K K
Tn STATUS CODE Tn STATUS CODE ACTION CODE ACTION CODE
T
ACTIVE (Set) A INACTIVE (Reset) | @ (CONTROLLED) A K .

LS02150S LS02160S LS02130S LS02140S

Notes on following page.

May 11, 1988
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"AND" ARRAY — (Qy =J -K Type)

Tn Tn Tn Tn
—d J o | —¢ J b—a | — J  b—a | — J o
M = DISABLED M = DISABLED) M =DISABLED M = DISABLED
—{ K — K — K — K
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
TOGGLE (o] SET H RESET L HOLD -
LS02170S LS02180S LS02190S 1LS02200S
""OR" ARRAY —(S or B) "EX-OR'" ARRAY — (B) .
3
Tn Tn
P.R,S P.R,S s [:>O_B s :
(ORB) (ORB) Do— [
T, STATUS CODE T, STATUS CODE POLARITY CODE POLARITY CODE
ACTIVE A INACTIVE . Low L HIGH H
LS02210S 15022208 LS02230S N LS02240S8

"OE " ARRAY — (E)

e >
fnn

= —b>—
I

.

o [F—D>——

Ep Eqn Ep En
ACTION CODE ACTION CODE ACTION CODE ACTION CODE
ioLe? 0 CONTROL A | ENABLE® ° DISABLE -

15022508

15022608

LS022708

15022608

NOTES:

NI S

May 11, 1988

. This is the initial unprogrammed

5-91

state of all link pairs. It is normally associated with all unused (inactive) AND gates.
. Any gate (T, Fc, L, P, R, D), will be unconditionally inhibited if any one of the I, B, or Q link pairs is left intact.

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

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

| ___AND _ + - I CONTROL _ ___ T nomwes
_______ T —T T == 1 1 ‘me FPLS is shipped with al links .mm Thus
INACTIVE __ 10 ACTIVE_1A|RR,B(0)! | of entries
1,B,Q 1H1L, B, (), [INACTIVE ¢ | (@ =0) | O i I IDLE - '0 | mtel of virgin links exists in the table, shown
15.8 tHaw® | | = FIF = t | BLANK for clarity.
. L | [JKorD ) A|MODE|CONTROLTA| . | 2 Program unused C, |, B, and O bits in the AND
DON'T CARE | — | H <¢°NTR°L'-E°) ENABLE e I array as (—). Program unused Q, B, R, and P
| T i DISABLE |— | bits in the OR array as (—) or (A), as applicable.
|| TOGGLE ;0 | | 3 Unused Terms can be left blank.
c I[SET Hl 0=k FHISHIH] oy ) | 4 Q(P)and Q(N) are respectively the present and *
reeser L] T : - ! next states of flip-flops Q.
HOLD  |— | F/F MODE EB___| EA | POLARITY
l—'—r-'—r-‘—r—r— —t
1 1 1 l J

AND - OR)
1 B() Q(P) Q(N) B8 (0)
7l6{s5]4af3]2]{1]o}j3]2i1foj7]6]5]4]3]2]1}]0 7{e}sjaj3j2]1]of3]2]1]0

THIS PORTION TO BE COMPLETED BY SIGNETICS

CF (XXXX)

CUSTOMER SYMBOLIZED PART #

DATE RECEIVED
COMMENTS

REV_— DATE ___

PIN |9/8|7[6]|5]/4]3|2|23]14]|11]{10{22]/21{20(19]18]17[16[15

CUSTOMER NAME
PURCHASE ORDER #
SIGNETICS DEVICE #
TOTAL NUMBER OF PARTS
PROGRAM TABLE #

TBOI711S.

May 11, 1988 5-92



Signetics

Application Specific Products
® Series 28

DESCRIPTION

The PLS105 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 Qp, 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 lp- 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 listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS105

Field-Programmable Logic
Sequencer (16 X 48 X 8)

Signetics Programmable Logic

Product Specification

FEATURES

® fyax = 13.9MHz
- 20MHz clock rate

o Field-Programmable (Ni-Cr link)

e 16 input variables

e 8 output functions

e 48 transition terms

e 6-bit State Register

e 8-bit Output Register

o Transition Complement Array

o Positive edge-triggered clocked
flip-flops

® Programmable Asynchronous
Preset or Output Enable

e Power-on preset to all ''1'"" of
internal registers

e Power dissipation: 600mW (typ.)
e TTL compatible

e Single +5V supply

e 3-State outputs

APPLICATIONS

o Interface protocols

e Sequence detectors

e Peripheral controllers

e Timing generators

e Sequential circuits

e Elevator controllers

o Security locking systems
e Counters

o Shift registers

PIN CONFIGURATIONS

LOGIC TERMS

N Package
ak[T] ~ [@ Vec
7 2] [27] 18
16 2] 28] '
15 [@] [25] Mo
14 [5] 2] 1
13 [€] 23] 2
12 [T] 2] 13
1 [&] [21] ha
o (2] [20] 15
F7 [ig] [79] PRIGE
F6 1] [38] Fo
Fs [12] E Fq
F4 [33] 6] F2
GND [14 [15] F3
CDO04p82S
A Package

Fe F7 lo 1 12 13 g

micioinialiolo
o}

Fs [12] E 15
GND[1% B
F3 E . Bcu(
F3 1] [20)Vee
Fq 7] [27) 1
Fo [1s [2¢] 19

N EE
PRIGE hys 1 M3 l2 by lyo
€C0049703

LOGIC FUNCTION

w3~ Typical State Transition:
_ a2_a1_ao
© PR/OE e PRESENT STATE
t ﬁJ c STATE » e STATE REGISTER AeBeCe...
REG.
s () verronme
®)
R . P SETQy Sp=(Q;¢ Q,* Q) A*BeC...
Ry=0
s q F
RESETQy: S, =0 o
@ T R}=(@y 0,0 TG eABeC...
R . P
HOLDQ,: S;=0
I T 2 27
7 ®  OUTPUT REG. oK 2
10022318 TB00900S
May 11, 1988 5-93 853-0310 93255
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PIN DESCRIPTION

PIN NO. | SYMBOL

NAME AND FUNCTION

POLARITY

1 CK

2-8
20-27

li-15

10-13
15-18

Fo-7

19 PR/OE

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 15 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 16th external logic input to the AND array, as above, when
exercised with standard TTL levels. When g is held at + 10V, device outputs Fy _ 5 refiect
the contents of State Register bits Pg_5. The contents of each Output Register remains
unaltered.

Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of
Output Register bits Qg - 7, when enabled. When |y is held at +10V, Fg_5 = (Po-5), and
Fg, 7 =Logic "1".

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 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 Fo_7 from the

. Active-High

Active-High/Low

Active-High/Low

Active-High

Active-High (H)

Active-Low (L)

Output Register.

TRUTH TABLE " 23456

VIRGIN STATE

A factory shipped virgin device contains all
v OPTION . oK s R a E fusible links intact, such that:
€ | g oF 0 PIF 1. PR/OE option is set to PR. Thus, all
- outputs will be at ""1'", as preset by initial
': X X X H H power-up procedure.
+10v X X X Qn @pn 2. All transition terms are disabled (0).
L X X X X Q, (Qp)n . . .
- - 3. All S/R flip-flop inputs are disabled (0).
oy ': ov X X X Qn Hi-z 4. The device can be clocked via a Test
+ +1 X X X Qn @p)n Array pre-programmed with a standard
L X X X X On (@QF)n test pattern.
L X T L L Qn (Qp)n NOTE: The Test Array pattern MUST be
L X T L H L L deleted before incorporating a user pro-
L X T H L H H gram. This is accomplished automatically
. L X T H H IND. IND. when using Signetics qualified program-
1 X X X X X X H ming equipment.
NOTES:
1. Positive Logic:

n

ovrw

May 11, 1988

S/IR=To+ T+ To#+ ..+ Tz
Tn=Clo Iy I2..) (Po Ps..Ps)

. Either Preset (Active-High) or Output Enable (Active-Low) are available, but not both. The desired

function is a user-programmable option.
denotes transition from Low to High level.

. R=S =High is an illegal input condition.
. " =H/L/+10V
. X =Don't Care (<5.5V)
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FPLS LOGIC DIAGRAM

[ {LOGIC TERMS - T):

o2+

2

e
[z
R

&

T

7

Bk
Py
P2
Pley
Py
Ps
L
T
B e lH 10000 le)wl)lfl)l ',JLHHJHJ H) JOOC
c
- ]
R_P
=10
R P
s apHH
R_P
N i)
R P
S o"-.
R_P
5ot
L R_P
— S Q| E]Fo
R_P
5 G mE
R_P
S Q Eb]‘z
R_P
S Q EFJ
R _P
F g .E]r.
R P
S0 2]
R P
S Q| Eﬂ
R_P
L S Q| Eﬁ
R_P
47 @ o ¢ 0 040 390 o o o o 232 310 o 6 o 0 624 230 s o e e o156 150 o ¢ 0 06 068 T o o 00000 1jex
LDo22405

NOTES:

1. Al AND inputs with a blown link float to a logic ""1".
2. All OR gate inputs with a blown link float to logic "0".
3. # Programmable connection.
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ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
28-pin Plastic DIP 600mil-wide PLS105N Maximum junction 150°C
28-pin Plastic Leaded Chip Carrier PLS105A Maximum ambient 75°C
Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Vbe
Vin Input voltage +5.5 Vbc
Vour Output voltage +55 Voe
Iin Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C

NOTE:

1. Stresses above those listed 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.
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DC ELECTRICAL CHARACTERISTICS 0°C <Ta<75°C, 4.75V <V <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min J Typ? ) Max

Input voltage?
Vi High Vcc = Max 2 \
ViL Low Vce = Min 0.8 \"
Vic Clamp?® Ve = Min, Iy =-12mA -0.8 -1.2 v
Output voltage?

Vee = Min
VoH High* lon =-2mA 2.4 %
VoL Low® loL = 9.6mA 0.35 0.45 v
Input current
IH High Vin = 5.5V <1 25 uA
I Low Vin = 0.45V -10 | -100 pA
I Low (CK input) Vin = 0.45V -50 | -250 pA
Output current

Vee = Max
looFrF) Hi-Z state® Vout =5.5V 1 40 pA

Vourt = 0.45V -1 -40

los Short circuit® 7 Vout =0V -15 -70 mA
Ico Vce supply current? Voo = Max 120 180 mA
Capacitance®

Vee =5.0V
Cin Input Vin = 2.0V 8 pF
Cout Output Vout = 2.0V 10 pF

NOTES:

1. All typical values are at Vgc =5V, Tp=+25°C.

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

3. Test one at a time.

4. Measured with V) applied to OE and a logic high stored, or with V| applied to PR.

5. Measured with a programmed logic condition for which the output is at a low logic level, and V|_applied to PR/OE Output sink current is supplied through a resistor
to Vee.

6. Measured with V| applied to PR/OE.

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

8.lcc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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AC ELECTRICAL CHARACTERISTICS R, =4709, Ry = 1k, C_ = 30pF, 0°C < Tp < +75°C, 4.75V < Vg < 5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min | Typ! ] Max
Pulse width
tokH Clock? High CK- CK + 25 15
tekL Clock Low CK + CK- 25 15 ns
tckp1B Period (without Complement Array) CK+ CK + 80 40
tckp2B Period (with Complement Array) CK + CK + 120 60
tPRH Preset pulse PR - PR + 25 15
Setup time®
tis1A Input CK+ Input + 60
tis1B Input CK+ Input + 50
t51C Input CK + Input + 42
tis2A Input (through Complement Array) CK + Input + 90 ns
tis2B Input (through Complement Array) CK+ Input 80
tis2C Input (through Complement Array) CK + Input 72
tvs Power-on preset CK- Vee + 0 -10
tPRs Preset CK- PR - 0 -10
Hold time
ty Input Input + CK + 5 | -10 | ns
Propagation delay
tcko Clock Output + CK + 15 30
toe Output enable Output - OE- 20 30 ns
top Output disable Output + OE + 20 30
tpr Preset Output + PR + 18 30
tePR Power-on preset Output + Vee + 0 10
Frequency of operation®
fmaxC Without Complement Array 13.9 MHz
fmaxC With Complement Array 9.8
NOTES:

1. All typical values are at Vgc =5V, Ta=+25°C.
2. To prevent spurious clocking, clock rise time (10% -90%) < 30ns.
3. Seo ""Speed vs. OR Loading" diagrams.

May 11, 1988
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TIMING DIAGRAMS

TIMING DEFINITIONS

lo-15 st

+3v

Yo

ov
— tiH —» tis —01

av
1.5v 1.5V 1.5v
CLK o
|4—— tig ——s|e—toky —|e— t o —
teke
— —————— VOH
Fo-7 mm\ 1.5v
t 1
[=tcko+ VoL
top l
+3v
3 1.5V % 1.5V
ov
“tor
toe
'WF08851S
Sequential Mode
- +3V

lo-15

- — - ov

l+————‘cxp -—»‘

—_— 3V
CLK I ——— ov
|.. tis —=letckos tekH—f=—tckL
- - = VOH
Fo-7 VoL
tpRs t
["m’l CKO™|
\ q +3V
1.5V 1.5V 1.5v
PR ov
~—tPRH

WF06861S

Asynchronous Preset

+5v
vee | ov
|"‘PPR‘>|
— v - - VOH
1.5V [Fal=1 1,5v\ Fa+1l
Fo-7 voL
< tckos|
l«——— tckp
g +3V
15v 2 \ 1.5v 1.5V
sv 5L . .
[o] I QR R —— ov
' |e— t CKH —
I tvs |
+3v
|.5vX ] Xst
lo-1s

~

Power-On Preset

ov
ts —>[<— by —

WF06671S

SYMBOL

PARAMETER

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
Complement Array.

Required delay between
beginning of valid input and
positive transition of Clock,
when using optional
Complement Array (two
passes necessary through
the AND Array).

tvs

Required delay between Vcc
(after power-on) and negative
transition of Clock preceding
first reliable clock puise.

teRs

Required delay between
negative transition of
Asynchronous Preset and
negative transition of Clock
preceding first reliable clock
pulse.

tH

Required delay between
positive transition of Clock
and end of valid Input data.

tcko

Delay between positive
transition of clock and when
outputs become valid (with
PR/OE Low).

toe

Delay between beginning of
Output Enable Low and
when Outputs become valid.

Delay between beginning of
Output Enable High and
when Outputs are in the
OFF-state.

tsRe

Delay between input lg
transition to Diagnostic Mode
and when the Outputs reflect
the contents of the State
Register.

tsrD

Delay between input lg
transition to Logic mode and
when the Outputs reflect the
contents of the Output
Register.

teR

Delay between positive
transition of Preset and
when Outputs become valid
at "1,

tpeR

Delay between Vgc (after

.power-on) and when Outputs

become preset at "'1".

tPRH

Width of preset input pulse.

fmax

Maximum clock frequency.

May 11, 1988
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TIMING DIAGRAMS (Continued)

+3v
-1 x 1.5V
ov

_______ +10v
A
7- 8.0V N 8.ov
e +3V
/
I 1.5V 15v 1 \

l<— Yy —

+3v
15V % \ 1.5V |
CLK — .
INTERNAL = = = = = — — === === === = = — —— — —— = Vou
STATE REG | (Pg) l } (Ng) I

[- PRSI SO KPR ' ___________________ VoL

Fo-s Z

F'cxo”

O — — ov

WF06881S

Diagnostic Mode

TEST LOAD CIRCUITS VOLTAGE WAVEFORMS

j +3.0V

o—| 1 vee

| v ov
: Fo fr—
1
| out | Ry +3.0V
| 1
. F7 HL—
O—=} 15 ov
R2 CL
O—| cx GND PR/JE |«—O
= — (INCLUDES WF053925
SCOPE AND JIG MEASUREMENTS:
= CAPACITANCE) All circuit delays are measured at the +1.5V level
TCo2341S TC023508 of inputs and outputs, unless otherwise specified.

Input Pulses
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PLS105

SPEED VS. "OR" LOADING

The maximum frequency at which the FPLS
can be clocked while operating in sequen-
tial mode is given by:

(1/fmax) = toy = tis + tcko

This frequency depends on the number of
transition terms T, 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 tg, due to capacitive loading.
The effect of this loading can be seen in
Figure 1, showing the variation of tjg1 with
the number of terms connected per OR.

The AC electrical characteristics contain
three limits for the parameters tig1 and tig2.
The first, tig1a is guaranteed for a device
with 48 terms connected to any OR line.
tisig is guaranteed for a device with 32
terms connected to any OR line. And tigic
is guaranteed for a device with 24 terms
connected to any OR line.

€ T
4s1B
50 l \ s1A_)
ts1C
w V\
z P
¥ d
20 /
10
0 8 16 24 32 40 48
TERMS CONNECTED/OR
OP01261S
Figure 1. tig1 vs. Terms/OR
Connected

The three other entries in the AC table, tis,
A, B, and C are corresponding 48, 32, and
24 term limits when using the on-chip
Complement Array.

The worst case tig for a given application
can be determined by identifying the OR
line with the maximum number of t, 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 tg 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.

TRANSITION TERMS T,

QUYYLYY,

TERMS/OR

-oR
ARRAY

NGt
usep
AFO1810S

Figure 2. Typical OR Array
Interconnect Pattern
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PLS105

LOGIC PROGRAMMING

PLS105 logic designs can be generated using
Signetics' AMAZE PLD design software or
one of several other commercially available,
JEDEC standard PLD design software pack-
ages. Boolean and/or state equation entry is
accepted.

PLS105 logic designs can also be generated
using the program table entry format detailed
on the following pages. This program table
entry format is supported by the Signetics'
AMAZE PLD design software (PTP module).
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

"AND" ARRAY -(l), (P)

PRESET/OE OPTION - (P/E)

PR/OE
P
E=1
(ALWAYS
L ENABLED)
- LS01814S
[ OPTION | copE |
[ pResett | H ]

PR/CE

P=0
(PRESET

15018255

DISABLED)
[ oprion T cooE |
o [t ]

PROGRAMMING THE PLS105:

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 if you do not

wish to use all Highs (H) as the present state.

— I.p — iLp = 1p — ip
rfp — ip — ip — ip
T, Q" L T
LS01850S LS01860S LS018308 LS018408
[ STATE [ copE ] [ STATE | cooE | [ STATE [ copE | { STATE | copE |
[ NnacTveZ | o ] | 1, P [ v ] [ i, P [ v ] [ poNTcarE [ - ]
"OR" ARRAY =(N), (F)

T, T, T, Tn
D | |vtDf Fe |vtDF e |~—+DF }
"D =D | s+ D | | D

LE018003 LS01900S Lso1870S Ls01880S
[ acTioN [ cooe [ acTioN | copE | [ acmion T copE | [ AcTion [ copE |
[ mNacTive'd | o [ SET H | | RESET [ v ] [ NocHangE | - ]
""COMPLEMENT'' ARRAY - (C)
c c c c
c c c c
T, T T, Ta
Lso01930S LS01940S Ls01910S LS019208
[ acmion [ cooE | [ acmoN T copE | [ action [ copE | [ acmion T cooe |
[_mactive’* | o | | _GENERATE [ A | | PROPAGATE | o | [ TRANSPARENT | - |

NOTES:

1. This is the initial unprogrammed state of all links.
2. Any gate T, will be unconditionally inhibited if both the true and complement fuses of any input (I,P) are left intact.
3. To provent simultaneous Set and Reset flip-flop commands, this state is not allowed for N and F link pairs coupled to active gates Ty, (see flip-flop truth tables).
4. To provent oscillations, this state is not allowed for C link pairs coupled to active gates Tp.

May 11, 1988
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FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES
CUSTOMERNAME ___ = p-------d R 4o -OR
PURCHASE ORDER # INACTIVE i [ | [nacTve 1o
SIGNETICS DEVICE # CF (XXXX) GENERATE A1 on | |SET L [
STOMER SYMBOLIZED PART # FROpOT 12 L -
cu TRANSPARENT | — | [NocHange T —
TOTALNUMBER OF PARTS e _ 1
PROGRAM TABLE T R OPTION ___ ___
1P Wl impe ! ;
REV e L I} PRESET 1+ H PIE
DATE DON'T CARE | — Vo[oE
Il
AND OPTION g:s) 1
I S INPUT (m) Tasssmsnrsm) REMARKS NEXT STATE (Ns) OUTPUT (F
IAEREEEREY BB —— I _ ] -
4 "snazluosshescTaz'Fﬂﬂ?’z10 sTaJ3]2]1Jof7[s[s e 3]2[+]0]
L Ll L B L]
v v ¥ [
x ] ¥ [
i L ] I | |
L A 2 . a
r ' 'r .
L] L ¥ Ld
1 L] ] L]
| ] [] ] L}
3 ' [] [ L]
4 1 ] 1 [
3 I} '} | ]
. 2 . L : 1
. . : ! T .
* s ; N .
20 L] bl T t Y '
21 L L T 1 t
22 L ¥ L] T +
23 0 0 i t f i r
24 1 [] [] T L]
25 M N i
3 : 4 : ——t T
27 M M 1 : i .; []
= : . — :
—39 * M + — '
32 ¥ L] T T + :
L] T T L +
34 ¥ L ] 1 = +
35 [] L) 0 =1 T +
6 ] [} O : L
| 37 [ [] [ T T L
t r -
[39 — : : 1 T 0
40 — M s . 0
41 s . ]
4
._2“ . . s :
rvy x % T -
46 T T T o
48 ¥ T ¥ +
47 w T *
PIN {2]|2|2|2]2 1 1|1
No. |ol1]2]3)3 H : 22|afa|s)e]| 7|80 M ! 2 slelsls
-IM-‘
w
Q=
<
gz
>

LD02251S

NOTES:

1. The FPLS is shipped with all links initially intact. Thus, a background of "'0'"* for all Terms, and an ""H" for the P/E option, exits in the table, shown BLANK instead for clarity.
2. Unused Cn Im, and Ps bits are normally programmed Don't Care (-).

3. Unused Transition Terms can be left blank for future code ification, or prc as (-) for i speed.

4. Letters in variable fields are used as identifiers by logic type programmed.
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TEST ARRAY
The FPLS may be subjected to AC and DC ‘ (In* F)/F, .
parametric tests prior to programming via an a cc
on-chip test array. Vee
The array consists of test transition terms 48 _ _
and 49, factory programmed as shown below. (b - F)/Fy (- F)/Fy
Testing is accomplished by clocking the FPLS h—=llo1s Pos .
and applying the proper input sequence to o CLlock —={CK  Foy = 7
lo.15 as shown in the test circuit timing dia- v (I + F)/Fy PR/OE
gram. E_l GND
AF01820S
State Diagram 4
TCO1597S

FPLS Under Test

TEST ARRAY PROGRAM OPTION (P/€) ~Tn
' AND OR
E _ INPUT (1m) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT(Fn
a R ERERERERRRE
sj4/3l2[1/olofa|7le|s]af3]2/1]o[s]a[3]2][1]0 slalaf2]1/o|7/e|s5(a]3[2]1]0
48 A [HIHIHIHIHIHIHIH|H|H|H|H|H|H[H|H|H [0 |0 [0 ]H |H Ljrjefeiejejejejejujetefe e
49 Ljejrjejeejejejejejejejegjegjudeejefefejue HIHIHIH|HIHIH[H[H|H[H[H]|H|H
TB01760S
Test Array Program
+*5V
Ve ATV
ov
| t——Tys Texn Ten.—-l
—b‘t o'n——— Ve
cK 15V Y15V 15V
Vi
-’1 Tis1 Tm—" I'Tlsrbﬂ-fu-l
N —— Vi
Both terms 48 and 49 must be de[eted during louts fisv 1 '“X %sv 15V
user programming to avoid interfering with the — - Vi
desired logic function. This is accomplished —»| Topn Texo — Texo
automatically by any of Signetics' qualified l I r_ av

programming equipment. For . 15V :sv* % 15V
ov

STATE ————=A [ === HGH
REGISTER N Low
'WF05377S
Test Circuit Timing Diagram
TEST ARRAY DELETED OPTION (P /E) In
v AND OR
E INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (F9
R C Jrfv|riv|1] .
- slaj3/2]/1/ojols|7|e|sla|3]2]1]|o]s|a]3[2]1]0 sla|3|2[1]o]7]6]|s]af3]2]1]0
48 — JHIHIHIHIKHIH W [HH|H[H R [ [n [ [n[r|n]n[u [k —|=|=]=l=|=]=]==]=]=]|=
9 .) @ jrjejejejefefefefefue]e]ee]eefe oo ]e]e ] ==l ]=1=l=]=]=]=l=]=1=]=

TB017508

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 Qp, and 8 Qr 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 lp_ 15 with 6 internal inputs Pg_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 listed in the Ordering
Information Table.

FUNCTIONAL DIAGRAM

PLS105A

Field-Programmable Logic
Sequencer (16 X 48 X 8)

Signetics Programmable Logic

Product Specification

FEATURES

o"fuax = 20MHz
- 25MHz clock rate

o Field-Programmable (Ni-Cr link)

e 16 input variables

e 8 output functions

e 48 transition terms

e 6-bit State Register

e 8-bit Output Register

o Transition complement array

o Positive edge-triggered clocked
flip-flops

e Programmable Asynchronous
Preset or Output Enable

e Power-on preset to all ""1'"' of
internal registers

o Power dissipation: 600mW (typ.)
® TTL compatible

e Single +5V supply

e 3-State outputs

APPLICATIONS

e Interface protocols

o Sequence detectors

e Peripheral controllers

e Timing generators

e Sequential circuits

e Elevator controllers

e Security locking systems
e Counters

o Shift registers

PIN CONFIGURATIONS

N Package

cuk 7]
v (2]
15 3]
15 (@]
14 [5]
13 (5]
12 [T]
w [&]
o [9]
T
Fg 1]
Fs (2]
F4 3]

GND @

A Package

Fg Fr lo 4 12 13 1y

[11] [i9] 5] [e] [7] [¢] [5]

Fs [12] [4]'s
Fa [13] 3]s
GND[14] al
F3 [15] ek
F2 [1g] 28] Ve
Fq [17]) [27] 19
Fo [18] [26] 19

T EE
PRGE s ha M3 2 Il

Gonearas

LOGIC TERMS
o3 LOGIC FUNCTION
w3~ Typical State Transition:
_ Q2 Q1 Qo
c PR/CE e PRESENT STATE
tJ _____ J ¢ STATE 2 Ve STATE REGISTER ReBeCe...
REG.
30 ) wxsume
6)
R .\ P SET Qy S=(Q,° Q¢ Q) sA*B+C ...
Ry=0
s a F °
® RESET Q: S,=0_ I
Ry=(Q;% Q0 Qp)*A*BeC...
R . P
HOLD Q,: S,=0
Tg————————— T 7 o2l
o °  QUTPUT REG. oK Rp=0
LD022318 TD00000S
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PIN DESCRIPTION

PIN NO.

SYMBOL

NAME AND FUNCTION

POLARITY

10-13
15-18

19

CK

li-15

Fo-7

PR/OE

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 15 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 16th external logic input to the AND array, as above, when
exercised with standard TTL levels. When |y is held at + 10V, device outputs Fg _5 reflect
the contents of State Register bits Pg 5. The contents of each Output Register remains
unaltered.

Logic/Diagnostic Outputs: Eight device outputs which normally reflect the contents of
Output Register bits Qg - 7, when enabled. When Iy is held at +10V, Fg_5 = (Pg-5), and
Fg, 7 =Logic "1".

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 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
Register.

Active-High
Active-High/Low

Active-High/Low

Active-High

Active-High (H)

Active-Low (L)

TRUTH TABLE " 23456

VIRGIN STATE

A factory shipped virgin device contains all
v OPTION \ cK s R Q F fusible links intact, such that:
ce PR oF 0 PIF 1. PR/OE option is set to PR. Thus, all
- outputs will be at ''1"", as preset by initial
H X X X H H power-up procedure.
t +1X0V )): i i(( 8" Eg";“ 2. All transition terms are disabled (0).
- o _” D 3. All S/R flip-flop inputs are disabled (0).
+5V II-.i X ;(( X Qn Hi-Z 4. The device can be clocked via a Test
+10v X X Qn @Qp)n Array pre-programmed with a standard
L X X X X Qn @e)n test pattern.
L X T L L Qp (QF)n NOTE: The Test Array pattern MUST be
L X T L H L L deleted before incorporating a user pro-
L X T H L H H gram. This is accomplished automatically
L X i) H H IND. IND. when using any of Signetics' qualified
1 X X X X X X H programming equipment.
NOTES:

1. Positive Logic:
S/R=To+Ty+Tao+..+Ta7
Ta=Cllo 11 I2..) (Po Py...P5)

n

function is a user-programmable option.

NN

. X =Don't Cal

May 27, 1988

re (<5.5V)

denotes transition from Low to High level.
. R=8 =High is an illegal input condition.
. *=H/L/+10V
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FPLS LOGIC DIAGRAM

- (LOGIC TERMS - T) 2 (oPmoN
NOg's B BE;
v}

PRIOE
'?El-'f
|,E.§ [ 3
W[5
s
sEH
w21 C |,
u[zH
w2
R o
IHE“
uz@-ﬁ
a2
ns 20 L
— Po =,
.y
Py Y
-
[ 3
eles - 4
Py ‘)’L
Ps 3
B HUEHH000H DOOVOTDO0 DUOO0 ) J(H QOO
— - J_ : e
it g AP
EaBE 2
T + - S a
—‘—[ - o R_el-
- - 5 G
_._*. = : R _Pr-
N 1 : 3
- - S
+{ sk R P
= 5 P
_4+ —+ - : S ot
_4_ R e : =il
- q.. = R P
= -+ ) e S Q Le]e
- oot~ R_P
5 G fi7]+
R P
S Q EF:
—- ot i o __—LJ‘—L-L.‘ R_P
e . _.t‘E - 50 Eﬂs,
— - R_P
Fl & 488 : 5 G [i5]w
R _P
- S Q @Fs
‘.?. R_P
; 50 ]
N A P
T g Tl
— T £ P 1 ]ex
47 0 o o o 0 040 390 ¢ o o ¢ 032 310 0 0 e o o 24 230 00 0o
LD02240S
NOTES:
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 ""0".
3. ¢ Programmable connection.
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ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
28-pin Plastic DIP 600mil-wide PLS105AN Maximum junction 150°C
28-pin Plastic Leaded Chip Carrier PLS105AA Maximum ambient 75°C
Allowable thermal rise
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Vbc
ViN Input voltage +5.5 Voc
Vout Output voltage +5.5 Voc
IiN Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C
NOTE:

1. Stresses above those listed 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.
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DC ELECTRICAL CHARACTERISTICS 0°C <Tp<75°C, 4.75V < Vg <5.25V

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min l Typ' l Max
Input voltage?
ViH High Vee = Max 2 \
Vi Low Ve = Min 0.8 "
Vic Clamp® Vge = Min, liy =-12mA -0.8 -1.2 v
Output voltage?
Ve = Min
VoH High? loy =-2mA 2.4 v
VoL Low® loL = 9.6mA 0.35 0.45 v
Input current
iy High Vin = 5.5V <t 25 MA
liL Low Vin = 0.45V -10 -100 HA
i Low (CK input) Vin = 0.45V -50 -250 HA
Output current
Voo = Max
lo(orr) Hi-Z state® Vout = 5.5V 1 40 uA
Vour = 0.45V -1 -40 A
los Short circuit® 7 Vour = 0V -15 -70 mA
Icc Vcc supply current® Vce = Max 120 180 mA
Capacitance®
Vee = 5.0V
Cin Input ViN=2.0V 8 pF
Cout Output Vour = 2.0V 10 pF
NOTES:
1. All typical values are at Vgc =5V, Ta = +25°C.
2. All voltage values are with respect to network ground terminal.
3. Test one at a time.
4. Measured with V| applied to OE and a logic high stored, or with V4 applied to PR.
5.M d with a progi d logic condition for which the output is at a low logic level, and V,_applied to PR/OE Output sink current is supplied through a resistor

to Veo.
6. Measured with Vyy applied to PR/OE.
7. Duration of short circuit should not exceed 1 second.
8.Icc is measured with the PR/OE input grounded, all other inputs at 4.5V and the outputs open.
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AC ELECTRICAL CHARACTERISTICS R, =470%, R, =1k, C = 30pF, 0°C < T < +75°C, 4.75V < Vg <5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min rTyp1 ' Max
Pulse width
toKH Clock? High CK- CK + 20 15
tekL Clock Low CK + CK - 20 15 ns
tckp1B Period (without Complement Array) CK + CK + 50 40
tckp2B Period (with Complement Array) CK + CK + 80 50
tPRH Preset pulse PR- PR+ 25 15
Setup time®
tis1A Input CK + Input + 40
tis1B Input CK + Input + 30
tis2A Input (through Complement Array) CK + Input * 70 ns
tis2B Input (through Complement Array) CK+ Input 60
tys Power-on preset CK - Vee + 0 -10
tpRs Preset CK - PR - 0 -10
Hold time
ty Input Input oK + 5 -10 | ns
Propagation delay
tcko Clock Output £ CK + 15 20
toe Output enable Output - OE - 20 30 ns
top Output disable Output + OE + 20 30
ter Preset Output + PR + 18 30
tePR Power-on preset Output + Vee + 0 10
Frequency of operation
fmaxB Without Complement Array 20 MHz
fmaxB With Complement Array 12.5
NOTES:

1. All typical values are at Vgg =5V, Tp = +25°C.
2. To prevent spurious clocking, clock rise time (10% -90%) < 30ns.
3. See ""Speed vs. OR Loading" diagrams.
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TIMING DIAGRAMS TIMING DEFINITIONS
+av SYMBOL PARAMETER
lo-15 thv x 1.5V tokH Width of input clock pulse.
ov teke Interval between clock

| t tis l pulses.

v tekp Clock period —when not
1.5V 1.5v 15V using Complement Array.
CLK v

|<._ g —|e— tokH —|e— tok —> tis1 Required delay between
tekp beginning of valid input and
——————— VOH positive transition of Clock.
Fo-7 145v\ / 1.5V tekp2 Clock period — when using
l+tcko| : | VoL Complement Array.
D ‘av tis2 Required delay between

_ beginning of valid Input and
OE 1.5V 1.5v positive transition of Clock,
ov when using optional
I'TJE’I Complement Array (two
passes necessary through

the AND Array).

tvs Required delay between Vo
(after power-on) and negative
transition of Clock preceding

WF068515

Sequential Mode

—-——- v first reliable clock pulse.
015 :XLSV —— ov teRs Required delay between
- negative transition of
|¢———'cxp ————| Asynchronous Preset and
—— " negative transition of Clock
1.5V 1_m preceding first reliable clock
CLK I - l__ ' 0 o pulse.
|.— tis —=l<tckoe| CKH—> cn—-[ -
_— VoH tiy Hequed dela}y between
' SVX / 15 \ 15 positive transition of Clock
Fo.r i : ) vou and end of valid Input data.
<tpRe teRs 'CKO" tcko Delay between positive

+3v transition of Clock and when
15V 15y 3 -&\%st Outputs become valid (with
PR ov PR/OE Low).

-t
PRH ] toe Delay between beginning of
Wroese1S Output Enable Low and
when Outputs become valid.

Asynchronous Preset

ton Delay between beginning of
Output Enable High and
when Outputs are in the

5
4.5v TS OFF-state.
| tsRE Delay'between_ input 'Io
vee ov transition to Diagnostic Mode
I‘!ppn-bl and when the Outputs reflect

the contents of the State
Register.

— o ——— VOH

1.5v (Fal=1 1.5v {Fp+1]

VoL tsrp Delay between input lg
| | . < tekos transition to Logic mode and
l«——— tckp

n
°
S

y av when the Outputs reflect the
1sv L o 15V contents of the Output
Register.

CLK o o ot o o oo e e e

4 ov .
—t
| t I o —’\ trR Delay between positive
| ve I transition of Preset and
+3V when Outputs become valid

|.51X i X|.5v at "1"
l0-15 ov tpPR Delay between V¢ (after
l— tis —»]-— tin ——‘ power-on) and when Outputs
WFO871S tPRH Width of preset input pulse.
Power-On Preset fmax Maximum clock frequency.
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PLS105A

TIMING DIAGRAMS (Continued)

+3V
h-15 x 1.5V
ov
_______ +10V
/- \_
7 80V L 8.ov
——————— 3V
Io 1.5V v/ \

INTERNAL = = = = — = e e e e e —
STATE REG | (Pg) l I (Ng) ,
Qq.s

|<— tsRe ——I
Fo-s Z

|<‘cxo

OF - —

n+1)
VoL

Diagnostic Mode

ov

WF06881S

TEST LOAD CIRCUITS

VOLTAGE WAVEFORMS

o— 1p vee
| +5v
: Fo v {5nst t Y {Snst
!
| out i Ry +30V
[ 1
| Fr HH—
O—=| I1s
_ Rz o ov
O—] CK GND PR OF |<+—O I
-J_ — "= (INCLUDES WF05390S
SCOPE AND JIG MEASUREMENTS:
= CAPACITANCE) All circuit delays are measured at the + 1.5V level
16029415 TC023508 of inputs and outputs, unless otherwise specified.
Input Pulses
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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-
tial mode is given by:

(1/tmax) = toy = tis + tcko

This frequency depends on the number of
transition terms T, 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 tg, due to capacitive loading.
The effect of this loading can be seen in
Figure 1, showing the variation of tig1 with
the number of terms connected per OR.

The AC electrical characteristics contain
two limits for the parameters tigy and t|go.
The first, tig1a is guaranteed for a device
with 24 terms connected to any OR line.
tisig is guaranteed for a device with 16
terms connected to any OR line.

The two other entries in the AC table, tigo A
and B are corresponding 24 and 16 term
limits when using the on-chip Complement
array.

. | /]
50 T
1A /
o tig1B
s
H
z % >
20 /
10
o
o 8 16 24 32 40
TERMS CONNECTED/OR
OPO1251S
Figure 1. tig1 vs. Terms/OR
Connected

The worst case of tig for a given application
can be determined by identifying the OR
line with the maximum number of T 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 tg 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.

TRANSITION TERMS T,

OUUULY,,

Dt

TERMS/OR

NoT
useD
AFO18108

Figure 2. Typical OR Array
Interconnect Pattern

May 27, 1988
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PLS105A

LOGIC PROGRAMMING

PLS105A logic designs can be generated
using Signetics' AMAZE PLD design software
or one of several other commercially avail-
able, JEDEC standard PLD design software
packages. Boolean and/or state equation
entry is accepted.

PLS105A logic designs can also be generat-
ed using the program table entry format
detailed on the following pages. This program
table entry format is supported by the
Signetics' AMAZE PLD design software (PTP
module). AMAZE is available free of charge
to qualified users.

To implement the desired logic functions, the
state of each logic variable from logic equa-
tions (I, B, O, P, etc.) is assigned a symbol.
The symbols for TRUE, COMPLEMENT, IN-
ACTIVE, PRESET, etc., are defined below.

"AND" ARRAY -(l), (P)

PRESET/OE OPTION - (P/E)

PR/OE
P
E=1
(ALWAYS
ENABLED)
- Lso18148
[ opmion T cooE |
| preseT’ | H_ |

PR/OE
P=0
(PRESET E
DISABLED)
= LS018258
[ option [ cope |
[ oF [ v ]

PROGRAMMING THE PLS105A:
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.

— ip — Ip Lp —ip
—ip — i It — P
T Qn QT" To
LS01850S Lsotes0s LS01830S Lso18408
[ STATE [ cooE ] [ STATE | CODE | [ STATE | cooE | [ STATE [ cope_|
| Nacmive™? | o | [ |, P w1 L iP v ] | ponTcare | - ]
"OR" ARRAY -(N), (F)
T Ta T Tn
n,l-—-—D—1 s —a n,l——-—D——q s —a n,l———D— s —a nf —F—D—- s —aQ
"D 4D | |t DA | | D
LS01890% LS01900S Lso1870S Lso1880s
[ ActioN [ copE ] [ acTioN [ copE | [ acmion T cooE | [ AcTioN [ cope |
[__INACTIVE™® | o | SET [ ] [ RESET [ 1] [ Nochange | - ]
""COMPLEMENT" ARRAY -(C)

c < c <
c c c c

Ta Ta Tn T'\
LS01930S 15019408 Lso1910S LS019208
[ AcTion [ copE ] [ AcTion ] cooE | [ acmion T cooE | [ acmion T copE |
[mactive™® [ o | | ceneraTE | A | |_PROPAGATE | o | |_TRANSPARENT | - |

NOTES:

1. This is the initial unprogrammed state of all link pairs. It is normally associated with all unused (inactive) AND gates Tp.
2. Any gate T, will be unconditionally Iinhibited if both the true and complement fuses 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, (see flip-flop truth

tables).

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

May 27, 1988
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FPLS PROGRAM TABLE PROGRAM TABLE ENTRIES
CUSTOMER NAME frososed AND __ . J A T IO
PURCHASE ORDER # INACTIVE {r [] | |NacTvE T o
SIGNETICS DEVICE # CF (XXXX) GENERATE : A ca | |SET LN
PROPAGATE | @ \ |Reser 3
CUSTOMER SYMBOLIZED PART # = T 1= ! [Nochance | —
TOTAL NUMBER OF PARTS T E——— L, 4
PROGRAM TABLE ' bom e OPTION ______
1, P H Im,Ps | r
REV TF T | | PRESET . W -
DATE DON'T CARE | — Vo[ i
| —
AND omou(or't‘a |
1 oo —p INPUTOm) anessursurs(n) REMARKS NEXT STATE (Ns) OUTPUT (Fn)
[SEEEESERE RNR e e _ ——— ] R S
s zl|oosir_‘esaazﬂﬂs’ﬂaz1o sla[3[2]iJof7[s[sVafal2[+]0
Ll L]
[] L] ]
[} [] 1 []
| | | a 1
L 2 A a A
5 L 3 A
: . : L
L] ] L] L
[] L) [] T
[} [] ] ¥
| ] [] | | L]
| 3 L ] 1 1
3 '} A |
3 A s |
s s T |
L 4 +— 1
T * x - s
21 ¥ v v —T
22 L) : ¥ ; 71 +
2§ [] L] T ¥
24 [] [] ) [] T 1 T ¥
2! 1 ] I ] T N i T
iy 1 ! M Tt [
27 M 2 1 M T [
28 iy PR - 3
. . Y T 1
L * * A
32 L 3 T T T+ :
L LJ L
34 L) L] | | T T L
'_g_ﬁ [] ] T 1 T
6 ] [] 1 ! T
32 ¥ 0 | —— t T
Il ] [ ) ! L]
" a 1 . i []
| 40 M 2 2 . [
a1 " — 5
a3 —t * : . .
“ ' : T : -
a5 T T —r ’ .
48 T T ¥ +
47 w i *
PIN {2222 1 1] BIRERED
S HEHE HHEH BEOH UHOE oflil2lalslej7]s
Y
w
as
z<
cz
>

LD022518

NOTES:

1. The FPLS is shipped with all links initially intact. Thus, a background of "0" for all Terms, and an "H" for the P/E option, exits in the table, shown BLANK instead for clarity.
2. Unsed Cp, Iy, and Ps 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 type programmers.
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TEST ARRAY
The FPLS may be subjected to AC and DC ‘ (1o + F)/F, Ve o 45
parametric tests prior to programming via an ° cc
on-chip test array. Vee
The array consists of test transition terms 48 _ _
and 49, factory programmed as shown below. (- F)/F, (- F)/F,
; —_ ] P
Testing is accomplished by clocking the FPLS In lo-1s o5 .,
and applying the proper input sequence to CLoCK —= CK Foz T

lp.15 as shown in the test circuit timing dia- ‘ (T + F)/F, PR/OE
gram. ‘E_l GND
AF01820S

State Diagram

Tco15978

FPLS Under Test

TEST ARRAY PROGRAM OPTION (P/€) Tn
L AND OR T
i ! . INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT(Fq
H c |rjvfrfafa]n I
S|4j/3(2)1/0/9 8|7 |6|5 (4|3 [2|1]0o(s5]a(3[2]1]0 S5t4/3(2|1/0l7/6|5[(4i3|2(1]0
48 A _JHIHIHHIHIH W |H W |H W [H]IH H W [H]H (W [0 W [0 R vjefededejolejelefe]ope]efe
49 vfefefefefefefefefefe cjejefejefoefefefede Hin|nininw|n]|H]|n|n|Hn]n]H[H[H

TB01760S

Test Array Program

+5V
4.75V

ov

le———Tys Texn Teke
Vin
Vi

r‘Tls:-P*Tln —>‘
Vin

Both terms 48 and 49 must be deleted during lous T § 15V | sy f -

user programming to avoid interfering with the - —_—— Vi
desired logic function. This is accomplished —) Texo
automatically by any of Signetics' qualified r— av
programming equipment. Foz %mv

ov

AT ————— /=== HGH
:;GISETEHW .\\________..__-_./ Low

WFO05377S

Test Circuit Timing Diagram

TEST ARRAY DELETED OPTION (P 'E) [n
T AND OR
€ INPUT (Im) PRESENT STATE (Ps) NEXT STATE (Ns) OUTPUT (Fn)
R c frfvlafafat]a e _
" Sl4/3/2|1]/0ojleis|7]le|s|a(3|2|1]0o]|s|a|3]2]1]0 slal3|2[1]j0|7|6i5]|4(3]2]1]0
48 — {HIHIHIHIHIH|HIH|H [ H|H(H]H [ [ [H R [H K [H [ [H ===l === == ]={=
9.1 @ jejrjejejedeji]efefefe]ejefefefe]ofofofefe]ue —|=l=]=l=]=1=]==1={=]=]=]=

TB017508

Test Array Deleted
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DESCRIPTION

The PLUSA405 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 dedi-
cated inputs (lp—145) and to the feed-
back paths of the 8 on-chip State Regis-
ters (Qpp — Qp7). Complement transition
terms can be generated via optional use
of the two internal Complement Arrays
(input variables Cy, Cy).

All state 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 (Qpg- Qpy) and output
(Qro — QFy) registers are edge-triggered,
clocked J-K flip-flops, with Asynchro-
nous Preset and Reset options. The
PLUS405 architecture provides the add-
ed flexibility of the J-K toggle function
which is indeterminate on S-R flip-flops.
Each register may be individually pro-
grammed such that a specific Preset-
Reset pattern is initialized when the
initialization pin is raised to a logic level
1", This feature allows the state ma-
chine to be asynchronously initialized to
known internal state and output condi-
tions prior to proceeding through a se-
quence of state transitions. Upon power-
up, all registers are unconditionally pre-
set to '"1". If desired, the initialization
input pin (INIT) can be converted to an
Output Enable (OE) function as an addi-
tional user-programmable feature.

Availability of two user-programmable
clocks allows the user to design two
independently clocked state machine
functions consisting of four state and
four output bits each.

Order codes are listed in the Ordering
Information Table.

October 14, 1987

PLUS405

Field-Programmable Logic
Sequencer (16 X 64 X 8)

Signetics Programmable Logic

Product Specification

FEATURES

e Functional superset of PLS105/
105A

® 50MHz clock rate

o fyuax = 33MHz
(1/(tis + tcko) = fmax)

o Field-programmable (Ti-W fusible
link)

e 16 input variables

e 8 output functions

® 64 transition terms

e 8-bit State Register

e 8-bit Output Register

e 2 transition Complement Array
terms

e Multiple clocks

e Programmable Asynchronous
Initialization or Output Enable

e Power-on preset of all registers
to "1"

® 950mW power dissipation (typ.)

o TTL compatible

e J-K or S-R flip-flop functions

e 3-State outputs

APPLICATIONS

o Interface protocols

e Sequence detectors

o Peripheral controllers

e Timing generators

e Sequential circuits

e Elevator controllers

o Security locking systems
e Counters

o Shift registers

5-117

PIN CONFIGURATIONS

N Package

TOP VIEW

NOTE:
N = Plastic

A Package

CD11463S

Fs [i2]
7 1]
Gno (4]
F3 [15]
F2 [1g]
F1 7]

Fo 18

7] Is/cLK

BL]

BEj
of1]cLx

[28]Vee

[27] 18

[26] 19

OTE:
A = Plastic Leaded Chip Carrier

o B B ] ]

INIT/GE ly5 1ig h3 112 W1 ho

0040758
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Field-Programmable Logic
Sequencer (16 X 64 X 8)

PLUS405

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION POLARITY
1 CLK Clock: The Clock input to the State and Output Registers. A Low-to-High Active-
transition on this line is necessary to update the contents of both registers. Pin 1 High
only clocks Pg_3 and Fo_3 if Pin 4 is also being used as a clock. (H)
2,8, 5-9, lo~lg 17, lg Logic Inputs: The 12 external inputs to the AND array used to program jump Active-
26-27 lg-lg conditions between machine states, as determined by a given logic sequence. High/Low
20-22 lig=li5 True and complement signals are generated via use of '""H'"' and "L". (H/L)
4 I5/CLK Logic Input/Clock: A user programmable function:
« Logic Input: A 13th external logic input to the AND array, as above. Active-
High/Low
(H/L)
« Clock: A 2nd clock for the State Registers P4_7 and Output, Registers F4_7, Active-
as above. Note that input buffer Is must be deleted from the AND array (i.e., all High
fuse locations ''Don't Care'') when using Pin 4 as a Clock. (H)
23 l12 Logic/Diagnostic Input: A 14th external logic input to the AND array, as above, Active-
when exercising standard TTL levels. When 142 is held at +10V, device outputs High/Low
Fo - F7 reflect the contents of State Register bits Po-P7. The contents of each (H/L)
Output Register remains unaltered.
24 l11 Logic/Diagnostic Input: A 15th external logic input to the AND array, as above, Active-
when exercising standard TTL levels. When |11 is held at +10V, device outputs High/Low
Fo - F7 become direct inputs for State Register bits Po—-P7; a Low-to-High (H/L)
transition on the appropriate clock line loads the values on pins Fg—-F7 into the
State Register bits Py~ P7. The contents of each Output Register remains .
unaltered. "
25 l1o Logic/Diagnostic Input: A 16th external logic input to the AND array, as above, Active-
when exercising standard TTL levels. When lyo is held at +10V, device outputs High/Low
Fo-F7 become direct inputs for Output Register bits Qo - Q7; a Low-to-High (H/L)
transition on the appropriate clock line loads the values on pins Fo—F7 into the
Output Register bits Qp- Q7. The contents of each State Register remains
unaltered.
10-13 Fo-F7 Logic Outputs/Diagnostic Outputs/Diagnostic Inputs: Eight device outputs Active-
15-18 which normally reflect the contents of Output Register Bits Qg - Q7, when High
enabled. When |42 is held at +10V, Fo—F7 = (Pg—P7). When |l is held at +10V, (H)
Fo~-F7 become inputs to State Register bits Po—P7. When |4o is held at +10V,
Fo - F7 become inputs to Output Register bits Qp - Q7.
19 INIT/OE Initialization or Output Enable Input:
A user-programmable function:
« Initialization: Provides an asynchronous preset to logic ""1" or reset to logic Active-
"0" of all State and Output Register bits, determined individually for each register High
bit through user programming. INIT overrides Clock, and when held High, clocking (H)
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. See timing definition for tyck and tnvck.
« Output Enable: Provides an output enable function to buffers Fo-F7 from the Active-
Output Registers. Low
L)

October 14, 1987
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TRUTH TABLE % 2 3 4.5 6,7

OPTION
Vee — l1o 11 112 CcK J K Qp Qe F
INIT OE
H * . * X X X H/L H/L Qr
L +10V X X 1 X X Qp L Lo
L +10V X X 1 X X Qp H H?
L X +10V X 1 X X L QF L°
L X +10V X 1 X X H QF H®
L X X +10V X X X Qp Qf Qp
L X X X X X X Qp Qf Qf
H X X * X X X Qp Qr Hi-Z
+5V X +10V X X 1 X X Qp L Lo
X +10V X X T X X Qp H H®
X X +10V X 1 X X L QF L2
X X +10V X T X X H QF H®
L X X +10V X X X Qp QF Qp
L X X X X X X Qp Qf Qr
L X X X 1 L L Qp QF Qe
L X X X 1 L H L L L
L X X X 1 H L H H H
L X X X T H H Qp Qr Gr
1 X X X X X X X X X X H
NOTES:

1. Positive Logic:
S/R (or J/K)=To+ Ty +Ta+..Tea

Tn=(Co, C1)(lo, h, l2...) (Po, P1....P7)
2. Either Initialization (Active-High) or Output Enable (Active-Low) are available, but not both. The desired function is a user-programmable option.
3. denotes transition from Low-to-High level.

. *=H/L/+10V
5. X=Don't Care (<5.5V)
6. H/L implies that either a High or a Low can occur, depending upon user-programmed selection (each State and Output Register individually programmable).
7. When using the F,, pins as inputs to the State and Output Registers in diagnostic mode, the F buffers are 3-stated and the indicated levels on the output pins are

forced by the user.

VIRGIN STATE LOGIC FUNCTION
A factory-shipped virgin device contains all 3 Al transition terms are inactive (0).

fusible links intact, such that: R . N
us! NlTllﬁs_l X .su a NIT. In ord 3. All S/R (or J/K) flip-flop inputs are dis-
1.1 E option is set to INIT. In order to abled (0). Q2 a1 Qo

e e Ptz o T4, he doico can bo ook v a Test (5 s e
option for each flip-flop. Note that regard- Array preprogrammed with a standard
less of the user-programmed initializa- test pattern. —

tion, or even if the INIT function is not [ofo]+] @ NEXT STATE
used, all registers are preset to '"1'' by _ o
the power-up procedure. SET Qg Sp=(Q;0Q,¢Gy) sA*BeC...
Ry=0

Typical State Transition:

STATE REGISTER AeBeCe...

RESET Q; $,=0_ o
Ry =(Gy° Q¢ Q) sAsBeC ...

HOLD @ $,=0
Ry=0

TB00300S
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FUNCTIONAL DIAGRAM

Pes Po
:2 ..........................
| l 751 (;: ﬁ
T
<
49—
e v
SORJ Q-
@
D— R;)RKR<
'—1—> - i
__D 74
D—‘ sor:; af— —j:‘
D
]
>
__[> £
D—— SORJ < <}—‘
@
D—— RORK 0 {?—-,LIEI
__D £ |
_}_{> ,4L
Do <=l
> nome o ]
_L_> # |
>
LD08171S.
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Sequencer (16 X 64 X 8) PLUS405

FPLS LOGIC DIAGRAM

Y T 3
4 [8}—= [ {i3]: war/oE
b [T} - T
I3 DETAIL A
b E——ﬁ
ts jenk [} %
e [t
Y [2
I
o 28—
ho |25
Y a—]
bz [o—¢
4 22—
b 21— o
hs : 3% u
g
e
jRaE
DETALL B
o 'U}l
... [oemaLe
LR mH
RANSN
) "
=] ;E figF
~ 33| Fs
] o
Eg; 11| Fg
17 gausl iﬁ fio] &
T Al
ofig e
-
DETAIL D
LD09161S
NOTE:
“Denotes a programmable fuse location.
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DETAILS FOR REGISTERS FOR PLUS405

TO INIT LINE
TO AND
STATE REGISTERS ARRAY
—r—_l P
— '—D_' Sory Qf—
INIT/OE P P
RorK R
CLK Iﬁ
1 1
LD08880S
LD08892S
Detail A Detail B
TO I INE
OUTPUT REGISTERS O INT L
‘ FROMPIN 4 FROM
—D— sors @ >—'E|] (sicLi { PIN1CLK

D> P

Rork R

CLK
LD06902S LD091518.
Detail C Detail D
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Field-Programmable Logic PLUS405
Sequencer (16 X 64 X 8)
ORDERING INFORMATION THERMAL RATINGS
DESCRIPTION ORDER CODE TEMPERATURE
28-Pin Plastic DIP (600mil-wide) PLUS405N Maximum junction 150°C
28-Pin Plastic Leaded Chip Carrier PLUS405A Maximum ambient 75°C
Allowable thermal rise o
ABSOLUTE MAXIMUM RATINGS' ambient to junction 75°C
SYMBOL PARAMETER RATINGS UNIT
Vee Supply voltage +7 Vpc
ViN Input voltage +5.5 Vpe
Vour Output voltage +5.5 Voc
Iin Input currents -30 to +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0to +75 °C
Tsta Storage temperature range -65 to +150 °C
NOTE:
1. Stresses above those listed 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.
DC ELECTRICAL CHARACTERISTICS 0°C <Ta<+75°C, 4.75 <Vc <5.25V
LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min l Typ' | Max
Input voltage?
ViH High Ve = Max 2 "
Vi Low Ve = Min 0.8 \"
Vic Clamp?® Vce = Min, Iiy=-12mA -0.8 -1.2
Output voltage?
Vou High Vce = Min, loy =-2mA 24 \
VoL Low Ve = Min, Iop = 9.6mA 0.35 0.45 \Y
Input current
i High Vin = 5.5V <1 25 MA
I Low Vin = 0.45V -20 -250 MA
Output current
looFF) Hi-Z state Ve = Max, Voyr =5.5V 1 40 MA
Vce = Max, Voyr = 0.45V -1 -40 MA
los Short circuit® 4 Vout =0V -15 -70 mA
lcc Ve supply current® Vce = Max 190 225 mA
Capacitance
Cin Input Vee = 5.0V, Viy = 2.0V 8 pF
Cout Output Ve = 5.0V, Voyt = 2.0V 10 pF
NOTES:

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

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

3. Test one at a time.

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

5. lcc is measured with the INIT/OE input grounded, all other inputs at 4.5V and the outputs open.

October 14, 1987 5-123



Signetics Application Specific Products ® Series 28

Product Specification

Field-Programmable Logic
Sequencer (16 X 64 X 8)
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AC ELECTRICAL CHARACTERISTICS R; =470, Ry =1k, C_ =30pF, 0°C < Tp < +75°C, 4.75°CV < Vg <5.25V

LIMITS
SYMBOL PARAMETER TO FROM UNIT
Min ‘ Typ! ‘ Max
Pulse width
tekH Clock High CK - CK + 10 8 ns
tokL Clock Low CK + CK - 10 8 ns
tckp1 Period (without Complement Array) CK + CK + 30 25 ns
tokp2 Period (with Complement Array) CK + CK + 40 35 ns
tiNiTH Initialization pulse INIT + INIT - 15 8 ns
Setup time?
tis1 Input CK + Input 15 12 ns
tis2 Input (through Complement Array) CK + Input 25 20 ns
tvs Power-on preset CK - Veo + [} -10 ns
tvck Clock resume (after initiallization) CK - INIT - 0 -5 ns
tnvek Clock lockout (before Initialization) INIT - CK - 15 5 ns
Hold time
tiy J Input I Input * T CK + 0 -5 ns
Propagation delay
tcko Clock Output + CK + 10 15 ns
toe Output enable Output - OE - 12 15 ns
top Output disablo® Output + OE + 12 15 ns
tiniT Initialization Output + INIT + 15 20 ns
trPR Power-on preset Output + Vee + 0 10 ns
Frequency of operation
| VoA B [
NOTES:

1. All typical values are at Vgg =5V, Tp = +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. This restriction does not apply if toggle mode function is not used.

3.C_ = 5pF; V1 =Vg_+ 0.5V.

TIMING DIAGRAMS

+av
lo-15 st X.sv
l ov
[ tiH —| tis
+3V
1.5V 1.5v 1.5v
cLK v
I-—- tis ——sle—tekH —|e— 'cm.—»]
teke
— - e - —— - VOH
Fo-7 1.5)\ % v
l+tcko : VoL
top 1
3 1.5V

+3v
%1.5V :
ov

el
toe

'WF088528

Sequential Mode
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5-124




Signetics Application Specific Products ® Series 28 Product Specification

Field-Programmable Logic 4
Sequencer (16 X 64 X 8) PLUS405

TIMING DIAGRAMS (Continued)

[ +3V
lo=ks 1.5V
CLK 1.5V
Ys teko
Fo_7 1.5V

tyck thvek F—‘cxo

+3V
( 1.5V

ov

INIT 1.5!7

[e——tiniTH

WF23100S

Asynchronous Initialization

+5V

_/ 4.5v
vee i ov
—————— VoH
Wmv (Fa)=1 1.5v\ (Fn+11
Fo-7 voL

| tckos|
le——— tCKP
4 — 3V
7 |
‘ 15v L 1.5V 1.5V
__________ ’
cLK L 1 texn l ov
I tyvs

lo-15
tis —*]4— ty —

Power-On Preset

WF06871S
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TIMING DIAGRAMS (Continued)

+3V
'1: l[| x ov
+10V
7 8s.ov 8oV o
h2 1.5V 1.6V \
” ov
CLK 1.5V }I.SV v
e—ts toon— | :v
OH
oo, STERNAL ey | Xl (Ng) | -
| | fe—tene fe—tero .
, OH
SCUCENEES /551, S8,
I"'cko
o

Diagnostic Mode — State Register Outputs

—

CLK

7 15v

(o T

tekn

F‘WO%

Diagnostic Mode — State Register Input Jam

1.5V

+10V

+3V

ov

f——tam

+3V

ov

—— — — VON

()

———— Vo

WF18200S
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TIMING DIAGRAMS (Continued)

+10V

+3V

CLK

) WWWMMWWM WW@C e

Jtexo

WF18210S.

Diagnostic Mode — Output Register Input Jam

TIMING DEFINITIONS

SYMBOL PARAMETER SYMBOL PARAMETER SYMBOL PARAMETER
tokH Width of input clock pulse. tokL Interval between clock pulses. tNITH Width of initialization input
tckp Clock period —when not tckp2 Clock period — when using pulse.
using Complement Array. Complement Array. tvs Required delay between Vo
tis1 Required delay between tH Required delay between :f;:ti%?]w:{'%Tgcindr:::’;ﬂve
beginning of valid input and positive transition of Clock first reliable clock pulse' 9
positive transition of Clock. and end of valid Input data. pulse.
tcko Delay between positive toe Delay between beginning of top Delay between b.e ginning of
- Output Enable High and when
transition of Clock and when Output Enable Low and Outputs are in the OFF-state
Outpgti become valid (with when Outputs become valid. p .
NI/ Low) ne | Doty b mput g || N7 | DR e oo
teeR Delay between Vgc (after transition to Diagnostic Mode when Outputs become valid
power-on) and when Outputs and when the Outputs reflect P .
become preset at "1'". the contents of the State tsrD Delay between input ly2
tis2 Required delay between Register. transition to Logic mode and
- . " when the Outputs reflect the
beginning of valid Input and tris Required delay between
- " X o contents of the Output
positive transition of Clock, inputs 111 or lyp transition to Register
when using optional State and Output Register gister.
Complement Array (two Input Jam Diagnostic Modes, tRH Required delay between
passes necessary through respectively, and when the positive transition of Clock
the AND Array). ouput pins become available and end of valid Input data
truH Required delay between as inputs. when jaming c{ata mt'o State
e i " or Output Registers in
positive transition of Clock tnvek | Required delay between the ) .
N X - diagnostic mode.
and end of inputs ly1 or Iy negative transition of the
transition to State and clock and the negative tvek Required delay between
Output Register Input Jam transition of the negative transition of
Diagnostic Modes, Asynchronous Initialization to Asynchronous Initialization
respectively. guarantee that the clock and negative transition of
- edge is not detected as a Clock preceding first reliable
fmax Maximum clock frequency. valid negative transition. clock pulse.
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TEST LOAD CIRCUIT

VOLTAGE WAVEFORMS

o—=} i vee
|
: Fo L'—o
| out :
| |
| F7
O—1 I15
O—=#| CK  GND INIT/OE [*—O

L

TCo23428

+5V
Ry
"t
= "= (INCLUDES
SCOPE AND JIG
CAPACITANCE)

TC023508

+3.0V

25ns

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

Input Pulses

LOGIC PROGRAMMING

PLUS405 Logic designs can be generated
using Signetics' AMAZE design software or
several other commercially availabe, JEDEC
standard PLD design software packages.
Boolean and/or state equation entry format is
accepted.

PLUS405 logic designs can also be generat-
ed using the program table format detailed on
the following page(s). This Program Table
Entry Format (PTE) is supported by the
Signetics' AMAZE PLD design software.
AMAZE is available free of charge to qualified
users.

To implement the desired logic functions,
each logic variable (I, B, P, S, T, etc.) from the
logic equations is assigned a symbol. TRUE,
COMPLEMENT, PRESET, RESET, OUTPUT
ENABLE, INACTIVE, etc., symbols are de-
fined below.

PRESET/RESET OPTION — (P/R)

INITIALIZATION/OE OPTION — (INIT/OE)

INIT/OE

INIT
E=1

(ALWAYS
= ENABLED)
LS018138
[ opTioN CODE_|
[ INmiALiZATION' [ H |

INIT/OE

iNIT=0

(INITIALIZATION
DISABLED)
= LS018248
[ opTion [ copE |
| oF [ ¢ |

PROGRAMMING THE PLUS405:

The PLUS405 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.

PR

T

PR

>

PR PR

__D__.l

D> —p— D> —+>—
‘ INIT Y wr NIT ‘ NIy
LD06910S LD06911S LD06912S LD06913S.
[ acTion [ copE | [ acTioN | copE | [ ACTION [ cooe | [ acTioN [ copE |
[INDETERMINATE* | 0 | [ preser | W | [ REseT [ v ] [INDETERMINATE* | - |

October 14, 1987
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"AND" ARRAY — (I), (P)

— ip — Ip — Ip — ip
— ip +—ip — ip —ip
QT“ an Qﬂ T'I
LS01850S LS01860S 15018308 LS018408
[ STATE | cooE | [ STATE [ copE | [ STATE CODE | [ STATE [ copE |
[ NnacTivE"Z | o ] [ e [ w] | LP L | poNTcare | - |
"OR" ARRAY —J-K FUNCTION —(N), (F)
Tn Tn Tn Tn
NI N s B e B e o P E T o PR
et D | =D |7 DA] | =D
LD06920S LD06921S 1D06922S 1D06923S
[ actioN T cope | [ AcTion [ copE | [ acTioN | _copE | [ AcTioN [ cooE |
[ Tocee® | o |} { SET H | [ RESET o] [ NocHangE [ - |
"COMPLEMENT" ARRAY — (C)
c c c c
c c c C
T Tn Tn T
LS01930S LS019408 LS019108 LS019298
[ AcTion [ cooE | [ acTioN [ cooE | [ acTioN [ copE ] [ acmion T copE |
[ macTive™ ¥ T o ] [ GENzRATE | A | | PROPAGATE | o | | TRANSPARENT | - |

CLOCK OPTION — (CLK1/C

LK2)

CLK2
< i

CLK2
< i

CLK1 LK1

LD06930S LD06913S

[ opmioNn T copE | ( OPTION [ CODE |
[ cwxiony | L | {ClKtand cLK2® | H |

NOTES:
1. This is the initial unprogrammed state

of all links.

2. Any gate T, will be unconditionally inhibited if any one of its | or P link pairs is left intact.
3. To prevent oscillations, this state is not allowed for C link pairs coupled to active gates Th,.
4.These states are not allowed when using PRESET/RESET option.
5. Input buffer |5 must be deleted from the AND array (i.e., all fuse locations ""Don't Care') when using second clock option.
6. A single product term cannot drive more than 8 registers by itself when used in TOGGLE mode.

October 14, 1987
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PLUS405 FPLS PROGRAM TABLE

__AMD i ___ OR _____ 4.___OPTIONS |
. ' rRRCTEGA 1o ) '
INACTIVE 0 INACTIVE : 0 \ !I!&GI.EE OR | o v e M e
= = x| ) osate o | | P
b +—]im, Ps — cn | |SEX LB e, Fry |OF L
1P H PROPAGATE | * \ | reser 1L 1
- - T | v |
DON'T CARE | TRANSPARENT | ' NO CHANGE 1 [kt ony r,_ oLx1/
\ | [cxiann2 T
i |
e L
INMTIA
[ crockiz | T 11 =
AND
* WNPUT (im) | PRESENT STATE (Ps) NEXT STATE (N¢) OUTPUT (Fr)
|__[ci[colnsTnaia[na/mi[iolw [w e isTu 3Tz T mnﬁ]ﬁmﬁ* N7[NG [ NSTNATNS[NZ]NT FIEFIFI F21F1
! " -t 1 ) H
i 0 v 0 | i
T - T T T T
. 1 1 [l 1 1
0 v v v T n
n N L]
; : + i ! -
E e : ; ; : ; :
Q i ; . : : : ;
0 T v i T T 0
T3 — H H
18 v v V ! | .
" v y T T T v T
KD H N !
Q E \ —+ ) + - T
= 21 T D T | 1
= 2 . : H ! H )
) T ! T T
= £ " : ; ; : :
[ I
o o : : . . i :
i} i T T * 0 0
@ a 2 ' : ! N H
E:J v r . T ' )
|35 T ) " N [ v
K i [ T [ N N
1 ] " 1)
= : ; : : . :
E T 5 T v H T
— T + T n -+
EX T v H T |
37 ) = v T T T
38 | N M T s t
T
% ~ ; : : :
]
g K : ] N : :
1 l N T
“ v v f
ol ) e E e ' ' -
+ . r
Of + Iy N ! : T : :
[ M N ]
A E Wl T T 4 . T +
- T O
& s + T T :
=) i + + t . 1
w M A * v
N [= X i ; :
* : ; T » g \
w 8§ 8 ; ' ' . i :
= 1 1 1 M o
= s = T v 0 |
§ ] E Fsa + Jl T ™ T N
(=] ' 1 ! L M v
c 81
g 8 §is + ; : : ; :
[ H - L L
(e} 2[2(2(2|2|2[2[2 NEIRAANRH
Sgammovzaasc7zssgcvl’ ol1l2l3lslelzle
2 9 51 e
O 0 O | weus
TBO3142S
NOTES:
1. The FPLS is shipped with all links initially intact. Thus, a background of 0" for all Terms, and an ''H"' for the IN/E and H for the clock option, exits in the table, shown BLANK instead
for clarity.
2. Unused Cn Im, and Ps bits are normally programmed Don't Care (—).
3. Unusod Transition Terms can be left blank for future code modification, or as (—) for i speed.
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Signetics

Applied Specific Application
Products ® PML Series

FEATURES
o Programmable instant gate array
© SNAP development system:

- Supports third-party schematic
entry formats

- Macro library
- Versatile netlist format for
design portability
- Logic, timing, and fault
simulation
o AMAZE development system:

- Supports third-party schematic
entry formats

- Boolean equation entry

- Logic, timing, and fault
simulation

o TTL compatible
e Power dissipation = 1.12W (typ.)

PROPAGATION DELAYS

o Single level (excluding the
internal core) =22ns (max)

e Two level (through the internal
core) = 30ns (max)

o Delay per internal NAND
function = 8ns (max)

June 16, 1988

PLHS501

Programmable Macro Logic

Product Specification

STRUCTURE
o NAND gate based architecture:
- 72 foldback NAND terms
® 24 dedicated inputs (10 -123)
e 8 bidirectional I/0s with
individual 3-State enable:
- 4 active-High (B4 -~B7)
- 4 active-Low (/B0 -/B3)
e 16 dedicated outputs:
- 4 active-High outputs:
00, O1 with common 3-State
enable
02, 03 with common 3-State
enable
- 4 active-Low outputs:
04, 05 with common 3-State
enable
06, 07 with common 3-State
enable
- 8 Exclusive-OR outputs:
X0 - X3 with common 3-State
enable
X4 - X7 with common 3-State
enable
o Security fuse allows protection
of proprietary designs
© Testable in unprogrammed state

PIN CONFIGURATION

DESCRIPTION

The PLHS501 is a high-density Bipolar
Programmable Macro Logic device. PML
incorporates a programmable NAND
structure. The NAND architecture is an
efficient method for implementing any
logic function. The SNAP software de-
velopment system provides a user
friendly environment for design entry.
SNAP eliminates the need for a detailed
understanding of the PLHS501 architec-
ture and makes it transparent to the
user. PLHS501 is also supported on the
Signetics AMAZE software development
system.

A Package
(52-pin PLCC)

FEPEeIR2NT2aanown

GND

CD15131S

6-3

835-1207 93569




Signetics Applied Specific Application Products

Programmable Macro Logic

ARCHITECTURE

The core of the PLHS501 is a programmable
fuse array of 72 NAND gates. The output of
each gate folds back upon itself and all other
NAND gates. In this manner total intercon-
nectivity of all logic functions is achieved in
the PLHS501. Any logic function can be
created within the core of the device without
wasting valuable |I/0O pins. Furthermore, a
speed advantage is acquired by implementing
multi-level logic within a fast internal core
without incurring any delays from the 1/0
buffers.

DESIGN DEVELOPMENT TOOLS

SNAP

The SNAP Software Development System

provides the necessary tools for designing

with PML. SNAP provides the following:

® Schematic entry netlist generation from
third party schematic design packages
such as OrCAD/STD™ and
FutureNet™,

® Macro library for standard PLHS501
functions and user defined functions

® Boolean equation entry

® State equation entry

® Syntax and design entry checking

@ Simulator includes logic simulation, fauit
simulation, automatic test vector
generation, and timing simulation.

SNAP operates on an IBM® PC/XT, PC/AT,
PS/2, or any compatible system with DOS 2.1
or higher. The minimum system configuration
for SNAP is 640K bytes of RAM and a hard
disk.

SNAP provides primitive PML function librar-
ies for third-party schematic design pack-
ages. Custom macro function libraries can be
defined in schematic or equation form.

After the completion of a design, the software
compiles the design for syntax and complete-
ness. Complete simulation can be carried out
using the different simulation tools available.

The programming data is generated in JE-
DEC format. Using the Device Programmer
Interface (DPI) module of SNAP, the JEDEC
fusemap is sent from the host computer to
the device programmer.

FuturoNet is a trademark of FutureNet Corporation.
OrCAD/STD is a trademark of OrCAD, Inc.

AMAZE

The AMAZE PLD Design Software develop-

ment system also supports the PLHS501.

AMAZE provides the following capabilities for

the PLHS501:

® Schematic entry netlist conversion from
third-party schematic software

® Boolean equation entry

® Logic and timing simulation

® Automatic test vector generation

AMAZE operates on an IBM PC/XT, PC/AT,
PS/2, or any compatible system with DOS 2.0
or higher. The minimum system configuration
for AMAZE is 640K bytes of RAM and a hard
disk.

AMAZE compiles the design after completion
for syntax and completeness. Programming
data is generated in JEDEC format.

DESIGN SECURITY

The PLHS501 has a programmable security
fuse that controls the access to the data
programmed in the device. By using this
programmable feature, proprietary designs
implemented in the device cannot be copied
or retrieved.

IBM is a registered trademark of International Business Machines Corporation.

June 16, 1988
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FUNCTIONAL DIAGRAM

n 0

o CHE

wuCHE

JOUC

1
31—
XH
JO O
(x4) 055
- (x8) 18,8
___——‘ Xon X2 Xg Xg
’ (x4)

Xy» X3 X5 X7

O O,
(x2)

04,04

5, B

(x2)
05 07

i‘IJIJI“ )

LD067333

ORDERING INFORMATION

DESCRIPTION ORDER CODE
52-Pin Plastic Leaded Chip Carrier PLHS501A
ABSOLUTE MAXIMUM RATINGS'
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Voc
ViN Input voltage +5.5 Vpe
Vout Output voltage +5.5 Vpc
N Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tste Storage temperature range -65 +150 °C
NOTE:

1. Stresses above those listed 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.

June 16, 1988

6-5

THERMAL RATINGS
TEMPERATURE

Maximum junction 150°C
Maximum ambient 75°C
Allowable thermal rise 75°C
ambient to junction

VIRGIN STATE

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

1. Al product terms are enabled.

2. Al bidirectional (B) pins are outputs.
3. All outputs are enabled.
4

All outputs are active-High_except
Bp - B3 (fusable 1/0) and O, - 07 which
are active-Low.
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LOGIC DIAGRAM

1y [a—=
T oo

I'E—:’le@
5@k@

b @8}
5@k@

Yy [
hs[3}
hs [5]
hs [7}
N 1o}
v i3
o3 13}

e
=

UTJU

LDO6740S
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...............................................................

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

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min I Typ! | Max
Input voltage?
ViL Low Vce = Min 0.8 Vv
Vi4 High Vce = Max 2.0 Vv
Vic Clamp? 3 Vce = Min, Iy =-12mA -0.8 -1.2 \
Output voltage
Ve = Min
VoL Low? 4 lo = 10mA 0.45 v
VoH High? 5 lo =-2mA 24 v
Input current
Vce = Max
I Low Vin = 0.45V -100 uA
™ High Vin=5.5V 40
Output current
Vce = Max
lo(orF) Hi-Z state? Vourt = 5.5V 80 uA
Vourt = 0.45V -140
los Short circuit® 5 € VouTt =0V -15 -70 mA
Icc Ve supply current® Ve = Max 225 295 mA
Capacitance
Ve =5V
Cin Input Vin = 2.0V 8 pF
Cg 170 Vour = 2.0V 15 pF
AC ELECTRICAL CHARACTERISTICS T, =0°C to +75°C, 4.75 < Vg < 5.25V, Rq = 4708, Ry = 100082
PARAMETER LIMITS
SYMBOL TEST CONDITION UNIT
TO FROM Min Typ Max
teD1 Output * Input * C = 30pF 25 ns
trD2 Output * Input * 25 ns
tPD3 Output * Input * 22 ns
tppa 1© Output * Input + 30 ns
tpps '° Output Input + 30 ns
tpps 1° Output + Input * 28 ns
tro7 Internal 8 ns
toe Output - Input * 26 ns
top® Output + Input * CL=5pF 26 ns
NOTES:

Test one at a time.

hON

All typical values are at Voo =5V, To= +25°C.
All voltage values are with respect to network ground terminal.

For Pins 28-33 and 35-36, Vg is measured under same conditions EXCEPT Pin 44 = OV.

Measured at V1= Vg +0.5V.

SooNon

-

June 16, 1988

Von is measured with Pins 5 and 41 =8.75V, Pins 42 and 43 = 4.5V and Pin 44 =0V.
Duration of short circuit should not exceed 1 second.
Icc is measured with all dedicated inputs at OV and bidirectional and output pins open.

Leakage values are a combination of input and output leakage.
Limits are guaranteed with internal feedback buffers simultaneously switching cumulative maximum of eight outputs.

6-8

For Pins 15-19, 21-27 and 37 -40, Vo, is measured with Pins 5 and 41 =8.75V, Pin 43 =0V and Pins 42 and 44 = 4.5V.
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TEST LOAD CIRCUITS

TIMING DEFINITIONS

e
+5V
INCLUDES SCOPE
=" AND JIG
1 1 CAPACITANCE
| !
| |
[ S | |‘°
b Bw c
|
o——]8, :.l.:
GND = =
=

TC02680S

TIMING DIAGRAMS

+3V
1,8 x 15V %,w X.sv
o

SYMBOL PARAMETER

trD1 Input to Output delay, one
pass, through X outputs.

tPD2 Input to Output_ delay, one
pass, through B outputs.

trD3 Input to Output de_lay, one
pass, through O, O and B
outputs.

trp4 Input to Output delay, two
passes, through X outputs.

trDs Input to Output delay, two
passes, through B outputs.

trDs Input to Output delay, two
passes, through O, O and B
outputs.

tep7 Feedback delay per internal

NAND function performed.

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

toe Delay between input change
and when the output reflects
specified output level.

25ns 25ns
+3.0V

25ns 25ns

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

Input Pulses

June 16, 1988 6-9
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MACRO CELL SPECIFICATIONS

Input Butfer

18118908
PARAMETER LIMITS
SYMBOL To From Min T Max UNIT
(Output) (Input) e
tPHL X | 6
tpLH X | 7 ns
tpHL Y | 4.5
tpLH Y | 6 ns
Input Pins: 1-7, 9-14, 41-45, 48-52
Bidirectional Pins: 15-18, 37 -40
NAND Output Buffer with 3-State Control
Tri-Ctrl ll "
LS119008
PARAMETER LIMITS
SYMBOL UNIT
To From .
(Output) (Input) Min Typ Max
teHL Out In 10.5 ns
tPLH Out In 9.0
toe Out Tri-Ctrl 9.5 ns
top Out Tri-Ctrl 9.5
Output Pins: 24 -27
internal Fold Back NAND
—D—
LS11831S -
PARAMETER LIMITS
SYMBOL UNIT
To From "
(Output) | (Input) Min Typ Max
tpHL Y X 5.5 ns
teLH Y X 6.5

June 16, 1988 6-10
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MACRO CELL SPECIFICATIONS (Continued)

AND Output Buffer with 3-State Control
Tri-Ctrl II \,
In Out
LS11850S
PARAMETER LIMITS
SYMBOL UNIT
To From
(Output) (Input) Min Tvp Max
tPHL Output In 10 ns
teLH Output In 8.5
toe Out Tri-Ctrl 9.5 ns
too Out Tri-Ctrl 9.5
Bidirectional and Output Pins: 19, 21, 22, 23, 15-18
NAND Output Buffer
In Out
= LS11960S
PARAMETER LIMITS
SYMBOL UNIT
To From .
(Output) (Input) Min Typ Max
tPHL 10.5
tpLH 9
Bidirectional Pins: 37 - 40
Ex-OR Output Buffer
Trict )
| -
A Out
B
LS11970S
PARAMETER LIMITS
SYMBOL UNIT
To From
(Output) | (input) Min Typ Max
tPHL Out AorB 10 ns
tPLH Out AorB 12
toe Out Tri-Ctrl 9.5 ns
top Out Tri-Ctrl 9.5
Ex-OR Output Pins: 28 -33
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PLHS501 GATE COUNT EQUIVALENTS

PLHS501 INTERNAL
FUNCTION NAND EQUIVALENT COMMENTS

Gates:

NANDs 1 For 1 to 32 input variables.

ANDs 1 For 1 to 32 input variables.

NORs 1 For 1 to 32 input variables.

ORs 1 For 1 to 32 input variables.
Decoders:

3to8 8 Inverted inputs available.

4 to 16 16 Inverted inputs available.

5 to 32 32 Inverted inputs available (24 chip outputs only).
Encoders:

8 to 3 15 Inverted inputs, 2 logic levels.

16 to 4 32 Inverted inputs, 2 logic levels.

32to 5 41 Inverted inputs, 2 logic levels, factored solution.
Multiplexers:

4 to 1 5 Inverted inputs available.

8to1 9

16 to 1 17

27 to 1 28 Can address only 27 external inputs —more if internal.
Flip-Flops:

D-FF 6 With asynch S-R.

T-FF 6 With asynch S-R.

J-K-FF 10 With asynch S-R.
Adders:

8-bit 45 Full carry-lookahead (four levels of logic).
Barrel Shifters:

8-bit 72 2 levels of logic.
Latches

D-latch 3 2 levels of logic with one shared gate.
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FEATURES
@ Programmable instant gate array
o SNAP development system

- Supports third-party schematic
entry formats
- Macro library
- Versatile netlist format for
design portability
- Logic, timing, and fault
simulation
o TTL compatibie
o Power dissipation = 1.25W (typ.)

PROPAGATION DELAYS

o Single level (excluding the internal
core) = 22ns (max)

o Two level (through the internal
core) = 30ns (max)

o Delay per internal NAND
function = 8ns (max)

© Maximum operating
frequency = 50MHz (internal flip-
flop)

June 1988

PLHS502

Programmable Macro Logic

Preliminary Specification

STRUCTURE
@ NAND gate based architecture
- 64 foldback NAND terms
© 20 dedicated inputs
© 4 programmable input/clock inputs
e 8 independent clocks
- 4 from input/clock pins
- 4 from NAND array
e 8 bidirectional 1/0s
® 16 dedicated outputs
~ 8 active-High outputs
- 4 outputs with programmable
polarity
- 4 3-State outputs with
programmable polarity
o 16 buried flip-flops
- 8 D type
- 8 S-R type
@ Security fuse allows protection of
proprietary designs
o Testable in unprogrammed state

PIN CONFIGURATION

DESCRIPTION

The PLHSS502 is a high-density Bipolar
Programmable Macro Logic device. PML
incorporates a programmable NAND
structure. The NAND architecture is an
efficient method for implementing any
logic function. The SNAP software devel-
opment system provides a user friendly
environment for design entry. SNAP elimi-
nates the need for a detailed understand-
ing of the PLHS502 architecture and
makes it transparent to the user.

o
cewso 8w
reezogy

118

19

N.C.
120/CLK
121/CLK
GNDS

A Package
(68-pin PLCC)

m

GND1 veet
122/CLK lo
123/CLK 018
BO o14
vcez GND2
vces GND6
81 o13
B2 012
B3 NC.
84 B o1t
GNo1o F o1
CD151205
6-13 835-1207 93569
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ARCHITECTURE

The core of the PLHS502 is a programmable
fuse array of 64 NAND gates and 16 buried
flip-flops. The output of each gate and flip-
flop folds back upon itself and all other NAND
gates and flip-flops. In this manner, total
interconnectivity of all logic functions is
achieved in the PLHS502. Any logic function
can be created within the core of the device
without wasting valuable 1/0O pins. Further-
more, a speed advantage is acquired by
implementing multi-level logic within a fast
internal core without incurring any delays
from the 1/0 buffers.

® Buried Flip-Flops

The 16 buried flip-flops can be connected
to the input or output structures through
the NAND array. Intricate state machine
designs can be implemented within the
core without any unnecessary delays from
the input or output buffers. Each flip-flop
can be realized as an input or output
register with no constraints.

The Clock Array

The 16 buried flip-flops (8-D and 8 S-R)
can be clocked individually through the
'Clock Array'. The Clock Array consists of
8 individual clocks, 4 directly from the input
pins and 4 from the NAND array. The clock
inputs from the NAND array enable the
user to create different functions for clock-
ing the flip-flops. This, together with the
fully interconnectivity of the device, offers
the capability to implement a variety of
synchronous and asynchronous state ma-
chines as well as multi-phase design, such
as pipelined processing.

FutureNet is a trad: k of Fi Corporation.
OrCAD/STD is a trademark of OrCAD, Inc.

DESIGN DEVELOPMENT TOOLS

The SNAP Software Development System

provides the necessary tools for designing

with PML. SNAP provides the following:

® Schematic entry netlist generation from
third-party schematic design packages
such as OrCAD/STD™ and
FutureNet™.

® Macro library for standard PLHS502
functions and user defined functions

® Boolean equation entry

® State equation entry

® Syntax and design entry checking

© Simulator includes logic simulation, fault
simulation, automatic test generation,
and timing simulation.

SNAP operates on an IBM® PC/XT, PC/AT,
PS/2, or any compatible system with DOS 2.1
or higher. A minimum of 640K bytes of RAM
is required together with a hard disk.

SNAP provides primitive PML function librar-
ies for third party schematic design packages.
Custom macro function libraries can be de-
fined in schematic or equation form.

After the completion of a design, the software
compiles the design for syntax and complete-
ness. Complete simulation can be carried out
using the different simulation tools available.

The programming data is generated in JE-
DEC format. Using the Device Programmer
Interface (DPI) module of SNAP, the JEDEC
fusemap is sent from the host computer to
the device programmer.

IBM is a registered trademark of International Business Machines Corporation.

June 1988
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DESIGN SECURITY

The PLHS502 has a programmable security
fuse that controls the access to the data
programmed in the device. By using this
programmable feature, proprietary designs
implemented in the device cannot be copied
or retrieved.
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FUNCTIONAL DIAGRAM
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ORDERING INFORMATION

DESCRIPTION ORDER CODE
68-Pin Plastic Leaded Chip Carrier PLHS502A
ABSOLUTE MAXIMUM RATINGS'
RATINGS
SYMBOL PARAMETER UNIT
Min Max
Vee Supply voltage +7 Voc
VIiN Input voltage +5.5 Vbc
Vour Output voltage +5.5 Vbe
IN Input currents -30 +30 mA
lout Output currents +100 mA
Ta Operating temperature range 0 +75 °C
Tsta Storage temperature range -65 +150 °C
NOTE:

1. Stresses above those listed 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.

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

THERMAL RATINGS

TEMPERATURE
Maximum junction 150°C
Maximum ambient 75°C
Allowable thermal rise o
y L 75°C
ambient to junction

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

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

All outputs are active-Low except
Op - O7, which are active-High.

1.
2.
3.

LIMITS
SYMBOL PARAMETER TEST CONDITION UNIT
Min l Typ' | Max
Input voltage?
ViL Low Vce = Min 0.8 Vv
Vi High Vce = Max 2.0 Vv
Vic Clamp? Ve = Min, Iy = -12mA -0.8 -1.2 Y
Output voltage
Vce = Min
VoL Low? loL = 10mA 0.45 Y
VoH High? loH =-2mA 2.4 \
Input current
Vce = Max
I Low Vin = 0.45V -100 LA
" High Vin = 5.5V 40 uA
Output current
Vce = Max
lo(oFF) Hi-Z state Vour = 5.5V 80 MA
Vour = 0.45V -140
los Short circuit Vout =0V -15 -70 mA
lcc Vcc supply current Vce = Max 375 mA
Capacitance
Voo =5V
Cin Input Vin = 2.0V 8 pF
Cs 170 Vout = 2.0V 15 pF
NOTES:

1. All typical values are at Vg =5V, Ty = +25°C.
2. All voltage values are with respect to network ground terminal.

June 1988
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TEST LOAD CIRCUITS VOLTAGE WAVEFORMS

T Vec

+5V ov
INCLUDES SCOPE
= AND JIG
| | A CAPACITANCE
] 1 h
H H By f—— +3.0V
O——e] 1y [}
[}
o——|8, H
1
: w By | Ry C. ov
o.'_. | B¢ Ox p——
= - WF053925}

||’-- g

MEASUREMENTS:
All circuit delays are measured at the + 1.5V level of

TCO2¢ . . "
0020805 inputs and outputs, unless otherwise specified.

Input Pulses

TIMING DIAGRAMS

"~ Vou
° K= A | R
l_ Voo
S p— | top— —ltge

WF0S411S

AC ELECTRICAL CHARACTERISTICS T =0°C to +75°C, 4.75 < Vg < 5.25V, Ry = 4702, Ry = 100082

LIMITS

SYMBOL PARAMETER

Min I Typ I Max
Non registered operations
teD1 Input to output delay —no NAND feedback w/Ex-OR buffer 17ns 22ns
tpD2 Input to output delay —no NAND feedback w/NAND buffer 15ns 20ns
tppa Input to output delay —no NAND feedback w/AND buffer 16ns 20ns
teDa Input to output delay —w/1 NAND feedback w/Ex-OR buffer 22ns 30ns
trps Input to output delay —w/1 NAND feedback w/NAND buffer 20ns 28ns
trpe Input to output delay —w/1 NAND feedback w/AND buffer 20ns 28ns
teD7 Feedback delay per internal NAND function performed 5ns 8ns -
toe Output enable time —no NAND feedback 20ns 25ns
top Output disable time —no NAND feedback 18ns 22ns

June 1988 6-17
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AC ELECTRICAL CHARACTERISTICS (Continued) Ta=0°C to +75°C, 4.75 < Vog < 5.25V, Ry =470%2, Ry = 10002
LIMITS
Min J Typ l Max

SYMBOL PARAMETER

Registered operations from dedicated clock inputs

tiss Input to clock setup time 10ns 6ns
tis2 NAND feedback to clock setup time (not including tpy) 5ns 3ns
tiH1 Input hold time 4ns 3ns
tiHz NAND feedback to clock hold time 7ns 5ns
tcko Clock to output (includes NAND output buffer delay) 20ns 25ns
teki Clock to output (includes AND output buffer delay) 20ns 25ns
toke Clock to output (includes Ex-OR output buffer delay) 22ns 27ns
teka Clock to output (includes NAND output buffer delay +1 feedback) 23ns 30ns
tcka Clock to output (includes AND output buffer delay +1 feedback) 23ns 30ns
tcks Clock to output (includes Ex-OR output buffer delay +1 feedback) 25ns 32ns
tcks Clock to feedback matrix (not including buffer delay) 15ns 20ns
tokH1 Width of input clock pulse 15ns 10ns
tokut Interval between clock pulses 15ns 10ns
tcLr1 Clear input to output (includes NAND output buffer delay) 23ns 30ns
tcLR2 Clear input to output (includes AND output buffer delay) 23ns 30ns
tcLr3 Clear input to output (includes Ex-OR output buffer delay) 25ns 32ns
tcLra Clear input to register output 15ns 20ns
toLH 20ns 15ns
trpR Ons 10ns

Operations from P-term clocks (abbreviated as P-CK)

tisa Input to P-CK setup time 8ns 6ns
tiss NAND feedback to P-CK setup time 5ns 3ns
tHoLD3 Input hold time for P-CK 13ns 8ns
tHoLD4 NAND feedback hold time for P-CK 18ns 11ns
tck7 P-CK to output (includes NAND output buffer delay) 25ns 35ns
tcks P-CK to output (includes AND output buffer delay) 25ns 35ns
tcke P-CK to output (includes Ex-OR output buffer delay) 27ns 38ns
tckio P-CK to output (includes NAND output buffer delay +1 feedback) 32ns 42ns
ek P-CK to output (includes AND output buffer delay +1 feedback) 32ns 42ns
tck1z2 P-CK to output (includes Ex-OR output buffer delay +1 feedback) 34ns 44ns
tckis P-CK to feedback matrix (not including output buffer delay) 18ns 25ns
tokH2 Width of P-CK pulse 20ns 15ns
tckie Interval between P-CK pulses 20ns 15ns
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MACRO CELL A.C. SPECIFICATIONS

Input Buffer

PARAMETER LIMITS
SYMBOL UNIT
(OuTt:ut) (i Min Typ Max
:’Ijl: § : 8D ns
i v : Tep s

Input Pins: 1, 2, 4-8, 10, 11, 13, 14, 17, 18, 53, 56 -59, 61, 62, 64 - 66, 68
Bidirectional Pins: 19, 22-25, 27, 28, 30

NAND Output Buffer with 3-State Control

Tri-Ctrl Il "
In out
LS11900S
PARAMETER LIMITS
SYMBOL To From Min Typ Max UNIT
(Output) (Input)

tPHL Out In ns
tPLH Out In T8D ns
toe Out Tri-Ctrl ns
ton Out Tri-Ctrl T8D ns

Bidirectional and Output Pins: 19, 22-25, 27, 28, 30

Internal Foldback NAND

X Dv

LS11931S

PARAMETER LIMITS
SYMBOL UNIT
To From Min Typ Max
(Output) (Input)
tPHL Y X TBD ns
tpLH Y X TBD ns
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MACRO CELL A.C. SPECIFICATIONS (Continued)

3-State Output with Programmable Polarity
Tt T\
L/
In Out
Programmable ;7
Connection
- LS119408
PARAMETER LIMITS
SYMBOL To From Min T Max UNIT
(Output) (Input) yp
tPHL Out In
tPLH Out In TED ns
toe Out Tri-Ctrl
top out Tri-Ctrl TBD ns
Output Pins: 47, 48, 51, 52
Output with Programmable Polarity
in E Out
Programmable 7 :
Connection L
LS11910S
PARAMETER LIMITS
SYMBOL UNIT
To From .
(Output) (Input) Min Typ Max
tPHL Out In
tpLH Out In TBD ns
Output Pins: 41, 42, 44, 45
Output Buffer
n I\ Out
LS119208
PARAMETER LIMITS
SYMBOL UNIT
To From .
(Output) (Input) Min Typ Max
tpHL Out In
tpLH Out In TBD ns
Output Pins: 31, 32, 34-36, 38 -40
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D FLIP-FLOP
INPUTS OUTPUTS
clR| ck | D | @ | @ LI g W T
H X X H L °"‘Dc o ok
L L Qo Q Qo ab—
L 1 H L
L T L L H |
NOTE: _ o Ls11861S
Qo, Qo represent previous stable condition of Q, Q
LIMITS - a—
SYMBOL UNIT LDO_ b
Min Tvp | Max ﬂ‘—po———oL K
foki TBD MHz , & l—
foke TBD MHz I
fokax TBD MHz cLR
fokay TBD | MHz e
tw cx1 High TBD ns 5 al—
tw ck1 Low TBD ns _Do_ D
tw ck2 High 8D ns
tw ck2 Low TBD ns = % T af—
tw ckax High TBD ns |
tw ckay Low TBD ns CLR
tseTup D TBD ns e
tHowo D TBD ns
tw cm High TBD ns
LIMITS
SYMBOL (I'::,%'f‘r) (OU1';'IO=UT) - T | N
tpLH CK1 Q Q TBD ns
tpHL CK1 Q,Q TBD ns
tpLH cK2 Q a TBD ns
tPHL CK2 Q,Q TBD ns
tpLH CK3X Q,Q TBD ns
tPHL ckax | Q,Q TBD ns
tpLH ck3y | Q@ TBD ns
tPHL ckay | Q@ TBD ns
tpLH CLR QQ T8D ns
tPHL CLR QQ TBD ns
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S-R FLIP-FLOP

INPUTS OUTPUTS
ClR|ck | § | A | a | @ ——g—Do— s al—
H X X X H L
L L x| x [ @l @ = P X
L 1 H L L H
(T I N AT R I I —i-Do— R al—
L 1 L L Q | Qo
L 1 H H || Not allowed
NOTE:
Qo, Q represent previous stable condition of Q, @ GLR -
LIMITS
SYMBOL UNIT _
Min Typ Max s Dc s o l—
fok1 TBD MHz
foke TBD MHz =2 Po———ob o
fckax TBD MHz " . 5 b—
fekay TBD MHz D°
tw cky High TBD ns
tw ck1 Low TBD ns I
tw ck2 High T8D ns on e
tw cka Low TBD ns
tw ckax High 8D ns B
tw ckax Low TBD ns —SD"—‘ s Qp—
tw ckay High TBD ns K3 [ ckax: -
tw ckay Low TBD ns CK3Y
tsetup S, R TBD ns A E:)o R sl
thoo S, R TBD ns
tw cLr High TBD ns
cLR
Lsissts
LIMITS
SYMBOL (mﬁ) (ouTTgun Mn | Typ | Max UNIT
tpLH CK1 Q. Q TBD ns
tpHL CK1 Q Q 8D ns
tPLH CK2 QQ TBD ns
tPHL CK2 Q Q TBD ns
teLn ck3x | Q@ TBD ns
tPHL CK3X Q Q TBD ns
tPLH CK3Y QQ TBD ns
tPHL CK3Y Q,Q TBD ns
tPLH CLR Q,Q T8D ns
tPHL CLR [eXe] 8D ns
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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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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
(PROMSs) 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 PROMs.

Signetics Programmable Logic Devices
are the most advanced approach to
solving the inherent limitations of
PROMSs. 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.

June 1988

AMAZE

Programmable Logic
Development Software

A Signetics PLD 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
ANDs are implemented at the first gate
level of the programmable logic device
and the logical ORs are implemented by
the second gate level within the PLD.
The only limitations on the expressions
are those imposed by the number of
inputs, outputs, and internal product
terms provided by the particular PLD
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-
ment specification purposes increase

8-3

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
PLD' conversion program), DPI ('Device
Programmer Interface' program), PLD
SIM ('PLD 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 PLD (Programmable Log-
ic Devices). Several other commercially
available PLD Design Software pack-
ages support Signetics' PLD product
line. Please contact your local Signetics
ropresentative for the latest word on the
most currently available software.
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Programmable Logic Development Software

AMAZE

AMAZE Version 1.65

Description

The AMAZE software program, Automatic

Map And Zap Equation Entry software, con-

sists of the following five modules:

® BLAST ('Boolean Logic And State
Transfer' entry program)

® PTE ('Program Table Editor')

® PTP ('"PAL To PLD' conversion
program)

® DPI ('Device Programmer Interface’
program)

® PLD SIM ('PLD ...aulator' program)

Each module performs specific tasks as out-
lined in the following section.

Features

® Multiple modules allowing expansion
for future requirements

® Each module designed to be user
friendly

® Both HELP and ERROR messages

® Document printout: Header, Pin
diagram, Boolean equation and Fuse
map

® Interface with most commercial
programmers

® SIMULATOR programs provide

pplications 1ce and Autc

Test Vector Generation

June 1988

Equipment Requirements (for
Version 1.65)
@ Platform 1: IBM-PC, XT, AT, PS-2 and
compatibles
~ Memory: Minimum of 640K bytes
- Operating system: PC-DOS version
2.0 or higher
- Disk Drive: One hard disk drive
and one double sided floppy disk
drive
® Platform 2: DEC VAX/VMS
- Version 4.0 or higher
Please contact your Signetics Sales Repre-

sentative for availability and ordering informa-
tion.

Products Supported
AMAZE Version 1.65 supports the following
products:

20-Pin PLDs

PLS151
PLS153
PLS153A
PLHS153
PLUS153B
PLUS153D
PLC153
PLS155
PLS157
PLS159
PLS159A
PLC16V8 Series
PLHS18P8A
PLHS18P8B

24-Pin PLDs

PLS161
PLS162
PLS163
PLS167
PLS167A
PLS168
PLS168A
PLS173
PLUS173B
PLUS173D
PLS179
PLHS473
PLC473
PLC20V8 Series

28-Pin PLDs

PLS100
PLS101
PLS103
PLS105
PLS105A
PLUS405

52-pin PLDs
PLHS501"

NOTE:

1.The PLHS501 and other Programmable Macro
Logic devices will also be supported on a sepa-
rate PML Development System (scheduled to be
available in 1989).
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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. PLD-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 pinlist 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 PLD fusemap
files

® Supports all Signetics' PLDs and
PLEs

© User definable device files for
support of PALs and other PLD
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 PLD 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 PLD designs

® Truth-table representation of PLD
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 PLD fusemap
files

PTP
PAL To PLD is a conversion program to allow
easy transfer of the various PAL 20 and 24
pin circuits to the Signetics PLD 20 and 24 pin
series devices.

PTP can automatically upload the PAL pat-
tern from a Commercial programmer, convert
the pattern into a PLD pattern, and then
download the PLD pattern into the program-
mer. The PAL pattern and it's corresponding
PLD pattern are documented, and the PLD
pattern can be directed to other AMAZE
modules.

PTP can also convert the PAL fuse file in a
HEXPLOT format.

PAL-TO-PLD CONVERSION

FEATURES

@ Menu-driven fusemap conversion of
20- and 24-pin PAL devices to pin
and functional equivalent Signetics'
PLDs and PAL-type devices

® Automatic assembler removes
duplicated p-terms providing efficient
PLD mapping (PLD conversions only)

® Accepts JEDEC, fuseplot files or
direct PAL master input via
commercial PLD programmer

® User selectable RS-232 programmable
interface parameters

® Provides fusemap conversion
documentation

® Generates standard PLD fusemap
files compatible with other AMAZE
modules

The PTP module supports the conversion of
the following device types:

PLS153 | 10H8, 10L8, 12H6, 12L6,
PLHS18P8 | 14H4, 14L4, 16H2, 16L2,
PLC16V8 | 16C1, 16H8, 16L8, 16P8
PLC16VE | 18P8, 16RP8

PLS155

pLCieve | 16R4

PLS157

pLCieve | 16R8

PLS159

pLCisve | '6R8

PLS173 | 14L8, 16L6, 18L4, 20C1,
PLC20vV8 | 20L2, 20L8

PLS173 | 12L10, 20L10

PLS179

pLC20ve | 20R8

PLC20V8 | 20R4, 20R6

Signetics also provides a stand-alone version
of the PTP module, SimPal, which supports
the conversion of PAL device fuse maps into
equivalent Signetics PAL-type PLDs.

SimPal operates on an IBM-PC/AT/XT/PS-2
or compatible platform (PC-DOS Version 2.0
or higher). SimPal supports the conversion of
the following PAL JEDEC fuse maps:

10H8, 10L8, 12H8, 12L6,
Etﬁg‘ége 14H4, 14L4, 16H2, 16L2,
16C1, 16H8, 16L8, 16P8
16R4, 16R6, 16R8,
PLC1BV8 | 1eRps, 18P8
14L8, 16L6, 18L4, 20C1,
PLC20V8 | 20L2, 20L8, 20R8, 20R4,
20R6
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
module allows both download (sending from
host to programmer) and upload (sending
from programmer into the host) operations.

DP! supports both JEDEC and Signetics
High/Low formats to convey fusing informa-
tion to and from several commercial program-
mers.

(** AMAZE accepts TTL schematics generated with DATA-I/O FUTURENET DASH and OrCAD's OrCAD STD design software packages).

June 1988
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DEVICE PROGRAMMER

INTERFACE FEATURES

e Supports standard JEDEC and
Signetics High/Low fusemap file
formats

® RS-232 interface to commercial PLD
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 PLD fusemap
files

June 1988

PLD SIMULATOR

The PLD Simulator program is a software
package that simulates the operation of the
logic that has been defined for Signetics PLD
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 assign
an input vector and observe the resultant
output.

8-6

PLD FUNCTIONAL SIMULATOR

FEATURES

® Functional simulation of designs
created from equations, program
tables, or existing programmed
devices

® Automatic test vector generation
from standard or JEDEC PLD
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



Signetics

Application Specific Products

Section 9
Application Notes

INDEX
Application Notes
AN7 Single Chip Multiprocessor Arbiter...........ccovevvinivninvineenennens 9-3
AN8 Introduction to Signetics Programmable Logic ...................... 9-15
AN10 4-Bit Binary-To-7 Segment Decoder ............ 9-27
AN11 PLD Programmable Retriggerable One-Shot.. . 961
AN13 Oscillator With PLS159 ....c..iuiiiiiiiiiiiiiiiiiec e 9-55
AN14 Latches and Flip-Flops With PLS153 .........cccvviiiiiiiirineennnns 9-60
AN15 PLS159 Primer........ccccocvuivennnaennns 9-73
AN16 PLS159 as Modulo Counters . 9-84
AN17 Electronic Combination Lock .. 9-91
AN18 Schmitt Trigger Using PLS153 and PLS159.. 9-94
AN19 Electronic Dice ........ccocvviiiviiiiiiiiiiiiciiieneinnns 9-102
AN21 9-Bit Parity Generator/Checker With PLS153/153A 9-106
AN22 PLS151 Toolkit ... 9-112
AN23 PLS168/168A Primer...........ccevueeunennns 9-120
AN24 PLS173 as a 10-Bit Comparator, 74LS460... . 9-133
AN25 A Simple Entry/Exit Meeting Device (PLS157) ..........ccoeeueenns 9-139
AN26 PLHST8P8A PriMer ......couiiiiiiiiiiiiiiiiiiiiiei e e e 9-145
AN27 PLHS473 Primer........cccovviviiieciiiiinicnnennes . 9-154
AN28 High-Speed 12-Bit Tracking A/D Converter Using PLS179...... 9-162
PML Application Notes
AN29 PLHS501 Programmable Macro Logic Primer...........ccccceeuunnt 9-172
Designing with Programmable Macro Logic
Chapter 1 Introduction to PML Design Concepts . ... 9-187
Performance..........cccoocvnvinninncannns ... 9-187
NAND Gate Flip-Flops.. .. 9-194
Chapter 2 Functional Fit ........ccoviimiiiiiiiiiiici i ee e 9-197
Chapter 3 Design Examples........ccociiiiieiiiiiininiiiiiiniiiiineir s 8-200
Chapter 4 Successor Architectures 9-205
Chapter 5 Support Issues 9-206
Chapter 6 PLHS501 Examples Using AMAZE Revision 1.6.. ... 9-207
Simple Gate Implementations ....................... .oen 9-207
8-Bit Barrel Shifter.............ccoovviiiinniinnn, 9-210
12-Bit Comparator with Dual 1-of-8 Decoders .. 9-216
8-Bit Carry Look-Ahead Adder 9-219
32-t0-5-Bit Priority Encoder .................... 9-222
8-Bit Shift Register with Sequence Detector . .. 9-227
4-Bit Synchronous Counter .........c.ccviiiiiviiiniiniininnen e, 9-233
List of Figures
1.1 PML Basic Functions ... 9-187
1.2 PLHS501 Logic Diagram .. ... 9-189
1.3 tpd3 -22ns max.......... ... 9-190
1.4 tpd4 - 30ns max.......... . e 94191
1.5 tpd1 - 25ns max.......... . .o 9-192
1.6 tpd7 - 8ns max....... ... 9-193
1.7 Edge-Triggered D Flip-Flop . e 9-194
1.8 PLHS501 Test Flip-FIOP .....vcuviuniiiniiiiiiiiniiiiiniinci s 9-195




List of Figures (Continues)

List of Tables
11
21
2.2

Partial PLHS501 Fusemap Showing Test Flip-Flop Fusing ...... 9-195
Waveforms of Test Flip-Flop.........coooveiiiiiiiiiiiiiniiiniie 9-196
16 Input NAND Formed From 2 Input Gates.............ccceueeen. 9-198

Decoder Implementation in NAND Foldback Structure ...
Two Flip-Flops Inplemented in the NAND Foldback Structure .
68000 Microprocessor Address Decoder .............
8-Bit Barrel Shifter Implemented with the PLHS501 ...
Partial NAND Gate Equivalence of the 8-Bit Look-Ahead Adder.... 9-203
12-Bit Ripple Counter
Encoder ...............
PLHS502 Diagram ..
Gates Pin List .........
Gates Boolean Equations
Gates Simulation Input File.
Gates Simulation Log File ..
Barrel Shifter Pin List........
8-Bit Barrel Shifter Schematic ..
Barrel Shifter Boolean Equations .
Barrel Shifter Simulation Input File .
Barrel Shifter Simulation Log File.
12-Bit Comparator Pin List
12-Bit Comparator with Dual 1-8 Decoders Block Diagram ... 9-216
12-Bit Comparator Boolean Equations

12-Bit Comparator Simulation Input File
12-Bit Comparator Simulation Log File
8-Bit Adder Pin List .
8-Bit Carry Look-Ahead Adder Block Diagram and Equatlons.. 9-219
8-Bit Adder Boolean EQUAtiONS ...........c.veeuviiiinnienieniinnnens

8-Bit Adder Simulation Input File . .
8-Bit Adder Simulation LOg File ........cccvviuiiniiinninnieniiennnens
Encoder Pin List ........ccooviiiiiniiiiiiiiii e
32 to 5 Priority Encoder Block Diagram
Encoder Boolean EQUations ..........c.cceuveiniiniiinnineinennnnnns
Encoder Simulation Input File...
Encoder Simulation Log File ..
8-Bit Shifter Pin List
Shift Register with Sequence Detector Block Diagram........... 9-227
8-Bit Shifter Boolean Equations ...
Portion of STD Files ..............
8-Bit Shifter Simulation Input File .
8-Bit Shifter Simulation Log File .
4-Bit Counter Pin List................ . 9-233
4-Bit Counter Boolean Equations .

4-Bit Counter Simulation Input File . . 9-235
4-Bit Counter Simulation Log File...........c.c.ooouiiiiiiiiinnninnn. 9-236
Example Demonstration . 9-188
Equivaiency Ratio.................. . 9-198
PLHS501 Gate Count Equivalents . 9199




Signetics

Application Specific Products

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.

AN7

Single Chip Multiprocessor

Arbiter

Application Note

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.

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.

Plumber!, Pearce?, and Hojberg® 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.

SYSTEM ARBITER
CHANNEL A CHANNEL b
Ry Gy R, G, R, S, Ry Gy R, G, "o 9o "y 9 2 92
y
PROCESSOR PROCESSOR PROCESSOR PROCESSOR PROCESSOR PROCESSOR PROCESSOR PROCESSOR
Ao A 2 A A, b, b, b,
< SHARED SYSTEM BUS >
GLOBAL MAG MARPED SYSTEM
RAM STORAGE CEVICES cLOCK
BD01500S
Figure 1. Multiprocessor Structure
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NEXT A

Ry GRANT G,
#} (RREQUESTS ) ) KGR o,
Ay NEXT b G,
X GRANT "
. e [ waren [EEER ¢
" NEXT STATE L

AN

SYSTEM CLOCK——]

PRESENT STATE

BD01490S
a. A and b service requests (R, ry) plus the present state determine, through the
control PROM, the next state and the next grant outputs (Gy, gn)-

P PEEEREEEREELY

Rom F—mMmMmM8™™ o

iy S| ]

o — T

N o— —
GO

«—% 77
. —7 W_J

9, 74

A S77 7
WF053405

b. Requests Rg, Ry, rg, and ry are asserted low in the same clock sample period.
The priority rules that determine the order in which the grants are issued and the
shaded guard-band areas are programmed into the control PROM. Note that the A
and b request lines and the present state input to the PROM must have a set-up
time equal or greater than the latch set-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 enters a grant state as a
response to a system request on either Ry or
ry. 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 Ry and ry 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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b. FPLS Standard Program Table

CK s R Q

1 0 0 Q

) 0 1 0

1 1 0 1

1 1 1 Undefined
NOTE:

( T ) denotes positive clock transition. S = R = 1 is an illegal
input condition.

Transition Table of Clocked S/R Flip-Flop
Figure 3

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 S/R
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

June 1988

lines, and six internal inputs fed back from the
State Register. The 28 PLA outputs drive the
S/R 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, Pg, 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 R/S 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 S/R flip-
flops tabulated in Figure 3(c). An example of
this is shown in Figure 4.

The S/R 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).
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The corresponding next state of each bit will
be set to O for 'L", 1 for "'H"', and No Change
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, 3D, 3C,
and 3B are arbiter wait states Wp _ 4. In these
states, processor "'A" and "'b" requests are
monitored. Figure 5(b) illustrates a typical
grant to processor A, in hex state 07. As long
as Aq asserts its request line low, the next
state will be 071 and the next output will
remain with Gy 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 Aq returns its request
line, R4, to 1, a state transition is made to 3D,
and an output transition is made to set all
grant outputs to 1. Since processor A; was
the last to be granted system resources, it will
now have the lowest A level request priority
(LGLP). In wait state Wy, the highest priority
processor will be Ay, second Ag, third A4, and
fourth Ag. To maintain the LGLP rule, grant
transitions must follow the state rule
GN ™ W(n+1), and wait states, Wy, must
set their ""A"" priorities so that processor Ay is
highest priority. Priority decreases as one
proceeds clockwise around the state ring to
the lowest priority processor, Am-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 terms are required.

June 1988

NOTE:
Tn/Fn = Inputs/outputs.
The FPLS requires that only two out of the three

AF01790S

Figure 4. FPLS State and Output Transitions

terms be p

For example, a grant transition to g» (Hex
20 - 25) can be issued only if there are no
"A", "bg", or "by'"" requests pending. Given
the binary wait state code 111XXX, where
""X's'" represent Don't Cares, a request code
of 01111111 will transfer the arbiter to the
grant state g> from any of the wait states,
W0_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. When rp returns high,
1XXXXXXX, a transition back to the previous-
ly exited wait state is made by forcinga '"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 the 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 Figure 6. The AMAZE equations are
shown in Figure 7.

PROM/LATCH
IMPLEMENTATION

The same five A" processor and three "'b"
processor arbiter can be impleménted 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 (Np_-5) at all times, except
when there are no "'A'' requests pending and
there is a ''b"" request, or if the machine is
presently ina "'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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9 9 9 9, 9
o111
- IXXXXXXX -
] A 7 /’: Ry
TYPICAL TRANSITION TERM
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Nt N
AF01780S
a.
wﬂ
1 S 000110 }G,
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D
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AF01770S

b.

Figure 5. Arbiter State Transition Diagram

June 1988 9-7



Signetics Application Specific Products Application Note

Single Chip Multiprocessor Arbiter AN7

T s
—di | ) SUREE—
* PLS105
—] P
FPLS F

Aolelole) 2| =) 2|

Tl

i

F.|
N F‘ ——
— y F“—.»
—l,  k  Ff——

SYSTEM CLOCK T2

LS01690S

- A, NOTE: ALL RANDOM LOGIC
N MUST BE SCHOTIKY
A, X4 “5p
R — A e
Ry ~ A, REQUEST -E? l
& A PROM Yo [
& \ A’ —1 G v LD R CK -—
— : o B, Sr
o AV LOW FOR ‘b - “A" o o ® 5 > 5
/P’_._ REQUEST ce 628 vy, 82 o8 - 3
1 Y. = G,
3 A G,
Y.
2

sl et
\
)\/ /\17
x*—4
— 1
QO
Q » @O
® > 745138
‘<‘;(.<~< °<_ -
TTTTOOO UUOOTTT
]
8

5P
5V IK w5p
61 2
G
G2
HIGH FOR "b” R CK
GRANT STATE 3y, RS g,
c€ v c_oc G,
5 put
s Y 8, 08 G,
—a Yo AR oA g,
CcE C 3 2) —

R, 3 N, = [ rcx [)
;_‘ o, ] 3

R, Ao ‘ N, 0 a0 P\
\n-"'__" o, ~ c g ac =
Nz 1o a o, 2 A e

R * REQUEST K4
\ﬁ-‘-———A, prOMS | 01X A"~ aa
NBe 1, 2kxs
N 5

s

) As O, b—4x
&_—A N, LD RCK P,

P. . o, o Qo
\—i——-———A, o, N c@ac a
N 1 ° Ny & Po\

I 2 v 8 ¢ a8 \

A A QA
\Pﬂ____n SFeET T P
o RESET T
Ll
SYSTEM CLOCK —z
N /

80014705

b.
Figure 6. Arbiter Circuit Diagram Summary
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AREITERS
@DEVICE SELECTION
AREITERB/825105

@STATE VECTORS

[ FFS5, FF4, FF3, FF2, FF1, FFO 1

WO = O3Fh ;
Wi = O3Eh ;
W2 = 03Dh ;
W3 = 03Ch
W4 = O3Bh ;
Wo4 = 111---b 3
GAO = 0bh j
GA1 = O7h ;
GAZ = OEh ;
GA3 = OFh ;
GA4 = 16h 3
GEO = b 3
GBL = b 3
GE2 = 100---b ;

@INPUT VECTORS
@UTPUT VECTORS :
[OE2, 0OB1, OBO, OA4, OAS, DA2, DA, DAO3]

Q@AD" = FEh ;
DAL’ = FDh ;
QA2 = FBh ;
0A3’ = F7h ;
QA4 = EFh ;
QB0 = DFh ;
QB1° = BFh ;
QB2 = 7Fh ;
NOGRANT* = FFh ;
@TRANSITIONS
WHILE (WOl
CASE

C/RAO]Y :: C[GAO] WITH L[RAO]

C/RA1 * RAO] :: [GA1l WITH [@A1°1]

[/RA2 * RA1 * RAO1 :: [GA2] WITH [RA2'1]

C/RA3 * RA2 * RA1 * RAO] :: [GA31 WITH [(BA3'1

ENDCASE

WHILE (W11
CASE
C/RAL] :: [GA1) WITH [QA1°1]
C/RAZ * RA11 :: [GA2] WITH [QA2'1]
[/RA3 * RA2 * RAL]1 :: [GA3] WITH [RA3’]
C/RA4 * RA3 * RA2 * RA1l :: [GA4] WITH (GA4°]

ENDCASE

a. Arbiter State Equations
Figure 7

[/RA4 * RAS * RA2 * RA1l * RAO] :: [GA4] WITH [(BA4°'1]

[/RAO * RA4 * RAS * RA2 * RA1] :: [GAOC] WITH [RAO‘1]

78007508
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WHILE [W2]
CASE
C/RA2] :: [GAZ] WITH L[QAZ']
L/RAS * RAZ2] :: [GA31 WITH L[OA3]
L/RA4 * RAZ * RA2] :: [GA4] WITH L[GA4']
[/RAO * RA4 * RAZ * RA2] :: [GAO] WITH [RAO‘]
{/RA1 * RAO * RA4 * RAZ * RAZ2] :: [GA1]l WITH CGAL"]
ENDCASE

WHILE (W31
CASE
C/RAZ] :: [GAZ1 WITH LRAZ’]
C/RA4 * RAZ]1 :: [GA41 WITH [GA4°1
L/RAC * RA4 * RAZ] :: [GAO] WITH L[QAO']
[/RAL * RAO ¥ RA4 * RA31 :: [GA11 WITH [QAL1°'1]
C/RAZ * RAL * RAO * RA4 * RA3] :: [GA2] WITH [QA2°]
ENDCASE

WHILE (W41
CASE
£/RA4] :: [BA4]1 WITH [BA4°1]
‘L/RAO * RA4]1 :: [GAD] WITH L[GAO'1]
[/RAL * RAO * RA4]1 :: [GALl] WITH [@A1°'1]
C/RAZ * RA1 * RAD * RA41 :: [GAZ2] WITH [QA2']
C/RAZT * RAZ * RA1 *RAl * RA41 :: [GAZ] WITH L[QA3" ]
ENDCASE

WHILE [WO41
CASE
C/RBO % RA4 * RAZ * RAZ #* RAL * RAOI :: (GBOJ WITH CQEO']
C/RBL * RBO * RA4 #* RAZ # RAZ % RAL * RAO] :: [GE1] WITH [GBL°1]
L/RBZ * RE1 * RBO * RA4 * RAZ % RAZ »* RA1 * RAOI :: [GB2] WITH [QE2'1]
ENDCASE

WHILE [GAQ]
IF CRACI THEN [W1J WITH L[NOGRANT 1]

WHILE [GAL1l
IF CRA1] THEN L[W21 WITH [NOGRANT"1

WHILE [GAZ21
IF CRAZ] THEN [W31 WITH [NOGRANT 1

WHILE C[GA31
IF LRAZ] THEN C[W41 WITH [NOGRANT 1

WHILE L[GA41
IF CRA41 THEN C[WO] WITH [NOGRANT 1

WHILE C[GERO]
IF CREO1 THEN [GE1] WITH CNOGRANT 1

WHILE [GE11]
IF CRE1] THEN [GB21 WITH CNOGRANT ‘1

WHILE [6B21
IF CRB2] THEN [GEBO] WITH [NOGRANT 1

16007515

a. Arbiter State Equations (Continued)
Figure 7 (Continued)
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HEERFRREERAHEA XA AR RE ARBITERE #H %5 R R KX KK FH KR AR HHH XK

LABEL
CLOCK
RB2
RE1
RBO
RA4
RAZ
RAZ
RAL
RAC
OBZ
OE1
[a):04]
0A4
GND

PIN LIST

*% FNC **PIN FNC #% LAEREL
*% CE %% 1 +5V #¥VCC

*% I *x 2 1 *%N/C
*% I ** I I *%¥N/C
*% I ** 4 8 I *##N/C

*% T *¥* 55— 2 I *¥N/C
*% 1 *% O— s I *#N/C
*% 1 *% 7= 1 I *#%¥N/C
*#% I *% 8- Q 1 *%N/C
*% 1 *% G- S I *%¥N/C

*% 0 *% 10 PR **FRESET
*% 0 *% o *%0A0

#% 0 ** o #**0A1

** O * ) *##0AZ

*% OV xx a *%#0AZ

b. Arbiter Pin List

@DEVICE TYFE
825105

ARBITERE

@DRAWING

FxxxErEeExEx MULTI-PROCESSOR BUS ARBITOR
@REVISION

*EEXEARRRERE ARBITERE REV. O
@DATE

#Expetensnnr JULY 26, 1985
@SYMBOL

AEERERFEERHE ARBITERE
@COMFANY

Frexkgxxseax SIGNETICS
@NAME

F¥ERFRFrdris DAVID B WONG
GDESCRIFTION

@INTERNAL SR FLIF FLOF LABELS
FFO FFL FF2 FFI FF4 FFS

@COMMON FROLUCT TERM
@COMPLEMENT ARRAY
GLOGIC EUUATION

c. Arbiter Boolean Equations

Figure 7 (Continued)

TBO0770S

T800760S

June 1988
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Table 2. Arbiter Program Table

HXXEEEXRHHNERRNARRHE ARBITERD 5333255 H T TR
Cust/Project — #xxxxxxxx##% DAVID K. WONG

Date = wedsmxxwxnxxs JULY 26, 1985
Rev/I. D. — REEEEEEXAXAX ARBITERB REV. O
825105
YT GFTION F/E R
INPUT VARIABLE 'PRESENT ST ! NEXT ST i QUTPUT

0!S

IS
]
0
=
o
@
E3
w
N
)
J
o
»
>
]

1 2
HyH H Lyt HH L!HHHHHH
L H!'H HHH Ly HHH!HHHHRH
H H!H H,H H LyHHHL!HHHHHL
H H!H H,H H LyHHHHHHHH,L R
H H!H H,H H H,L HHL'HHHLHH
L -'H H,HH LybL HH HHHHHHH
H —'H H,H H L,HHHUL'HHHH,HL
H ='H HyH H LyH HHHHHRH,LH
H —'H H,H H H,L HHL'HHHLHH
HL!'H H,H H L,L HHL'HHRHHHH
~ ='H H,H H L,HHHLHHHHHL
- ='H H,HH L,HHHHHHHHLH
= —'H H,H H HyL HHL!'HHHLHH
- L'H H,H H L,L HHL!HHHHHH
L H!'H H,HH Ly HHHHHHHHH
- —=!'H H,H H LyHHHHHHHAHLH
- —'H H,H H H,LU HH L'HHHLHH
= L'H HyH H L.L HHL/HHHHHH
L H'H H,HH L.L HHHHHHHHH
H H'H H,H H LyHHHL!HHBHHHL
— —='H H,H L Hylb HHLHHHLHH
= L!'H H,H L Lyl HH L'HHHHHH
L H!H HyH L t,L HHHHHHHHH
H H!'H H,H L LyHHHL'HHHH,HL
H —'H HyH L L,HHHHHHAHH,LH
H HIH H,H -~ i LyH = — —!H H L HyR H
H H'H H,H — H,L = = ='H L H H,H H
H H'H H,H - L,L = = 'L HHHHH
——————— HiL Ll H HyH H H L'H H H H,H H
L,L H HyH H L H'H H H H,H H
L,HH HyH H L L'HHHHHH
L,HH HyH L HHHHHHHH
H,L H HyH HHHHHHHHH
—————— L.oH - H,L = = ='H H H H,H H
—————— H,L - Lol — = =tHHHHHH
——————— L,L - LH - - —'HHHHHH
Gy0 0 D,0 0 0 0000 0,00
Q.0 0 0,0 0 0 GO O 0 0,00
o o 0 0,0 0 0,0 00 0 0,00
39010 =] 0 [s} 0,0 0 0,0 00
4000 O 0 0,0 0 0 O ) 0,0 O 0,0 00
411010 0 0 ¢,0 0 0 0,00 0 0,00 0,0 O [
421010 0 0 0,0 00 0,0 00 0,00 0,0 0 0,0 00
431010 0 0 0,0 0 6 0,0 0 0 0,00 0,0 0 0,000
44100 0 0 0,0 0 0 0,0 00 0,00 0,0 O 0,0 O O
451000 0 0 0,0 0 0 0,0 0 O 0,00 D0 0 0 Q10 0,0 0 O
461010 0 0 0,0 0 0 0,000 0,00 0,0 0 0 00 0,0 60
47100 O O 0,0 0 0 0,00 0 0,00 0,0 0000 0,0 00
NNNNNNNNRRRRRERK FFFFFFFFFFFOOOLOODOOO
// /7 77/ /BEBAAA FFFFFFFFFFFEBRBRBAAAAA
ccecccececcz1o0432 4321054321021 043210

18007808
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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 PARAMETER FPLS. PROM/LATCH
discrete MSI arrays in the design of state Parts count 11C ~19IC's
machines. The tradeoff in both design alter- PCB space 84 in? 7.92 in?
natives for the Priority Arbiter is shown in Power .65W 2.85W
Table 2. Clearly, the FPLS approach uses Voltage +5V +5V

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.

June 1988

R.C. Pearce, J.A. Field, and W.D. Little:
"'Asynchronous Arbiter Module''; IEEE
Transactions on Computers, September
1975, pp. 931-933.

K. Soe Hojberg: ""An Asynchronous Arbi-
ter Resolves Resource Allocation Con-

flicts on a Random Priority Basis''; Com-
puter Design, August 1977, pp.
120-123.

K. Soe Hojberg: ''One-Step Programma-
ble Arbiter for Multiprocessors''; Comput-
er Design, April 1978, pp. 154 - 158.



Signetics

Application Specific Products

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, it 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 cf pins, supplements the well-known
Series 28. 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
® PLS153 - field-programmable logic
array

June 1988
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® PLS155 - field-programmable logic
sequencer

® PLS157 - field-programmable logic
sequencer

® PLS159 - field-programmabie 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 functicn
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-
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ries 20 are at present available from DATA I/
O, 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 17/0. 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 Byq, shown
with its exclusive OR-gate fuse intact, is
programmed

Bi1 =lolls
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LOGIC GATES G

s e

e

0013415

NOTE:
A, dedi inputs; A',

1/0. B, product (NAND) matrix with fused connections C; each of the vertical lines in the matrix represents 36 inputs to the terminating NAND
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 (®) represent
permanent connections; round dots (®) intact fuse connections. Connected as shown, the array is programmed for the functions By =1p Iy Is and Byg=Tp

s
Figure 1. Field-Programmable Gate Array PLS151A
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CONTROL TERMS

0,

0; D3 D,

shared
VO pins

{is]e,

],

178,

sles

{1,

{Z]s,

{ii]s,

NOTE:

{sls

A to F, as in Figure 1. G, sum (OR) matrix. Connected as shown, the array is programmed as a single-bit adder with Carry Enable.

Figure 2. Field-Programmable Logic Array PLS153

£DO1380S

At the same time, and without using any
additional inputs, output Byg (fuse blown) is
programmed
Bio=lolls

Each of the exclusive-OR gates drives a
three-state output buffer. In the virgin state ali
the buffers (E) are disabled and therefore in
the high-impedance state. The function of the
programmable 1/0 pins (A') is then deter-
mined by the 170 control matrix (F). The three
AND gates at the control-matrix output are

June 1988

Active-High, and when one of them is in the
High state, the four output buffers it controls
are enabled; the corresponding I/0 pins then
act as outputs. conversely, when a control-
matrix AND-gate output is Low and the con-
trol fuse 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 /0O 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-
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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 I/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 (74LS80) and the corresponding logic
equations. Note that the feedback of Cp 4+ 1
introduces a second propagation delay. In the
FPLA this is eliminated by redefining % in
terms of A, B, and C,,, as shown in Figure 4,
and using the right side of the equation for
Cn+1 instead of the term itself. At first glance
this would appear to require a minimum of
three product terms for C,, 4 1 plus four for Z,
or a total of seven. The Karnaugh maps,
however, show considerable overlap between
the two functions: the map for Cy, 4 1 differs
from that for Z only by having A B C,, instead
of A B C,,. Rewriting the equation for Cp, + 1 to
introduce A B C, and eliminate A B Cp,

Ch+1=ABC,+ABC,+ABC,+ABC,
increases the number of product terms by
one, but now Cp, + 1 and £ 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.

June 1988

FULL ADDER

Z=AC,, 1+ BCy,+CCphyq+ ABC,

= ABC, + ABC, + ABC, + ABC,
0013208

I=AC,,1+8BC,, +CC,,+ABC,
) HD—
Covy
c, T —
C,.1= AC, + BC, + AB
Lootaros
Figure 3. Single-Bit Full Adder in TTL (e.g. 74LS80)
ABC, 8
——
B ~
 p—e— 1 1 1
1 1
c {l 1 N
C, l 1 1 N e’ o
A ABC,
[
n ~

Figure 4. Karnaugh Maps and Logic Equations for the Full Adder
of Figure 3, lllustrating how the Equations are Reduced for
the FPLA Implementation Shown in Figure 2 and Table 1

C,.1=AC, + BC, + AB

= AB + AC, + BC,

= ABC, + ABC, + ABC, + ABC,
LDO1330S

Inputs: A =1y Outputs: Cp+1=B7
B = |1 = Bs
Cn = |2 z = Bg

Next, enter the product terms of X in the

product-matrix (AND) part of the table, using

H to indicate a true input and L a false one.

® Term 0 is A B C,: mark H, L, L in
columns lg, 1y, l2 of row 0

® Term 1is A B Cy: mark L, H, L in
columns lg, Iy, Iz of row 1

®Term 2is ABCyumark L, L, Hin
columns lg, 14, Iz of row 2

® Term 3 is A B C: mark H, H, H in
columns lp, Iy, l2 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 0, 1, 2, and 3 (fuses
blown).

The product terms of £ must be added to
form the sum-of-products required at output
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Bg. 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(O)g;
Term 4 is not required for Z, 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)g column. Fi-
nally, fill row Dg with dashes to indicate that
all fuses on line Dg of the control matrix are to
be blown and Bg is to be a dedicated output.
This completes the programming of X.

The T output on Bg is programmed in just the
same way, except that the polarity square
above the B(O)g column is marked L to
indicate Active-Low. (Note that in the FPLA,
the £ and T 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 I with respect to Z.)
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Table 1. FPLA Programming Table Filled in for the Full Adder of Figure 2
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The output C,, + 1 on By contains three of the
same terms as Z, plus the term A B C,,. Only
this last term needs to be additionally pro-
grammed in the product matrix: mark L,'L, Lin
columns lg, Iy, Iz of the Term 4 row. Indicate
the addition

ABC,+ABC, +ABC,+ABC,
by putting an A in rows 0, 1, 2, and 4 of
column B(O)7, and show that Term 3 (A B C,)
is not required by putting a dot in the Term 3
row to indicate disconnection (fuse blown).
Put an L in the B(O); polarity square to
indicate Active-Low.

Identifying By 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 By output buffer in
the high-impedance state except when the
enable input I3 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
I3 input by leaving intact the fuse for Active-
High operation of the enable signal to control
term D;. To indicate this, put an H in the I3
column of row D7 and fill the rest of the row
with dashes.

The full adder with output Carry Enable uses
only four of the eight dedicated inputs, three
of the ten programmable 1/0 pins, and five 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.

PLS155 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 Lg 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 fiip-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
(To to Ta4 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.
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Programming

The FPLS is programmed in much the same
way as the FPLA, using a table to instruct 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

PLD

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 PLD 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 PLD is second-sourced by Harris
Semiconductor.
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NOTE:
A to G, As In Figure 2. H, Flip-Flops And Bus-Load Buffer. J, Clock Input. K, Output-Buffer Enable. L, Tri-state Flip-Flop Output Buffers.

Figure 5. Field-Programmable Logic Sequencer PLS155
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- denotes wire-OR
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Figure 6. Architecture of the PLS155 Flip-Flop Circuitry
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APPENDIX

Programming an FPLS as a
Counter/Shift-Register

Obijective: to program a PLS155 FPLS as a
count-up, count-down, shift-right, shift-left
machine governed by three control
terms - COUNT/SHIFT, 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 for 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 