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Introduction 
This book has been prepared t6 give the user a concise list of all Bipolar LSI 
Products offered by Monolithic· Memories. It is divided by products into 
sections on HIREL,PROA,{s, ROMs, Character Generators, PAL, HAL, HMSI, 
FIFO; Arithmetic Elements Multiplier/Divider, Octal Interface, Leadless and 
Die .. Each section has.been designed to allow the user the most useable format 
for the prodLicts deScribed. The PROM, ROM, and Character Generator 
sections give,C/ata in the "generic"10rm allowing a quick review of the trade-off 
between devices .. Cfoss.leferences and selection guides are given where 
applicable. FIFO, PAL, HMSI, Arithmetic Elements, Multipliers/Dividers and 
Octal Interface datasheflts are Shown in detail for each product. This LSI data 
bOok'W8S formaJt,Ciwith you, the. user, in mind. For more information, contact 
the !oca(MonolfthiC Memories sales representative or franchised distributor. 
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Ordering Information 

Prices 
All prices are in U.S. dollars and are subject to change without 
notice. Distributor costs are sufficed by'" (price increase) T (price 
decrease). an N (new product). 

Minimum Order Requirements 
For all orders placed on the factory there is a minimum order 
requirement of $1000 ($250 per line item) except forthefollowing: 

ROMS/HAL - For masked programmable read-only memories 
and hard array logic there is a minimum order requirement of 
$2500 and 500 units, plus a one time (per bit pattern) mask 
charge of $750. 

Terms 
Net 30 days from date of invoice. FOB Sunnyvale. California. 

Commercial/Military Limits 
.The letter codes "C" and "M" are used to denote commercial and 
military level device limits as follows: 

Commercial-TA =O°C to +75°C 
VCC = 5V to ±5% 

Military- TA = -55°C to 125°C 
VCC=5V ±10% 

Package Codes 
All devices ordered must include a package code as a suffix to the 
part number. The package code definitions a're as shown below. 

PACKAGE CODE 
J 

JS 
N 
D 
F 
W 
L 

DESCRIPTION 
Ceramic dual-in-line 
Ceramic SKINNYDIP" 
Plastic dual-irHine 
Side brazed ceramiC, dual-in~line 
Flat pack 

'Cerpak 
Leadless 

See i'Part Numbering Systems;' for complete part descriptions. 

Screening Options 

PROCESS LEVEL PART MARKING 

MIL-STD-883 " 

Method 5004 and 5005 
883B 

,Level B 
(SUffix) 

MIL-STD-883 88SC 
Method 5004 and 5005 (Suffix) 
l.,evel C 

'MIL"STD-883 B 
Method 5004 Modified (Suffix) 

SKI~NYDIP is a regjsle!~~).r~emark of ~onolithlc Memories 

Part Numbering Systems 

PAL/HAL 
PAL 14 L 4 M J 8838 

.~. I ----1 L __ 
PROGRAMMABLe LeveL 
ARRAY LOGIC SEe "SCREENING 
FAMILY OPTIONS" 
HAL = HARO ARRAY 
LOGIC PACKAGE TYPE 

NUMBER OF ARRAY -----l "P~~AGE COOES" 
INPUTS 
OUTPUT TYPE _____ ..J 

H" ACTIVE HIGH 
L "ACTIVE LOW 
C " COMPLEMENTARY 
R "REGISTERED 
A "ARITHMETIC REGISTERED 
X " EXCLUSIVE OR REGISTERED 

'----- TEMPERATURE 
CODE 

C " COMMERCIAL 
M "MILITARY 

L-____ NUMBER OF OUTPUTS 

Octat Interface 
SN 54 LS 373 J 8838 

STANDARD , T I --- -'1,1 , 'HI-REL SCR,EENING 
PREFIX ,LEVEL 

.. ,SEE ·SCREENING 
TEMPERATURE ' OPTIONS" 
COOE 

74 " COMMERCIAL . 
54 = MILITARY " "p~~c;.~m~E' 

FAMILY-------..J 
S "SCHOTTKY 

CODES:' 

LS " LOW POWER SCHOTTKY L-____ UNIQUE 3 DIGIT 

PART NUMBER' 

NiCR PROMS -ROMS, 
Character Generator·Logic 

5341-1 ,J 8838 

TEMPERAT,UR,' Tl-r L ____ CODE, ' Leva' 
8 " COMMERCIAL ' , SEE ·SCliEENING 
5 = MILITARY " ' OPTIONS" 

PRODUCT ,PACKAGE TYPE 
0" CHARACTER GENERATOR ~~"o~':.CKAGE 

O.C. 

1 = CHARACTER GENERATOR 
T.S. 

2 "READ ONLY MEMORY 
(ROM) 

3 " PROGRAMMABLE READ 
ONLY MEMORY 
(PROM) 

7' LSI LOGIC PRO!)UCT 

L-----,._ -1, = SCHOTTKY PIIOCESS 
, , '(ROMSIPROMS) 
-2 = IMPROVE!) 

PERFORMANCE 
OYER-l 

'------ UNIQUE 2'DIGIT 
PART NIIMBER 

High Perform.nee Ti·W PROMs 

5 3 S 2 4 0 A J 8838 

,_~~--mll L __ , 
8 " COMMERCIAL LEVEL 
5 " MILITARY SEE ·SCREENING 

OPTIONS" 

PRODUCT PACKAGE TYPE 
3 " PROGRAMMABLE "''SEE PACKAGE 
~EAD ONLY MEMORY CODES" 
(PROM) 

PERFORMANCE , 
NONE" STANDARD 
A' 7 ENHANCED ~ 

FAMILY _____ ,-J 

S" SCHOTTKY 
LS " LOW POWE~ 

SCHOTTKY 
RX' , REGISTEREO ' 

MEMD~Y SIZE ------' 
1 ='1024 BIT 
2= 2048 BIT 
4"4OINI BIT 
878192 BIT 

16 " 16384 BIT 

L-~"---'- OUTPUTIPIN OUT 
DESIGNATOR ' 

o " OPEN COLLE"CT.oR 
,. " THIIEE STATE 

L... ____ ~~:E.::TOF OUTPUTS· 

8=8111T 

.. 
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HAL20L10 7-26 
5293 5-15 54LS533 12-18 

HAL20X4 7"26 
53L8140 3-37 54L8534 12-18 

HAL20X8 7-26 
53L8141 3-37 54L8645 12-11 

7-26 
53L8240 3-37 54L8645-1 12-11 HAL20X10 

PAL10H8 6-10 
53LS241 3-37 548182 10-6 

PAL10L8 6-10 
53RA441 3-41 54S210 12-3 

PAL12H6 6-10 
538140 3-33 548240 12-3 

PAL12L6 6-10 
538141 3-33 54824OL883B 13-3 

PAL12L10 6-34 
538240 3-33 54S241 12-3 

PAL14H4 6-10 
538241 3-33 54S241L883B 13-3. 

PAL14L4 6-10 5300-1 3-4 548244 12-3 

PAL14L8 6-34 5301-1 3-4 548244L883B 13-3 

PAL16A4 6-10 5305-1 3-4 54837~ 12-15 

PAL16C1 6-10 5306-1 3-4 548373L883B 13-3 
PAL16H2 6-10 5308-1 3-4 548374 12-15 
PAL16L2 6-10 5308-1 L883B ~3-3 54S374L883B 13~ 

PAL16L6 6-34 5309-1 3-4 548361 10-3 
PAL16L8 6-10 5309-1 L883B 13-3 54S508 11-3. 
PAL16R4 6-10 53~1 3-4 548533 12-18 
PAL16R6 6-10 5331-1 3-4 548534 12-18 
PAL16R8 6-10 ~-1 3-4 
PAL16X4 6-10 5340-2 3-13 
PAL18L4 6-34 5341-1 .3-4 57401 9-13 
PAL20C1 6-34 5341,2 3-13 57401A 9-13 
PAL20L2 6-34 5348-1 .3-4 57402 9-13. 
PAL20L10 6-34 5348-2 ·3-17 57402A 9-13 
PAL20X4 6"34 .5349:1 3-4 57558 11-17 
PAL20X8 6"34 5349-2 3-17 57558-1 11-17 
PAL20X10 6-34 5350-1 3-4 

1·6 



Introduction 

Numerical Index 

6055 5-7 63S241 3-33 74LS210 12-3 
6056 5-8 , 6300~1 3-4 74LS240 12-3 
6061 5-10 6301-1 3-4 74LS241 12-3 
6071 5-9 6305-1 3-4 74LS244 12-3 
6072 5-12 .6306-1 3-4 74LS245 12-9 
6086 10-9 6308-1 3-4 , 74LS273 12-13 
6087 10-9 6309-1 3-4 74LS310 12-7 
6155 5-7 6330-1 3-4 74LS340 12-7 
6156 5-8 6331-1 3-4 74LS341 12-7 
6161 5-10 6335-1 3-4 74LS344 12-7 
6171 5-9 6336-1 3-4 74LS373 12-15 
6172 5-12 6340-1 3-4 74LS374 12-15 

6340-2 3-13 74LS3n 12"13 

6255-1 4-2 6341-1 3:-4 74LS533 12-18 

6256-1 4-2 6341-2 3-13 74LS534 12-18 

6260-1 4-2 6348-1 3-4 74LS645 12-11 

6261-1 4-2 6348-2 3-17 74LS645-1 12-11 

6275-1 4-2 6349-1 3-4 74S182 10-6 

6276-1 4-2 6349-2 a-:17 74S210 12-3 

6280-1 4-2 6350-1 3-4 74S24O 12-3 

6280-2 4-2 6351-1 3-4 74S241 12-3 

6281-1 4-2 6352-1 3-4 74S244 12-3 

6281~2 4-2 6353-1 3-4 74S373 12.-15 

6283:1 4-2 6380-1 3-4 74S374 12-15 

6290 5-15 6380-2 3-24 74S381 10'-3 " 

6291 
.. : 

5-15 6381-1 3-4 74S508 11-3 
"6381-2 . .3-24 74S531 12-21 

6388-1 3-4 74S532 12_21 
63LS140 3-37 6389-1 3-4 ,74S533 12-18 
63LS141 3-37 6389-2 3-21 748534, 12~18 
63LS240 3-37 67401 9-13 74$535 ' 12-23 
63LS241, 3-37 67401A 9-.13 749536 12-23 

. 63RA441 '3-41 67402 9-13 

. 63S14O 3-33 67402A 9-13 
. /', 

63S141 3-33·· 67558' 11~17 ' 
63S24O· 3-33 67558-1 11-17 
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Product Assurance Program 

Quality System 
The quality system at Monolithic Memories is based on MIL-a-
9858, "Quality Program Require,ments," MIL-I-45208, "Inspection 
System Requirements," and MILcM-:38510, Appendix A, "Product 
Assurance' Program," MIL-M~38510 plays a significant role in 
structuring Monolithic Memories' quality program. 

Monolithic Memories' facilities 'in Sunnyvale were certified in 
June of 1977 by DESC, Defense Electronics Supply Genter, to 
manufacture and qualify to Class B and Class C Schottky Bipolar 
PROMs, ROMs and RAMs in accordance with the requirements 

i" of MIL-M-38510. This certification included a successful audit of 
, our quality system to the stringent requirements of Appendix A 

of MIL-M-38510 which defines a Product Assurance Program 
tailored for integrated circuit manufacturers by DESC, This 
same quaJi.ty system has alsO met the strict requirements of both 
"controlled" and "captive" line ,.programs connected with our 
special Hi-Rei programs. 

The quality accent at Monolithic Memories is on process control 
as reflected in the use of many monitors and audits rather than 
gate inspections. This philosophy is consistent with building in 
quality and reliability rather than attempting to screen for it. 

Process Control 
Monolithic Memories' advanced low-power Schottky TTL 
process uses such techniques as redundant masking to reduce 
random defects and self-aligning masking to reduce active chip 
area. Although more costly ttuin the standard SSI or MSI 
Schottky TIL processes, these approaches yield better quality, 
increased reliability and lower overall cost due to higher net die 
per wafer. During the initial prodllction stages of new deSigns 
and periodically thereafter, engineering characterizes the design­
process compatibility by careful sample selection of lots 
reflecting process variable extremes. 

Screening 
Much of the assembly (packaging only) is performed offshore at 
our Penang, Malaysia facility. The facility has been qualified and 
is routineiy monitored for conformance to MIL-STD-883 by 
Monolithic Memories' military customers as well as bY Monolithic 
Mel"(lorles' Quality Controi Department. All standard military 
hermetic Monolithic Memories products are 100% screened to 
MIL.:sTD-883 Class C. This includes: 

,:'1'" 

• Pre-cap inspection.* 

• High-temperature storage at 150° C. 
, . 

• Temperature cycling. -65·C to +150oC. 

• Constant acceleration. 

• Fine and gross leak. 

• Final 'electrical test. 

• Q.A.sample acceptance testing. 

"Modlfied for LSI. 

Standard commercial hermetic product receives the following 
screens and monitors to insure the highest possible product 
quality. 

• Pre-cap inspection' 

• High temperature storage 

• Temperature cycle I Daily monitors in lieu, of 
• Constant acceleration 100% screening Which, insure 

the AQL levels before are 
• Fine lind gross leak met or exceeded. 
• Final electrical test 
·'Modified MIL-STD-883 Pre cap. 

The product assurance levels which Monolithic Memories 
guarantees are listed in the table on this page. 

Reliability Engineering maintains product surveillance,through 
routine sampling and submission to MIL-STD-883,method 5005, 
qualification testing. Additional step-stress and extended (limit) 
testing conditions are used ,when warranted. In general, failure 
rates have been found to be two orders of magnitude better than 
MIL-HDBK-217 estimates. 

The quality organization is defined into three departments: 

• Quality control 

• Quality assurance 

• Reliability assurance 

Quality Assurance (AQL) Levels 

TEST 
LEVELl LEVELl! 

·COMMERCIAL (%) MILITARY (%) 

Hermeticity (includes fine and gross) 0.65 0.4 

Electrical 

DC at 25°C .40 .25 

Functional at 25°C .40 .25 

AC at 25°C .65 .40 

DC at Temperature Extremes .65 .65 

Functional at Temperature 

Extremes 
.65 .65 

AC at Temperature Extremes 1.5 1.5 
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High Reliability Products 

Military Programs 
Monoli.thic Memories has participated in the Trident Missile 
program since 1975. This participation has involved two 
manufacturing concepts for the' production of components of 
the highest reliability. 

Controlled Line - This concept place Monolithic Memories 
. manufacturing documentation and equipment under cus­
tomercontrol and concurrence with any change. 

Captive Line - This concept defines the equipment and 
controls supplies to be used. Monolithic Memories documents 
the systems and provides the semiconductor.expertise. The 
customer controls the Process· Documentation. 

The Military Programs .Department is involved in TRIDENT, 
DISCUSS, MX, F-18, MK500, and various NASA/SPACE 
PROGRAMS are trademarks of PAL and The Programmable 
Solution. Our products have the capability' of meeting full 
radiation requirements of neutron, gamma dot and ionizing 
environments. 

Our facility has DOD clearance and we have the capability to 
participate in customer analysis of our designs. These analyses 
may lead to design changes which enhance the product 
capability in hostile environments. Products which have been 
qualified for these! advanced programs are: 

5301- 1KNICRPROM 
5300 - 1KGOlcfPAOM 
5341 - 4K NICR PROM 
5206 - 2K ROM (5306 NICR PROM eqUivalent) 
5341 - 4K PROM 
5381 - 8K PROM 

By the very nature of demanding markets we serve, quality must 
be 'inherent in every Monolithic Memories product. It is our 
conviction that quality derives fwm a state of mind;.thatis, it is: 
pdssible to' product fine products only if the quality stand/iI'ds 
thrciughQuf the. organization are uniformly high. At Monolithic 
MemorieS, Yre work at weaving qualityihto the entire company 
culture. so .Ibatit shall notbe necessary.to try and addJt on at the 
end of a manufacturing process byr«lundanttesting or 
inspection procedures. 

Military Produc.ts 
Monolithic Memories' Hi-Reliability Program offers Ii brOE\d line 
of industry standard Bipolar LSI co"mponen!s proC~d and 
tested to Military standards. All Hi-Reliability products can be 
purchased screer)ed .. to classes 8 or C of MJL-STD-8838, 
Method 5004. 

Screening Options 

PROCESS LEVEL PART MARKING 

MIL-STD-883 8838 
Method 5004 and 5005 (Suffix) 
Level 8 

MIL-STO-883 
883C 

Method 5004 and 5005 
(Suffix) 

Level C 

MIL-STD-883 8 
Method 5004 Modified (Suffix) 

Monolithic Memories "8838" 
This part receives full screening and quality' conformance 
inspection to MIL-STD-883 per Method 5004 and 5005 Level B. 
It is a cost effective alternative to achieve "JAN" type product. 
Parts screened to this level are used industry wide and are 
established as very high reliability product. . 

Monolithic Memories "883C" 
This part' receives full screening and .qualiW conformance 
inspection per MIL-ST0-883 Method.5OO4 and 5005 Level C. It 
is a high quality military proCessed part to be used when there is 
no burn-in requirement. Or it can be upgraded to a full Level B 
prQcessed product. 

Monolithic Memories "8" 
This part,iSP;OCessed to MIL-STO-883 MethC>d 5004 Level 8 
with modified final testing. It is a cost effective Level 8 product, 
which has passed Method 5005 Table I, statistical sampling Qver; 
the full temperature range plus a self imposedPDA of less than 
10%. ' 

Other Hi-ReI CailabUity 
In addition to the 'broad line of military components offered by 
Monolithic Memories,.Yre have additional capability to proCess 
produce products to extreme reliability standards. 

SEM to MIL-STD-883 Method 2018 

Particle-induced noise testing to MIL-STD-883 Method 2020" 

X-ray to MIL-STD-883 Method 2012 

Non-destructive bond-pull 

Read and. record arid DelUi domputation' 

S\!Ilistical parameter plots, signals, mean and median 
distribution. 

Fully documented custom flows to controlbaselll'1es. 

Currently; MonolithiC Memories' Sunnyvale; C~lifornia facility 
holds certification" on both a "controlled" and "captive" facility 
fot. th~ TRIQENT Program . .This is in addition to certification to 
MIL-M-38510 by DESC. 



High Reliability Products 

Screening 
PROCESS 

100% PROCESS FLOW PART MARKING 

883B I 883C 1 
Wafer Test: 

Temperature Correlated 
Test @ 25°C 

Internal Visual Inspection: 

2010B and MIL-M-38510 

Rebond Criteria 2010B 
Inspection Criteria 

Quality Control Gate: 

At 100% Die Inspection 

After Bond 

After Seal 

Stabilization Bake: Method 
1008, Condition C, 24 hours 

Constant Acceleration: 
Method 2001, Condition E 

Gross Leak: 
Method 1014, Condition C 

Temperature Cycle: Method 
1010 Conditioning 10 cycles 

Visual Inspection: For 
Assembly Related Failures 

Interim Test: 

Temp Correlated Te$ts 25°C 
D.C.; A.C: & Functional 

Programming 
(when required) 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

Burn-In-Method 1015, T A = +125°C, 160 hours 

Condition C, Unpro-
X grammed PROM/PAL 

Condition D, FIFO, Pro- X grammed PAL/HAL/ROM 

Condition B, Octal X Interface 

Electrical Tests: D.C., A.C.' & Functional 

100% @ TA + 25°C X X 

PDA 10% X 

100% Maximum Rated. 
X Temperature ::j( 

100% Minimum Rated X at 
Temperature 

2·4 

I 

B 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Inspection 
QUALITY CONFORMANCE PROCESS 

INSPECTION PART MARKING 
MIL-STD-883 Method 5005 . 883B I 883C I B 

Group A: Performed on Every Lot & Sublot 

Subgroup 1, 2, 3, 7 and 9* X X X 

Subgroup 10*, and 11 * X X X 
When Required 

Group B: 

Each Inspection Lot - X X Condition for Shipment 

Summary Data Available X 

GroupC: 

Performed Upon Request X X X 

Generic Data (within X X X six months) 

Group D: 

Performed Upon Request X X X 

Generic Data (within X X X one year) 

"A.C. (switching) tests do not apply \0 unprogrammed devices. Mono­
lithic Memories Programmable Products are designed with special 
circuitry to verify A.C. specifications. 

Controls 

RELIABILITY 
PROCESS 

.SYSTEM CONTROLS 
PART MARKING 

883B 883C B 

Monolithic MemOries 
Quality System 

Based on MIL-M-38510 X X X 
Appendix A Domestic 
and Offshore Build 

MIL-M-38510 
Structured Qualification 

Group A, B, C, and 0 
Monolithic Memories 

X X X 
Imposed for Product 
Approval 

Tracebility-MIL-M-38510 X X X 
Para. 3.1 .3a 



c' 



Bipolar PROM Cross Reterence Guide 

AMD DJJ INTERSIL m RAYTHEON lUll 
AM27S18 6330·1 5600 6330-1 29641 6253-1 
AM27S19 6331·1 5603A 6300-1. 63S14O & 63LSI4O 29630 6380-1. ·2 
AM29S20 { 63S14O & 63LSI4O ,5604 6~1.63S24O & 63LS24O 29631 6381·1. ·2 

6300-1 5610 6331·1 29660/62 6ml. 63S14O & 63LSI4O 
AM27S21 { 63S141 & 63LSI41 5623 6301-1. 63S141 & 63LS141 29661/63 6301·1. 63S141 & 63LSI41 

6301·1 5624 6306-1. 63S241 & 63LS241 2950/52 6388-1 
AM27S12 { 63S24O & 63l824O 29651/53 6389-1. ·2 

6305·1 
AM27S13 {638241 & 63LS241, 

'MOTOROLAW SIGNETICS W '6306-1 
AM27S28 63~1.·2 
AM27S29 6349·1. ·2 MCM 7620 6305-1. 63S24O & 63LS24O N82S23 6330-1 

, AM27S30 6340-1. ·2 MCM 7621 6:i06·1.638241 & 63LS241 N82S123 6331·1 
AM27S31 6341·1. ·2 MCM7640 6340·1. ·2 N82S126 6300-1. 63S14O & 63LSI4O 
AM27S32 6352·1 MCM 7641 -6341·1. ·2 N82S129 6301·1. 63S141 & 63LSI41 
AM27S33 6353·1 MCM7642 6352·1 N82S130 6305-1. 63S24O & 63LS24O 
AM27S180 ' 6380·1. ·2 MCM7643 6353·1 N82S131 6306-1. 63S241 & 63LS241 
AM27S181 6381-1. ·2 MCM 7680 6380·1. ·2 N82S146 6346-1. ·2 
AM27S184 6386-1 MCM 7681 11381-1. ·2 N82S147 6349·1. ·2 
AM27S185 6389-1. ·2 MCM 7684 6386-1 N82S137 6353-1 MCM,7685 6389-1. ·2 N82S14O 6340·1. ·2 

W 
N82S141 6341·1. ·2 

FAIRCHILD N82S181 6381·1. ·2 

NATIONAL W N82S185 6389·1. ·2 

93417 {63S14O & 63LSI4O DM74S188 6330·1 6300·1 lUll 
93421 { 63S141 Bi 63LS141 DM74S288 6331·1 TI 

6300·1 DM74S287 6300·1. 63S14O & 63LSI4O 
{ 63S24O & 63LS24O DM74S387 6301·1. 63S141 & 63LSI41 OLD NUMBERS 

93436 6305-1 DM74S470 6306-1 SN74S188 6330·1 
{63S241 & 63LS241 DM74S471 6309-1 SN74S287 6301·1. 63S141 & 63LSI41 

93446 6306·1 DM74S472 6349·1. ·2 SN74S288 6331·1 
93438 6340·1. ·2 DM74S473 6346-1. ·2 SN74S387 6300-1. 63S14O & 63LSI4O 
93448 6341-1. ·2 DM74S570 6305-1. 638240 & 63LS24O SN74S470 6308-1 
93452 6352;1 DM74S571 6306·1. 63S241 & 63LS241 SN74S471 6309-1 
93453 6353-1 DM74S572 6352·1 SN74S472 6349·1. ·2 
93450 6380·1. ·2 DM74S573 6353·1 SN74S473 6348·1. ·2 
93451 6381-1. ·2 DM87S180 6381·1. ·2 SN74S474 6341·1. ·2 
93514 6386-1 DM87S181 6380-1. ·2 SN74S475 6340-1. ·2 
93515 6389·1. ·2 DM74S475} 6340-1. ·2 SN74S477 6352·1 

DM87S295' , SN74S476 6353·1 

mID 
DM74S474 } 6341·1. ·2 SN74S478 6381·1. ·2 

HARRIS OM87S296 SN74S479 6380·1. ·2 
, DM87S184 6388-1 SN74S455 6388·1 

7602 6331·1 DM87S185 6389-1. ·2 SN74S454 6389-1. ·2 
7603 mi·1 . 
7610 6300·1, 63S14O& 63LSl4O 

lUll 7611 6301·1. 638141& 63LS141 
RAYTHEON W TI 

7620 ,!i305-l.63824O & 83L$240 
.7621 ' , 6306-1.638241 &.63lS241 296DD 6308-1 NEW NUMBERS 
7648 ~1.·2 29601 631J9.;1 TBP18SA030 6330·1 

',7649 6349-1; ~2, 296'10 6305-1. 63S24O& 63LS24O TBP18S030 6331·1 
7640 6340·1. ·2 29611 6306-1. 63S241 & 63LS241 TBP14S10 6301-1. 638141 & 63LSI41 7641,' 6341·1·2 29620 6348·1. ·2 TBP14SA10 6300·1.638140 & 63L814O 
7642 6352:.'" 29621 6349·1. ·2 TBP18SA22 6308·1 
7643 6$f"' 29624 6340-1. ·2 TBP18S22 6309·1 " 7680 _1.~2 .. 29625 6341-1. ·2 TBP18S42 6349·1. ·2 7681 . 638H.'2 29602 6308-1 TBP18SA42 6348·1. ·2 
7684 6388'1 ' 29603 6309-1 TBP18S46 6341·1. ·2 
7685 6389'1. -2 29612 6305-1. 63S24O & 63lS24O TBP18SA46 6340-1. ·2 

29613 6306-1. 63S241 & 63LS241 TBP24SA41 6352·1 

IUII 
29622 6348-1. ·2 TBP24S41 6353-1 

INTEL 29623 6349-1. ·2 TBP28S86 6381-1. ·2 
29626 6340-1. ·2 TBP28SA86 6380-1. ·2 

3608 8380-1. ·2 29627 6341·1. ·2 TBP24SA81 6386-1 
3628 6381·1. ·2 29640 6252·1 TBP24S81 6369-1. ·2 

3 .. 2 



Bipolar PROM Cross-Reference Guide 
MEMORY DESCRIPTION FAIR-

SIZE ORGANIZATION PINS OUTPUT 
MMI AMO CHILO HARRIS INTEl INTERSIL 

OC 6330-1 27S18 7602 5600 29750 
- -

256 32x8 16 
TS 6331-1 27S19 7603 5610 29751 - -

6300-1 
27S20 OC 635140 
29760 93417 7610 - 5603A 

63L5140 
1024 256x4 16 

.6301-1 27S21 TS 635141 29761 93427 7611 - 5623 
63L5141 

OC 6308-1 - - - - -

20 
TS 6309-1 - - - - -

2048 256x8 
OC 6335-1 - -- 7629 - -

24 
TS 6336-1 - - - - -

6305-1 
27S12 OC 635240 93436 7620 - 5604 

63L5240 29770 
.2048 512x4 16 

6306-1 27S13 TS 635240 93446 7621 5624 29771 -
63LS240 

OC 6348-1, -2 27528 93438 7648 - -

4096 512x8 20 
T5 6349-1, -2 27S29 93448 7649 - -

OC 6340-1, -2 27530 - 7640 - -

4096 512x8 24 
TS 6341-1, -2 27S31 - 7641 - -

OC 6352-1 27S32 93452 7642 - -

4096 1024x4 18 
TS 6353-1 27S33 93453 7643 - -

4096 1024x4 18 TS 63RA441 - - - - -

OC 6380-1,-2 27S180 93450 7680 3608 -
8192 1024x8 24 

TS 6381-1, -2 275181 93451 7681 3628 -

OC 6388-1 27S184 93514 7684 - -

8192 2048x4 18 
w TS 6389-1, -2 27S185 93515 7685 - -• Co) _L...-- ----

Note: Only commercial specification part numbers are listed. 

MOTOROLA NATIONAL RAYTHEON 

- 74S188 -

- 74S288 -

- 74S287 29660/62 

- 74S387 29661/63 

- 74S470 29600/02 

- 74S471 29601/03 

- - -
- - -

7620 74S570 29610/12 

7621 74S571 29611/13 

- . 74S473 29620/22 

- 74S472 29621/23 

7640 74S475 2924/26 

7641 74S474 29625/27 

7642 74S572 29640 

7643 74S573 29641 

- - -

7680 87S180 29630 

7681 87S181 29631 

7684 87S184 29650/52 

7685 87S185 29651/53 
'-- = 

SIGNETICS 

82S23 

82S123 

82S126 

82S129 

-

-

82S114 
-

82S130 

82S131 

82S146 

82S147 

-

82S141 

-

82S137 

-

-

82S181 

-

82S185 

TI 

18SA030 
74S188 
18S030 
74S288 

14SA10 
74S387 

14S10 
74S287 

18SA22 
74S470 
18S22 
74S471 

-
-

-

-

18SA42 
74S473 

18S42 
74S472 
185A46 
74S475 

18S46 
74S474 

24SA41 
74S477 
24541 
74S76 

-

285A86 
74S479 
285586 
745478 
24SA81 
74S455 
24S81 
745454 

m 
j' 
ii' .. 
" ~ 
I: 
n 

i • :II 
CD 
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C; 
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Generic NiCR PROM Family 
53/63XX-1 

Features/Benefits 
• Standard Schottky processing 

• Reliability proven nichrome fusible links 
(qualified for MIL-M-38510) 

• PNP inputs for low input current 

• Compatible pin configurations for upward expansion 

• 4-bit-wide .and 8-bit-wide for byte oriented applications 

Application 
• Microprogram store 
• Microprocessor program store 

• Look up table 

• Character generator 

• Random logic 

• Code converter 

Generic PROM Selection Guide 

MEMORY 

SIZE ORGANIZATION 
PACKAGE 

1K 256x4 
OC 

J16, F16 
TS 

2K 512x4 
OC 

J16, F16 
TS 

OC 

4K 1024x4 
TS 

J18, F18 
OC 

TS 

8K 2048x4 
OC 

TS 
J18 

1/4K 32x8 
OC 

J16, F16 
TS 

OC 
J20, F20 

2K 256x8 
TS 

OC 

TS 
J24 

OC 
J24, F24 

512x8 
TS 

4K 
OC 

J20, F20 
TS 

8K 1024x8 
OC 

J24, JS24* 
TS 

*JS is the .300 Inch Wide SKINNYDIP~ package. 

Description 
The 53/63XX-1-series generic PROM family offers the widest 
selection of sizes and organizations available in the industry. The 
4-bit wide PROMs range from 256x4 to 2048x4 and feature 
upward/downward pin out compatibility in the space saving 16 
and 18 pin packages. The 8-bit wide PROMs range from 32x8 to 
1024x8 in a wide selection of package sizes including the space 
saving SKINNYDIP'· 24-pin .300 inch wide package. All PROMs 
have the same programming specifications allowing a single 
generic programmer. 

The family features low input current PNP inputs, .full Schottky 
clamping, three-state and open collector.outputs. The nichrome 
fuses store a logical high and are programmed to the low state. 
Special on chip circuitry and extra fuses provide preprogram­
ming tests which assure high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 

DEVICE TYPE 

COMMERCIAL MILITARY 

6300-1 5300-1 

6301-1 5301-1 

6305-1 5305-1 

6306-1 5306-1 

6350-1 5350-1 4-bit-wide 

6351-1 5351-1 

6352-1 5352-1 

6353-1 5353-1 

6388-1 5388-1 

6389-1 5389-1 

6330-1 5330-1 

6331-1 5331-1 

6308-1 5308-1 

6309-1 5309-1 

6335-1 

6336-1 
8-bit-wide 

6340-1 5340-1 

6341-1 5341-1 

6348-1 5348-1 

6349-1 5349-1 

6380-1 5380-1 

6381-1 5381-1 

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 

lIIonollthlc l!1!ft 
lIIemorles InJnJJ 
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Pin Configurations 

53/6330-1 
53/6331-1 

32x8 

53/6352-1 
53/6353-1 

6335-1 
6336-1 

256x8 

53/63XX-1 

53/6300-1 
53/6301-1 

53/6388-1 
53/6389-1 

53/6340-1 
53/6341-1 

512x8 

53/6305-1 
53/6306-1 

53/6308-1 
53/6309-1 

53/6350-1 
53/6351-1 

.... ____ 0 4 ... 10 0 
53/6348-1 
53/6349-1 

53/6380-1 
53/6381-1 
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53/&$0·1 

Absolute· Maximum Ratings 
Supply voltage, vee .......•..•........ ; .•. ~; • . . . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . . . • . . . . . . . . . . . . . • . . • • . • . . . • • . . . . . . .. 7V 
.Input· voltage ........................................................................................................ 7V 
Off-state output voltage ................. ,: ........ , ....... ' ... ',' ;;'.. . . . . . . .. . .. . . • . . . • . . . . . . . . .. . .. . . . . . . . .. . . . .. . .. 5.5V 
Storage temperature ............................ , ................... :...................................... -65° to +150o e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vee Supply,.Yoltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operath,g free air temperature .,.55 ' 125 0 75 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPtMAX UNIT 

VIL low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

Vie Input clamp voltage Vee = MIN II = -18mA -1.5 V 

III low-level input current Vee = MAX VI = OA5V -<l.25 mA 
" VI = 4:5V(Program pin) 40 ,IIH High-level input current, Vee = MAX 

VI '= Vee MAX (Other inputs) 
p.A 

Vee = MIN 
Mil 10l = 12mA All PROMs , 
eOM 10l = 16mA 

except . 

Val low-level output vOltage VIL = O.BV 
'30,'31,'80,'81 0.5 V 

Mil 10l = 8mA 
VIH = 2V '30,'31,'80,'81 

eOM 10l = 12mA 

Vee = MIN Mil IOH = -2mA 
VOH High-level output voltage'" Vil = 0.8V 2.4 V 

VIH = 2V eOM 10H = -3.2mA 

10Zl Off-state output current'" Vee = MAX 
Va = 0.5V -100 p.A 

10ZH Va = 2.4V 100 p.A 

leEX Open collector output current Vee = MAX Va - 2AV 100 p.A 

lOS Output short-circuit current:- Vee = 5V Va -OV .,' -20 -90 mA 

'30, '31 78 125 
.,' '00, '01 88 130 

Vee = MAX '05, '06 98 130 
lee Supply current', All inputs '08, ~09,J '35, '36 100 155 mA 

grounded. All 
'40, '41, '. '48, '49 100 155' outputs open. 
'88, '89 110 170 

~ .. '50, '51);: '52, '53, '8Q, '81 c' '" 121 17~' 

*Thre ... state only. " 
. 

"'*Nqtmore than one output should,be shorted at a time and duration of the short-circujl'Should not exceed one second. 
t Typicals at 5.OV Vee and 25° eTA; , , 

,'; 
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Switching Characteristics 
Over Commercial Operating Conditions 

tAA (ns) 
DEVICE TYPE 

ADDRESS ACCESS TIME 

TYpt MAX 

6300-1. 6301-1 32 55 

6305-1. 6306-1 44 60 

6308-1. 6309-1 39 70 

6335-1. 6336-1 52 70 

6340-1. 6341-1 52 70 

6348-1. 6349-1 52 70 

6350-1. 6351-1 43 60 

6352-1. 6353-1 43 60 

6388-1. 6389-1 49 70 

6330-1. 6331-1 37 50 

6380-1. 638H 54 90 

Over Military Operating Conditions 

tAA (ns) 
DEVICE TYPE 

ADDRESS ACCESS TIME 

TYpt MAX 

5300-1. 5301 ~1 ~ 75 

5305-1. 5306-1 44 75 

5308-1. 5309-1 39 80 

5335-1. 5336-1 52 80 

5340-1.5341.-1 52 I 80 

5348-1. 5349-1 52 80 

5350-1.5351-1 43 75 

5352-1. 5353-1 43 75 

5388-1. 5389-1 49 100 

5330-1.5331-1 37 60 

5380-1. 5381-1 54 125 

·tTypicals at.5.0V VCC and25'CTA 

53/63XX·1 

tEA AND tER (ns) 
CONDITIONS 

ENABLE ACCESS AND 
RECOVERY TIME 

(See standard test load) 

TYpt MAX R1(fl) R2(fl) 

15 30 

17 30 

14 30 

17 30 
300 600 

17 30 

17 30 

15 30 

15 30 

19 30 

21 30 
375 750 

18 40 , 

tEA AND tER (ns) 
CONDITIONS 

ENABLE ACCESS AND. 
(See standard test load) 

RECOVERY TIME 

"TYpt MAX R1(fl) R2(fl) 

" ,15: 40 ,.' , 

17 40 

14 40 

17 40 

17 40 
300 600 

17 40 

15 40 

15 40 

19, 40 

21 40 . .' 375 750 
18 40 , 



Typical CharacleFistics 
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Typical Characteristics 
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Typical Characteristics 

150 

140 

130 

ICC-rnA 120 

110 

100 

90 

Typical ICC VI Temperature 

I 
I 

i 
i 
i 
I 

L- ,-Vee = 5.5V_ ~ 

I -~ fi-r--I 
I --~ r--
I 

...,..., 
I v = 5.25VJ 

-55 1 eel I 

6336 
6341 
6349 
5336 
5341 
5349 

-75 -50 -25 0 25 50 75 100 125 

160 

150 

140 

icc-rnA 130 

120 

110 

100 

TA -AMBIENT TEMPERATURE-'e 

Typical ICC va Temperature 

I 
I 

1 

1 

I 

t ----..c: ee = S.SV \ 
I 

i 
Vel< = S.25J 

........... 
I'--. ~ r--..... I ~ 

I 
I 

-551 

............. 

63.51 
63.53 
5351 
5353 

_ ~ ~ 0 25 " n ~ m 
TA -AMBIENT TEMPERATURE-'e 

3·10 

Typical T AA va Temperature 

80 

I 
I 

I [7 
1 / I 

t", free ±/ V 
./ 

70 

60 

1 ---1 
Vee ±5U I 

1 
40 

I 
1 

30 
1 

20 
-ss1 

-75 -50 -25 0 25 50 75 100 125 

TA -AMBIENT TEMPERATURE-'e 

Typical T AA va Temperature 

80 

I 
I 

1 / 1 
:~ rVee ±10% ./ 

V 

70 

60 

1 '- --' V 
1 - ---I 7 
I Vee ±5'i,-f 40 

I 
1 

30 

1 .. 

.20 
-55: 

-75 -50 -25 0 25 50 75 100 125 

TA -AMBIENT TEMPERATURE-'C 



160 

150 

140 

lee-mA 130 

120 

110 

100 

Typical Characteristics 

Typical ICC VB Temperature 

: 
I 

: 
I 

i 
: -r--~Vee=5.5V 
I ~ -- ......... 
: Vee = 5.'lSV J r--
I 

I 

-55: 

6389 
5389 

80 

70 

60 

40 

30 

20 

Typical T AA vsTemperature 

I 

............ ~vee ±10"10 

7 
Vee ±50/0---./ 

-55! 

~ 

, 

-75 .-50 . -25 o 25 50 .. 75 10Q 125 -75 -50 -25 o ,.25 50 75 100 1'lS 

160 

150 

140 

ICC-rnA 130 

120 

110 

100 
-75 

TA-AMBIENT TEMPEAATUAE-'e 

Typical ICC VB T!!mperature 

I 
I 

I 
1 
I 

t- rVee= 5.5V 

r'--i--
I --I--1 r-- ............. 
I r--,.. ......... 
1 Vee = 5;25V---'/ ..... 
I 
I 

I 

-55: 
-50 -25 o 25 SO 75 100 

TA -AMBIENT TEMPERATURE-'e 

6381, 
5381 

80 

70 

60 

TAA-ns 50 

125 

40 

30 

20 
-75 

TA -AMBIENT TEMPERATURE-'e 

Typical T AA vs T!!mperature 

I 
I 

I 
1 
I 
I / i~ £ree ±100/0 

I 

Vee ±513= 

V-
I 
I 
1 
I 
I 

I 
1 

-551 

-50 -25 0 'lS 50 75 100 1'lS 

TA -AMBIENT TEMPERATURE-'C 

NOTE: Typical characteristic curves are for three-state devices. Equivalent open collector devices decrease in ICC approximately 10 mA and increase in T AA 
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Standard Test Load 

5V 

OUTPUT o--1o~---<_"" 1 TEST POINT 

30pF 

Definition of Waveforms 

A '" ' .. 
Ii\. 

'" Ji\. 
o 

1M 

Address Access Time 

53/83XX-1 

, Input' Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.OV to 2.011 
Measurements made at 1.SV 

,....---~I 

E --_....1\ JI' \....,-----
o , 

~ J 

f.-iEA- r--iER-

Enable Access Time and Recovery TIII\8 



High Performance 512x8 
NiCr PROM 
53/6340·2 53/6341·2 

Features 
• 4096 bit memory 

• • 55 ns max access time 

• Reliability proven NiCr Fusible Links 

• Available in 24-pin SKINNYDIP'" 

• Industry standard pin out 

Applications 
• Microprogram store 

• Program store 

• Look. up table 

• Programmable logic element 

• Character generator 

Ordering Information 
MEMORY PACKAGE 

SIZE ORGANIZATION PINS TYPE 

4K ~ 512x8 TS 24 J,JS 

Pin Configurations 

512x8 

J = 0.6 in. wide 
SKINNVDIP is a registered trademark of Monolithic Memories 

Description 
The 6340/1-2 is a high speed 512x8 PROM which uses industry 
standard pin out. In addition, the device is available in the 
24-pin (0.3 in.) SKINNYDIP'". 

The family features low input current PNP inputs, full Schottky 
clamping, three-state and open collector outputs. The nichrome 
fuses store a logical high and are programmed to the low state. 
Special on-chip circuitry and extra fuses provide preprogra. m- g 
ming tests which assure high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 

Programming 
This PROM is programmed with the same programming 
algorithm as all other NiCr PROMs. 

COMMERCIAL MILITARY 

PART NUMBER 

6340-2 

6341-2 

MAX TAA 

70 ns 

55 ns 

53/6340-2 
53/6341-2 

PART NUMBER MAX TAA 

5340-2 90 ns 

5341-2 70 ns 

1165 East Arques Avenue. Sunnyvale. CA 94086 Tel: (408) 739-35.35 TWX: 910-339-9229 

Monolithic ~~11 
Memories uunJ.I 
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53/6340-2 53/6341-2 

Absolute Maximum Ratings 
Supply voltage, vee ................................ ; ..................................... "........................ 7V 
Input voltage .....••.........................................................................• ;................... 7V 
Off-state output voltage ....................................................................................•..... 5.5V 
Storage temperature ....... ; ......................................................... "................. -65° to +1500 e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free air temperature -55 125 0 75 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

Vie Input clamp voltage Vee - MIN II - -18mA -1.5 V 

IlL Low-level input current Vee = MAX VI - O.45V -0.25 mA 

IIH High-level input current "Vee = MAX 
VI = 4.5V (Program pin) 

40 p.A 
VI = Vee MAX (Other pins) 

Vee = MIN MIL 10L = 12mA 
VOL Low-level output voltage VIL = 0.8V 0.5 V 

VIH = 2V eOM 10L = 16mA 

Vee - MIN MIL 10H = -:-2mA 
VOH High-level output voltage* VIL = 0.8V 2.4 V 

VIH = 2V cOM 10H = -3.2mA 

10ZL Off':state output current'" Vee = MAX 
Va" - 0.5V -40 p.A 

10ZH Va = 2.4V 40 p.A 

leEX Open collector output current Vee = MAX 
Va - 2.4V 40 

Va = 5.5V 100 
p.A 

lOS Output short-circuit current#* Vee = 5V Va = OV " -20 -90 mA 

lee Supply" current Vee = MAX 
All inputs grounded I MtL 120 175 

All outputs open eOM 
mA 

120 155 

*Three-state only" 
**Not more than one output should be shorted at a time and duration of the short""ircuit should not exceed one second. 
tTypicalsat 5.OVVCC and25°CTA· . 
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53/6340-2 53/6341-2 

Switching Characteristics 
Over operating conditions 

tAA (ns) 

DEVICE TYPE 
ADDRESS ACCESS TIME 

TYPt MAX 

6340-2 49 70 

6341-2 45 55 

5340-2 49 90 

5341-2 45 70 

tTypicals at 5.0V vee and 25' eTA' 

Typical ICC vs Temperature 

140 
I 

~--~ ~ 
Vee = 5.5V 

vee =5.25[> '" ~ " ~ ........., " 

135 

130 

lee-mA 125 

120 

115 

110 
-551 

~ ~ _ 0 25 ~ ~ ~ m 
TA -AMBIENT TEMPERATURE-'e 

tEA AND tER (ns) 
CONDITIONS 

ENABLE ACCESS AND 
RECOVERY TIME 

(See standard test load) 

TYP MAX R1(O) R2(n) 

19 30 
19 30 

300 600 
19 40 
19 40 

Typical T AA vs Temperature 

80 
I 

70 

.. ~ 
........... / Vee ±10'l:./ 

60 

-- ----..... 

40 
Vee ±5%7 

30 

20 
-55 1 

-75 -so -25 0 25 50 75 100 125 

TA -AMBIENT TEMPERATURE-'e 
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53/6340·253/6341·2 

Standard Test Load 

5V 

OUTPUT o--+--1~-{e) TEST POINT 

30pF 

Definition of Waveforms 

'1/ 
A 

JI\ 

V 
Jr.,. 

o 

tAA 

Address Access Time 

Input Pulse Amplitude 3.W 
Input Rise and Fall Times 5ns from 1.0V to2.OV 
Measurements made at 1.5V 

, ----""'1/ 

E 
___ .-1\ J~,-- _____ 

o , 
" 1\ J 

I--tEA- I-lER-

Enable Access Time and Recovery Time 



High Performance 512x8 
NiCr PROM 
53/6348·2 53/6349·2 

Features: 
• 4096 bit memory 

• 55 ns max access time 

• Reliability proVen NICr Fusible Links 

• Industry .. standard 20 pin out configuration 

Applications 
• Microprogram stora 

• Program store 

• Look up table 

• Programmable lOgic element 

• Character generator 

Ordering .Information 
MEMORY PACKAGE 

SIZE Q.RGANIZATION PINS' TYPE 

4K 512x8 .. ~ 
o TS 

20 J 

Pin Configuration 

Description 
The 6348/9 is a high speed 512x8 PROM which uses industry 
standard pin out. 

The family features low input current PNP inputs, full Schottky 
clamping,thre&'stat13 and open collector outputs. The nichrome 
fuses store a logical high and are programmed to the low state. 
Special on-chip circuitry and extra fuses provide preprogram-
ming tests which assure high programming yields and hi9h-=-. 
reliability. ... . -=-
The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 

Programming 
This PROM is programmed with the same programming 
algorithm as all other NiCr PROMs. 

COMMERCI~L .MILITARY .... 
pART NUMBER 

6348-2 

6349-2 

53/6348-2 
53/6349-2 

MAXTM 

70 ns 

55 ns. 

PART_ NUMBER MAXTAA 

5~2 90 ns 

5349-2 70 ns 

I6JnoIlthlo 111In 
""'orl •• ·~··1nJn.LI 
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53/8348-2 53/8349-2 

Absolute Maximum Ratings 
Supply voltage, vee ...•. ~ .................................................................................... :. .. 7V 

~~~s~~lt~~~p~t' ~~i~~~'::::::::: ::::::::: :::: :::::::::::::::::::::: :~:: :<:::::::::: ::~:::::::: :::: ::::::: ::::::::: ·5.~~ 
Storage temperature ...... 'e" ." .............. , .... ; ............ " ................... ,,0 ................... ;-65° to +l50o e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY CPMMERCIAI., 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4;5 5 5.5 4.75 5 5.25 V 

TA Operating free air temperature -55 125 0 75 °e 

Electrical Characteristics Over Operating Conditions 

, 

SYMBOeL PARAMETER TEST CONDITIONS, MIN TYPt MAX UNIT 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage Vee" MIN II = -18mA -1.5 V 

IlL LoW-level input current Vee = MAX VI = O.45V -0.25 mA 

IIH High-level input current Vee = MAX 
VI" 4.5V (Program pin) 

40, p.A 
VI = VoeMAX (Othe~ pins) 

'e Vee = MIN MIL IOL" 12mA 
VOL Low-level output voltage VIL = 0.8V 0.5 V 

VIH =2V COM 10L ~ lemA 

VeG: MIN MIL IOH : -2mA' 
VOH High-level output voltage* VIL = 0.8V 2.4 V 

VIH = 2V COM 10H = -3.2mA 

10ZL Off-state output current* Vee = MAX 
Vo = O,5V -40 p.A 

10ZH Vo = 2.4V 40 p.A 

leEX Open collector output current Vee = MAX 
Vo = 2.4V 40 

Vo = 5.5V 100 
p.A 

lOS Output short-circuit current:* Vee - 5V Vo = OV -20 -90 mA 

ICC Supply current Vee = MAX 
All inputs grounded I MIL 120 175 

mA 
All outputs ,open I COM 120 155 

*Three-state only, 
**Not more than one output should be shorted at a Ume and dura~Q 01 the short-'circuitshould not exceed one second, 

tTypicalsat5,OVVCCand25°CTA' "" " 



53/6348-2 53/6349-2 

Switching Characteristics 
Over Commercial Operating Conditions 

tAA (ns) 
DEVICE TYPE 

ADDRESS ACCESS TIME 

TYpt MAX 

6348-2 49 70 

6349-2 45 55 

5348-2 49 90 

5349-2 45 70 

tTypicals at s.OV Vee and 25' eTA 

Typical ICC vs Temperature 

t40 

: 
I 

:--~ ~ vee' 5.5V 

1 

i ~ "" "'-., 1 vee' 5.25V/ ""-
: ~ 

""'" ~ 1 

: 

135 

130 

lee-mA 125 

120 

I 
115 

I 
I -551 

110 
-75 -50 -25 25 50 75 100 125 

TA ~AMBIENT TEMPERATURE-'e 

tEA AND tER (ns) 
CONDITIONS 

ENABLE ACCESS AND 
RECOVERY TIME 

(See standard test load) 

TYP MAX R1(O) R2(O) 

19 30 
19 30 

300 600 
19 40 
19 40 

Typical T AA YS Temperature 

80 

: I 
I 

70 

1 

I ... 
1 

:~ I V- Vee ±10'1/ r---.... 

60 

I ~ -' ----I 
Vee ±5%J 1 

t 40 

1 

1 
30 

1 

20 
-55: 

_ _ 4 0 ~ ~ ~ m m 
TA -AMBIENT TEMPERATURE-'e 
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13/63.48·2.53/6348-2 

Standard Teat Load 
:r 

5V 

Input Pulse Amplitude 3JN 
OUTPUT Q--1>----<_-fe) TEST POINT Input Rise and Fall Times fins from 1.OV to 2.OV 

Measurements made at 1.5V . 
R2 

6000 30pF 

Definition of Waveforms' 

'if A 

Jr.. 

,-' 

" 
o 

o 
J\ 

1M 

Addreas Access Time Enable Access Time and Recovery 1ime 
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High Performance '2048x4 
Nier PROM .. 
5316389·2 

Features 
• 11192 bit memory 

• Three-state outputs 

• 55 ,",. max access time 

'. Reliability proven HlCr Fusible Links 

• Industry standard pin out 

Applications 
• . Microprogram store 

• '" Program' store 
• Look up table 

• Programmable logic e.lerilent 

• Character generator 

Programming 
This . PROM is programmed with the salTle programming 
a.l,gorithm as all other Nier PROMs. 

Ordering" Informat:io~: ., ," 
MEMc;)RY' PACKAGE DEvrCE TYPE 

SIZE ORGANIZATiON PINS TYPE COM MIL 

8K 2048X4 18 J 6389-2 5389-2 ., .. " 

.~riPtion.-,",. 
I 

The 6389-2 is a high speed:2Kx4;flROM which uses .. ir:'ldustry 
standard pip ollt, " 

The family featu~ low inputcur~nt PNPkpu~, full.&hottky 
clamping, three-State outputs. The nichrome fuses store a 
logical high ana are programrped to.. thelo~ .st8te.$~cial 
orH:hip cirCUitry /indextra fuses provide preprogramming tests 
wHich assl,trehigh programming yields and high reliability. 

The 63 series 'is. specified for. operation over the commercial 
temperature and voltage range. The 53 series is s~ified for the 
milj~ry' ranIJeS,: .. " . "" ."' .., 

Pin Configuration" 



53/6389-2 

Absolute Maximum Ratings 
Supply voltage, vee .••••...•••............•.............................•.•............ : ......... ; ..........•..... " 7V 
Input voltage .......•.....•.....•.•....•.. ,........................................................................ 7V 
Off-state output voltage ....••.•..................•...•.......••.......•..•...•.......•....... ',0,' •• '; ; ••• ;:. ; ••••••• ~" 5~5V 
Storage temperature.................................................................................... -650 to +1500e 

• ~ < •• ,," • • 

Operating Conditions ,. " 
" MILITARY COMMERCIAL 

SYMBOL PARAMET£R 
MIN NOM MAX MIN NOM MAX 

UNIT 

Vee Supply voltage . 4.5 5 5.5 4.75 5 5.25 V 
" 

TA . Operating free-air temperature ". -55 125 0 75 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER· TEST CONDITIONS MIN TYPt M~ UNIT 

Vil low-level input voltage ' 6.s V 

VIH' High-level inpulvoltage 2 V 

VIC Input clamp voltage 'lice = MIN II = -lSmA -1.5 V 

III low,level input current Vee = .MAX VI = O.45V -0.25 mA 

IIH High-level input current Vee = MAX. 
VI = 4.5V (Program pin) 

40 /JA 
VI = Vee MAX (Other pins) , 

Vee = MIN Mil 10l = 12 mA 
Val low-level output voltage* Vil = 0.8V 0.5 V 

VIH = 2V eOM 10l = 16 mA 

Vee = MIN Mil 10H = -2mA 

VOH High-level output voltage Vil = O.SV 2.4 V 

VIH = 2V eOM 10H = -3.2mA 

lOll 110 = 0.5V -40 /JA 
Off-state output current Vee ,;. MAX 

10ZH Va =2.4V 40 /JA 

lOS Output short-circuit current* Vee = 5V Va ~f)V -20 -90 mA 

lee Supply current Vee = MAX 
All inputs grounded. I Mil 110 170 
All outputs' open I eOM 

mA 
110 155 

tTyplcals at S.ov vee and 25°C T A . 

* Not more than one output should be shorted at a time and ~))raiion of the short-circ.ult should not exceed one second. 

Switching Characteristics Over ~ilng Conditions 
. tEA AND teR (ns) tAA (ns) CONDITIONS 

DEVICE TYPE ADDRESS ACCESS TIME 
ENABLE ACCESS TIME 

(See standerd test load) 
RECOVERY TIME 

TYpt MAX TYPt MAX R1(O) R2(O) 

6389-2 44 55 19 30 
'. 44, : ,19 

300 600 
5389-2 " 70 , '<~ . 40 .. . .,'. .... '." 

~:: .,~;;A' 



53/6389-2 

Typical ICC vs Temperature 

140 

I 
I 

135 
I 

I 

130 

lee -mA 

125 

120 

1 ,Vee = 5.50V 

i ----~ I r-..... r--.. 
I ~ 
i I"-. "'-., 

: lI" ~ 
I Vee = 5.25V.J 

115 
I 

110 
-55( 

-75 -50 -25 0 25 50 75 100 125 

T A - AMBIENT TEMPERATURE - 0 e 

Definition of Waveforms 

\I 
A 

J\ 

o \I 
j\ 

tAA 

Address Access Time 

Standard Test Load 

5V 

OUTPUT TEST POINT 
R2 

6000 30pF 

Typical T AA VB Temperature 

80 

I . 

70 I 
I 
I 

60 

TAA - ns 

50 

I 

t ~ ;-vee ±10% 

.-' r-.:; 

40 

I 
'""-I 

I I 
: Vee ±5%-' 

I 
30 

I 

20 
-55! 

~ • _ 0 3 50 ~ ~ m 

T A - AMBIENT TEMPERATURE - 0 e 

o 

Enable Access Time and Reiovery Time 

Input pulse amplitude 3.0V 
Input riseand fall times 5ns from 1.0V to 2.0V 
Measurements made at 1.5V 

3-23 



High Performance 1 O'24x8 
Hier PROM . 
e3/6380-2 53/6381-2 

Features 
• 8192 bit memory 

• 55 ns max access time 

• Reliability proven NiCr F",slble Links 

• Available In 24-pln SKINNYDIp"· 

• Industry standard pin out 

Applications 
• Microprogram store 

• Program store 

• Look up table 

• Programmable logic element 

• Character generator 

Ordering Information 
MEMORY . PACKAGE 

SIZE ORGANIZATION PINS TYPE 

8K 1Kx8 ~ TS 
24 J. JS 

Pin Configurations 

1024x8 

J = 0.6 in. wide 
SKINNYDIP is a registered trademark of Monolithic.Memories 

Description 
The 6380/1-2 is a high speed 1Kx8 PROM which uses industry 
standard pin out. In addition. the device is available in the 
24-pin (0.3 in.). SKINNYDIp'·. 

The family features low input current PNP inputs •. full Schottky 
clamping. three-state and open collector outputs. The.nichrome 
fuses store a logical high and are programmed to the low state. 
Special on-chip circuitry and extra fuses provide preprogram­
ming tests which assure high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature arid voltage range. The 53 series is specified for the 
military ranges. 

Programming 
This PROM is programmed with the same programming 
algorithm as all other NiCr PROMs. 

. COMMERCIAL MILITARY 

PART NUMBER MAX TAA PART NUMBER MAXTAA 

6380-2 70 ns 5380-2 90ns 

6381-2 55 ns 5381-2 70ns 

116SE.st'Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-35S5TWX:91Q.339..9229 
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53/6380·2 53/6381·2, 

Absolute Maximum Ratings 
Supply voltage, vee ................................. ,............................................................. 7V 
Input voltage ................................... , ......• .' ............................ ,.............................. 7V 
Off-state output voltage .......................................................................................... 5.SV 
Storage temperature .............. , ................. .' ...................... : .' .. , ..... ;'. :;'. . . . . .. . . . . . .. -:65° to +150o e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 

Vee Supply voltage 4,5 5 5,5 

TA Operating free air temperature -55 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

\tIL Low-level input voltage 

VIH High-level input voltage ., 

Vie Input clamp voltage Vee>; MIN II - -18mA " 

IlL Low-leVel iriputcurtent Vee = MAX VI - O.45V 

IIH High-level input'current Vee = MAX 
VI - 4:5V (Program pin) 

VI= Vee MAX (Other pins) 

Vee = MIN MIL 10L = 12mA 
VOf,. Low-level output voltage ,VIL = 0.8V 

VtH = 2V eOM 10L = 16mA 

Vee = MIN MIL 10H = -2mA 
VOH High-level output voltage* , VIL = 0.8V 

VIH = 2V eOM 10H = -3.2mA 

10ZL Off-state output current* Vee = MAX 
Vo = 0.5V 

10ZH Vo - 2.4V 

leEX Open colfector output current Vee = MAX 
Vo - 2.4V 

Vo = 5.5V 

lOS Output short-circuit currentl* Vee = 5V Vo = OV 

Supply current Vee = MAX 
All inputs grounded I MIL 

lee AU outputs open I eOM 
*Three-state only, 

**Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
tTypicelsat5,OVVCC and25°CTA, 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

0 75 °e 

MIN TYPt MAX UNIT 

0.8 V 

2 V 
-l.5 V 

-0.25 mA 

40 IlA 

0.5 V 

2.4 V 

-40 IlA 
40 IlA 
40 

100 IlA 

-20 -90 mA 

120 175 

120 170 
mA 



53/8380 .. 2 53/8381 .. 2 

Switching Characteristics 
Over Operating Conditions 

tAA (ns) 

DEVICE TYPE 
ADDRESS ACCESS TIME 

TYpt MAX 

6380-2 49 70 
6381-2 45 55 

5380-2 49 90 

5381-2 45 70 

tTypicals a15.0Y YCC and 2soCTA 

Typical ICC VI Temperatura 

140 

: 
I 

120 

1--i'-. ~ 1 vcc = 5.SV 
1 

: v cc = 5.25V~ ........... ~ ~ 
1 ~ "-.1 "'-I 
1 

135 

130 

ICc-mA 125 

1 
1 

115 
1 

110 
-55: 

-75 -50 -25 0 25 50 75 100 125 

TA -AMBIENT TEMPERATURE..,~C 

tEA AND tER (ns) CONDITIONS 
ENABLE ACCESS AND 

RECOVERY TIME 
(See standard test load) 

TYP MAX R1(n) R2(0) 

19 30 

19 30 
300 600 

19 40 
19 40 

Typical T AA VI Temperatura 

80 

I 
I 

70 

1 
1 
I 

t" r-....... I.r- Vcc ±10% / 

60 

1 ~ ,/ .-/ ..... 
1 

vcc ±5oj,J I 
1 40 

I 
1 

30 
1 

20 
-55: 

~ ~ 4 0350 ~ ~ ~ 

TA -AMBIENT TeMPERATURE-oC 



53/6380-2 53/6381-2 

Standard Test Load 

5V 

Rl 
300n 

OUTPUT O---'---.~,-fe 1 TEST POINT 

R2 
600n 30pF 

Definition of Waveforms 

" A 
J\ 

\{ 
o 

Ji\.. 

_-IAA 

Address Access Time 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements made at 1.5V 

Enable Access Time and Recovery Time 
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NiCrPROM 
Programming Instructions 
53/63XX 

Description 

The 53/63XX Generic PROM Family is manufactured with 
outputs high in all storage locations. To make an output low at 

A particular word, a nichrome fusible link must be opened. This 
procedure is called programming. 

Programming Procedure (See Figure 1) Verification Procedure (See Figure 2) 

1. Apply the desired address to the inputs. 1. Enable the device. 
2. Enable Inputs may be left at any state. * 2. To verify low-state: 
3. Apply 5.5V to VCC. 
4. Apply Vppto the program pin. (This step is not used on the 

32x8 PROM) *. 
5. Apply VOUT to the output to be programmed. (Program only 

2A. Apply an address where the output should be low. 
2B. Apply 4.2V to V cc . 
2C. Load the output with IOL = 12 mA. 
2D. Check that the output is less than 0.8V. 

one output at a time). 3. To verify High-state: 
6. Remove VOUT. 
7. Remove Vpp. 
8. Verification may be performed after each bit or word or after 

completing the programming of all memory locations. 

*The 5330/1 and 6330/1 do not have a program pin. For these devices the 
output only is used in programming a particular selected bit and the device 
must be in the disabled state. 

3A. Apply an address where the output should be high. 
3B. Apply 6V to V cc . 
3C. Load the output with IOH = 0.3 mA. 
3D. Check that the output is higher than 4.SV. 

Programming ParametereDo not test these parameters or you will program the device. 

SYMBOL PARAMETER 

tR Slew rate of Programming Pulsest 

VCCP Vee During Programming 

Maximum Duty Cycle 

VPP Programming Voltage on Program Pin * 
VOUT Programming Voltage on Output Pin * 
tD1 

Delay between VPP and VOUT 
tD2 
tp Pulse width of VOUT 

VOLV VOL during verification 

VOHV VOH during verification 

* Voltage supply must be capable of supplying at least 240 rnA. 

t Leading edge of Vpp and VOUT 

CONDITIONS 
TA = +25°C FIGURE 

1 

1 

1 

1 

Chip enabled 
IOL = 12 mA 2 
Vee = 4.2V 

Chip enabled 
IOH = 0.3 mA 2 

vee = 6V 

1165 East Arques Avenue,Sunnyvale,CA 94086 Tel: (408) 739-3535 ··TWX: 910-339·9229· 
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LIMITS 
MIN TYP MAX UNIT 

0.3 0.5 V/IlS 

5.4 5.5 5.6 V 

25 % 

27 33 V 

20 26 V 

0 10 20 
0 0.5 1 

IlS 

10 40 IlS 

0.8 V 

4.5 V 

MonolIthIc ~1!n 
•• morl •• In.In.LI 



Nier PROM Programming Instructions 53/63XX 

VIH 

X ADDRESS 

V1L 

Vcc ~7 
90'10 

VPP 

10'10 
VIL 

VOUT 

10'10 
V1L---------------+-..;..;..IJ 

tD1 

Figure 1. Programming Timing Diagram 

VIH 

X X ADDRESS 

VIL 

Vcc 5V 

4.2V 

OUTPUT 

!.----Check VOLV----oo1 

Figure 2. Verification Timing Diagram 

Optimized Programming Algorithm 

1. Pulse all fuses to be programmed with single, minimum 
voltage programming pulses (line 1 in the table). 

2. Verify all fuses at low vee (4.2V). During this step, 
unprogrammed fuses are pulsed up to eight more times 
(see table). 

3. Re-verify at low Vee (4.2V) and high Vee (6V). 

PULSE 
NUMBER 

1 to 3 
4 to 6 
7 to 9 

Check VOHV 

PROGRAM PIN 
VOLTAGE 

27V 
30V 
33V 

OUTPUT 
VOLTAGE 

20V 
23V 
26V 

3·28 



HiCr PROM Progralllming I..-ructlons 53/83XX 

CommerCial Programmers 
MMI PROMs are designed and tested to give a programming 
yield greater thEm 95%. If your programming yieidis lower, check 
your programmer. It may not be properly calibrated. (See figures 
1 and 2). 

Programming is final manufacturing-it must be quality-con­
trolled. Equipment must be calibrated as a regular routine, 
ideally under the actual conditions of use. The best method 
involves a storage scope, with DC current probes clamped over 

the extemal. wires to the program pin and the output pin. The 
current should not be limited !It a vaiue less than 240mA. This can 
be checked by using a 5O-ohm reSistor as a load. Each time a new 
board or a new programming' module is inserted, the whole 
system should be checked. Both timing and voltages must meet 
published specific!ltionsfor the device. 

Rerilember-The best PROMs available can be made unreliable 
by Improper programming techniqUes. 

PART NUMBER 
SIZE CONFIGURATION OUTPUT NO. OF PINS 

SOCKET ADAPTER 
DATA I/O PRO-LOG 

MIL COM 

5330-1 6330-1 
32x8 1!4K 

5331-1 6331-1 

5300-1 6300-1 
256x4 1K 

5301-1 6301-1 

5305-1 6305-1 
2K 512x4 

5306-1 6306-1 

5308-1 6308-1 
2K 256x8 

5309-1 6309-1 

5335-1 6335-1 
2K 256x8 

5336-1 6336-1 

5340-1;-2 634Q-1,~2 
4K 512x8 

5341-1,-2 6341-1,-2 
5340-2 . 6340-2 

4K 512x8 
5341-2 6341-2 

5348-1,-2 6348-1,-2 
4K 512x8 

5349-1,-2 6349-1,-2 

5350-1 6350-1 
4K 1024x4 

5351-1 6351-1 

5352-1 6352-1 
4K t024x4 

5353-1 6353-1 

5388-1 6388-1 
2048x4 

6389-1,-2 
8K 

5389-1,-2 

5380-1,-2 6380-1,-2 
8K 1024x8 

538'1':1,-2 6381-1,-2 

5380-1,-2 6380-1,-2 
8K 1024x8 

6381-1,-2 5381-1,"2 

*progra~l'ard set iS909~122Ef-1:)Qr;':il sarieS DATA I/O. 

tPer~onality module is PM SO:l71!!ra!" PRO-LOG (series i/O, 92), 
**JS is the 0.3 in, wide SK1NNYDIP" package. 

' OC 

TS 

OC 

TS 

OC 

TS 

OC 

TS 

bc 
TS 

OC 

TS 

OC 

TS 

OC 

TS 

OC 

TS 

OC 

TS 

OC 

TS 

OC 

TS 

OC 

TS 

(ALL SERIES)* (SERIES 90, 92)t 

16 71~1046 PA16-2 

16 715-1035-1 PA16-1 

16 715-1035-2 PA16-1 

20 .' 71&-1028-1 PA2D-2 

24 715-1033-1 PA2~1 

24 715-1033-2 PA24-1 

JS-24** NA PA24-23 

20 715-1064 PA2D-2 

18 715-10$ 
'.' 

PA18-1 

18 715-1039-3 PA18-2 

18 715-1039 PA18-2 

24. 715-1033:-3 P~4-1 

JS-24** I NA ,,:', PA24-23 
.,' oc, t ~; .. 



HighPerformance 
Ti-W PROMs 

Features/Benefits 
• Reliable Titanium-Tungsten fuses (Ti-W) 

• Low voltage programming 

• New advanced platinum silicide Schottky process allows 
designs with fastest speeds over operating temperature 
ranges 

• Upwards pin compatibility In Industry standard pin outs 
(most of which were first introduced by MMIIIt our Stan­
dard Performance PROM family). 

Unblown Fuse 

* NOTE: ThiS is opPq~tetl>: thatQ~ our standard performance 
Schottky PROMs.using nichfQme fuses. 

New Programming Technique: 
Our new HIGH Performance PROMs use an elevated voltage at 
VCC instead of using a separate programming pin (one of the 
enSbIeS) as in the Standard Performance PROMs using nichrome 
fuses. Changes in the internal circuitry were made to optimize 
speed and accordingly the unblown fuse represents a LOW at'-=­
the output. When a fuse is programmed it reflects a high at the E:.­
output.* 



3·32 

Hi Performance Ti·W PROMs 

MMI Part Numbering System 
The new system approaches part numbering using the method 
of keying important attributes of the device. The military/com­
mercial and PROM/ROM numbering system is preserved i.e., 
5/6 - 3/2. These two digits are separated from the actual device 
number by a technology/configuration designator using letters. 

"S" = Schottky 
"LS" = Low Power Schottky 
"PS" = Power Switched 
"RA:' = Registered Asynchronous 
"RS" = Registered Synchronous 

The number following this code describes .... 
1. The size of the memory (bits) 
2. The memory organization by specifying the number of 

outputs 
3. Output configuration and pin out/package options 

If a higher performance part co-exists i.e., faster speed,'then a 
suffix letter (A) is added to distinguish between the two devices. 
The normal package letter designator follows last as is custom. 

NEW NUMBER PART DESCRIPTION 

.---------- Temperature Performance Range .••• 5 = Military 
6 = Commercial 

.---------- Memory Type .•.•••......•.......•. 3 ;= PROM (Fuse Programmable) 
. 2 = ROM (Mask Programmable) 

,..--__ ----- Generic'Family Designator •......... S = Schottky 

r-----....;. ... Size of Memory 

LS = Low Power Schottky , 
PS = Power Switched Schottky 
RA = Registered Asynchrooous, Schottky 
RS = Registered SynchronOus, Schottky 

0=256 Bit 
1 = 1024 Bit 
2 = 2048 Bit 
4= 4096 Bit 
,8 = 8192 Bit 

16 = 16384 Bit 

r------ Number of Outputs ................. 4 = 4 Outputs 
8 = 8 Outputs 

.-------- Output/Pinout Designator ...•.. , ...• 0 = Open Collector 1st pkg. (Le., 20 pin) 

2nd pkg. (Le., 24 pin) 

'1 =' Tri-Stale 
2 = Open Collector 
3 = Tri-State 

etc., etc" etc. 

,..---- Performance •...................•. Absence of letter indicates standard 
performance; 

A = enhanced (i.e., speed) 

.......................... J = Cerdip 

000000000000 ---Optional HI-REL Processing* 

D = Side brazed 
N = Plastic 
F = Flatpack 

* 8838 MIL-Std-883, Method 5004 & 5005 Level 8 
883C MIL-Std-883, Method 5004 & 5005 Level C 
"8" MIL-Std-883, Method 5004 equivalent 
"C" MIL-Std-883, Method 5004 equivalent 



High Performance 
Generic Ti-W PROM Family 
53/63SXXX 

Features/Benefits 
• Reliable Titanium-Tungsten fuses (Ti-W) 

• Low voltage programming 

• Highest speed Schottky PROM family available 

• Pin compatible with standard Schottky PROMs 

• PNP inputs for low input current 
• Compatible pin configurations for upward expansion 

Applications 
• Microprogram control store 
• Microprocessor program store 
• Look up table 
• Character generator 
• Random logic 
• Code converter 

Description 
The family features low input current PNP inputs, full 8chottky 
clamping and three-state and open collector outputs. The titanium­
tungsten fuses store a logical low and are programmed to the 
high state. 8pecial on chip circuitry and extra fuses provide pre­
programming testing which assure high programming yields .and 
high reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for.:::w 
the military ranges. ..::.. 

High Performance Generic PROM Selection Guide 

SIZE 

lK 

2K 

MEMORY 

ORGANIZATION 

256x4 

512x4 

OC 
T8 

OC 
T8 

53/635140 
53/635141 

256x4 

PACKAGE 

PINS TYPE 

16 J,N 

16 J,N 

Pin Configurations 

DEVICE TYPE 

O°C to +75°C 

638140 

638141 
638240 

638241 

53/635240 
53/635241 

512x4 

-55°C to +125°C 

538140 

538141 
538240 

538241 

1165 East Arques Avenue, 5unnyvale,CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 

WIonolithic m'~.11 
Memories uun.u 
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Absolute Maximum Ratings 
Supply Voltage, vee 
Input Voltage .. 
Off-state output voltage 
Storage temperature ... 

Operating Conditions 

53/63SXXX 

.. 7V 
7V 

... 5.5V 
. ... -65° to +1500 e 

MILITARY COMMERCIAL 
SYMBOL PARAMETER 

MIN NOM MAX MIN 

Vee Supply vOltage 4.5 5 5.5 4.75 

TA Operating free-air temperature -55 125 0 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN 

V IL Low-level input voltage 

VIH High-level input voltage 2 

Vie Input clamp voltage Vee = MIN II = -1SmA 

IlL Low-level input current Vee = MAX VI = O.4V 

IIH High-level input current Vee = MAX VI = Vee MAX 

Vee = MIN MIL 

VOL Low-level output voltage VIL = O.BV 10L = 16mA 
VIH = 2V COM 

Vee = MIN MIL 10H = -2m A 

VOH High-level output voltage * VIL = O.SV 2.4 

VIH = 2V eOMIOH = -3.2mA 

10ZL Vo = 0.4V 
Off-state output current * Vee = MAX 

10ZH Vo = 2.4V 

Vo = 2.4V 
leEX Open collector output current Vee = MAX 

Vo = 5.5V 

lOS Output short-circuit current *l Vee = 5V Vo = OV -20 

Vce = MAX 'S14O 'S141 
lee Supply current All inputs 

grounded. All 
'S24O 'S241 outputs open. 

* Three-state only 

**Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

tTypicals at 5.0V CC and 25° C TA 

NOM MAX 
UNIT 

5 5.25 V 

75 °e 

TYPt MAX UNIT 

O.S V 

V 

-1.5 V 

-0.25 mA 

40 JlA 

0.5 
V 

0.45 

V 

-40 f..IA 

40 f..IA 

40 
f..IA 

100 

-90 mA 

SO 130 
mA 

90 130 



53/635XXX 

5witching Characteristics 
Over Commercial Operating Conditions 

tAA(ns) tEA (ns) tER(ns) 
DEVICE ADDRESS ACCESS TIME ENABLE ACCESS TIME ENABLE RECOVERY TIME 
TYPE 

TYpt MAX TYP 

638140/1 29 45 15 
638240/1 27 45 15 

538140/1 29 55 15 

538240/1 27 55 15 

t Typicals at 5.0VIV CC and 25'C T A 

Typical ICC vs Temperature 

130 

: 
I 

120 

I 
I 
I 
I 110 

I 
I 

ICC-rnA 100 

i 
: rice = 5.5V 
1 

90 

I - -b ----55: ---....... r----Vee - 5.25V 

80 

70 
-75 -SO -25 0 25 50 75 100 125 

TA -AMBIENT TEMPERATURE-'e 

130 

: 
I 

120 

I 

: 
i 

110 

I rVee = 5.5V 

I -~ I r--1-7 r-----I t--- r--
I Vee= 5.25V J 
I 

ICC-rnA 100 

90 

I 
80 

I 
I -551 

70 
-75 -50 -25 25 50 75 100 125 

TA -AMBIENT TEMPERATURE-'e 

MAX 

25 

25 

30 
30 

635141 70 

535141 
60 

50 

30 

20 

10 

TYP MAX 

15 25 

15 25 

15 30 
15 30 

Typical T AA vs Temperature 

: 
I 

: 
1 

i 
1 

1 

t--- 'rvee~V 

1 

1 

Vee ±5%J 1 

1 

I 
-55 1 

-75 -50 -25 25 50 75 100 125 

635241 70 

535241 
60 

50 

30 

20 

10 

: 
I 

! 
I 
! 
I 

~~ 
I 
1 

1 

1 

I -55 1 

TA -AMBIENT TEMPERATURE-'e 

rVee ±10Y -- J....-"'" 

Vee ±5%J 

-75 -50 -25 o 25 50 75 100 125 

TA -AMBIENT TEMPERATURE-'e 
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Standard Test Load 

5V 

OUTPUT o-~----1r--(.") TEST POINT 

30pF 

Definition of Waveforms 

\I 
A 

/\ 

o 
\,f 

Ii\. 

tAA 

Address Access Time 
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53/63SXXX 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times .5ns from 1.0V to 2.0V 
Measurements made at 1.5V 

E -----' 

o 

Enable Access Time and Recovery Time 



• 

Low Power 
Generic Ti·W PROM Family 
53/63LSXXX 

Features/Benefits 
• Very low power 
• Excellent speecl-power product 
• Reliable .Titanium-Tungsten (Ti-W) fuses 
• Low voltage programming 
• Industry standard pin-out 
• PNP inputs for low input current 

Applications 
• Microprogram control store 
• Microprocessor program store 
• Look up table 
• Character generator 
• Random logic 
• Code converter 

Description 
The 'LSXXX family features very low speed power product, low 
input current PNP inputs, full Schottky clamping and three-stilte 
and open collector outputs. The titanium-tungsten fuses store a 
logical low and are programmed to the high state. Special on chip 
circuitry and extra fuses provide preprogramming testing which 
assure high programming yields and high reliability. 

The 63 series is specified for operation over the commercial -==­
temperature and voltage range. The 53 series is specified for the .::. 
military ranges. 

Programming 
The low power CLSXXX) generic PROM family has the same 
programming specifications as the standard TiW ('SXXX) 
PROMs. This allows the same generic programmer and per­
sonality card to be used for both 'LSXXX and 'SXXX PROMs. 

Low Power Generic PROM Selection Guide 

SIZE 

1K 

2K 

MEMORY 

ORGANIZATION 

256x4 

512x4 

OC 

TS 

OC 
TS 

53/63LS140 
53/63LS141 

PACKAGE 

PINS TYPE 

16 J,N 

16 J,N 

Pin Configurations 

DEVICE TYPE 

O°C to + 75°C 

63LS140 

63LS141 

63LS240 

63LS241 

53163LS240 
53/63LS241 

512x4 

-55°C to +125°C 

53LS140 

53LS141 
53LS240 

53LS241 

,116~,~astA!'CIuesAvenue, Sunnyval!!, CA 94086 ,Tel: (408) 739~3535 TWX: 910-339-9229 

Monolithic r!Tlft 
Memorlec U1JlW 
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Absolute Maximum Ratings 
Supply Voltage, vee 
Input Voltage. 
Off-state output voltage 
Storage temperature 

Operating Conditions 

53/83LSXXX 

MILITARY 
SYMBOL PARAMETER 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 

TA Operating free-air temperature -55 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input voltage 

Vie Input clamp voltage Vee = MIN II = -1BmA 

IlL Low-level input current Vee = MAX VI = O.4V 

IIH High-level input current Vee = MAX VI = Vee MAX 

Vee = MIN MIL 

VOL Low-level output voltage VIL = O.SV 10L = 16mA 
VIH = 2V eOM 

Vee = MIN MIL 10H = -2mA 

VOH High-level output voltage* VIL = O.SV 

VIH = 2V eOM 10H = -3.2mA 

10ZL Vo - OAV 
Off-state output current * Vee = MAX 

10ZH Vo = 2.4V 

Vo = 2AV 
leEX Open collector output current Vee = MAX 

Vo = 5.5V 

lOS Output short~circuit current: * Vee = 5V Vo = OV 

Vee = MAX 
'LS140. 'LS141 

lee Supply current All inputs 
grounded. All 

'LS24Q 'LS241 outputs open. 

* Three-state only. 

** Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

t Typicals at 5.0V Vee and 25°e T A 

3·38 

.7V 
...7V 
.. 5.5V 

....... -65° to +1500 e 

COMMERCIAL 

MIN NOM MAX 
UNIT 

4.75 5 5.25 V 

0 75 °e 

MIN TYpt MAX UNIT 

O.B V 

2 V 

-1.5 V 

-0.25 mA 

40 I1A 

0.5 
V 

0.45 

2A V 

-40 I1A 

40 I1A 

40 
I1A 

100 

-20 -90 mA 

50 70 
rnA 

50 70 



53/63LSXXX 

Switching Characteristics 
Over operating conditions 

tAA(ns) tEA (ns) 
DEVICE ADDRESS ACCESS TIME ENABLE ACCESS TIME 

TYPE 
TYPt MAX TYP MAX 

63LS140/1 38 55 12 30 

63LS240/1 44 60 16 30 

53LS140/1 38 75 12 35 

53LS240/1 44 75 16 35 

tTypicals at 5.0V Vee and 25° eTA· 

80 

70 

60 

ICC-rnA 50 

40 

30 

20 

Typical ICC vs Temperature 
63LS141 
53LS141 

: 
I 

1 

I 
1 

I ~Vee- s.sv 

t-- - r--
---: _L---

1 if ee = 5.2SV-.I 
1 

1 

1 

1 

1 

1 

I -55 1 

-75 -50 ~25 0 25 50 75 100 125 

80 

: 
I 

70 

1 

1 

1 

~ 
60 

TA -AMBIENT TEMPERATURE-oe 

-- rVee = 5.5V 

63LS241 
53LS241 

tER (ns) 
ENABLE RECOVERY TIME 

TYP MAX 

20 30 

15 30 

20 35 
21 35 

Typical T AA vs Temperature 

80 

: 
I 

70 

: 
1 

I 
60 

1 

1 rVee ±10% t--r--
1 

Vee ±5%-..J 1 

1 

40 

30 

1 

I -55 1 
20 

-75 -50 -25 0 25 50 75 100 125 

TA -AMBIENT TEMPERATURE-oe 

80 

: 
I 

70 

1 

1 

1 

I 60 

:::::; :=:::-t---
Vee = 5.25V -.I 

ICC-rnA 50 
tI"-L Vee ±1°% 

TAA -ns 50 
1 

1 

1 
1 

1 

40 

1 "---., 
1 

/ 1 

1 Vee ±5%-' 
1 

40 

1 1 

30 30 

1 1 

-55: 
20 

I -55
1 

20 
-75 -50 -25 25 50 75 100 125 -75 -50 -25 25 50 75 100 125 

TA -AMBIENT TEMPERATURE-oe TA -AMBIENT TEMPERATURE-oe 
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53/63LSXXX 

Standard Test Load 

5V 

OUTPUT o----.-~~...,. )TEST POINT 

30pF 

Definition of Waveforms 

\I 
A 

J\ 

o '" Jr-.. 

IAA 

Address Access Time 

3-40 

Input pulse amplitude 3;OV 
Input rise and fall times Sns from 1.0V to 2.0V 
Measurements made at 1.SV 

~---~( 

E 
___ -1\ J~. '-------

o 
\ J 

\ J 
_IEA- --IER ..... 

Enable Access Time and Recovery Time 



High Performance Registered 
1024x4 PROM 
53/63RA441 

Features/Benefits 
• Edge triggered "0" registers 

• Advanced Schottky processing 

• 4-blt-wide in 18 pin for high board density 

• Lower system package counts 

• Lower system power 

• Faster cycle times 

• 16mA IOL output drive capability 

Applications 
• Pipelined microprogramming 

• State sequencers 

• Next address generation 

• Mapping PROM 

Description 
A family of registered PROMs offers new savings for designers 
of pipelined microprogrammable systems. The wide instruction 
register which holds the microinstruction during execution, is 
now incorporated into the PROM Chip. 

Ordering Information 

MEMORY PACKAGE DEVICE TYPE 

SIZE ORGANIZATION PINS I TYPE MIL I COM 

4K 1024x4 18 I J, N 53RA441 I 63RA441 

Edge Triggered Register 

The PROM output is loaded into a 4-bit register on the rising 
edge of the clock. The use of the term "register" is to be distin­
guished from the term "latch," in that a register contains master 
slave' flip-flops' and the latch contains gated flip-flops. The 
advantages of using a register are that system timing is 
simplified, and faster micro cycle times can be obtained. 

The output of the register is buffered by three-state drivers 
which are compatible with the new low-power Schottky three­
state bus standard. 

Pin Configuration 

53/63RA441 

1165 East Arques AVenue, Silnnyvale, CA94086 Tel: (408)739"3535'TWX:910-339-9229 

MonolIthIc 1!1!1I 
MemorIes Il1JlW 
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53/63RA441 

Absolute Maximum Ratings 
Supply voltage, vee ............................................................................................... 7V 
Input voltage .......................................................................................•...........•. 7V 
Off-state output voltage ................................................................................ " ; . . . . . .. 5.5V 
Storage temperature ...........................•..................................................... .-65° to +150° e 

Operating Conditions 

PARAMETER 
MILITARY 

SYMBOL 
MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 

tsu Address set-up tfme 60 30 

th Address hold time 0 -10 

tw elock. pulse width 25 8 

TA Operating free-air temperature -55 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input . voltage 

Vie Input clamp voltage Vee = MIN 11- -18mA 

IlL Low-level input current Vee = MAX VI = O.4V 

IIH High-level input current Vee = MAX VI = Vee 

Vee = MIN 

VOL Lowclevel output voltage VIL = 0.8V 10L = 16mA 

VIH = 2V 

Vee = MIN MIL 10H = -2mA 
VOH H ig h-Ievel output voltage VIL = 0.8V 

VIH = 2V eOM 10H = -3.2mA 

10ZL Off-state output current Vee = MAX 
Va = .0.5\1 

10ZH Va = 2.4V 

lOS Output short-circuit current* Vee = 5V Va = OV 

Supply current Vee = MAX 
All inputs grounded I MIL 

lee I eOM All outputs 'open 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 

tTypicals at 5.0V vee and 25'C T A 

Switching' Characteristics 
Over Operating Conditions '. -

MILITARY 
SYMBOL PARAMETER 

MIN TYPt MAX 

t Rd elock to output access time 20 35 

tER/tEA Enable to output acce~and recovery time 19 35 

3';42 

COMMERCIAL 

MIN TYP MAX 
UNIT 

4.75 5 5.25 V 

50 .30 

0 -10 

20 8 

0 75 °e 

MIN TYPt MAX UNIT 

0.8 V 

2 V 

-1.5 V 

-0.25 mA 

40 itA 

0.5 V 

2.4 V 

-40 itA 

40 itA 

-20 -90 mA 

120 175 
mA 

120 165 

COMMERCIAL 
UNIT 

MIN TYPt MAX 

20 30 

19 30 



Standard Test Load 

53/63RA441 

5V 

R1 
300n 

OUTPUT o---<~-"",,-+.lTEST POINT 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times Sns from 1.0V to 2.0V 
Measurements made at 1.SV 

Definition of Waveforms 

f - 1 max - iSU+tjid 

ADDRESS 

E~....----------, .. L 
-'---------'-~_Ipd r .... 

OUTPUT r 
'----.,.-~-

CLOCK 
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53/63RA441 

Registered PROMs Impact Computer 
Architecture 
by John Birkner 

Pipelined Microprogrammable Systems 

Microprogrammed processors and controllers can generally be 
classified as either pipe lined or non-pipelined. The difference is 
demonstrated by the microcycle timing diagrams below: 

PIPELINED 

NON-PIPELINED 

I .... MICROCYCLE_I 

INSTRUCTION 
FETCH 

INSTRUCTION 
EXECUTION 

I..----MICROCYCLE----I~ 

Clearly, the benefit of pipelining is that the microcycle time is 
defined by the longer of either fetch or execution times, rather 
than the sum of both fetch and execution times. This gain can 
be as much as 2:1, if fetch and execution times are equal. The 
gain in cycle time is, of course, lost when a branch requires the 
look ahead fetch to be discarded. The ratio of sequential fetches 
to branches varies according to application. In heavily decision­
oriented applications, the ratio may be as low as 3:1. Typically, 
the ratio is 5:1. An example of a pipelined microprogrammed 
processor is shown in Figure 1. 

CONTROLS 

MICRO 
PROGRAM 

PROM 

REGISTER 

MICROCONTROLS 

Figure 1. Plpelined Microprogrammed Processor 

3.44 

Benefits 

Advantages of registered PROMs in pipelined microprogram­
mabie systems are: 

• Lower package counts 

• Lower power consumption 

". Faster cycle times 

In a benchmark system requiring a control store of 64 bits by 
1024 or 2048 words, these benefits are equated to: 

• 8 external register package savings 

• Over 1 amp max ICC reduction (compared to Schottky 
registers) 

• 280mA max ICC reduction (compared to low power 
Schottky registers) 

• 20nsec faster .cycle time (compared to low power Schottky 
registers) 

Structured Logic 

The registered PROM is a structured logic primitive which, along 
with other primitives, can be used as building blocks to define a 
variety of processor and controller architectures. 

The most basic architecture is formed by feeding the outputs of 
a registered PROM back to the address inputs. 

This state machine can sequence from one step to the next as a 
function of present state and test inputs. 

TEST 
INPUTS 

SEQUENCE 
PROM 

REGISTER 

CONTROL 
OUTPUTS 

Figure 2. State Sequencer 



53/63RA441 

A powerful microprogram sequencer can be constructed from 
registered PROMs, as shown in Figure 3. The Next Address 
PROM provides the normal sequence while the Brancll Address 
PROM provides instant availability of an alternate sequence 
when the branch condition is satisfied. The Return Jump RAM 
provides a microsubroutine capability. 

An a-bit microprogrammed computer can be constructed, Figure 
4, using as little as 30 ICs. A 100nsec microcycle is easily achiev-

NEXT 
ADDRESS 

PROM ---
REGISTER 

VECTOR 

able. Instruction decode is accomplished by direct vector from 
a-bit macroinstruction into mic;rospace. Dynamic RAM control 
signals HAS, CAS and WRITE are under direct microprogram 
control. 

The 8-bit computer, Figure4, is a particularly good example of 
how the registered PROM takes its place among RAMs, regis­
ters and buffers as a basic building block in high performance 
microprogram mabie systems. 

BRANCH MICRO 
ADDRESS CONTROL 

PROM PROM 
--- ---

REGISTER REGISTER 

MICRO 
CONTROL 

---
RETURN 

JUMP 
RAM 
(9410) 

MICRO 
IMMEDIATE 

Figure 3. Microprogram Sequencer 

INPUTS 

MICROPROGRAM 
PROM 

REGISTER 

ENABLE 
& 

CLOCK CONTROLS 

OUTPUTS 

Figure 4. 8-BII Compuler 

16K.S 
DYNAMIC 

RAM 
(4116) 

CAS 

WRITE 
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Ti-W PROM 
Programming Instructions 

Device Description 
All of the High Performance Generic Ti-W PROM Families 
are manufactured with all outputs low in all storage locations. 
To produce a high at a particular word, a Titanium-Tungsten 
Fusible-Link must be changed from a low resistance to a high 
resistance. This procedure is called programming. 

Programming Description 
To program a particular bit normal TTL levels are applied to all 
inputs. Programming occurs when: 
1. VCC is raised to an elevated level. 
2. The output to be programmed is raised to an elevated level. 
3. The device is enabled. 
In order to avoid misprogramming the PROM only one output at 
at time is to be programmed. Outputs not being programmed 
should be left open or connected toVCC (4.2v to 6.2v) via 5K 0 
resistors. 

Programming Parameters 

Programming Sequence 
The sequence of programming conditions is critical and must 
occur in the following order: 
1. Select the appropriate address with chip disabled 
2. Increase VCC to programming voltage 
3. Increase appropriate output voltage to programming voltage 
4. Enable chip for programming pulse width 
5. Decrease VOUT and VCC to normal levels 

Programming Timing 
In order to insure the proper sequence, a delay of 100ns or 
greater must be. allowed between steps. The enabling pulse 
must not occur less than 100ns after the output voltage reaches 
programming level. The rise time of the voltage on VCC and the 
output must be between 1 and 10 V/JLs. 

Do not test these parameters or you may program the device. 

SYMBOL PARAMETER MIN 
RECOMMENDED 

MAX UNIT 
VALUE 

VCCP Required VCC for programming 10.5 11.0 11.5 V 

VOP Required output voltage for programming 10.5 11.0 11.5 V 

tR Rise time of VCC or VOUT 1.0 5.0 10.0 V/JLs 

ICCp Current limit of Vccp supply 800 1000 - mA 

lOp Current limit of Vop supply 15 20 - mA 

tpw Programming pulse width (enabled) 9 10 11 JLs 

VCC Low VCC for verification 4.2 4.3 4.4 V 

VCC High VCC for verification 5.8 6.0 6.2 V 

MDC Maximum duty cycle of Vccp 25 25 % 

to Delay time between programming steps 100 120 - ns 

VIL Input low level 0 0 0.5 V 

VIH Input high level 2.4 3.0 5.5 V 

3·46 



Ti·W PROM Programming Instructions 

Verification 
After each programming pulse verification of the programmed 
bit should be made with both low and high Vee. The loading of 
the output is not critical and any loading within the DC spec­
ifications of the part is satisfactory. 

Additional Pulses 
Up to 10 programming pulses should be applied until verification 
indicates that the bit has programmed. After verification an addi­
tional 5 programming pulses must be applied to insure the 
reliability of the programmed bit. 

Board Level Programming 
Board level programming is easily accomplished since only an 
enabled PROM is programmed. At the board level only the de­
sired PROM and output should be enabled. 

Programming Registered PROMs 

The registered PROM is programmed in.the same manner as 
standard PROMs. 

Commercial Programmers 
Monolithic Memories PROMs are designed and tested to 
give a programming yield greater than 95%. If your 
programming yield is lower, check your programmer. It 
may not be properly calibrated. (See figure 1) 

Programming is final manufacturing-it must be quality­
controlled. Equipment must be calibrated as a regular 

PART NUMBER 

MILITARY COMMERCIAL 
SIZE CONFIGURATION 

53S140 638140 
1K 256x4 

538141 638141 

53LS14O 63L8140 
1K 256x4 

53LS141 63L8141 

538240 638240 
2K 512x4 

538241 638241 

53L824O 63L8240 
2K 512x4 

53L8241 63L8241 

53RA441 63RA441 4K 1024x4 

* Program card set is 909-1515-1 for all series DATA/I/O 

t Personality mC?dule is PM9066 for all. PRO-LOG (series 90, 92) 

Programn:-ing Waveforms 

-
•

1 
AOORESS • 

,~:::~r-------'I~ 1_ 
VOP~ II 

OUTPUT ::: ~ I II 
EiiiAiii:E V,H r W.J lJU I I I V,L 10 to to I to to to 

tpw •• t.. P., •. 

to .= 1OOn8 min 
tpw = 9p.& min 11p.8 max 

NOTE: Programming pulse tpw is applied for 5 additional pulses 
after verification indicates a bit is blown. 

Figure 1. 

routine, ideally under the actual conditions of use. Each 
time a new board or a new programming module is 
inserted, the whole system shOUld be· checked. Both 
timing and voltages must meet published specifications 
for the device. 
Remember-The.· best . PROMs available can be made 
unreliable by Improper programming techniqUes. 

SOCKET ADAPTER 
OUTPUT NO. OF PINS DATA I/O PRO-LOG 

(ALL SERIES)* (SERIES 90, 92)t 

oe 
18 

16 715-10.35-1 PA16-1 

oe 
TS 

16 71 s-,1 035-1 PAl6-1 

oe 
T8 

16 71 s-,1 035-2 PAl6-1 

oe 
TS 

16 715-103&,2 PAl6-1 

T8 18 715-1435 PAl8-5 
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Generic ROM Family 
52/62XX-1 52/62XX-2 

Featu .... / .. nefits 
• High bit density up to 16K 

. • PHP Inputs forlow,lnput eurrent 

• High spied Schottky technology 

• Open collector or three state OutpiJ~ 

Applications 
• Charil.r generator 

; • Look u~ iable 

• . Microprocessor program store 

• Microprogram store 

• Random l()glc 

• Code conyerter 

, Generic ROM Selection Guide 

Description 
The 52/6200 series generic ROM family is available in sizes from 
8K through 16K bits, The 8-bit-wide ROMs are available as 1 Kx8 
and 2Kx8 organization, Additional 9-bit and10-bit-wide output 
configurations are available for custom logic or character 
generator applications, 

MEMORY 
PACKAGE 

DEVICE TYPE 
SIZE ORGANIZATION 1 COMMERCIAL MILITARY 

OC , 
, ' 

F24 6280-1 

18 F24 6281-1 

8192 1024x8 
, 00 

J24 
F4-24 6280-2 

TS. " F4-24 6281-2 
OC F24 6282-1 

.L " , IS F24 6283-1 

9216 1024x9 
00' 

J24 
6260-1 

., T8 6261-1 

10240 1024x10 
OC .. 

J24 
6255-1 

I T8 6256-1 
" 

'10368 1152x9 
00. 

J24 
6290* 

TS " 6291 * 

",':'1.' ,:, OC 6275-1 
" 16384 2048x8 18 J24 

6276-1 

*Oe\alled InlQrmation in section 5 (character, generatQrs) 

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910~9-9229 
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5280-1 
5281-1 
5280-2 
5281-2 
5282-1 
5283-1 

5260-1 
5261-1 

5255-1 
5256-1 

5290* 
5291 * 

5275-1 
5276-1 

r.onollt/llc l!1!n 
Wlemor.es uurw 



52/62XX-1 

Pin Configurations 

5216280-1 5216280-2 *5216282·1 
5216281·1 5216281·2 *5216283-1 

1024x8 

*"OR" ENA8LE = E1 E2 + E3 E4 

5218275-1 
52/6276-1 

2048x8 

52/62XX-2 

52/6260·1 
52/6261·1 

1024x9 

5216255-1 
52/6256-1 

1024li10 



Absolute Maximum Ratings 
Supply Voltage, Vee ................................................................................................. 7V 
Input Voltage ....................................................................................................... 7V 
Off-state output voltage ......................................................................... ................... 5.5V 
Storage temperature .......... :.; .............................................. : .. ,.: .. : .... ::: ............. --650 to +15O"e 

Operating Conditions 
-'-" , 

?' > MILITARY COMMERCIAL 
SYMBOL PARAMETER UNIT 

'. , ,.,iN NOM MAX MIN NOM MAX 

Vee Supply voltage >, 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free-air temperatyr~ -55 125 0 75 °e 

Electrical' Characteristics Over Operallng Conditions l, I 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 
t 

VIL Low~level input voltage " 0.8 V , 
VIH High-I~vel input voltage 

: 
2 V ; 

Vie Inpblt clamp voltage " Vee" MIN II " -18mA -1.5 V 

IlL Low-level input-current"··· . Vee" MAX VI" O.45V . -'0.25 mA 

IIH High-level input current Vee" MAX VI " 2.4V ' l 40 p.A 

II Maximum input current Vee" MAX VI " 5.5V 1.0 mA 

MIL IOL = 8mA '75, '76, '80, 
Vee = MIN eOM IOL = 10mA '81, '82, '83 

VOL Low-level output voltage 
VIL = O.BV 0.5 V 

MIL 
IOL = 6mA 

'55, '56, 
VIH "2V 

eOM '50, '61 

Vee = MIN MIL 10H = -1mA 

VOH High-level output voltage . VIL = O.BV 
~ 

.2.4 V 

VIH = 2V eOM IOH = r2inA 

IOZL 
.' Vee = MAX '80, '81, '82, '83, .. "55, '56, '50, '61 -50 

p.A : I'] Vo = 0.5V '75, '76 .'. -100 
Ott-state output current 

Vee = MAX '80, '81, '82, '83,:-~5, '56, '50, '61 50 
IOZH 

Vo = 2.4V '75, '76 i 100 
p.A 

leEX Open collector output current Vee = MAX Vo = 2.4V ~o 100 p.A 

lOS Output' short-ci rcuit 0 cu rrent Vee = 5.OV Vo = OV .; -20 -90 mA 
; 

'55, '60 165 
Vee = MAX, 

'56, '61 175 
0' All inputs " 0 

lee Supply current grounded '82 '83 
) 

o. 

" 113 155 mA 
All outputs 

'80, '81 113 1'55 
I open 

'75, '76 . 190 



52/62XX-1 52/62XX-2 

Switching Characteristics 
Over Operating Conditions 

tAA (ns) 

DEVICE TYPE ADDRESS ACCESS TIME 

MAX 

6255-1. 6256-1 100 

5255-1. 5256-1 150 

6260-1. 6261-1 100 

5260-1. 5261-1 150 

6275-1. 6276-1 110 

5275-1. 5276-1 120 

6280-1. 6281-1 80 

5280-1. 5281-1 140 

6282-1. 6283-1 80 

5282-1. 5283-1 140 

Standard Test Load 

tEA (ns) 

ENABLE ACCESS TIME 

MAX 

70 

80 

70 

80 

40 

50 

70 

90 

70 

90 

5V 

OUTPUT O--+--1r--{e) TEST POINT 

30pF 

Definition of Waveforms 

'if A 

tER (ns) CONDITIONS 

ENABLE RECOVERY TIME (See standard test load) 

MAX R10 R20 

40 

45 

40 
750 1500 

45 

40 

50 

45 

50 
560 1110 

45 

50 

Input Pulse Amplitude 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements made at 1.5V 

''1r----~1 

J~ E 
,~ ----- J\ ______ 

" 
o , 

J\ \ I 
o 

1M f---IEA- :-IER-

Address Access Time Enable Access Time and Recovery Time 
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High Speed 
Character Generators 

Features/Benefits 
.100 ns max. access time 

Applications 
• CRT displays 

• Low power dissipation-500 mW 
• Printing calculators 

.' Standard packaging-18 pin dip/24 pin dip 

• Single 5 volt supply 

• 64/128 characters in one package 

• Open collector or three-state 

Character Generator Selection Guide 

GENERIC CHARACTERS 

PART NO. 
MATRIX SCAN 

NO. TYPE 

6055 5x7 Row 

6056i 64 ASCII 5x7 Column 

6071 7x9 Row 

6061 t 5x7 Row 

6062t 128 ASCII 5x7 Column 

6072 7x9 Row 

6290 
128 Custom 

7x9' Row 

• LED arrays 
• Typesetting 

Description 
The intended application for these devices is the generation of 
64 or 128 ASCII alpha-numeric characters utilizing a read out 
system which generates the characters either horizontally or 
vertically, one word line at a time. 

COMMERCIAL MILITARY 
PKG 

OC TS OC TS 

6055 6155 5055 5155 J18 
6056 6156 * * J24 
6071 6171 * * J24 

6061 6161 * * 
6062 6162 * * J24 
6072 6172 * * 
6290 6291 5290 5291 

J24 
6292 9x9 Row/Column 6292 6293 5292 5293 

* For military versions of these Character Generators contact the factory. 

t "OR" enable = Ei Eli + E3 E4 

Pin Configurations 

6056 (6061) 
6062 

1165 East ArquesAvenue, Sunnyvale, CA 94086' Tel: (408) 739-3535 TWX: 910-339-9229 

(6071) 
6072 

Wlonollthlo. mT!l1 
Wlemorles InJlW 



High Speed Character Generators 

Absolute Maximum Ratings 
Supply Voltage, Vee .. 
Input Voltage. 
Off-state output voltage 
Storage temperature 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

TA Operating free-air temperature 

............ . ......................... 7V 
................. ............................... N 

......... 5.5V 
......... -il5° to +150o e 

MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 
UNIT 

4.5 5 5.5 4.75 5 5.25 V 

-55 125 0 75 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX 

V IL Low-level input voltage 0.8 V 

VIH High-level inputvoltage 2 

Vie Input clamp voltage Vee = MIN II = -18mA -1.5 V 

IlL Low-level input current Vee = MAX VI = O.45V -0.25 mA 

IIH High-level input current Vee = MAX VI = 2.4V 40 /1A 

II Maximum input current Vee = MAX VI = 5.5V 1 mA 

MIL 10L = SmA '55, '56, 
Vee = MIN 

eOM 10L = 10mA '61, '62 
VOL Low-level output voltage VIL = 0.8V 0.5 V 

VIH = 2V 
10L = 6mA '71, '72 

Vee = MIN MIL 10H = -lmA 

VOH High-level output voltage VIL = 0.8V 2.4 V 

VIH = 2V eOM 10H = -2mA 

10ZL 
Vee = MAX '55; '56, '61, '62 -50 

/1A 
Vo = 0.5V '71, '72 -100 

Off-state output current 
Vee = MAX '55, '56, '61, '62 50 

10ZH Vo = 2.4V '71, '72 100 
/1A 

leEX Open collector output current Vee = MAX Vo = 2.4V 100 /1A 

lOS Output short-<:ircuit current Vee = 5V Vo = OV -20 -90 mA 

Vee = MAX Open collector 170 

lee Supply current All inputs mA 
grounded Three state 180 
All outputs open 

5-4 



High Speed Character Generators 

Switching Characteristics 
Over Operating Conditions 

lAA(ns) 
DEVICE ADDRESS ACCESS 

TYPE TIME 

MAX 

6X55, 6X56, 6X61, 6X62 100 

5055, 5155 175 

6X71,6X72 125 

Standard Test Load 

sv 

OUTPUT o--+--.--fe) TEST POINT 

30pF 

Definition of Waveforms 

" A 

J\ 

" o 
J\ 

1M 

Addrell Accell 11me 

IEA(ns) IER(na) CONDITIONS 
ENABLE ACCESS ENABLE RECOVERY (See standard 

TIME 

MAX 

70 

90 

75 

o 

TIME test load) 

MAX R1fl 

45 
560 

50 

40 750 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements Made at 1.5V 

R2fl 

1100 

1500 

Enable· Acc:ea 11me and ReccMtry Time 

5-5 



0 
10 

20 
30 

40 
50 

60 
70 

Example: 

Character Generators 

Tabulation by Octal Select-Code 

. 64 ASCII Characters 

Row Scan 6055, 6071 

Column Scan 6056 

0 2 3 4 5 6 
@ A B C 0 E F 

H I J K L M N 
P Q R. S T U V 

7 
G 

0 
W 

X Y Z [ , ] t--
.. # $ % & 

, 

* + 
, I 

0 1 2 3 4 5 6 7 

8 9 < = > ? 

128 ASCII Characters 

Row Scan 6061, 6072 

Column Scan 6062 

0 1. 2 3 4. 5 6 7 
OL::,.L::,.L::,.L::,.AL::,.L::,.L::,. 

10 L::,.L::,.L::,.L::,.L::,.L::,.L::,.L::,. 

20 L::,.AL::,.L::,.L::,.L::,.L::,.L::,. 

30 L::,.L::,.L::,.L::,.L::,.L::,.L::,.L::,. 

40 " # $ % & , 

50 * + 
, I 

60 0 2 3 4 5 6 7 

70 8 9 < = > ? 

100 @ A B C 0 E F G 

The Character $ is addressed by the octal code 44 
110 H I J K L M N 0 

120 P Q R S T U V W 

Using Column Scan 

130 X y Z [ , ] t 
140 , a b C d e f 9 

150 h j k I m n 0 

160 P q r s u v w 
170 x y z { L::,. 

D. This ASCII code represents a control character. 

For the corresponding display character see the detailed data sheet. 

Generation of the Letter "F" 

Using Row Scan 

r-----------~--~A, 

CHARACTER SELECT: COLUMN 
ASCII CODE FOR "F" NUMBER -Ag AaA7 Ae As A4 A3 A2 A, Ao 

1000110000 

o 0 

o 1 
o 1 1 
1 0 0 

1 0 
1 1 

1000110111 

ROW..sCAN 
CHARACTER 
GENERATOR 

05 04 0302 01 

000000 , ..... 
2.0000 
3.0000 
4 •••• 0 
5.0000 
6.0000 
7.0000 



'. 

ASCII 
INPUT 

ADDRESS 

o 

1"0 '1 

'.:;; 

Os0403<l~ 
00000 

1:} ••• '.'.0, 
• 000. 
8·0 •. 0,·. 
.'0·.8'. 
.08 .• '0 
,.000·0 " 
·0 ..... 

00000 
,.0 a 0". 
,. 0,.0,0:· 
.Oo,p,. ,,, .. ' ... 
• 000._ 
,.00 p .• 
.• DO O. 

00000 
,.00,'0. 
• 000. 
0'.0.0 
oll!'l;'.oo 
:0.0 .• '.0 
,.0,00 .• 
• 0.00'. 

~O 0 0 -o~D : 
:POO;P,p· ' 
o o liP 'J;] '0 
oollEio,p 
'0,000"0 
'0'0,00,0 
o:p OQ El 
00·0 El 0 

'0.00.00 
'0'0 •• 00 
D'.·CLO D . 
•• otoo 0 ' 
.'O.O,oD 
.0'CoE 
0.000 
'008·00 

o J1JJ10I) 
,0,.\.Ii.o 
• 00,0,. 
·.0,0',,·,. 
.);l,8,o. 
... lOo. 
.• 0'0.'0,_ 
0 .... ;0 

qoo'\i'P 0",., •. :0 
,,..o,p o~ 
.,,poq·. 

.D'",".8,0 
,8",;kOJJ,.8 
rtI. 01.0, 08 
"p,,.;8,i(p 

5 x 7 ,Character' Font ,,·50/6055 'j 5·1/8155 

A "Filled In" Square Represents a Low Memory Output 

0504030201 
O.:a,D·oa 

,',0:0'.'0,0 
'0..0.·0 
• OD,D,. 

. ·.,'[l'Oi CJ"a .... '. '.·oooa 
,,1t,0'0'·0·. 

Oo[lPP 
",0 ••• ,0 
',.0 0 ),,',0,,0 
,,00.-'0;0 
,00.,"0.0 
,.0 [J,. 0,,0 
,,60.0,0 
.to ••..• ,0 

,000,00 
o •• ;Il(.q 
• 000'. 
'·.000,. 
.00.0. 
_,D.O.' 
,.'0'0.0 
.0,.,8,0. 

000,0'0 
.• 00.0. 
.:00'0. 
\1,0;.0.0 
~.,o,D. 0 0 
"D.O,. 0 0 
,:,0,0.00 
"o,.o .•• ';oP 

'00'0.0 a 
. ci 0:'",.0,0 
1 . .0,0 iI;lp,O 
:O~Q800 
,.0o,8:Po 
,po,.:po 
,jPD'QO,O 
p:p.oo 

'0:0000 
CTD .,0 D 
"000.0 
o,croo. 

,:0 O!D.'D.,. 
0.0,00.. 

"CTO'oa:o 
,'[1'0.00 

0.00'0.0 
·:(liP·'.co,o 
0 •• 00 
00,8,0;:0 
·00.,0'0 
(008.00 
,\!Del. ;0,0 
"0*8,'" 0 

,'00'000 
,0 .. ·."..0 
.0'f\0,. 

.jI. op,.oc8 
,·0 .. · .... 
,.p;;o:p"Q.,. 
pp.oltp 
.",,,. .• !:tP 

o 1 '0 

0504030201 
00000 
'."i •• ,O 

' .• O'OU:,. 
,·.000. " •••• ,'0 'i. 0 0 IY. 
• 000'. 

.' •• ·.·0 
00000 
0:0 D.O. 
00.00,. 
DO 00, .• 
00.0 n·. 
0'0 0 O';a 
•. DO D!iII 
'(k-; •• '.,to 

00000 
, ...... :£1 
• 0.0'0 .• 
• O,1il O. 
•• , •• 0 
• 0 ...• el{] 

,.0,0'.0 
.00 Q'. 

00000 .' .. : .. 0.0 DO. 
ODD ... 0 
PoJI"OO 
0;,8000 
'11.00,0:0 ••••• • 
·000'00 
0,.·0.0 
p,:Ii;j::J,.o 
o ."p !liP 
'0,,;),0,,0 {] 
po;Ooo 
o·O,P,.OiO 
oop 00 

0'.0000 
0;'0.0.0 
.'0. uF. 
0, •• ··.0 

,DO .'o,n 
.0., •• 0 '.,0·. en. 
p.O .·!fI:O ~ 

~.-o'O::mO' ~ 
PcB:,II: .• .D l 
11.0:1',(.-0; • 
0,1'1 on. 
O:., •.• 'I!'! 
• ,B;eJJ:l'O 
.Olllo:0 .... '. 
° OOJ1l,O 
O@OO:El 
opoOIjl 
'0 Q.;II,Iil 0 
,o,o'OO',(p 
'OEl,. 0 0 
'000:00 
;oi¢l'fubo 

o 1 ,.1 

050 4030301 
0.0,000 

'CHI'.,. 0 
:.:,.·.CTO D .• 
.CoOO 
.001Ji0 
.'000.0 

'".0'00. 
,0,.'.·.0 

0'00.00 
,.o:(]o,. 
.,00.,0 .Q. p·O 
,S.· 0'0.0 
'.0 •. 0 0 
.'0'0.,0 -w- 0 0 01 .• 

00000 
0.,· •• '0 
,.'000:. 
• 000.0 
'0,.-,;",:0 
:po 0,0 • 
·.'PQob8 
0"'.',.0 

0'000.0 
, .• ,~.:8 
..8,00':0 
•.• :D;;O:D 
,a. o~,o 
•• ·.·0,00 
• •. 000JJ ,JI,,8'.i'·. 
Oo·o'pp 
0,\11:,.0""0 
o.':O,JII0 ,I.:;a::,·.· 

,0; •. 0.· .• 0 
;., ..... ;11' .• 
0i8 0.'0 
0. 011:0 

o D'O'O 0 
00000 
'0 0e..8,0 ° 
00.'00 ... , .. ,. 
0'0.0'0 
O:o'.rOO 

:.D DO D',O 

00:000 '.'."'.,. 00'0'08 
[J"OO.'O 

·0,[l1;ll,.0 
,.p,uo·o:. 
:8 0'0.,0,11 
.O .... I!J 

,0.0;1il'O 0 
o D O.OG 
f;HlElQ'O 
OC'li!lP Q 
'000 [J,O 
·O;I;:b.oo 
'IOO"'D'O 
O":i:i;D'¢ 

o i 

050 40302D1 
DO 0:.0 0 .,.·.:.D 

,' •. '000'. 
" •. 000. 
!lXl o';a. 
".0.00',. 
• ci 0'0 • .".:.,0 

·00000 
.:.·oon'o 
,A0000 
..• DO 0 0 
,.,000 0 
• 0000 

.• 000,.0 ., ..... , .. 
D,O 0 0·0 
";\p, •.• 
,.n.n, • 
',0 0·.0,0 
O,Xl .:0:0 
,Oo.p;p 
00.0,,0 

1:1·'0.0,0 

:D,:Oo D.O 
,0.iJ'.0;:o ,p 
"·I;J·DOo 
'0,.'00'0 
00.'0.0 
DO.P. P 
OODP, • 
P;OD';O;O 

'PC 0.0.0 
0.0.:.0"0 
D.: ••• ,.p'. 0 0 
0 •• '.0 
00.011 
•••• 0 
O·D. D'O 

000 0.0 
000 D,o 
.1Do,DOO 
O,P'OJ!ll 0 
OOoOD 
0:El.0 0 
00.00 
O'.,ID.O 0 

0.0000 
D.,Cl;fl.D 
,cl:o' .•• ,0 
£HII'O:·.o 
;.:SC'IIO . ., ... 
poq •. o 
:0'0,,1,1.'0 

o ,1;l:PQ'D 
O.O!O:.fl 
0131100 
!;:I8000 
:II£;IQ ,D.D 
OIlP:oO 
.!:lO""D,D 
,t;LO o .• D' 

.1 o 

050 4030 201 
.. 00000 ... , ... 
,.:00;;00 
, .• ,'0',0 0;,0 
, ... ~ 
, .:ClcO"D .0 
: .• O·oQ'D 
' ..... ,. 
0000·0 
.'OU,o. 

' •.•. 0 •• 
.• D.O. 
.0·80. 
80· .• 0. 
• Q,P O. 
.'OUO·. 

ODOqO 
11:,0 .. 00. 

.',.·O·OO:!II 
".0 ~O, • 
.!II 0,0~0. 
... '0 DO. 
,'iliODO!ll 
,"0 .• ::lIe. 0 

o oO'IOP 

••••••• 
0.0',0 !II, • 
.O'P 0, .•• 
00,'0 •• 

,DO D •.• 
00,'0., .• .., ... 
OO:D DO 

, •• A:l·0 0 
•• ,00 .• 
0 0 ',0 •. 0 
0,0 .• DO 
O.,o'OD 
'110'0 •• 
o O·D'.,. 

O.OoD,O 
oO·I;lOo 
D.(IIpo O. 
I1lp DO 0 

••••• 0,0000 
0000,0 
0000[!) 

:00,0 Q,O 

•••••• :.0,.0.00 
• •.•• 'Q 
'0·0,00. 
'0 U'El 0'. 
.00;0'. 
0:8 •• '0 

o.uo·om 
o,o.ono 
'O,IiJOO~ 
.•••• i'. 
:OD'O'PO 
: •• 'a •• 
·O·O,EIOD 
OO~:j;J!.o , 

:1 o 

050 4030201 
0'0:000 . .... , .. 

".'0000 
,'.0000 
·•· ••• ,0 .• 
.·"\I:l~D D~·D'·', 

'.'00.0'·0 
".'0,0'00' , 

00000 
:,:.000. 
~,.onQ,., 

:' •• 0 Q.:, 
',.0,11\0 • 
· •. 00.· • 
;.000. 
~. DO D'., 

pOOOO 
.,,0,.0. D.,. 

ji. O ·OO.' 
.0013:· 

,o.o:.d 
'0.0.0,' 
o O,.qq, 
oD.O"O 

0000,0 
'",0 O'G.O·.O. 
,.:n' 0 0 pop , 
0.0 iJ?OG 

.0.:8.,110, 
,.;o'o,:(] .. 
,,0'0 0 O;[J·., 
:):J.O OO,p 

OODOO 
:0 •. 0 an, 
:. oa O.D. 
·;II:o.ao> IT. 0:0.0:' 
.0.'0'., 
.o'n •. Q 
0 •• 0.' 

00.00:'0 g g;g:g g:.: , 
'00 0 O;Q; 
O'O·OO"D 
0'.00,0'0 
00:0,,00 
00:.00,:.' 

0'000,0 
,0:0.: •• '.'. 
,O.O·O.D .. 
,.1l'J 0 0,.0,,' 
" •• ~; •.• D~' 
,;11:00,·0·;.· 
'000, • 
o .'.,. .0: :' 

OO'ooP 
0' .• ,0 lJ 0 

,00.:.0,0 
.0D'0.·,:Q., 
O,l;l$J:P .i. 
,o,o;o .• "p,\' 
:,0:08' P'iIl, " ' 
o: •. Q:Po> 

0504030 301 
00000 
D •••• 
.11000· 
".0000 
,.0000 
.00 •• 
.000. 
D •••• , 

00000 
0 ••• 0 
.000. 
.000. 
.0;;0 D'. 
.000. 
.000. 
0 ••• 0 

00000 
.000. 
.000 • 

:g~.g: 
.0.0. 
.0.0. 
0.0.0 

00000 
00000 
00000 
DO i;J 0.0 
00000 
00'000 
00000 

• •••• 
00000 
00.00 
00.00 

gg~gg 
00000 
00000 
00000 

00000 
00000 
DODO • 
i;J00.0 
DO'. DO 
0.000 
.0000 
00000 

00000 

• •••• 0000. 
oopo. 
000.0 
00.00 
0.000 
.0000 

00000 
0 •• 80 
.000. 
I;JOEl08 
00 •• '0 
00800 
00000 
00800 



5 x 7 Character Font 6056 6156 

A "Filled In" Square Represenls a Low Memory Output 

ASCII AS A4 A3 
INPUT 0 0 0 0 0 1 0 1 0 0 1 1 1 0 0 1 0 1 1 1 0 1 1 1 

ADDRESS 

00000 00000 00.000 00000 00000 00000 00000 00000 
0,0 ••• 0 '00.00 •••• 0 0 ••• 0 ••• •. 0 ••••• ••••• D •••• 

As A7 AS °2·000. 0.0.0 • 000. • 000'. .000 • .0000 .0000 .000 • 
03.0.0. .000. .000. .0000 .00 O. .0000 .000'0 .0000 

0 0 0 04.0 ••• .000. •••• 0 .0000 ..000 • •••• 0 •••• 0 .0000 
05.0 •• 0 ••••• .000. • 0000 ..000 • .0000 .0000 .00 •• 
0 •• 0000 • 000. .000. • 0.00 • .000 • .0000 .0000 .000. 
<ITo •••• .·'000. • ••• 0 0 ••• 0 •••• 0 ••••• .0000 D •••• 

00000 00000 00000 00000 00000 00000 00000 00000 
0,.000. '0 ••• 0 DODD. .000. .0000 • 000. .000 • 0 ••• 0 
Oz.OOO. 00.00 0000. .00.0 .0000 •• 0 •• .000 • .000 • 

0 0 1 03.000. Od.oo 0000. .0.00 • 0000 • 0.0. ..00 • .000. 
°4 ••••• 00.00 0000'. •• 000 .0000 • 0.0. .0.0 • .000 • 
°5.000. 00.00 0000. .0.00 • 0000 • 0.0. .00 •• .000. 
0 •• 000. 00.0'0 11000. .00.0 .0000 • 000. .• DO O • .000. 
°7.000. 0 ••• 0 0 ••• 0 • 000. • •••• • 000. .000 • 0 ••• 0 

00000 00000 00000 00000 00000 00000 00000 00000 
0, •••• 0 b ••• o •••• 0 0 •• ·.0 ••••• .000 • .000·. .000. 
02. 00 0. • 000. • 000 • • 000. .0.0. .000 • .·000 • .000 • 

0 1 0 °3·000. • 000. .000. • 0000 00.00 .000. .000 • .000. 
04 •••• 0 '.000. •••• 0 0 ••• 0 00.00 .000 • O"D.O .0.0. 
°5.0000 .0.0. .0.00 DODD .. 00.00 .000. 0.0.0 .0.0. 
°s.OOOO .00.0 .00.0 • 000. 00.00 .000 • 00.00 .0.0. 
°7.0000 0."0. .000. 0 ••• 0 00.00 0 ••• 0 00.00 0.0.0 

00000 00000 00000 00000 00000 00000 00000 00000 
0,.000. • 000,. ••••• •• •••• 00000 ••••• 00000 00000 
02. 000 • .000. 0000. •• 000 .0000 000 •• 00000 00000 

0 1 1 °30.0.0 0.0.0 000.0 •• 000 0.000 000 •• 00000 00000 
0400.00 00.00 00.00 •• 000 00.00 000 •• 0 ••• 0 00000 
°50.0.0 00.00 0.000 •• 000 000.0 000 •• .000. 00000 
°6.000. 00.00 .0000 •• 000 0000. 000 •• 00000 00000 
<IT.OOO. 00.00 ••••• . .' ... 00'·000 • •••• 00000 ••••• 

00000 00000 00000 00000 00000 00000 00000 00000 
0,00000 00.00 0.0.0 0.0.0 00.00 •• 000 0.000 00.00 
02 0000 0 00.00 0.0.0 0.0.0 D •••• •• 00. .0.00, 00.00 

1 0 0 0300000 00.00 0.0.0 ••••• .0.00 000.0 .0.00 00.00 
0400000 00.00 00000 0.0.0 0 ••• 0 00.00 0.000 00000 
0500000 00.00 00000 ••••• 00.0. 0.000 .0.0. 00000 
°SOOOOO 00000 00000 0.0.0 •••• 0 .00 •• .00.0 00000 
<ITo OLl 0 0 00.00 00000 0.0.0 00.00 000 •• 0 •• 0. 00000 

00000 00000 00000 00000 00000 00000 00000 00000 
0,00.00 00.00 00.00 00000 00000 00000 000'00 00000 
OzO.OOO 000.0 .0.0. 00.00 0000'0 00000 00000 0000. 

1 0 1 03. 0000 0000. 0 ••• 0 00.00 00000 '00000 00000 000.0 
04. 0000 0000·. 00.00 • •••• 00000 ••••• 0000'0 00.00 
°s.OOOO 0000. 0 ••• 0 00.'00 00.00' 00000 00000 0.000 
°e O • OOO 000.0 .0.0. 00.00 DO. 0·0 00000 00000 .0000 
°7 00 • 00 00.00 00.00 00000 0.000 00'000 00.00 00000 

00000 00000 00000 00000 00000 DO 0'0 0 00000 00000 
0,0 ••• 0 00.00 0 ••• 0 •••••• o Q,Q. 0 ••••• DO ••• ••••• 
Oz·OOO. 0 •• 00 .000. 0000. QO •• O .0000 0.000 0000. 

1 1 0 03.00 •• 00.00 0000. 000.0 '0.0.0 • ••• 0 •. Q 0 00 0000 • 
°4.0.0. OO.QO 0 ••• 0 00 •• ·0 .00.0 0000. •••• 0 000.0 
0 ••• 00. 00.00 .0000 ·000 O. ••••• DODD .• .000. 00.00 
0 •• 000. 00.00 .0000 .000. 000.0 • 000. .000 • 0.000 
<lTo ••• o 0· ••• 0 ••••• O •• '. 0 000.0 O ••• 0 0 ••• 0 .0000 

00000 00000 00000 00000 00000 00000 00000 00000 
0, 0 ••• 0 0 ••• 0 00000 00000 000.0 00'000 0.000 0 ••• 0 
Oz·OOO. .000. 00000 00000 00.00 00000 '00.00 .000 • 

1 1 1 Os·OOO. • 000. 00.00 00.00 0.000 ••••• 000.0 0000 .• 
040 ••• 0 0 •••• 00000 00000 .0000 00000 00'00. 00 •• 0 
0 •• 000. 0000. 00.00 00.00 0.000 ••••• 000.0 00.00 
0 •• 000. 000.0 00000 00 .• 00 00.00 O"GO 0 0 00.00 00000 
°7 0 ••• 0 ••• 00 00000 0.000 000.0 000'00 0.000 00.00 
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7 x 9 Character Font 6071 6171 

A "Filled In" Square Represents a Low Memory Output 

ASCII AS AS A.t 
INPUT 0 0 0 0 0 1 0 1 0 0 1 1 1 0 0 1 0 1 1 1 0 1 1 1 

ADDRESS 
O~60504030~1 O~60504030~1 O~60504030~1 O~605040~201 O~e0504030~1 070e05040~~1 ~605040~~1 O~e0504030201 
00 •••• 0 000.000 ••••• 00 00 •••• 0 ••••• 00 ••••••• ... -.... 00 •••• 0 
0.0000. 00.0.00 0.000.0 0.0000. 0.000.0 .000000 .000000 0.0000. 

Ag AS A7 
• 00 •• 0. 0.000.0 0.0000 • • 000000 0.0000 • .000000 .000000 .000000 
.0.0.0. .00000. 0.000.0 .000000 0.0000. .000000 .000000 .000000 

0 0 0 .0.0.0. • 00000. 0 •••• 00 .000000 0.0000 • ••••• 00 • •••• 00 .000000 
.0 ••••• ••••••• 0.000.0 • 000000 0.0000 • .000000 .000000 .000 ••• 
• 000000 .00000. 0.0000 • .000000 0.0000. .000000 .000000 .00000. 
0.0000. .00000. 0.000.0 0.0000. 0.000.0 .000000 .000000 0.000 •• 
00 •••• 0 .00000. ••••• 00 00 •••• 0 ••••• 00 ••••••• .000000 00 ••• 0 • 

• 00000. 00 ••• 00 000000. .00000 • • 000000 .00000 • .00000 • 00 ••• 00 
.00000. 000.000 000000. • 0000.0 .000000 • 00000 • .00000. 0.000.0 
.00000. 000.000 000000. .000.00 • 000000 •• 000 •• ..0000. .00000 • 

0 0 1 
.00000. 000.000 000000. .00.000 • 000000 • 0.0.0 • .0.000. .00000. 

••••••• 000.000 000000. .0.0000 • 000000 .00.00 • • 00.00 • .00000 • 
.00000. 000.000 000000. •• 0.000 • 000000 • 00.00 • • 000.0 • .00000 • 
.00000. 000.000 .00000. • 000.00 .000000 • 00.00 • • 0000 •• .00000 • 
.00000. 000.000 0.000.0 .0000.0 • 000000 • 00000 • .00000 • 0.000.0 
• 00000. 00 ••• 00 00 ••• 00 • 00000. ••••••• .ODDDO • .00000 • 00 ••• 00 

•••••• 0 00 ••• 00 •••••• 0 00 .•••• 0 ••••••• .00000 • .00000. .00000 • 
• 00000. 0.000.0 .00000. 0.0000. .00.00. • oooooi .00000. .00000 • 
.0000 • .00000. .00000. • 000000 000.000 .00000. .00000 • .00000 • 

0 
• 00000. .00000. • 00000. 0.00000 000.000 .00000. 0.000.0 .00000 • 

0 1 •••••• 0 .00000. •••••• 0 00 ••• 00 000.000 .00000. 0.000.0 .00.00 • 
• 000000 .00 .• 00. • 00.000 00000.0 000.000 • 00000 • 0.000.0 .00.00 • 
• 000000 • 000.0. .000.00 000000 • 000.000 .00000. 00.0.00 .00.00 • 
• 000000 0.000.0 .0000.0 .0000.0 000.000 0.000.0 00.0.00 .0.0.0 • 
.000000 00 ••• 0. .00000. 0 •••• 00 000.000 00 ••• 00 000.000 0.000.0 

.00000. • 00000. ••••••• • •••••• 0000000 ••••••• 0000000 0000000 

.00000. • 00000. 000000. ..00000 .000000 00000 •• 0000000 0000000 
0.000.0 0.000.0 00000.0 •• 00000 0.00000 00000 •• 0000000 0000000 

0 1 1 00.0.00 00.0.00 0000.00 •• 00000 00.0000 00000 •• 000.000 0000000 
000.000 000.000 000.000 •• 00000 000.000 00000 •• 00.0.00 0000000 
00.0.00 000.000 00.0000 •• 00000 0000.00 00000 •• 0.000.0 0000000 
0.000.0 000.000 0.00000 •• 00000 00000.0 00000 •• .00000 • 0000000 
• 00000. 000.000 .000000 •• 00000 000000. 00000 •• 0000000 0000000 
.00000. 000.000 ••••••• • •••••• 0000000 ••••••• 0000000 ••••••• 
0000000 000.000 0.00.00 00.0.00 00.0.00 0.00000 0 •• 0000 000 •• 00 
0000000 000.000 0.00.00 00.0.00 0 •••••• .0.000. ..00.000 000 •• 00 
0000000 000.000 0.00.00 ••••••• .0.0.00 0.000.0 .00.000 000.000 
0000000 000.000 0.00.00 00.0'.00 .0.0.00 0000.00 0 •• 0000 00.0000 

1 0 0 0000000 000.000 0000000 00.0.00 0 ••••• 0 000.000 0 •• 0000 0000000 
0000000 000.000 0000000 00.0.00 00.0.0. 00.00'00 .00.0.0 0000000 
000000'0 0000000 0000000 ••••••• 00.0.0 • 0.000.0 .000 •• 0 0000000 
0000000 0000000 0000000 00.0:.00 •••••• 0 .000.0. .0000.0 0000000 
0000000 000.000 0000000 00.0.00 00.0.00 00000.0 0 •••• 0. 0000000 

0000.00 00.0000 000.000 0000000 0000000 0000000 0000000 0000000 
000.000 000.000 .00.00. 000.000 0000000 0000000 0000000 000000. 
00.0000 0000.00 0.0.0.0 000.000 0000000 0000000 0000000 00000.0 
00.0000 0000.00 00 ••• 00 000.000 0000000 0000000 0000000 0000.00 

1 0 1 00.0000 booo.oo 000.000 ••••••• 0000000 ••••••• 0000000 000.000 
00.0000 0000.00 00 ••• 00 000.000 0000000 0000000 0000000 oo.rClOO 
00.0000 0000.00 0.0.0.0 000.000 000.000 0000000 0000000 o!::ooooo 
000.000 000.000 .00.00. 000.000 000.000 0000000 0000000 .000000 
0000.00 00.0000 000.000 0000000 00.0000 0000000 000.000 0000000 

00 ••• 00 000.000 0 ••••• 0 0 ••••• 0 0000.00 ••••••• 00 ••.•• 0 • •••••• 
0.000.0 00 •• 000 .00000. .00000. 000· •• 00 • 000000 0.0000 • 000000 • 
• 0000 •• 0.0.000 000000. 000000. 00.0.00 .000000 .000000 000000. 
.000.0. obo.ooo 00000.0 000000. 0.00.00 .000000 .000000 00000.0 

1 1 0 .00.00. 000.000 00 ••• 00 000 ••• 0 .000.00 •••••• 0 .0 •••• 0 0000.00 
.0.000. 000.000 0.00000 000000. .000.00 000000. •• 0000. 000.000 
•• 0000. 000.000 • 000000 000000. ••••••• 000000 • .00000. 00.0000 
0.000.0 000.000 • 000000 .00000. 0000.00 .00000 • .00000. 0.00000 
00 ••• 00 0 ••••• 0 •••••••• 0 ••••• 0 0000.00 0 ••••• 0 0 ••••• 0 .000000 

0 ••••• 0 0 ••••• 0 0000000 0000000 00000.0 0000000 0.00000 0 ••••• 0 
• 00000. .00000 • 0000000 0000000 Oboo.oo 0000000 00.0000 .00000. 
• 00000. .00000 • 0000000 0000000 000.000 0000000 000.000 000000. 

1 
0.000.0 .0000 •• 000.000 000.000 00.0000 ••••••• 0000.00 000000. 

1 1 00 ••• 00 0 •••• 0. 0000000 0000000 0.00000 0000000 00000.0 0000 •• 0 
0.000.0 00000·0. 0000000 0000000 00.0000 0000000 0000.00 000.000 
.00000. 000000. 000.000 000.000 000.000 ••••••• 000.000 

~~~~~~~I .00000. .0000.0 0000000 000.000 0000.00 0000000 00.0000 
0 ••••• 0 0 •••• 00 0000000 00.0000 00000.0 0000000 0.00000 000.000 



5 x.7 Character Font,80818181 

A "Filled In'" Square Representli 'a Low Memory Output 

ASCII ASA4 A3 
INPUT Cl 0 0 0 0 1 0 1 0 0 1 1 1 0 0 1 0 1 

ADDRESS 

050~030301 Os04¥201 . Os04030201 OSC?403~01 os040 30 301 050 4030 201 
BOOOo 00000 000.00 00000 0000'0 00000 

••••• ....... 00.00 DO rfo • • 0"00'0 ........ 
Ag As A7'A6 .000. .0000 00.00 .00.00. .0.00 • odo. 

.000. • 0000 00.00 0000 • O •• QO •• 0 •• 
0 0 0 

" 
0 • 000. ..0 DO 0 00.00 DODD • 00.00 .Q.O. 

.000. .0'0'00 00.00 0000. 00 •• 0 •• 0 •• . , 

.000. .0000 00.00 0000 .• 00.0. 1I0do • 

••••• .0000 • ••••• ••••• 0~~-8" • ••••• (NUL)* ,. (SOH)* (ETX)* (ENQ)* 

ooodo 00000 00000 0'0000' Doodo 0.00 DO 
••• 00 •• 000 ...... .0.0 .• 00000 :0'0.0 •• 
•• 000 b' oO.OQ 00000, .0.0. .0.0 • 00.00 

0 0 0 1 .,0.0 c;J k 000.,0 0,0000 • q.o'. .•. 0. D. 0.,000 
000.0 ••••• •••• I! '.0.0. '0" •• 0 • ••••• 000.0 000.0 00000 0 ••• 0 •• 0. O. 0.000 

I"~ ,0 0 0 O. 00.00 1··00000 0 ••• 0 0 ••• 0 00.00 
DODO" •• 000 ••••• 00.00 00.00 000'.,. 

(BS) * (HT)* (Lr;)", (VT)*, (Fr;)'" (CR) * 

00000 00000 'ig,~ ~ ~ g oodoo 00000 00000 

" ••••• 0 ••• ,0 0 ••• 0 ,0 ••• 0 0000. 
• 000. •. 0.0' • • 000. • 000. .0.0 • 0000 • 

0 0 1 0 • 000. .0.0. .000. '.0'00. .0.0: • 000.1;! 

••••• • 0., •• • I;! ••• ••• 0 • • •• 0 • 00 ••• 
• 000. • 0Do • .0.0. .0'.0. .000. .0.1;!0 
.0 I;! 0'. .000 .• • 0 .• 0. .0.0. .0,00 • ' .0.00 

••••• o •• ~D 0" •• 0 0 ••• 0 ):] ••• ,0, p.OOO 
(DLE)'" • ,(OCt)* (DC2)*' (D<:3) * (Dc4) * (NAK)'" 

00000 00000 00000 00000 00000 opOoo 

••••• 00.00 0 ••• 0 0 ••• 0 ••••• ••••• .000. ,00.00 • 000. .000. .0.0. .000 • 

0 0 1 1 0.0.0 ,·00.00 • 0000 .000. •. I;!.O. •. 0.0 q • 
00.00 .0 ••• 0 0.000 ••••• · ••• 0. ••• 0. 
0.0.0 .00.0 CJ 00.00 • 000. .000. • D·. o • 
.000. ,00.00 00000 .000. • 000. ' •. 0. D. 

••••• QO.OO DO .,0 0 0 ••• 0 ••••• ••••• (CAN) * (EM)'" (SUB)*, (ESC,,,, (FB)* (OS) * 
I 

00000 0000'0 00000 00000 00000 00000 
00000 00.00 0.0'.0 0.0.0 00.00 •• 000 
00000 00.00 0.0.0 ,0.0.0 D ••• ,. •• ooi 

0 1 0 0 00'000 0·0.00 0.0.0 ••••• .0.00 000.0 
00000 00.00 00000 0.'0.0 0 ••• 0 00.00 
'00000 00.00 00000 ••••• 00.0. 0.000 
00000 '00000 000'00 0 ..• 0.0 •• · •• 0 .00. •• 
00000 CJO.oo OOClOO 0.0.0 00.00 DOD •• , 

... 
00'000 00000 00000 00000 OOBOO CJoooo 
00.00 00.00 0.0.00 0 .. 00'00 00000 00.000 
0.000 0.00.0 .0.0. 00.00 DOl;! 0.0 0;..0 Q 0 0 

Q 1 0 1 .0000 DODD. 0 ••• 0 00.00 00000 QoOoO 
.0000 ,Cl DO 0,. 00.00 ' ..... 00000 ••••• .0000 00.00. '0.' •• 0 00.00 00.00 00000 
0'.000 000.0 .0"0. 013.00 '·00.0'0 00000 
00.00 00.00 00.00 001;!00 0.000 00000 

00000 00000 0000,0 0,0 DO 0 ,OOOl;!o 00000 
0 ••• 0 00.0,0 0, ••• 0 ••••• 000.0 ••••• • 0.00. 0 •• 0'0 .0OI;!;. DODD • '00 •• 0 • ,DOl;! 0 

0 1 1 0 • 00 •• 00.00 0001;!. 000.0 0.0.0 • ••• I;! 
.0.0. 00.00 0 •.•• 0 00 .•• Cl .'0'6 •. 0 01:100.0. 
•• 00. 00.00 ..0'000 0000 • ••••• o·q,o,O • 
• 000. 00.00 .0000 • '0 I;! O. '00,0.0' .000. 
O ••• Cl 0 ••• 0 ••••• 0 .••• 0, oooil.o 0 ••• 0 

,-

00000 00000 .00 .. 000 qOOOo 00000 .00.000 
0 ••• 0 D .••• 0 00000 00000 000.0 00'000 
• 000. .00'0 •. 00000 00000 00.00 0'0'0'00 

0. .1 1 1 • 000. •. 000 • 00 .• 00 00.00 0.00.0 ••••• 
" 

0 ••• 0 D •••• 00000 00.000 .0.000 [.:00 DO 0 
',t •. 000. 0000 • 00.00 00.00 0.00,0 , ....... 

.0.00. 000.0 00'000 00.00 00.00 00000 
0 ••• 0 ••• 00 00000 0.,000 '000.0 00000 

..... .. .. 
*The letters in parenthesis identify the control code corresponding to the appropriate pictorial represention, 

These representations were obtained from the USASI X 3,2 Code Practice Manual. 

~: 

5·10 

1 1 0 1 1 1 

os04030201' 050403~01 
00000 00000 
0000 • 00000 
0000 • 00000 
000.0 0 0000 
DO D .• 0 0 ••• 0 
,.0. DO .0·0 O. 
• 0.'(1.0 .000 • 
O ..• OO·B ••••• (ACK) * (BEL)'" 

00000 00000 
oi •• o 0 ••• 0 
.000. .000. 
..0." .000 • 
• 0l!0. .0.0 • 
•• '0 •• .000. 
• oqo. .000 • 
0 ••• 0 0 ••• 0 

(SO)* ' (SI) * 

00000 00 do 0' 
D .••• I;! DODD. 
'0. D. 0 DODD. 
I;!.I;!.O DODD. 
0.0.0 • •••••• 0.0.0 00'00 • 
0.0"0 DODD. 
•• 0 •• DODD • 

(SYN,* (ETB) * 

,00000 00000 

••••• • •••• • 000 .• .0.0 • 
.000 • .0.0 • 
.0 ••• .0 ••• 
• ,0.,0. .000 • 
.• D. O • .000 • 

• ••••• • •••• 
(RS) * (US) * 

00000 00000 
0.0.0 0 00.00 
.0.00 00.00 
• D,. 0 0 00.00 
0.000 00000 
.0.0. 00000 
.,,0 O. 0 00000 
0 •• 0. 00000 

: 

O,OOQ.O 00000 
00000 00000 
oodoo DODD. 
000'00 000.0 
0.0.000 '00.00 
00000 0.000 
0000 0 .0000 

. 00.00 00000 

00000 00000 
00 ••• • •••• 0 •. 00 I'J DODD. 
.0000 DODD. 
• ••• 0 000.0 
'.000 .• 00.00 
.000 • 0.000 
0 ••• 0 .0000 

0,0000 00000 
'olllioo.o 0 ••• 0 
00.00 .000. 
000.0 DODD. 
0.0'0 d. DO' •• 0 
',000.0 00.00 
00.00. 00000 
0.0.00 ' 00.00 



5. 7 Character Font 6061 616.1 

A ~Fllled In" Square Represents a low Memory Output 

ASCII As A4 A3 
INPUT 0 0 0 0 0 1 0 1 0 0 1 1 1 0 0 1 0 1 1 1 0 1 1 1 

ADDRESS 
0504030201 050 40 30 301 050 ;'030201 050 40 30301 05040 30201 050 4030201 050 4030201 0504030 201 
00000 00000 00000 00000 00000 00000 00000 00000 
0 ••• 0 00.00 •••• 0 •••.• 0 •••• 0 ••••• ••••• 0 ••• 0 

A9 As A7 Ae .000. 0.0.0 .000. '.000. • 000 • .000'0 .0000 .000 • 

1 0 0 0 .0.0. • 000. .000. .00'00 .000. .000.0 .00'00 lI oOOO 
.0 ••• .000. • ••• 0 .• 0000 .000 • •••• 0 • ••• 0 .0000 
• :0 •• .0 ••••• • a 0 0.' .00.0 0 .000. .0000 .0000 .00 •• 
• 0000 .000. .000. ..00 O. .000. • 0000' . .0.00.0 .000. 
0 •••• .000. •••• 0 0 ••• o· •••• 0 ••••• .000 .• 0 0 •••• 

00·000 '00000 00000 00000 ":000.0'0 0000.0 00000 00000 
.000. 0 ••• 0 0000. .000. .0000 .000. .o.on. 0 ••• 0 
• 000. 00.00 0000. .00.0 .0000 •• 0 •• .0:·00. .000 • 

1 0 0 1 .000. 00.00 ·0000. .0.00 • 0000 .0.0. ..00 • .000. ••••• • 00.00 0000. ..000 • 0000 .0.0. .0.0 • .000 • 
• 000. 00.00 0000. .0.00' • 0000 .0.0. .00 •• .000 • 
.000. 00.00 .0'00. • 00.0 • 0000 .000 • .000 • .000 • 
• 000. '0 ••• 0 0 ••• 0 .000 • .. ' ... • 000. ',.000.' 0 ••• 0 , 
:0,00 0 0 00000 00000 .000 po 000'00 0:0000 00000 00000 
•••• 0 0 ••• 0 •••• 0 0 ••• o· •••••• .'000. .000 • .000. 

1 0 1 0 
• 0.00. • 000. • 000. • 000 • .0.0. .000 • .'000 • .000 • 
• 000. • 000. • 000 • • 00PO 00.00 •. 000 • •. 000 • .000 • 
•••• :0 .000. •••• 0 0 •••. 0 00.00 .000. 0'.0.0 <'.0.0. 
.0000 110.0. .0.00 0000 • 00.00 .000. 0.'0'," 0 ..0.0. 
,,0. 0 00 • 00.0 .oo.'p ".000. 00.0,0 .000. 00.00 .0.0. 
• 0000 0 •• 0. '.00'0 • '0 ••• 0 '00.00 0 •.•• a 00.,00 0.0.0 

'-', 

boooo odooo 00000 00000 00000 00.000 00'000 00000 
• 000. • 000. ••••• ••••• oooop .: .... 00000 00000 

1 
.000. .00P. 0000. ..000 • 00.00 000 ••. 00.000 00000 

1 0 1 0.0.0 0.0.0 000.0' ,.,.0,00 0.00'0' ODD •• 0.00 00' 
". 'g g g g g 00.00' 001100 00.00 •• 000 00. 00 ODD •• 0 •• ,110 

0.0.0 00.00' 0.000 •• 000 opo.o 000 •.• 111 000 • 00000 
.'000. 00.00 .000'0 ..•• 000 0000. 000 •• 0000.0 00000 
.oop. 00,.,00 ••••• ••••• 0000 o· ••••• .00000 • •••• . ' 

0000'0 00000 00000 00000: ,iJ nOD o. 00000 00000 00000 
0.0'00 0'0000 • 0000' 00000 0'0 00. 00'000 000.0 0 •••• 
00·'.00 00000 • 0000 000'00 0000.' 00000 00'-,00 .000 • 

1 1 0 O. 000.0 0 ••• o. •••• '0 0 •••• O •••.• O ••.• 0 00.0.0 .,000 • 
00000 '·000 O. .000. • 0000 • 00 0·.' • ood. 0· •.•.• ·0 .000 • 
00000 0 •••• .000. .0000 .0:0·0'. ••••• oo.qO ~4g~~~: 00000 ". 000. • DOD'. '.00 o. .000. • o'GO 0 '00".00 
0'0000 0 •••• •••• 0 0 •••• [) Ii· .' • O ••.• 0 00.00 00 •• 0 

00000 00000 00'00"0 . 00000 000·0 a 00000 00000 00000 
.0000 00.00 00.00 0.000 0 •• 00. 00000 0,000 o· 00000 
.0000 00000 0'00 DO 0.00,0 00 •. 00 00000 00000: 00000 

1 1 0 1 •••• 0 0 •• 00 00 .• 00 0.00. 00.00 •• 0.0 • ••• ,0 0' •.•• 0 
.000. 00.00 00.00 0.0.0 .0'0.'00 • 0 •. 0. .000. .000 • 
• 00.0. 00.00 00.00 0 •• 00 0·0'.0 D. .0 • .0 • .000 • .000. 
• 000'. 00.00 .0.0'0 0.0.0 00.00 .0.0.· lio'oo. .000 • 
• 000. 0, ••• 0 0.000 0.0.0. 0 ••• 0 • [J.D.' .000 • 0 ••• 0 

, 

00000 0 0 000 00000: 00000 00000 00'0.0 0 ': 0000'0 00000 
•••• 0 0 •••• 00000 000 EtO 00000 00000 00000 00000 
'.000. .000. 00'0.0.0 000'00 00.00 '00000 000.0.0 00000 

1 1 1 0 ',.0.0.,0. • 000. [;].0.·.· 0 •••• 0 ••• 0 • .000. .00D" • .000. 
• 0.0 [J,. • 000. o •• 0'0 .,0[;) 0 0 00.00 .000 •. .000, • .000. 
•••• 0 : 0 •••• ., 0.000 0 ••• 0 00 .• 00 • 000. 0.0 .• 0 .000 • 
•. 0000 0'000 •• 0'.00 0 00 0 0· • 00.00 • 000,. 0 .• 0.0' .0.0 • 
:.0000 0000. 0.0,00 • ••• 0 [;] 00 w.;O .0 .• ·., •• e 08.0 O. 0.0.0 

'. ., 
, 

0,00'00 00000 00000 ooOD.o' 00000 00000 0000·0 00000 
00000 • 000. .0000.0 000.0 00.00 O.OUo '0000· • 0.0.0 
00000 ".0 0 o. ,000 00 ,00.00 00.00, 00.00 o ••. ,.'0. .0.0. 

1 1 1 1 '.000. • 000'. • •••••• '00. a 0 ,00'.00 00.0,0 .0000 o.d.o 
,,0.0.0 .000W 000 .• 0 0.'000 00'000 000.0 00 P'OP .0.0. 

',' 00.00 0 •••• 00 •. 00' 00.00 on.o 0, 00.00 00'000 0.0.0 
0.0.0 0000. 0.000 00.00 . 00.00 00.0'0 0'0000 .0.0 • 
.000. 00 •• 0 0 •••• 000.0 00.-0.0 0.0·00 00000 0.0.0 

" .. ., . ',' , (DEL)* • 

" " 

5-11 



7 x 9 Character Font 6072.' 6172 

A·"FlHed.in" Square Represents a Low Memory Output 

ASCII ; AS AS A4 
INPU:r 0 o 0 0 0 1 0 1 0 0 1 ·1 1 0 0 1 0 1 1 1 0 1 1 1 

ADDRESS: 

d7dts0S040,02D! D706Oso40302D1 07080 s0403D21l1 D7O&OS040,D2Il1 O.,DeOS040 302D! D70&OS0403D2D! °7D60s°403D2D! 07080 s040,02D! 

•••••••• • •••••• 0.00.000 000000. .000000 ••••••• 000000. 0000000 
.0'00:0 O. • 000000 000.000 000000. .000000 • 00000. 000000 • 0000000 
• 00..000. • 000000 00·0.000 000000. 0.0.000 .00000 • 00000110 . 0000000 

A10 AgAa A7 '.00'000. • 000000 000.000 OoOoDo. tJo •• ooo .0.0.0 • Croooo.d 00 •• ·.00 
.• ·D'oDoo. • '000000 000.000 000000. 000.0.00 .00.00 • 0000.00 0.000.0 

0 0 Q ~ .ClO·o 0 o. .000000 '000. ODD ooOoElO. "000 •• 00 .0.0.0. 00'00.00 .00000. 
:,.00000. .000000 000.000 00'0000. 000.0.0 .00000. .00.000 .00000. 

• 00000. 111000000 ODo.Ooo 000000. 000000. .00000 • 0.0.000 .00000 • 

••••••• • 000000 • •••••• ••••••• 000000. "('l,M:· 00.0000 • •••••• . (NUL) * (SOH) * (ETX) * (EOT)* •. (ACK) * (BEL) * 

•••. 0000 •••. 0000 ••••••• .00.00 • 000.000 DODD ••• 0'0 ••• 00 00 ••• 00 
•• 0:0000 ,000.000 0.000000 .00.00. .00.00. 000.000' 0.000.0 0.000.0 
• 0.0000 0000.00 0000000 .00.00. • 00.00. 00.0000 .00000 • .00000 • 
000:.000 000'00.0 0000000 .00 •. 0'0. 0 ••••• 0 0.00000 .0.0.0. .00000. 

0 0 0 1 00.0.000 •••••••• ••••••• .0·0.00 • 000.000 •••••••• .00 .• 0.0 • .00.00 • 
'0000·.00 00000.0 0000000 • 00.00. .00.00. 0.00000 .0.0 •. 0 • .00000. 

'·00'000.0 0000.00 0000000 0.0.0.0 .0 ••••• 0 00.0000 .00000. .00000. 
, 00000'.0 .:000.000 '0000000 '00 ••• 00 000.000 000.0.00 0.000.0 0.000.0 
000000. • •• 0000 ••••••• 000.000 000.000 DODD ••• 00 ••• 00 00 ••• 00 

'(B8)* (HT) * (LF) * (YT)* (FF)* (CR) * (80)* (81)* 

••••••• g~~:~~g 00 ••• 00 00 ••• 00 00 ••• 00 000000. 0 ••••• 0 000000. 
• .00000. 0.000.0 O .• OClO.O '0.0.0.0 000000. 0.000.0 000000. 
• 00000. :.00.0 0 • • 00000 • .00000. .Oo.g,o. 00000.0 0.00'0.0 000000 • 
• 00000 • .00.00. • 00000. .00000 • .00.00. 00000 .• 0 0.000.0 000000 • 

0 0 1 0 •••••••• • 00 •••• .00 •••• •••• 00. • ••• 00. 00 ••••• 0.,000.0 • •••••• 
.00.'000. • 00000. .0'0.00. .00.00. .00000 • 0000.00 0.000.0 000000. 
• 00000. • 00000. ,.00.00. .00.00 • .00000 • .00.000 0.000.0 000000. 
.00'000. 0.000.0 [1'.0.0.0 0.0.0.0 0.000.0 0.0.0'00 0.000.0 000000. 

••••••• 00 ••• 00 00 ••• 00 00 ••• 00 00 ••• 00 00.0000 •• 000 •• 000000. 
(DLE)* . (DC1)* (DC2) * (DC3) * (DC4) * (NAK)* (8YN) * (ETB>* 

••••••• 000.000 0 ••••• 0 00 ••• 00 ••••••• • •••••• ••••••• ••••••• 
• 00000. 000.000 .00000. 0.000.0 .00.00. .00000. .00000 • .00.00. 
0.00'0.0 000.000 .,000000 • 00000. .00.00. .0000'0. .00000. .00.00 • 
'00.0.00 O·OO.oOD .000000 • 00000. .00.00. .00000 • .00000. .0·0.0 O • 

0 0 1 1 qoo.ooo 0 ••••• 0 0 •• 0000 ........ • ' ••• 00 • •••• 00., • 00 •••• .00 •••• 
00 ••• 00 "00'0.000 000.000 • 00000. • 00000. .00.00. .00.00 • .00000 • 

"0.000.0 6:00.000 000.000 .00000. .00000. • 00.00 • .[]0.00. .00000 • 
• oo'o[]o. 000.000 000'0000 0.000.0 • OOQOO. .00.00 • • 00.'00. .00000 • 

"~c~':;;· 
'000.000 oOOliooo 'oolil •• o[] ••••••• .1Ii ••.••• •••••••• • •••••• (EM> * (8I1B) * (ESC)* (F8) * (G8) * l'lltl* (UI) * 

0000000 000.000 0.00.00 00.0.00' 00.0.00 0.00000 0 •• 0000 000 •• 00 
0000000 000.000 0.00.00 00.0.00 D ••••.•• .0.000 • • 00 •. 000 000 •• 00 
0-000000 '000.000 ,:0.00·00 ••••••• • .0.0.00 0.000.0 .00.000 000.000 

0 1 0 0 .0000000 00.0. 000 0.00.00 00.0.00 '.0. 0 • 0 0 0000.00 0 •• 0000 ,00.0000 
0000000 OOo.pOO 0000000 00.0.00 I:J ••••• O 0[]0.000 olli.oooo 0000000 

, 000.0000 o.o:p.OOO 0000000 00.0.00 00.0.0. 00.0000 .00.0.0 0000000 
OO.POOOO 00,00000 '0000000 ••••••• DO.o.o. 0.000.0 .000 •• 0 0000000 
00:00000 OPDoOoo 0',oEl1<l0 0 0 00.0..00 ••••• ,.0 .000.0. .0000.0 0000000 
0000000 olJo.ooo 0000000 00.0.00 00.0.00 00000.0 0 •••• 0. 0000000 

0000.01;1 00.0000 000.000 0000000 poooooo 0000000 0000000 0000000 
000.000 000.000 .00.00. 000.000 0000000 0000000 0000000 000000. 
00.0000 0000.00 0.'0.0.0 000.000 '0000000 ot:iooooo 0000000 00000.0 

0 t .0 1 0'0.0000 0000.00 Do ••• oD 000.000 0000000 0000000 0000000 0000.00 
00110000 0000.00 .000. 000 ••••••• 0000000· • •••••• 000000.0 000.000 
OO.OCoo 

gg~~~gg 
00 ••• 00 000.000 0000000 0000000 0000000 00.0000 

'00.0000 o.'l':l.o.o OoC.oOO 000.000 000'0000 9000000 0.00000 
oO[].OOO .001100. 00 0 .000 00011000 00 0 0000' 0000000 .000000 
ooooilOIfl OO.[]OoO 00011000 '0000000 00.0000 0000000 000.000, 0000000 

oo'ci.ooci o ••••• d 
.. 
0000.00 ••••••• 00 •••• 0 00 ••• 00 0 ••••• 0 ••••••• 

0.000.0 00 •• 000 '.00000. • 00000. 000 •• 00 .0000'00 0.0000. 000000 • 
• 0000 •• o.o.ooq 000000. rrooooo • 0.0.0.00 '.000000 .000000 000000. 

iI 
.00.0.0. 000.00[] []oooo.o DoOo[]o. 0.0011100 .000000 1110000,:00 00000.0 

0 1 1 ·.00'.00. .'000.000 0'0 ••• 00 000 ••• 0 ·.[]00.00· ' •••••• 0 .0-· •.• _0 '00:0 0.00 
.0.000. ·,000.000 0.'00000 OoDOOO. • 000.00 00000'0 • •• 0000. 000.000 
•• 000[]. ood.ooo • 000000 000000 • ••••••• OEl0800. .orro-oo • 00.0000 

"0.000.0 '·OI:JO.OOO .000000 '.00[]00. 0000.00 .00000 • • 000=. 0.00000 
00, •• ·.01;1 0 ••••• 0 •••••••• 0 ••••• 0 '0000.00. :0 ••••• 0 0 ••••• 0· .000000. 

" 0 •••• '110 0 •••• '.0' 0000000 0000000 00000.0 0000000 0 .•. 00000 0 ••••• 0 
.00000 • • 000.00. 0000000 000'0000 0000.00- 0000000 00.0000 .00000. 
'.0'0000. .0000011 0000000 0.0'00000 000.0.00 00000·00 000.000 000000. 
0.00 •• 0 .0000 •• 000.000 000.000 00.0000 ••••••• 0000.00 000000.' 

0 1 ,1 1 00 ••• 00 0 •••• 0. 0000000 0000000 :O:.OOWlOO '0000000 00000.0 ,0000 •• 0 
0.000.0 000000. 0000000 0000000 00.0000 ,1;1000000 .0000.00 000.000 
.00.000. O·OfJ,OOO. 000.000 000.000 00'0.000 ••••••• 000.00'0: 000.000 
.00'0 DO. .0000.0 00000.00 00,0 .• 000 ooDO.oO 0000000, 00 •. 000'0 0000000 

, ·0, ••••• 0 0 •••• 00 0000000 O.O.Oo,oq 00000.0 ,0000.000 0.0,0000 000.000 

"'The lettars in parentheSis id,mtify the control code corresponding to the appropriate pictorial repr";'enticin. 
These representations were obtained from the USASI X 3,2 Code Practice Manual. 



7 x 9 Character Font 6072 6172 

A "Filled In" Square Represents a Low Memory Output 

ASCII A6 AS A4 
INPUT 0 0 0 0 0 1 0 1 0 0 1 1 1 0 0 1 0 1 1 1 0 1 1 1 

ADDRESS 

O~e0504°,ozOl ¥eOs0 4°,clzO, O~e0504030z01 ¥eOs04030z01 o~eOsO(D,ozOl 079eOsO~zOl ~050403D2o, O.,oeOS040 ,o:z01 
00 •••• 0 000.000 ••••• 00 00 •••• 0 ••••• 00 ••••••• ••••••• 00 •••• 0 
0.0000. 00.0.00 0.000.0 0.0000. 0.000.0 .000000 • 000000 0.0000 • 

A10A9ASA7 
'.00 •• 0. 0.000.0 0.0000. .000000 0.0000. .000000 .000000 .000000 
.0.0.0 • • 00000. 0.000.0 .000000 0.0000. .000000 .000000 .000000 

1 0 0 0 .0.0.0. .00000. 0 •••• 00 .000000 0.0000. ••••• 00 ••••• 00 .000000 
.0 ••••• • •••••• 0.000.0 .000000 0.0000. .000000 • 000000 .000 ••• 
• 000000 • 00000. 0.0000 • • 000000 0.00-00 • .000000 .000000 .00000 • 
0.0000. .00000. 0.000.0 0.0000. 0.000.0 .000000 • 000000 0.000 •• 
00 •••• 0 • 00000. ••••• 00 00 •••• 0 ••••• 00 ••••••• • 000000 00 ••• 0 • 

.00000. 00 ••• 00 oooooo~ .00000. .000000 .00000. .00000. 00 ••• 00 

.00000. 000.000 000000. .0000.0 .000000 .00000. .00000. 0.000.0 

.00000. 000.000 000000. .000.00 .000000 •• 000 •• ..0000 • .00000 • 

.00000. 000.000 000000. .00.000 • 000000 .0.0.0. .0.000. .00000. 
1 0 0 1 ••••••• 000.000 000000. .0.0000 .000000 • no.oo. .00.00 • .00000. 

.00000. 000.000 000000. •• 0.000 .000000 .00.00. .000.0. .00000. 

.00000. 000.000 .00000. .000.00 .000000 • 00.00. .0000 •• .00000. 

.00000. 000.000 0.000.0 .0000.0 • 000000 .00000 • .00000. 0.000.0 

.00000. 00 ••• 00 00 ••• 00 • 00000. ••••••• .00000. .00000. 00 ••• 00 

•••••• 0 00 ••• 00 •••••• 0 00 •••• 0 ••••••• .00000. .0000011 .00000. 
• 00000. 0.000.0 • 00000 • 0.0000 • .00.00 • .00000. • 00000. .00000 • 
• 0000 • .00000. • 00.000 • • 000000 000.000 .00000. .00000 • .00000 • 
• 00000. .00000. .00000 • 0.00000 000.000 .00000. 0.000.0 .00000. 

1 0 1 0 •••••• 0 • 00000. •••••• 0 00 ••• 00 000.000 • 00000 • 0.000.0 .00.00 • 
.000000 •. 00.00. .00 .• 000 00'000.0 000.000 .00000. 0.000.0 .00.00. 
.000000 • 000.0. .000.00 000000. 000.000 • 00000 • 00.0.00 .00.00 • 
.000000 0.000.0 .0000.0 .0000.0 000.000 0.000.0 00.0.00 .0.0.0. 
• 000000 00 ••• 0. .00000 • 0 •••• 00 000.000 00 ••• 00 000.000 0111,000.0 

.00000. • 00000. ••••••• ••••••• 0000000' • •••••• 0000000 oaooooo 
• 00000. .00000. 000000 • ..00000' • 000000 00000 •• OODOOOO 0000000 
0.000.0 0.000.0 000.00.0 •• 00.000 01100000 00000 •• 0000000 o'Clooooo 

1 0 1 1 00.0.00 00.0.00 0000.00 •• 00000 00.0000' 00000 •• 000.000 0000000 
000.000 000.000 000.000 ' .•• 00000 000.000 00000 •• 00.0.00 obooooo 
00.0.00 000.000 00.0000 •.• 00000 0000.00 00000 •• 0.000.0 0000000 
0.000.0 000.000 0.00000 •• 00000 00000.0 00000 •• .00000. 0000 000 
.00000. 000.000 • ouoooo •• 00000 000000. 00000 •• 0000000 0000000 
.00000.· 000.000 ••••••• ••••••• 0000000 ••••••• ODOOOOO • •••••••• 
OD •• OOO 0000000' .OODOOO OOUDOOO 00000.0 OOODDOO '000 •• 00 0 ••• 0.0 
00 •• 000 00.-•• 00 .000000 000000.0 00000.0 DOOOOOO 0011100.0 .D.DO •• O 
OOO.Oocr 0.000.0 .000000 000000,0 00000.0 0000000 DO. DODD .0000.0 
0000.00 00000.0 .0 ••.• 00 0 •••• 00 0 ••• 0.0 0 •••• 00 00.'00'00 .Iii:ooo.o 

1 1 0 0 OOOODOO 0 ••• 0.0 •• 000.0 .0000.0 .000 •• 0 .0000.0 ••••• 0.0 .'q.oo •• o 
0000000 .000 •• 0 .0000.0 .000000 .0000.0 .OODO.O 00 •. 0000 0.· •• 0.0 
0000000 .0000.0 .0000.0 .000000 •. 0000.0 ••••• 00 00'.0000 00000.0 
0000000 .000 •• 0 •• 000.0 .0000.0 .OOD •• O .000000 00.0000 .0000.0 
obooooo 0 ••• 0.0 .0 ••• 00 0 •••• 00 0 ••• 0.0 0 •••• 00 00.0000 0-•••• 00 

.0.00000 0000000 OUOOO.D .000.000 00 •• 000 0000000 0000000 0000000 

.• 000000 0000000 0000000 .000000 000.000 0000000 0000000 0000000 
.• 000000 000.000 00000.0 .0000 .• 0 000.000 0000000 0000000 0000000 
.0 ••• 00 0000.000 00000.0 .000.00 000.000 0000000 .0 ••• 00 0 •••• 00 

1 1 0 1 ••. 000.0 OO •• OOD 00000.0 .00.000 000.000 .0.0 •• 0 •• 0001110 .0000.0 
.0000.0 000.000 00000.0 .'0.0000 000.000 •• 0.00. .0000110 .0000.0 
.0000 •. 0 000.000 00000.0 ' •• 0.000 000.000 .00.00. .00001110 .0000.0 
.0000.0 000 •. 000 .0000.0 .0-00.00 000.000 .00.·00. .0000.0 .0000.0 
.0000.0 00 ••• 00 0 •••• 00 .0000.0 -OD ••• DO .00.00. .0000.0 0 •••• 00 

.0 .••• 00 0 ••• 0.0 0000000 00000'00 0:000000 0000000 0000000 0'000000 
•• 000.0 .000 •• 0 0000000 0000000 0000000 0000000 0000000 0000000 
.0000.0 110000.0 0000000 0000000 00.0000 0000000 0000000 0000000 
.0000.0 • ODOO.O .0 ••• 00 0 ••••• 0 00.0000 .0000.0 0000000 .00000 • 

1 1 1 0 •• OOD.O .000 •• 0 •• 000.0 .000000 0 ••• 000 • 0000.0 .000.00 • .00000. 
.0 ••• 00 0 ••• 0.0 .000000 0 •••• 00 00.0000 .0000.0 0.000.0 .00.00. 
.000000 00000.0 .OOOOOD 00000.0 00.0000 • 0000.0 00.0.00 .00.OCl • 
.000000 OOOOD.D • DDDDDD ODDDO.O 'OO.D a.o .000 •• 0 '000.000 .0.0,.0 • 
.000000 00000.0 .000000 ••••• 00 000 •• 00 Q ••• ID.O 000.000 0.000.0 

0000000 .0000.0 0000000 0000.00 DOO.OOO 00·00.00 0 •• 00.0 0.0.0.0 
0000000 .0,000.0 oooaooo 000.000 000.000 000.000 .00 •• 00 .0.0.0. 
000000'0 .DOOO.O OOODOOO 000.000 000.000 oooilooo 0000000 0.0.0.0 
.000.0.0 • 0000.0 •••••• 0 00:0.000 000.000- 000.000 0000000 .0.0.0 • 

1 1 1 1 011100.00 .000 •• 0 0000.00 00.0000 0000000. 0000.00 0000000 0.0.0.0 
00 •• 000 0 ••.• 0.0 000.000 000.000 000.000 000.000 0000000 .0.0.0. 
00 •• 000 00000.0 00.0000 000.000 000.000 ooo.obo 0000000 olio.o.o 
0.00.00 .0000.0. 0.-00000 000.000 000.000 000.000 0000000 .0.0.0. 
.0000.0 0 •••• 00 •••••• 0 0000.00 000.000 00.0000 0000000 0.0.0.0 

(OEL)* 
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High Speed 
Custom Character Generators 
52/6290 52/6291 52/6292 52/6293 

Features/Benefits 
• Schottky-high speed 10MHz 
• Specifically designed for custom 7 x 9 row scan and 9 x 9 

font character generators 
• Up to 128 characters in one package 
• Low power dissipation-500mW 
• Standard packaging-24 pin dip 
• Single 5 volt supply 
• 125 ns max. access time 

Applications 
• A single package high speed bipolar replacement for slow 

multiple package MOS character generators 
• CRT displays 
• Printing calculators 
• LED arrays 
• Typesetting 
• Navigation systems 

Description 
A 7 x 9 font row scan character has 7 outputs and 9 rows per 
character. The character is formed one row at a time. 9 words of 
a ROM with 7 outputs per word are required for each character. 
128 characters required on 1152 x 7 ROM which is the size of the 
5290/1, 6290/1. For custom column scan 7 x 9 characters con­
sult the standard bipolar 7 x 9 character generator data sheet. 

Pin Configuration 
5290/1, 6290/1 (7 x 9 Row Scan) 

A 9 x 9 font character has 9 outputs and 9 rows of columns per 
characterdependiflg upon whether we are forming\! rowqr 
column scan. 9 words of a ROM with 9 outputs per row are 
required for each character. 128 characters require anl152 x 9 
ROM which is the 5292/3, 6292/3. 

A3, A2, Al, andAO pins are used to scan through· the 9 ROM 
words per character. This is usually implemented by "short 
counting" a 4-bit binary counter so that it counts from 0000 to 
1000 (9 counts) continuously (See applications section). A4 thru 
Al0 are used to pick one oHM 128charact~rs.A4 is the least 
significant binary digit and Al0 is the most significant binary digit. 

The enable El, and E2 must both be low to activate the part. A 
disabled part (El or E2 hi9h).h.· as high, m~mory outputs per-~ 
mittingwire ORing or blanking. ~ 

Custom Font 
It's easy to go from custom fontto the punched card or tape 
format preferred by Monolithic Memories Inc. Several examples 
are shown .. We have arbitrarily assumed that a character 
is formed by a series oLlow memory outputs!n a background 
of high memo,ry outputs. The assumption, of course can be 
reversed. 

5292/3, 6292/3 (9 x9 Row or Ccilumn Scan) 

Note 1): AD. A1. M. A3 are used for the character scan. 
2): Both enables must be low to advance the device. 

1165 East Arques Avenue, Sunnyv~le, CA 94086 Tel: (408) 739~3535T)'VX: 910-339~9229 

Monolithic 1IT!11 
. ""emorles uurw 



52/6290 52/6291 52/6292 52/6293 

Abeolute Maximum Ratings 
SuppIYVol\llge. vee ......................... '" ................... : ..... ;. , ..................... " .................. 7V 

~~~;:'~I:~:~t~;1~9~':::::: ::: :;:::;:: :::::::::::: ::::::: :::::::::: ::::::::::::::::::: :;:::::::::::::: ::::::::: ::5.~ 
Storage ta~pel'1lture: .. ' ..... " ........ " ................................................. , .............. :,' .. -650 to +150o e 

Operating ec.ndltlons 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 
UNIT 

" 

Vee Supply voltage , 4.5 5 5.5 4.75 5 5.25 V 
" 

TA Operating free-air temperature -55 125 0 75 °C 

ElectricalChataeterlstlcaover Op,ratlng CondlHons 

SYMBOL PARAMETER TEST CONDITIONS ,,' UNIT 
" MIN TYP MAX 

VIL LOw~leVelil,putvoltagfj 0.8 V 

VIH High-level input voltage 2 

Vie Input clamp voltage Vee = MIN II = -18mA -1.5 V 

IlL Low-level input current Vee = MAX VI = O.45V -0.25 mA 

IIH High-level input current. Vee,= MAX VI = 2.4V .40 pA 

II Maximum input current Vee = MAX VI = 5.5V 1 mA 

Vee = MIN 

VOL Low-level output voltage VIL = 0.8V 10L = 6mA 0.5 V 

VIH = 2V 

Vee = MIN MIL 10H = -1mA " 

VOH High-level output vOltage 'l.IL = 0.8V 2.4 V 

VIH = 2V eOM 10H = -2mA 

10ZL Vee = MAX Vo = 0.5V , -100 pA 

10ZH 
Off-state output current 

Vee = MAX Vo = 2.4V pA 100 

leEX ' Opehcollector output current Vee = MAX Vo = 2.4V 100 pA 

lOS Output short-<:ircuit current Vee = 5V Vo = OV -20 -90 mA 

", Vee = MAX Open collector 170 

lee Supply current All inputs mA 
grounded Three state 180 
All outputs open '. , 

5-16 



52/6290 52/6291 

Switching Characteristics 
Over Operating Conditions 

tAA(ns) 
DEVICE ADDRESS ACCESS 
TYPE TIME 

MAX 

6290/1,629213 125 
5290/1, 529213 150 

Standard Test Load 

sv 

7S01l 

OUTPUT o-+---':--iil TEST POINT 

15001l 30pF 

Definition of Waveforms 

A 

Address Access Time 

52/6292 52/6293 

tEA(ns) tER(ns) 
ENABLE ACCESS ENABLE RECOVERY 

TIME TIME 
MAX MAX 

75 40 

85 50 

Input Pulse Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements Made at 1.5V 

'E---....... 

o 

El)llble ,,"-'Tlme,'and Recove'Y Time' 

5·17 
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Custom Truth Table Coding-5290/1, 6290/1 

7x9 ROW SCAN 
The characters $, &, '-, _ are shown below along with the ROM coding, A "filled in" dot is arbitrarily coded with a low (L) 

CHARACTER ROM OUTPUTS 
SELECT WORD 07 06 05 04 03 

A10 Ag As A7 As- As ~ A3 ~ A1 Ao (DECIMAL) 

L L L L L L L 0 0 0 0 0 H H L H L 
0 0 0 1 1 H L L L L 

* 0 0 1 0 2 L H L H L 
II: 0 0 1 1 3 L H L H L w 

~~ 0 1 0 0 4 H L L L L 
II: 0 1 0 1 5 H H L H L « 1 I 0 1 0 6 H H L H L u 

0 1 1 1 7 L L L L L 
1 0 0 0 8 H H L H L 

L L L L L L H 
, 

9 H L L H H 

10 L H H L H 

11 L H H L H 

12 H L L H H 

CHARACTER #2 ~ 13 H L L H H 

14 L H H L H 

15 L H H H L 

16 L H H H H 

" 17 H L L L L 
F ' , , , " 

, 

H H H H H H H 
, 

1143 H H H L H 

1144 L H H L H 

1145 H L H L H 

1146 H H L L L 
CHARACTER #128~ 1147 H H H L H 

1148 H H L L L 
1149 H L H L H 

1150 L H H L H 

" 
1151 H H H "L H 

Use of Custom Truth Table Form-5290/1, 6290/1 
Truth table forms are available from Monolithic Memories upon 
request, For customers desiring to make their own forms an ex­
ample is shown below coded to the 7 x 9 Row Scan example: 

NOTE: 
A high voltage on the data out lines is signified by an "H", A 
low voltage on the data out lines is signified by an "1.:', The word 
number assumes positive logic on the address pin SO for ex­
ample word 511 ~ HHHHHHHHH. 

WORD 
NUMBER PIN 

0 
1 

• 
• 
• 

1151 

FONT 
02 0.. 07 06 05 04 03 02 01 

H H 0 0 • 0 • 0 0 
L L 0 • • • • • • 
H H • 0 • 0 • 0 0 
H H • 0 • 0 • 0 0 
L H 0 • • • • • 0 
H L 0 0 • 0 • 0 • 
H L 0 0 • 0 • 0 • 
L H • • • • • • 0 
H H 0 0 • 0 • 0 0 

H H 0 • • 0 0 0 0 
H H • 0 0 • 0 0 0 
H H • 0 0 • 0 0 0 
H H 0 • • 0 0 0 0 
H H 0 • • 0 0 0 0 

L H • 0 0 • 0 • 0 
L H • 0 0 0 • • 0 
L H • 0 0 0 0 • 0 
H L 0 • • • • 0 • , 

H H 0 0 0 • 0 0 0 
H L • 0 0 • 0 0 • 
L H 0 • 0 • 0 • 0 
H H 0 0 • • • 0 0 
H H 0 0 0 • 0 0 0 
H H 0 0 • • • 0 0 
L H 0 • 0 • 0 • 0 
H L • 0 0 • 0 0 • 

"H H 0 0 0 • 0 0 0 

OUTPUTS 

16 15 14 13 11 10 9 
07 06 05 04 03 02 01 
H H L H L H H 
H L L L L L L 

• • • • • • • 
• • • • • • • 
• • • • • • • 
H H H L H H H 

-, 



52/6292 

Custom Truth Table Coding-5292/3, 6292/3 
9 x 9 COLUMN SCAN 
The characters $, &, *, can be seen in the font if this page is 
rotated 900 clockwise. A "filled in" dot is arbitrarily coded with 
a low (L). 

CHARACTER 
SELECT 

ROM 

52/6293 

Sx S ROW SCAN 
The 9 x 9 row scan translation would be similar to the 7 x 9 row 
scan previously shown except that there would be a 9 x 9 font for 
each character and outputs 8 and 9 in the ROM would be used 
and coded. 

OUTPUTS FONT 

WORD 
Al0 Ag AS A7 As AS A.t (DECIMAL) Os Os 07 06 05 04 03 02 D1 09 Os 07 06 05 04 03 02 01 

L L L L L L L r 8 H L H H H 

7 H L H H L 

6 H L H H L 

5 L L L L L 

CHARACTER #1 ~ 4 H L H H L 

3 L L L L L 

2 H L H H L 

1 H L H H L 

, 0 H H L L H 

L L L L L L H 17 H H H H H 

16 H H H H H 

15 H H H H H 

14 H H H H H 

CHARACTER #2 4 13 H L L L L 

12 L H H L L 

11 L H H L L 
10 L H H L L 

9 H L L H H 
F . F ' F F F ' 

H H H H H H H , 1151 H H H H H 

1150 H L H H H 

1149 H H L H H 

1148 H H H L H 

CHARACTER #128~ 1147 L L L L L 

1146 H H H L H 

1145 H H L H H 

1144 H L H H H 
, 1143 H H H H H 

Use of Custom Truth Table Form-5292/3, 6292/3 
Truth table forms are available from Monolithic Memories upon 
request. For customers desiring to make their own forms an ex­
ample is shown below coded to the 9 x 9 column scan example: 

NOTE: 
A high voltage on the data out lines is signified by an "H . A low 
voltage on the data out lines is signified by an "L". The word 
number assumes positive logic on the address pin so for ex~ 
ample word 511 ~ HHHHHHHHH. 

WORD 
NUMBER 

0 

1 

• 
• 
• 

1151 

L L H 

H H L 

H H L 

L L L 

H H L 

L L L 

H H L 

H H L 

H H L 

H H H 

H L H 

H L L 

H L H 

L H H 

H H H 

H H H 

H H L 

L L H 

H H H 

H H L 

H L H 

L H H 

L L L 

L H H 

H L H 

H H L 

H H H 

PIN lS 
Os 
H 

H 

• 
• 
• 
H 

H 0 
• 0 

0 0 • • 0 0 
H o • 0 o • 0 0 • 0 

H 0 
• 0 

0 
• 0 

0 • 0 

L • • • • • • • • • 
H 0 

• 0 
0 • 0 0 • 0 

L • • • • • • • • • 
H 0 

• 0 
o • 0 0 

• 0 
H 0 

• 0 
o • 0 0 • 0 

H 0 o • • 0 0 0 • 0 

H 0 0 0 0 0 0 0 0 0 

L 0 0 0 0 0 o • 0 • 
H 0 0 0 0 0 o • • 0 

L 0 0 0 0 0 0 • 0 • 
L 0 • • • • • 0 o • 
L • 0 0 • • 0 0 o • 
L • 0 0 • • 0 0 0 • 
H • 0 0 • • 0 0 • 0 

H o • • 0 o • • 0 0 

H 0 0 0 0 0 0 0 0 0 

H 0 • 0 0 0 0 0 • 0 

H 0 0 
• 0 

0 o • 0 0 

H 0 0 0 • 0 • 0 0 0 
L • • • • • • • • • 
H 0 0 o • 0 • 0 0 0 

H 0 0 
• 0 

0 o • 0 0 

H o • 0 0 0 0 0 • 0 

H 0 0 0 0 0 0 0 0 0 

OUTPUTS 
17 16 15 14 13 11 10 S 

Os 07 06 05 04 03 02 01 
H L L H H H L H 

L H H L H H L H 

• • • • • • • • 
• • • • • • • • 
• • • • • • • • 
H H H H H H H H 
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PAL Introduction 

;The'PALTM Concept 

Monolithic Memories' fami/yp! PAl" devjces gives design­
ers a powerful tool with unique capabilities for use in 

. new and existiriglogic designs. The PAL saves time and 
money by solving many of the system partitioning and 
interfac.e problems brought about by increases in 
semicpnductor deyice technology. 

Rapid advances in large scale integration technology 
have led to larger and larger standard logic functions; 

. single I.C.s now perform functions that formerly required 
'complete circuit cards. While. LSI offers many advan-
tages, advances have been. made at the expense of 
devic~fI~xibility, Most LS( de\(ices still require large 
numbers of SSI/MSI devices for 'interfacing with user 
systems. Designers are stilrtorced to turn to random 
logic for marlY applications. . 

The designer is confronted with another problem when a 
low to medium complexity product is designed. Often the 
function is well defined and could derive significant ben­
efits from fabrication as an integrated circuit. However, 
the design cycle for a custom circuit is long and the costs 
can be very high. This makes the risk significant enough 
to deter most users. The technology to support maximum 
flexibility combined with fast turn around on custom logic 
has simply not been available. Monolithic Memories 
offers the programmable solution. 

The PAL family offers a fresh approach to using fuse 
programmable logic. PALs are a conceptually unified 
group of devices which combine programmable flexibil­
ity with high speed and an extensive selection of in­
terface options. PALs can lower inventory, cut design 
cycles and provide high complexity with maximum 
flexibility, These features, combined with lower pack­
age count and high reliability, truly make the PAL a 
circuit designer's best friend. 

PAL 111 is a trademark of Monolithic Memories. 



PAL Introduction 

The PAL-Teaching Old PROMs 
New Tricks 

I 
\ 

MMI developed the modern PROM and introduced many of the 
architectures and techniques now regarded as industry 
standards. As the world's largest PROM manufacturer, MMI has 
the proven technology and high volume production capability 
required to manufacture and support the PAL. 

The PAL is an extension of the fusible link technology pioneered 
by Monolithic Memories for use in bi-polar PROMs. The fusible 
link PROM first gave the digital systems designer the power to 
"write on silicon." In a few seconds he was able to transform a 
blank PROM from a general purpose device into one containing 
a custom algorithm, microprogram, or Boolean transfer function. 
This opened up new horizons for the use of PROMs in computer 
control stores, character generators, data storage tables and 
many other applications. The wide acceptance of this 
technology is clearly demonstrated by today's multi-million 
dollar PROM market. 

The key to the PROM's success is that it 1;lllows the designer to 
quickly and easily customize,Jhe chip to fit his unique 
requirements. The PAL extends this programmflble flexibility by 
utilizing proven fusible link technology to implement logic 
functions. Using PALs the designer ,can quickly and effectively 
implement custom logic varying in complexity from random 
gates to complex arithmetic functions. 

ANDs and ORs 

The PAL implements the familiar sum of products logic by using 
a programmable AND array whose output terms f~d a fixed OR 

array. Since the sum of products form can express any Boolean 
transfer function, the PAL's uses are only limited by the number 
of terms available in the AND - OR arrays. PAL's come in dif­
ferent sizes to allow for effective logic optimization. 

Figure 1 shows the basic PAL structure for a two input, one output 
logic segment. The general logic equation for this segment is 

- - -
(11 + 15)(11+16)(12+ f7) (12+f8) 

where the "f" terms represent the state of the fusible links in the 
PAL's AND array. An unblown link represents a logic 1. Thus, 

fuse blown, f = 0 

fuse intact, f = 1 

An unprogrammed PAL has all fuses intact. 

Figure 1 

PAL Notation 

OUTPUT 

Logic equations, while convenient for small functions, rapidly 
become cumbersome in larg'e systems. To reduce possible 
confusion, complex logic networks are generally defined by logic 
diagrams and truth tables. Figure 2 shows the logic convention 
adopted to keep PAL logic easy to understand and use. In the 
figure, an "x" represents an intact fuse used to perform the logic 
AND function. (Note: the input terms on the common line with 
the x's are not connected together.) The logic symbology shown 
in Figure 2 has been informally adopted by integrated circuit 
manufacturers because it clearly establishes a one-to-one 
correspondence between the chip layout and the logic diagram. 
It also allows the logic diagram and truth table to be combined 
into a compact and easy to read form, thereby serving as a 
convenient shorthand for PALs. The two input, one output ex­
ample from· Figure 1 redrawn using the new logic convention is 
s'hown in Figure 3. 

6·3 



PAL Introduction 

)--A'B'C -+H-o-A ., 

Figure 2 

OUTPUT 

Figure 3 

As a simple PAL example, consider the implementation of the 
transfer function: 

Output = 11i2 + GI2 

The normal combinatorial logic diagram for this function is 
shown in figure 4, with the PAL logic equivalent shown in fig­
ure 5. 

Figure 4 

Figure 5 

Using this logic convention it is now possible to compare the 
PAL structure to the structure of the more familiar PROM and 
PLA. The basic logic structure of a PROM consists of a fixed 
AND array whose outputs feed a programmable OR array 
(figure 6). PROMs are low-cost, easy to program, and available 
in a variety of sizes and organizations. They are most commonly 

used to store computer programs and data. In these ap­
plications the fixed input is a computer memory address; the 
output is the contents of that memory location. 

~ ~ 

V 

PROM 
16 Words X4 Bits 

"\ 

IV ~ 

" " AND ARRAY 
(FIXED) 

'Ii 

10 

7 

~ 

6( 
=< 
=< 
r=< 
~ 
r=< 
r=< 
F=< 
F=< 
F=< 
F=< 
F=< 
L-I 

Figure 6 

"OR" ARRAY 
(PROG MM RA ABLE) 

The basic logic structure of the PLA consists of a programmable 
AND array whose outputs feed a programmable OR array 
(Figure 7). Since the designer has complete control over all in­
puts and outputs,the PLA provides the ultimate flexibility for im­
plementing logic functions. They are used in a wide variety of 
applications. However, this generality makes PLA's expensive, 
quite formidable to understand, and are costly to program (they 
require special programmers). 

The basiC logic structure of the PAL, as mentioned earlier, 
consists of a programmable AND array whose outputs feed a 
fixed OR array (Figure 8). The PAL combines much of the 
flexibility of the PLA with the low cost and easy programmability 
of the PROM. Table 1 summarizes the characteristics of the 
PROM, PLA, and PAL logic families. 



~ 

I\A 

FPLA 
4 In.40ut.16 Products 

11 

, 'i 
V ~ 

.. " AND ARRAY 
(PROGRAMMABLE) 

~ 

10 

V 
~ 

=< =< =< 
~ 

~ 

?=< 
F< 
?=< 
~ 
?=< 
~ 
?=< 
~ 
?=< 
L-.I 

Figure 7 

PROM 
FPLA 
FPGA 
FPLS 
PAL 

PAL Introduction 

PAL 
4 In.4 Out.16 Products 

"OR" ARRAY 
(PROGRAMMABLE) 

AND OR 

Fixed Prog 
Prog Prog 
Prog None 
Prog Prog 
Prog Fixed 

, 
~ 

11 

~ ~ 

:v V 

.. " AND ARRAY 
(PROGRAMMABLE) 

OUTPUT OPTIONS 

TS,OC 
TS, OC; Fusible Polarity 
TS, OC, Fusible Polarity 

'i 

TS, Registered Feedback, I/O 
TS, Registered, Feedback, 1/0 

Table 1 

10 

7 

V 
1"\ 

~ 
=< 
=< 
=< 
~ 
?=< 
F< 
?=< 
~ 
~ 
I=< 
~ 
I=< 
~ 
!=" 

Figure 8 

"OR" ARRAY 
(FIXED) 

9999 
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PAL Introduction 

PAL Input/Output/Function Chart 

PART PROGRAMMABLE FEEDBACK OUTPUT 
TpD 

10L ICC 

NUMBER 
INPUT OUTPUT IIO'S REGISTER POLARITY FUNCTIONS ns, 

mA 
mA, 

TYP TYP 

PAL10H8 10 8 AND-OR AND-OR Gate Array 25 8 55 

PAL12H6 12 6 AND-OR AND-OR Gate Array 25 8 55 

PAL14H4 14 4 AND-OR AND-OR Gate Array 25 8 55 

PAL16H2 16 2 AND-OR AND-OR Gate Array 25 8 55 

PAL16C1 16 2 BOTH AND-OR Gate Array 25 8 55 

PAL20C1 20 2 BOTH AND-OR Gate Array 25 8 60 

PAL10L8 10 8 AND-NOR AND-OR Invert Gate Array 25 8 55 

PAL12L6 12 6 AND-NOR AND-OR Invert Gate Array 25 8 55 

PAL14L4 14 4 AND-NOR AND-OR Invert Gate Array 25 8 55 

PAL 16L2 16 2 AND-NOR AND-OR Invert Gate Array 25 8 55 

PAL12L10 12 10 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL14L8 14 8 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL 16L6 16 6 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL18L4 18 4 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL20L2 20 2 AND-NOR AND-OR Invert Gate Array 25 8 60 

PAL16L8 10 2 6 AND-NOR AND-OR Invert Gate Array 25 24 120 

PAL20L10 12 2 8 AND-NOR AND-OR Invert Gate Array 35 24 90 

PAL16R8 8 8 8 AND-NOR AND-OR Invert Array wlReg's 25 24 120 

PAL16R6 8 6 2 6 AND-NOR AND-OR Invert Array wlReg's 25 24 120 

PAL16R4 8 4 4 4 AND-NOR AND-OR Invert Array wlReg's 25 24 120 

PAL20X10 10 10 10 AND-NOR AND-OR-XOR Invert wlReg's 35 24 120 

PAL20X8 r 10 8 2 8 AND-NOR AND-OR-XOR Invert wlReg's 35 24 120 

PAL20X4 10 4 6 4 AND-NOR AND-OR-XOR Invert wlReg's 35 24 120 

PAL16X4 8 4 4 4 AND-NOR AND-OR-XOR Invert wlReg's 25 24 160 

PAL16A4 8 4 4 4 AND-NOR AND-CARRY-OR-XOR Invert wlReg's 25 24 170 

1 Simultaneous AND-OR and AND-NOR outputs Table 2 

PALs For Every Task 
The members of the PAL family and their characteristics 
are summarized in Table 2. They are designed to cover the 
spectrum of logic functions at reduced cost and lower package 
count. This allows the designer to select the PAL that best fits 
his application. PALs come in the following basic configurations: 

Programmable I/O 
A feature of the high-end members of the PAL family is 
programmable input/output. This allows the product terms to 
directly control the outputs of the PAL (Figure 9). One product 
term is used to enable the three-state buffer, which in turn gates 
the summation term to the output pin. The output is also fed 

Gate Arrays 
PAL gate arrays are available in sizes from 12x10 (12 input terms, 
10 output terms) to 20x2, with both active high and active low 
output configurations available. This wide variety of inpuVoutput 
formats allows the PAL to replace many different sized blocks of 
combinatorial logic with single packages. 

back into the PAL array as an input. Thus the PAL drives the I/O 
pin when the three-state gate is enabled; the I/O pin is an input 
to the PAL array when the three-state gate is disabled. This 
feature can be used to allocate available pins for I/O functions or 
to. provide bi-directional output pins for operations such as 
shifting and rotating serial data. 

INPUTS, FEEDBACK AND I/O 

..... 

>-J 1/0 

~ 

A 
~ I----... .... 

Figure 9 
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PAL Introduction 

Registered Outputs with Feedback 
Another feature of the high end members of the PAL family is 
registered data outputs with register feedback. Each product 
term is stored into a D-type output flip-flop on the rising edge of 
the system clock (Figure 10).The Q output of the flip-flop can 
then be gated to the output pin by enabling the active low 
three-state buffer. 

INPUTS, FEEDBACK AND 1/0 

... 
~ 

In addition to being available for transmission, the Q output is 
fed back into the PAL array as an input term. This feedback 
allows the PAL to "remember" the previous state, and it can 
alter its function based upon that state. This allows the designer 
to configure the PAL as a state sequencer which can be 
programmed to execute such elementary functions as count up, 
count down, skip, shift, and branch. These functions can be 
executed by the registered PAL at rates of up to 20 MHz. 

CLOCK OC 

'~r--~ ./ 

~~ 
JC: ..... 

Figure 10 

XOR PALs 
These PALs feature an exclusive OR function. The sum of 
products is segmented into two sums which are then exclusive 
ORed (XOR) at the input of the D-type flip-flop. All of the 

features of the Registered PALs are included in the XOR PALs. 0 
The XOR function provides an easy implementation of the 
HOLD operation used in counters. 

CLOCK oc 

~IIIIIIIIIIIIIIIIIIII jl!mlllllllllllll~ 
Figure 11 

Arithmetic Gated Feedback 
The arithmetic functions add, subtract, greater than, and less 
than are implemented by addition of gated feedback to the 
features of the XOR PALs. The XOR at the input of the D-type 
flip-flop allows carrys from previous operations to be XORed 
with two variable sums generated by the PAL array. The flip-flop 

INPUTS, FEEDBACK ANO 1/0 

, 

~ 

Q output is fed back to be gated with input terms I. This 
gated feedback provides anyone of the 16 possible Boolean 
combinations which are mapped in the Karnaugh map (figure 
14). Figure 13 shows how the PAL array can be programmed to 
perform these 16 operations. These features provide for versatile 
operations on two variables and facilitate the parallel generation 
of carrys necessary for fast arithmetic operations. 

CLOCK E ...... 

~D-=D] ~ -

Figure 12 
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A--~r-----~----'------' 

B----r.----.,-----+.----, 

A+S 
(AB) 

A+B 
(AS) 

A+B 
(AB) 

A+B 
(AB) 

Figure 13 

r-------A+ S 

}-------A 

}-------A+ B 

}----B 

}-------A- B 

}--------A:+:B 

}--------A+ B 

r-------A 

}--------A - S 

r-------A-B 

}--------A:-: B 

r-------A-S 

}----Ii 

}--------A+ Ii 

It should now be clear that the PAL family can replace most 
Small-Scale Integrated Logic (SSI) logic in use today, thereby 
lowering product cost and giving the designer even greater 
flexibility in implementing logic functions. 

6-8 

q-
r.v x x~ 
~'q 
~t:.,x x~ 

-x xx x-
~ 

A+S A A+B 

-x A+B A:+:B ii-B B 

xx A A-ii 0 A-B 

x- A+ii ii A-S A:-:B 

Figure 14 

PAL Programming 
PALs can be programmed in most standard PROM program­
mers with the addition of a PAL personality card. The PAL 
appears to the programmer as a PROM. During programming 
half of the PAL outputs are selected for programming while 
the other outputs and the inputs are used for addressing. The 
outputs are then switched to program the other locations. 
Verification uses the same procedure with the programming 
lines held in a low state. 
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PAL Technology 
PALs are manufactured using the proven TTL Schottky bipolar 
Ti-W fuse process used to make fusible-link PROMs. An NPN 
emitter follower array forms the programmable AND array. PNP 
inputs provide high-impedance inputs (0.25 mA max) to the ar­
ray. All outputs are standard TTL drivers with internal active 
pull-up transistors. Typical PAL propagation delay time is 25 ns, 
and all PALs are packaged in space saving 2O-pin and 24-pin 
SKINNYDIP"'. 

PAL Data Security 
The circuitry used for programming and logic verification can 
be used at any time to determine the logic pattern stored in the 
PAL array. For security, the PAL has a "last fuse" wnich can 
be blown to disable the verification logic. This provides a signifi­
cant deterrent to potential copiers, and it can be used to 
effectively protect proprietary designs. 



Programmabl~ArrayLogic Family 
PAl! Series 20 

" ..•• '":, ."< 

U.S. Patent 4124899 

Features/ Benefits 

• Programmable replacement for conventional TTL 
logic. 

• Reduces Ie inventories substantially and simplifies 
their control. 

• Reduces chip count by 4 to 1. 

• Expedites and simplifies prototyping and board 
layout. 

• Saves space with 20-pin SKINNY DIP® packages. 

• High speed: 25ns typical propagation delay. 

• Programmed on standard PROM programmers. 

• Programmable three-state outputs. 

• Special feature reduces possibility of copying by 
competitors. 

Description 

The PAL family utilizes an advanced Schottky TTL process and 
the Bipolar PROM fusible link technology to provide user pro­
grammable logic for replacing conventional SSI/MSI gates and 
flip-flops at reduced chip count. 

The family lets the systems engineer "'design his own chip" by 
blowing fusible links to configure AND and OR gates to perform 
his desired logic function. Complex interconnections which 
previously required time-consuming layout are thus "lifted" from 
PC board etch and placed on silicon where they can be easily 
modified during prototype check-out or production. 

The PAL transfer function is the familiar sum of products. Like 
the PROM, the PAL has a single array of fusible links. Unlike the 
PROM, the PAL is a programmable AND array driving a fixed 
OR array (the PROM is a fixed AND array driving a 
programmable OR array). In addition the PAL provides these 
options': 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

• Arithmetic capability 

PAl~ is a registered trademark of Monolithic Memories 

Marcli 1981 

". .' 
PART' 

PKG DESCRIPTION' ,. 
NUMBER 

PAL10H8 N,J,F Octal 10 Input And-Or Gate Array 
PAL12H6 N,J,F Hex 12 Input And-Or Gate Array 
PAL14H4 N,J,F Quad 141nput And-Or Gate Array 
PAL16H2 N,J,F Dual 161nput And-Or Gate Array 
PAL16C1 N,J,F 16 Input And-Or/ And-Or-Invert Gate Array 
PAL10L8 N,J,F Octal 10 Input And-Or-Invert Gate Array 
PAL12L6 N,J,F Hex 121nput And-Or-Invert Gate Array 
PAL14L4 N,J,F Quad 141nput And-Or-Invert Gate Array 
PAL16L2 N,J,F Dual 161nput And-Or-Invert Gate Array 
PAL16L8 N,J,F Octal 16 Input And-Or-Invert Gate Array 
PAL16R8 N,J,F Octal 16 Input Registered And-Or Gate Array 
PAL16R6 N,J,F Hex 161nput Registered And-Or Gate Array 
PAL16R4 N,J,F Quad 161nput Registered And-Or Gate Array 
PAL16X4 N,J Quad 161nput Registered And-Or-Xor Gate Array 
PAL16A4 N,J Quad 161nput Registered And-Carry-Or-XorGate 

Unused inputs are tied directly to VCC or GND. Product terms 
with a/l fuses blown assume the logical high state, and prOduct 
terms connected to both tru& and complement of any single 
input assume the logical low state. Registers consist of D type 
flip-flops which are loaded on the low to high transition of the 
clock. PAL Logic Diagrams are shown with all fuses blown, 
enabling the designer use of the diagrams as coding sheets. 

The entire PAL family is programmed on inexpensive con­
ventional PROM programmers with appropriate personality and 
socket adapter cards. Once the PAL is programmed and ver­
ified, two additional fuses may be blown to defeat verification. 
This feature gives the user a proprietary circuit which is very 
difficult to copy. 

Ordering Information 

r------- PROGRAMMABLE ARRAY LOGIC FAMILY 
,------- NUMBER OF ARRAY INPUTS 

,----- OUTPUT TYPE 
H ~ ACTIVE HIGH 
L ~ ACTIVE LOW 
C ~ COMPLEMENTARY 
X ~ EXCLUSIVE-OR REGISTERED 
A ~ ARITHMETIC REGISTERED 

,----- NUMBER OF OUTPUTS 

TEMPERATURE RANGE 
C~ OC TO +75C 
M ~ -55C TO +125C LPACKAGE 
N ~ PLASTIC DIP 
J ~ CERAMIC DIP 
F ~ FLAT PACK 

OPTIONAL HI-REL PROCESSING lJ883B ~ MIL-STD-883, METHOD 5004 & 5005 LEVEL B 
883C ~ MIL-STD-883, METHOD 5004 & 5005 LEVEL C 
B ~ MIL-STD-883. METHOD 5004 EQUIVALENT 

PAL 14 L4 CJ 8838 

1165cEatt·ArquesAvenue;"Sunnyvale, CA'94086 . Tel: (40B) 739-3535 . TWX: 910-339-9229 ",2::.':f!!,':!: me 
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PAL Series 20 

PAL10H8 PAL12H6 PAL14H4 PAL16H2 PAL16C1 



Abeolute Maximum Ridings Operating 

~u:~I~~::2e:~.~~.::::::: :,:::::::::::: ::::::::::::::: ::':.::::::::::::::::::::::::::::: ::':::::::::::::::::::::: ::: .~:~ 
Off-State output Voltage., .. ; ............. ,' ... '" .; ...• ; ......• :: ............... ' ......................... ~ ............ 5.5V 
Storage temperature .• : ......................... : ....................... ; ..... ,. : ................ : ....... :. -65. to +l50·C 

Operlding ConditiOns 

SYMBOL PARAMETER MILITARY .. 
MIN TYP MAX 

>'Vec Supply voltage >4.5 5 5.5 

" low 25 ,10 
t~ Width of clock 

High 
" 

25 " 10 

Set up !i!'le from 16,AS 16R6 
" 

16R4 45 25 
tsu input br,.,f~back HIX4 16M 55 30 

th Hold time 
... ", 0 -15 

TA Operating, free-air temperature ". . -55 

TC Operating case temperature 125 

Electrical Characteristics Over Operating CondHlon. 

SYMBOL PARAMETER 

Vil * low-level input voltage 

VIH * High-Ieveli~put voltage 

VIC Input clamp voltage Vee = MIN 

III low-Ievei Input current t Vec = MAX 

IIH High-Ieve/input current t . Vee = MAX 

II Maxil11um'inputcwrent Vee = MAX 

Vee = MIN 

VOL low-Ie'ileloutputvoltage V IL' = O.W 
, V If.! =2V 

. Vee = MIN 

VOH High-level output voltage VIl = O.SV 

VIH = 2V 

lOll Vee = MAX .. 
Off-state output current t Vil = O.QV 

10lH VIH = 'ZIt 

lOS Outpufst16tt-circuit current * * Vee = 5V· 
. 

" 

ICC Svpply c~rrent Vee := MAX 
I 

: 
> 

'.,>., :t: I/O pm leakage IS the~worstcase oflOZX or IIX e.g., IlL a,nd 10ZH' 

tt,'AIi typical values ar!, ~tVcc = 5V. T A = 25' C. 

TEST CONDITIONS 
, 

II = -lSmA 

VI = O.4V 

VI = 2.4V 

VI ,; 5.5V 

OHS. 12H6. 14H4 Mil 
16H2,16el,10lS IOl ='SmA 
12l6, 14l4, 16L2 COM 

16lS· 16RS Mil 10l = 12mA 
16R6 16R4 
16X4 " 16A4 COM 10l = 24mA 

Mil 10H = -2mA 

COM 10H =- -S.2mA 

16lS 
.. 

;~;O.4V t6RS V" .:0 
16R6 16R4 

16X4 16M .VO .' 2.4V 

Vo =ov 
lOHS.12H6.14H4.16H2~ 16Cl: 

lOla; 1~L6,14(4, 1~~ 

, 16R4, l6R6,' 16RS, 16lS 

16X4 . 
16A4 

COMMERCIAL 
. MIN TYP MAX 

4.75 5 5.25 

25 10 < 
25 10 .. 

35 25 

45 30 

0 -15 

0 5 75 

MIN TYP MAX 

O.S 

2 

.:o.S -1.5 

~.02 -0.25 

25 

1 

O.S 0.5 

2.4 2.S 

-100' 

100 

;...SO . -70 -130 .. 
" 

55 90 

"1.20 180 

160 225 

" 
: 170 240 

• These are absolute voltages with respect to pin 10 on the device and includes all overshoots due tO$ystem and/or tester noise. 
00 not attemptii)'iesf'these values 'without suitable equipment. ..' ' 

* * Only one output shorted at a time. 
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Programming 

PAL fuses .are' progr~mr:nEid usin~.~;a low~voltagelinear-select 
procedure lIVhich is common ,to, all 15 .PAL typ!*>o The array ill, 
divided infO:two groups, proouctsO thru 3J and prOduCts 32thru: " 
63, for which pin identifications are shown in Pin Cc:mfigurations 
below. TO program a particular fuse, both an input line'an~a( 
product line are selected according to the following pro,ced,.II:e: 

Step 1 Raise Output Disable,OD, toVIHH 
'. . 

Step 2 Select an input line by specifying 10' 11,12,13,14, 15,16,17 
. and L/R as shown in Table 1. 
. ' . 

Step 3Seiect a product IIneby specifying AO' A1 and ~ One-6f- ' 
eight select as shown in Table. 2, , . 

Step 4 .. Raise V CC (pin 20) to-VIHH 

.. 

Step 5 Program the fuse pypulsingtqeoutput pins,'o., ·ofthe 
selectedproductgrouptoVIHH as shown in Program-

" ..... ming Waveform. . " , , 

Step 6 LowerVCC (pin 20) to 6.0'V 

Step 7 Pulse tlie,CLOC'K pin and verify the output pin, 0, to be 
Low for'active Low PAL types or High for active High 
PAL tyP~t ' 

Step 8 Lower VCC. (pin 2~) ~o 4.5 V!lnd repeat step 7> 

Step 9 Should the output not verify, repeat steps 1 thru 8 up to 
. five (5)times. 

This prOCedure is repeateo 10raU.fuses to be blown (see 
Programming Waveforms). 

To prevent flJrthe~:verification, two last fuses may be blown by 
raising pin 1Bnd,pin 11toVp. VCC is not required during this· 
operation. " " . ' 

Voltilg. L ..... .,d, '. , 'I,. = Low-level input voltage, VIL 
"1'l='HighClevel input voltage, VIH .. 

HH ,; High-Ievelprogram volta.g«i!) Vi~H. . 
Z = High impedance (e.g., 10kfl to 5.OV) 

INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION 
LINE LINE 

NUMBER 17 16 15 14 13 12 11 10 L/R NUMBER 03 02 01 00 A2 A1 Ap 

0 HH HH HH HH HH HH HH L Z 0, 32 Z Z Z HH Z Z Z 
1 HH HH HH HH HH HH HH H Z 1,33 Z Z Z HH Z Z HH 
2 HH HH HH HH HH HH HH L HH 2, 34 Z Z Z HH Z '··l'iH ,'z 
3 HH HH HH HH HH l~~ .HH. H HH 
4 HH HH HH HH':AH: , [' 14K ·'''z ..... 

3, 35 Z Z Z HH Z HH HH 
4,36 Z Z Z HH HH Z Z 

""'''' 5 AH HH ,HH Ali ,:.f,Jj"I HH H ~HH z' 
6 

' , 
HH HH HH IiH 'l:JH HH- '1::.: 'IHk· iHH . ' 

1 HH HH HH, HH HH HH H HH ,HH·, 

5, 37 Z Z Z HH HH Z HH 
6,38 ~ . Z Z HH HH HH Z 
7, 39 Z Z HH HH HH HH 

8 HH HH HH HH 'HH L HH HH £Z .. 8,40 Z Z HH Z Z Z Z 
9 HH HH HH HH HH H HH HH Z 9,41 Z Z HH Z Z Z HH 

10 HH HH HH HH HH L HH HH HH 10, 42 Z Z HH Z Z HH Z 
11 HH HH HH HH HH H HH HH HH 11,43 Z Z HH Z Z HH HH 
12 HH HH HH HH L Hpjl" HH :HH z.: , 12, 44 Z Z HH Z HH Z Z . 
13 HI:-! HH HH A~ H HH HH HH Z 13,45 Z Z HH Z HH Z HH 
14, HH HH HH HH L HH HH HH flH 
15 HH HH HH HH H HH HH HH HH : 

14,46 ,,>,;~ ~~ '; Z .HH Z, HH HH, ~. 
15,47 'z HH Z HH HH" "'1'11'1" 

16 HH fiH HH L HH HH HH HH Z 
17 HH I'IH HH H HH HH HH HH Z 

16,48 Z HH Z Z Z Z Z 
,17,49 Z HH - Z z .. Z. Z HH 

18 HH HH .. HH. L HH HH HH HH HH 18, 50 Z HH Z Z Z HH Z 
19 HH HH HI;! H HH HH HH HH ·.HH. 

... 20 HH. 'HH L HI-! HH "HH 'HH HH Z 
19,51' Z HH Z Z Z HH HH 
20, 52 Z t:tH Z Z HH· Z Z 

21 HH HH H HH HH HH HH HH Z 21,53 Z HH Z Z,' HH Z HH 

22 HH HH L HH HH HH HH HH HH 
23 HH HH H HH HH HH HH HH HH 

22, 54 I'·Z, ,HH Z Z HH HH Z 
23,55 Z HH Z Z .HH HH,. HH 

24 HH L HH HH HH HH HH HH Z 24,56 HH, Z Z Z Z ,Z Z 

25 HH H HH HH HH HH HH HH Z 25, 57 HH Z Z Z, Z Z HH 

26 HH L HH HH HH HH HH HH HH 
27 HH H HH HH HH HH HH HH HH 

26, 58 "HH Z Z Zo' Z HH Z 
27, 59 ; 'HH Z Z Z, Z HH- HH 

28 L HH HH HH HH HH HH HH Z 28, 60 HH Z Z A~ H~ Z Z 

29 H HH HH HH HH HH HH HH Z 
30 L HH HH HH HH HH HH HH HH 

29,61 ~f-l Z Z z: HH Z HH 
30, 62 HIi, Z Z Z HH HH Z 

31 H HH HH HH HH HH HH HH HH 31,63 HH ·Z Z Z,·,· HH HH HH 

Table 1 Input Un. Select 
, 

Table 2 Product Une Select 



PAL Series 20 

Switching Characteristics 
Over Operating Conditions 

SYMB'!L PARAMETER TEST MILITARY COMMERCIAL 
UNIT 

CONDITIONS MIN TYP MAX MIN TYP MAX 

10HS 12H6 14H4 

Input to 16H2 10lS 1216 R1 = 5600 25 45 25 35 
tpD 

output 1414 1612 R2 = 1.1kO 
ns 

16C1 25 45 25 40 

tpD I nput or feOO- 16R6 16R4 16lS 25 45 25 35 
back to output 16X4 16A4 30 45 30 40 

ns 

tClK Clock to output or feedback 15 25 15 25 ns 

tpZy Pin 11 to' output enable 15 25 '15 25 ns 

tpxz Pin 11 to output disable R1 = 2000 15 25 15 25 ns 

Input to 16R6 16R4 16lS R2 =3900 25 45 25 35 
. tpz X output enable 16X4 16M 30 45 30 40 

ns 

tpxz 
Input to 16R6 16R4 16lS 25 45 25 35 
output disable ns 

16X4 16A4 30 45 30 40 

Maximum 16RS 16R6 16R4 14 25 16 25 
fMAX frequency 16X4 16A4 

MHz 
12 22 14 22 

I 

Test Load 
SV 

Available Programmers 

MANUFACTURER 
PERSONALITY SOCKET ADAPTER 

CARD SET CONFIGURATION OUTPUT ~4-~o-I~ TEST POINT 

SOpF Data I/O Corporation 909-1427 715 142S-1 
715 1428-2 
715 142S-3 

Pro-log Corporation PM9068 

Stag Systems PM202 AM10H8 AM10lS 
AM12H6 AM12l6 
AM14H4 AM14l4 

Schematic of Inputs and Outputs 

AM16H2 AM16l2 
AM16Cl 

EaUIVALENT INPUT' TYPICAL OUTPUT 
VCC 0---_._------- - -------..::.:..::::~.:...:..: _ _OVCC 

4011 NOM 
Structured DeSign SD20/24 

INPUTO-_._+---4n 

OUTPUT 

6·13 



PAL Series 20 

Pin Configurations PRODUCTS 0 THRU 31 PRODUCTS 32 THRU 63 

Programming Parameters TA = 25°C 

SYMBOL PARAMETER LIMITS UNIT 
MIN TYP MAX 

VIHH Program-level input voltage 11 11.5 12 V 

Output Program Pulse 50 

IIHH Program-level input current OO,UR 25 mA 

All Other Inputs 5 

ICCH Program Supply Cummt 400 mA 

Tp Program Pulse Width 10 50 j.ts 

to Delay time 100 ns 

tov Delay Time to Verify 100 j.ts 

Program Pulse duty cycle 25 % 

Vp Verify-Protect-input voltage 20 21 22 V 

Ip Verify-Protect-input current 400 mA 

Tpp Verify-Protect Pulse Width 20 50 msec 

Programming Waveforms 

00 

I, L/R, A 

Vce 

o 

CLOCK 

6-15 
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PAL Series 20 

Logic Diagram PAL 1 OH8 

INPUTS (0.31) 
, . 1213 1617 2021 2425 28293031 

-< 19 

18 

17 

:R=l 16 

15 

'"1-f , I. 

13 

12 

~ 
11 

<II!. .... 

,. 1213 1&11 2021 2425 28293031 
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o 1 2 3 4 5 6 7 B 9 .. 
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PAL Series 20 

Logic Diagram PAL12H6 

INPUTS (0-31) 
1213 1617 2021 24252621 28293031 

.A 19 
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. 
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18 
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17 

~ 
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16 

~ 

15 

~ 

~ 14 

....... I 
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PAL Series 20 

INPUTS (0-31) 
8 I Z 3 4 6 6 7 B 918'1 U13 

... 

Z'~ Ioo.==:u 

3 h­
~ .. 

. ' .. 
---I .. 

5' .. 
---I .. 

... 

... 

h-.. 

... 

... 

,. 
17 
18 

" 

Z4 

" " 21 

" 33 .. 
35 

.. .. 
4' 
43 

., .. 

I 

"1 
'., 

o 1 Z 3 4 5 8 1 8, 101f 1213 l&n 21212223 242S21}1' 21293031 

Logic Diagram PAL14H4 
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PAL Series 20 

Logic Diagram PAL 18H2 

INPUTS (0-31) 
a 1 2 3 45& 7 .91.,1 12131415 ,e171811 20212223 24252.627 21293131 

1 .. 
---I.~ ... 

2 ... 
19 

C ... .... 

3 .. ... 18 ... .... 

4 ... 
"----I 11 ... v .... 

24 
25 .. 
Zl 16 
II ./ 
" 3D 
31 

~ .. 
32 
31 
34 

" "" 15 .. ./ 37 .. .. 

6 .. 
-=-------t 14 ... .... 

7 .. ... 13 ... .... 
, , 

, 

8 ... ... 12 
~ .... 

9 11 

~ .... 
0123 4511 191111 lZ13Mlt "'1111'·~~UH "HHV HaH~ 
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PAL Series 20 

INPUTS (0-31) 
o 1 2 3 4 5 6 7 a91011 12131415 16111819 ~nun N25~n 2BHU3' 

re:-

", , 

24 
25 

" " 28 
)' 
30 
31 

" 33 
34 

" 31 
··31 

38 
39 

, 

, 

I, " 

1) 1 Z 3 4 Ii 81, 881011 12131415 18171818 20212213 Z425ZGZ7 21293031 

Logic Diagram PAL 16C1 
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PAL Series 20 

Logic Diagram PAL 12L6 

INPUTS (0-31) 
1213 1611 2021 24252627 28293031 
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PAL Series 20 

INPUTS (0-31) 
o 1 2 J 4 5 6 7 8 91011 1213 1617 20212223 24252627 28293031 

I 

16 
17 
18 
19 

24 
25 
26 
27 

32 
33 
34 
35 

4D 
41 
42 
43 

o 1 2 J 4 5 6 7 8 9 1011 1213 1617 ?OZl 2223 24252627 28293031 

Logic Diagram PAL14L4 
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PAL Series 20 

Logic Diagram PAL 16L2 

INPUTS (0-31) 
012 J 4567 891011 12131415 16171819 2021~22J 24252627 28293031 
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PAl. Series 20 

Logic Diagram PAL16L8 
INPUTS (0-31) 

012 J 4 5 6 1 891011 121314,15 16111819 20212223 24252621 28293031 
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PAL Series 20 

INPUTS (0-31) 
Logic Diagram PAL 16A8 

, 
0123 4567 891011 12131415 '6111819 20212223 2425%121 28293031 , -, 
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PAL Series 20 

INPUTS (031) 1 -
0123 4 5 6 7 891011 12131415 16171819 20212223 24252627 28293031 
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PAL Series 20 

Logic Diagram PAL16A4 
INPUTS (031) 

1 -
012 J 4561 891011 12131415 1.G171819 20212223 24252627 28293031 , 
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PAL Series ;20 

-INPUTS (0 31) 
Logic Diagram PAL 16X4 

0123 4561 891011 12131415 16111819 20212223 242526'1.1 28293031 
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PAL Series 20 

1 
INPUTS (0-31) Logic Diagram PAL 16A4 

o I 2 3 4 5 I 1 88'011 12131415 16171819 20212223 24252121 21213031 
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FUNCTION TABLE 

PIN A PIN B PIN C PIN D PIN E 

PIN F PIN G PINH PIN I PIN J 

PIN K PINt PIN M PIN N PIN 0 

PIN P PIN Q PIN R 

COMMENT 

COMMENT 
'ASCOEF GH- JKLMNOP OR 

-- -- -- -- -,- -- -'- -- -- --' -' - -- '-- -- '-- -- '-- --'-' 

-- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- '-- ,--

-- -- -- -- -- -- -- -'- -- '-- -- -'- -- -- -- -- ----
-- --' -- -- --' -- -- -- -- -' - -- -- --, -- '-- --,-' --' --

-- -- -- -- -- -- -- -- --' -- -- -- '-'- -- -- -'-' '-- -' -'-

-- --,-- -- -- -- -,- -- -- --" -- -- -- -- -'- '-'-, ----
-- -- -- --,- -- -- -- -- -- --' , --' -- -' - --

-- -- -- -- -- -- -- -- -- -- -- -,- -- -- --- -- -'-

---,---------------------------------,------~----~-----------.---~~--- ...... ----------
LEGEND: 
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H HIGH 
L LOW 

F 109 

C CLOCK z OFF 
X IRRELEVANT 



PAL 
PART NUMBER 

USER'S PART NUMBER 

TITLE 

COMPANY, CITY, STA TE 

PIN 1 

PIN 6 

PIN 11 

PIN 16 

EQUATIONS 

Description 

·LEGENO: 

PIN 2 

PIN 7 

PIN 12 

PIN 17 

= 

REV 

PIN 3 

PIN 8 

PIN 13 

PIN 18 

+OR 
* AND 

PAL ·DESIGN SPECIFICATION 

:+: XOR 
: *: XNOR 

I I 
NAME DATE 

. PIN 4 

PIN 9 

PIN 1.4 

PIN 19 

PIN 5 

GND 
PIN 10. 

PIN 15 . 

vec 
PIN 20 

/ . eOMPLEMENT 
( ) THREE-STATE 



Programmable Array Logic Family 
PAl! Series 24 
U.S. Patent 4124899 

Features/Benefits 
• Programmable replacement for conventional TTL logic. 
• .Reduces. IC inventories substantially and simplifies their 

control. 
• Reduces chip count by 5 to 1. 
• Expedites and simplifies prototypitlg and board layout. 
• Saves space with 24-pin SKINNYDIP'· packages. 
• Programmed on standard PROM programmers. 
• Programmable three-state outputs. 
• Special feature reduces possibility of copying by competitors. 

Description 
The PAL Series 24 family cemplements the PAL Series 20 family 
by previding twe additienal inputs and twe additienal .outputs, 
allewing mere cemplex functiens in a single package. This new 
family is made feasible by the Menelithic Memeries new and 
revelutienary 24-pin SKINNYDIP'·. 

In addition te previding mere legic functien per chip, 24 pins 
allews fer many natural functiens which were previeusly un­
available in skinny 300 mil-wide packages. Examples include: 

• B-bit parallel-in parallel-out ceunters 
• B-bit parallel-in parallel-out shift registers 
• 16-Line-to-l-Line Multiplexors 
• Dual B-Line-to-l-Line Multiplexors 
• Quad 4-Line-to-l-Line Multiplexers 

These natural functions provide twice the density .of traditienal 
16-pin packages. 

The PAL family utilizes an advanced Schottky TTL precess and 
the Bipelar PROM fusible link technology te previde user 
pregrammable legic for replacing conventional SSI/MSI gates 
and flip-fleps at reduced chip count. 

The family lets the systems engineer "design his own Chip" by 
blowing fusible links to cenfigure AND and OR gates te perferm 
his desired logic functien. Complex intercennectiens which 
previously required time-consuming layout are thus "lifted" from 
PC board .etch and placed on silicon where they can be easily 
medified during prototype check-eut or preduction. 

The PAL transfer function is the familiar sum .of products. Like the 
PROM, the PAL hass single array of fusible links. Unlike the 
PROM, the PAL is a programmable AND array driving a fixed OR 
array (the PROM is a fixed AND array driving a programmable 
OR array). In addition the PAL prevides these optiens: 

• Variable inpuVoutput pin ratie 
• Pregrammable three-state outputs 
• Registers with feedback 

SKINNYDIP is a registered trademark of Monolithic Memories 

PART 
PKG DESCRIPTION 

NUMBER 

PAL12L10 J,N Deca 121nput And-Or-Invert Gate Array 
PAL14LB J,N Octal 141nput And-Or-Invert Gate Array 
PAL16L6 J,N Hex 16InputAnd-Or-lnvert .Gate Array 
PAL1BL4 J,N Quad 1Blnput And-Or-Invert Gate Array 
PAL20L2 J,N Dual 20lnput And-Or-Invert Gate Array 
PAL20C1 J,N 20 Input And-Or/ And-Or Invert Gate Array 
PAL20L 10 J,N Deca 20 Input And-Or-Invert Gate Array 
PAL20X10 J,N Deca 20 Input Registered And-Or-Xor Gate Array 
PAL20XB J,N Octal 20 Input Registered And-Or-Xor Gate Array 
PAL20X4 J,N Quad 20 Input Registered And-Or-Xor Gate Array 

Unused inputs are tied directly te V CC or GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms cennected to beth true and cemplement of any single input 
assume the logical low state. Registers censist .of D type flip-flops 
which are loaded en the low to high transitien of the cleck. PAL 
Logic Diagrams are shown with all fuses blown, enabling the 
designer use 6f the diagrams as coding sheets. 

To design a PAL, the user writes the legic equations using PAL 
DESIGN SPECIFICATION standard fermat (F10B). This specifi­
catien may be submitted to Menelithic Memories where it is 
computer processed and assigned a bit pattern number, eg 
P0123. Monelithic Memories accepts the PAL DESIGN SPECIFI­
CATION in .one of the three forms: 
1. Computer generated listings. 
2. Typed .or hand-written forms Fl07 and Fl0B. 
3. Direct on line data transmission te Menelithic Memories 

Timeshare computer system via telephone (local telephone 
netwerk te major U.S. cities, London and Paris) .or TWX 
.online Boston TWX No.). 

The entire PAL family is programmed on inexpensive' conven­
tional PROM programmers with apprepriate persenality and 
socket adapter cards. Once the PAL is programmed and verified, 
two additional fuses may be blewn te defeat verificatien. This 
feature gives the user a proprietary circuit which is very difficult 
to copy. 

Ordering Information 
PR.oGRAMMABlE ARRAY l.oGIC FAMILY 

.-------NUMBER .oF ARRAY INPUTS 

,------euTPUT TYPE 
L = ACTIVE L.oW 
C" C.oMPLEMENTARY 
X = EXCLUSIVE .oR REGISTERED 
R = REGISTERED 

,-----NUMBER .oF .oUTPUTS 

~
TEMPERATURE RANGE 

C= OC T.o +7SC 
M = -SSC T.o +125C GPACKAGE . 
N = PLASTIC DIP 
J = CERAMIC DIP 

r HI-REL SCREENING 
.. LEVEL SEE "SCREENING' 

.oPTI.oNS 

PAL20X8CJ 8838 

1165 East Arques Avenue. Sunnyvale. CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 

Monolithic ~1!n 
Memories Il1Jl1.LI 

6-34 
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PAL20L10 PAL20X10 PAL20X8 PAL20X4 



PAL Series 24 

AbSolute r.taximum Ratings OperatIng Programming 
Supply Voltage, vcc ............................................. ' ................................... 7 .... 1", .. , •• 12V 
Input Voltage .... :,., ............ ~ ., ........................... ; ... ; .........•..... ' .................. 5.5V. , .....•.. ' 12V* 
Off-state ootput Voltage ........... , ............................... , •.............. '. . . . . . . . . . . . . . . . .. 5.5V.:........ 12V 
Storage temperature .' ............•.................•................•.......•.•....•.............. : . •. .. -,65· to +150" C 

Operating Conditions 

SYMBOL PARAMETEj:f 
MILITARY 

MIN TYP MAX 

VCC .,' 
Supply voltage 4.5 5 5.5 

1 Low 40 20 
tw Width of clock 

," "I High 30 10 

tsu Set up time 60 38 

th Hold ,time 0 -15 

TA Operating free air temperature, -55 

TC Operating case temperature 125 

Electrica,1 Characteristics Over Operating Conditions 
'" 

• SYMBOL PARAMETER 

Vil low-level input Voltage 
, 

VIH High-level input voltage 

VIC Input clamp voltage VCC = MIN 

III low-level inputcurrent t Vec = MAX 

IIH High-level input current t VCC = MAX 

II Maximum input ,current VCC = MAX 

VCC = MIN 

VOL low-level output voltage Vil = O,BV 

VIH = 2V 

,~ Vct ~ MIN 

VOH High-level output voltage Vll = 0.8V 

l" VIH = 2V 

10Zl VCC, = M~ 

Off-state output current t Vll = O,BV 
: 

10ZH VIH ; ,2V 

" 
,lOS Output short-circuit current * * VCC ~ ,5V 

<.' 
ICC Supply current VCC = MAX 

J I/O pin leakage is the worst case of 10ZX or IIX e,g, IIX and 10ZH' 

tt ,AlllyPicalvaluesareatVcc=SV,TA = 2SoC. 

* Pins 1 and 13 may be raised to 22V max. 

* * Onl~ one output shorted at a time, 

8~38 

TEST CONDITIONS 

-, 

II = -18mA 

VI = 0,4V 

VI = 2,4V 

VI = 5.5\1 

12L 10, 14L8, 16L6 
10l = 8mA 

18l4, 2Ol2, 20Cl 

2OLlO, 2OX10 Mil 10l'= 12mA 
2OX8, 2OX4 COM 10l = 24mA 

10H = ..,2r:nA ' Mil 

10H,~ -3.2mA COM 
, , 

VO~0.4V 

Vo =2.4V 

VO= .. OV, 

12LlO. 14l8.16l6, 
lBl4, 20L2; ?DCi 
2OX4, 2OXB, 2OX10 

2OL1O '. 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

35 20 

25 10 
ns 

50 38 
ns 

0 -15 

0 75 ·C 

·C 

MIN TYPtt MAX UNIT 

0.8 V 

2 V 

-0.8 -1.5 V 

-0.02 -0.25 mA 

25 p.A 

1 mA 

0.3 0.5 V 

2.4 ,2.B V' 

-100 p.A 

100 p.A 

-30 -70 -130 rnA 

·60 100, 
120 180 

mA. 
90 ,: 165 



Switching Characteristics 
Over Operating Conditions 

SYMBOL PARAMETER 

12L 10. 14L8. 

tpD 
Input to 

16L6. 18L4. 
output-

2OL2. 2OC1 

tpD Input or feedback to output 

tCLK Clock to output or feedback 

tpzx Pin 13 to output enable 

tpxz Pin 13 to outp~t disaple 

tpzx Input to output enable 

tpxz Input to output disable 

fMAX Maximum frequency 

Test Load 

PAL Series 24 

TEST CONDITIONS 
MILITARY 

MIN TYPMAX 

R1 = 5600 

R2 = 1.1kO 
25 45 

35 60 

20L 10. 20X10 
20 35 

, 20X8.20X4 
20 45 

R1 = 2000 
20 45 

35 55 
R2 = 3900 

35 55 

10,5 16 

" 

SV 

SOpF, 

;Schematic of Inp"ts an~Outputs 
',.' 

Vee Q--"-"EQ_U_IV ... AL..,.EN_T",",,I!i,...P_UT_ 

IkhNOU 

COMMERCIAL 
UNIT 

MIN TYP ,MAX 

25 40 ns 

35 " 50 ns 

20 30 ns 

20 35 ns 

20 35 ns 

35 45 ns 

35 45 ns 

12.5 16 MHz 



PAL Sei'ies 24 

Programming 
PAL fuses are programmed using a low-voltage linear-select 
procedore'wh'ich is' common to all' PAL types. The array is 
divided iritotWci"gfoops, products 0 thru39 and produ,9ts40 
thru 79; for wh'ich pin idimtificatlons 'Bre shown in Pin 
Configurafi'Cmsbelow.To program a particularfuse, both an 
input line and a product line are selected according to the 
folhJwing procedure: 

Step 1 Raise Output Disable, 00, to V IHH' 

Step 2 Select an input line by specifying 10' 11, 12, 13, 14, 15' IS' 
17, la;"1913nd URasshownin Table 1, 

. . 
Step 3Select a ;product line by specifying AO' A1 and A2 

one-of-eight select as shown in Table 2. 

Step 4 Raise VCe(pin 24)toViHH' 

YoltaigeLegend L = LoW-level input voltage, VIL 
H = .. High-Ievel. input voltage,VIH 

HH = High-level program voltage, VIHH 

Step 5 Program the fuse ,by l?ul~i.l'lg. th.ea~!put.J?in~,· Q:; \?f)hE! 
selected product group to V IHH "as. shown. in ~~OQram-
ming Waveform. . .' .' " •. J' .. • .' 

Step SLower VCC (pin 24) ,to 6.AV., • ." 

Step 7 Pulse. the CLOCK.pin and verify the.·output pin,O,to 
be Low for active Low PAL types or High for active 
High PAL types, . , 

Step a Lower Vec (pin 2~) to 4.5 V and~peat step i. 

Step 9 Should tht;l output not \/erify, repeat steps 1 thru l;! Up 
to five (5) times. . 

This procedure"is n~peated,tor all, fuse.s)o be blown (see 
Programming Waveforms).' ., ., ' .. ,. 

'., '." .... I 
To prevent further verification, two last fuses may be blown by 
raising pin 1 and r:>in 13 to \J.p. V CC· is 'not required during this 
0r:>eration. . 

Z = High impedance (e.g. 10K n to 5,QV) 

INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION 
LINE LINE 

NUMBER 19 18 17 16 15 14 13 12 11 10 LIR NUMBER 04 03 02 0, 00 A2 A, Ao 

0 HH HH HH HH HH HH HH HH HH L Z 0,40 ·'z Z .. Z Z HH Z Z Z 
1 HH HH HH HH HH HH HH HH HH H Z ',41 Z Z Z Z HH Z Z HH 
2 HH HH HH HH HH HH HH HH HH L HH 2,42 Z Z Z Z HH Z HH Z 
3 HH HH HH HH HH HH HH HH HH H HH 3,43 Z Z Z Z HH Z HH HH 
4 HH HH HH HH HH HH HH HH L HH Z 4,44 Z Z Z Z HH HH Z Z 
5 HH HH HH HH HH HH HH HH H tiH .Z 5,45 Z Z Z Z HH HH Z HH 
6 HH HH HH HH HH HH HH HH L HH HH 6,46 Z Z Z Z HH HH HH Z 
7 HH HH HH HH HH HH HH HH H HH HH 7,47 Z Z Z Z HH HH HH HH 
8 HH HH HH HH HH HH HH L HH HH Z 8,48 Z Z Z HH Z Z Z Z 
9 HH HH HH HH HH HH HH H HH HH Z 9,49 Z Z Z HH Z Z Z HH 

10 HH HH HH HH HH HH HH L HH HH HH 10,50 Z Z Z HH Z Z HH Z 
11 HH HH HH HH HH HH HH H HH HH HH 11,51 Z Z Z HH Z Z HH HH 
12 HH HH HH HH HH HH L HH HH HH Z 12,52 Z Z Z HH Z HH Z Z 
13 HH HH HH HH HH HH H HH HH HH Z 13,53 z· Z Z HH Z HH Z HH 
14 HH HH HH HH HH HH L HH HH HH HH. 14,54 Z Z Z HH Z HH HH Z 
15 HH HH HH HH HH HH H HH HH HH HH 15,55 Z Z Z HH Z HH HH HH 
16 HH HH HH HH HH L HH HH HH HH Z 16,56 Z Z HH Z Z Z Z Z 
17 HH HH HH HH HH H HH HH HH HH Z 17,57 Z Z HH Z Z Z Z HH 
18 HH HH HH HH HH L HH HH HH HH HH 18,58 Z Z HH Z Z Z HH Z 
19 HH HH HH HH HH H HH Kt/. HH 11H I;1H ',.>, . 19,'59 .... Z··· ; i~, cebtH Z Z Z HH HH 
20 HH HH HH HH L HH HH HH HH HH Z 20,60 Z Z HH Z Z HH Z Z 
21 HH HH HH HH H HH HH HH Hti HH Z, 
22 HH HH HH HH L HH HH HH HH HH HH 
23 HH HH HH HH H HH HH HH HH HH HH 
24 HH HH HH L HH HH "HH HH HH HH Z 

)11,6) •.. .:? z HH Z Z HH Z HH 
'22,62,· ·z Z· HH Z Z HH HH Z 
23,~3' Z Z HH Z Z HH HH HH 
24;64 z HH z Z Z Z Z Z 

25 HH HH HH H HH HH HH HH HH HH Z 
26 HH HH HH L HH HH HH HH HH HH HH 

25,65,. Z HH Z Z Z Z Z HH 
26,66 Z HH Z Z Z Z HH Z 

27 HH HH HH H HH HH HH HH HH HH H; 
28 HH HH L HH HH HH HH HH HH HH 

27.67 Z HH Z Z Z Z HH HH 
28,68 Z HH ·z Z Z HH Z Z 

29 HH HH H HH HH HH HH HH HH HH z 29,69 Z. J;iH Z Z Z HH Z HH 
30 HH HH L HH HH HH tiH HH HH HH HH 30,70 ·z HH Z Z Z HH HH Z 
31 HH HH H HH HH HH HH HH HH HH HH 31,71. Z HH Z Z Z HH HH HH 
32 HH L HH HH HH HH HH HH HH HH Z 
33 HH H HH HH HH HH HH HH HH lif! z 
34 HH L HH HH HH HH HH HH HH HH HH 
35 HH H HH HH HH HH HH HH HH HH HH 

32,72 HH Z Z Z Z Z Z Z 
" .. 33,73 HH' Z Z Z Z Z Z HH 
, 34,74 HH, ' Z Z Z Z Z HH Z 

35,75 HH Z Z Z z Z HH HH 
36 L HH HH HH HH HH HH 

HlHH 
HH Z 

37 H HH HH HH HH HH HH HH HH HH Z 
38 L HH HH HH HH HH HH HH HH HH HH 
39 H HH HH HH HH HH HH HH HH H'fi HH 

36,76 HH' Z Z Z Z HH Z Z 
37.77 HH Z Z Z Z HH Z HH 
38.78, HH, Z Z .z Z HH HH Z 
39,79, HH Z Z Z Z HH HH HH 

Table 1 Input Line Select Table 2 Product Line Select 

,6~38 



PAL Series 24 

Pin Configurations PRODUCTS 0 THRU 39 PRODUCTS 40 THRU 79 

Programming Parameters TA = 25°C 

SYMBOL PARAMETER LIMITS UNIT 
MIN TVP MAX 

VIHH Program-level input voltage 11.5 11.75 12 V 

Output Program Pulse : 50 

IIHH Program-level input current OD, L/R 50 .mA 

All Other Inputs 5 

ICCH Program Supply Current 400 mA 

Tp Program Pulse Width 10 , 50 Ils 
tD Delay time 100 ns 

tDV Delay Time to Verify 100 .!'s 

Program Pulse duty. cycle 25 % 

Vp Verify-Protect-input voltage 20 21 22 V 

Ip Verify-Protect-input current 400 rnA' 
Tpp Verify-Protect Pulse Width 20 50 msec 

Programming Waveforms 

00 

VIL 

VIHH 
l.lIR. A 

VIH 

VIL 

Vce 

S.OV 

VIHH 

VOl-:' 

0 

VOL 

VIH 

CLOCK 

VIL 



'PALS •. , ••• 24 

Logic Diagram PAL12L10 
INPUTS (0-39) 
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PAL Seri •• 24 

INPUTS (0-39) 
Logic Diagram PAL14L8 
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PAL Series 24 

Logic Diagram PAL16L6 
INPUTS (0-39) 
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PAL Series 24 

Logic Diagram PAL18L4 
INPUTS (0-39) 
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INPUTS (0-39) 
Logic Diagram PAL20L2 
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LogiC Diagram PAL20C1 
INPUTS (0-39) 
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PAL Series 24 

Logic Diagram PAL20L10 

INPUTS (0-39) 
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PAL Series 24 

Logic Diagram PAL20X10 

INPUTS (0-39) 
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P.AL Series 24 

Logic Diagram PAL20X 8 

INPUTS (0·39) 
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PAL Series 24 

INPUTS (0-39) 
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PART NUMBER 
~ .', \' i~"~: ' .... , :~.'~ t,'.'~, 

USER'S PART NUMBER 

TITLE 

COMPANY, CITY, STA TE 

.,' PIN 1 

PIN 7 

PIN 13 

CI PIN 19 

EQUATIONS 

PI/{2 ) 
10'" ; '<'I..~"~. '-

.; PIN20.' 
':"~ , -

, 
\~ 

REV 

PIN 3 

PIN.9 

PIN 15·" 

PIN 21 

. ".·P>AL DESIGN SPECI·FICATION 

I I 
NAME DATE 

PIN 5 PIN 6 
GND 

PIN 10 PIN 11 PIN 12 

PIN 16 PIN 17- PIN 18 
VCC 

PIN 22 PIN 23 PIN 24 

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

DESCRIPTION: 

~.,.,,;. 

:::;; 
EQUA~';I _ 
REPLACED BY 

.,. 

+,O~ 
* AND 

F 10B 

.,:.+ 
:* 

XO,R 
XNOR 

/ COMPLEMENT 
( ) THREE-STATE 



FUNCTION TABLE 

PIN A PIN B 

PIN G PIN H 

PIN M PIN N 

PIN S PIN T 

, -
COMMENT 

,-
ABC D E F G H 

LEGEND: 

PIN C PIN D 

PIN I PIN J 

PIN 0 PIN P 

PIN U PIN V 

J K L M N 0 P Q R STU V 

H 
L 

HIGH 
LOW 

F 107 

C 
X 

CLOCK 
IRRELEVANT 

PIN E PIN F 

PIN K PIN L 

PIN Q PIN R 

COMMENT 

--[;)I 

z OFF 

6·51 
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Hard Array Logic Family 
ItAL Series 20 Data Sheet 

Features/Benefits 
• Gate array equivalent of up to 200 gates. 

-.:, ' ~"' ~", ." SelVi-custo~ soluti9fl 

?,t~'~"~~~, .~~,d~!=eS ssj:~SJ ~hlP count greater than 4 to 1. 

~D,;""'~';~~'t:»,r9~!ype lr,I,ing,tield-program~ble version, - ~AL. 

"'t~~i;£';:~.;,~~t,~av~~~ ~p to ,~O% ~~!1Ipared to PAL. , 

i~,,~)ibit"""'iit. sec,urltv I,jnlt,disabled for design secreoy; 

;K~: ';;:";:'~J~:te~,!'Id'~imlilati!>l1ma~e simpl,e with PALASM Function 

" .·~t~~hi~-~n S~INNYDIP"! paCkages., 

," .,PO~:!i~nsuiij~~~r1lscil~IY· proportional to logic 
'complexJ1y " ," 

~~~~~"'~';I!' , 
, ",ii, TI:i;e, :H~l,i family utilizes standard Low-Power Schottky TTL 
'i,,!::proQ~ and aut9mated mask pattern generl;ltion direotly 

from loglc,eqlolations to provide a semi-custom gate array, for 
re~~~pjrig conventional SSIIMSI gates and flip-flops at re~ 

,,.,,ducedchip..counl., ",' 

;J)i 1:hi! ,familr1etsth~ sy~temsengineer "design ,his own chip" 
,,' f,b\! P-NI;rll,'r)d OR gateS to perform his desired logic function. 
,.-",$ Complex:,jiiterconnectioo's'whiCh previously 'required time­
'<C:(;>nsqi11i(f~ layouLarethus"lifted" from PC board etch and 

, ,,'(;plI!CEl(i;\;OcnSi!icOn,wherethey can be easily modified during 
" " 1, ptotoWpe' cn~cR~o'(jt or production. " 

",I ;":'<£.: ',:: , :~' ~ :".' -: ','., . ','. " 
": /,{Ti'fa,H!\l; .;traJl~~r fUf.)ction ;i~~h~ l~miliar sl,I,m ofp'~qp!Jcts. 

,.,.i,<~'l,.ij(?theRQM,We HAt hilS a single array of-seJectable gates, 
'I': Unlike the ROM, the HAL is a sele.ctable AND array driving a 
f,~;.fl~e!i><:>~ i!lrraf(tI18.,ROM 'i~.~ fixed AND arri!lY driving a 

-seJectabl.e OR array), In: addition, the 1:IAL pJovides these 
:;,,,:;,·pptiQ~;:·};,, " 
.. :;;. fyart~ble inpLit/~tpu.tpil'l hitio 
'·c.·Pro'9iammable'three~sfate· (JOtptits 

.. ~::,:~~!-~~ 'r- i!~~;ack" . 

,~~f':~(\\fF'~Pirus¢?'in'p~'tSare tied dire~tly tQ V ceor 9ND, Producfterms 
"::,,\,, /,,,,-':wrth',aIHuses bl,9wnassume tl1e logical, high state; and product 
"., " r, • terms:~on.,Qecte(:fto bCl!~ f~u.~ and comp~emel1(of any s,ingle 

~ssume::lh~)Q9~¥al 1p,~,statei}1egisterSi:::onsist of D type 
p,'ps:~ict\l:~t6a<!edon JQe-lb'lt.-tb:hi!;lh transition of the 

%k., HAL.,J"ogi~, QiagralJ1s.\lreshoWf1l!Vith all fljsesblown, 

~~I!n~~.~~.(~&.r~0~~'t1~~?i~~;r~sas" ~~ding sheets. 

To design a HAL, the user first programs anc:! debugs a 'PAL 
using PALASM and the "PAL DESIGN SPECIFICATION" 
standard formal. This specification is submitted to Monolithic 
Memories where it is computer processed and assigned a bit 
pattern number, e.g. P01234. 

PART 
PKG DESCRIPTION 

NUMBER 

HAL10H8 J,N,F Octal 10lnput And-Or Gate Array 
HAL12H6 J,N,F Hex 121nput And-Or Gate Array 
HAL14H4 J,N,F Quad 141nput And-Or Gate Array 
HAL16H2 J,N,F Dual 161nput And-Or Gate Array 
HAL16C1 J,N,F 16 Input And-Orl And-Or-Invert Gate Array 
HAL10L8 J,N,F Octal 10 Input And-Or-Invert Gate Array 
HAL12L6 J,N,F Hex 12'lnput And-Or-Invert Gate Array 
HAL14L4 J,N,F Quad 141nput And-Or-Invert Gate Array 
HAL16L2 J,N,F Dual 161nput And-Or-Invert Gate Array 
HAL16L8 J,N,F Octal 16 Input And-Or-Invert Gate Array 
HAL16R8 J,N,F Octal 161nput Registered And-Or Gate Array 
HAL16R6 J,N,F Hex 161nput Registered And-Or Gate Array 
HAL16R4 J,N,F Quad 161nput Registered And-Or Gate Array 
HAL16X4 J,N,F Quad 161nput Registered And-Or-Xor Gate Array 
HAL16A4 J,N,F Quad 161nput Registered And-Carry-Or-Xor Gate 

Monolithic Memories accepts the PAL DESIGN SPECIFICATION 
in one of three forms: 

1, Computer generated listing. 

2, Typed or hand-written forms F109and F110, See example 
on pages 6-7 and forms on pages 23-24. 

3. Direct online data transmission to Monolithic Memories 
, ,Timeshare computer system via telephone (local telephone 
; network to major US cities, London and PariS) or TWX 

(online Boston TWX no,). 

Monolithic Memories will provide a PAL sample for customer 
qualification. The user then submits a purchase order for a 
HAL of the specified bit pattern number, e.g. HAL14L4 P01234. 
See Ordering Information below. 

Ordering Information 
,----------HARD ARRAY LOGIC FAMILY 

.---============= NUMSER OF ARRAY INPUT8 r- OUTPUT YPE 
H = ACTIVE HIGH 
L = ACTIVE LOW 
C = COMPLEMENTARY 
R = REGISTERED 
X = EXCLUSIVE'()R REGISYERED 
A = ARrrHMEnc REGISTERED 

,-------- NUMBER OF OUTPUTS 
,------ TEMPERATURE RANGE 

C= OC TO +75C 
M=-$IIC TO +12&C 

~---- PACKAGE 
N = PLASTIC DIP 
J = CERAMIC DIP 
F = FLAT PACK I. OPTIONAL HI.fIEL PROCESSING 
883 = MIL·STD-883, 

METHOD IiOII4 • IlOO5 LEVEL B 
8830 = MIL·8TD-883, 

METHOD 5CI04 • &005 LEVEL C 
B = MIL·STD-883, METHOD 5CI04 EQUIVALENT 
C= MIL-STD-883. METHOD IiOII4 EQUIVALENT r BIT PATTERN NUMSER 

HAL 14 [4" cJ 8838 P01234 

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 

,."""lth,c m 
Memorl •• 

7-1 



HAL Logic Symbols 

HAL10H8 HAL12H6 HAL14H4 HAL16H2 HAL16C1 

HAL10L8 HAL12L6 HAL14L4 HAL16L2 HAL16L8 

HAL16R8 HAL16R6 HAL16R4 HAL16X4 HAL16A4 

7·3 



HAL Series 20 

Absolute Maximum Ratings Operating 

~U:~I~~I~~:;e: ~.~? . : : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : . 5:5~ 
Off-state output Voltage ....•...................................................................................... 5.5V 
Storage temperature .................................................................................. :.. -65° to +1500 e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 

low 25 10 
tw Width' of clock 

High 25 10 

Set up time from 16RS 16R6 16R4 45 25 
tsu input or feedback 16X4 16A4 55 30 

th Hold time 0 -15 

TA Operating free-air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

Vil * low-level input voltage 

VIH * High-level input voltage 

Vie Input clamp voltage Vee = MIN 

III low-level input current t Vce = MAX 

IIH High-level input current t VCC = MAX 

II Maximum ihput current Vce = MAX 

Vee = MIN 

VOL low-level output voltage Vil = O.SV 

VIH = 2V 

" 

Vee = MIN 

VOH High-level output voltage Vil = O.SV 

VIH = 2V 

10Zl Vce = MAX 

Off-state output current t Vil = O.SV 

10ZH VIH = 2V 

lOS Output short~ircuit current * * Vec = 5V 

Ice Supply current Vee = MAX 

t 1/0 pin leakage Istheworstcase of lazx or IIX e,g .. IlL and IOZH 

tt All typical values are at VCC=5V.TA = 25"C. 

TEST CONDITIONS 

II = -1SmA 

VI = O.4V 

VI = 2.4V 

VI = 5.5V 

1 OHS. 12H6. 14H4 Mil 
16H2, 16C1, 10lS 10l = SmA 
12l6, 14l4, 1612 eOM 

16lS 16RS Mil 10l - 12mA 
16R6 16R4 
16X4 16A4 eOM 10l = 24mA 

Mil 10H = -2mA 

eOM 10H = -3.2mA 

16lS 16RS Vo = O.4V 

16R6 16R4 

16X4 16A4 Vo = 2.4V 

Vo = OV 

10HS, 12H6, 14H4, 16H2, 16e1 

10lS, 12l6, 14l~ 1612 

16R4, 16R6, 16R8, 1618 

16X4 

16A4 

COMMERCIAL 
MIN TYP MAX 

4.75 5 5.25 

25 10 

25 10 

35 25 

45 30 

0 -15 

0 5 75 

MIN TYPtt MAX 

O.S 

2 

~O.S -1.5 

-0.02 -0.25 

25 

1 

0.3 0.5 

2.4 2.S 

-100 

100 

-30 -70 -130 

55 90 

See Tabl~ 1 1S0 

160 225 

170 240 
. 

*:These are absolute voltages with respect to pin 10 on the 'device'and includes all overshoots due to system and/or tester noise. 
Do not attempt to test these values without suitable equipment 

* * Only one output shorted at a time 

UNIT 

V' 

ns 

ns 

ns 

°e 

°e 

UNIT 

V 

V 

V 

mA 

pA 

mA 

V 

V 

pA 

/JA 

mA 

'. 

mA 



HAL Series 20 

Switching Characteristics 
Over Operating Conditions 

SYMBOL PARAMETER 

10H8 12H6 14H4 

Input to 16H2 1018 1216 
tpD 

output 1414 1612 

16C1 

tpD Input or feed- 16R6 16R4 1618 
back to output 16X4 16A4 

tClK Clock to output or feedback 

tpZy Pin 11 to output enable 

tpxz Pin 11 to output disable 

Input to 16R6 16R4 1618 
tpz X output enable 16X4 16A4 

tpxz 
Input to 16R6 16R4 1618 
output disable 16X4 16A4 

Maximum 16R8 16R6 16R4 
fMAX frequency 16X4 16A4 

Test Load 
SV 

R1 

OUTPUT TEST POINT 

R2 

J 50PF 

-::-

Schematic of Inputs and Outputs 

EQUIVALENT INPUT 
vcco---'--.----

Ski! NOM 

INPUTo-_+---fcC~f-

TYPICAL OUTPUT 
-----'-~ _ _ovcc 

401! NOM 

TEST MILITARY COMMERCIAL 
UNIT 

CONDITIONS MIN TYP MAX MIN TYP MAX 

R1 = 5600 25 45 25 35 

R2 = 1.1kO 
ns 

25 45 25 40 

25 45 25 35 
ns 

30 45 30 40 

15 25 15 25 ns 

15 25 15 25 ns 
R1 =2000 15 25 15 25 ns 
R2 =3900 25 45 25 35 

ns 
30 45 30 40 

25 45 25 35 

30 45 30 40 
ns 

14 25 16 25 
MHz 

12 22 14 22 

NUMBER OF HAL l6L8, l6R4 
HAl16X4 HAl16A4 

PRODUCT TERMS l6R6, l6RS 

0 99 97 108 
1-4 101 101 113 
5-8 104 106 117 
9-12 106 110 122 

13-16 108 115 126 
17-20 110 119 131 
21-24 113 124 135 
25-28 115 128 140 
29-32 117 133 144 
33-36 119 137 149 
37-40 122 142 153 
41-44 124 146 158 
45-48 126 151 162 
49-52 128 155 167 
53-56 131 160 171 
57-60 133 164 176 
61-64 135 169 180 

Table 1. Typical ICC vs. Number of Products Used 



HAL ''24~ 
PART NUMBER 

p~ \'2.'504 
USER'S PART NUMBER 

, E"A"'LC GrA"Te.-S e.xA~PL".E 

TITLE 

REV 

MO'U.o,-,'"'C'~c.. ~~O«AE<;., c.A'-'\~oet.J'p. 
COMPANY, CITY, STATE 

C D F 
PIN 1 

\oS 
PIN 6 

J 
PIN 11 

H 
PIN 16 

DESCRIPTION 

PIN 2 

P 
PIN 7 

"'-
PIN 12 

e. 
PIN 17 

PIN 3 

Q 
PIN 8 

\.. 
PIN 13 

'& 
PIN 18 

HAL DESIGN SPECIFICATION 

NAME 

e:. 
PIN 4 

1: 
PIN 9 

12-
PIN 14 

A 
PIN 19 

2./ t./ a\ 
DATE 

M 
PIN 5 

GND 
PIN 10 

0 
PIN 15 

VCC 
PIN 20 

\~~ e.~~'PL..l!! \~\J"'C2.A'TSS Aee.A.'f1-o('-\c."TO '~PI-6~&~ 

-~,.,:s\C. c-A-reS. 

LEGEND: EQUAL 
: = REPLACED BY 

7·6 

+ OR 
* AND 

: +: XOR 
: *: XNOR 

/ COMPLEMENT 
( ) THREE-STATE 



FUNCTION TABLE 

A t!> C t:) 

PIN A PIN B PIN C PIN D 

F aa H :l 
PIN F PIN G PIN H PIN I 

t:::. I.. M. !:i 
PIN K PIN L PIN M PIN N 

? Q. g 
PIN P PIN Q PIN R 

i ..... " ,..,..,0 Oa. '-l~O t..)Oc. )(.QQ.. 
COMMENT 

i A & ..£.. 0 .!i....E. c:;,. ~ ..J:.. ..:t. "" 1:.. "" ~ ..2. ~ ..B. 2. 
ABC DEF GH I J K L MNO PQR 

~~~~~~~A~~~~X~A~AA 

~~~~~~AA~~~~~A~~~~ 

~~~~~L~~X~X£AXXXX~ 

~~~~~~A~~A~~~X~~~~ 

~~~h~L~A~~~~A~~~~A 

~~~~~XX~X~~A~X~AA~ 

AA~~~~~~~~~~~A~~~~ 

AX~~~~~~X1X~~AAi~~ 

~A~~~~~~~~~A~~XXX~ 

~X~X~~~~~~AXXX~~~~ 

~~~~~~~~~~~AAXXAXX 

2A~~~A~~~~~~~KX~~X 

~aAA~iXA~~~~~AAAAA 

X~~~X~A~~~~~~~ALA~ 

~~~X~XA~~~~~~XAAXX 

~~~~~XXKXX~~~~RxXA 

~~AXA~AKX~K~~~~~~~ 

~X~~XXX~X~~~~~~~X~ 

~~~XAX~~X~~X~~~~~~ 

~X~~~~~~~X~AX~~~~~ 

LEGEND: H HIGH 
L LOW 

F 109 

C CLOCK 
X IRRELEVANT 

E: 
PIN E 

J 
PIN J 

0 
PIN 0 

COMMENT 

A~o 

oe 

02. 

012. 

Z OFF 

7·7 
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HAL Series 20 

Logic Diagram HAL 1 OH8 

INPUTS (0-31) 
1213 1617 2021 2425 28293031 

19 

18 

17 

16 

15 

~ 

14 

~ 

-'""' 13 

12 

.c 11 ... 
12 tl 1611 2021 2425 28293031 
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HAL Series 20 

Logic Diagram HAL 12H6 

INPUTS (0-31) 
o 1 2 3 4 5 6 7 B 9 1213 1617 2021 24252627 28293031 

1 ... 
~ ... 

2 .. .... 19 

... 

8 

""" 18 • 
" ./ 
11 

J .. .. 
" 

17 

" 

4 ... 
----I ... 

Z4 18 
25 

5 ... .. 
" 

~ 15 
33 -

6 .. 
~ .. 

.. ~ 14 
41 -

1 .. .. 
48 • 
4 • "'" 13 .. ,,/ 
51 

I 

8 .. 12 

... ..... 

9 .. ... 11 .. ~ 

0123 45 B 1 89 1213 1611 2021 24252627 28Z93031 
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HAL Series 20 

Logic Diagram HAL 14H4 

INPUTS (0-31) 
o 1 2 3 4 5 6 1 B S 1011 1213 1611 20212223 24252621 28293031 

1 ... 
... 

2 ... .. 

3 ... ... 19 ... 

, ... .... 18 

... .... 

16 ~ 

11 

""" 
17 

18 ./ 
19 

5 .. .. 
24 
25 "" 16 

" -:J...-/ 27 "'\. 

" "'"' 
JJ "" 15 
l4 ./ 
J5 

6 ... .. 
40 "'"' 
41 "'" l' 
42 ./ 
43 ~ 

7 ... .... 13 

... .,. 

8 ... ..... 12 .. .,. 

9 ... ..... 11 

... .... 
o 1 2 J 4 5 6 1 8 9 Ion 1213 ,611 20212223 24252627 28293031 
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HAL Series 20 

Logic Diagram HAL 16H2 

INPUTS (0-31) 
o 1 2 3 4 Ii 6 7 8 91011 12131415 16171819 20212223 24252627 28293031 

. 
</C 

19 

..... 

.. 18 

.... 

.. 17 

..... 

"'" 16 

./ 

"'" 15 

./ 

.... 
l' ... 

.... 13 

.... 

.... 12 

.... 
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HAL Series 20 

INPUTS (0-31) 
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Logic Diagram HAL 16L2 
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Logic Diagram HAL 16X4 
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HAL 
PART NUMBER 

USER'S PART NUMBER 

TITLE 

COMPANY, CITY, STA TE 

PIN 1 

PIN 6 

PIN 11 

PIN 16 

EQUATIONS 

DESCRIPTION 

LEGEND: 

7·24 

PIN 2 

PIN 7 

PIN 12 

PIN 17 

EQUAL 
: = REPLACED BY 

REV 

PIN 3 

PIN 8 

PIN 13 

PIN 18 

+ OR 
* AND 

F 110 

HAL DESIGN SPECIFICATION 

:+: XOR 
: *: XNOR 

I L 
NAME DATE 

PIN 4 

PIN 9 

PIN 14 

PIN 19 

PIN 5 

GND 
PIN 10 

PIN 15 

VCC 
PIN 20 

I . COMPLEMENT· 
( ) THREE-STATE 



FUNCTION 

PIN A 

PIN F 

PIN K 

PIN P 

COMMENT 

I--

A B C 

TABLE 

PIN B 

PIN G 

PIN L 

PIN Q 

D E F G H 

LEGEND: 

J 

H HIGH 
L LOW 

K 

PIN C PIN D PIN E 

PIN H PIN I PIN J 

PIN M PIN N PIN 0 

PIN R 

COMMENT 
L M N o P Q R 

C CLOCK z OFF 
X IRRELEVANT 
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Hard Array Logic Family 
HAL Series 24 Data Sheet 

Features/Benefits 
• Gate array equivalent of up to 300 gates. 

• Semi-custom solution 

• Reduces .SSIIMSI chip count greater than 5 to 1 

• Prototype using field-programmable version - PAL. 

• Cost ssvlngs up to 400/0 compared to PAL 

• Security link disabled for design secrecy. 

• Test and simulation· made simple with PALASM Function 
Table 

• Saves space with 24-pin SKINNVDIp'· packages 

Description 
The HAL family utiHzes standard Low-Power Schottky TIL 
process and automated mask pattern generation directly from 
logic equations to provide a semi-custom gate array for 
replaCing conventional SSI/MSI gates and flip-flops at reduced 
chip count. 

The family lets the systems engineer "design his own chip" by 
AND and OR gates to perform his desired logic function. 
Complex interconnections which previously required time­
cOnsuming layout are thus "lifted" from PC board etch and 
placed on silicon where they can be easily modified during 
prototype check-out or production. 

The HAL transfer function is the familiar sum of products. Like 
the ROM. the HAL has a single array of selectable gates. Unlike 
the ROM, the HAL is a selectable AND array driving a fixed OR 
array (the ROM is a fixed AND array driving a selectable OR 
array). In addition the HAL provides thee options: 

• Variable inpuVoutput pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

• Exclusive-OR gates 

Unused inputs are tied directly to VCC or GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms connected to both true and complement of any single 
input assume the logical low state. Registers consist of D type 
flip-flops which are loaded on the low-ta-high transition of the 
clock. HAL LogiC Diagrams are shown with all fuses blown, 
enabling the designer to use the diagrams as ·coding sheets. 

SKINNYDIP is a registered trademark of Monolithic Memories 

PART 
PKG DESCRIPTION 

NUMBER 

HAL12L10 J,N,F Deca 121nput And-Or-Invert Gate Array 
HAL14L8 ' J,N,F Octal 141nput And-Or-Invert Gate Array 
HAL16L6 J,N,F Hex 161nput And-Or-Invert Gate Array 
HAL18L4 J,N,F Quad 181nput And-Or-Invert Gate Array 
HAL20L2 J,N,F Dual 20Input And-Or-Invert Gate Array 
HAL20C1 J,N,F 20 Input And-Or/ And-Or Invert Gate Array 
HAL20L10 J,N,F Deea 20 Input And-Or-Invert Gate Array 
HAL20X10 J,N,F Deca 20 Input Registered And-Qr-Xor Gate Array 
HAL20X8 J,N,F Octal 20InputRegistered And-Qr-Xor Gate Array 
HAL20X4 J,N,F Quad 20 Input Registered And-Or-Xor Gate Array 

To design a HAL, the user first programs and debugs a PAL 
using PALASM and the "PAL DESIGN SPECIFICATION" 
standard format. This specification is submitted to Monolithic 
Memories where it is computer processed and aSSigned a bit 
pattern number, e.g., P01234. Monolithic Memories accepts the 
PAL DESIGN SPECIFICATION in one of three forms: 

1. Computer generated listing. 

2. Typed or hand-written forms F107 and F108. See example on 
pages 7-30. 7-31 and forms on pages 7-42 and 7-43. 

3. Direct online data transmission to Monolithic Memories 
Timeshare computer system via telephone (local telephone 
network to major US cities, London and. Paris) or TWX 
(online Boston TWX no.). 

Monolithic Memories will provide a PAL sample for customer 
qualification. The user then submits a purchase order for a HAL 
of the specified bit pattern number, e,g., HAL18L4 P01234. See 
Ordering Information below. 

Ordering Information 
.------------ HARD ARRAY LOGIC FAMILY 

r--------- NUMBER OF ARRAY INPUTS 
.--------- OUTPUT TYPE 

L = ACTIVE LOW 
C = COMPLEMENTARY 
X = EXCLUSIVE-OR REGISTERED 

r------- NUMBER OF OUTPUTS 
,...------ TEMPERATURE RANGE 

C= OC TO +75C 
M=-55C TO +125C 

r------ PACKAGE 
N = PLASTIC DIP 
J = CERAMIC DIP 
F=FLAT PACK 

r---- OPTIONAL HI-REL PROCESSING 
883B = MIL-STD-883, 

METHOD 5004 " S005 LEVEL B 
883C = MIL-STD-883, 

METHOD 5004 "~005 LEVEL C 
B = MIL-STD-883, 

METHOD 5004 EQUIVALENT 
C = MIL-STD-883, 

METHOD 5004 EQUIVALENT r BIT PATTERN NUMBER 

HAL 18 L4 CJ 8838 P01234 

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 
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HAL12L10 HAL14L8 HAL16L6 HAL18L4 

HAL20L2 HAL20C1 

HAL20L10 HAL20X10 HAL20X8 HAL20X4 
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HAL Series 24 

Absolute Maximum Ratings 
Operating Programming 

Supply Voltage, vee ................................................................................ 7 .......... 12V 
Input Voltage .......... , ..........................................................................• 5.5V .......... 12V* 
Off-state output Voltage ............................................................................ 5.5V .......... 12V 
Storage temperature ...................................................................... '" ........... -65· to +150·e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 

I Low 40 20 
tw Width of clock I High 30 10 

tsu Set up time 60 38 

th Hold time 0 -15 

TA Operating free air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER 

VIL Low-level input voltage 

VIH High-level input voltage 

Vie Input clamp voltage Vee = MIN 

IlL Low-level input current t Vee = MAX 

IIH High-level input current t Vee = MAX 

II Maximum input current Vee = MAX 

Vee = MIN 

VOL Low-level output voltage VIL = 0.8V 

VIH = 2V 

Vee = MiN 

VOH High-level output voltage Vil. = 0.8V 

VIH = 2V 

10ZL Vee = MAX 

Off-state output current t VIL =0.8V 

10ZH VIH = 2V 

lOS Output short-circuit current * * Vee = 5V 

lee Supply current Vee = MAX 

t 1/0 pin leakage is the worst case of 10ZX or IIX e.g. IIX and 10ZH 

tt AlitypicalvaluesareatVCC =5V.TA = 25°C. 

'* Pins 1 and 13 may be raised to 22V max. 

* * Only one output shorted at a time. 

7-28 

TEST CONDITIONS 

II = -18mA 

VI = O.4V 

VI = 2.4V 

VI = 5.5V 

12L10, 14L8, 16L6 
10L = 8mA 18L4, 20L2, 20e1 

20L10, 20X10 MIL 10L = 12mA 
20X8, 20X4 eOM 10L = 24mA 

10H = -2mA MIL 

10H = -3.2mA eOM 

Vo = 0,4V 

VO= 2.4V 

Vo = OV 

12L 10, 14L8, 16L6, 
18L4,20L2, 20e1 

20X4, 20X8, 20X10 

20L10 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

35 20 

25 10 
ns 

50 38 
ns 

0 -15 

0 75 ·e 

°e 

MIN TYPtt MAX UNIT 

0.8 V 

2 V 

-0.8 -1.5 V 

-0.02 -0.25 mA 

25 fJA 

1 mA 

0.3 0.5 V 

2.4 2,8 V 

-100 fJA 

100 fJA 

-30 -70 '-130 mA 

60 100 

120 180 
mA 

90 165 



HAL Series 24 

Switching Characteristics 
Over Operating Conditions 

SYMBOL 

tpo 

tpD 

tClK 

tpzx 

tpxz 

tpzx 

tpxz 

fMAX 

PARAMETER TEST CONDITIONS 
MILITARY 

MIN TYP MAX 

12l10, 14l8, 
Input to 

16l6, 18l4, R1 = 5600 
25 

output 
20l2, 20C1 

R2 = 1.1kO 

Input or feedback to output 35 

Clock to output or feedback 20 

Pin 13 to output enable 
20l10, 20X10 

20 

Pin 13 to output disable 
20X8,20X4 

20 

Input to output enable 
R1 = 2000 

35 

Input to output disable 
R2 = 3900 

35 

Maximum frequency 
" 

10.5 16 

Test Load 
5V 

OUTPUT O--4-~t-i.) TeST POINT 

50pF 

Schematic of ,Inputs and Outputs 

EQUIVALENT INPUT 
Veeo---~-~~ 

SkU NOM 

INPUTo-...--+---K 

TYPICAL OUTPUT 
--'-----'--~_'_O Vee 

40n NOM 

OUTPUT 

45 

60 

35 

45 

45 

55 

'. 55 

COMMERCIAL 
UNIT 

MIN TYP MAX 

25 40 ns 

35 5.0 ns 

20 30 ns 

20 35 ns 

20 35 ns 

35 45 ns 

35 45 ns 

12.5 16 MHz 
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HALZO>, 10 
PART NUMBER 

INT 8C2 
USER'S PART NUMBER 

"'OW,,\.. Ji2E6,STe.12o 
TITLE 

"'\M\ 
COMPANY, CITY, STA TE 

Ct::. .1>0 1)\ 
PIN 1 
. D'S 
PIN 7 
loe 
PIN 13 
Q4 

PIN 19 

EQUATIONS 

PIN 2 

Ole 
PIN 8 
NCo 

PIN 3 

07 
PIN 9 
Qe 

PIN 15 
Q2. 

PIN 21 

lao : = / aD .. ILD 

+ /00 ~ LD 

/Q\ :=/GH1f/LO 

+1 0\)1. LO 

/Q'2 :: / Q2 ,.. /1-0 

+/ 'Of." LO 

+/03,*" LO 

+/1)4.'" LO 
las : =-/Q5 *"/ LO 

+/05" LO 

+/Ol.. .. 1..0 
IQ7 : 'a/Q1 .. I \...0 

+/'07" \...0 
lab ::/Q&;' 1 LO 

4-/08" LO 

DESCRIPTION: 

o 
REV 

t>'2 
PIN 4 

OS 
PIN 10 en 
PIN 16 
Q\ 

PIN 22 

HAL DESIGN SPECIFICATION 

2/WB\ 
NAME DATE 

l)~ t:>4 
PIN 5 PIN 6 

AD GND 
PIN 11 PIN 12 
Q7 OS 

PIN 17 PIN 18 
QQ VCC 

PIN 23 PIN 24 

; l-b..o QD 
; LoAD 00 

2 ~OLJ:) QI 
; LO~D 01 

; ,",OLD Q2. 

; 1-0.6.0 02-

) "01-0 Q3 

; LOAO 'D~ 

;~OL.'D Q4 

; LOAD '04-

; ~L.t> QS 

;. LOAD 0'5 

; ~\..O Q<D 
; '-OAO 'O(g 

;~G7 

; \..O~t:» 01 
~ "OL.t> OS 
;L~D OS 

"'\\e t-Jot.JM. ~6-\~~ LS At q-<Q\T g~\t;.TeR. ~"T LO~ -nte. 'OA-m 

\\l~ n= L..OAro L..\t-Je lco. SEt...rC"[e;O O~L"!»e ~L.DS ~ ~~t.:A\t.. C>A~. 

LEGEND: EQUAL 
: = REPLACED BY 

7·30 

+ OR 
* AND 

F 108 

: +: XOR 
: *: XNOR 

/ COMPLEMENT 
( ) THRE:.E-~TATE 



mNCTION TABLE 

CK oe. \..0 oe 'tn 
PIN A PIN B PIN C PIN 0 PIN E 

0'> 1>"'- 1)~ 02 01 
PIN G PIN H PIN I PIN J PIN K 

as G7 Q~ QS. G)~ 
PIN M PIN N PIN 0 PIN P PIN Q 
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'ODtt"A. \N op...-n.. OUT 
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HAL Series 24 

Logic Diagram HAL 1 2L 10 
INPUTS (O-39) 
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HAL Series 24 

INPUTS (0-39) 
Logic Diagram HAL 14L8 
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HAL Series 24 

Logic Diagram HAL 16L6 
INPUTS (0-39) 
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HAL Series 24 

Logic Diagram HAL 18L4 
INPUTS (0-39) 
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HAL Series 24 

Logic Diagram HAL20L2 
INPUTS (0-39) 
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HAL Series 24 

Logic Diagram HAL20C1 
INPUTS (11-39) 
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HAL Series 24 

Logic Diagram HAL20L 10 

INPUTS (0-39) 
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HAL Series 24 

Logic Diagram HAL20X10 

INPUTS (0-39) 
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HAL Series· 24 

Logic Diagram HAL20X8 

INPUTS (0-39) 

012 J 4561 • 91011 !l111415 1601l1S 20212223 24 ZS2621 28293031 32JJl4lS 36313839 

...... 
-ti-L J 

~~ 
23 

~~D-~~ HL 
... 

~D- ~ ~ 
..;;-
~ 

~}9D- I.:l. 

~ 
20 

V 

~ -
JC: .... 

IDD- ~ ~ Hl 
So 

~~D-~ ~ .. 
~=9D- I;J. 

~ 
17 

V -b--L 
, 

......-
~ -b--L9D-

~ ...... --t:5---L 
... 

IDD-~fi>-" 
1-<t:l"""-. .J. 14 

V 
~ 

A.. 13 
-v-

o 1 23 45 6' ., 1011 12131415 16 I) 1119 201112 23 24 U2&21 21293031 lllJ)4 35 36313139 



HAL Series 24 

Logic Diagram HAL20X4 
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HAL 
PART NUMBER 

USER'S PART NUMBER 

TITLE 

COMPANY, CITY, STA TE 

PIN 1 

PIN 7 

PIN 13 

PIN 19 

EQUATIONS 

DESCRIPTION: 

LEGEND: 

7-42 

PIN 2 

PIN 8 

PIN 14 

PIN 20 

= EQUAL 
: = REPLACED BY 

REV 

PIN 3 

PIN 9 

PIN 15 

PIN 21 

+ OR 
* AND 

F 108 

HAL 

PIN 4 

PIN .10 

PIN 16 

PIN 22 

: +: XOR 
: *: XNOR 

DESIGN SPECIFICATION 

I l. 
NAME DATE 

PIN 5 PIN 6 
GND 

PIN 11 PIN 12 

PIN 17 PIN 18 
VCC 

PIN 23 PIN 24 

I COMPLEMENT 
( ) THREE-STATE 



FUNCTION TABLE 

PIN A PIN B 

PIN G PIN H 

PIN M PIN N 

PIN S PIN T 

COMMENT 

,-
A BCD E F G H 

LEGEND: 

PIN C PIN D 

PIN I PIN J 

PIN 0 PIN P 

PIN U PIN V 

J K L M N 0 P Q R STU V 

H 
L 

HIGH 
LOW 

F 107 

C 
X 

CLOCK 
IRRELEVANT 

PIN E PIN F 

PIN K PIN L 

PIN Q PIN R 

COMMENT 

z OFF 
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HMSI Selection Guide 

FUNCTION PART NUMBER PAGE APPENDIX INFORMATION 

Octal counter SN54!74LS461 8-4 8-34 

Octal shift register SN54!74LS498 8-8 8-40 

Multifunction register SN54/74LS380 8-12 8-44 

10-bit counter SN54!7 4LS491 8-16 8-50 

16:1 Mux SN54/74LS450 8-20 8-54 

Dual 8:1 Mux SN54/74LS451 8-24 8-60 

Quad 4:1 Mux SN54/74LS453 8-28 8-66 
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Octal Counter 
SN54/74LS461 

Features/Benefits Ordering Information 

• OctSl counter for mlcroprogram-counter, OMA controller 
and general purpose counting applications 

• 8 bits match byte boundaries 

• Bus-structured pinout 

• 24-pln Skinny 01P® saves space 

• 3-state outputs drive bus lines 

• low current PNP inputs reduce loading 

• Expandable in 8-bit Increments 

Description 
The LS461 is an 8-bit synchronous counter with parallel load, 
clear, and hold capability. Two function select inputs (la, 11) 
provide one of four operations which occur synchronously on 
the rising edge of the clock (CLK). 

The LOAD operation loads the inputs (DrDa) into the output 
register (QrQa)' The CLEAR operation resets the output 
register to all LOWs. The HOLD operation holds the previous 
value regardless of clock transitions. The INCREMENT opera­
tion adds one to the output register when the carry-in input is 
TRUE (Ci = LOW), otherwise the operation is a HOLD. The 
carry-out (CO) is TRUE (CO = LOW) when the output register 
(QrQa) is all HIGHs, otherwise FALSE (CO = HIGH). 

The output register (QrQa) is enabled when OC is LOW, and 
disabled (HI-Z) when (jC is HIGH. The output drivers will sink 
the 24 mA required for many bus interface standards. 

Two or more LS461 octal counters may be cascaded to provide 
larger counters. The operation codes were chosen such that 
when 11 is HIGH, la may be used to select between LOAD and 
INCREMENT as in a program counter (JUMP/INCREMENT). 

Function Table 
- -
OC ClK 11 10 CI 07-0 0 °7-°0 OPERATION 

H X X X X X Z HI-Z 
L 1 L L X X L CLEAR 
L 1 L H X X Q HOLD 
L 1 H L X 0 0 LOAD 
L 1 H H H X Q HOLD 
L 1 H H L X Qplus1 INCREMENT 

For supplementary information, see appendix, this section. 

PART NUMBER 

SN54LS461 

SN74LS461 

Logic Symbol 

OATA 
IN 

07 

GND 

1165 East Arques Avenue, Sunnyvale, CA94086 Tel: (408) 739-3535 TWX: 910-339-9229 

8-4 

PACKAGE 

JS 

NS, JS 

TEMPERATURE 

MIL 

COM 

DATA 
OUT 

14 co CARRY OUT 



SN54/74LS461 

Logic Diagram 

Octal Counter 
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SN54/74LS461 

Absolute Maximum Ratings 
Supply voltage V cc ................................................................................................ 7V 
Input voltage ..................................................................................................... 5.5V 
Off-state output voltage ........................................................................................... 5.5V 
Storage temperature .................................................................................... _65D to +150DC 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN TVP MAX MIN TVP MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

l Low 40 35 
tw Width of clock ns I High 30 25 

tsu Set up time 60 50 

Hold time 
ns 

th 0 -15 0 -15 

TA Operating free-air temperature -55 0 75 DC 

Tc Operating case temperature 125 DC 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TVPtMAX UNIT 

VIL low-level input voltage O.S V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage VCC - MIN II - -1SmA -1.5 V 

.. III low-level input current VCC - MAX VI - 0.4V 0.25 mA 
High-level input current 25 p.A IIH VCC = MAX VI = 2.4V 

.c 

Maximum input current VCC - MAX II VI = 5.5V 

VCC - MIN Mil 10l = 12mA 
VOL low-level output voltage Vil = O.SV 

VIH = 2V COM 10l = 24mA 

VCC - MIN Mil 10H = -2mA 
VOH High-level output voltage Vil = O.SV 

VIH = 2V COM 10H = -3.2mA 

10Zl 
VCC - MAX 

Vo = O.4V 
Off-state output current Vil = O.SV 

10ZH VIH = 2V Vo = 2.4V 

lOS Output short-circuit current * VCC = 5.0V Vo - OV 

ICC Supply current VCC MAX 

* No more than one output should be shorted at a time and -duration of the short-circuit .should not exceed one. second. 

t All typical values are at Vee = sv. T A = 25'e 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST CONDITIONS MILITARY 

(See Test Load) MIN TYP MAX 

fMAX Maximum clock frequency 10.5 

tpo CI to CO delay Gl=50pF 
35 60 

tpo Clock to Q 20 35 

tpo Clock to CO 
R1 = 200n 

55 95 

tpzx Output enable delay 
R2 = 390n 

35 55 

tpxz Output disable delay 35 55 

8-6 

1 mA 

0.5 V 

2.4 V 

-100 p.A 

100 p.A 

-30 -130 mA 

120 1S0 mA 

COMMERCIAL 
UNIT 

MIN TVP MAX 

12.5 MHz 

35 50 ns 

20 30 ns 

55 SO ns 

35 45 ns 

35 45 ns 



Application 

BUS OUT ENABLE 

COUNT ENABLE 

{ 
ClK 

INSTR 10 
11 

16-BIT 
DATA BUS 

IN 

NOTE: 'MAX C fpD CLK TO CO + ISU 

SN54/74LS461 

16-Bit Counter 
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;;: 10 CI ".:'!:'L 
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---.. ,--
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16 -BIT 
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Octal Shift Register 
SN54/74LS498 

Features/Benefits 

• Octal shift register for serial to parallel and parallel to serial 
applications 

• S bits match byte boundaries 

• Bus-structured pinout 

• 24-pin SKINNYOIP'· saves space 

• 3-state outputs drive bus lines 

• low current PNP inputs reduce loading 

• Expandable in S-bit increments 

Description 
The LS498 is an 8-bit synchronous shift. register with parallel 
load and hold capability. Two function select inputs (10' 11) 
provide one of four operations which occur synchronously on 
the riSing edge of the clock (CLK). 

The LOAD operation loads the input (DrDo) into the output 
register (arao). The HOLD operation holds the previous 
value regardless of clock transitions. The SHIFT LEFT operation 
shifts the output register, a, one bit to the left; aO is replaced 
by LIRa. RILO outputs a7' 

The SHIFT RIGHT operation shifts the output register, a, one 
bit to the right; a 7 is replaced by RILO. LIRa outputs ao. 

The output register (arao) is enabled when OC is LOW, and 
disabled (HI-Z) when OC is HIGH. The output drivers will sink 
the 24 mA required for many bus interface standards. 

Two or more LS498 octal shift registers may be cascaded to 
provide larger shift registers as shown in the application section. 

Function Table 
-
OC ClK 11 10 °7-°0 °7-°0 OPERATION 

H X X X X Z HI-Z 
L t L L X L HOLD 
L t L H x SR(a) SHIFT RIGHT 
L I H L X SL(a) SHIFT LEFT 
L t H H D D LOAD 

For supplementary information, see appendix, this section. 

Ordering Information 

PART NUMBER 

SN54LS498 

SN74LS498 

Logic Symbol 

DATA 
IN 

D7 

GND 

PACKAGE 

JS 

NS, JS 

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 
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TEMPERATURE 

MIL 

COM 

DATA 
OUT 

14 RILO SHIFT I/O 



SN54/74LS498 

Logic Diagram 

Octal Shift Register 
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SN54/74LS498 

Absolute Maximum Ratings 
Supply voltage vee ................................................................................................ 7V 
Input voltage ..................................................................................................... 5.5V 
Off-state output voltage ........................................................................................... 5.5V 
Storage temperature .................................................................................... -65° to +150° e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARy 

MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 

Width of clock 
I Low 40 

tw I High 30 

tsu Set up time 60 

th Hold time 0 -15 

TA Operating free-air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input voltage 

VIC Input clamp voltage Vee - MIN II - -1SmA 

IlL Low-level input current Vee = MAX VI - O.4V 

IIH High-level input current Vce = MAX VI =·2.4V 

II Maximum input current Vce = MAX VI = 5.5V 

Vec - MIN MIL 10L = 12mA 
VOL Low-level output voltage VIL = O.SV 

VIH = 2V COM 10L = 24m A 

Vee = MIN MIL 10H = -2mA 
VOH High-level output voltage VIL = O.SV 

VIH = 2V COM IOH = -3.2mA 

10ZL 
Vee - MAX Va = O.4V 

Off-state output current VIL = O.SV 

10ZH VIH = 2V Va; = 2.4V 

lOS Output short-circuit current * Vee- 5.0V Va - OV 

ICC Supply current Vec - MAX 

* No more than one output should be shorted a~ a time and dUratton of the ,short-circuit should not exceed one second. 

t All typical values are at V CC = 5V, T A = 25'C 

Switching Characteristics Over Operating Conditions 

t ...... 4BOL PARAMETER 
TEST CONDITIONS MILITARY 

(See Test Load ) MIN TYP MAX 

fMAX Maximum clock frequency 10.5 

tpo 10. 11 to LIRa, RILO 
CL = 50 pF 

35 60 

tpo Clock to Q R1 = 200!1 
20 35 

tpo Clock to LIRa, RILO 
R2 = 390!1 

55 95 

tpzx Output enable delay 35 55 

tpxz Output disable delay 35 55 

8·10 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

35 

25 
ns 

50 

0 -15 
ns 

0 75 °c 

°c 

MIN TYPtMAX UNIT 

O.S V 
2 V 

-1.5 V 
0.25 mA 

25 /lA 
1 mA 

0.5 V 

2.4 V 

-100 /lA 

100 /lA 

-30 -130 mA 

120 1S0 mA 

COMMERCIAL 

MIN TYP MAX 
UNIT 

12.5 MHz 

35 50 ns 

20 30 ns 

55 SO ns 

35 45 ns 

35 45 ns 



Application 

BUS OUT ENABLE 

{ 
ClK 

INSTR 10 
11 

16-BIT 
DATA BUS 

IN 

1 

NOTE:. 'MAX = t + t 
PD elK TO lIRO SU 

SN54/74LS498 

16-Bit Shift Register 

----""'" -HI - ~ 
:I~l~~ 
~ 10 LIRO 1--0 
Ll,1-- DO 00 I--~ 

:I I-- 01 011-- fE 
:I I-- 02 021--~ 
:I I-- 03 B~T 03 I--~ 

1';" SHFT ~ 
..2.,1-- 04 REG 04 '-- r1!a 

-IT I-- OS os'-- IE 
'9 I-- 06 06 - ~ .... ~ 
'10' I-- 07 07 - ~ 
'- 11 OC RILO ~ 
'ii ~IL-s-.... 
m ~ 

~ 

SHIFT I/O 

L[I~:m 1 24 

::I~ I r-ID-
-0: - O~O LIR&,-:m 

-'4 - 01 01~ 2i1 - ..... 
1"5 - 02 02 - 201 
-r; 8 -- 03 BIT 03 - i91 - ..... 

SHFT 
J"j' - 04 REG 04 - i81 
;:; -

- OS os I-- iii 
r:; -

- 06 06 I-- i6l - -"' 

Iiii - ~7 OCRllcgI-- W - b 'ii ----1jL-.... 
m ijl .... 

L SB 110 

0 
16-BIT 

ATA BUS 
OUT 

MSB 110 
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Multifunction Octal Register 
SN54/74LS380 

Features/Benefits Ordering Information 
• Octal Register for general purposes interfacing applications PART NUMBER 

• 8 bits match byte boundaries SN54LS380 

• Bus-structured pinout SN74LS380 

• 24-pin SKINNYOIP" saves space 

• 3-state outputs drive bus lines 

• low current PNP Inputs reduce loading 

Description 
Logic Symbol 

The LS380 is an 8-bit synchronous register with parallel load, 
load compliment, preset, clear, and hold capacity. Four control 
inputs (iTI, POL, erR, PR) provide one of four operations which 
occur synchronously on the rising edge of the clock (CLK). The 
LS380 combines the features of the LS374, LS377, LS273 and 
LS534 into a single 300 mil wide package. 

The LOAD operation loads the inputs (Dy-DO) into the output 
register (Qy-QO)' when POL is HIGH, or loads the compliment 
of the inputs when POL is LOW. The CLEAR operation resets 
the output register to all LOWs. The PRESET operation presets 
the output register to all HIGHs. The HOLD operation holds 
the previous value regardless of clock transitions. CLEAR over­
rides PRESET, PRESET overrides LOAD, and LOAD overrides 
HOLD. 

The output register (Qy-QO) is enabled when OC is LOW, and 
disabled (HI-Z) when OC is HIGH. The output drivers will sink 
the 24 mA required for many bus interface standards. 

Function Table 
OC ClK lO POL CUi PR 07-00 Q7-QO OPERATION 

H X X X X X X Z HI-Z 

L t X X L X X L CLEAR 

L t X X H L X H PRESET 

L t H X H H X Q HOLD 

L t L H H H D D LOAD true 

L t L L H H D i5 LOAD comp 

For supplementary information, see appendix, this section. 

DATA 
IN 

1165 East Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 
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PACKAGE 

JS 

NS,JS 

TEMPERATURE 

MIL 

COM 

DATA 
OUT 

Monolithic m 
.emorl •• 



SN54/74LS380 

Logic Diagram 

Octal Register 
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SN54/74LS380 

Absolute Maximum Ratings 
Supply voltage vee ................................................................................................ 7V 
Input voltage .............................................. ' ....................................................... 5.5V 
Off-state output voltage ................................... ,";'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5V 
Storage temperature. ...... . .... ....... ..... ... ........ . .... ... ..... ......... .. . ......... .. .. .. ..... .... -65° to +1500 e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 

Width of clock I High 40 
tw I Low 35 

tsu Set up time 60 

th Hold time 0 -15 

TA Operating free-air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics .Over Operating Condit.ions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input voltage 

Vie Input clamp voltage Vee - MIN II = -18mA 

IlL Low-level input current Vee - MAX VI = O.4V 

IIH High-level input current Vee - MAX VI = 2.4V 

II Maximum input current Vee - MAX VI = 5.5V 

Vee - MIN MIL 10L = 12mA 
VOL Low-level output voltage VIL = 0.8V 

VIH = 2V eOM 10L = 24m A 

Vee - MIN MIL 10H = -2mA 
VOH High-level output voltage VIL = 0.8V 

VIH = 2V eOM 10H = -3.2mA 

10ZL 
Vee = MAX 

Va = O.4V 
Off-state output current VIL = O.BV 

10ZH VIH = 2V Va = 2.4V 

lOS Output short-circuit current * Vee - 5.0V Va -OV 

lee Supply current Vee = MAX 

* No more than one output should be shorted at a time and durati9n of the short-c:ircuit should not exceed one second. 

tAli typical values are at vee = 5V. TA = 25'e 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETE~ 
TEST CONDITIONS MILITARY 

(See Test Load) MIN TYP MAX 

fMAX Maximum clock frequency 
eL = 50pF 

10.5 

tpo elock to Q 20 35 

tpzx Output enable delay 
R1 = 2000 

35 55 

tpxz Output disable delay 
R2 = 3900 

35 55 

8·14 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

40 

35 
ns 

50 

0 -15 
ns 

0 75 °e 

°e 

MIN TYPtMAX UNIT 

0.8 V 

2 V 

-1.5 V 
0.25 mA 

25 iJA 
1 mA 

0.5 V 

2.4 V 

-100 iJA 
100 iJA 

-30 -130 mA 

120 180 mA 

COMMERCIAL 
UNIT 

MIN TYP MAX 

12.5 MHz 

20 30 ns 

35 45 ns 

35 45 ns 



Application 

BUS OUT ENABLE 

ClK 
LD 

POL 

16-BIT 
OATA BUS 

IN 

SN54/74LS380 

16-Bit Register 

~-HI - S 
~~ I r-~l-
r::' f--- lO v ClR _~. 
~ 00 oo~ 

14 f-- 01 01 -- t2i1 .. 
;:; ~ 
~- 02 02 - ~ ..!. ~ 

rs f-- 03 031--~ ..... ~ 
r'j' f-- 04 041--~ 
0- i"'""" 
'"i' f--05 05f--~ ;;: r--' 

f-- 06 061--~ ..!. ~. 

Iiii I-- gbl OC ~ ,.---. ~ .... ~ 
Iii ~1L-~ .... ~ 

m ~ 
F"" 

----II - :m 
cr~ j r-:m-
Ij" f-- 0~0 v c'c:'o I-- 'iii .... .... 
G:: f-- 01 01 f- :m 
~f--02 021-- E 
-IT c- 03 03 '-- ;m. 
-IT I-- 04 04 I-- tm-
-IT f--D5 05 -~-
IT f-- 06 06 .,---~ 
Iiii I-- 07· 07 ~ fw· 
.... POlOCPR ~ 

lii~ 1L-rw-..... ~ 

III ~ 

16-BIT 
DATA BUS 

OUT 
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1 O-Bit Counter 
SN54/74LS491 

Features/Benefits Ordering Information 
• CRT vertical and horizontal timing generation 

• Bus-structured pinout 

• 24-pin SKINNYOIP" saves space 

• 3-state outputs drive bus lines 

• Low current PNP inputs reduce loading 

Description 

The ten-bit counter can count up, count down, set, and load 2 
LSB's, 2 MSB's and 6 middle bits high or low as a group. All 
operations are synchronous with the clock. SET overrides 
LOAD, COUNT and HOLD. LOAD overrides COUNT. COUNT 
is conditional on CIN, otherwise it holds. 

All outputs are enabled when OC is low, otherwise HIGH-Z. 
The 24 mA IOL outputs are suitable for driving RAM/PROM 
address lines in video graphics systems. 

Function Table 
OC CLK SET LO CNT CIN UP 09-00 09-00 

H X X X X X X X Z 

L I H X X X X X H 

L t L L X X X D D 

L t L H H X X X Q 

L t L H L H X X Q 

L t L H L L L X ·c' Q plus 1 

L 1 L H L L H X Q minus 1 

For supplementary information see appendix this section. 

PART NUMBER 

SN54LS491 

SN74LS491 

Logic Symbol 

DATA 
IN 

OPERATION 

HI-Z 

Set all.HIGH 

LOAD· D 

HOLD 

HOLD 

Count UP 

Count DN 

1165 East Arques Avenue, Sunnyvale, CA!Mg86 Tel: (408) 739.-3535 TWX: 910-339-9229 
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PACKAGE TEMPERATURE 

JS MIL 

NS, JS COM 

01 

02 

03 

04 
DATA 

05 
OUT 

06 

07 

08 

09 

oc 

16Jnollthlc m 
lIIemorles. 



SN54/74LS491 

Logic Diagram 
10-Bit Up/Down Counter 
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SN54/74LS491 

Absolute Maximum Ratings 
Supply voltage vee ................................................................................................ 7V 
Input voltage ..................................................................................................... 5.5V 
Off-state output voltage ........................................................................................... , 5.5V 
Storage temperature .................................................................................... -65. to +150·e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 

Vee Supply voltage 
" 

4.5 5 5.5 

tw Width of clock 
I High 40 

I Low 35 

tsu Set up time 60 
th Hold time 0 -15 

TA Operating free-air temperature -55 
Te Operating case temperature 125 

Electrical Characteristics OVer Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input voltage 

Vie Input clamp voltage Vee - MIN II - -1BmA 

IlL Low-level input current Vee - MAX VI =O.4V 

IIH High-level input current Vee - MAX VI - 2.4V 

II Maximum input current Vee - MAX VI - 5.5V 

Vee MIN MIL 10L = 12mA 
VOL low-level output voltage VIL = O.BV 

VIH = 2V eo/l.1 10L = 24mA 

Vee -MIN MIL 10H = -2mA 
VOH High-level output voltage VIL = O.BV 

VIH = 2V COM 10H = -3.2mA 

10ZL 
Vee = MAX 

Vo = O.4V 
Off-state output current VIL = O.BV 

10ZH VIH = 2V Vo = 2.4V 

lOS Output short-circuit current * Vee 5.OV Vo -OV 

lee Supply current Vee - MAX 

* No more than one output should be shorted 'at a time and dUration of the sh~rt:circuitshould not exceed 'one second. 

tAlitypicalvaluesareatvcc=SV.TA = 2s00 

Switching Characteristics Over Operating Condition .. 

SYMBOL PARAMETER' 
. TEST CON~ITIGNS MILITARY 

(See Test Lciad) MIN ... TVP MAX 

fMAX Maximum clock frequency . 
eL = 50pF 

to.5 

tpo elock to Q 20 35 

tpzx Output enable delay 
R1 = 2000 

35 55 

tpxz Output disable delay 
R2 = 3900 

35 55 
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COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

40 

35 
ns 

50 

0 -15 
ns 

0 75 ·e 

·C 

MIN TYPt MAX UNIT 

O.B V 
2 V 

-1.5 V 
0.25 mA 

25 /LA 
1 mA 

0.5 V 

2.4 V 

-100 /LA 
100 /LA 

-30 -130 mA 

120 1tlU mA 

COMMERCIAL 
UNIT 

MIN TYP MAX 

12.5 MHz 

20 30 ns 

35 45 ns 

35 45 ns 



Application 

DOT 
CLOCK 

74LS491 

SN54/74LS491 

CRT Hori;l!onta" Timing and Blanking 

i>AL16L2 . 

• HOH1H2H3H4 HSH6 H7H6 H9 .. 
HORIZONTAL ADDRESS 

I---VHBLANK 

I---VBLANK 

I---SCAN BLANK 
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16:1 Mux 
SN54/74LS450 

Features/Benefits 
• 24-pin SKINNYDIP'" saves space 

• Similar to 74150 (Fat DIP) 

• Low current PNP Inputs reduce loading 

Description 
The 16:1 Mux selects one of sixteeniBPuts, EO through E15, 
specified by four binary setect inputs, A, B,C, and D. The true 
data is output on Y and. the inverted data on W. Propagation 
delays are the same for both inputs and' addresses and are 
specified for 50 pF loa~ing. Outputs conform fothe standard 8 
mA LS totem pole drive standard. 

Function Table 

INPUT OUTPUT 
SELECT 

W Y 
D C B A 

L L L L . EO EO 

L L L H E1 E1 

L L H L E2 E2 

L L H H E3 E3 

L H L L E4 E4 

L H L H E5 E5 

L H H L E6 E6 

L H H H E7 E7 

H L L L Ea E8 

H L L H E9 E9 

H L H L E10 E10 

H L H H E11 E11 

H H L L E12 E12 

H H L H E13 E13 

H H H L E14 E14 

H H H H E15 E15 

For supplementary information, see appendix, this section. 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

SN54LS450 JS MIL 

SN74LS450 NS, JS COM 

Logic Symbol 

116SEast Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229. 
Monolithic m Memorl •• 

8-aO 



SN54/74LS450 

Logic Diagram 

16:1 Mux 
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SN54/74LS450 

Absolute Maximum Ratings 
Supply voltage V ce ................................................................................................ 7V 
Input voltage ..................................................................................................... 5.5V 
Off-state output voltage ........................................................................................... 5.5V 
Storage temperature .................................................................................... -65° to +150°C 

Operating Conditions 

MILITARY COMMERCIAL 
SYMBOL PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

Vce Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free-air temperature -55 0 75 °e 

Te Operating case temperature 125 °C 

Electrical Characteristics' Over Operating .Conditlons 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIL Low-level input voltage O.B V 

VIH High-level input vOltage 2 V 

Vie Input clamp voltage Vee - MIN II - -1BmA -1.5 V 

IlL Low-level input current Vee - MAX VI - O.4V 0.25 mA 

IIH High-level input current Vee - MAX VI - 2.4V 25 p.A 

II Maximum input current Vee - MAX VI = 5.5V 1 mA 

Vee - MIN 

VOL Low-level output voltage VIL = O.BV 10L = BmA 0.5 V 

VIH = 2V 

Vee - MIN MIL 10H =-2mA 
VOH High-level output voltagE:! VIL = O.BV 2.4 V 

, VIH = 2V eOM 10H = -3.2mA 

lOS Output short-circuit current * Vee = 5.0V Va = OV -30 -130 mA 

lec Supply current Vee MAX 60 100 mA 

* No more than one output should be shorted at a time and duration of the short-circ~it should not exceed one'second. 

t AlltypicalvaluesarealVCC =SV, TA = 2S'C' . 

Switching Characteristics' Over Operating Conditions 

PARAMETER 
TEST CONDITIONS MILITARY COMMERCIAL 

UNIT SYMBOL 
(See Test Load) MIN TYP MAX MIN TYP MAX 

CL = 50 pF 
tpD Any input to Y or W R1 = 5600 25 45 25 40 ns 

R2 = 1.1kO 
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SN54/74LS450 

Application 

Test Condition Mux 

. TEST {:: -----------, 
SELECT 21 ______________________________________________ -, 

2° --------------------~--------------------, 

TEST 0 

TEST 1 

TEST 2 

TEST 3 mI TEST 4 

TEST 5 TEST 

TEST 6 TEST 

TEST 7 

TEST 8 

TEST 9 

TEST 10 

TEST 11 

TEST 12 

TEST 13 

TEST 14 

TEST 15 
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Dual 8:1 Mux 
SN54/74LS451 

Features/Benefits 

• 24-pin SKINNYDIp'· saves space 

• TwIce the density of 74LS151 

• Low current PNP Inputs reduce loading 

Description 
The dual 8:1 Mux selects one of eight inputs, DO through D7. 
specified by three binary select inputs. A. B, and C. The true 
data is output on Y when strobed by S. Propagation delays are 
the same for inputs. addresses and strobes and are specified for 
50 pF loading. Outputs conform to the standard 8 rnA LS totem 
pole drive standard. 

Function Table 

INPUTS OUTPUTS 

SELECT STROBE 
Y 

C B A S 

X x X H H 

L L L L DO 

L L H L D1 

L H L L D2 

L H H L D3 

H L L L D4 

H L H L D5 

H H L L ·D6 

H H H L. .'. D7 

For supplementary information, see appendix, this section. 

Ordering Information 

PART NUMBER PACKAGE 

SN54LS451 JS 
SN74LS451 NS. JS 

Logic Symbol 

'1165E_ArqueI Avenue, Sunnyvale. CA94086 Tel: (408)739-3535 TWX: 910-33tMt229 

,8-2,. 

TEMPERATURE 

MIL 

COM 



SN54/74LS451 

Logic Diagram 

Dual 8:1 Mux 
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SN.54/74LS451· 

Absolute Maximum Ratings 

~U:~I~~~:=;e ~.~~ .. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :: : : : :: :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : . 5.~~ 
Off-state output voltage ........................................................................... . . . . . . . . . . . . . . .. 5.5V 
Storage temperature ................................................•.. ,., ............................... _65· to +150·e 

Operating Conditions ., 

SYMBOL '; PARAMETER 
MILl.TARY COMMERCIAL 

MIN NOM MAX MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 5.5 4,75 5 5.25 V 

TA Operating free-air temperature -55 0 75 ·e 

Te Operating case temperature 125 ·e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIL Low-level input voltage O,S V 

VIH High-level input voltage 2 V 

Vie Input clamp voltage Vee -MIN II - -1SmA -1,5 V 

IlL Low-level input current Vee - MAX VI- 0,4V 0.25 rnA 

IIH High-level input current Vee - MAX VI - 2.4V " 25 Jl.A 

II Maximum input current Vee - MAX VI - 5.5V 1 rnA 

Vee - MIN 

VOL Low-level output voltage VIL = o,av 10L = SmA 0.5 V 

VIH = 2V 

Vee = MIN MIL' 10H = ":2mA 
VOH High-level output voltage., VIL = O.SV 2.4 V 

VIH =2V eOM 10H = -3.2mA 

lOS Output short:<:ircuit current * V(:;c'= S.OV Vo = OV -30 -130 rnA 

lee Supply current Vee MAX 60 100 rnA 

* No more than one output should be shorted at a time and duration of the short-circuit shouid not e;ceed one second, 

t All typical values are at V CC = SV, T A = 2SoC ' .,. . 

Switching Charact,ristics Over Operating Conditions 

SYMBOL PARAMETER 
'" TEST CONDITIONS MILl.TARY COMMERCIAL 

UNIT 
"',,. (See Test Load) MIN TYP MAX MIN TYP MAX 

eL = 50pF 
tpD Any input to Y R1 = 5600 ?5 45 25 40 ns 

.'," }12 ,"',1.1kfl '~ 



Application 

IN 
BUS 

ABCOEFGH 

BIT 0 

BIT 0 

BIT 0 

BIT 0 

BIT 0 

BIT 0 

BIT 0 

BIT 0 

BIT 1 

BIT 1 

BIT 1 

BIT 1 

BIT 1 

BIT 1 

BIT 1 

BIT 1 

BIT 2 

BIT 2 

BIT 2 

BIT 2 

BIT 2 

BIT 2 

BIT 2 

BIT 2 

BIT 3 

BIT 3 

BIT 3 

BIT 3 

BIT 3 

BIT 3 

BIT 3 

BIT 3 

SN54/74LS451 

8:1 Bus Select 

--U - tEl 
~ 100 ~ ..! I-- 101 A I- ~. 

rll-- 102 B I-~ 
'4 f-- 103 cl-~ 
~ 

~. 

r- 104 SI--~ a.! 1=1 
rs f-- I---~ 
~ 

105 1Y 
~ 

f-- f-- rw .2. 106 2Y 
~ 

ra f-- 107 f--~ 
~ 

207 
~ 

f-- 200 f--~ L!. 206 
~ 

r;o ~ L:.:. f-- 201 205 - ~. 

rrr 202 204 ~ L:.;. r- 203 I--

IE I 

~ 

--IT - m 
r"!' 100 ~ 
Ll-l01 A.I--- E.. 
'3 - 102 B- U' 
~ 

~ 

- 103 C- 2i' ..! .:;.;.r 

rs - 104 S - iii' 
~ 

.;;,;, 

- - i9' r.!. 105 lY .;;.! 

rr - - ii' 
~ 

106 2Y 
~ 

- 107 - i7' ..! 207 
~ .. - - ii' L:. 200 206 .;;.! 

r;o - 201 205 - i5' a.;.; .;;.! 

Ijj 202 204 ~ I,;.: I-- 203 I--

m I 

~l 

BUS 
SELECT 

, BUS OUT 
20 21 22 STROBE BUS 

BIT 0 

BIT 1 

BIT 2 

BIT 3 
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Quad 4:1 Mux 
SN54/74LS453 

Featuresl Benefits Ordering Information 
• 24-pin SKINNYDIP'· saves space 

• Twice the density of 74LS153 

• Low current PNP inputs reduce loading 

Description 
The quad 4:1 Mux selects one of four inputs, CO through C3, 
specified by two binary select inputs, A and B. The true data is 
output on Y. Propagation delays are the same for inputs and 
addresses and are specified for 50 pF loading. Outputs conform 
to the standard 8 mA LS totem pole drive standard. 

Function Table 

INPUT OUTPUTS 
SELECT Y 

B A 

L L CO 

L H C1 

H L C2 

H H C3 

For supplementary informat,.ion, see append!x, this section. 

PART NUMBER 

SN74LS453 

SN54LS453 

Logic Symbol 

1165 Eas' Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 
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PACKAGE TEMPERATURE 

JS MIL 

NS, JS COM 

MonolIthic m 
MemorIes-



SN54/74LS453 

Logic Diagram 
Quad 4:1 Mux 
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SN54/74LS453 

Absolute Maximum Ratings 
Supply voltage vee ................................................................................................ 7V 
Input voltage ..................................................................................................... 5.5V 
Off-state output voltage ........................................................................................... 5.5V 
Storage temperature....... ..... ....... ...... ... ......... .. ..... ....... .......... .. ......... ........ .... -65° to +1500 e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 

TA Operating free-air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL Low-level input voltage 

VIH High-level input voltage 

Vie Input clamp voltage Vee = MIN II - -1BmA 

IlL Low-level input current Vee = MAX VI = O.4V 

IIH High-level input current Vee - MAX VI = 2.4V 

II Maximum input current Vee - MAX VI - 5.5V 

Vee - MIN 

VOL Low-level output voltage VIL = O.BV 10L = BmA 

VIH = 2V 

Vee - MIN MIL 10H = -2mA 
VOH High-level output voltage VIL = O.BV 

VIH = 2V eOM 10H = -3.2mA 

lOS Output short-circuit current * Vee - 5.0V Vo - OV 

lee Supply current Vee MAX 

* No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

t All typical values are at Vee = 5V. T A = 25° C 

Switching Characteristics Over Operating Conditions 

PARAMETER 
TEST CONDITIONS MILITARY 

SYMBOL 
(See Test Load) MIN TYP MAX 

eL = 50 pF 
tpD Any input to Y R1 = 5600 25 45 

R2 = 1.1kO 

8-30 

COMMERCIAL 
UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

0 75 °e 

°e 

MIN TYPt MAX UNIT 

O.B V 

2 V 

-1.5 V 
0.25 mA 

25 J.LA 
1 mA 

0.5 V 

2.4 V 

-30 -130 mA 

60 100 mA 

COMMERCIAL 
UNIT 

MIN TYP MAX 

25 40 ns 



.SN54/74LS453 

Application 

D 

IN 
BUS 

C B 

4:1 Bus Select 

A 

BIT 0 

BUS 
SELECT 
20 2' 

--""""~~ riiI 
-fi -J ~ r----------,_ 1~ ~~----------~ T 

BIT 0 -l2 r---11C1 A r-~ 

OUT 
BUS 

~--+--------- l~ ~1------------r1 __ -+V-__ -t ___ -=B::IT~O-:-13 r- 1C2 B r-~ 
.,.. .... I'!::t .,.. __ + __ + __ --t ___ ~B~IT~O-- --14: r- 1C3 4C3 r-~l------I 

- ~=M-----------r_t-1r~~ BIT 1 -1'5 r_ 2~ 1V r-~ BIT 1 
BIT 0 

~~-------'- ~I----------t~~~~~ 
BIT 1 -Ii '"- 2C1 2V r- ~. BIT 2 

---1f----BI-T-, ---.-n r_ 2C2 3V r- f!!I-L--------t-li-::B::::IT:-:3:- .., 

~--+---_t-----:~--:-j ~L---------i-II_r---l BIT 1 -Ii ...- 2C3 4V r- fEr" V------+---+---r----:B~IT~2-:;. _ 3~ 4C2 r_ ~i1------, 
~~---------'- ~ 

BIT 2 ..rn - 3C1 4C1 r- f!!r,I------, 
V------+----B- IT- 2---'=1 3C2 4COo--lEJ-l-----, 

L---l---t-------;1l! r- 3C3 I r:--.-

m l~----.~ 
BIT2 

BIT3 

BIT3 

BIT3 

BIT3 

--____ B_IT_4 __ -I'i"ll -l [EI 
,... ~ 1~ ~~ ______ _ _ --+----B-IT-4---IZ. Z r--11C1 A r_ ~ 

, :: ~:a--------__ --+ ___ t-__ -::-BI::T-:-4_:-I3 r- 1C2 B r-~ 
,... .... r::"I ___ +-__ + __ I ___ :BI~T:4 __ -f4 ~ r- IC3 4C3 rr;~ii111-.----- I 

- h~a----------t--~~~ , _---B-IT-S---I5.5 r- 2~ 1V r-~ BIT 5 

.... h~a-~-------t---=~-~ BITS 

BIT 4 

-16 r- 2C1 2V r- ~ BIT e ~--~-------.~ ~1------r-~~1 
BIT S -1"7 r_ 2C2 3V r-~ BIT 7 ----~---t---:BI:T~S--:j7~.r_2C3 4Vr-~~------r-----~ -~~--~--~--~~--;~ ~ 

- _---B-IT-6--~-1i1 r_ 3~ 4C2 r- f!!rl----- I 

BITe 
ir- 3C1 4C1r~ 

V----I----B-I-T-e--i • r- 3C23C34C0r-~ 

BIT 6 
iii l ~ 

BIT 7 

BIT 7 

BIT 7 

BIT 7 
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PAL20XB 
P800S (74LS461) 
8-BIT SYNCHRONOUS COUN'l'ER 
MMI SUNNYVALE, CALIFORNIA 
CLK IO DO Dl D2 D3 D4 DS D6 D7 Il GND 
/oe /CO 07 06 05 04 03 02 01 00 /CI vec 

/00 := /Il*/IO 

/Ql 

/Q2 

/Q3 

/04 

/QS 

/06 

/Q7 

IF 

+ IO * /00 
:+: Il*/IO * /DO 
+ Il* IO * CI 

:= /Il*/IO 
+ IO * /Ql 

:+: Il*/IO * /Dl 
+ ;'. Il * IO * CI*QO 

:": /Il*/IO 
+ IO * /02 

:+: Il*/IO * /D2 
+ Il* IO * CI*QO*Ol 

:= /Il*/IO 
+ IO * /Q3 

:+: Il*/IO * /D3 
+ Il* IO * CI*QO*Ql*02 

::a /Il*/IO 
+ IO * /04 

:+: Il*/IO * /D4 
+ Il* IO * CI*QO*Ql*Q2*03 

: .. /Il*/IO 
+ IO * /QS 

:+: Il*/IO * /05 
+ Il* IO * CI*00*01*Q2*03*04 

:= /Il*/IO 
+ IO * /06 

:+: Il*/IO * /D6 
+ Il* IO * CI*QO*Ql*Q2*03*04*QS. 

:= /Il*/IO 
+ IO * /Q7 

:+: Il*/IO * /D7 
+ Il* IO * CI*00*01*Q2*Q3:"'Q4*QS*06 

(VCC) CO '" CI*QO*Ql*Q2*03*04*OS*Q6*97 

8-34 

PAL DESIGN SPECIFICATION 
BIRKNER/KAZMI/BLASCO 02/10/81 

,CLEAR LSB 
, COUNT/HOLD 
,LOAD DO (LSB) 
,COUNT 

,CLEAR 
,COUNT/BOLD 
,LOAD D1 
"COpNT 

,CLEAR 
,COUNT/HOLD 
,LOAD D2 
,COUNT 

,CLEAR 
,COUNT/BOLD 
,LOAD D3 
,COUNT 

,CLEAR 
,COUNT/HOLD 
,LOAD D4 
,COUNT 

,CLEAR 
;COUNT/HOLD 
;LOAD DS 
; COUNT 

tC.LEAR 
;COUNT/HOLD 
;LOAD D6 
; COUNT 

;CLEAR MBB 
7COUNT/HOLD 
; LOAD . D7 (MBB) 
; COUNT 

,CARRY OUT 
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FUNCTION TABLE 

CLK IOC I1 IO 07 06 05 04 03 02 01 DO ICI ICO Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO 

-INPUT-- -OUTPUT-
,CONTROL INSTR 00000000 CARRY QQQQQQQQ COMMENTS 
1CLK IOC I1 IO 76543210 ICI ICO 76543210 (HEX VALUES) 
---------------------------------~---------------------------------------------

C L H L LLLLLLLH X H LLLLLLLH LOAD (01) 
C L H H XXXXXXXX L H LLLLLLHL INCREMENT 
C L H L LLLLLLHH X H LLLLLLHH LOAD (03 ) 
C L H H XXXXXXXX L H LLLLLHLL INCREMENT 
C L H L LLLLLHHH X H LLLLLHHH LOAD (07) 
C L H H XXXXXXXX L ·H LLLLHLLL INCREMENT 
C L H L LLLLHHHH X H LLLLHHHH LOAD (OF) 
C L H H XXXXXXXX L H LLLHLLLL INCREMENT 
C L H L LLLHHHHH X H LLLHHHHH LOAD (IF) 
C L H H XXXXXXXX L H LLHLLLLL INCREMENT 
C L H L LLHHHHHH X H LLHHHHHH LOAD (3F) 
C L H H XXXXXXXX L H LHLLLLLL INCREMENT 
C L H L LHHHHHHH X H LHHHHHHH LOAD (7F) 
C L H H XXXXXXXX L H HLLLLLLL INCREMENT 
C L H L HHHHHHHH L L HHHHHHHH LOAD (FF) 
C L H H XXXXXXXX L H LLLLLLLL' INCREMENT (ROLL OVER) 
C L H L HHHHHHHH·· L L HHHHHHHH LOAD (FF) 
C L H L HHl1HHH.tiL X H HHHHHHHL LOAD (FE) 
C L H L HHHHHHLH X H HHHHHHLH LOAD (FD) 
C L H L HHHHHLHH X H HHHHHLHH LOAD (FB) mI C L H L HHHHLHHH X H HHHHLHHH LOAD (F7) 
C L H L HHHLHHHH X H HHHLHHHH LOAD (EF) 
C L H L HHLHHHHH X H HHLHHHHH LOAD (OF) 
C L H L HLHHHHHH X H HLHHHHHH LOAD (BF) 
C L H L LHHHHHHH X H LHHHHHHH LOAD (7F) 
C L H L HHHHHHHH L L HHHHHHHH LOAD (FF) 
C L L L XXXXXXXX X H LLLLLLLL CLEAR 
C L H H XXXXXXXX L H LLLLLLLB INCREMENT TO (01) 
C L B B XXXXXXXX L B LLLLLLHL INCREMENT TO (02) 
C L B B XXXXXXXX L H LLLLLLHH INCREMENT TO (03) 
C L H H XXXXXXXX L B LLLLLHLL INCREMENT TO (04) 
C L B B XXXXXXXX L H LLLLLHLH INCREMENT TO (05 ) 
C L B B XXXXXXXX L B LLLLLHHL INCREMENT TO (06) 
C L B H XXXXXXXX L B LLLLLHHH INCREMENT TO (07) 
C L H H XXXXXXXX L H LLLLHLLL INCREMENT TO (08) 
C L H H XXXXXXXX L H LLLLHLHH INCREMENT TO (09) 
C L H H XXXXXXXX L H LLLLHHLL INCREMENT TO (OA) 
C L H H XXXXXXXX L H LLLLHHLB INCREMENT TO (OB) 
C L H H XXXXXXXX L H LLLLHHHL INCREMENT TO (OC) 
C L H L HHHHHHHL X H HHHHHHHL LOAD (FE) 
C L H H XXXXXXXX L L HHHHHHBH INCREMENT TO (FF) ICO=L 
C L H H XXXXXXXX B H BlU1JU1HHH CI INHIBITS COUNT AND CO 
C L L H LLLLLLLL L L HHHHHHHH HOLO SEL INHIBITS COUNT ONLY 
C L H H BHHHHHHH L H LLLLLLLL INCREMENT TO (00) 
X B X X XXXXXXXX X X ZZZZZZZZ TEST BI-Z 

-------------------------------------------------------------------------------
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DFSCRIPTION 

THIS IS AN a-BIT SYNCHRONOUS COUNTER WITH PARALLEL LOAD, CLEAR, AND HOLD 
CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS (07-00) INTO THE OUTPUT 
REGISTER (Q7-QO). THE CLEAR OPERATION RESETS THE OUTPUT REGISTER TO ALL LOWS. 
THE HOLD OPERATION HOLDS THE PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS. 
THE INCREMENT OPERATION ADDS ONE TO THE OUTPUT REGISTER WHEN THE CARRY-IN IS 
TRUE (/CI=L), OTHERWISE THE OPERATION IS A HOLD. THE CARRY-OUT (/CO) IS TRUE 
(/CO=L) WHEN THE OUTPUT REGISTER (Q7-QO) IS ALL HIGHS, OTHERWISE FALSE (/CO=H). 

THFSE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMMARIZED IN THE 
OPERATIONS TABLE: 

/OC CLK Il IO /CI 07-00 Q7-QO OPERATION 

H X X X X X Z HI-Z 
L C L L X X L CLEAR 
L C L H X x Q HOLD 
L C H L X 0 0 LOAD 
L C H H H X Q HOLO 
L C H H L X Q PLUS 1 INCREMENT 

'lW OR MORE a-BIT COUNTERS MAY BE CASCADED TO PROVIDE LARGER COUNTERS. THE 
OPERATION CODES WERE CHOSEN SUCH THAT WHEN Il IS HIGH, IO MAY BE USED TO SELECT 
BETWEEN LOAD AND INCREMENT AS IN A PROGRAM COUNTER (JUMP/INCREMENT). ALSO, 
CARRY-OUT (/CO) AND CARRY7IN (/CI) ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY, 
WHICH PROVIDES FOR CONVENIENT INTERCONNECTJ:ONS WHEN 'lW OR MORE a-BIT COUNTERS 
ARE CASCADED TO IMPLEMENT LARGER COUNTERS. 

o 

Q 

8-36 

CARRY OUT 

CLOCK 
OUTPUT CONTROL 



8-BIT SYNCHRONOUS COUNTER 

1 C0100000001XOHLLLLLLLHXl 
2 CIXXXXXXXX1XOHLLLLLLHLOI 
3 COllOOOOOOIXOHLLLLLLHHXl 
4 CIXXXXXXXXIXOHLLLLLHLLOI 
5 COIII00000IXOHLLLLLHHHXl 
6 CIXXXXXXXXIXOHLLLLHLLLOI 
7 C0111100001XOHLLLLHHHHX1 
8 CIXXXXXXXXIXOHLLLHLLLLOI 
9 C0111110001XOHLLLHBHHBXl 

10 C1XXXXXXXX1XOHLLHLLLLLOI 
11 C0111111001XOHLLHHBHHBXl 
12 CIXXXXXXXX1XOHLHLLLLLLOI 
13 C0111111101XOHLHHHBHHBXl 
14 CIXXXXXXXXIXOHHLLLLLLLOI 
15 COI11111111XOLHHHHHHHHOl 
16 C1XXXXXXXXIXOHLLLLLLLLOl 
17 C0111111111XOLHHHHHHBHOI 
18 COOIII11111XOHHHHHHHHLXl 
19 COI0I111111XOHHHHHHBLHXl 
20 C0110111111XOHHHHHHLHHXl 
21 C0111011111XOHHHHHLHHHX1 
22 C0111101111XOHHHHLHHHHXl 
23 C0111110111XOHHHLHBHHBXl 
24 COI11111011XOHHLHHBHHBXl 
25 COII1111101XOHLHHHBHHBXl 
26 COII1111111XOLHHHHHHBHOI 
27 COXXXXXXXXOXOHLLLLLLLLX1 
28 C1XXXXXXXX1XOHLLLLLLLHOl 
29 C1XXXXXXXXIXOHLLLLLLHLOl 
30 C1XXXXXXXX1XOHLLLLLLHHOI 
31 C1XXXXXXXXIXOHLLLLLHLLOl 
32 CIXXXXXXXX1XOHLLLLLHLHOl 
33 C1XXXXXXXX1XOHLLLLLHHLOl 
34 C1XXXXXXXX1XOHLLLLLHHHOl 
35 C1XXXXXXXX1XOHLLLLHLLLOl 
36 C1XXXXXXXXIXOHLLLLHLHHOl 
37 C1XXXXXXXX1XOHLLLLHHLLOl 
38 C1XXXXXXXX1XOHLLLLHHLHOl 
39 CIXXXXXXXXIXOHLLLLHHHLOI 
40 COOI1111111XOHHHHHHHHLXl 
41 C1XXXXXXXXIXOLHHHHHijHHOl 
42 C1XXXXXXXX1XOHHHHHHHHHll 
43 C1000000000XOLHHHHHHHHOl 
44 C1111111111XOHLLLLLLLLOI 
45 XXXXXXXXXXXX1XZZZZZZZZXl 

PASS SIMULATION 

HMSII Appendix/LS461 
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8-BIT SYNCHRONOUS COUNTER 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

8 -x-- ---- ---- ---- ---- ---- ---- ---- -x-- /Il*/IO 
9 x--- ---x ---- ---- ---- ---- ---- ---- ---- ---- IO*/QO 

10 -x-- -x-- ---- ---- ---- ---- ---- ---- ---- x--- Il*/IO*/OO 
11 x--x ---- ---- ---- ---- ---- ---- ---- ---- x--- Il*IO*CI 

16 -x-- ---- ---- ---- ---- ---- ---- ---- ----
17 x--- ---- ---x ---- ---- ---- ---- ---- ----
18 -x-- ---- -x-- ---- ---- ---- ---- ---- ----
19 x--x --x- ---- ---- ---- ---- ---- ---- ----

-x-- /Il*/IO 
IO*/Ql 

x--- Il*/IO*/Ol 
x--- Il*IO*CI*QO 

24 -x-- ---- ---- ---- ---- ---- ---- ---- ---- -x-- /Il*/IO 
25 x--- ---- ---- ---x ---- ---- ---- ---- ---~ ---- IO*/Q2 
26 -x-- ---- ---- -x-- ---- ---- ---- ---- ---- x--- Il*/IO*/02 
27 x--x --x- --x- ---- ---- ---- ---- ---- ---- x--- Il*IO*CI*QO*Ql 

32 -x-- ---- ---- ---- ---- ---- ---- ---- ---- -x-- /Il*/IO 
33 x--- ---- ---- ---- ---x ---- ---- ---- ---- ---- IO*/Q3 
34 -x-- ---- ---- ---- -x-- ---- ---- ---- ---- x--- Il*/IO*/03 
35 x--x --x- --x- --x- ---- ---- ---- ---- ---- x--- Il*IO*CI*QO*Ql*Q2 

40 -x-- ---- ---- ---- ---- ---- ---- ---- ---- -x-- /Il*/IO 
41 x--- ---- ---- ---- ---- ---x ---- ---- ---- ---- IO*/Q4 
42 -x-- ---- ---- ---- ---- -x-- ---- ---- ---- x--- Il*/IO*/04 
43 x--x --x- --x- --x- --x- ---- ---- ---- ---- x--- Il*IO*CI*QO*Ql*Q2*Q3 

48 -x-- ---- ---- ---- ---- ---- ---- ---- ---- -x-- /Il*/IO 
49 x--- ---- ---- ---- ---- ---- ---x ---- ---- ---- IO*/Q5 
50 -x-- ---- ---- ---- ---- ---- -x-- ---- ---- x--- Il*/IO*/05 
51 x--x --x- --x- --x- --x- --x- ---- ---- ---- x--- Il*IO*CI*QO*Ql*Q2*Q3*Q4 

56 -x-- ---- ---- ---- ---- ---- ---- ---- ---- -x-- /Il*/IO 
57 x--- ---- ---- ---- ---- ---- ---- ---x ---- ---- IO*/Q6 
58 -x-- ---- ---- ---- ---- ---- ---- -x-- ---- x--- Il*/IO*/06 
59 x--x --x- --x- --x- --x- --x- --x- ---- ---- x--- I1*IO*CI*QO*Q1*Q2*Q3*Q4-

64 -x-- ---- ---- ---- ---- ---- ---- ---- ---- -x-- /I1*/IO 
65 x--- ---- ---- ---- ---- ---- ---- ---- ---x ---- IO*/Q7 
66 -x-- ---- ---- ---- ---- ---- ---- ---- -x-- x--- I1*/IO*/07 
67 x--x --x- --x- --x- --x- --x- --x- --x- ---- x--- I1*IO*CI*QO*Q1*Q2*Q3*Q4-

72 ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
73 ---x --x- --x- --x- --x- --x- --x- --x- --x- ---- CI*QO*Q1*Q2*Q3*Q4*Q5*Q6-

LEGEND: X: FUSE NOT BLOWN (L,N,O) -: FUSE BLOWN (H,P,1) 

NUMBER OF FUSES BLOW = 1243 
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8-Bit Synchronous Counter Logic Diagram PAL20X8 

ClK L.-t> ---
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PAL20X8 
P8003 (74LS498) 
8-BIT SHIFT REGISTER, PARALLEL IN/OUT 
MMI SUNNYVALE, CALIFORNIA 

PAL DESIGN SPECIFICATION 
UDI GORDON 02/20/81 

CLK 10 DO D1 D2 D3 D4 D5 D6 D7 II GND 
/OC RILO Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO LIRO vec 

/Q7 := /I1*/IO*/Q7 7HOLD Q7 
+ /I1* IO*/RILO 7SHIFT RIGHT 

:+: Il*/IO*/Q6 7SHIFT LEFT 
+ I1* 10*/07 rL01\D D7 

/Q6 := /Il*/IO*/Q6 7HOLD Q6 
+ /Il* IO*/Q7 7SHIFT RIGHT 

:+: Il*/IO*/Q5 rSHIFT LEFT 
+ Il* 10*/06 7LOAD D6 

/Q5 := /Il*/IO*/Q5 7HOLD Q5 
+ /Il* IO*/Q6 7SHIFT RIGHT 

:+: Il*/IO*/Q4 7SHIFT LEFT 
+ I1*IO*/D5 7LOAD D5 

/Q4 := /I1*/IO*/Q4 7HOLD Q4 
+ /Il* IO*/Q5 7SHIFT RIGHT 

:+: Il*/IO*/Q3 7SHIFT LEFT 
+ Il* IO*/D4 7LOAD D4 

/Q3 := /I1*/IO*/Q3 ,HOLD Q3 
+ /I1* IO*/Q4 7SHIFT RIGHT 

:+: I1*/IO*/Q2 7SHIF'l' LEFT 
+ I1* IO*/D3 7LOAD D3 

/Q2 := /I1*/IO*/Q2 7HOLD Q2 
+ /I1* IO*/Q3 7SHIFT RIGHT 

:+: I1*/IO*/Q1 rSHIFT LEFT 
+ I1* IO*/D2 7LOAD D2 

/Q1 := /I1*/IO*/Q1 7HOLD Q1 
+ /I1* IO*/Q2 rSHIFT RIGHT 

:+: I1*/IO*/QO 7SHIFT LEFT 
+ I1* IO*/D1 7LOAD D1 

/QO := /I1*/IO*/QO 7HOLD QO 
+ /I1* IO*/Q1 7SHIFT RIGHT 

:+: I1*/IO*/LIRO 7SHIFT LEFT 
+ I1* IO*/DO 7LOAD DO 

IF (/I1*IO) /LIRO = /QO 7LEFT IN RIGHT OUT 

IF (I1*/IO) /RILO = /Q7 7RIGHT IN LEFT OUT 
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FUNCTION TABLE 

II IO D7 D6 D5 D4 D3 D2 Dl DO CLK JOC RILO LIRO Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 

DATA IN Q OUT 
,INST D7----DO CLK joe RILO LIRO Q7----QO COMMENTS 

---------------------~-------------------------------------------------
HB LLLLLLLL C L Z Z 
LL XXXXXXXX C L Z Z 
HI. XXXXXXXX C L L H 
HI. XXXXXXXX C L L L 
HL XXXXXXXX C L L L 
HI. XXXXXXXX C L L L 
HI. XXXXXXXX C L L L 
HI. XXXXXXXX C L L L 
HL XXXXXXXX C L L L 
HI. XXXXXXXX C L H L 
HI. XXXXXXXX C L L L 
LL XXXXXXXX X H Z Z 
BB HHBHHHBH C L Z Z 
LL XXXXXXXX C L Z. Z 
LH XXxxxXxX C L L H 
LH XXXXXXXX C L H H 
LH XXXXXXXX C L H H 
LH XXXXXXXX C LH H 
LH XXXXXXXX C L H H 
LH XXXXXXXX C L H H 
LH XXXXXXXX C L H H 
LH XXXXXXXX C L H L 
LH XXXXXXXX C L H . H 
LL XXXXXXXX X HZ' Z 

DESCRIPTION 

LLLLLLLL 
'LLLLLLLL 
LLLLLLLH 
LLLLLLHL 
LLLLLHLL 
LLLLHLLL 
LLLHLLLL 
LLHLLLLL 
LHLLLLLL 
HLLLLLLL 
LLI,I·IJJ.I. 
ZZZZZZZZ 
HHBHHHBH 
HHtlHHHHH 
LARRABHH 

HLBBHHHB 
BBLHHHBB 
HHHLHHBB 
BBBBI.HRH 
HHHBBLHB 
HHHBBHLH 
HHHHHBHL 
HHtlHHHHH 
ZZZZZZZZ 

LOAD ZEROS 
HOLD 
SHIFT LEFT IN A H 
SHIFT LEFT IN A L 
SHIFT LEFT IN A L 
SHIFT LEFT IN A L 
SHIFT LEFT IN A L 
SHIFT LEFT IN A L 
SHIFT LEFT IN A L 
SHIFT LEFT IN A L 
SHIFT LEFT IN A L 
TEST HI-Z 
LOAD ONES 
HOLD 
SHIFT RIGHT IN A L 
SHIFT RIGHT IN A H 
SHIFT RIGHT INA H 
SHIFT RIGHT IN A H 
SHIFT RIGHT IN A H 
SHIFT RIGHT .IN A H 
SHIFT RIGHT IN A H 
SHIFT RIGHT IN A H 
SHIFT RIGHT IN A H 
TEST HI-Z 

THIS PAL IS AN 8-BIT SHIFT REGISTER WITH PARALLEL LOAD AND HOLD CAPABILITY. 
TWO FUNCTION SELECT INPUTS (IO ,Il) PROVIDE ONE OF FOUR OPERATIONS WHICH OCCUR 
SYNCHRONOUSLY ON THE RISING EDGE OF THE CLOCK (CLK). THESE OPERATIONS ARE: 

JOC CLK II IO D7-DO Q7-QO 

H 
L 
L 
L 
L 

X X X 
C L L 
C L H 
C H L 
C H H 

X 
X 
X 
X 
D 

Z 
L 

SR{Q) 
SL(Q) 

D 

OPERATION 

HI-Z 
HOLD 
SHIFT RIGHT 
SHIFT LEFT 
LOAD 

TWO OR MORE 8-BIT SHIFT REGISTERS MAY BE CASCADED TO PROVIDE LARGER SHIFT 
REGISTERS. RILO AND LIRO ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY, WHICH 
PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR I«)RE 8-BIT SHIFT REGISTERS 
ARE CASCADED TO IMPLEMENT LARGER SHIFT RE<;ISTERS. . 
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8-BIT SHIFT REGISTER, PARALLEL IN/OUT 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

0 x---
1 

8 -x--
9 x---

10 -x-x 
11 x---

16 -x--
17 x---
18 -x--
19 x---

24 -x--
25 x---
26 -x--
27 x---

32 -x--
33 x---
34 -x--
35 x---

40 -x--
41 x---
42 -x--
43 x---

48 -x--
49 x---
50 -x--
51 x---

56 -x--
57 x---
58 -x--
59 x---

64 -x--
65 x---
66 -x--
67 x---

72 -x--
73 

LEGEND: 

---x 

--x 

----
-x--

---x 

-x-- /11*10 
/QO 

---- -X-- /11*/IO*/QO 
---x ---- -X-- /11*IO*/Q1 

X--- 11*/IO*/LIRO 
---- ---- X--- 11*IO*/DO 

--x ---- -x-- /11*/IO*/Q1 
---x -X-- /I1*IO*/Q2 

---- X--- 11*/IO*/QO 
-x-- X--- 11*IO*/D1 

---x ---- -X-- /11*/IO*/Q2 

---x ----
-x--

---x 

---x -X-- /11*IO*/Q3 
X--- 11*/IO*/Q1 
X--- 11*IO*/D2 

---x -X-- /I1*/IO*/Q3 
---x ---- -X-- /11*IO*/Q4 

X--- 11*/IO*/Q2 
-x-- ---- ---- X--- Il*IO*/D3 

---x ---- ~x-- /I1*/IO*/Q4 
---X --------- -x-- /I1*IO*/Q5 

---x ---- x--- I1*/IO*/Q3 
-x-- ---- ---- x--- I1*IO*/D4 

---x ---- -x-- /11*/IO*/Q5 
/11*IO*/Q6 
11*/IO*/Q4 
11*IO*/D5 

---X ---- -x--
---x ---- x---

-x-- ---- ---- x---

---x ---- -x--
---X -x--

---X ---- x---
-x-- ---- x---

/11*/IO*/Q6 
/11*IO*/Q7 
11*/IO*/Q5 
Il*IO*/D6 

---x -x-- /11*/IO*/Q7 
-x-x /11*IO*/RILO 

---X ---- x--- I1*/IO*/Q6 
-x-- x--- I1*IO*/D7 

x--- 11*/10 
---X ---- /Q7 

X : FUSE NOT BLOWN (L,N,O) FUSE BLOWN (H,P,l) 

NUMBER OF FUSES BLOW = 1338 
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8-bit Shift Register, Parallel In/Out Logic Diagram PAL20X8 
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PAL20X8 PAL 'DESIGN SPECIFICATION 
74LS380 BIRKNER/KAZMI/BLASCO 02/16/81 
MULTIFUNCTION OCTAL REGISTER 
MMI SUNNYVALE, CALIFORNIA 
CLK /LD DO D1 D2 03 04 05 D6 07 POL GNO 
/OC /PR Q7 Q6 Q5 Q4 q3 Q2 Q1 00 /CLR vec 

/00 := CLR 
+ /CLR*/PR*/LD*/OO 

:+': /CLR*/pR* LO* POL*/DO 
+ /CLR*/PR* LO*/POL* DO 

/Q1 := CLR 
+ /CLR*/PR*/LO*/Q1 

:+: /CLR*/PR* LO* POL*/Ol 
+ /CLR*/PR* LO*/poL* D1 

/Q2 :- CLR 
+ /CLR*/PR*/LO*/Q2 

:+: /CLR*/PR* LO* POL*/02 
+ /CLR*/PR* LO*/POL* 02 

/Q3 := CLR 
+ /CLR*/PR*/LO*/Q3 

:+: /CLR*/PR* LO* POL*/03 
+ /CLR*/PR* LO*/POL* 03 

/04 := CLR 
+ /CLR*/PR*/LO*/04 

:+: /CLR*/PR* LO* POL*/D4 
+ /CLR*/PR* LO*/POL* D4 

/Q5 := CLR 
+ /CLR*/PR*/LO*/Q5 

:+: /CLR*/pR* LO* POL*/05 
+ /CLR*/pR* LO*/POL* 05 

/Q6 := CLR 
+ /CLR*/PR*/LO*/Q6 

:+: /CLR*/PR* LO*POL*/D6 
+ /CLR*/PR* LO*/POL* D6 

/Q7 := CLR 
+ /CLR*/PR*/LO*/Q7 

:+: /CLR*/PR* LO* POL*/07 
+ /CLR*/PR* LO*/POL* 07 

1 CLEAR 
1 HOLD 
1 LOAD DO (TRUE) 
ILOAO /00 (COMP) 

1 CLEAR 
1 HOLD 
,LOAD D1 (TRUE) 
ILOAD /01 (COMP) 

1 CLEAR 
1 HOLD 
1 LOAD 02 (TRUE) 
,LOAD /02 (COMP) 

1 CLEAR 
,HOLD 
, LOAD 03 (TRUE) 
,LOAD /03 (COMP) 

1 CLEAR 
,HOLD 
1 toAD D4 (TRUE) 
ILOAD /04 (COMP) 

1 CLEAR 
1 HOLD 
1 LOAD 05 (TRUE) 
,LOAD /05 (COMP) 

,CLEAR 
1 HOLD 
1 LOAD D6 (TRUE) 
ILOAO /06 (COMP) 

1 CLEAR 
,HOLD 
,LOAD 07 (TRUE) 
ILOAI> /07 (COMP) 
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FUNCTION TABLE 

07 D6 05 D4 03 02 01 00 /CLR /PR /LD POL CLK /oe Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 

INPUTS CONTROL' OUTPUTS COMMENTS 
07----00 /CLR /PR /LD POL CLK /oe Q7----QO 

----------------------------------------~-~-----------------------------------
, CLEAR AND PRESET TESTS' 

HHHHHHHH L L L H C L LLLLLLLL CLEAR (OVERRIDES PRESET/LOAD)' 
LLLLLLLL H L L H C L HHHHHHHH PRESET (OVERRIDES LOAD) 
LLLLLLLL L L L L C L LLLLtLLt' CLEAR (POL=L) 
HHHHHHHH H L L L C L HHHHHHHH PRESET (POL=L) 

,LOAD DATA - WALKING ZEROES (TRUE DATA) 
HHHHHHHL H H L H C L HHHHHHHL LOAD HEX (FE) 
HHHHHHLH H H L H C L 'HHHHHHLH LOAD HEX (PO) i 

HHHHHLHH H H L H C L HHHHHLHH LOAD HEX(FB) 
HHHHLHHH H H L H C L HHHHLHHH LOAD HEX (F7) 
HHHLHHHH H H L H C L HHHLHHHH ' LOADHEX(EF) 
HHLHHHHH H H L H C L HHLHHHHH' LOAD HEX (DFj 
HLHHHHHH H H L H C L HLHHHHHH LOAD HEX(B') 
LHHHHHHH H H L H C L LHHHHHHH LOAD HEX(7F) 
HHHHHHHH H H L H C t HHHHHHHH LOAD HEX (FF) 

, LOAD DATA - WALKING ONES (TRUE DATA) 
LLLLLLLH H H L H C L LLLLLLLH LOAD HEX(Ol) 
LLtLLLHL H H L H" C L LLLLLLHL LOAD HEX(92) 
LLLLLHLL H H L Ii C L LLLLLHLL LOADHEX(04) 
LLLLHLLL H H L H C t LLLLHLLL LOAD HEX(08) 
LLLHLLLL H H L H C L LLLHLLLL LOADHE:X (10) 
LLHLLLLL H H L H C L LLHLLLLL LOAD HEX(20) mI LHLLLLLL H H L H C L LHLLLLLL LOAD HEX(40) 
HLLI,LLLL H H L H C L I{LLLLLLL LOAD HEX (80) 
LLLLLLLL H H L H C L LLLLLLLL LOAD HEiq 00) 

,LOAP DATA - WALKING ONES (COMP DATA) WITH HOLD. TEST~v 
LLLLLLLL H H ~ L C L LLLLLLLL HOLD 
LLLLLLLL H H L L C L " HHHHHHHH' to¥> HEX(OO) (COMP) 
LLLLLLLL H H H H C L HHHHHHHH HOLD 
LLLLLLLH H H L L C L HHHHHHHL LOAD HEXeOl) (COMP) 
LLLLLLLL H H H L C L HHHHHHHL HOLD 
LLLLLLHL H H L L C L HHHHHHLH LOAD HEX(02) (COMP) 
HHHHHHHH H H H H C L HHHHHHLH HOLD 

~'" 

LLLLLHLL H H L L C L HHHHHLHH LOAD HEX(04) (COMP) 
LLLLLLLL H H H L C L HHHHHLHH,' HOLD 
LLLLHLLL H H L L C L HHHHLHHH LOAD HEX(80) (CO~) 

HHHHHHHH H H H H C L HHHHLHHH ' HOLD 
LLLHtLLL H H, L L C L HHHLHHHH LOAD HEX(lO) (COMP) 
LLLLLLLL H H H L C L HHHLHHHH HOLD 
LLHLLLLL H H L L C L HHLHHHHH LOAD HEX(20) (COMP) 
HHHHHHHH H H H H C L HHLmiHHH HOLD 
LHLLLLI;.L H H L L C L HLHlijiHHH LOAD HEX (40) (COMP) 
LLLLLLLL H H H L C L HLHHHHHH HOLD 
HLLLLLLL H H L L C L LHHHHHRH " LOAD HEX(80) (COMP) 
HHHHHHHH H H H H C L LHHHHHHH HOLD 
LLLLLLLL H H L L C L HHHHHI{HH LOAD I{EX(O,O} (COMP) 
XXXXXXXX X X X X X H ZZZZZZZZ TEST HI-Z 

---------------------------------------.... ----------I"I!'~---~--- ... __________________ 
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DESCRIPTION 

THIS IS AN 8-BIT, SYNCHRONOUS REGISTER WITH PARALLEL LOAD, LOAD COMPLlMENT, 
PRESET, CLEAR, AND HOLD CAPABILITIES. FOUR CONTROL INPUTS (/LD,POL,/CLR,/PR) 
PROVIDE ONE OF FOUR OPERATIONS WHIC" OCCUR SYNCHRONOUSLY WITH'THE' CLOCK (CLK). 

THE LOAD OPERATION LOADS THE INPUTS (D7-DO) INTO THE OUTPUT REGISTER (Q7-QO), 
WHEN POL=H OR LOADS THE COMPLIMENT OF THE INPUTS WHEN POL=L. THE CLEAR (/CLR) 
OPERATION RESETS THE OUTPUT REGISTERS TO AL;L LOWS. THE PRESET (/PR) OPERATION 
PRESETS THE OUTPUT" ~ISTERS TO ALL HIGHS. ~ HOLD OP~TION HOLDS THE 
PREVIOUS VALUE REGARDLESS OF ,CLOCK <TRANSITIONS. 

CLEAR OVERRIDES PRESET, PRESET OVERRIDES LOAD, AND LOAD OVERRIDES HOLD. 

THESE OPERATIONS ARE E~E~ISED IN THE,~UNC'l'ION TABLE AND SUMMARIZED 
OPERATIONS TABLE: 

/oe CLK /CLR /PR /LO poL '-D7-oo Q7-QO OPERATION 

------------------------------------------~--------------" . ., ,: 

H X X X X X X Z HI-Z 
L C L X X X X L CLEAR 
L C H L L ,~ X H PRESET 
L C H H H X X Q H01;.D 
L C H H L H , .. ,D D LOAD TRUE 
L C H H L L 0 /D LOAD COMP 

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

POLARITY 
LOAD 

PRESET 
CLEAR 

D 

Q 

-CLOCK'" 
OUTPUT CONTROL 

'1 

IN THE 



MULTIFUNCTION OCTAL REGISTER 

1 COIIIIIIIIIXOOLLLLLLLLOI 
2 COOOOOOOOOIXOOHHHHHHHHII 
3 COOOOOOOOOOXOOLLLLLLLLOI 
4 COIIIIIIIIOXOOHHHHHHHHII 
5 COOIIIIIIIIXOIHHHHHHHLII 
6 COIOIIIIIIIXOIHHHHHHLHII 
7 COIIOIIIIIIXOIHHHHHLHHII 
8 COIIIOIIIIIXOIHHHHLHHHII 
9 COIIIIOIIIIXOIHHHLHHHHII 

10 COIIIIIOl1IXOIHHLHHHHHlI 
11 COIIIIIIOIIXOIHLHHHHHHII 
12 COlllllllOlXOlLHHHHHHHll 
13 COIIIIIIIIIXOIHHHHHHHHII 
14 COIOOOOOOOIXOILLLLLLLHII 
15 COOIOOOOOOIXOILLLLLLHLII 
16 COOOIOOOOOIXOILLLLLHLLll 
17 COOOOIOOOOIXOILLLLHLLLll 
18 COOOOOIOOOIXOILLLHLLLLII 
19 COOOOOOIOOIXOILLHLLLLLII 
20 COOOOOOOIOIXOILHLLLLLLII 
21 COOOOOOOOllXOlHLLLLLLLll 
22 COOOOOOOOOIXOILLLLLLLLll 
23 CIOOOOOOOOOXOILLLLLLLLll 
24 COOOOOOOOOOXOIHHHHHHHHII 
25 CIOOOOOOOOIXOIHHHHHHHHII 
26 COIOOOOOOOOXOIHHHHHHHLII 
27 CIOOOOOOOOOXOIHHHHHHHLll 
28 COOIOOOOOOOXOIHHHHHHLHII 
29 CIIIIIIIIIIXOIHHHHHHLHII 
30 COOOIOOOOOOXOIHHHHHLHHII 
31 CIOOOOOOOOOXOIHHHHHLHHII 
32 COOOOIOOOOOXOIHHHHLHHHII 
33 CllllllllllXOlHHHHLHHHll 
34 COOOOOIOOOOXOIHHHLHHHHII 
35 CIOOOOOOOOOXOIHHHLHHHHII 
36 COOOOOOIOOOXOIHHLHHHHHII 
37 Cllllllll11XOIHHLHHHHBll 
38 COOOOOOOIOOXOIHLHHHHHHII 
39 CI000000000XOIHLHHHHHHll 
40 COOOOOOOOI0XOILHHHHHHHll 
41 CIIIIIIIIIIXOILHHHHHHHII 
42 COOOOOOOOOOXOIHHHHHHHHll 
43 XXXXXXXXXXXXIXZZZZZZZZX1 

PASS SIMULATION 

HMSI/ Append.ix/LS380 



HMSI/ Appendix/LS380 

MULTIFUNCT!ON OCTAL REGISTER 

11 1111 11112222 2222 2133 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

8 ---x ---- ---- ---- ---- ---- ---- ---- ---- ---- CLR 
9 x-x- ---x ---- ---- ---- ---- ---- ---- ---- --x- /CLR*/PR*/LD*/QO 

10 .... XX- -x-- ---- ---- ---- ---- ---- ---- ---- x-x- /CLR*/PR*LD*POL*/DO 
11 -xx- x--- ---- ---- ---- ---- ---- ---- -xx- /CLR*/PR*LD*/POL*DO 

16 ---x ---- ---- ---- ---- ---- ---- ---- CLR 
17 x-x- ---- ---x ---- ---- ---- ---- ---- --x- /CLR*/PR*/LD*/Q1 
18 -xx- ---- -x-- ---- ---- ---- ---- ---- x-x- /CLR*/PR*LD*POL*/D1 
19 -xx- ---- x--- ---- ---- ---- ---- ---- ---- -xx- /CLR*/PR*LD*/POL*D1 

24 ---x ---- ---- ---- ---- ---- ---- ---- ----
25 x-x- ---- ---- ---x ---- ---- ---- ---- ----
26 -xx- ---- ---- -x-- ---- ---- ----
27 -xx- ---- ---- x--- ---- ---- ---- ---- ----

---- CLR 
--x- /CLR*/PR*/LD*/Q2 
x-x- /CLR*/PR*LD*POL*/D2 
-xx- /CLR*/PR*LD*/POL*D2 

32 ---x ---- ---- ---- ---- -------- ---- ---- ---- CLR 
33 x-x- ---- ---- ---- ---x ---- ---- ---- ---- --x- /CLR*/PR*/LD*/Q3 
34 -xx- ---- ---- ---- -x-- ---- ---- ---- ---- X-X- /CLR*/PR*LD*POL*/D3 
35 -xx- ---- ---- ---- x--- ---- ---- ---- -xx- /CLR*/PR*LD*/POL*D3 

40 ---x ---- ---- ---- ---- ---- ---- ---- ----
41 x-x- ---- ---- ---- ---- ---x ---- ---- ----
42 -xx- ---- ---- ---- ---- -X-- ---- ---- ----
43 -xx- ---- ---- ---- ---- x--- ---- ----

---- CLR 
--x- /CLR*/PR*/LD*/Q4 
x-x- /CLR*/PR*LD*POL*/D4 
-xx- /CLR*/PR*LD*/POL*D4 

48 ---x ---- ---- ---- ---- ---- ---- ---- ---- ---- CLR 
49 x-x- ---- ---- -~-- ---- ---- ---x ---- ---- --x- /CLR*/PR*/LD*/Q5 
50 -XX- ---- ---- ---- ---- ---- -x-- ---- ---- x-x- /CLR*/PR*LD*POL*/D5 
51 -xx- ---- ---- ---- ---- ---- x--- ---- ---- -xx- /CLR*/PR*LD*/POL*D5 

56 ---x ---- ---- ---- ---- ---- ---- ---- ---- CLR 
57 x-x- ---- ---- ---- ---- ---- ---- ---x ---- --x- /CLR*/PR*/LD*/Q6 
58 -xx- ---- ---- ---- ---- ---- ---- -x-- x-x- /CLR*/PR*LD*POL*/D6 
59 -xx- ---- ---- ---- ---- ---- ---- x--- ---- -xx- /CLR*/PR*LD*/POL*D6 

64 ---x ---- ---- ---- ---- ---- ---- ---- ---- ---- CLR 
65 x-x- ---- ---- ---- ---- ---- ---- ---- ---x --x- /CLR*/PR*/LD*/Q7 
66 -xx- ---- ---- ---- ---- ---- ---- ---- -x-- x-x- /CLR*/PR*LD*POL*/D7 
67 -xx- ---- ---- ---- ---- ---- ---- ---- x--- -xx- /CLR*/PR*LD*/POL*D7 

LEGEND: x: FUSE NOT BLOWN (L,N,O) -: FUSE BLOWN (H,P,l) 

NUMBER OF FUSES BLOW = 1160 
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Multifunction Octal Register Logic Diagram PAL20X8 
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74LS491 
10-BIT COUNTER 

HMSII Appendix/LS491 

PAL DESIGN SPECIFICATION 
JOHN BIRKNER 04/01/81 

MMI SUNNYVALE, CALIFORNIA 
CLK DO 01 02-7 08 09 /LD /CNT /UP SET /CIN GND 
/OC Q9 Q8 Q7 Q6 Q5 Q4 Q3 Q2 Q1 QO vee 

/QO 

/Q1 

/Q2 

/Q3 

/Q4 

/Q5 

/Q6 

/Q7 

/Q8 

/Q9 

:= /SET* LD*/DO 
+ /SET*/LD*/QO 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

:= /SET* LD*/Dl 
+ /SET*/LD*/Ql 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

:= /SET* LD*/D2-7 
+ /SET*/LD*/Q2 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

:= /SET* LD*/D2-7 
+ /SET*/LD*/Q3 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

:= /SET* LD*/D2-7 
+ /SET*/LD*/Q4 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

:= /SET* LD*/D2-7 
+ /SET*/LD*/Q5 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

:= /SET* LD*/D2-7 
+ /SET*/LD*/Q6 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

:= /SET* LD*/D2-7 
+ /SET*/LD*/Q7 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

:= /SET* LO* /08 
+ /SET*/LD*/Q8 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

: = /SET* LD* /09 
+ /SET*/LD*/Q9 

:+: /SET*/LD* CNT* 
+ /SET*/LD* CNT* 

8-50 

:LOAD DO 
:HOLD (LSB) 

CIN* UP : CARRY 
CIN*/UP : BORROW 

:LOAD 01 
: HOLD 

CIN* up* QO : CARRY 
CIN*/UP*/QO : BORROW 

:LOAD 02-7 
: HOLD 

CIN* UP* QO* Q1 : CARRY 
CIN*/UP*/QO*/Ql : BORROW 

:LOAD 02-7 
: HOLD 

CIN* up* QO* Ql* Q2 : CARRY 
CIN*/UP*/QO*/Q1*/Q2 : BORROW 

:LOAD 02-7 
; HOLD 

CIN* up* QO* Q1* Q2* Q3 : CARRY 
CIN*/UP*/QO*/Ql*/Q2*/Q3 : BORROW 

;LOAD 02-7 
: HOLO 

CIN* up* QO* Q1* Q2* Q3* Q4 : CARRY 
CIN*/UP*/QO*/Q1*/Q2*/Q3*/Q4 : BORROW 

:LOAD 02-7 
: HOLD 

CIN* UP* QO* Q1* Q2* Q3* Q4* Q5 : CARRY 
CIN*/UP*/QO*/Q1*/Q2*/Q3*/Q4*/Q5 : BORROW 

:LOAD 02-7 
: HOLD 

CIN* UP* QO* Q1* Q2*Q3* Q4* Q5* Q6 : CARRY 
CIN*/UP*/QO*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6 : BORROW 

:LOAD os 
: HOLD 

cm*u~~*~*~*~*Q4*~*~*~ ; CARRY 
CIN*/UP*/QO*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6*/Q7 :.BORROW 

:LOAD D9 
:HOLD (MSB) 

CIN* up* ~* Q1* Q2* Q3* Q4* Q5* Q6* Q7* Q8 :CARRY 
CIN*/UP*/QO*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6*/Q7*/Q8 :BORROW 
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FUNCTION TABLE 

CLK IOC SET ILD ICNT ICIN IUP 09 08 02-7 01 DO Q9 Q8 Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 

I I 
1C I SIC C I -DATA IN-
1L 0 E L N I U DO 0 DO 
:K C TOT N P 98 2-7 10 

-DATA OUT­
QQQQQQQQQQ 
9876543210 

C L H X X X X xx X XX HHHHHHHHHH 
C L L L X X X LL L LL LLLLLLLLL.L 
C L L L X X X HH H HH HHHHHHHHHH 
C L L H H X X XX X XX HHHHHHHHHH 
C L L L X X X LL L LL LLLLLLLLLL 
C L L H H X X XX X XX LLLLLLLLLL 
C L L H L H X XX X XX LLLLLLLLLL 
C L L H L L L XX X XX LLLLLLLLLH 
C L L H L L L XX X XX LLLLLLLLHL 
C L L H L L L XX X XX LLLLLLLLHH 
C L L H L L H ·XX X XX LLLLLL.LLHL 
C L L H L L H XX X XX LLLLLLLLLH 
C L L H L L H XX X XX LLLLLLLLLL 
C L L H L L H XX X XX HHHHHHHHHH 
C L L H L L H XX X XX HHHHHHHHHL 
X H X X X X X XX X XX ZZZZZZZZZZ 

DESCRIPTION 

COMMENT 

SET 
CLEAR 
SET 
HOLD 
CLEAR 
HOLD 
HOLD 
COUNT UP (NOTE 5 CNTRLS LOW NEAR GND) 
COUNT UP 
COUNT UP 
COUNT DOWN 
COUNT DOWN 
COUNT DOWN 
COUNT DOWN (ROLL OVER) 
COUNT DOWN 
TEST HI-Z 

THE 10-BIT COUNTER CAN COUNT UP, COUNT DOWN, SET, AND LOAD 2 LSB'S (00,01), 
2 MSB'S (08,09) AND 6 MIDDLE BI~S (02-7) HIGH OR LOW AS A GROUP. 

SET OVERRIDES LOAD (/LD), COUNT (/CNT), AND HOLD. LOAD OVERRIDES COUNT. 
COUNT IS CONDITIONAL ON CARRY IN (/CIN), OTHERWISE IT HOLDS. 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND SUMMARIZED IN THE 
OPERATIONS TABLE: 

IOC CLK SET ILD ICNT ICIN IUP D9-DO Q9-QO OPERATION 

H X X X X X X X Z HI-Z 
L C H X X X X X H SET ALL HIGH 
L C L L X X X 0 D LOAD 0 
L C L H H X X X Q HOLD (/CNT=H) 
L C L H L H X X Q HOLD (/CIN=H) 
L C L H L H L X Q PLUS 1 COUNT UP 
L C L H L H H X Q MINUS 1 COUNT DOWN 

--------------------------------------------------------------------------

8-51 
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10-BIT COUNTER 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

0 -x-- -x-- -x--
1 ---x x--- -x--
2 x--- -x-- -x-- -x-- -x--
3 x--- -x-- x--- -x-- -x--

8 -x-- -x-- -x--
9 ---x ---- x--- -x--

10 --x- ---- ---- x--- -x-- .-X-- -x-- -x--
11 ---x ---- x--- -x-- x--- -x-- -x--

16 -x-- -x-- -x--
17 ---x ---- x--- -x--
18 --x- --x- x--- -x-- -x-- -x-- -x~-

19 ---x ---x ---- ---- x--- -x-- x--- -x-- -x--

24 -x-- ---- -x-- -x--
25 ---- ---x ---- x--- -x--
26 --x- --x- --x- ---- x--- -x-- -x-- -x-- -x--
27 ---x ---x ---x ---- x--- -x-- x--- -x-- -x--

32 -x-- -x-- -x--
33 ---x x--- -x--
34 --x- --x- --x- --x- x--- -x-- -x-- -x-- -x--
35 ---x ---x ---x ---x ---- x--- -x-- x--- -x-- -x--

40 -x-- -x-- -x--
41 x--x ---- -x--
42 --x- --x- --x- --x- --x- x--- -x-- -x-- -x-- -x--
43 ---x ---x ---x ---x ---x x--- -x-- x--- -x-- -x--

48 -~- -x- -~-

49 x--- ---x ---- -x--
50 --x- --x- --x- --x- --x- x-x- -x-- -x-- -x-- -x--
51 ---x ---x ---x ---x ---x x--x -x-- x--- -x-- -x--

56 -x-- -x-- -x--
57 x--- ---x -x--
58 --x- --x- --x- --x- --x- x-x- -xx- -x-- -x-- -x--
59 ---x ---x ---x ---x ---x x--x -x-x x--- -x-- -x--

64 -x-- -x-- -x--
65 x--- -x-x ----
66 --x- --x- --x- --x- --x- x-x- -xx- -xx- -x-- -x--
67 ---x ---x ---x ---x ---x x--x -x-x x--x -x-- -x--

/SET*LD*/DO 
/SET*/LD*/QO 
/SET*/LD*CNT*CIN*UP 
/SET*/LD*CNT*CIN*/UP 

/SET*LD*/Dl 
/SET*/LD*/Ql 
/SET*/LD*CNT*CIN*UP*QO 
/SET*/LD*CNT*CIN*/UP*/QO 

/SET*LD*/D2-7 
/SET*/LD*/Q2 
/SET*/LD*CNT*CIN*UP*QO*-
/SET*/LD*CNT*CIN*/UP*/Q-

/SET*LD*/D2-7 
/SET*/LD* /Q3 
/SET*/LD*CNT*CIN*UP*QO*-
/SET*/LD*CNT*CIN*/UP*/Q-

/SET*LD*/D2-7 
/SET*/LD*/Q4 
/SET*/LD*CNT*CIN*UP*QO*-
/SET*/LD*CNT*CIN*/UP*/Q-

/SET*LD*/D2-7 
/SET*/LD*/Q5 
/SET*/LD*CNT*CIN*UP*QO*­
/SET*/LD*CNT*CIN*/UP*/Q-

/SET*LD*/D2-7 
/SET*/LD*/Q6 
/SET*/LD*CNT*CIN*UP*QO*­
/SET*/LD*CNT*CIN*/UP*/Q-

/SET*LD*/D2-7 
/SET*/LD*/Q7 
/SET*/LD*CNT*CIN*UP*QO*­
/SET*/LD*CNT*CIN*/UP*/Q-

/SET*LD* /08 
/SET*/LD*/Q8 
/SET*/LD*CNT*CIN*UP*QO*­
/SET*/LD*CNT*CIN*/UP*/Q-

72 ---- -x-- -x-- -x-- /SET*LD*/D9 
73 ---- ---- x--- -x-- ---x /SET*/LD*/Q9 
74 --x- --x- --x- --x- --x- x-x- -xx- -xx- -xx- -x-- /SET*/LD*CNT*CIN*UP*QO*-
75 ---x ---x ---x ---x ---x x--x -x-x x--x -x-x -x-- /SET*/LD*CNT*CIN*/UP*/Q-

LEGEND: x: FUSE NOT BLOWN (L,N,O) - : FUSE BLOWN (H,P,l) 

NUMBER OF FUSES BLOW = 1350 
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1 O-Bit Counter Logic Diagram PAL20X10 
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PAL20C1 
74LS450 
16:1 MULTIPLEXER 

HMSII Appendix/LS450 

PAL DESIGN SPECIFICATION 
BIRKNER/KAZMI/BLASCO 02/19/81 

MMI SUNNYVALE, CALIFORNIA 
EO E1 E2 E3 E4 E5 
Ell E12 E13 E14 E15 W 

. 
y /D*/C*/B*/A * EO 

+ /D*/C*/B* A * E1 
+ /D*/C* B*/A * E2 
+ /D*/C* B* A * E3 
+ /0* C*/B*/A * E4 
+ /0* C*/B* A * E5 
+ /0* C* B*/A * E6 
+ /0* C* B* A * E7 
+ D*/C*/B*/A * E8 
+ D*/C*/B* A * E9 
+ D*/C* B*/A * E10 
+ D*/C* B* A * Ell 
+ 0* C*/B*/A * E12 
+ 0* C*/B* A * E13 
+ 0* C* B*/A * E14 
+ 0* C* B* A * E15 

DATA 
INPUTS 

El0 

Ell 

E12 

E13 

E14 

E15 

8·54 

E6 
y 

E7 E8 E9 E10 GND 
o C B A VCC 

; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 
; SELECT 

16 Y 

INPUT EO 
INPUT E1 
INPUT E2 
INPUT E3 
INPUT E4 
INPUT E5 
INPUT E6 
INPUT E7 
INPUT E8 
INPUT E9 
INPUT E10 
INPUT Ell 
INPUT E12 
INPUT E13 
INPUT E14 
INPUT E15 

TO 
WHERE Y = W 1 

MUX W 

-------I CONTROL LINES 



HMSI/ Appendix/LS450 

FUNCTION TABLE 

D C B A EO El E2 E3 E4 E5 E6 E7 E8 E9 EI0 Ell E12 El3 E14 E15 Y W 

SELECT -----INPUTS----- OUTPUTS COMMENTS 
111111 

D C B A 0123456789012345 Y W 
------------------------------------------------------------

L L L L LHHHHHHHHHHHHHHH L H INPUT EO = 0 
L L L L HLLLLLLLLLLLLLLL H L INPUT EO = 1 
L L L L HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
LL L H HLHHHHHHHHHHHHHH L H INPUT El = 0 
L L L H LHLLLLLLLLLLLLLL H L INPUT El = 1 
L L L H HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
L L H L HHLHHHHHHHHHHHHH L H INPUT E2 = 0 
L L H L LLHLLLLLLLLLLLLL H L INPUT E2 = 1 
L L H L HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
L L H H HHHLHHHHHHHHHHHH L H INPUT E3 = 0 
L L H H LLLHLLLLLLLLLLLL H L INPUT E3 = 1 
L L H H HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
L H L L HHHHLHHHHHHHHHHH L H INPUT E4 = 0 
L H L L LLLLHLLLLLLLLLLL H L INPUT E4 = 1 
L H L L HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
L H L H HHHHHLHHHHHHHHHH L H INPUT E5 = 0 
L H L H LLLLLHLLLLLLLLLL H L INPUT E5 = 1 
L H L H HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
L H H L HHHHHHLHHHHHHHHH L H INPUT E6 = 0 
L H H L LLLLLLHLLLLLLLLL H L INPUT E6 = 1 

[;]I L H H L HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
L H H H HHHHHHHLHHHHHHHH L H INPUT E7 = 0 
L H H H LLLLLLLHLLLLLLLL H L INPUT E7 = 1 
L H H H HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
H L L L HHHHHHHHLHHHHHHH L H INPUT E8 = 0 
H L L L LLLLLLLLHLLLLLLL H L INPUT E8 = 1 
HL L L HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
H L L H HHHHHHHHHLHHHHHH L H INPUT E9 = 0 
H L L H LLLLLLLLLHLLLLLL H L INPUT E9 = 1 
H L L H HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
H L H L HHHHHHHHHHLHHHHH L H INPUT EIO = 0 
H L H L LLLLLLLLLLHLLLLL H L INPUT EIO = 1 
H L H L HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
H L H H HHHHHHHHHHHLHHHH L H INPUT Ell = 0 
H L H H LLLLLLLLLLLHLLLL H L INPUT Ell = 1 
H L H H HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
H H L L HHHHHHHHHHHHLHHH L H INPUT EI2 = 0 
H H L L LLLLLLLLLLLLHLLL H L INPUT E12 = 1 
H H L L HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
H H L H HHHHHHHHHHHHHLHH L H INPUT El3 = 0 
H H L H LLLLLLLLLLLLLHLL H L INPUT El3 = 1 
H H L H HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
H H H L HHHHHHHHHHHHHHLH L H INPUT E14 = 0 
H H H L LLLLLLLLLLLLLLHL H L INPUT EI4 = 1 
H H H L HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 
H H H H HHHHHHHHHHHHHHHL L H INPUT EI5 = 0 
H H H H LLLLLLLLLLLLLLLH H L INPUT E15 = 1 
H H H H HHHHHHHHHHHHHHHH H L TOGGLE OTHER LINES 

------------------------------------------------------------
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HMSI/ Appendix/LS450 

DESCRIPTION 

THIS IS AN EXAMPLE OF A I6-TO-I MULTIPLEXER USING A PAL20CI. BOTH TRUE 
(Y) AND COMPLIMENT (W) OUTPUTS ARE PROVIDED. THE SELECT LINES A,B,C,D 
ARE ENCODED IN BINARY, WITH A REPRESENTING THE LSB AND D REPRESENTING 
THE MSB. 

OPERATIONS TABLE: 

INPUTS 
SELECT LINES 

D C B A 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L H L H 
L H H L 
L H H H 
H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L H 
H H H L 
H H H H 

8-56 

OUTPUTS 

W Y 

lEO EO 
lEI EI 
IE2 E2 
IE3 E3 
IE4 E4 
IES ES 
IE6 E6 
IE7 E7 
IEB E8 
IE9 E9 
IElO EIO 
IEll Ell 
IE12 E12 
IEl3 El3 
IE14 E14 
IElS EIS 



16:1 MULTIPLEXER 

1 OllllllllllXIIIIIHLOOOOl 
2 10000000000XOOOOOLHOOOOl 
3 lllllllllllXlllllLHOOOOl 
4 10111111111XIIIIIHLOOOll 
5 OlOOOOOOOOOXOOOOOLHOOOll 
6 lllllllllllXlllllLHOOOll 
7 11011111111XIIIIIHLOOIOl 
8 OOlOOOOOOOOXOOOOOLHOOIOl 
9 lllllllllllXlllllLHOOlOl 

10 11101111111XIIIIIHLOOlll 
11 OOOlOOOOOOOXOOOOOLHOOlll 
12 lllllllllllXlllllLHOOlll 
13 11110111111XIIIIIHLOIOOl 
14 OOOOlOOOOOOXOOOOOLHOIOOl 
15 lllllllllllXlllllLHOlOOl 
16 11111011111X1I1I1HLOIOll 
17 00000100000XOOOOOLH0101l 
18 lllllllllllXlllllLHOlOll 
19 11111101111X11I1IHL01101 
20 OOOOOOlOOOOXOOOOOLHOllOl 
21 lllllllllllX11111LH01101 
22 11111110111X1111IHL01lll 
23 OOOOOOOlOOOXOOOOOLHOllll 
24 lllllllllllX11111LHOl11l 
25 11111111011X1I1I1HL10001 
26 00000000100XOOOOOLH10001 
27 11111111111X111I1LH10001 
28 11111111101X111I1HL1001l 
29 00000000010XOOOOOLH10011 
30 11111111111X11111LHIOOl1 
31 11111111110X11I1IHL10101 
32 00000000001XOOOOOLH10101 
33 11111111111X111I1LH10IOl 
34 lllllllllllX01111HL1011l 
35 00000000000X10000LH101ll 
36 lllllllllllX11111LHl011l 
37 11111111111X1011IHL1I001 
38 00000000000XOIOOOLHI100I 
39 lllllllllllXlllllLHllOOl 
40 lllllllllllX11011HLllOll 
41 00000000000XOOIOOLHI1011 
42 11111111111X1I1IILH1I011 
43 lllllllllllX11101HLlll01 
44 00000000000X00010LH11I01 
45 11111111111XIIIIILHIIIOl 
46 11111111111X1IIIOHL11111 
47 00000000000XOOOOILHl1lll 
48 lllllllllllXlllllLH11111 

PASS SIMULATION 

HMSII Appendix/LS450 
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16:1 MULTIPLEXER 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

32 --x-
33 x---
34 
35 
36 
37 
38 
39 

40 
41 
42 
43 
44 
45 
46 
47 

LEGEND: 

---x ---x ---x ---x ---- ---- ---- ---- ---- /D*/C*/B*/A*EO 
--x- ---x ---x ---x ---- ----
x--x --x- ---x ---x ---- ---­
--x- x-x- ---x ---x ---- ----
---x ---x x-x- ---x ---- ---- ----
--x- ---x --x- x--x ---- ----
---x --x- --x- ---x x--- ----
--x- --x- --x- ---x ---- x---

---- /D*/C*/B*A*E1 
---- /D*/C*B*/A*E2 
---- /D*/C*B*A*E3 
---- /D*C*/B*/A*E4 
---- /D*C*/B*A*E5 

---- ---- /D*C*B*/A*E6 
---- ---- /D*C*B*A*E7 

---x ---x ---x --x- ---- ---- x--- ---- ---- D*/C*/B*/A*E8 
--x- ---x ---x --x- ---- ---- ---- x--- ---- D*/C*/B*A*E9 
---x --x- ---x --x- ---- ---- ---- ---- x--- D*/C*B*/A*E10 
--x- --x- ---x --x- ---- ---- ---- ---- --x- D*/C*B*A*E11 
---x ---x --x- --x- ---- ---- ---- --x- ---- D*C*/B*/A*E12 
--x- ---x --x- --x- ---- --x- ---- ---- D*C*/B*A*E13 
---x --x- --x- --x- ---- --x- ---- D*C*B*/A*E14 
--x- --x- --x- --x- --x- ---- ---- ---- D*C*B*A*E15 

X : FUSE NOT BLOWN (L,N,O) FUSE BLOWN (H,P ,1) 

NUMBER OF FUSES BLOW = 560 
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16:1 Multiplexer;· Logic Diagram PAL20C1 
0123 "5 & 7 8 9 10 It 12131415 161718'9 20212223 24252621 282930]1 32333435 36313831.., 
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PAL20L2 
P8002 (74LS451) 
OUAL B: 1 MULTIPLEXER 
MMI SUNNYVALE, CALIFORNIA 
100 101 102 103 104 105 106 107 
203 204 .205 206 207 2Y 11 S 

/lY = /S*/C*/B*/A * /100 
+ /S*/C*/B* A * /101 
+ /S*/C* B*/A * /102 
+ /S*/C* B* A * /103 
+ /S* C*/B*/A * /104 
+ /S* C*/B* A * /105 
+ /S* C* B*/A * /106 
+ /S* C* B* A * /107 

/2Y .. /S*/C*/B*/A * /200 
+ /S*/C*/B* A * ./201 
+ /S*/C* B*/A * /202 
+ /S*/C* B* A * /203 
+ /S* C*/B*/A * /204 
+ /S* C*/B* A * /205 
+ /S* C* B*/A * /206 
+ /S* C* B* A * /207 

nOO_ 

ri01 
n02 

8 
OATA 

n03_ 

INPUTS n04 
n05_ 

nD6_ 

n07-

PAL OESIGN SPEX::IFICATION 
BIRKNER/KAZMI/BLASCO 03/10/81 

200 201 202 GND 
C B A vec 

, SELECT INPUT 100 
, SELEX::T INPUT 101 
, SELECT INPUT 102 
, SELECT INPUT 103 
,SELECT INPUT 104 
,SELECT INPUT.105 
,SELECT INPUT 106 
, SELEX::T INPUT 107 

,SELECT INPUT 200 
,SELECT INPUT 201 
,SELECT rNPOT 2D2 
,SELECT INPUT 203 
,SELECT INPUT 204 
,SELECT INPUT 205 
, SELEX::T INPUT 206 
,SELECT INPUT 207 

8 

nY TO 
1 

MUX 

S ABC 

STROBe LINE~ ~ SELECT 

WHERE n = 1 OR 2". 



HMSI/ Appendix/LS451 

FUNCTION TABLE 

C B A 100 101 1D2 103 104 105 106 107 200 2D1 202 203 204 2DS 206 207 S 1Y 2Y 

SEL INPUTS INPUTS OUTPUTS COMMENTS·· 
1D- 2D-

CBA 01234567 01234567 S 1Y 2Y 
---------------------------------------------------------~-----

L L L LHHHHBHB LHtU1HHHH L L L 1DO=0 200-0 
L L L BLLLLLLL LHBHBBBB L B L 100=1 200=0 
L L L LBHBHBBB HLLLLLLL L L H 100=0 200=1 
L L L BLLLLLLL HLLLLLLL L H H 100-1 200=1 
L L L HaBHHHBa aaHHHHBH L H H TOGGLE OTHER LINES 
L L a aLHHHHBH HLHHHHBH L L L 101=0 201-0 
L L H LHLLLLLL HLHHHHBH L H L 101=1 201=0 
L L a HLHHHHBH LHLLLLLL L L a 101=0 201-1·; 
L L H LHLLLLLL LHLLLLLL L H a 101=1 201=r 
L L B HBHHHBHB. HHBBHHBH L H a TOGGLE OTHER LINES 
L H L HHLHBBBH HHLHHBBB L L L 1D2-0 202=0 
La L LLHLLLLL HHLBHBBB L H L ID2=1 202=0 ' 
La L HHLBHBBB LLBLLLLL L L H 102=0 202-1 
L H L LLHLLLLL LLHLLLLL L H H 102-1 202=1 
L H L HHHHBBBH BHBHHHHB L H H TOGGLE OTHER LINES 
L aa HHHLHBBB HHHLHBBB L L L 103=0 2D3-0 
L H H LLLHLLLL HBHLHBBB L a L 103 .. 1 203=0 
L H H HHHLHHBH LLLBLLLL L L H 103=0 203-1 
L H a LLLBLLLL LLLBLLLL L a H 103=1 203=1 
L H a HHHHBHHB BHBBBHHB L H H TOGGLE OTHER LINES mI H L L HHHJ!LHHB HHHHLHHB L L L 104-0 204-0 
H. L L LLLLHLLL HHHHLHHB L ·H L 104 .. 1 204=0 
H L L HHHBLHBH LLLLBLLL L L H 1D4-0 2D4=1 
aL L LLLL8LLL LLLLBLLL L a H 104-1 204=1 
aLL HJ,1HfiHHHIi HHHBHHHB L a H TOGGLE OTHER LINES 
a L a HHBHBLHB HHBHHLHH L L L i05=0 205_0 
a L H LLLLLHLL HHBHHLHB L H L 105=1 205=0 
H L a aHHBHLHH LLLLLHLL L L a 105=0 205=1 
H L H LLLLLHLL LLLLLHLL . L H a 105=1 2.D5=1 
HLH HatuUtHHH HHHaHHB8 L H a TOGGLE OTHER LINES 
a H L HHBBBHLa HHHHH8LH. L L t 106 .. 0 2D6=0 
a H L LLLLLLBL BHHHBaLH L H L 106=1 ~6"0 
a a L aHHBHHLa· LLLLLLHL L L a 106=0 206=1 
HaL LLLLLLBL LLLLLLHL L H H 106-1 2D6=1 
a H L HHtuUtHBH atuUtHHHB L a H TOGGLE OTHER LINES 
aHa HHHBfIHHL B~ L L L 1D7=0 207-0 
a H a LLLLLLLH aHHBfIHHL L a L 107 .. 1 207=0 
aHa ~ LLLLLLLH L L H ID7.=0 207=1 
aHa LLLLLLLH LLLLLLLH L a H ID7=1 207=1 
a.H a HaBHBBBS HHHHHHBH L a H TOGGLE OTHER LINES 
X X X LLLLLLLL LLLLLLLL H H H STROBE TEST 0 
xxx HHHHHHIm HBHHHHHB H H H STROBE TEST 1 

------,-------... ---.----------------------------------------------
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DESCRIPTION 

THIS IS AN EXAMP.LE OFA DUAL 8-TO-1 MULTIPLEXER USING A PAL20L2. A STROBE 
LINE (S) IS PROVIDED TO GATE THE OUTPUTS OFF (HIGH) WHEN THE STROBE INPUT IS 
HIGH THE SELECT LINES A,B,C ARE ENCODED IN BINARY, WITH A REPRESENTING THE LSB. 

OPERATIONS TABLE: 

-----INPUTS----- OUTPUTS 
SELECT STROBE 
C B A S Y 

----------------------------
X X X H L 
L L L L DO 
L L H L D1 
L H L L D2 
L H H L D3 
H L L L D4 
H L H L D5 
H H L L 06 
H H H L 07 

8·62 



DUAL 8: 1 MULTIPLEXER 

1 OlllllllOllXIIIIILLOOOOl 
2 laOOOOOOOllXlllllLHOOOOl 
3 OllllllllOOXOOOOOHLOOOOl 
4 10000000100XOOOOOHHOOOOl 
5 lllllllllllXlllllHHOOOOl 
6 10111111101XIIIIILLOOOll 
7 OlOOOOOOlOlXIIIIILHOOOll 
8 1011illlOlOXOOOOOHLOOOll 
9 OlOOOOOOOlOXOOOOOHHOO'Oll 

10 lllllllllllXlllllBHOOOll 
11 11011111110XIIIIILLOOIOl 
12 OOlOOOOOllOXIIIIILHOOIOl 
13 1l01l1l1001XOOOOOHLOOIOl 
14 OOlOOOOOOOlXOOOOOHHOOIOl 
15 lllllllllllXlllllHHOOlOl 
16 11101111111XOIIIILLOOlll 
17 OOOlOOOOlllXOIlllLHOOlll 
18 11101111000XIOOOOHLOOlll 
19 OOOlOOOOOOOXIOOOOHHOOlll 
20 lllllllllllXlllllHHOOlll 
21 1l1l011l1l1XIOlllLLOlOOl 
22 OOOOlOOOlllXIOIIILHOIOOl 
23 11110111000XOIOOOHLOIOOl 
24 OOOOlOOOOOOXOIOOOHHOIOOl 
25 llllllllllLXlllllHHOlOOl 
26 11111011111XIIOIILLOIOll 
27 OOOOOlOOlllXIIOIILHOIOll 
28 11111011000XOOIOOHLOIOll 
29 OOOOOlOOOOOXOOIOOHHOIOll 
30 lllllllllllXlllllHHOlOll 
31 1111110111LXIIIOILLOIIOl 
32 OOOOOOlOllLXIIIOILHOIIOl 
33 illlllOlOOOXOOOlOHLOllOl 
34 OOOOOOlOOOOXOOOIOBHOIIOl 
35 llllllllllLXlllllBHOllOl 
36 11111110111XIIIIOLLOllll 
37 OOOOOOOllllXIIIIOLHOllll 
38 11111110000XOOOOIHLOllll 
39 OOOOOOOlOOOXOOOOIHHOllll 
40 llllllllllLXlllllHHOllll 
41 OOOOOOOOOOOXOOOOOHHIXXXI 
42 lllllllllllXlllllBHlXXXl 

PASS SIMULATION 

HMSII Appendix/LS451 
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DUAL 8: 1 MULTIPLEXER 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

32 
33 
34 
35 

--X ---X ---X ---X ---X ---- ---- ---- ---- ---- /S*/C*/B~/A*/lDO 
-X-- --X- ---X ---X ---X ---- ---- ---- ---- ---- /S*/C*/B*A*/lD1 

36 
37 
38 ----
39 ---

40 ----
41 ----
42 
43 
44 
45 
46 
47 

-X-X --X- ---X ---X ---- ---- ---- ---- ---- /S*/C*B*/A*/lD2 
--X- -XX- ---x ---x ---- ---- ---- ---- ---- /S*/C*B*A*/lD3 
---x ---x -xx- ---X ---- ---- ---- ---- ---- /S*C*/B*/A*/lD4 
--x- ---x --x- -x-x ---- ---- ---- ---- ---- /S*C*/B*A*/lD5 
---x --x- --x- ---x -x-- ---- ---- ---- ---- /S*C*B*/A*/lD6 
--x- --x- --x- ---x ---- -x-- ---- ---- ---- /S*C*B*A*/lD7 

---x ---X ---x ---x ---- ---- -x-- ---- ---- /S*/C*/B*/A*/2DO 
--x- ---x ---x ---x ---- ---- ---- -X-- ---- /S*/C*/B*A*/2D1 
---x --x- ---x ---x ---- ---- ---- ---- -x-- /S*/C*B*/A*/2D2 
--x- --x- ---x ---x ---- ---- ---- ---- ---x /S*/C*B*A*/2D3 
---X ---X --x- ---x ---- ---- ---- ---x ---- /S*C*/B*/A*/2D4 
--x- ---x --x- ---x ---- ---- ---x ---- ---- /S*C*/B*A*/2D5 
---x --X- --x- ---x ---- ---x ---- ---- ---- /S*C*B*/A*/2D6 
--x- --x- --x- ---X ---x ---- ---- ---- ---- /S*C*B*A*/2D7 

LEGEND: x: FUSE NOT BLOWN (L,N,O) - : FUSE BLOWN (H,P,l) 

NUMBER OF FUSES BLOW = 560 
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Dual 8:1 Multiplexer Logic Diagram PAl.20L2 
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PAL18L4 
P80 (74LS453) 
QUAD 4: 1 MULTIPLEXER 
MMI SUNNYVALE, CALIFORNIA 

HMSI/ Appendix/LS453 

PAL DESIGN SPECIFICATION 
BIRKNER/KAZMI/BLASCO 03/10/81 

lCO lCl lC2 lC3 2CO 2Cl 2C2 2C3 3CO 3Cl 3C2 GND 
3C3 4CO 4Cl 4C2 4Y 3Y 2Y lY 4C3 B A vec 

flY = /B*/A * /lCO 
+ /B* A * /lCl 
+ B*/A * /lC2 
+ B* A* /lC3 

/2Y = /B*/A * /2CO 
+ /B* A * /2C1 
+ B*/A * /2C2 
+ B* A * /2C3 

/3Y = /B*/A * /3CO 
+ /B* A * /3C1 
+ B*/A * /3C2 
+ B* A * /3C3 

/4Y /B*/A * /4CO 
+ /B* A * /4C1 
+ B*/A * /4C2 
+ B* A * /4C3 

Inco 
O:rA nC1-

INPUTS nC2 
nC3--

4 
TO 
1 

MUX 

A B 
2 SELECT' LINES 

WHERE n = 1, 2, 3, or 4 

8·66 

nY 

7 SELECT INPUT lCO 
7SELECT INPUT lCl 
7SELECT INPUT +C2 
7SELECT INPUT 1C3 

7SELECT INPUT 2CO 
7SELECT INPUT 2C1 
7SELECT INPUT 2C2 
7SELECT INPUT 2C3 

7SELECT INPUT 3CO 
7SELECT INPUT 3C1 
7SELECT INPUT 3C2 
7SELECT INPUT 3C3 

7 SELECT INPUT 4CO 
7SELECT INPUT 4C1 
7 S:ELECT INPUT 4C2 
7SELECT tNPUT4C3 
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FUNCTION TABLE 

B A 1CO 1C1 1C2 1C3 2CO 2C1 2C2 2C3 3CO 3Ct 3C2 3C3 4CO 4C1 4C2 4C3 1Y 2Y 3Y 4Y 

SEL --------INPUTS-------- --OUTPUTS-- COMMENTS 
1C 2C 3C 4C 

B A 0123 0123 0123 0123 1Y 2Y 3Y 4Y 
------------------------------------------------------------

L L LHHH HHHH HHHH HHHH L H H H 1CO=0 
L L HHHH LHHH HHHH HHHH H L H H 2CO=0 
L L HHHH HHHH LHHH HHHH H H L H 3CO=0 
L L HHHH HHHH HHHH LHHH H H H L 4CO=0 
L L HLLL LLLL LLLL LLLL H L L L 1CO=1 
L L LLLL HLLL LLLL LLLL L H L L 2CO=1 
L L LLLL LLLL HLLL LLLL L L H L 3CO=1 
L L LLLL LLLL LLLL HLLL L L L H 4CO=1 
L L HHHH HHHH HHHH HHHH H H H H TOGGLE LINES 
L H HLHH HHHH HHHH HHHH L H H H 1C1=0 
L H HHHH HLHH HHHH HHHH H L H H 2C1=0 
L H HHHH HHHH HLHH HHHH H H L H 3C1=0 
L H HHHH HHHH HHHH HLHH H H H L 4C1=0 
L H LHLL LLLL LLLL LLLL H L L L 1C1=1 
L H LLLL LHLL LLLL LLLL L H L L 2C1=1 
L H LLLL LLLL LHLL LLLL L L H L 3C1=1 
L H LLLL LLLL LLLL LHLL L L L H 4C1=1 
L H HHHH HHHH HHHH HHHH H H H H TOGGLE LINES 
H L HHLH HHHH HHHH HHHH L H H H 1C2=0 
H L HHHH HHLH HHHH HHHH H L H H 2C2=0 mil H L HHHH HHHH HHLH HHHH H H L Ii 3C2=0 
H L HHHH HHHH HHHH HHLH H H H L 4C2=0 
H L LLHL LLLL LLLL LLLL H L L L 1C2=1 
H L LLLL LLHL LLLL LLLL L H L L 2C2=1 
H L LLLL LLLL LLHL LLLL L L H L 3C2=1 
H L LLLL LLLL LLLL LLHL L L L H 4C2=1 
H L HHHH HHHH HHHH HHHH H H H H TOGGLE LINES 
H H HHHL HHHH HHHH HHHH L H H H lC3=0 
H H HHHH HHHL HHHH HHHH H L H H 2C3=O 
H H HHHH HHHH HHHL HHHH H H L H 3C3=O 
H H HHHH HHHH HHHH HHHL H H H L 4C3=O 
HH LLLH LLLL LLLL LLLL H L L L 1C3=1 
H H LLLL LLLH LLLL LLLL L H L L 2C3=1 
H H LLLL LLLL LLLH LLLL L L H L 3C3=1 
H H LLLL LLLL LLLL LLLH L L L H 4C3=1 
H H HHHH HHHH HHHH HHHH H H H H TOGGLE LINES 

-----------------------------------------------------------
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DESCRIPTION 

THIS IS AN EXAMPLE OF A QUAD 4-TO-l MULTIPLEXER USING A PAL18L4. SELECT 
LINES A,B ARE ENCODED IN BINARY, WITH A REPRESENTING THE LSB. 

8-68 

OPERATIONS TABLE: 

INPUT OUTPUTS 
SELECT 
BAY 

L L CO 
L H Cl 
H L C2 
H H C3 



QUAD 4:1 MULTIPLEXER 

1 01111111111X1111HHHL1001 
2 11110111111X1111HHLH1001 
3 11111111011X1111HLHH1001 
4 11111111111X1011LHHH1001 
5 10000000000XOOOOLLLH0001 
6 00001000000XOOOOLLHL0001 
7 00000000100XOOOOLHLL0001 
8 OOOOOOOOOOOX0100HLLL0001 
9 11111111111Xll11HHHH1001 

10 10111111111X1111HHHL1011 
11 11111011111X1111HHLH1011 
12 11111111101X1111HLHH1011 
13 lllllllllllX1101LHHH1011 
14 01000000000XOOOOLLLH0011 
15 OOOOOlOOOOOXOOOOLLHL0011 
16 OOOOOOOOOlOXOOOOLHLL0011 
17 OOOOOOOOOOOX0010HLLL0011 
18 11111111111X1111BHHH1011 
19 11011111111X1111HHHL1101 
20 11111101111X1111HHLH1101 
21 11111111110X1111HLHH1101 
22 11111111111X1110LHHH1101 
23 00100000000XOOOOLLLH0101 
24 00000010000XOOOOLLHL0101 
25 00000000001XOOOOLHLL0101 
26 00000000000X0001HLLL0101 
27 11111111111X1I11BHHH1101 
28 11101111111X1111HHHL1111 
29 11111110111X1111HHLH1111 
30 11111111111X0111HLHH1111 
31 11111111111X1111LHHH0111 
32 OOOlOOOOOOOXOOOOLLLH01ll 
33 0000000lOOOXOOOOLLHL0111 
34 00000000000X1000LHLL0111 
35 00000000000XOOOOHLLL1111 
36 11111111111X1111BHHH1111 

PASS SIMULATION 

HMSII Appendix/LS453 
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QUAD 4: 1 MULTIPLEXER 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

24 ---x ---x ---x ---- --
25 -x-- --x- ---x ---- --
26 ---- -x-x --x- ---- --
27 ---- --x- -xx- ---- --

32 ---- ---x ---x -x-- --
33 ---- --x- ---x ---- -x 
34 ---- ---x --x- ---- --
35 ---- --x- --x- ---- --

40 ---- ---x ---x ---- --
41 ---- --x- ---x ---- --
42 ---- ---x --x- ---- --
43 ---- --x- --x- ---- --

48 ---- ---x ---x ---- --
49 ---- --x- ---x ---- --
50 ---- ---x --x- ---- --
51 ---- --x- --x- ---x --

---- --- ---- ---- /B*/A*/~cO" 
---- ---- ---- ---- /B*A*/lCl; 
---- ---- ---- ---- B*/A*/lC,2 
---- ---- ---- ---- B*A*/lC3 

---- ---- ---- ---- /B*/A*/2CO 
---- ---- ---- ---- /B*A*/2C1, 

-x ---- ---- ---- ---- B*/A*/2C2 
-x-- ---- ---- ---- B*A*/2C3 , ' ' 

---- -x-- ---- ---- /B*/A*/3CO 
---- ---- -x-- ---- /B*A*/3Cl 
---- ---- -~- -x-- B*/A*/3C2, 
---- ---- ---- ---x B*A*/3C3 

---- ---- ---x ---- /B*/A*/4CO" 
---- ---x --- ---- /B*A*/4C1 
---x ---- ---- ---- B*/A*/4C2 
---- ---- ---- ---- B*A*/4C3 

LEGEND: x: FUSE NOT BLOWN (L,N,O) -: FUSE BLOWN (H,P,l). 

NUMBER OF FUSES BLOW ... 592 
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Quad 4:1 Multiplexer Logic Diagram PAL 18L4 

(1123 4!i 6 1 '91011 12111415 1611 2021 

1CO ~ I 
I 

1C1 ~ 

A 3 .... 23 
~~ 1C2 

r 

1C3 ~~ C. 
22 

B .... 

2CO 4C3 5 21 
~ .... 

" ~ 

" 
1Y " r-' r-... 20 

" ~ f-' " 19 

2C1 

[;]I 
2A 

6 
.;J: 

l2 

33 19 
34 

" 

3Y 

40 -Q-"L-41 18 
42 t-< 
4J -

7 
.;J: 2C2 

.. 
49 

4Y " ~ 17 

" !--' 
" 53 

2C3 4C2 8 16 
C. 

r 

3CO 4C1 9 15 :s: 

3C1 4CO ~~ 
14 

~ 

I 

3C3 
\ 

13 11 
~ S; 3C2 

012] .456"1 .911111 12131415 1611 2021 
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FIFO Selection Guide 

The following selection guides are designed to simplify the choice of the particular function to fit the specific application. 

First·ln First-Out (FIFO) 
ORGANIZATION 

COM 64x4 
COM 64x5 

~.;: ":~;.COM': ,64x4 
COM 64lt5' 

~MIJ..: 64x4 
Mil 64x5 
MIL' 64x4', 

• ", MIL ,64xp 

FREQUENCY 

15 MHz 

15MHz " 

10 MHz 

10 MHt 

10 MHz 

·laMMz, 

"1 MHZ' 

7 MHZ 

CASCASDABLE 

C67401A 

C67402A 

C67401 

C67402 

C57401 A 

C57402A 
C57401 

C57402 

STAND ALONE 

67401 A 

67402A 

67401 

67402 

57401 A 

57402A 

57401 

57402 



First-In First-Out' (FIFO) 64.x4' 64xS 
Serial Cascadable Memory 
CS/C67401 A CS/C67402A 
CS/C67401 CS/C67402 

Features/Benefits 
• Choice of 15 and 10 MHz shift out guaranteed rates 
• Choice of 4 bit or 5 bH data width 
• TTL Inputs and outputs 
• Readily expandable In the word and bH dimensions 
• Output pins directly opposite corresponding Input pins 
• Asynchronous or synchronous operation 
• Pin compatible with Fairchild's F3341 MOS FIFO and many 

times. as fast 

. Description 
The C5/C674D1A12A1112 are expandable "fall-through" high 
speed First-In First-Out (FIFO) memory organized 64 words by 

. 4-bits and 64 words by 5-bils respectively. A .15 MHz data rate 
allows usage in high speed tape or disc controllers and 
communication buffer applications: 

Ordering Information 

.PJ,\RT .' 

NUMBER 
. PKG TEMP 

'Cs7401 J,F MIL 

'C67401 J COM 

C57402 J,F MIL 

C67402 "J COM 

C57401 A J,F MIL 

C67401A J COM .'. 

C57402A J,F MIL 

C67402A J GOM .... 

DESCF!IPTION 

7 MHz 64x4 FIFO 

10. MHz 64x4 FIFO 

7 MHz 64x5 FIFO 

,10. MHz 64x5 FIFO 

10. MHz 64x4 FIFO 

15.MHz 64x4 FIFO 

,10. MHz 64x5 FIFO 

J5MHz '64x5 FIFO 

Block Diagrams 
.CS/C67401/A64x4 CS/C674021 A 64x5 

INPUT 
REAOY 

SHIFT 
IN 

Pin Configurations 

00 
ot' 
02 
03 

SHIFT 
OUT 

I,V' 

OUTPUT 
REAOY 

Do 
OJ 

INPUT 
READY 

SHIFT 3 
IN 

r---.,.."":;~Oo 
0, 

~ 
.03 

~~~~_0~4~~ 

.SHIFT 
our; 

llr~ 



C.S/C67401A/2AC;ascadable 
, ". '.' \, '; ..'... . 

Absolute Maximum Ratings 
Supply voltage vee ......................... '0; "0····· '0 • '" ,"':,:,: .":*," ,-' .................. ~ ~ ••••. :;';! ••••••••••••••• '~ ••• 0,' 7V 
Input voltage .......................................... ,: ... '.' .•.. , ..•...• .' .. .' .. , ..•.. ,.: •. .' ...... , ':.' . , ......... ,.' ........ 7V 
Off-state output voltage ................................ ) •. :.'. : •. ' >: .. ';' .. ,:.~ ... , .... , . '.', ............... , . '.: ...... ;.: .. , ; .... . . . .. 5.5'\1' 
Sto~age. temperature ........ , .. : .. , ........... : .. '.' ... ;,:" ...... ,. ..............•......... ;.,,: .. :,. '.;: ......... _65° to +1500 e 

. .. 

Operating, Conditions CS/C67401A/2A 
.. 

MILITARY A COMMERCIAL A 
SYMBOL PARAMETER . FIGURE 

MIN"NOM MAX MIN NOM MAX v UNIT. 

Vee Supply voltage .. •. _.1 

4.5 5 .,ji5 .. A,75 5· 5:25 .. V 
'.~. 

TA Operating free-air temperature " "-55 'J .. 

'*125 0 75 °C 

tSIHtt Shift in HIGH time 1 35 23 28t ns 

t51L Shift in 'LOW time .' 1 35 25 ns . 

tlDS Inp!Jt data set up i 1 0 0 ns 

tlDH Input data hold time 1 45 40 .os 

tSOHtt Shift Out HIGH time 6 35 .23 28 ns 

tSOL Shift Out LOW time 6 35 25 ns 

tMRW Master Reset pulse** 11 40 35 ., ns 

tMRS Master Reset to SI 11 45 35 ns 

*Case temperature. 

tMAX. width of these pulses Is T ~8 ns. where T Is the inver~e of the. data rate. For example at 15 MHz T • 66 ns and T-38 • 28 ns. 
ttThe values listed in this table are fori.'lterfacing with a .FIFO input or a FIFO/string output. To guar~ntee tlie cascadability, M6noiithic Memories tests tSIH 

. and tSOH at 23 ns: . . '. 

**Master reset clears 8:11 the cells to the empty state, and th"data outputs to a LOW state. 

S~itching Charact.ristics CS/C67401 A/'2A'" 
Over OperatingCondilions 

.' ., 
MILITARY A COMMERCIAL A 

SYMBOL PARAMETER FIGURE 
MIN MAX MiN MAx 

UNIT 

.. 
fiN Shift in rate 1 10 15 MHz 

tlRL Shift In to Inp~t~eady,LOW 1 50 ': 40'·' " oS 

tlRH Shift In to Input Ready HIGH 1 50 , ....... 40 ns 

fOUT Shiftt,Qut rate 6 10 ) 15 I.f. MHz '. 0 

tORL Shift Out to Output ReadY-LOW 6 65':1. "".45·, ns 

tORH Shift.Out to Output Ready HIGH 6 .. 65,~:i [j}0 " ns 

too OutPUt ;data dillay' J 6 10 60;:": J·G i': ;'45 ns 

tPT .,' Data throughput or ''fallthrougll,:' .', 4,9 ~.~::;' ;'l·e, p.S 

tMRORL Ma!lterfleset to OR LOW· 11 6!i. . 'j3Q i" ns 

tMRIRH Master Reset to IR HIGH 11 as .. j 60,) ns 
- d " 

tlPH Iflput' !"l'eady pulse HIGH;" 4 30 
_.-.: 

~~., 

" 
30 l ns 

.', " 
tOPH Output .Ready pulse, HIGH 9 30 fl .. , 30 

;. ns 
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C5/C87401/2 Cascadable 

Absolute Maximum Ratings 
Supply voltage Vee ............................................................................ ,' .................. 7V 
Input voltage ........ , ............................................................................................. 7V 
Off-state output voltage ........................................................................................... 5.5V 
Storage temperature .................................................................................... _65° to +15Do e 

Operating Conditions C5/C87401/2 

SYMBOL PARAMETER FIGURE 
MILITARY COMMERCIAL 

UNIT 
MIN NOM MAX ··MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75' 5 5.25 V 

TA Operating free-air temperature -55 *125 0' 75 °e 

tSIHt, Shift in HIGH time .' 1 45, 35 ns 

tSIL Shift in lOW time 1 45 35 ns 

tlOS Input data set up 1 0' 0' ns 

tlOH Input data hold time 1 55 .'. 45 .> '.' 
ns 

tSOHt Shift Out HIGH time 6 45 35 ns 

tSOl 'Shift Out lOW time 6 45 35 , ns 

tMRW Master Reset pulsett 11 3D 35 'ns 

tMRS Master Reset to SI 11 45 " 35 ns, 

* Case temperature. 

tThe values listed in this table are for interfacing to a FIFO input or a fiFO/string output To guarantee the cascadability. Monolithic Memories tests tSIH 
and tSOH al. 25 ns, ..' .' 

ttMaster reset clears all the cells to the empty state. and the data outputs to a LOW state.' ' 

Switching Characteristics C5/C67401/2 
Over Operating Conditions ' 

SYMBOL PARA~ETER " MILITARY COMMERCIAL 
AGURE 

MIN MAX MIN~, . MAX UNIT 
.. ' 

fiN Sh ift ,In rate c 1 7 10' , MHz 

tlRl Shift In to Input Ready LOW 1 60 45 ns 

tlRH Shift In to, Input Ready HIGH 1 60 45" ns 

fOUT Shift Out rate .,'. 6 7 10' MHz 

tORl Shift Out to Output Ready lOW 6 65 55 ns 

tORH Shift Out to Output Ready HIGH 6 70' ;:.,,' 1;;;1'1 .,,;, Eltr" C" ns '. 

too Output,data de!C\y '. , , 6 10' 65 10' "', 55 ',' "ns 
,', 

. tpT 'Oata throughput or "f!l" through" 4,9 
" 

r".' ,',.4,;, ". S , .. ,' ;IJ,~" 

tMROR.1., Master RElset to 01'\ lOW '. 11 " . ,. 65' ' ' 
, .: 00;" / . nil 

).' 

tMRII'IH Master Reset tolR HIGH 11 
"''C' 

.65, , .,'; ,. "'60 fls ,U,' 

tlPH Input Fleady pulse HIG!-l 4 ''30'' ,,<",,', '30 " " 
',. , ns 

tOPH Output Ready pujse HIGH: ; 9 3{) 
, « '.' 

;30' ,' .. , nS 
0, 

.', ': " , ,'J ' ,,.,: , ., i " " 
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C5/C67401 A/2A/1/2 Cascadable 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS UNIT 
MIN TYP MAX 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage Vee = MIN II = -18mA -1.S V 

11L1 Low-level 100-04' MR = O.45V 
-0.8 mA 

I SI, SO 
Vee = MAX VI 

IIL2 input current -1.6 mA 

IIH High-level input current Vee = MAX VI = 2.4V SO JJ.A 

II Maximum input current vee = MAX VI = S.SV 1 mA 

Vee = MIN 

VOL Low-level output voltage VIL = O.SV 10L = SmA O.S V 

VIH = 2V 

Vee = MIN 

VOH High-level output voltage VIL = O.SV 10H = -0.9mA 2.4 V 

VIH = 2V 

lOS Output short-circuit current * Vee = MAX Vo = OV -20 -90 mA 

eS/67401 160 

lec 
Vee = MAX 

eS/67402 180 Supply current mA Inputs low, 
eS/67401A 170 

outputs open 
CS/67402A 190 

* Not more than one oUfput should be shorted at a time and duration of the short-circuit should not exceed one second. 

Standard Test Load 
Input Pulse Amplitude = 3V 

5V Input Rise and Fall Time 
S ns from 1 V to 2 V 

5800 Measurements made at 1.S V 

OUTPUT O-~--C TEST POINT 

1.lKO 30pF 

Functional Description 
Data Input 
After power up the Master Reset is pulsed low (Fig. 11) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
Ox inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. If the memory is full, IR will remain LOW. 

9-6 

Data Transfer 
Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will "bubble" to the front. 
tPT defines the time required for the fi rst data to travel from input 
to the output of a previously empty device. 

Data Output 
Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When sO is brought LOW the upstream data, 
provided thatstage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output stage, OR goes 
HIGH; If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (i.e. data does not change if FIFO is emptY). 

Input Ready and Output Ready may also be used as status 
signals indicating that the FI FO is completely full (Input Ready 
stays LOW for at leasttpT) or completely empty (Output Ready 
stays LOW for at leasttpT ). 



CS/C67401 A/2A/1 /2. Ca$cadable 

i+-------111IN -------*t-------lIIIN -------~ 

SHIFT IN 

i+----tIRH--~~ 

INPUTREADY----+-------------~ 

INPUT DATA 

.Ffgure 1.'·lnput Timing 

--------~~~------100n.-------~ 

SHIFT IN 

INPUT DATA 

Figure 2. Typical Waveforms for· 10 MHz Shift In Data Rate (C67401) 

SHIFT IN 

INPUTREADY~--------------------+_----~ 

INPUT DATA 

CD Input Ready HIGH indicates spece is available and a S~ift In pulse may be applied. 

o Input bata is .Ioaded into the first word. 

eD Input Ready goes LOW indicating the first word is fuli. o The Data from the first word is released for "fall-through" to second word. 

@ The Data from the first word is transferred to second word. The first 'word is now empty ~s indicated b~ I~put Ready HIGH. 

@ If the second·word is already full then the data remains at the first word. Sinc~ the FIFO is now full:ln~ut Ready rem~i~s low. 

NOTE: Shift In pulses applied while Input Ready is LOW will be Ignored (See Figure 5). 

, I! 

i '. ~. 

'-T· 



CS/C67401 A/2A/1 /2 Caseadable 

SHIFT OUT 

SHIFT IN 

(1).1. ""'>-------~_IPT--_,___,-----'i_£ .... · _. -'~IPH~ 
INPUTREADy~_l __ ~ __ --____ --__ ~----------------------__ -------------------------J~ . ~ 

(!)FIF; is i~iliallY fuil. 

CDShift In held HIGH. 

SHIFT OUT 

SHIFT IN 

Flgure 4 .. tlPH Specification 

INPUTREADY __ ~ ____________________________________________ --' 

o FIFO is initially full. 

CD Shift OuI pulse is applied. An empty location slart "bubbling" to the front. 

(DShift In is held HIGH. o As soon as 1l\pUI Ready becomes HIGH the Input Data is loaded i~to Ihe first word. 

® The Data from the first ~ord is released for "fall through" to second word. 
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C5/C67401 A/2A/1/2 CaSeadabte 

� ... I-------IIIouT------I.~I .... I-------IIIOUT-------<·~1 

SHIFT OUT 

OUTPUTREADY------__ ~--------~----~ 

OUTPUT DATA 

o 
Figure 6. Output Timing 

o The diagram assumes. that at this time. words 63. 62. 61 are loaded with A. B. C Data. respectively. 

SHIFT OUT 

OUTPUT READY --------+-~-----------. 

OUTPUT DATA 

Figure 7. Typical Wave10rrns for 10 MHz $hlft. Out Data Rate (C67401) 

o The diagram assumes. that at this time. words 63. 62. 61 are loaded with A.' B. C Data. respectively. 

@ D~a in the crosshatched region may be A or B Data. 

C·DATA 

C·DATA. 



8S;/C874'01 A/2A/1/2 Cascadable 

SHIFT OUT 

OUTPUT READY --~------------~--------~ 

OUTPUT DATA 

---~-----

.-____ ~,~,'~'~,~~-.D-~~TA-.~--~------,-,-:,~«~~,,-'-': ____ B_._O_AT_A_~--~ 
Figure 8. The Mechanism of Shifting Data Out of the FIFO. 

o Output Ready HIGH indicates that data Is available and a Shift Oul pulse may be ~pPlied. o Shill Out goes HIGH causing the next step. 

CD Output Ready goes LOW, o Contents of word 62 (B·DATA) is released for "fall through" to word 63. 

® Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs, 

® "the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs, 

SHIFT IN 

SHIFT OUT' 

....L.--Jj) __ .. ____ ·~ .• ,IOPH~t--··" .. 
OUTPUT READY ~ 

'"Flgure9.tpTand tOPH' Specification' 

o FIFO initially empty. o Shift Out held HIGH. 
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'C5/C67401oA/2A/1/2 'CascadabJe 

SHIFT OUT 

OUTPUT REAOY --....... - .... -----' 

rIITII;1 1;1 171 I 
Iljlllllllllll 

OUTPUT DATA ~ ______________ A_-D_A_T_A ______________ __J~ 
Figure 10. Data iB Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 

o Word 63 is emply. 

o New dala (A) arrives allhe outputs (word 63). o Oulpul Ready goes HIGH indicating the arrivai' of the new data. o Since Shift Ou!.is held HIGH. ()utput Ready go~s .immed,iately LOW., .. 
..... ~" " 11 ,,_ fl· .. •• •. -.' ~"'. "~' •• ~.' .• ~ ;+., . r <:',. ..... , " .. ~,. '", . o As soon as Shift Out goes LOW the Outpul Data is subject to change as shown by the dashed line on Output Ready. 

MAST,ER RESET 

INPUT READY 

~------------~~RORL------------~~ 

OUTPUTREADY-~---------~----~----~----~----~ 

SHIFT IN 

___________________ ,~\.-..:~--1~4------------tM~R-S~~~~~:~~~~~;r~ ... ~.--------------------------
Figure 11. MaBter ReBet Timing 

o FIFO initially full. 



;C51C87401A/2Al1 1<2 Cascadable 

'SHIFT IN. OR SI OR OUTPUT READY 

INPUT READY SO IR SHIFT OUT 

00 00 

}-.~ <>! 0, 

O:! 112 
03 03 MR 03 

Figure 12. CascadIng FIFOs to Form 128x4 FIFO with CS/C67401A11 

FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the 
FIFOs themselves. 

. , '>''"' ... <". ' . "1' " SHIFT OUT 
IR SO IR SO IR SO 

,.~. 
Sl OR 51 OR 51 OR 

- Do 00 Do Do Do Do'-
-0, 0, 0, a, 0, o,!'"' 
- O:! 02 112 ~ 112 ~ ~ - IIa iiii 03 IIa iii 03 1?3 iii 03 .... 

Y 
, .,. .~" ,> y y COMPOSITE 

INPUT READY COMPOSITE ,-,-
IR SO IR SO IR SO ..-- ~TPUTREA 

'-J- SI OR 51 OR 51 OR 
r-i-' - Do Do Do Do Do Do '-

DY 

""0, 0, 0, 0, 0, 0, !'"' - 112 02 O:! ~ O:! 02 i-- 03 iiii 03 03 iii 03 IIa iii Da ~ 
." r y 1 

IR so IR so IR so I--SHIFT IN 
51 OR 51 OR SI OR 

- Do Do Do Do Do Do I-- 0, 0, 0, 0, 0, 0,1-
- 112 ~ 02 ~ 112 ~ !'"' - 03 iii 03 IIa iii Da IIa iiiiDa I-

~ .. ' Y Y 1 MASTER RESET 

FigUre 13. 192x12 FIFO with CS/CfS7401A11 

FIFOs are expandable in depth and width. However, Informing wider words two external gates are required to generate composite 
Input and Output Ready flags. This need is due to the different fall through times of the FIFOs. 
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First·ln First·Out (FIFO) 64x4 64x5 
Serial Stand·Alone Memory 
5/67401A S/67402A 5/67401 5/67402 

Features/Benefits Ordering Information 
, , 

• Choice of 15 and 10 MHz shift out guaranteed rates 
• Choice of 4 bit or 5 bH data width 
• TTL inputS and outputs 
• "Readily expandabJe III the word dimension, only 
• Output pins directly opposite corresponding Input pins 
• Asynchronous or synchronous operation , 
• Pin compatible with Fairchild's F3341 MOS FIFO and many 

times as ,fast 

Description 
The 67401/2 are expandable 'fall-through" high speed First-In 

, First-Out (FIFO) memory organized e4 words by 4-bits and 
64 words by 5 bits respectively. A 15 MHzdata rate allows wiage 
in. high 'speed tape or disc controllers and communication 
buffer applications. 

Block Diagrams" 
5/67401/A 

INPUT 
READY 

SHIFT 
IN 

Pin Configurations 

, IN~UT READY, 2 

PART 
NUMBER 

57401 

67401 

57402 

67402 

57401 A 

67401 A 

57402A 

61402A 

INPUT 2 
REA~;t 

, SHift' 3' 
IN 

PKG 

J,F ' .. 

J 

J,F, 

J 

J,F 

J 

J,F 

J 

1165 East-Arques AvenuetSunnyvale.'OA94086 ',Tet:'(4OBt739-3535'·, 'TWX: 9101-339-9229 

" . 
TEMP DESCRIPTION 

MIL 7 MHz 64x4 FIFO 

COM 10 MHz 64x4 FIFO 

MIL 7 MHz e4x5 FIFO 

COM 10 MHz 64x5 FIFO 

MIL 10 MHz 64x4 FIFO 

COM 15 MHz 64x4 FIFO 

MIL 10 MHz 64x5 FIFO 

COM 15 MHz 64x5 FIFO 

5/67402IA:. 

&'::::!:4~tU.n 
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5/67401 A/2A Stand-alone 

Absolute Maximum Ratings 
, , 

Supply voltage Vee ............................... .', ........ ~ .-; ... ;-' ... ~'i'.'~'~<'" •• ~".;'~~ •• ~ •• ,", ......... '"' ........ : •• : ••• 7.'\i 

~~~~Z::~~~t':;;I~~~':: :::::::: :~: :'i::::::~: :':.::::: :,:~::::: :::\:: ;': :::: >:: ::: :::.. .:::::::::::::: ::: :'::::. : 'i~~ 
Storage temperature. \. "~I .;:'" "',' •••••• "',~","' •• " ••• , ',' .:.- •• "." ••• ~ .• ,. ••• ',' • ',' •••• "',' •• '," •• "',,' .,. .' .••••••• ,. • ..,65° to +1,50oe 

Orating Condit'ons 5/67401 A/2,A pe I ","L 

MILITARY A COMMERCIAL A '" 
SYMBOL PAR~METER FIGURE 

MIN NOM' MAx "MIN NOM MAX 
UNIT 

',' 

Vee Supply:VOltage 4,5 5 5.5 4,.75 5;" ,~.25 V 

TA Op~rating free-air temperature -55 *125 o~ 75 °e 
tSIH Shift in HIGH tinie 1 35 23 28t ns 

tSIL, Shift in, LOW time ;- 1 35 25 ns 

tlDS Input data set up ," 1 5 5 ns' 

,tIDH Inpotdata hold time 1 45 40 ns -. 
tSOH Shift Out HIGH time 6 35 23 28 ,ns 

tSOL Shift Out LOW time 6 35 25 ns 

tMRW Master Reset pulsett 11 40 35 n~ 

tMRS Master Resrt to 51, 11 45 , 35 ns 

* Case temperature, 

tMAX width of these pulses is ,T-38 ns, where T Is the Inverse of the data rate, For example at 15 MHz T' 66 ns and T-38 • 28 ns, 

ttMasier reset clears' all' the ceUs,lo, the em'pty state. and the ,<lata outputs to a LOW state, ' ;. 

Switchl.,g Characbtrl~lcs 5'07401 A/2A 
Over Operating Conditions 

SYMBOL PARAMETER FIGURE 
MILITARY A COMMERCIAL A 

UNIT 
MIN 'MAX MIN MAX 

fiN Shift in rate 1 10 15 MHz 

tlRL Shift 1;:1 ,to input ready LOW 1 50 .;" /40 . ns 

tlRH Shift In to input ready HIGH 1 50 40 ns 

fOUT Shift Out rate 6 10 15 MHz 

tORL Shift Out to Output Ready LOW 6 65 , ,,;45" ns 

tORH Shift,9~t to Output Ready;HIGH 6 65 ",:50 ns 

too Outp,ut data delay' ;- . 6 10 60 L W 
0, 

45 ns 

tpT Data throughput or ''taU t~fou~~ 4,9 2,~:".< • 
:1.6 p'S 
) , 

tMRORL M~s~r;Reset to OR LOW} " 11 65."" 6Q ns 

tMRIRH Mast~ .Reset to IR HIGH', ,; 11 65 60 ns 
.' ',; 

',' 

tlPH Inp!lt.Ready pulse HIGH- 4 20 ''', 20 ns 

tOPH Output Heady pulse HIGH 9 20 20 ns 
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5/67401/2 Stand-alone 

Absolute Maximum Ratings 
Supply Voltage, vee ......... . ..................................................................... 7V 
Input Voltage ....................................................................................................... 7V 
Off-state output voltage ................................................................ . .................... 5.5V 
Storage temperature ..................................................................................... -65· to +150·e 

Operating Conditions 5/67401/2 

SYMBOL PARAMETER FIGURE 
MILITARY 

MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 

TA Operating free-air temperature -55 *125 

tSIH Shift in HIGH time 1 45 

tSIL Shift in LOW time 1 45 

tlDS I nput data set up 1 10 

tlDH Input data hold time 1 55 

tSOH Shift Out HIGH time 6 45 

tSOL Shift Out LOW time 6 45 

tMRW Master Reset pulset 11 30 

tMRS Master Reset to SI 11 45 

*Case temperature. 
tMaster reset clears all the cells to the empty state, and the data outputs to a LOW state. 

Switching Characteristics 5/67401/2 
Over Operating Conditions 

SYMBOL PARAMETER FIGURE 

fiN Sh ift in rate 1 

tlRL Shift In to input ready LOW 1 

tlRH Shift In to input ready HIGH 1 

fOUT Shift Out rate 6 

tORL Shift Out to Output Ready LOW 6 

tORH Shift Out to Output Ready HIGH 6 

too Output data delay 6 

tpT Data throughput or "fall through" 4, 9 

tMRORL Master. Reset to OR LOW 11 

tMRIRH Master Reset to IR HIGH 11 

tlPH Input Ready pulse HIGH 4 
--

tOPH Output Ready pulse HIGH 9 

MILITARY 
MIN MAX 

7 

60 

60 

7 

65 

70 

10 65 

4 

65 

65 

20 

20 

COMMERCIAL 
UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

0 75 ·e 

35 ns 

35 ns 

5 ns 

45 ns 

35 ns 

35 ns 

35 ns 

35 ns 

COMMERCIAL 
UNIT 

MIN MAX 

10 MHz 

45 ns 

45 ns 

10 MHz 

55 ns 

60 ns 

10 55 ns 

3 jls 

60 ns 

60 ns 

20 ns 

20 ns 
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5/67401.A/2A/1/2 Stand-alone 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS UNIT 
MIN TVP MAX 

VIL Low-level input voltage ' O.S V 

VIH High-level input voltage 2 V 

Vie Input clamp voltage Vee = MIN II = -1SmA -1.5 V 

11L1 Low-level 100-04' MR -O.S rnA 
Vee = MAX VI = O.45V 

IIL2 input current lSI, SO -1.6 mA 

. IIH High-Ie,vel input cwrent Vee = MAX VI = 2.4V 50 J.lA 

II Maximum input current vee = MAX VI = 5.5V 1 mA 

Vee = MIN 

VOL Low-level output voltage VIL = O.SV 10L = SmA 0.5 V 

VIH = 2V 

Vee = MIN 

VOH High-level output voltage VIL = O.SV 10H = -O.9mA 2.4 V 

VIH = 2V 

lOS Output short-circuit current * Vee = MAX Vo = OV -20 -90 mA 

57/67401 160 
-, 

lee 
Vee = MAX 

5167402 Supply currerit 180 
Inputs low, mA 

outputs open. 
5/67401 A 170 

5/67402A 190 

* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second. 

Standard Test Load 
sv 

!lIOn 

Input Pulse Amplitude = 3 V 
Input Rise and Fall Time 
5nsfrom1Vt02V 
Measurements made at 1.5 V 

OUTPUT ·o--...--i--------1H'-) TEST POINT 

1.1Kn 30pF 

Functional Description 
Data Input 
After Power Up the Master Reset is pulsed LOW (Fig. 11) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH, the location is readytoacceptdatafromtheOx 
inputs. Data then present at the four data inputs is entered into the 
first location when the Shift In (51) is brought HIGH. A 51 HIGH 
signal cuases the IR to go LOW. Data remains at the first loc;ation 
until 51 is brought LOW. When 51 is brought LOW and the FIFO is 
not full, IR will go HIGH, indicating that more room is available. 
Simultaneously, data will propagate to the second location and 
continue shifting until it reaches the output stage or a full location. 
If the memory is full, IR will remain LOW. 

9,.-\1. 

Data Transfer 
Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the • 
end of the device while empty locations will "bubble" to the front. 
tPT defines the time required for the first data to travel from input 
to the output of a previously empty device. 

Data Output 
Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift, Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. When sO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data is shifted to the output ,stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (Le. data does not change if FIFO is empty). 

Input RElIIdy and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at leasttPT) or completely empty (Output Ready 
stays LOWforatleasltPT)' 



5/67401 A/2A/1 /2 Stand-alone 

i-------- 1If�N ----------o+o~-------l/fIN -------..... 

SHIFT IN 

i----IIRH----.j 

INPUTREADY----+-------------~ 

INPUT DATA 

---'IIDH ==j~~ri(ti~(ti~~~-------},MWMWMWMVI\~-------
Figure 1. Input Timing 

~--------100n.---------~.--------100ns-------..... 

SHIFT IN 

INPUT READy'·';.....-I--+------""\. 

INPUT DATA 45 no 

Figure 2. Typical Wavefonns for 10 MHz Shift In Data Rate (67401/2) 

SHIFT IN 

INPUT READy' ...... '-----------!---~ 

® '--_________ ----J ______ ':::.... 

INPUTDATA _______ S_TA_B_L_E __ D_AT_A ______ ...J 

Figure 3. The Mechanlam of Shifting Data Inlothe FIFO 

o Input Ready HIGH indicates space is available and a Shift In pulse may be applied o Input Data is loaded into the first word 

0, Input Ready goes LOW indicating the first word is full. o The Data from the first word is released for "fall-through" to second word 

@ The Data from the first word is transferred to second word. The first word is now empty as indicated' by Input Ready HIGH 

® If the second word is already full then the data remains at the first word. Since the FIFO is now full 'Input Ready remains low 

NOTE: Shift In pulses applied while Inpul Ready is LOW will be ignored (See Figure 5) 
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5/67401 A/2A/ 1 /,2 Stand-alone 

SHIFT OUT 

SHIFT IN 

~_l-... ______ ::I.:::::::::::::_IP_T=============:'~r>lf..--IIPH~ .. INPUT READY - I\.. 

0F'FO is initially full 

(DShift In held HIGH. 

SHIFT OUT 

SHIFT IN 

Rgure 4. t lPH Specification 

IpT )------'1 

INPUTREADY---'------------------------------------------__ --' 

INPUT DATA .\. ..... ___________________ J'IlIItIIlI#Iltx 
Figure 5. Data 18' Shifted In Whenever Shift In and Input Ready lire Both HIGH 

o FIFO is initially full. 

o Shift Out pulse is applied. An empty location start "bubbling" to the front. 

(!)Shift In is held HIGH. 

o As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 

(~) The Data from the first word is released for "fall through" to second word. 



� .... -----���ouT--------i.~I ... I-------I/IOUT------I·~1 

SHIFT OUT 

OUTPUTREADY--------~--------_+--~ 

OUTPUT DATA C·DATA 

Figure 6. Output Timing 

o The diagram assumes, that at this time, words 63. 62. 61 are loaded with A, B. C Data. respectively, 

SHIFT OUT 

OUTPUT READY --------~~----------~ 

C-DATA 

OUTPUT DATA 

Figure 7. Typical Waveforms for 10 MHz Shift Out Data Rate (67401/2) 

o The diagram assumes. that at this time. words 63. 62, 61 are loaded with A. B. C Dala. respectively. o Dala in the crosshatched region may be A or B Data. 



5/67401 A/2A/1/2 Stand-alone 

SHIFT OUT 

ourpUTREADY --~----------~~--------~ 

'"-----------"---~------

;® 
OUTPUT DATA A·DATA ~ B-DATA 

-----------------------------------/I~'~-----------------
Figure 8. Tl1e Mechanism of Shifting Data Oul of the FIFO. 

CD Outpul Ready HIGH indicates that data is available and a Shift Out pulse may be applied. o Shift Out goes HIGH causing the next step. 

C!) Output Ready goes LOW. o Contents of word 62 (6·DATA) is released for "fall through" to word 63. 

® Output Ready goes HIGH indicating that new data (6) is now available at the FIFO outputs. 

® If the FIFO has only one word loaded (A·DA~A) then Output Ready stays LOW and the A-DATA,remains unchanged at the outputs. 

SHIFT IN 

SHIFT OUT 

OUTPUT READY ... }D ___ , _____________ I-._ -_ -_-_-_ -_-_ -_ -_ -_ -_ -_ -_ -_ -_ -_ -_tP_T_-_-_-_-_-_-_-:_-_-_-_-:_-:_-_--<.._FtOPH-t ______ _ 

CD FIFO initially empty. 

<D Shift Out held HIGH. 
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5/67401 A/2A/1/2 Stand-alone 

SHIFT OUT 

OUTPUT READY ---o:~-------' 

OUTPUT DATA _f A·DATA 

{IITI 171 171 I/!J 
11111111111111 

-Figure 10. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH. 

o Word 63 is empty. 

o New data (A) arrives at the outputs (word 63). o Output Ready goes HIGH indicating the arrival of the new data. 

o Since Shift Out is held HIGH. Output Ready goes immediately LOW. o As soon as Shift Out goes LOW the Output Data is subject to change as shown by the dashed line on Output Ready. 

I---IMRW----OO-

\ I 
MASTER RESET 

~ I 

IMRIRH 
I 

INPUT READY 
I 

)D tMRORL 

\ 
OUTPUT READY 

\ 

SHIFT IN 

________________________ I_. ____________ tM_R_S_-_-_-_-_-___ -_-_---J~;rr--------------------------

Figure 11. Master Reset Timing 

o FIFO initially full 
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Arithmetic Elements and Logic Selection Guide 

The following selection guides are designed to simplify the choice of the particular function to fit the specific application. 

Arithmetic. and Logic Elements 

DESCRIPTION PART NUMBER 
MAX ADD MAX CARRY (OR 

PINS 
TIME GENERATE) TIME 

4-bitALU 51748381 27 ns 20 ns 20 

4 Group carry-look-ahead gElnerator -51745182 7 ns 16 

'. Look-Up Table. , .... 
DESCRIPTION PART NUMBER MAX ACCESS TIME PINS 

Sine (0°_00°) LO~k':Up Table 
6086/7 100 ns 24 

. .' 508617 150 ns 24 

10-2 



Arithmetic Logic Unit/ 
Function Generator 
SN54S381 SN74S381 

Features/Benefits 

• A Fully Parallel 4-Blt ALU In 20-Pln Package for 0.300-lnch 
RoW Spacing 

• Ideally Suited for High-Density Economical Processors 

• Parallel Inputs and Outputs and Full Look-Ahead Provide 
System Flexibility , 

• Arithmetic and Logic Operations Selacted Specifically to 
Simplify System Implementation: 

A Minus B 
B Minus A 
A Plus,B 
,and Five Other Functions 

Description 

The 'S381 is: a Schottky TTL arithmetic logic unit (ALU)/function 
generator that performs eight binary arithmetic/logic 0Mrations 
on two ~bit words as shown in the function table. These, opera­
tionsareselected by the three function~select lines (SO, S1, S2): A 
fully carry look~aheadcircuit is provided for fast, simultaneous 
carry generation by means of two Cascade outputs (P andG'j for 
the four bits in the package. 

Logic Symbol 

Cn 

Ordering Information 

PART NUMBER PACKAGE TEMPERATURE 

SN54S381 J20,F20 Military 

SN74S381 J20 Commercial 

Pin Configuration 
SN54S381. SN14S381 . 

Furaction Table 

SELECTION 
ARITHMETIC/LOGIC OpeRATION 

.s~ S1. so 
L L L 

L ,L '1-;1 

L H L 

,.~ '. H H 

H L L 

L H 

H L 

H H. 

t Force alfFoutputlito ,be Lows. 
tt Force allF outputs ,to be Highs. 

Clear t 
B mil)us A 
A minus B 
A plus B 

A0B .' 

A ,,~, B" 

AS 

Presettt 

·m~5EastArquesAvenu .. Sunnvv.le.CA94086 .• Tel: (408) 739-3535 TWX: 91~-92a. 

MonolIth/a 111In .amorl •• ·"IAUW 
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SN54S381 SN74S381 

Absolute Maximum Ratings 
Supply Voltage, Vee ................................................. '" ............................................ 7V 
Input Voltage ........................................................ , ............................... ' ........... ;. 5.5V 
Storage Temperature Range ............................................ '" ......... ' .................... -65°e to +150oe 

Operating Conditions 
',"', 

MILITARY COMMERCIAL 
SYMBOL PARAMETER UNIT 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 
. 

4.5 5 5.5 4.75 5 5.25 V 

TA Operating free-air temperature -55 125 0 70 °e 

Electrical Characteristics Over operating conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

V,L Low-level input voltage 0.8 V 

V,H High-level input voltage 2 V 

Vie Input clamp voltage Vee = MIN 
" 

= -18mA -1.2 V 

Any S input -2 

',L Low-level input current Vee = MAX V, = 0.5V en -8 mA 

, All others -6 

Any S input 50 

"H High-level input current Vee = MAX V, = 2.7V en 250 M 
. All others 200 

I, Maximum. input current Vee = MAX V, = 5.5V 1 mA 

VOL 
Vee = MIN V,H = 2V 

i Low-Ieveloutput.voltage 
V,L = 0.8V 10L = 20mA 0.5 V 

Vee = MIN V,H = 2V SN54S381 2.4 3.4 
VOH Hig h-Ievel output voltage V 

V,L = 0:8V IOH = -lmA SN74S381 2.7 3.4 

lOS Output short-circuit current* Vee = MAX -40 -100 mA 

lee Su pply current ". . Vee = MAX 105 160 mA 

* Not more than one output should be shorted at a time. 

Switching Characteristics VCC ~ 5 V, TA = 25°C 

SYMBOL 
FROM TO 5174S381 

PARAMETER (INPUT) (OUTPUT) TYP MAX 
UNIT 

tp Propagation delay time en Any F 10 17 ns 

tp Propagation delay time Any A or B G 12 20 ns 

tp Propagation delay time Any A or B P 11 18 ns 

tpLH Propagation delay; low-to"high 
Fi 

18 27 ns 
Ai or Bi 

tpHL Propagation delay, high-t()-IClW 16 25 ns 

tp Propagation delay time Any S Fi, G, P 18 30 ns 
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Standard Test Load 

SN54S381 SN74S381 

16-BIT ALU (USING 745381) 
74S381 

WORST CASE PATH DELAY c=::=J 

MAXIMUM DELAY OF ADDITION/SUBTRACTION. 

1-4 bits 

5-16 bits 

17-64 bits 

745381 

27ns 
44ns 
64ns 
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Look-Ahead Carry Generators 
SN54S182 SN74S182 

Description 
The 8N548182, and 8N748182 are high-speed,look-ahead carry 
generators capable of anticipating a carry across four binary 
adders or group of adders. They are cascadable to perform full 
look-ahead across n-bit adders. Carry, generate-carry, and 
propagate-carry functions are provided as enumerated in the pin 
designation table below. 

When used in conjunction with 748381, 678581, 748181, 2901, 
6701 arithmetic logic units (ALU), these generators provide high­
speed carry lookahead capability for any word length. Each '8182 
generates the look-ahead (anticipated carry) across a group of 
four ALU's and, in addition, other carry look-ahead circuits may 
be employed to anticipate carry across sections of four look­
ahead packages up to n-bits. 

The carry functions (inputs, outputs, generate, and propagate) of 
the look-ahead generators are implemented in the compatible 
forms for direct connection to the ALU. Logic equations for the 
'8182 are: 

Cn+x = GO + PO Cn 

Cn+y = G1 +P1 GO + P1 PO Cn 

Cn+z = G2 + P2 G1 + P2 P1 GO + P2 P1 PO Cn 

G = G3 + P3 G2 + P3 P2 G1 + P3 P2 P1 GO 

P = P3 P2 P1 PO 
or 

Cn+x = YO (XO + Cn) 

Cn+y = Y1 [X1 + YO (XO + Cn)] 

Cn+z = Y2 {X2 + Y1 [X1 + YO (XO + Cn)]J 

Y = Y3 (X3 + Y2) (X3 + X2 + Y1) (X3 + X2 + X1 + YO) 

X = X3 + X2 + X1 + XO 

Pin Configuration 

G, 

P, 

INPUTS 

Po 

G3 

P3 

OUTPUTS 

OUTPUT P 

GNO 

Ordering Information 

PART NUMBER PACKAGE 

8N54S182 J16,F16 

8N748182 J16 

Summarizing Tables 

FUNCTION TABLE 
FOR Cn+y OUTPUT 

INPUTS OUTPUT 

G1 GO P1 PO Cn Cn+y 

L X X X X H 

X L L X X H 

X X L L H H 

AII·other 
L combinations 

FUNCTION TABLE 
FOR P OUTPUT 

INPUTS OUTPUT 

P3 P2 P' PO P 

L L L L L 

All other 
H combinations 

TEMPERATURE 

Military 

Commercial 

FUNCTION TABLE 
FOR Cn+x OUTPUT 

INPUTS OUTPUT 

GO PO Cn Cn+x 

L X X H 

X L H H 

All other 
L combinations 

FUNCTION TABLE FOR G OUTPUT FUNCTION TABLE FOR CO'. OUTPUT 

INPUTS OUTPUT INPUTS OUTPUT 

G3 G2 G' GO P3 P2 P' G G2 G' GO P2 P' PO Cn Cn+z 

L X X X X X X L L X X X X X X H 

X L X X L X X L X L X L X X X H 

X X L X L L X L X X L L L X X H 

X X X L L L L L X X X L L L H H 

All other H 
combinations 

All other L 
combinations 

H = High Level, L = Low Level, X = Irrelevant. Any inputs not 
shown in a given table are irrelevant with respect to that output. 

1165 East Arque& Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX:910-339-9229 
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SN54S182 SN74S182 

Absolute Maximum Ratings 
Supply Voltage, vee" .............................................................................................. 7V 
Input Voltage ..................................................................................•................. 5.5V 
Storage Temperature Range ............................................................................ -65°e to +150 oe 

Operating Conditions 

SYMBOL 
MILITARY COMMERCIAL 

PARAMETER 
MIN NOM MAX MIN 

Vee Supply voltage 4.5 5 5.5 4.75 

TA Operating free-air temperature -55 125 0 

Electrical Characteristics Over operating conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN 

Vil low-level input voltage 

VIH High-level input voltage 2 

Vie Input clamp voltage Vee = MIN II = -18mA 

en input 

P3 input 

III low-level input current Vee = MAX VI = 0.5V 
P2 input 

PO, p 1, or G3 input 

~ orG2 

~ input 

en input 

153 input 

IIH Vee = MAX 
P2 input 

High-level input current VI = 2.7V 
PO' P l' or G3 input 

GO or G2 

~ input 

II Maximum input current Vee = MAX VI = 5.5V 

Vee = MIN VIH = 2V 
VOL low-level output voltage 

Vil = 0.8V 10H = -1mA 

Vee = MIN VIH = 2V SN74S182 2.7 
VOH High-level output voltage 

Vil = 0.8V 10l = 20mA SN54S182 2.5 

lOS Output short-circuit current * Vee - MAX -40 

SN74S182 
leel Supply current, all outputs low Vee = MAX See Note 1 

SN54S182 

leeH Supply current, all outputs high Vee = 5V See Note 2 

* Not more than one output should be shorted at a time and duration of the short-circuit test should not exceed one second. 

NOTES: 1. leeL is measured with all outputs open; inputs GO. G1. and G2 at 4.5 V; and all other inputs grounded. 

2. ICCH 15 measured with all outputs open, inputs ~3 a~d <33 a~4.5 V, and all other inputs grounded. 

NOM MAX 

5 5.25 

70 

TYP MAX 

0.8 

-1.2 

-2 

-4 

-6 

-8 

-14 

-16 

50 

100 

150 

200 

350 

400 

1 

0.5 

3.4 

3.4 

-100 

69 109 

69 99 

35 

UNIT 

V 

°e 

UNIT 

V 

V 

V 

mA 

!lA lla 

mA 

V 

V 

mA 

mA 

mA 
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SN54S182 SN74S182 

Switching Characteristics Vee = 5 V, TA = 25°e 

PARAMETER 
FROM TO 

TYP MAX SYMBOL (INPUT) (OUTPUT) 
UNIT 

tPLH Propagation delay, low-to-high GO, G1, G2, G3, Cn+x, Cn+y, 4.5 7 ns 

tPHL Propagation delay, high-to-Iow PO, P1, P2, or P3 or Cn+z 4.5 7 ns 

tPLH Propagation delay, low-to-high GO, G1, G2, G3, G 5 7.5 ns 

tPHL Propagation delay, high-to-Iow P1, P2, or P3 7 10.5 ns 

tPLH Propagation delay, low-to-high PO,P1,P2,orP3 P 4.5 6.5 ns 

tPHL Propagation delay, high-to-Iow 6.5 10 ns 

tPLH Propagation delay, low-to-high Cn+x, Cn+y, 6.5 10 ns 

tPHL Propagation delay, high-to-Iow 
Cn 

or Cn+z 10.5 7 ns 

Standard Test Load 

10 .. 8 



Sine (0° to 90°) Look Up Table 
Using a 1024 X 10 ROM (5/6255 
5/6086 5/6087 

5/6256) 

Features/Benefits Ordering Information 
• Input angle increments of 90°/1024 = .0879° 
• 10 bit binary outputs PART NUMBER PACKAGE TEMPERATURE 
• Low power dissipation. Typically 500 mw 
• Fast access time 100 ns max. 5086/87 J24 Military 

• TTL compatible 6086/87 J24 Commercial 

Description 
The 5255/6255, 1024 words by 10 bits Read Only Memory has 
been customized to make a sine (j look up table (5086/6086) for 
0° :S (J < 90°. The address inputs are used to divide the first 900 
quadrant into angles increments of 90°/1024 words or .0879°/ 
word. The memory outputs should be interpreted as binary 
weighted fractions where output 1 has a weight of 1/2 or .500, 

output 2 has a weight of 1/4 or .250, and so on until output 10 
which has a weight of 1/1024 or .000976. The 10 bit output code 
has not been rounded off so that output error will always be 
positive and less than 1/1024 or .0009765. Round off error, in 
approximating the ROM input word, must be added or subtracted 
to the output error. For electrical characteristics and pin out refer 
to 6255 specifications (in ROM section). 

Example 1: 

Find the sine 45° 
Let X = the ROM word where sine 45° is stored 

X_45° 
1024 words - 9Qo" 
X = word 512 

Word 511 has the following stored data and interpretation: 

Output # 01 02 03 04 05 06 07 08 09 010 
Stored Data H L H H L H L H L L (H = TTL HIGH) 

Binary Weight ~ 1 
2 4 

1 
8 

1 ------
16 32 64 128 256 512 1024 

Adding the fractions wherever an "H" appears given. 

-t + -t + --k- + ~ + 2~6 = .50000 + .12500 + .06250 + .01562 + .00391 = .70507 

Handbook Value = .70711 
Our Error = .70711 - .70703 = .00008 

Example 2: 

Find the sine 210° 
This value is in quadrantthree, therefore, (j' = 210° -180° or30° 

Let X = the ROM word where sine 30° is stored X = 30° 
1024 words 90° 

X = word 341.33 (round off to word 341) 

Word 341 has the following stored data and interpretation: 

Output # 01 02 03 04 05 06 07 08 09 010 
Stored Data L H H H H H H H H H 

Binary Weight + 1 1 1 ------
4 8 16 32 64 128 256 512 1024 

Adding the fractions wherever an "H" appears gives 0.49902 

The sine 210°, therefore, = - .49902 with the sign generated by 
external logiC. Note that the address 341 to which we rounded 
off is actually the sine 29.97°. 

,165 EaslArques Avenue, Sunnyvale,CA 94086 Tel: (408) 7~9:353~TWX:910-339-9229 M. D. ft ... 0 . . Il .. r~.fI .... '0 1! ..... 1! ... n ,'. -.morle. U1In.U . . 10-9 
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Multiplier/Divider Selection Guide 

The following selection guides are designed to simplify the choice of the particular function to fit the specific application. 

Co-Processor Multiplier/Divider with Accumulator 

DESCRIPTION 

Ciay,"Multipliers 
.,' . 

DESCRIPTION 

;,'i . , 

.' ' 8x8 Multiplier 

,'. 

PART NUMBER 

748508 

548508 

PART NUMBER 

67558-1 

57558-1 

67558 

57558 

MAX MULTIPLICATION TIME/ 
MAX DIVISION TIME 

.8 /1s/2.2 /1s 

MAX DELAY 

125 ns 

135 ns 

150 ns 

155 ns 

PINS 

24 

PINS 

40 

40 

40 

40 



8x8 Multiplier/Divider 
SN54/74S508 

Features/Benefits Ordering Information 
• Co-processor for. enhancing the arithmetic speed .of all 

present .S-bit microprocessors 

• Bus-oriented organization 

• 24-pln package 

• S/S or 16/S division in less than 2.2 ILsec 

• SxS multiplication In less than .S ILsec 

• 2S different multiplication instructions such as "fractional 
multiply and accumulate" 

• 13 dHferent divide Instructions 

PART NUMBER PACKAGE 

SN54S508 TD24 

SN74S508 TD24 

Logic Symbol 

INSTRUCTION 1\ 

TEMPERATURE 

Military 

Commercial 

STATE COUNTER 

• Self~contairied arid microprog~mmable 
3 4 .) 

Description 
TheS~5404S508('S508) isa bus-organized 8x8 Multiplier/ 
Divider. 'the device provides both multiplication' 8:nd division o( 
2s-complement 8-bit numbers at high speed, There are 28 
different multiply options, including: positive and negative 
multiply, positive and negative accumulation, multiplication by a 
constant, and both single-length and double-length addition in 
conjunction with multiplication. 13 differentdivide optiPI)S allow 
Single-length or double-length division, division of a previously­
generated resdlt;.divisi.on by a cO!1$tant, and continued division 
ofa remainder <lr·.quotient: ' " . 

ThEl'S508 is a time-sflquencflCl'dellice requiril1:g a single,clock.1t 
loads operanps tr,Qm"and presents ~esults to, ,abidirectional 8-
bit bus. lqadjng Qf·the oPElrands, reading of the results, and 
sequential controlof.thedevice)sPElrformed by a 3-bit instr!.!c-
tion field. '" . . , . , 

The'S508'h~stheadditionaIJ~atlJrethat operands and results 
can be either intElgers or fra~ticin~: when it deals with fractlom( 
automatic scaling occurs. Results can be rounded if required, 
and an 0.vem./ow oulp!.!t indicates .• whenever a result isoutsige, 
the normally-accepted number r,ange, ' 

For a siin@J,e,multiplicatI9n, oftwooPElrandll a~d reading of the 
doublll-:ten9th;resul~, thed~vice ta~es five clock periods ~'one 
fOr initiaiizati9n, and' fp~rfor the {!'ctual ,ryll,lJtipliC8tion, A tYPical 
clpck J>e,riod is 1215n$,< ',wtiich giyes a mllitiplication time of. Soo , 
ns typi.cijlIAor.8x8Jmultiplicatiqn, plus 129 n~ addifio~ally tor 
initialization,. or 62q"ns in ,all. More.compiel!-muitfplications will 
take 'additional cl~ck perio~s f~r loading t~e additiomll oper-;, 
ands. A simple .d.ivision operation requires 8, + 4=1.2 clocl( 
periq?!l, foratypicattime .0/1.5 p.s (16 bitS(B Qits),,~lso plus 
1.25 ns fOCinitialization. 

GO 

CLOCK 

MASTER RESET 

OUTPUT ENABLE 

SNS404S508 
l-/-1PAT: BU~ 

I~ v 

,OVERFLOW 

·.DONE 

J 
, 

Pin Configuration 

SNS404SSOS. 

8 A},e; '. ' 
B, STATE 
, , COUNTER 
.,c 

D ' 

1165 East Arques AI(efI~,$unnYl(8le{ CA 94086 TeI:(408)1~ " TWX: 91Q-339'9229 

. '.' ... , '. Wllilolllln 
1I::::I~"~1nJfJJA '" , ..... ~'" .. ..',. 1'.~3 
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SN54/74S508 

INSTRUCTION 
OPERATION 

CLOCK 
SEQUENCE CYCLES 

ARITHMETIC OPERATIONS 

0 X1 • Y 5 
" 

1 -X1 • Y 5 

2 X1 • Y + Kp Kw, ': 5 

3 ':'X1 • Y + Kz;KW 5 

4 'Kz? Kw'Xl 13 

5/6 0 X·Y 6 

5/6 1 -X, Y 6 
': 

5/6 2 X· Y + Kz ' Kw 6 

5/6 3 -X, Y + Kz, Kw 6 

5/6 4 Kw/X 14 

5/6 5 Kz/X 14 

5/6 6 0 X· Y+ Z 7 

5/6 6 1 -X, Y + Z 7 

5/6 6 2 X· V + KZ '2-15 7 

5/6 6 3 -X'Y+ Kz .2-15 7 

5/6 6 4 Z, W/X 15 

5/6 6 5 ZlX 15 

5/6 6 6 0 X'Y+Z,W 8 

5/6 6 6 1 -X, Y + Z, W 8 

5/6 6 6 2' X'Y+Wsign 8 

5/6 6 6 3 .,X • Y + Wsign ' 8 

5/6 6 6 4 W/X 16 

5/6 6 6 5 Wsign/X 16 

5/6 6 6 6 Load X, Load Z, Load W, Load V 4 

5/6 6 6 7 Load X, LoadZ, Load W, Read Z 3 

RE,ADING OPERATIONS 

7 ReadZ 1 

7 7 Read Z, W 2 

7 7 :; Read Z, W,Z 1 

7 7 7 't' Read Z, W, Z, W 4 

5 7 Round, then Read Z 2 

5 7 7 F1?und, then Read Z, W 3 

Figure 1'S508 Instruction Set (Partial List) 
NOTES: ..,' 
1: X,V are inpul mulliplier and"mLiltipllcand, 

2. XI is the previou$Conlenls olthe lirst rank oftheX !'\lgister, (either the old X 
or a new X). 

3. Fractional or integer arithmetic is specilied by havlng'the next-to-tha-Iast 
operand loaded using a 5 or 6 instruction respe,ctively, All rows beginning 
with "5/6" in effectr;epresent two instructions. ~ do,es fractional arithmetic 
and 6 does integer arithmetic. 

4. Z, W is a double-precision number.Z"ls the ;mosfsignilicant hall.Z, W 
represents addend upon input, and prpduct(or, accumulated sum) after 
multiplication. .~ },~" v 

5. Kz, Kw represents'previousaccumulatorcontents:'Kz is the most-signili-
cant hall. 'd ' , 

6. Wsign is a single-length signed number, with'~.lgn~x~nsion. 

7. Maximum clock cycl~ ,=,1,25 .~s lor an 8-MHz clock. 
a. II n instruction codes are shown at the left under "instruction sequences," 

the number 01 clock cycles at the right is n+4 lor multiplication and n+12 
for division. 

9: ,6y ",t~senting :code 7,i:>hthl!l instructio~' lines «neast 'one elock cycle 
:, befclre'lhe last clock ,pulse of. the"operlltlon cycles, the resuli '(register 'Z) 
: i.av~i1al>le on tne, bus OM 'clock ea.'O'er (see Figure 9). . ~ ~ . 

. 'i-

SUMMARY OF ,SIGNALs/PINS 

BO-B7 Bidirectiorial data bus'inputs/outputs 

10-12 Instruction (sequential control) input 

A, B,C, D Instruction, (sequentialcgntrol) inputs 

CK Clock pulse input 

GO Chip activation input 

OE Output ~nable input 

MR Master reset input 

OVR Arithmetic overflol!ll output 

DONE Arithmetic-operation completion output 

Description (continued) 

The '8508 device uses standard low-power Schottky technology, 
requires a Single +5V power supply, and is fully TTL compatible. 
Bus inputs require at most 250 p.A input current, and control and 
clock inputs require at most 1 mA input current. Bus outputs are 
three-,state, and are capable of sinking 8 mA at the low logie, 
level. The '5508 is, ayailable in both commerci~l-temperature 
lind military-temperature ranges, in a 24-pin dual-In-line 
ceramic package. 

Device Operation 

The '5508 contains four 8-bit working registers. Y is the 
multiplier register; X is the multiplicand and divisor register; W is 
the least-significant half of a double-length accumulator, and 
holds the least-significant half of the product after a multipli­
cation operation, or the remainder after a division operation; arid 
Z is th'e most-significant half' of this same accumulator. In 
addition to these registers, thEireiS ahigh-'SPeed arithmetic unit 
which performs addition, subtraction, and shifting steps in order 
to accomplish the various arithmetic operations; a loading 
sequfincer; arid a PLA :gontlb'l network. 

Operands areloaded'into the working registers in time,sequence 
at each clock period, under the control of this ,sequencer, The 
chip;"activation Signal Go must be LOW in order to begin the 
loading process and'Continue tott)e next step inCth'iloading 
operation. If' GOis continually held HIGH, the 'SS08remains in 
a wait state With 'tis outputs held in their high-impedance States, 
so thl\t th~ other devices attac:ihedto 'the bus may dr,ive it. In 
this conditi,on, the'S508doesriot resP9nd'to any codes on its 
in$frllctioninputs;irieff~t, it db'es riot "wake up" imtll GO goes 
LOW. Also, GO may change only whim the clock'input CK is 
HIGH" ~fter all, of the op~rand~ are loaded; the '5500jllmps to 
the multiply routine, or to the divide routine, and performs'the 
required operations as indicated in Figure 1, After 5 clock 
periods for a simple multiply or 13 clock periods for a simple 
di\(i~,'fQr example,the device is ready, to place the result on the 
bus in'time seQueriee. ,"" , " , ' , 



SN54/74S508 

* Loop 3 limes lor mulliplicaliQn, 
**Loop 6 times for fraclional division, 

or 7 times for integer ~nvision. 

INSTRUCTION 
CODE 

0, 1,2,3 
4 
5 

5, 7 
6 
7 

STARTING STATE NEXT STATE 

0,8, 10 4 
0, 8, 10 5 

0 1 
8, 10 0 

0, 8, 10 1 
0, 8, 10 0 

Figure 2 Transition Diagram for the 'S508 MulUpiler/DlVIder 

KEY:, 

The numbers inside the circles indicate the state of the '8508 
multiplier/divider, These states are represented by a four-bit 
state counter, where A is the least-significant bitof this state 
counter and D is the most-significant bit. These four bits are 
available externally on the 'S508, 

The next state of the 'S508 isa·function of the present state and 
the instruction lines. For example if the 'S508 is at state 0 anc! the 
instruction is 0,1, 2, or 3.,then the next state is state 4 (multiply 
instruction); if the instruction is '4, the next state is state 5 (divide 
instruction}; and so forth. The instructions which take the 'S508 

Three instruction inputs 10' 't, '2' whicb. :maychangeonly 
whe,n the clock input CK is HIGH, select the required function 
and drive the sequencer from state to state. Thus, the action of 
tt]e multiplier/divider at any clockperiodisa fUnction of the 
machine state and the state of the control inputs. Figure 2 shows 
the multiply/divide state table, and all possible operations. After 
a Read 'or Round operation, the machine is driven back to state 
0, and a new sequence of arithmetic operations is a$sumed. If a 
chain operation is beiilg performed,such as accumulation of 
products, state 0 is bypassed. and loading of an operand or 
jumping to the next arithmetiC operation occurs at the end of the 

,.from one state to another are indicated by the numbers written 
next to the state-transition path lines. "0123," for instance, ~ 
implies that any of instructions 0,1,2, or 3 will take the·S508 .... 
along the path marked "0123." 

"X" next to a path imPlies that the path will be followed 
regardless of the value of the instruction inputs at that time. In 
other words, for the purpose of state transitions; X means "don't 
care." There are 'cases, however. where the particular instruction 
used may affect' when the contents of the registers are available 
on the bus - see Figures 9 and 10 for contrasting examples of 
~ow this effect~oPerates. 

previous ,arithrnetjcoperation - at state 8 for a multiplication 
instruction, or at state 10 fora division instruction. 

RegisterX is ad~~i~rank register, ~ich allows thelO~ding of an 
operand X during't/Je,mllitiplicationor division process.1f the 
machine enters the loading sequence and a new X operand h.as 

nQtheen loaded" then the machine pr6ceeds with the previously­
loaded X, denoted in this 'text as ~·X1." This loading-while­
processing capability, allows a cycle to be saved during 
"chained" calculations, and also allows multiplication and divi­
sion by a constant. (See Figure 13). (continued next page) 
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Figures 3 and 4 show the codes and durations for the 41 
different possible arithmetic operations. These operations can 
be concatenated in strings to perform complicated 2s-com-

plement arithmetic operations at high-speed. Rounding and 
reading of results can be performed after any operation. 
Figure 5 is a block diagram of the 'S508 8x8 Multiplier/Divider. 
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(continued page after next) 

TIME~SLOT 

OPERATION 1 2. 3 4 5 6 7 8 

X1 • Y 
INS CODE 

BUS 

0 

Y 
MULTIPLY .. 

INS CODE 1 
-X1 • Y 

BUS Y 
MULTIPLY 

INS CODE 2 
X1 ·Y+KZ' Kw 

BUS Y 
MULTIPLY 

INS CODE 3 
-X1 • Y + KZ, KW MULTIPLY 

BUS Y 

INS CODE 5/6 0 
X·Y MULTIPLY 

BUS X Y 

INS.CODE 5/6 1 
::-X· Y 

BUS X Y 
MULTIPLY 

X·Y+KZ' KW 
INS CODE 5/6 2 

MULTIPLY 
BUS X Y 

INS CODE 5/6 3 
-X ·Y+KZ' Kw 

BUS X Y 
MULTIPLY 

INS CODE 5/6 6 0 
X· Y + Z 

BUS Z 
MULTIPLY 

X Y 

INS CODE 5/6 6 1 
-X· Y + Z 

BUS X Z Y 
MULTIPLY 

X ·Y+ KZ .77 
INS CODE 5/6 6 2 

BUS 
MULTIPLY 

X - Y 

-X·Y+KZ·77 INS CODE 5/6 6 3 
BUS X Y 

MULTIPLY -
INS CODE 5/6 6 6 0 

MULTIPLY x,·Y+Z,W 
BUS X Z W Y 

INS CODE 5/6 6 6 1 
,..X· Y + Z, W 

BUS W 
MULTIPLY 

X Z Y 

j(. Y +Wsign 
II:JS CODE 5/6 6 6 2 

MULTiPLy . BUS X - W Y 

INS CODE 5/6 6 6 3 
-X· Y + Wsign 

BUS X 
MULTIPLY 

- W Y 

FI,gure 3: Multiplication Codes and Times f()r 8x8Multlplication in the 'S508 

NOTES: 1 ) Xl is the previous contents of the first r~n~ of the X register (either .01dX or, a new X). 
2) KZ ·2-7 .is a single-length signed number comprising the'most-significant half oflhe previous do·uble-.length prOduct.and 

here gets added in at the least-significant end of the new result. 

3) vi sjgniS a single-length signed number, with sign-extension as needed. . .. . . .' . . . .,' . 
"4) Fractional or integer arithmetic is specifieo'by having the next-to-the-Iast opB(and loaded using a 'S"or 6 instruction 

respectively. All rows beginning with "5/6': 'In effect represent two instructions. 5 dOes fractionai arithmetic and 6 does 
, integer arithmetic, 
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TIME-SLOT 

OPERATION 1 2 3 4 5 1 6 1 7 1 8 1 9 1 10 1 11 112 

KZ,KwlX1 
,,INS CODE 4 

DIVIDE 
BUS -

INS CODE 5/6 4 
KW/X DIVIDE 

BUS X -
INS CODE 516 5 

KZ/X 
BUS X 

DIVIDE 
-

INS CODE 516 6' 4 
Z, W/X DIVIDE 

BUS X Z W 

INS CODE 5/6 6 5 
ZlX DIVIDE 

BUS X Z -

INS CODE 5/6 6 6 4 
W/X DIVIDE 

BUS X - W -

Wsign /X 
INS CODE 5/6 6 6 5 

BUS X 0 W 
DIVIDE 

-

Figllre 4 ,Division Codes and TIme for ·16/8 Division In 'SSOS 

NOTES: t) Xl is the previous contents of the first rank of the X register (either old X or a new X), 

a) Fractional division divides a 3t-bit 2s-cOmplement number in t clock period less than integer, division, 

3),'w Si9n isa single-len91h signed number. with sign-extension as neeqed. 

13 

1 

4) Division operation Wsign/X requires that the Z register be initialized with all-zero contents, at the time Z'isloaded, 

14 15 16 

1 

1 

1 

1 

1 

1 

5) Fractional or integer arithmetic is specified by having the next-to-the-Iast ,operand loaded using a ,5 or 6 instruction respectively, All rows 
beginning with "5/6" in effect represent two instructions. one of which does .fractional arithmetic and one of.which does integer arithmetic, 

STATE 
COUNTER 

TO 
SHIFT 
.MUX 

Z W ALU 

OVERFLOW 

Figure 5' Internal' Architecture of the' '8508 

TO SHIFT MUX 

l1li 

BIDIRECTIONAL 
DATA 
,aUS 
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Multiplication 
Tbe 'S508 provides 2s-complement 8-bit multiplication, and can 
also accumulate previously-generated double-length products. 
No time penalty is incurred for accumulation, since the 
machine accumulates while the multiplication operation is 
proceeding. In addition to accumulation, the device can add 
into a product either a single-length or a double-length number. 
It can also use a previously-loaded operand as a constant, so 
that constant multiplication and accumulation is possible. 

One key feature is the ability to perform both positive multi­
plications and negative multiplications, again without any speed 
penalty. This feature allows complex-arithmetic multiplications 
to be programmed with very little overhead. Another important 
feature is the ability to work with either fractions or integers. 

Division 
The 'S508 also provides a range of division operations. A 
double-length number in Z,W is divided by X; the result Q is 
stored in Z, and the remainder R in W; Again all numbers are in . 
the 2s-complement number representation, with the most 
significant bit of an operand (whether Single-length or double­
length) having a negative weight. In order to facilitate repeated 
division, with the multiple-length quotient always keeping the 
same sign, the remainder is always the same sign as the dividend. 
Fractional or integer operation is possible, and division and 
multiplication' operations can' be concatenated. For example, 
the operations (AxB)/C,:(A + B)/C can easily be performed. The 
dividend can. be any previously-generated result - product, 
quotient, or remainder; or it may be a double-length or single­
length signed operand. 

Reading R.-ults 
The r,!sult of .an arithmetic operation, or of a string of 
operations, can be read onto the 8-bit bus if the machine is at 
the end of an operation or at the start of a new seouence. The 
read operation requires that the ~O signal be held LOW so 
that the information is read outonto the bidirectional bus, whel'1 
code 7 is specified. (See Figure 8.) Since there is a dOUble- . 
length accumulator Z,W, reading can take tWo cycles. First, 
register Z is read during. a division operation. After another 
clock has been received, if code 7 is still present, the least­
significant half of the product f[om the W register is placed on 
the bus, or likewise the remainder if a division operation had 
been performed. . 

If the '5508 is instructed to perform a read operation'duringthe 
loading sequence, then the sequence is broken . and ,the 
machine is forced back to state ° ready to start· the sequence 
again. Continual read operations at state 0 just swap the 
contents. of register Z and W. 

The"s50s has a direct master reset input MR. Alternatively, 
initialization of the 'S508 can also easily be performed by 
continually presenting instruction code 7, whicb aitera maxi­
mum of 13 clock periods forces the machine back to state 0. 
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Integer and Fractional Arithmetic 
The '8508 can work with either fractional or integer number 
representations .. When. working with integers, aH numbers are 
scaled from the least-significant end and the least-significant bit 
is assumed to have a weight of 20. For integer multiplication, 
accumUlation, and division, all numbers are scaled from this 
least-significant weight, arid results are correct i.f interpreted in 
this .manner. The dOuble-length ~ster Z,W can therefore hold 
numbers in the range _215 to +2 -1; the operands X and Y, 
and single-length results, are in the range _27 to +27-1. 

When working with, fractions, the machine automatically per­
forms scal(ng so that input operands and results have a con­
sistent format. All numbers in the fractional representation are 
scaled from the most significant end, which has.a weight of-~ 
(negative). The binary point is one place to the right of tbis most­
significant bit, so that the next bit has a weight of 2-1. The 
double-length register Z,W therefore holds numbers in the range 
-1. to +1_2-15 and the operands X and Y and single-length 
results are in the range -1' to +1-27. Since automatic scaling 
occurs, the product of two numbers always has the least­
significant bit as a 0, unlElss an accumulation is performed with 
the least-significant bit being a 1. 

During a chain operation with the partial results not being read 
onto the bus, the '8508 will stay in either the fractional or integer 
mode. At the start of a sequence 01 operations, fractional or 
integer operation is designated by. loading operands using 
instruction code 5 or instruction code 6 respectively. 

Mixed fractional and integer arithmetic is also pOSSible, by 
redefining the weight of the least-significant or most-significant 
bits. However,care must be exercised, due to the automatic 
scaling feature, when fractional arithmetic is programmed. 

Rounding 
Rounding can be performed on the result of a multiplication or 
division. Generally rounding would only be called out during 
fractional operation, but nothing in the '8508 precludes forming 
a rounded result during integer arithmetic. 

Rounding for multiplication provides the best single-length 
most-significant balf of the prod\Jcf: Rounding Occurs at the end 
of a multiplication, and is performed instead of a .Load or Read 
operation when a code 5isspeeified, instead,.of a code 7, to 
get from state 8 or state 10 back to state O. (See Figure 2; also, 
note that this mode of operation precl~des "stealing" a cycle 
according to the method illustrated in Figure 9). The 'S508100ks 
at the most-significant bit of the least-Significant half of the 
proql,lct W7 and adds 1 to the most-significant half of the 
prOduct attheleast-significant end if Wi isa 1. After the 
operation, the 'S508 is in state 0, so that the rounded pwduct 
ciI.n be read, and' the W register is Clear';' 

Rounding for division is performed by forcing the least­
significant bit of the quotient in Z to a 1 unless the division is 
exact (remainder is zero). This. method of rounding causes a 
slightly higher variance in the result than having an additional 
iterative division operation, but is considerably easier to 
perform. Again, after rounding the '8508 goes to state 0, so 
thaka read .operation can be performed, and the W register 
is clear. 
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Overflow 
The 'S508 has an overflow output OVR which is cleared prior to 
each operation, and is set during an operation if the product or 
quotient goes outside the normally-accepted range. 

For multiplication, overflow can only occur if the most negative 
number in the operand range is used: (-1)x(-1)=+1, which 
cannot be held in the 'S508's internal registers. Overflow can 
more easily occur during either positive or negative accumula­
tion of .products. For fractional arithmetic, if the product or 

I",.j accumulation goes outside the range of -1 to +1_2-15, then the 
overflow flipflop will be set. 

Overflow may also occur during division if the quotient goes 
outside the generally-accepted number range of -1 to +1-2-7 
during fractional operation. This would occur if the divisor is 
less, than the dividend, or equal to the dividend if a positive 
quotient is being generated. For integer arithmetic the numbers 
must be scaled by 27. 

Figure 6 'S508 Internal Circuitry of "00" Line and Three­
State-Enable. 
During the beginning and ending states (0, 8, and 10) if the "GO" 
line (GO) is logic HIGH then the machine will be in a wait state 
until GO goes to logic LOW. 

ADDRESS - BUS 

8·BIT 
MICROPROCESSOR 

MEMORY 

8·BIT DATA BUS 

SINE LOOKUP TABLE 
6086 (OPTIONAL) 

(2 lSBs OF ADDRESS 
AND OF RESULT ARE 

NOT USED) 

SN54174S508 
8-BIT 

MULTIPLIER/DIVIDIER 

CK 

OVERFLOW 

Figure 7 Interfacing the 'S508 to an 8-bit Microprocessor 

Figure 7 shows the block diagram of a minimum 8-bit micro­
processor system with its arithmetic capabilities enhanced by the 
use of a 'S508 8x8 multiplier/divider. The relatively small number 
of instruction lines (only 3) of the 'S508 provides a unique way 
to control the multiplier/divider. As may be seen from Figure 7, 
these three instruction lines are assigned to the three least­
significant bits (LSBs) of the address bus, while the remaining 

address bits are decoded by a Programmable Array Logic (PAL®) 
circuit to determine when the multiplier/divider is selected. For 
example, suppose the 'S508 is aSSigned address 100; then any 
address in the range of 100-107 will enable the 'S508 (I.e., 
the GO line is LOW). Thus, if the address is 100 the 'S508 
instruction is 0; if the address is 106 the 'S508 instruction is 
6; and so forth. 

11·9 
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Absolute Maximum Ratings 
Supply Vo;tage, vee .. 
Input Voltage .. 
Off-state output voltage ......... . 
Storage temperature 

Operating Conditions 

SYMBOL PARAMETER 

Vee Supply voltage 

fMAX elock frequency 

tewp Positive clock pulse width 

tewN Negative clock pulse width 

tss Sus set-up time for inputting data * 

tSH Bus hold time for inputting data * 

tlNSS Instruction setup time 

tlNSH Instruction hold time 

TA Operating free-air temperature 

* DUring operations when the bus IS bemg used to Input data. 

t Case temperature. 

. ..................................................... .. N 
............ .......................... . .. N 

. .......................................... 5.5V 

................................ . -650 to +150o e 

FIGURE 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

4.5 5 5.5 4.75 5 5.25 V 

8 5 8 6 8 MHz 

8 90 45 70 45 ns 

8 60 35 50 35 ns 

8 60 30 50 30 ns 

8 45 30 35 25 ns 

8 10 -5 10 -5 ns 

8 20 5 20 5 ns 

-55 125t 0 75 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

Vie Input clamp voltage Vee - MIN II = -18mA -1.5 V 

1 BO-B7 -250 p.A 
IlL Low-level input current Vee = MAX VI = 0.5V I All other inputs -1 mA 

IIH High-level input current Vee = MAX VI = 2.4V 250 p.A 

II Maximum input current Vee = MAX VI = 5.5V 1 mA 

VOL Low-level output voltage Vee = MIN IOL = 8mA 0.3 0.5 V 

VOH High-level output voltage Vee = MIN 10H = -2mA 2.4 V 

lOS Output short-circuit current* Vee = MAX Vo = OV -10 -90 mA 

1 SN54S508 300 400 
lee Supply current Vee = MAX mA 

1 SN74S508 300 380 
* Not more than one output should be shorted at a time, and the duration of the short-circuit should not exceed one second. 

11-10 
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Switching Characteristi.cs 
Over Operating Conditions 

'. 

SYMBOL PARAMETER FIGURE 
MILITARY COMMERCIAL 

UNIT 
'. ~". , .. " MIN TYP MAX MIN TYP MAX 

tBO Bus output delay for outputting data ... ·· '8 70 120 70 ,95 ns 

Output disable delay 
From 10-12 to bus 40 70 40 65 

tpxz 
From liN. GO to bus 20 50; 

ns , 20 40 

From "0-1'2 to bus ."., . 
45 90 45 80 

tpzx Output enable delay , 
From EN. GO to bus 

' . ., 
25', 55 ns 

~·t L,: .. 25 45 

tOVR OverflOW output delay .. 8, io .120 70 95 ns 

tON Ooneoutput delay 
, '8 30 90 30 70 ns 

/ \, ~ 

... During operations wh!'n the bus is being used to output data, 

TIMING IN ns 0 
(BASED ON TYPICAL I 

8 MHz CLOCK) 

10 20' 30 40 50 60 70 80 90. 100 110 125 1Q' 20 30 40 ·50 60 70 80 90 100 110 125 10 20 30 40 
I I I I I I I 1.1 I I I I I I I I I I I I I I I I I I I 

"'~ ,j 

CLOCK (CK) _ICWp---+lI---
(8 MHz IS SHOWN) 

GO. '10-12 
(SEE NOTE) 

BUS 
(USED AS INPUT) 

DONE~-------------------------------+--------~ 

OVERFLOW ~ _____________ ..... _______ -+ __ -!-____ ..t I~"""-----"":----------+--------

NOTE: Go and 1.0 -1 2 can change only when gK:.iS,~igh. 

Figura·~Tirr'lng. !fiagram.()f. the .. 'S508.~ 

Timing 
Timing waveforms ate shown in Figure 8, SpeCificinstru~tl(jri 
timing examples are shOWn in Figures 9 through, 1'3 .... 

Standard 'test Load 

5V 



SN54/74S508 

CK - L L 1.J L ru ru L 1.J IL ru 1.J L IL ru n 
- V 

STATE - 0<0 ~ I'x'4 ')(,2 ~ !x'0 - - - -
INSTRUCTION -y;-i)(O ~ ANYC DE # IX7 • - -r-

BUS ex ~ A~ "ZX ~ ZX ~ -~ 2r-_~ ---,-r-- r--

TIME-SLOT 1 2 3 4 5 6 7 8 

L W 
OVERFLOW 

,...-r-, 
i _I 

Figure 9 Instruction Timing Example #1: Load X, Load Y, Multiply, Read Z, Read W_ By presenting code 7 on 
the instruction lines at least one clock cycle before the last clock pulse of the operation cycles, it is possible to 
"steal"one clock cycle and get the result during time-slots 6 and 7_ This procedure does not affect the path taken 
through the state diagram of Figure 1. 

11·12 

NOTES: Register Z is read at Ihe same time that the "done" Signal is set. If the instruClion remains al code 7 after time-slot 7, the 
contents of registers Z and Ware swapped each cycle. 
# "Any code" means code 0 through 7. 

CK - n-n-rL IL IL IL [L [L [L IL IL IL IL IL 

- rv 
STATE 

- "Xo Ixr i)(4 t)(12' IXa IXO IXl - r-- - - '''--

INSTRUCTION y;-O€: ~ ANY CODE# IX7 X6 IXO - -
BUS yfLy, ~ ~hrfy ~IN Y Z W x Y 

~ -- -1"""'-- --
TIME·SLOT 1 2 3 4 5 6 7 8 1 2 

L .J 
OVERFLOW 

,...- -, 
i 1 

Figure 10 Instruction Timing Example #2: Repeat: "Load X, Load Y, Multiply, Read Z, Read W". 
NOTE: The instruction lines may be changed only when CK is high. 

#"Any code" means code 0 through code 7. 

n 



CK 

STATE 

INSTRUCTIO 

BUS 

TIME-SLOT 

OVERFLOW 

SNS4/74SS08 

CK -~-UILIL:-LL L L.J ~ IL-
l/ \ 

- V 
Ix'1 y;;- ')(12 i)(O -0 Xa -- -STATE 

INSTRUCTION Xs" Ira XANY CODE EXCEPT CODE tX7 - -
xh~ --IXw -z 

r-- - -- ---BUS 

TIME-SLOT 1 2 3 4 5 6 7 a 
" 

I I 
...... 

.... - r--
~ I OVERFLOW 

Figure 11 Instruction Timing Example #3: Load X, Load Y, Multiply, Re;ld Z, Read W_ 
This timing diagram corresponds to Table 1. Only after the "Done" signal is set (after 
four clock pulses of the operation cycles), the result is read - Z during time-slot 7, and W 
during time-slot 8. 

NOTE: If code 7 is given (instead of code 0 through 6). the first data that is read from the bus after the 
DONE signal is, set (time-slot 7) is Wand not Z. However, Z is read at time-slot 8. 
"Any code except 7" means code 0 through code 6. 

--1L1U1L1L :-L LlLlLrLr~ruruiLn-
" If 1\ 

- IV " 

- 0<0 x;-x;-- X12 X 'Xo - - - J1 

N XC DE ~ ANY CODE EXCEPT CODE 7 
YL 

7 

ex ~ rz -y W 
~ I" - -

1 2 3 4 5 6 

I I" I 
.-- -- ~t--- -- -- ~ ... 
I ;" 

I 

Figure 12 Instruction Timing Example #4: LoadX,Load Y, Multiply, Wait, Read Z, Read W. 

NOTE: 
"Any code except 7" means code a through code ,6. 

OIl 
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CK -""1-L.rL[U~ ""1-1U1L "L LflJlL "L1Ur-

- V 
STATE 

- xo -y;--I'x'4 M2 IXs x;:- x;-X-- -IX12 -- - c - - - --
INSTRUCTION X6 D€: ~ xs IXo -- --- -

ANYC DE # X ANY CODE# - i""" - - -- --- -
BUS Yr-x ~ ·~xD r- --- -Y X Y 

r-- r-- ---- '-- -- -
TIME-SLOT 1 2 3 4 5 1 2 3 4 5 

L W 
OVERFLOW r -, 

--1 

Figure 13 Instruction Timing Example #5: Sum of Products 

NOTES: This sequence of operations is suitable for use when reading is to be done only at the very end of the operation sequence. New 
X and Y values are loaded during the time that the previous multiplication is being performed. See Programming Example #3 for 

N 

Ix;"Y; 
; = 1 

#"Any code" means code 0 through code 7. 
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Programming Samples 
I n the following examples assume that each line with a separate 
instruction corresponds to one clock pulse. Instruction codes 
are 0, 1, 2, 3, 4, 5. 6, 7 and x according to the usage explained 
in the key to Figure 2. 

Programming Example 1 
Calculating X • V (A . B) 

INST 6 X - A 
INST 0 V - B 
INST X MULT 
INST X MULT 
INST X MULT 
INST 7 MULT and READ Z = 8 MSB OF (A'B) 
INST 7 READ W = 8 LSB OF (A'B) 

Programming Example 2 
Calculating X1 • V (A • C) 

INST 0 
INST X 
INST X 
INST X 
INST 7 
INST 7 

X1 is a previous multiplier va.lue. It was previously 
loaded (in example 1) with A. 

V-C 
MULT 
MULT 
MULT 
MULT and READ Z'= 8 MSBOF (A'C) 
READ W = 8 LSB OF (A'C) 

Programming Example 3 
N 

Calculating IXi'Vi (A, B + C • D + E' F + ... ) 
i = 1 

In this case we read only after N multiplicatiqns. A new Xi + 1 
is loaded during the multiplication process forXiVi' 
Assume N = 3. 
The sequence of instructions and operations for calculating 

3 

N = 1 

N=2 

N=3 

READ Z 

READW 

I Xi' Vi is: (A' B + C • D + E • F) 

i = 1 

{ 

INST 6 X - A 
INST 0 V - B 
INST X MULT} 
INST X MUL T Perform A • B 
INST X MULT 
INST 6 MUL T and LOAD X - C 

Z -8MSBof (A'B) 
W -8 LSB of (A'B) 

INST 2 V - D 
INST X MULT} 
INST X MUL T Perform C • D + (Kz' Kw) 
INST X MULT 
INST 6 MULT and .LOAD X - E 

Z -8MSB of (C'D+A'B) 
W-8LSB of (C'D+A'B) 

INST 2 V - F 
INST X MULT} 
INST X MUL T Perform E • F + (Kz, Kw) 
INST X MULT 
INST 7 MUL T and 

READ Z = 8 MSB of (E'F + C'D + A'B) 
INST 7 READ W = 8 LSB of (E·F + C'D + A'B) 

Programming Example 4 
Multiplication plus a constant (A • B + Constant (16 bits» 

Assume that the constant is a 16-bit2!K:omplement 
number. 

INST 6 
INST 6 
INST 6 
INST 0 
INST.X 
INST X 
INST X 
INST 7 
INST 7 

X-A 
Z - C LOAD 8 MSB of constant 
W - D LOAD 8 LSB of constant 
V-B 

MULT} , 
MUL T ,Perform A • B + (Z, W) 
MULT 
MUL T and READ Z = 8 MSB of (A'B + (C, Dj) 
READ W=8 .LSB of (A'B + C, D) 

Programming Example 5 
Double-precision multiplication ((A; 8) • (C, D» 
It is possible, using the 74S508, to multiply two numbers having 
up to 14 significant bits each: 

Let S1 be the sign bit of the multiplier; 
A be the 7 most-significant bits of .the multiplier; 
and 
B be the 7 least-significant bits oIthe multiplier. 

S1 must be duplicated into the sign bit which goes with the· .7 
least significant bits, since the. 7 mosl-significant bits and the'7 
least-significant bits are used independently as two 2s-comple­
ment numbers. 

Likewise let S2 be the sign bit of the multiplicand; 
C be the 7 most-significant bits of the multiplicand; 
and 
Dbe the 7 least-signifi~ant bits of the multiplicand, 

S2 must be duplicated into the sign bit of the least-significant 
half in this case also, just as S1 was .. The final result consists of a 
sign bit, plus 28 significaht. numeric bits;' plus thrE!-e "empty" bit 
positions. Such double-precision multiplication is common in 
floating-point operations, The following example will illustrate: 

A,B 
• C,D 

I Sl I A I Sl I B 

7 

I S21 C I s21 0 1 OJ 
7 7 

1 s31 B'D 

15 

A·D 

15 

1 s51 B'C 

15 

1 S61 A'C 

15 

I:: I A'D 

.B·C 

I S61 A'C I s31 B·D 

FINAL I ~ 
RESULTr-4--+-3--+- --+--1~ 



INST 6 
INST 0 
INST X 
INST X 
INST X 
INST 6 

INST6 
INST 2 
INST X 
INST X 
INST X 
INST 6 

INST 2 
INST X 
INST'X 
INSTX 
INST6 

SN54I74S5;08 

X-B 
V-D 

MULT'} 
MULT Perform X-V 
MULT 
MULT and LOAD X - 0 
Z =8 MSB of B-D 
W = 8 LSB of B-D 
W = part 1 of final result and can be read now 
NQ-OP 
V-A 

MULT}' 
MULT PerfOrm X-V + Kz -2-7 

MULT 
MUL T and LOAD X - C ' 
,Z = 8 MSB· of, (A-D + (B-D) - 2-:7) 
W = 8 LSB of (A-D + (a'D) - 2-7 ) 
When B-D is shifted right 7 places, the sign bit 
S3 is extended, ' 
V-B 

MULT } . 
MULT PerformX-V+(Kz,Kw) 
MULT· 
MULT and LOAD X":' A 
Z= 8 MSB of (B-C + (A-D + (B-D) -2.,-7)) 

.-

W = 8 LSB of (B-C + (A-D + (B-D) - 2-7 )) 

~ 
,Kw 

W. = part 2 of , the final result and can be read now. 

INST6 
INST 2 
INSTX' 
INST X 
INST X 
INST 7 

INST 7 

NO-OP 
V-c 
MULT} 
MULT Perform X-V + Kz -2-7 
MULT 
MUL T and READ part 4 of the final result. 
Z=8MSBof . 
(A-C + (B-C + (A-D + (B-D) - 2-7 ))-2-7 ) 
READ part 3 of the final result. . ' 
W=8LSBof 
(A-C + (B-C + (A-D + (B-D) - 2-7)-2-7 ) 

Programming Example 6 
Dividing a 16-bit number by an 8:.tJit number «B. C)/A) 

INST 6 
INST 6 
INST 4 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X 
INST X· 
INST X 
INST X 
INST X 
INST X 
INST 7 

INST 7 

X -A 
Z -B 
W-C 

Perform Division (Z, W) 
-X-

(B. C) 
DIVIDE and READ the quotient Z = -A-

. . (B, C) 
READ the remainder W of -;:--
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U.S. Patent 4153938 

Features/Benefits 
• Industry Standard 
• Easy to Use; Combinatorial 
• Unsigned, Signed, or Mixed Multiplication 
• Rounding InPuts for Signed or Unsigned Operation 
• Three-State Outputs for Bus Operation 
• High Speed -"-125 ns Max 

Description 
The 57558/67558 is a high speed 8 x 8 combinatorial Multi­
plier which can multiply two eight-bit unsigned or signed2S 
complement numbers and generate the sixteen-bit unsigned or 
signed product. Each input operand X and Y has an associated 
MOde control line; XM and YM respectively. When a Mode 
control line is at a Low logic level the operand is tresti:ld as an 
unsigned eight-bit number ,while if the Mode control is at a High 
logic level the operand is treated' as an eight-bit signed 2s 
complement number. Two additional inputs RS and RU allow 
the addition of a bit in the multiplier array at the appropriate bit 
positions for rounding signed or unsigned fractional numbers. 
The most significant product bit is available in both True and 
Complement form to assist in expansion to larger signed 
multipliers. The product outputs are thr~-st~e, ,col)tro!led by an 
active Low Output Enable which allows' several Multipilers to be 
connected to a parallel bus or be'usedin a pipellnedsystem. 
The qevice uses a single +5V powerc~upply and is. packaged in 
a standard 4O-pin DIP. 

Logic Symbol 

RU------------------, 
RS--------------, 

X 8 

xm---------i 

V 8 

vu,,---------i 

8x8 
MULTIPLIER '8 s 

Ordering Information 

PART NUMBER PACKAGE 

57558, 57558-1 J40, F42 

67558, 67558-1 J40, F42 

Pin Configuration 

1165 East ArquesAvenue;'5unnyvale, CA 84086 'Tel: (408) 739-3535,:l'WX:910439.-9229· 

TEMPE~ATURE 

Military 

CommerCial 

[II 
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Switching Characteristics 
Over operating conditions 

SYMBOL PARAMETER 
"' 

, , ':''''.'. 

tpxz Delay from OE io 5 High In\ped~~beS~t~ 
., 

, .<. "I', 

tpzx Delay from at: to 5 Active 5tate 

tpD1 Delay from Y, X to 50-4 

tpD2 Delay from Y, X to 55-15' 515 

Standard. Test; Load 
5Y 

560!!, 

OUTPUT O---+--.-,Fe,) TEST POINT 

Uk!! 30pF 

Functional 'Description 

...."'.'" 

... 

", 

'!'.' 

The 57558/6755!tflllU11iplier is an 8 x 8 combi~atoriallogic array 
capable of multit>\ying numbers in unsigned,signed 2s com­
plement, or mixed. notation. Each eight-bit input operand X 
and Y has associated with it a mode contror~hich determines 
whether the arraY treats the number as signed or unsigned. If 
the mode control· is at a High Logic IEWel tttPn the operand is 
treated as a 2s compl~ment number with tile most Significant bit 
having a negative weight, while ifth~rriode'Control is at a Low 
Logic level then the operand is treated as an unsigned number. 

The mu~iplier provides all 16 product bits generated by the 
multiplication. For expansion durin9 ,Signed or mi~ed multi-
pU' , e mOst significa~' P'r:Rc/.lIct birhas both'tn:le"'al'ld 
I;q I 'aVall~bI$.;TI1i$ alIP~~' ;~,!l adder to be uaed as a 

~ "\, 'f': 

',.', 

. 

DEVICE TYP MAX UNIT 
"' .• " •. ,;., C > 

67558 30 40 
57558 30 50 ns 
67558-1 30 40 
57558-1 30 50 

67558 30 40 
57558 30. 50 ns 
67558-1 30 40 
57558-1 30 50 

67558 80 135 
57558 80 140 ns 
67558-1. 80 115 
575lj8-1 80 125 

67558 100 150 
57558 100 155 ns' 
67558-1 100 125 
57558-1 100 135 

Timing Waveforltl 

subtractor in many applications and eliminates the need for 55,1 
circuits. 

Two inputs, Rs"and RU, are additional inputs to the array which 
allow the addition of a bit at the appropriate pos~ions in the array 
so as to provide rounding to the besl signed or unsigned 
fractional eight-bit result. These inputs can also be used for 
rounding in larger multipli~rs., . 

The product outputs of the multiplier are controlled by an active 
Low Output Enable control. When this control is at a Low Logic 
level the multiplier outputs are active, while if the control is at 
a High Logic level then the outputs are placed in a high­
impedance state. This three-state capability allows multipliers 

;, tOblf'pfacetf' 'On 'a corrinmn' bus arid also allows pipelining 
of multiplications for higher speed systems. 
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Absolute Maximum Ratings 
Supply Voltage, Vcc .............................................. : .............................. ; .................. tv 
Input Voltage ....................................................................................................... 7V 
Off-state output voltage ............................................................................................ 5.5V 
Storage temperature ............................................................. ' ........................ --65° to +150°C 

Operating Conditions 
MILITARY COMMERCIAL 

SYMBOL PARAMETER 
MIN NOM MAX MIN NOM MAX 

UNIT 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 
, 

TA Operating free-air temperature -55, 125t 0 '- 75 1··oC 

tease temperature 

Electrical Characteristics Over Operating Conditions .. ' 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP .MAX UNIT 

VIL Low-level input voltage O.S V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage VCC = MIN II '" -1SmA -1.5 V 

IlL Low-level input current VCC = MAX. VI = 0.5V -1 mA 

IIH /:"Iigh-Ievelinput current VCC = MAX VI = 2.4V 100 IJA 

II Maximum input current VCC = MAX VI '" 5.5V .' 1 mA 

VOL Low-level output voltage VCC = MIN 10L = SmA 0.5 V 

VOH High-level output v'oltage VCC = MIN 10H = -2mA 2.4 V 

10ZL Va = 0.5V -100 iJ.A 
Off-state output current VCC: MAX 

Va = 2.4V IOZH 100 iJ.A 
ID 

lOS Output short-circuit current·* VCC = MAX Va = OV -10 -90 mA 

ICC Supply current VCC = MAX. 
. 

180 2S0 mA 

* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
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Rounding 
Multiplication of two n-bit operands results in 2n-bit productt . 
Therefore, in n-bit system it is necessary to convert the double­
length product into a single-length product. This can be accom­
plished by truncating or rounding. The following examples, illus­
trate the difference between the two conversion techniques in 
decimal arithmetic. 

39.2-..39 } li'uncating 
39.6-..39 

39.2 + 0.5 ;;"39.7-..39. } " Rounding 
3~:6 + 0.5 = 40.1 ~ 

Obviously, rounding maintains more precision then truncating, 
but it may take one more step to implement. The additional step 
involves adding one-half of the weight of the single length L5B 
to the MSB of the discarded part e.g. in decimal arithmetic round-

BINARY POINT 

X Y7 • Y6 Y5 Y4 Y3 Y2 Yl 
{ 

~ X6 X5 X4 X3 X2 XI 
I 

Xo I 
Yo 

57: S6 
o 

lal ~18~~~LlCATION S15 514. 513 512 SII 510 Sg 58 

S7 I 
, I 

* OMITSIS + • 0 0 0 0 0 0 

SINCE S14 = S15 * 514 S13 512 511 510 S9 sa 

v 
BEST a BIT PRODUCT I 

"~-- I 

57/67558-1 

ing 39.28 to one decimal polnt i5 accomplished by adding 0.05 
to the number and truncating the L5B. 

39.28 + 0.05 = 39.33 __ 39.3 

The situation in binary arithmetic is quite similar, but two cases 
need to be considered; Signed and unsigned data representa­
tion. In signed multiplication, the two M5Bs are identical (except 
when both operands are -1) therefore, the best single length 
product is shifted one position to the right with respect to the 
unsigned multiplications. Figure 1 illustrates these two cases for 
the ax8 multiplier. In the signed case, adding one-half of the 57 
weight is accomplished by adding 1 in bit position 6, and in the 
unsigned case 1 is added to bit poSition 7. Therefore, the 67558 
multiplier has two rounding inputs, Rs and Ru. Thus, to get a 
rounded single length result the appropriate R input is tied to 
Vee (logic one) and the other R input is grounded. If double, 
length result is desired both R inputs are grounded. 

So .... _---FULL 15 BIT PRODUCT 

0" ADD 1/2 THE M5B 
WEIGHT OF THE 
DISCARDED PART 

{ 

.~ ~ - ~ Q Q ~ ql 
Ibl UN51GNED X. Y7 Y6 Y5 Y4 Y3 Y2 Yl YO I 

IIULTIPl.ICATION, + ,_..:.._5=-15~51=-4~51:...3_5...:1:...2_5..:1_1_5..:.10_S..;.9_5..;.a-iI_5.;..7_S:...6~5:...5 ---,S4,--..:S3_S...;.2_S...;.I_5.o-0 _FULL 16 BIT PRODUCT 
_ • 0 0 0 0 0 0 0 0 I 1 0 0 0 0 0 0 0 -~fG~~ ~ET~~B 

• S15 S14 S13 512 SII S10 S9 S~ I DI5CARDED PART . 
BEST a BIT PRODUCT 

Figure 1. Rounding the Result of Binary Fractional Multiplication. 

(a) In signed (2's complement) notation, the MSB of each oPerand Is the sign bit, and Ihe binary 
point is to the right of the Mse. The resulting produci has a redundant sign bit sndthe binary 
point Is to the right of the second MSB of the product. The best eight-bit product is from 6t4 
through S7, and rounding is performed by adding "1" to bit position Sa. ' 

(b) In unslgnednotaliori the beSt 8-bit prodUct. is the most significant half olthe 'product, corrected 
by adding "1"10 bit posHion S7. 

t In general: multiplication of M-bH operand by N:bH operand results in M + N bit product. 
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~i 57/67558 

Signed Expansion 
The most significant product bit has both true and complement 
outputs available. When building larger signed multipliers the 
partial products except at the lower stages are signed numbers. 
These unsigned and signed partial products must be added 
together to give the correct Signed product. Having both the true 
and complement of the most significant product bit available 
assists in this addition. For example, say that two signed partial 
products must be added and MSI adders are used; we then 
have the Situation of adding together the Carry from the previous 
adder stage plus the additi()n of the two negative most significant 
partial product bits. The result of adding these variables must be 
a positive sum and a negative carry (borrow). The equations for 
this are: 

S=A(±)B(±)C 

CO=AB + BC + CA 

where C is the Carry In and A and B the sign bits of the two 
partial products. 

Now an adder produces the equations: 

S=A(±)B(±)C 

CO=AB + BC + CA 

57/67558-1 

Examining these equations it can be seen that if the inversion of 
A and B are used then the adder produces the inversion of the 
negative carry since 

AB + BC + CA = AB + BC + CA, 

and the sum remains the same. 

16 X 161\vo's Complement Multiplication 
The 16-bit X operand is broken into two S-bit operands (XO-X7 
and XS-X15), and so is the Y operand. Since the situation is that 
of a cross product, four partial products are generated as follows: 

A = XL • YL 
B = XL • YH 
C = XH' YL 
0= XH' YH 

where the subSCript L stands for bits 0-7, and the SUbscript H 
stands for bits S-15. 

Expanding in two's complement multiplication requires a sign 
extension of the B and C partial products. Thus, B15 and C15 
need to be extended eight positions to the left (to align with 015). 
In this approach two more adders are required. But the comple­
ment of the MSB (S15) on the 67558 can,be used to save these 
two adders. The Figure shows the implementation of such a 
16x16 signed two's complement multiplication. 

Vcc Ya'Y1S Xa,X1S Vcc YO·7 X8-1S ROUND Vcc Ya.1S XO·7 YO.7 XO·7 

8 

S15·a 

Figure 2. 16 x16 lINo's Complement Signed MuHiplication. 

X1S X14 X13 X12 Xl1 Xl0 X9 Xa X7 X6 ,X5 X4 X3 X2 Xl Xo 

V1S Y14 Y13 Y12 Yll "'0 Y9 Ya YI Y6 Ys Y4 Y3 Y2 V1 Yo 

IB1S B14 B13 1112 Bll Bl0 B9 Ball B7 B6 Bs B4 .s3 B2 Bl Bol 

1015 014 013 012,011 0,0 09 oall07 06 05 04 03 1:l2 01 oollA1S A14 A13 A12 All A10 A9 Aall A7 A6 AS A4 A3 A2 Al Aol 

ICls C14 C13 C12 ,'CI1 Cl0 Cg call c 7 C6 Cs 'C4 C3 C2 c, col 

531 530 529,528 527 526 525524 523 522 521 520 519 518 517 Si6 Sis Si4 513 Si2 511 510 '59 5a 57 56 55 54 53 52 51 50 

ROUNDED REStLr 

Figure 3. Unsigned Expansions of the 8x8 Multiplier to 16x16 MuHiplication. 

m 
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Octal Interface Selection Guide 

FUNCTION POWER POLARITY FEATURE 
PART NUMBER 

COMMERCIAL MILITARY 

- SN74LS244 SN54LS244 

- SN74LS241 SN54LS241 
Non-invert 

Schmitt Trigger SN74LS344 SN54LS344 

LS 
Schmitt Trigger SN74LS341 SN54LS341 

- SN74LS210 SN54LS210 

- SN74LS240 SN54LS210 
Buffer Invert 

Schmitt Trigger SN74LS310 SN54LS310 

Schmitt Trigger SN74LS340 SN54LS340 

- SN74S244 SN54S244 
Non-invert 

S - SN74S241 SN54S241 

,,' - SN74S210 SN54S210 
Invert - SN74S240 SN54S240 

- SN74LS245 SN54LS245 

Tral)sceiver LS Non-invert - SN74LS645 SN54LS645 
, 

48mA IOL SN74LS645-1 -
Non-invert - SN74LS373 SN54LS373 

LS 
Invert - SN74LS533 SN54LS533 

Latch - SN74S373 SN54S373 
Non-invert 

32mA IOL SN74S531 -
S - SN74S533 SN54S533 

Invert 
32mA IOL SN74S535 -

Master Reset SN74LS273 SN54LS273 ., 

Non-invert - SN74LS374 SN54LS374 
LS 

SN74LS377 Clock Enable SN54LS377 

Register 
Invert - SN74LS534 SN54LS534 

,,' - SN74S374 SN54S374 
Non-invert 

32mA IOL SN74S532 -
S - SN74S534 SN54S534 

Invert 
32mA IOL SN74S536 -

Conversion Guide - Monolithic Memories Interface Part Numbers 

OLD .... NEW NEW"':'OLD 
. 

Old New Desc;riptlon 
57/67 SN54I74 " 

New' Old Description 
SN54/74 57/67 

'\ 
'LS300 'LS340 Octal Buffer, Invert, Schmitt Trigger 
'LS301 'Ls341 .OctaJ.l;iuffet:Schmitt Trigger " 

". 
>LS304' "'lS344 ' OClill13uffer; SchrTli~, TriQger 

" 'LS376 'LS534' ' Octal Register, Inven' 

'LS340 'LS3OO Octal Buffer, Invert, Schmitt Trigger 
'LS341 'LS301 Octal Buffer, Schmitt Trigger 
'LS344 'LS304 Octal Buffer, Schmitt Trigger 
'LS533 'LS380 Octal Latch, Invert 

'LS380 , '1..$533 Octal Latch, fnvert": " 
" 'S373 . '$531 Octal latCh, Hi-orive' 

'LS534 'LS376 Octal Register, Invert 
'5531 'S373 Octal Latch, Hi-Drive 

'S374 '$532' Octal ReQister, Hi-Drive '$532 'S374 Octal Register, Hi-Drive 
'S376 'S534 Octal Register, Invert 'SS33 'S380 Octal Latch, Invert 
'S378 'SS36 Octal Register, Invert. Hi-Drive '$534 'S376 Octal Register, Invert 
'S38O 'S533 Octal Latch, Invert 'S535 'S382 Octal Latch, Invert, Hi-Drive 
'S382 '$535 Octal Latch, Invert, Hi-Drive 'SS36 'S378 Octal Register, Invert, Hi-Drive 
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Octal Buffers SN54/74LS210 
SN54/74LS240 
SN54/74LS241 
SN54/74LS244 

SN54/74S210 
SN54/74S240 
SN54/74S241 
SN54/74S244 

, Feature8/Benefits Ordering Information 
• Three-state outp~ts drive bus lines 

• Lo~ current PNP inputs reduce loading 

• 2O-pln SKINNYDIP® saves space 

• 8 bits matches byte boundaries 

• Ideal for.microprocessor interface 

• Complementary-enabhri'210 and '241 types combine multi­
plexerand. driver functions 

De8cription 
These octal buffers provide high speed and high current inter­
facecljpabilityfor bus organized digital systems. The three­
state drivers will source a termination to ground (up to 1330) or 
sink a pull-up to Vee as in the popular 220013300 computer 

,peripheral termination. The PNP inputs provide improved fan-in 
with 0.2 mAllL on the low-,power Schottky buffers and 
0.4 rnA IlL on the Schottky buffers. 

The '240 and '244 provide inverting and non-inverting outputs 
respectively with assertive low Elnables. The '210 and '241 also' 
provide inverting and non-inverting outputs respectively, but 
with compleineritary(both assertive-low and assertive-high) 
el')ables, to allow transceive; or multiplexer operation: 

AilOr the' octal devices ar~ packaged in the popular 2O-pin 
SKJNNYDIP®. 

LogicSymbc:t18 

SKIN.NYDIP is ~ .regisuered tr'~demark .of Monolithic· Memofies 

PART 
PKG TEMP. 

NUMBER 

SN54LS210 J,F mil 
SN74LS210 N,J com 

SN54LS240 . J,F mil 
SN74LS240 N,J ·com 

SN54LS241 J,F mil 
SN74LS241 N,J com 

SN54LS244 J,F mil 
SN74LS244 N,J com 

SN54S210 J,F mil 
SN74S210 N,J com 
SN54S240 J,F mil 
SN74S240 N,J 

.: 
com 

SN54S241 J,F mil 
SN74S241 N,J com 

SN54S244 J,F mil 
SN74S244 N,J com 

241 Octal Buffer 

ENABLE POLARITY POWER 

HIGH-
LOW 

LOW' 
Invert, ,,,., 

LS 
HtGH-
LOW Non-

LOW invert 

HtGH. 
LOW 

Invah 
LOW 

HIGH-
S 

LOW Non-

LOW 
Invert 

244 Octal Buffer : ~ 

20 Vcc . 



SN54/74LS210 SN54/74LS240 
V' 

Absolu.~;.,.,.aximum'Ratings' 

SN54/74LS241 SN54/74LS244 
~ , 

Supply \ioltaQe Vee ................................ , ........ ,. .. , ..... " .• , ............................................ 7V 
Inpuf Voltage, ............... :, .... , .......... : ....... , ....... ,:: ..... : ............................................... 7V 

~t~~~;le:~t~~r~~~:~~~.:::::::::: ::: :: :':: ;:: ::: :':':::: ::::::::::: :::::: :::::::::: :::::: :::: :::::::::: ::::. ~65~ 't; ~15~;~ 
Operating 'Conditions 

SYMBOL PARAMETER 
' . MILITARY COM~~RCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA bp~rating free-air temperature -55 12$; '0 75 ·C 
. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY · COMMERCIAL . 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vil low-level input voltage 0.7 0.8. V 

VIH High-level input voltage 2 2 V 

VIC Input clamp voltage VCC = MIN, II = -18mA -1.5 -1.5 V 

ilVT Hysteresis (VT + -VT J VCC = MIN 0.2 0.4 0.2 0.4 V 

III low-level input current Vcc = MAX, VI = O.4V ~.2 -0.2 mA 

IIH High-level input current VCC = MAX, VI - 2.7V 20 
.' 20 /lA 

II Maximum input current VCC = MAX, VI =7V 0.1 0.1 mA 

VCC - MIN, 10l = 12mA 0.4 0.4 
VOL Low-level output voltage Vil = MAX, V 

VIH = 2V 10l = 24mA 0.5 

VCC - MIN, 10H - -3mA 2.4 3.4 2.4 3.4 

VOH High-level output voltage Vil = 0.5V, 10H - -12mA 2 V 

VIH = 2V 10H = -15mA 2 • f", 

10Zl 
VCC = MAX, 

Vo = O.4V -20 -20 /lA 
Off-state output current Vil = MAX, 

10ZH VIH = 2V Va = 2.7V 20 20 /lA 

lOS Output short-circuit current * Vcc - MAX -40 -225 -40 ;. -22.5 n;1A 

Outputs lS210, lS240 17 27 17 27 

High lS241 , lS244 17 27 . "7 27 

ICC Supply Outputs VCC = MAX, lS:;!10; lS240 26 44 26' 44 
mA 

Current low Outputs open lS241 , l,S244 27: 46 27 4~ . lS210, LS240 :29 50 · 29 sO Outputs. 
Disabled lS241; . lS244 32 54 32 54 

*N 1m r then one o I> e ut utsh uld be h r n. S 0 ted at a time and duration of the short-clr~ull should not ex<:ee,d one seco d .. 
Switching Characteristics VCC - 5 V TA - 25°C - , - . 

" TEST CONDITI.ON$ LS210, I-S240 • .. .J,.s241, LS244 
UNIT SYMBOL PARAl\IIETER ' .. 

(See Interface'Telt LoadlW .. ejorms) MIN TIP MAX . MIN TYP fJ!AX 

tplH 
. 

9 14 ';, 12 11f· 
.. 

AS 

ctpHl 
Data to Output delay 

12 18 12 1S ns .' Cl = 45pF 
tpZl " Rl =6~7n '20 30 20 30 ns 

tpZH 
Output E'lable delay 

15 23 1.5 '23 ns ., " 

tpLZ 15 25 · 15 25 ns' 

!PKZ: " OUtpUt.Oisable delay , c~ '> Cl =5pF flL=667n 
. ' ........... " .. . " 10 18 10 18 ns 

, .. 



SN54/74S210 SN54/74S240 SN54i74S241 SN54/74S244 
ti 
tl 
i I Absolute Maximum Ratings 
~I 8upply Voltage vee ................................................................................................ 7V 
f Input Voltage .................................................................................................... 5.5V 
!II Off-state output voltage ........................................................................................... 5.5V 
~ Storage temperature .................................................................................... -650 to +1SQoC 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vee 8upply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free-air temperature -55 125 * 0 75 ·e 

~I 
i 

*The SN54S241/244J operating atfree air temperature above 116°C reqUires a heat sink such that R8CA IS not more than 40°CIW. 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY COMMERCIAL 

MIN TYP MAX MIN TYP MAX 
UNIT 

VIL Low-level input voltage O.S O.S V 

VIH High-level input voltage 2 2 V 

VIC Input clamp voltage Vee = MIN II - -1SmA -1.2 -1.2 V 

AVT Hysteresis (VT + - VT J Vee = MIN 0.2 0.4 0.2 0.4 V 

IlL 
Low-level Any A 

Vee = 
-0.4 -0.4 

input current 
MAX VI = 0.5V mA 

Any E ~2 -2 

IIH High-level input current Vee = MAX VI = 2.7V 50 50 jJA 

II Maximum input current Vee = MAX VI = 5.5V 1 1 mA 

Vee = MIN 10L = 4SmA 0.55 
VOL Low-level output voltage VIL = O.SV V 

VIH = 2V 10L = 64mA' 0.55 

10H - -1mA 2.7 
Vee = MIN 

10H - -3mA 2.4 3.4 2.4 3.4 
VOH High-level output voltage VIL = O.SV 

= -12mA 
V 

VIH = 2V 
10H 2 

10H = -15mA 2 

IUZL 
Vee = MAX Vo = 0.5V -50 -50 jJA 

Off-state output current VIL = 0.8V 

10ZH VIH = 2V Vo = 2.4V 50 50 jJA 

108 Output short-circuit current t Vee = MAX -50 -225 -50 -225 mA 

Outputs 8210,8240 80 123 so 135 

High 8241,8244 95 147 95 160 

ICC 8upply Current Outputs Vee = MAX 8210,8240 100 145 100 150 
mA 

Low Outputs open 8241,8244 120 170 120 1S0 

Outputs 8210,8240 100 145 100 150 

Disabled 8241,8244 120 170 120 1S0 

t'Not'more than one' output should be shorted at a time and duration of the short~circuit should not exceed one second, 

Switching Characteristics VCC = 5 V, TA = 25·C 

SYMBOL PARAMETER 
TEST CONDITIONS S210, S240 S241, S244 

UNIT 
(See Interlace Telt LoadlWavelorml) MIN TYP MAX MIN TYP MAX 

tpLH 4.5 7 6 9 ns 

tpHL 
Data to Output delay 

4.5 7 6 .9 ns 

tpZL 
eL= 50pF RL = 900 

10 15 10 15 ns 

tRZH 
Output Enable delay 

~ 6.5 K- 8 12 
ns 

r--
8240 10 ns 

tpLZ 10 15 10 15 ns' 

tpHZ 
Output Disable delay eL = 5pF RL = 900 

6 9 6 9 ns 
A.,.~ , .~ ,~\$, s;. d!'" ",.'ow,::. ~"~""':'~' 'i' ~ ;;;\.~~'Z.j'4\., ,ok "-,,,,-, " ... '.-- ._, ... .. 





Octal Buffers with SchmiH Triggers 
SN54/74LS310 SN54/74LS341 
SN54/74LS340 SN54/74LS344 

Features/Benefits 
• SchmHt'trigger guafllntee8\ high nolae margin 

• 3-state outputs drive bus lines 

• Low current PNP Inputs reduce loading 

• 20-pin SKINNYDII'® saves space 

,. 8 bits matches byte boundaries 

• Ideal for microptocessor Interface 

• Complementary~nable '310 and '341 types combine multi-
plexer and driver functions' ' 

• Pin-compatlble with SN54174LS210/24011/4 -can be direct 
replacement in systems with nolaeproblems 

Description 
In addition to. the standard Schettky and lew-power$chettky 
ectal buffers, Menelithic Memeries prevides full hysteresis with 
a "true" Schmitt-trigger circuit. The improved perfermance 
characteristics are designed to. be censistent with the SN541 
74lS14 hex Schmitt-trigger and guarantee a full 400 mV noise 
immunity. The Schmitt-trigger eperation makes the l$ buffers 
ideal fer bus reCeivers in a neisy envirenment. 

The octal buffers previde high-speed and high-currerit interface' 
capability fer bus-organized digital systems, The P;i'JP inputs 

Logic Symbols 

310 Octal Buffer 340 OctallJuffer 

Ordering Information 

PART 
PKG TEMP. ENABLE POLARITY POWER 

NUMBER 

SN54LS310 J,F mil HIGH-
SN74LS310 N,J cem I" LoW 
SN54LS340 J,F mil 

Invert 
lOW 

SN74lS340 N,J cem .' LSi, 
SN54LS341 J,F mil HIGH-
SN74LS341, N,J cem LOW Nen-

SN54lS344 J,F mil 
LOW 

invert 

SN74LS344 N;J cern 

previde impreved fan-in with 0.2 rnA IlL' The ':j40 and '344 pro­
vide inverting and nen-inverting outputs respectively, with 
assertive-lew enables, The '310 and '341al.so. provide inverting 
and nen-inverting outputs respectively, but with cemplementary 
(both assertive-lew and assertive-high) enables, to allow trans­
ceivar er multiplexer operation. 

All of' the octal devices are packaged in the popular 20-pin 
SKINNYDIP"l, " 

341 Octal Buffer. , 
. ;J440ctal Buffer .' .!"C1I.' . . 

20 Vce t,.t;;::::I 

..... lhlcllmn "",orl •• 'IRUW , .••..... i'i.· ......... '. ,' .. ;(2 .. 1 



SN54/74LS310 SN54/74LS340 SN54/74LS341 SN54/74LS344 

Ab$Olute Maximum Ratings ,.' .' . 

~nU:~I~~~~~;e, ~~~,:::::::::::::::::::::::::::::::::::::::~:::: ~: :::::: ::::",::::::: :~:~:: ::::::::: >:::::::::::: :::.: i~ 
Off-state output voltage """"""" ......... ', ... , ........ h .••• :;" •••••• ;., .• ... i , •... , . , .• , .• , '. , .• : .... ,< .. , . " .. ~, S ... 5V 
Storage temperature .," .............. ", ... ,,, ..... , ... ,' .. /: '~. ':. 7 .• ".",: ............ , •••• ': •••••. : : • " • : :.:.:::6?O t~ +15.06 e 

Operating Conditions 
,") 

MILITARY COMMERCIAL .' 
SYMaOL PARAMETER 

MIN. TYP MAX. MIN :n'P MAX 

Vce Supply voltage '.( 4.5 5 5.5 4.75 5. 5.25 

TA Operating freetair temperature -55 125 .0 75 

" 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY. CQ,..MERCIAL. 

MIN TYP MAX MIN TYP MAX 

VT+ Positive threshold voltage vee = 5V 1,5 1.7 2 . .0 1.5 1.7 
' . 

2 . .0 

VT- Negative threshold voltage Vee = 5V .0.6 .0.9 1.1 .0.6 .0.9 1.1 

vie Input clamp voltage Vee = MIN, II = -18mA -1.5,. 
., '.' 

-1.5 

IlVT Hysteresis (VT + -VT J Vee = 5V .0.4 .0.8 .0.4 .0.8 

IlL Low-level input current Vee = MAX. VI = D.4V -.0.2 -0.2 

IIH High-level input current Vee = MAX, VI = 2.7V 2.0 -. 

II Maximum input c::urrent Vee = MAX, VI = 7V .0.1 ·.0.1 

( Vee = 'MIN, 10L ='12mA .0.4 .0.4 
VOL Low-level output voltage VT+ = 2V. 

VT": = .0.6\1 10L = 24mA '.0.5 

Vee = MIN, 10H.· = -3mA ~.4 ~,4 2.4 3.4 

VOH High-level output voltage VT+ = 2V, 10H = -12mA 2 

VT_ = D.6V 10H - -15mA 2 

10ZL 
Vec ~ MAX, 

Vo = D.4V -2.0 -2.0 
Off-state output current VT+ = 2V, 

10ZH VT- = D.6V Vo = 2.7V . 2.0 . :, .. " 20 

lOS Output short-circuit current * Vee - M~X -40 -225 -40 -225 

Outputs .J LS31D, LS340 17 27 .. ' ','.17 ,27 

High LS341,LS344 •... ,8 35 '. 18 35, 

Supply LS31Q, LS34D ,.2.6 44 
" 

26 44 
Ic;;e Outputs Vee = MAX, 

Current Low Outputs open LS341, [;S344 ' 32 48 ", 32 46 

" Outputs LS31D, LS34D 29 50 29 50 

Disabled LS341;l..S344 .'. 34 54' 34 54 

* Not more than one output ~hould be shorted,ata time and duration of the; short-circuit s~Quld not exCeed one second. 

Switching Characteristics Vce = 5 V,.TA = 25°C 

.SYMaOL 

tpZH 

.tpLZ 

(PHZ: 

12-& 

TEST'eONDITIONS 
PARAMETER 

(See Inte~~.c~ Test Load/Wave'Oims) 
.,. 

Data to Output delay 

Output Enable delay 

Output DiS!l~e QeI~Y;' 
:~''- /." ;,.~. 

LS310,LSa40 ' LS341, LS344 
MIN"· ;t'YP' MAX 'MIN TIP MAX 

19 25 19 25 

1'9 ." 25 19 25 

32 4.0 25 40 
23 .. 35 24 35 

18 30 .,. .' 21 ·30 

15 25 18 25 

~ ., ~ .; i ' 

UNIT 

V, 

°e 

UNIT 

·v 

V 

V 
., 

V 

mA 

pA' 

mA 

.'. 

V· 

V 

pA 

pA 

mA 

mA 
' .. 

UNIT 

. ns 

.. ,ns 

ns 

liS 

ns 
ns 



Octal Transceiver 
SN54/74LS245 

Features/Benefits 
• 3-state outputs drive bus lines 

• Low current PNP Inputs reduce loading 

tl • Symmetric -- equal driving capability in each direction 

• 2O-pln SKINNYDIf'® saves space 

• 8 bits matches byte boundaries 

• Ideal for microprocessor Interface 

• Pln-compatlble with SN54/74LS645 -- Improved speed. 
11L and IOZL specifications. 

; Descripticm 

These· octal bus transceivers are designed for asynchronous 
two-way communication between data buses. The control func­
tion implementation minimizes external timing requirements, 

The device allows data transmission from the A bus to the B bus . 
or from the B bus to the A bus depending upon th~ 1<:>9ic level .it 
the direction controL(DIR) .input. The enable input (E) can be 
used to .disable the device so that the buses are effectively 
isolated. Ail of the octal. devices are packaged in the popular 
2o-pin SKINNYDIF'®. 

Logic Symbol 

Ordering Information 
PAflT 

TYPE TEMP 
NUMBER 

SN54LS245 J, F mil 

SN74LS245 N,J com 

Function Table 

ENABLE 
DIRECTION 

E CONTROL 
DIR 

L L 
L H 
H X 

245 Octal Transceiver 

POLARITY POWER 

Non-

invert 
LS 

OPERATION 

B data to A bus 
A data to B bus 

Isolated 



SN541'74LS245 

Absolute Maximum Ratings 
Supply Voltage VCC .................................................................. , .. "" •.......•. ' ............. ,7:V 
Input Voltage ......................................................................... .: .... ;'. ; ... ' .. , ......... ' ... ,'7V 
'Off-state output voltage ........................................................................................... 5,5V 
Storage temperature .................................................................................... -65· to +150·C 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 'COMMERCIAL 

UNIT 
MIN TYP MAX MIN 'PIP MAX 

Vec Supply voltage ':, 4,5 5, 5.5 .4.75 ;5 5.25 V 

TA Operating free-air temperature -55 125 0 75 ·e 

Electrical Characteristics Over Operating CondHlons 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY COMMERCIAL 

MIN TYP MAX MIN TYP MAX 
UNIT 

VIL Low-level input voltage 0.7 "0:8 V 

VIH High-level input voltage 2 2 , 
V 

VIC Input clamp voltage Vee = MIN, II - -18mA -1,5 -l.S V 

tNT Hysteresis (VT + -VT J A or B Vee = MIN 0.2 0.4 0.2 0.4 V 

IlL Low-level input current Vee = MAX, VI - O.4V -0.2 -0.2 mA 

IIH High-level input current Vee = MAX, VI = 2.7V 20 20 /1A 

II 
Maximum l Aor B 

Vee = MAX, 
VI - 5.5V 0.1 0.1 

mA input current I DIR or E VI = UN 0.1 :, 0.1 
", 

Vee" MIN; 10L = 12mA ,0·25 0.4 ,0.25 0.4 
VOL Low-level output voltage VIL = MAX, V 

VIH = 2V 10L = 24mA 0.35 0.5 

Vee = MIN, 10H = -3mA 2.4 3.4 2.4 3.4 

VOH High-level output voltage VIL " MAX, 10H = -12mA 2 2 V 

VIH " 2V 10H = -1SmA 2 

10ZL Vee = MAX, Vo = O.4V -200 -200 /1A 
Off-state output current VIL " MAX, 

10ZH VIH = 2V Vo " 2.7V 10 10 /1A 

lOS Output short-circuit current * Vee - MAX -40 -225 -40 -225 mA 

Outputs 
48 70 48 70 High 

ICC Supply Outputs 
Vee = MAX, ,Outp~s open 62 90 62 90 mA Current Low 

, 
Outputs 
Disabled 

64 95 64 95 

* Not more than one output should be shorted at a time and duration of the short~ir~uit should not exceed one second, 

Switching Characteristics vcc =5 V, TA=25·C 

SYMBOL PARAMETER 
TEST CONDIT~Ofo!S .. A to B DIRECTION B to A DIRECTION 

UNIT 
(5 .. lnl,Vrtace T, .. , Lo,dlWavelCll'ms) MIN TYP MAX MIN TYP MAX 

tpLH 8 12 8 12 ns 

tpHL 
Data to Output delay 

8 12 8 12 ns 

tpZL 
eL=45pF Rt "',6670 

27 40 27 40 ns 

tpZH 
Output Enable delay 

25 40 25 40 ns '. 
tpLZ 15 25 15 25 ns 

tpHZ 
Output Disable delay eL = 5pF RL = 6670 

15 25 25 ns 15 

'12-10 
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Octal Transceivers 
SN54/74LS645 SN74LS645-1 

Features/Benefits Ordering Information 
• 3-state outputs drive bus linea 

• Low current PNP Inpull reduce loading 
PART 

TYPE TEMP 
NUMBER 

•.. Symmetric ~ equal driving capability In each direction SN54LS645 J,F mil 

• 20-pln SKINNYDIP@ saves space SN74LS645 N,J com 
SN74LS645-1 N,J com 

• 8 bits matches byte boundaries 

• Ideal fo{ .mlc~r Interface 

• SN74LS645-1 reted at l'Ol = 48 mA 

Description Function Table 
These octal bus transceivers are designed for asynchronous 
two-way c()mmu~icatiori between data buses, The con.trol func­
tion implementation minimizes external timing requirements. 

The device allows data transmission from the A bus to the B bus 
or from the B bus to the A bus depending upon th!lloQ!c levela\ 
the direction control (DIR) input. The enable input (E) can be 
used todisabl!l the device so that the buses are effectively 
isolated. All ot th.e octal devices are packaged in the popular 
20-pin SKINNYDI~. .' 

Logic Symbol 

ENABLE 
E 

L 
L 
H 

6451645-10cte1 Trenaceiver 

DI.RECTION 
CONTROL 

DIR 

L 
H 
X 

POLARITY POWER 

Non-
invert 

LS 

, 

OPERATION 

B data to A bus 
AdatatoB bus 

Isolated 

12-,:t it 



SN54/74LS645 SN74LS645·1 

A .... lute Maximum Ratings 

~~~I~~~~;e. :~~. : : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : ::: : : : :: : : :: : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : :: : : : : : : : : : :: : : : : : :: ;~ 
Off-state output voltage ........................................................................................... 5.5V 
Storage temperature .................................................................................... -65· to +150·e 

Operating Conditions 
. 

PARAMETER 
MILITARY 

SYMBOL 
MIN TYP M~ 

Vee StJpply voltage 4.5 .5 5.5 

TA Oper!lting free-air temperature -55 125 
." 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY 

MIN TYP MAX 

VIL low-level input voltage 0.5 

VIH High-level input voltage 2 

Vie Input clamp voltage Vee - MIN. II = -18mA -1.5 

Hysteresis (VT + -VT J A or B Vee = MIN 0.1 0.4 

III low-level input current Vee = MAX. VI - O.4V -0.4 

IIH High-level input current Vee = MAX. VI = 2.7V 20 

II Maximum input current Vee = MAX. VI = 5.5V 0.1 

Vee = MIN. IOl = 12mA 0.25 0.4 

VOL low-level output voltage Vil = MAX. IOl =' 24mA 

VIH = 2V IOl = 48mAt 

Vce = MIN. IOH = -3mA 2.4 3.4 

VOH High-level output voltage Vil = MAX. 10H - -12mA 2 

VIH = 2V IOH = -15mA 

IOZl Vce = MAX. Vo = O.4V -400 
Off-state output current Vil = MAX. 

10ZH VIH = 2V Vo = 2.7V 20 

lOS Output short-circuit current * Vee - MAX -40 -225 

Outputs 
48 70 High 

lee Supply Outputs 
Vce, = MAX. Outputs open 62 90 Current low 

Outputs 
64 95 

Disabled 

* Not more than one output should be shorted at a tome and duration of the short-circuit should not exceed one second. 
tThls specification applies only to the SN74LS645-1. 

Switching Characteristics VCC = 5V, TA = 25·C 

SYMBOL PARAMETER 
TEST CONDITIONS A TO B DIRECTION 

(See Interface Test loIIdlWaveJDrIIIS) MIN TYP MAX 

tplH f 8 15 

tpHl 
Data to Output delay 

! 11 15 

tpZl 
el" 45pF Rl = 6670 

31 40 

tpZH 
Output Enable delay 

26 40 

tpLZ 15 25 

tpHZ 
Output Disable delay Cl = 5pF Rl = 6670 

15 25 

12·12 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

0 75 ·e 

COMMERCIAL 

MIN TYP MAX 
UNIT 

0.6 V 

2 V 

-1.5 V 

0.2 0.4 V 

-0.4 mA 

20 IlA 

0.1 mA 

0.25 0.4 

0.35 0.5 V 

0.4 0.5 

2.4 3.4 
V 

2 

-400 IlA 

20 p.A 

-40 -225 mA 

48 70 

62 90 mA 

64 95 

B TO A DIRECTION 
UNIT 'NUN TYP MAX 

8 15 ns 

11 15 ns 

31 40 ns 

26 40 ns 

15 25 ns 

15 25 ns 



Octal Registers 
With Master Reset and Clock Enable 
SN54/74LS273 SN54/74LS377 

Features 
• 2D-Pln Skinny DIP'" Saves Space 
• 8 Bits Matches Byte Boundaries 
• Ideal for MI~roprogram Instruction Registers 
• Ideal for Microprocessor Interface 
• Suitable for Pipeline Data Registers 
• Useful in Timing, Sequencing, and Control Circuits 
• 3 LS273s May Replace 4 LS174s 
• 3 LS377s May Replace 4 LS378s 

Description 
These octal registers contain 8 D-type flip-flops and feature very 
low ICC (17 mA typ). The LS273 register is loaded on the rising 
edge of the clock (CK) and asynchronously cleared whenever 
the master reset line, MR, is low. The LS377 register is loaded on ' 
the rising edge of the clock provided that the clock enable line, 
Ci<'"'EN,islow. 

Ordering Information 

PART 
NUMBER 

SN54LS273 
SN74LS273 

SN54LS377 
SN74LS377 

Logic Symbols 

PKG TEMP 

.J,F, mil 
N,J com 

J,F mil 
N,J com 

Octal Register 
with Master Reset 

LS273 

SKINNYOIP'" is a trad.elTlark of Monolithic Memories 

Non­

inv~rt 

$ I ...( 

Function Table '. L$273 
INPUTS ". 

CLEAF! CLOCK D 

L X K 
H i H 
H r L 
H L X 

Function Table LS377 

CKEN 

H 
L 
L 
X 

INPUTS 
CLOCK DATA 

X X 
i H 
i L 
L X 

Octal .Regl~r . 
. with CI~ Enabk! '. 

LS377 

OUTPUT 
.. Q 

L 
H 
L 

00 

OUTPUT 
Q 

00 
H 

. '. L 
00' 

, 



SN54/74LS273 SN54/74LS377 

Absolute Maximum Ratings 

~U:~I~~::J.e:).;~~.:: :::::::::::::: :::::::::::::::::::::: :.:~::: :::::;:.:.~::::::::::::: :~: ::.::::::: ::::.::::::::::::" ;~ 
Off-state output voltage ................................ , ..............•.... '.'. . . . . . . . . . . . . • . . . . . . . . .. . . . . . . . . . . . . . . •. 5.5V 
Storage temperature ........................................• :' .....•.....•. ; ;. : . . . . . . . • . . . . . . . . . . . . . . . . .. -65· to + 150· C 

Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
MILITARY COMMERCIAL 

UNiT 
MIN TYP MAX MIN TYP MAX 

VCC Supply' voltage . 4.5 5 5.p 4.75 5 5.25. V 

Width of Clock/Master Reset 
High 20 20 

tw ns 
Low 20 20 

Data input 201 .' 201 

Reset inactive state (,LS273 6nly) 251 251 

tsu Setup time 
Clock enable active state 

(,L5377 only) 
251 251 ns 

Clock enable inactive state 

(,L5377 only) 
101 101 

Hold time 
Data input 51 51 

th 
Clock enable (,LS377 only) 

ns 
51 51 

TA Operating free· air temperature -55 125 0 75 ·C 

UThe arrow indicates the transition of the clockl~nable input ,used for reference. f for ,the low-to-high transition, I for the high-to-Iow transition. 

Electrica. Characteristics. Over Operating Conditions 

" MILITARY COMMERCIAL 
SYMBOL PARAMETEA TEST CONDITIONS MIN TYP MAX MIN TYP. MAX UNIT 

VIL Low-Ieliel input vpJtage 0.7 0.8 V 

VIH High-level input v()ltage 2 2 V 

VIC Input clamp voltage VCC - MIN II - -18mA -1.5 -1.5 V 

IlL Low-level input current VCC - MAX VI - 0.4V -0.4 -0.4 mA 

IIH . High-Ieilel input current VCC = MAX VI = 2.7V 20 20 pA 

II Maximum input current VCC = MAX VI -7V 0.1 0.1 mA 

VCC = MIN 10L =4mA 0.25 0.4 0.25 0.4 
VOL Low-leveloutpi:Jtvoltag.e' VIL = MAX V 

VIH = 2V 10L =8mA 0.35 0.5 

':. .. VCC = MIN 
r VOH. High-level output voltage. ViL = MAX 10H = -4OOpA 2.5 3.4 2.7 3.4 

' .. / i VIH = 2V 

lOS Output short'clreuit current ~ Ycc = MAX -20 -100 -20 

SUPPIYc~~r~n!.f 'VCC = MAX LS273 "--. 17 27 17 
·ICC 

, Outputs open L5377 17 28 17 
*Not more than one output $l:lquld b6 shorted at a lome and durallon of the short-CirCUit should not exceed ·one second. 
tlee Is measured after flrsti:Jn'1:mSlfUlry ground,' aiiqthen 4.5V,is applied to clock, while the follollling otller input conditi'lnsare held: 

(a) fot the 'LS273 - 4.SV '0"".'" data. and rriaateNe~· Inputs. . 
(b) for the .'LS317 - ground .on 'ali'data and;clock'enable inputs. 

Switching Cha,act.rlsticstvcc=SV,TA =25·C 

'. 

SYMBOL 

tRl-H.·. 

tm~.: 
, .- '/ ~ 

12 .. 14 

", 

..... PARAMeiER 
TEST CONDITIONS 

(See Interface Teat LoedIWavefonns)· 

Maximvm Clock frequency 

CL = 15pF.Rl- :.~I<q .. " 

.. 

MIN 

30 

·,c ..• i:; 

LS273 LS377 
TYP MAX 'MIN TYP 

:40 30 40 

; 27 
" 

27 

V 

-100 mA 

27 
mA 

28 

MAX 
UNIT 

MHz 

27 ns 

27 ns 



Octal Latches, Octal Registers 
SN54/74LS373 SN54/74S373 
SN54/74LS374 SN54/74S374 

Features/Benefits 
• 3"state outputs drive. bus linel! 

• 20-pin SKINNYDIP® saves space 

• 8 bits matches byte boundaries 

• HysteresiS improves noise margin 

• Low current PNP inputs reduce loading 

• Ideal for microprocessor interface 

Description 
The latch passes eight (octal) bits of data from the inputs (0) to 
the outputs (O)when the gate (G) is high. The data is "latched" 
when the gate (G) goes low. The register loads eight (octal) bits 
of i nputdata and passes it to the output on the "rising edge" of the 
clock, 

The three-state outputs are active when OE is low, aria high-

Function Tables 
373 Octal Latch 

OE G 0 Q 

L H H H 
L H L L 
L L X 00 
H X X Z 

Logic Symbols 
373 Octal Latch 

Ordering Information 

PART' 
PKG TEMP POLARITY TYPE POWER 

NUMBER 

SN54LS373 J,F mil 
Latch 

SN74LS373 N,J com 
LS 

SN54LS374 J,F mil Register 
SN74LS374 N,J com Non-

SN54S373 J,F mil invert 
Latch 

SN74S373 N,J com 
S 

SN54S374 J,F mil Register 
SN74S374 N,J com 
." 

impedance when OE is high. Schmitt-trigger buffers at the 
gatEi/clock inputs. improve system' noise margin by providing 
typically 400 mV of hysteresis. 

All of· the octal devices are packaQEld in the popular 20-pin 
SKINNYDIF'®. 

.. ' 374 Octal Regl,ter .' 

OJ: . CK 0 Q 

L i H H 
L i L '.' L 
L L X 00 
H X X Z 

374 Octal Register 

1165 East Arques Avenue, Sunnyvllle, CA 940116 . Tel: (408) 139-3535 TWX: 910-339-9229 
IIIIonollthID.I!;T! ..•. n. 
Memories Ift.In.LI 
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SN54/74LS373 SN54/74LS374 

Absolute Maximum Aai.ri". 
Supply Voltage. vee .......................... ; ............ " ;''if. ;, ...• ' .. ;:~ ,'.t ............ : .. , . . • . . . . ....... :,; ........ 7V 
Input Voltage ................................ :'. ... : .. '; .. :,.' ....... >; .. ::,:": ... : ................. : ................ :.... 7V 
Off-state output voltage ....................... . t . .. 't . . . . " . i: .... ; ': .•.... ',: .. ' ...... : ... '.' .. : ... : .,. • .... 5,5V 
Storage temperature .............................................. .': ...................................... -65° to +t500e 

Operating Conditions . ,,:.," "s .!., :_ ,",C' •• "'.' 

SYMBOl: . <'I'P ., 
," P~RAMETER·, 

MILITARY COMMERCIAL 
UNIT 

'." ",,"" ., I 
' , MIN TVP MAx MIN TYP MAx 

~, " 

Vee: Supply voltage 4.5 5 5.5 4,75 5 5.25 v 
" 

TA Operating free air temperature. 
,.' " ; -55 125 0 75 o,C 

tw WiQth of Clock/Gate 1 High 15 15 

I Low 15 15 
ns 

" , " 

tsu Setup time I 01 201 ns 

th Hold time ,- 101 01 ns .. 

Electrical CharaCteristics 'Ov";Oper8UngCo;;dltlons 

SYMBOL PARA~~TER TEST CONDITIONS 
MILITARY COMMERCIAL 

UNIT 
. ,- 'f MIN TVP MAX . MIN TVP MAX 

VIL LOw"level input voltage ,'; ',' . 0.7" 0:8 V 

VIH High-level input voltage' '\ ' .. . , 
2 2 V 

Vie Il)put clamp voltage ,. Vce "'. MIN II = -18inA -1.5 -1.5 V 

IlL Low-level input current Vee" MAX VI = OAV, -0.4 -0.4 mA 
IIH High-level input current Vee = MAX VI = 2.7V 20 20 /lA 
II Maximum input current Vee = MAX VI -7V 0.1 1;>.1 mA 

Vee = MIN .' ',,,," 

10L = 12mA 0.25 0,4 0.25 0.4 
VOL Low-level blJfputvoIfi!ge ,. I., 

\Ill. = MAX V 

VIH = 2V 10L = 24mA 0.35 0.5 

VCC" MIN 
... 

10H = -1mA 2.4 3.4 
VOH High-level output voltage VIL = MAX V 

VIH = 2V 10H = -2.6mA 2.4 3.1 

10ZL Vee = MAX Vo = 0.4V' -20 -20 /lA 
Off-state output current VIL = MAX 

10ZH VIH = 2V Vo = 2.7V 20 20 /lA, 

lOS Output short-circuit clU"renr* Vee = MAX -30 .... 130 -30 -130 mA 
"., ~ , 

Vce = MAX LS373 24 40 24 40 
lee Supply Gurrent mA 

. Outputs' open LS374 , • 27 40 27 40 
* Not more than one output, should' be ,shorted at a "~e and duratIon of the short-CIrcUIt should not exceed o~lIecOnd. , 

Switching Ctiarcteristlcs vee = 5 V. T A = 25°C 
.~, , - ~. 'd 

SYMBOL 

12·16 

~,,,.,,,.~ : .' l" 

Data to-OUtpuldelay 
ie' '0; 

"J ". .'~ , i . {, 

Cloc~fn:~~le(to output delay", 
'lo"v,J !" ... 

TEST CONDITIONS 

• .",. >',<~ .• '. ".'~.·ThO '," 

CL = 5pF RL = 6670 

1:.$373 
MINTYP MAX 

112 18 
. 12;- 18 

LS374 
.-..I":'1'YP MAX 

35, 50 

i " ", 

UNIT 

MHz 
ns 

ns 
'20 30 :. I 15 28 ris 

·,'18 30 •. ,19 28 ns 

25 36 21, 28 ns 

15 28' .: 20 28 ns 

15 ~5' 14 ,. 25 " W!; 

12 20 12 20 ns 
,,~;;'. , ... ,,'/ ....... :'. "'i:' ,0' 



SN54:174S~73:' SNI4/74$374. 

Absolute Maximum Ratings 

~U:~I~~~~~;e., .~~?.:::::::::::::::::::::::::::::~:::: >::: ::::::::::::: ...... :::::::::::: .. ">~: :::':': ::'::: ::: ::>5;~~ 
~t~-r~~!et~~~~r~~~:!a~~.: ::::::::::::::::::::::::::::::: ... ::: ~:: ::::: ...... :: ... :::: : :":: :'::::~>:':: :::::? ~6b~~~~~;1S~~6 

~j,>' > • ,. 

Operating Conditions 
.' '. '(" ~ MILITARY ,.' ; CGMMERCIAL 4~iT;: SYMBOL PARAMETER TEST ,CONDITIONS 

MIN TYP MAX MIN TYP'j"MAX "·S.: 

Vee Supply vOltag~ 4.5 5 5.5 4.75 "'5"; "5.'25' V 

TA Operating free air temperature .' -55 125 .6'" " ,i', e75", °C 
High " ' 

6 6., ~--"-tw Width of Clock/Gate ,".' "'n!!', 
low ·.c· .. ' 7,3 7,3 , 
·5373 01 'or' 

',", .. '" 

tsu Set up time '. ns 
, 5374 51 ' '" '51 ,', "'1" • , 

5373 101 "'. .101 ns th Hold time 
S374 21 

'''. ' ' 
,21 

Electrical Characteristics Over OperatingCondHions 
• 0 

MILITARY COMMERCIAL' , ,,' . 

SYMBOL . PARAMETER TEST,CONDITIONS .,MIN'· TYP ~A,j( MIN . TV~' MAX . UNIT 
, ... 

Vil Low-level input )foltage .' .. [1,,-:, 0.8· :p.8 V 

VIH ", High,levelinput VOltage '. 2"',:,' , '2 ,), .' V 
Vfe Input clamp voltagec .,' Nee=MIN. II = -18mA -1.2 -1.2 V 

ill low-level input~urrent ", V.ee - MAX VI = 0.5V, . • 'f' .. , ... 0.25 _"'- ..,0.25·' -rnA 
IIH High-level input current Vee - M~X VI =··2,7V 'so so J1.A 
II Maximum input current Vee - MAX VI - 5.5V 1 .2 ." ,"i '" mAc' 

Vee = MIN 
<,~, -

. low~leveroutp~t voltage 
. , 

Val .~~": 
0.8V IOL = 20mA , ., (t5 0,5 V 
2V (" . 

" 

Vee ;= MIN, 10H= -2mA 2.4 3.4 
VOH High-level output voltage V,l = 0.8V V 

~IH = 2V IOH = -6:SmA 2.4 3',1 

10Zl 
" .. 

Vee - MAX VO= O.SV 
ii. , , ",...,' ':'50' .1, : -so J1.A 

Off-state output current V,L = 0.8V 
10ZH V,H Vo = 2.4V SO 

' .:'," \ SO 
(: pA \.' 

I~· 
= 2V 

'. " 'i •• ,,' ',' 

lOS Output short-circllif current* Vee = MAX -4(l" .~":lilo -40: -100 mA 

Supply Cl:\'rent j 
.... "!,,, Vee = MAX S373 ······'··1;OS 160 / ,qs 160 

mA ICC Outputs open S374 ''$0' '140 '90. 140 -. 
* Not more than one out ufsh' u :be shorted at Ii time and duration of the short-circuit should not exceed O(l P QI<;t second. " , 

Switching Cftaracteristlcs'ycc = 5 y. TA = 25°C 

SYMBOL 
TEST CONDITIONS 

(See lriterlace Teot LoacIlWlIVlIforml) 

,sa7,3! 8a74 
MIN1lY)) MAXMIN.'ty" MAX UNIT 

Maximuri1:elock frequ~ncy ~ . 

Data t60l,ltp{J~.delay 
" 

"·7 14 '!J:~' 8 lS ns " 

elockf~~bi~ fo output deia~: r 
CL = lSpF Rl = 2eon 

':7 " '12 . ~'i ns 

1~... 18 ::.1 .. 11:1 17 ns 
? • ,! 

tpZH . 8- '1-S"" .... 8 15 ns 

6 9 S 9 ns 

'J 



Octal Latches, Octal'Regitlters 
With Inverting Outputs 
SN54/74LS533 SN54/74S533 
SN54/74LS534 SN54/74S534 

Featuresllenefits 
• Inverting outpul$ 

• 3-state outpul$ drive bus lines 

• 2O"pin SKINNYDIf'® saVes space 

• 8 bits matches byte boundaries 

• Hysteresis Improves noise margin 

• Low current PNP Inputs reduce loading 

• Ideal for microprocessor interlace 

• Pin-cornpatible with SN54174LS37314 ~ can be direct 
replacement when bus polarity must be changed 

Description 
In addition t.o the standard Sand LSlatches, and registers, 
Monolithic Memories . provides inverting outputs instead of non­
inverting outputs. The inverting outputs are intended for bus 
applications that require inversion an in interfacing the Am2901A 
4-Bit Slice to an assertive-low bus. 

The latch passes eight (octal) bits of data from the inputs (D) to 
the outputs (Q) when the gate (G) is high. The data is "latched" 

Function Tables 
533 Octal Latch (Inverting) 

OE G 0 Q 

L H H L 
L H L H 
L L X QO 
H X X Z 

Logic Symbols 
533 Octal· Latch (Inverting) 

Ordering'lnformaition 

PART 
PKG TEMP POLARITY TYPE POWER 

NUMBER 

54LSS33 J,F mil 
Latch 

74LSS33 N,J com 
LS 

54LS534 J,F mil Register 
74LS534 N,J com 

Invert 
548533 J,F mil Latch 
74S533 N,J com 

S 
54S534 J,F mil Register 
748534 N,J com 

when the gate (G) goes low. The register loads eight (octal) bits 
of input data and passesitto the output on the "rising edge" of the 
clock. 

The three-state outputs are active whenOE is low, and high­
impedance when OE is high. Schmitt-trigger buffers at the 
gate/clock inputs improve system noise margin by providing 
typically 400 mV of hysteresis. 

All of the octal. devices are packaged in the popular 20-pin 
SKINNYDIP®. 

534 Octal Register (Inverting) 

OE CK 0 Q 

L i H L 
L I L H 
L L X QO 
H X X Z 

534 Octal Register (Inverting) 

1165 East ArquesAvenue, Sunnyvale, CA 94086 Tel: (408)739-3535 TWX: 910-339-922&' 

12 .. 18 

lIloDolithlc mT!n 
Memories InJrW 



SN54/74LS533 SN54/74LS534 

Absolute Maximum Ratings 
Supply Voltage, vee ............................................................................................. " .. 7V 
Input Voltage ...............................................................................................•.... 7V 
Off-state output voltage ............................................................ , .................... " ........... S.5V 
Storage temperature ............................................................. , ...................... ' _65° to' +150~C 

Operating Conditions 
" e' 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN TYP M~ MIN TYP MAX 

Vce Supply voltage 4.5 5 5.5 4.75 5 ~.25 'v 

Width' of Clock/Gate 
High 15, :. 15 

tw ;ns 
Low 15 15 

LS533 01 01 ns 
tsu Set up time 

LS534 201 201 

LS533 101 01 
th Hold time ·ns 

LS534 QI "'. 01 

TA Ope~ating free air terllperature . -55 125 0 .' 75 °e 
". " . 

Electrical Characteristics Over Operating Conditions 
.'" '~''''' 

'. , . 
TEST CONDITIONS 

MILITARY· .,CQMMERCIAL • 
UNIT SYMBOL. PARAMETER 

i' MIN TYP M~ .. MIN TYP MAX. 

VIL Low-level input yoltage tft 0.8' V "., 

VIH High;levelinput voltage 2 ":.:" 2 
;j' 

.' V 
VIC Input clamp vol~ge Vet = MIN II - -lI~mA -1.5 -1.5 V 

IlL Low-level inputcurrent Vee = MAX VI =0.4V ;.0.4 I' -0;4 mA 

IIH High-level input current Vee = MAX VI = 2.7V 20 20 /.fA 

II " MaximulTJ input current Vee" MAX VI = 7V 'r 0;1 " ;," .,0.1, rnA 
Vee- MIN 

iOt = 12mA 
" 

0,:4 ,0.25 ' 0.4 0.2~ 
VOL Low-level output voltage VIL MAX .'y 

VIH = 2V I.aL - 24mA 0:35 0.5 

'Vee = MIN, IOH '", 
":lmA 2.4 3.4 

'ii,,' 

" 

VOH High-level output voltage Vlt = MAX V 
VIH = 2V IOH = -2,6mA, 2,4 3.1 

10ZL Vec,''" MAX Vo fn.4V' -:29 itA 
Off-state output current VIL ='MAX 

10ZH' )/IH = 2)/ Vo =2.7V 20 20 #A rg 
lOS Output shprt-circui!J;urrent *' Vee = MAX " -:00 --130 -30. ':-130 rnA 

Supply current 
; 

" Vce = .MAi' " ;f ~S533c' '," 36 48 ." . ,36 48 rnA ICC OutPLJts 9P~n ,L$5~, ';.7 .,48 .2,7"M 48 ", ~',.- ' , 

* Not more thim one output should be shorted al'a timi>:arid duration ol'the short"Circuit should noi exceed one second. .: 

Switching Characteristics vcc = 5V, TA = 25°C 

TEST CONDITIONS, 
',' (life Interf_,·TetH.OIIdIWavelorml, ; " SYMBOL ",.PARAMETER 

fMAX Maximum Clock frequency 

17 25 " AIS 

12 25 ';'ns 
tpLH 

1-';-:::":""-4' . Data to OlttPutdei.iI .. Y ..... 
IpHL '.' 

tPHL Cloc:~/Enablet~ 0lltput delay 
20. 35 l~" 3(l ,;:118 

is 35 15 30 inS 
25 36 . 21 30 ns 
17 30 20 30 ,ns 

tpZL 
I-t7-P=Z="H,--.,.j·· Olltput Enable delay 

" 
18, 2~ 18 " 29 ;,0$ 

, 16 24, 16 24 '<',OS' . 

", 
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t.SN54i74S533 SN54/74S534 

AbsOlute Maximum Ratings 
Supply Voltage, 'vcc ......... ': ............................................................................... , . , ... 7V 
input Voltage .. ,.; ................................................................................................. 5.5V 
Off-state output voltage ............ ; .. ; .......... ; ................... , ............................ :................ 5.5V 
StClr'age tem~rature .... ' ................................................................................. -65° to +150°C 

Operating Conditions 
,I·' .... " .'"1''''''''''''''''' 

SYMBOl,;' li:~ . "PARAMETER 
,',.... >..t rj\' .:",' i,,i;.,,·, 

MILITARY COMMERCIAl,; UNIT 
MIN TYP MAX MIN TYP MAX 

VCer" ''''Supp'ly vOlt~ge' ' .. ' 4,5 5 5.5 4,75 5 5.25 V 

Wldthpf CiocIYGat.e. 
High , 15 

tw ,. 
Low 15 ," 

15 
ns 

15 
, 

S533 01 
tsu Set.up time 

S534 5f 

01 ns 
5f 

"', S533 101 
it, Hold time 

S534 5f 

Of 
ns 

5f 

TA "Operating free air'temperatiJre .. ' -55 125 0 75 °c 

Electrica' Characteristics Over Operating Conditions , 

SYMBOI,;F:" ,. ::piRAMETE~ ,; 
., ' 

MILITARY COMMERCIAl,; , 
TEST CONDITIONS UNIT 

" :', ,''', .. :' ,;;,' MIN TYP MAX MIN TYP MAX 

VIL 'j ;'Low-levaiinput Voltage 0,8 0.8 V 
V ,., 
. IH High-Ieval input voltage 2 2 V 

VIC Input clamp voltage VCC= MIN, II ":-18mA -1.2 -1.2 V 

IlL Low-level input current VCC= MAX, VI - 0.5V -0.25 -0.25 mA 

IIH' High-level inpcrtcurrent 'VCC = MAX, VI = 2.7V 50 50 pA 

II 
.. 

Maxiinum inP4l currerit VCC" MAX, VI = 5.5V , 1 1 mA 

. 'VCC = MIN, 

VOL LOIN-level output voltage VIL = O.av, 10L 20mA 0,5 0.5 V 
·C.' VIH = 2V 

,,. .-
VCC .:. MIN, 

10H '='-2mA 2.4 3.4 
VOH High-level output voltage VIL O.av, v 

VIH ,- 2V 10H = -B.5mA 2.4 3.1 

10ZL VCC ;" MAX, Vo =, 0.5V -50 -50 pA 
Off-state output. current ,. VIL = a.av, 

,IOZH; VIH ='2V Vo = 2.4V 50 50 pA 

lOS Output sh,ort-cii'c,uit:current * ' . VCC: MAX -40 -,100 -40 -100 mA 
, '. . ~ -_ ... ' 

Vce= MAX, S533 105 160 105 160 
'ICC· . Supply .~a,lrrent ,: mA 

.', Outputs open 'S534 90 140 90 140 
~ ." . , .. ~. ,. . ",-.,' ., ,. .. " ,. ' , .... " "'" . " *Not ffloH!1han &routplJ! Sh6!l1d be shorted.at a time anll duralio~,oqhe s~o'rt-C"C~lt ,Should nOt exceed.one second, 

Switching Characteristics VCC = 5 V. TA = 25°C 

fMAX M!\)(j~um Clock frequency 

f-,.z.tp..;;L:;,;H,--~ .. Data to Output, delay. 
tpHI.: 

tPLH'" ,; 
r-.F::.l.--t ·CldowEflable·to output delay 

lpHL·; r ",:r 

tpLZ Oulput Disab~deiay . ; 
!PHZ .,. '., , b 

TES:r·CONDITIO.NS,· 
;,l:2,ISee Interf8ce T_t LoecIIWavetOrlMI ,h 

CL =, 15pF RL =,,.280n ." 

,; CL ~ 5pF i'lL = 2800, 

S533 
MIN TYP 

9 

5 

.12 

7 
11 

8 

8 
6 

S534 
UNIT 

MAX MIN :TYP MAx 

75 tOO MHz 

11! :.. ns 

16 ns 

22 11 20 ns 

20 8 18 'm; 
20 11 20 ns 

17 8 17 ns 

16 .7 . 16 flS 

13 5 13 flS 



Octal Latches, Octal Registers 
With 32mA Outputs 
SN74S531 SN74S532 

Features/Benefits 
• 32mA IOl 

• 3-state outputs drive bus lines 

• 2O-pln SKINNYD.IP® saves space 

• 8 bits matches byte boundaries 

• Hysteresis improves noise margin 

• low current PNP inputs reduce loading 

• Ideal. for microprocessor interface 

• Pin-<ompatible with SN74S37314- can be direct· 
replacement when high drive capability Is required 

Description 
In addition to the standard Sand LS latches and registers, 
Monolithic Men10ries provides increased output sink current 
(loll f~om the standard Schottky IOL of 20 mA to an improved 32 
rnA. 

The higherlOL is intended for upgrading systems which 
presently satisfy 32 mA requirements with SN54fl4365, 366, 367, 
368, hex buffers. 

Function Tables 
531 Octal Latch 

OE G 0 Q 

L H H H 
L H L L 
L L X 00 
H X X Z 

Logic Symbols 
531 Octsl Latch 

Ordering Information 

PART 
PKG TEMP POLARIT'" TYPE POWER 

NUMBER 

SN74S531 N,J com 
Non-

Latch 

invert 
S 

SN74S532 N,J com Register 

The latch passes eight (octal) bits of data from the inputs (0) to 
the outputs (0) when the gate (G) is high,,The data is "latched" 
when the gate (G) goes low. The register loadS eight (octal) bits. 
of input data and passes itto the outpLitdii me "rising edge" ofthe 
clock. 

The three-state outputs are active when OE is low, anclhigh~ 
impedance when OE is high. Schmitt-trigger buffers at the 
gate/clockinputs improve system noise margin by providing 
typically 400 rnV of hysteresis. 

All of the octal devices arepackagl!dinthepopular ~pin 
SKINNYDIP@. 

532 Octal Register 

OE CK 0 Q 

L i H H 
. L i L L 

L L X 00 
H X X Z 

532 Octal Register 



SN.74SS31. SN74S532 

Absolute Maximum Ratings 
Supply Voltage, vee ............................................... , .................................................. 7Y 
Input Voltage .................................................................... ; ........................ ; ........ 5.5V 
Off-state output voltage ........................................................................................... 5.5V 
Storage temperature ..................................................................................... _65° to +150° e 

Operating Conditions 

SYMBOL PARAMETER 
COMMERCIAL 

UNIT 
MIN TYP MAX 

Vcc Supply voltage 4.75 5 5.25 V 

TA Operating' free air temperature 0 75 ·c 

Width of Clock/Enable 
High 6 6 

tw Low 
ns 

7.3 7.3 

S531 01 01 
tsu Setup time 

S532 
ns 

51 51 

S531 101 '1bl 
th Hold time 

$532. 
ns 

21 21 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
COMMERCIAL 

UNIT 
MIN TYP MAX 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 
VIC Input clamp voltage VCC = MIN, II = -18mA -1.2 V 

IlL Low-level input current VCC - MAX, VI' -0.5V -0.25 mA 

IIH High-level input current Vee = MAX, VI = 2.7V 50 pA 

II Maximum input current VCC - MAX, VI = 5.5V 1 mA 

VCC = MIN, 

VOL Low-level output voltage VIL = O.av, 10L = 32mA 0.5 V 
ViH = 2V 

Vee = MIN, 

VaH . High-level output voltage VIL = O.av, 10H = -6.5mA 2.4 3.1 V 
VIH= 2V 

10ZL VCC = MAX, Vo = 0.5V -50 pA 
Off-state output current VIL = O.av, 

10ZH VIH =2V Vo = 2.4V 50 , p.A 
. 

lOS Output short-circuit current * VCC = MAX. -40 -100 mA 

ICC ·Su pply ,cur!l!nt VCC = MAX, S531 105 160 
mA 

Outputs open 8532 90 140 
*Not more than one o~t~.UtShou.ldbe sho~ed at a time and duratoon 01 the short-CIrcUIt should not exceed one second. 

SwHching Characteristics Vce = 5 V, TA = 25°C , . .. 
TEST CONDInONS .8531 S532 

SYMBOL PARAMETER , 
MIN TVI' MAX MIN .TVP MAX UNIT 

'~1 (See Interface Teel LoadlWavefonns) 

fMAX Maxim~rri· Clock frequency . 15 100 MHz 

tpLH 
Data to Output delay .. .' 

5 9 ns 

tpHL ' ~. 9 13 ns 

tpLH 
;. CL = 15pF RL = 2800 ';7 14 8 15 ns 

Clock/Enable to output delay. 
tpHL ;. :;. . .: . 1i 18 '11 17 ns 

tpZL '" 11 18 11 18 ns 
Output Enable delay" .. 

tpZH .'. . ....... 8 15 8 15 ns 

tpLZ CL = 5pF RL = 2800 
8 12 7 12 ns 

tpHZ 
Output Disable delay 

6 9 5 9 ns 



Octal Latches, Octal Registers 
With Inverting, 32 mA Outputs 
SN74S535 SN74S536 

Features/Benefits Ordering Information 
• Inverting outputs 

• 32mA IOl 
• 3-state outputs drive bus lines 

• 20-pin SKINNYDIP® saves space 

• 8 bits matches byte boundaries 

• Hysteresis improves noise margin 

• low current PNP inputs reduce loading 

• Ideal for microprocessor interface 

• Pin-compatible with SN74S533/4 -can be direct 
replacement when hi-drive capability is required 

Description 
In addition to the standard Sand lS latches and registers, 
Monolithic Memories provides increased output sink current 
(loll from the standard Schottky IOl of 20 mA to an improved 
32 mA, also inverting outputs instead of the standard non­
inverting outputs. 

The higher IOl is intended for upgrading systems which 

Function Tables 
535 Octal Latch (Inverting) 

OE G D Q 

l H H l 
l H l H 
l l X 00 
H X X Z 

Logic Symbols 
535 Octal Latch (Inverting) 

PART 
PKG TEMP 

NUMBER 
POLARITY TYPE POWER 

SN74S535 N,J com latch 
Invert S 

SN74S536 N,J com Register 

presently satisfy 32 mA requirements with SN54/74365, 366,367, 
368, hex buffers., The inverting outputs are intended for bus 
applications that require inversion as in interfacing the Am2901A 
4-Bit Slice to an active low bus. 

The latch passes eight (octal) bits of data from the inputs (0) to 
the outputs (0) when the gate (G) is high. The data is "latched" 
when the gate (G) goes ,low. The register loads,eight(octal) bits 
ofinput data and passes ilto the outputon the "risil')g edge" olthe 
clock. 

The three-state outputs are active when OE is low, and high­
impedance when OE is high. Schmitt-trigger buffers at the 
gate/clock inputs improve system noise margin by providing 
typically 400 mV of hysteresis. 

All of the' octal devices are packaged in the popular 20-pin 
SKINNYDIf'®. 

536 Octal Register (Inverting) 

OE CK D Q 

l i H l 
l i l H 
l l X 00 
H X X Z 

536 Octal Register (Inverting) 
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SN14S535 SN74S536 
'!':", ' 

Absolute Maximum Ratings, , 
Supply Voltage. vee .....•......................................................................................... 7V 
Input Voltage ........................................................ " • . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. 5.5V 
Off-state output voltage ..........................................•........... , ......... ' .•.... , .. ', .. ; ....... , . . . • .. 5.5V 
Storage temperature ............... , .... , ....•............................................... , ... , ...... _65· to +150·C 

Op8ratlng"'Conditions 
,", ' COMMERCIAL 

SYMBOL PARAlliETER 
MIN TYP MAX 

UNIT 

'", 
Vee Supply voltage 4.75 5 5.25 V 

TA " Operating free, air temperature 0 75 ·C 

Width of Clock/Enable 
High 6 6 

t ns w Low 7.3 7.3 

8535 01 01 
tsu Setup time 

S536 
ns 

51 51 

8535 101 101 
th Hold time 

8536 
ns 

51 21 
, . 

Electrical Maximum Ratings Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 
COMMERCIAL 

UNIT 
MIN TYP -MAX 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

VIC Input clamp voltage VCC - MIN II - -18mA -1.2 V 

IlL Low-level input ciJrrent VCC - MAX VI = 0.5V -0.25 mA 

IIH High-level input current VCC- MAX VI - 2.7V 50 fJA 

II Maximum input current VCC - MAX VI = 5.5V 1 mA 

VCC = MIN 

VOL , Low-level output voltage VIL = O.BV IOL = 32mA 
" 

0.,5 V 

VIH = 2V 

VCC - MAX 

VOH High-level output VOltage VIL '= O.BV IOH = -6.5mA 2.4 3.1 V 

VIH = 2V 

IOZL VCC - MIN Vo = 0.5V -50 /lA 
Off-state output current VIL = O.SV 

IOZH VIH = 2V Vo = 2.4V 50 /lA 

\,;r lOS Output short-circuit current *' VCC -40 -100 mA 

ICC Supply current VCC = MAX S535 105 160 
mA 

Outputs open S536 " 90 140 
*Not more than one output should be shorted at a tIme and .duratlon of the short-<:"cult should not exceed one !'Bcond, 

SWitching Charcteristics v cc = 5 v, T A = 25·C 

SYMBOL ,PARAMETER 
TEST CONDITIONS S535 S536 

UNIT 
(See Interface Test LoedlWaveformlj MIN TYP . .MAX MIN :TYP MAX 

fMAX Maximum Cloc~ frequency " 75 : 100 MHz 

tpLH 
Data t6,Outputdeiay 

, " ." 9 18 ns 

tpHL 5 1'6, ns 
tpLH 

Clock/Enable to owput delay 
CL = 15pF RL = 2son ,12 . 22 11 20 ns 

tpHL 7 20 8 18 ns 

tpZL 11 20 :' 11 20 ns 

tpZH 
OutptltEnable delay 

8 17 8 17 ns 

tpLZ 
Output Disable delay RL = 2800 

8 16 7 16 ns 

tpHZ 
CL = 5pF 

6 13 5 13 ns 
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Test Load 

Test Waveforms 

Interface Test Load/Waveforms 

TEST 
POINT 

F~~~E~~T:S~T ---.r-----+--IKI---..--CyS1 ~5V 

CL RO 

(See Note AI (See Note C) '------...... --cT 

TIMING Note C) 

INPUT -------'4---------0V 

~--------------3V 

'--------oV 

HI~~-C:~EL ______ 8VTtW VT ..._----

LOW-LEVEL VT VT 
PULSE 

DATA 
INPUT ____ _ 

,_-I--~--t------3V 

SETUP AND HOLD 

~----~--------3V 

INPUT 

'-------oV 

IN-PHASE 

OUTPUT 
CONTROL 
(Low-level 
enabling) 

PULSE WIDTH 

,_----3V 

'----------~.,-+------oV 

OUTPUT _____ +--' 
'------VOL 

WAVEFORM 1 
(See Note D) 

OUT OF PHASE 
OUTPUT 

(See Note G) 

~-------VOH 

WAVEFORM 2 
(See Note D) 51 open 52 closed 

PROPAGATION DELAY ENABLE AND DISABLE 

NOTES: A. C L includes probe and Jig capacitance 

B. All diodes are 1N916 or 1N3064. 

C. For Series 54/74S, RO =lK, VT =1.5V. 

For Series 54/74LS, RO = 5K, VT = 1.3Vexcepting 54/74LS31O. 340. 341 344 

For Series 54/74LS310. 340, 341. 344 RO = 5K, VT = VT+ = 1.7V for low to high inputtransition. 

For Series 54/74LS310, 340, 341,344 RO =5K. "'r = 'T- = 0.9V for high to low inputtransition. 

O. Waveform 1 is for an output with internal conditions such that the output is low except when 
disabled by the output control. 

Waveform 2 is for an output with internal conditions such that the output is high except when 
disabled by the output control. 

E. In the examples above, the phase relationships between inputs and outputs have been 
chosen arbitrarily. 

F. All input pulses are supplied by generators having the following characteristics: PAR 

:51 MHz, Zout =5011and: 

For Series 54/74S,tR :5 2.5 ns. 'F :5 2.5 ns. 

For Series 54/74LS and PALs, tR :5t5ns. tF :56 ns 

G When measuring propagation delay times of 3-state outputs, switches 81 and 82 are closed. 

1.SV 

82 closed 
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Leadless Chip Carrier 

Features Applications 
• 2o-pln hennetlcally sealed three layer base with a gold lid • Heavy military demand 

and gold-tin brazed seal 
• Automotive 

• JEDEC outline leadless type B 
• Telecommunications 

• 50 MIL center spacing 
• Computer mainframe 

• 75 MIL maximum package thickness 
• Increased hybrid market demand 

• MIL-STD-883 Level B 
• VLSI technologies 

• Eutectic die attach 
• Data processing systems 

Benefits 
• Uses less space 

• Weight reduction 
• Reduced lead resistance, capacitance and inductance, 

thereby, enhancing parameter perfonnance 

• Reduces system cost • Improved thennal resistance 

Programmable Array Logic 
PART NUMBER DESCRIPTION 

PAL 10H8ML883B Octal 10 Input And-Or Gate Array 
PAL 12H6ML883B Hex 12 Input And-Or Gate Array 
PAL 14H4ML883B Quad 14 Input And-Or Gate Array 
PAL 16H2ML883B Dual 16 Input And-Or Gate Array 
PAL 16C1 ML883B 16 Input And-Or/ And-Or-Invert Gate Array 
PAL 10L8ML883B Octal 10 Input And-Or-Invert Gate Array 
PAL 12L6ML883B Hex 12 Input And-Or-Invert Gate Array 
PAL 14L4ML883B Quad 14 Input And-Or-Invert Gate Array 
PAL 16L2ML883B Dual 16 Input And-Or-Invert Gate Array 
PAL 16L8ML883B Octal 16 Input And-Or-Invert Gate Array 
PAL 16R8ML883B Octal 16 Input Registered And-Or Gate Array 
PAL 16R6ML883B Hex 16 Input Registered And-Or Gate Array 
PAL16R4ML883B Quad 16 Input Registered And-Or Gate Array 

Octal Interface 

PART NUMBER 1 FUNCTION POLARITY POWER 

SN54LS240L883B Octal Buffer Invert LS 
SN54LS241 L883B Octal Buffer Non-Invert LS 
SN54LS244L883B Octal Buffer Non-Invert LS 
SN54S240L883B Octal Buffer Invert S 
SN54S241 L883B Octal Buffer Non-Invert S 
SN54S244L883B Octal Buffer Non-Invert S 
SN54LS373L883B Octal· Latch Non-Invert LS 
SN54LS374L883B Octal Register Non-Invert LS 
SN54S373L883B Octal Latch Non-Invert S 
SN54S374L883B Octal Register Non~lnvert S 
SN54LS245L883B Transceiver Non-Invert LS 
SN54LS273L883B Octal Register with clear LS 
SN54LS377L883B Octal Register with clock enable LS 

Bipolar PROM 

PART NUMBER2 ORGANIZATION 

5308-1 L883B 256x80C 
5309-1 L883B 256x8 TS 

NOTES: 
1. 54 = Military Temperature Range of -55 to +125'C 
2. 5 = MHitary Temperature Range of -55 to +125°C 
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I 

i Die 

Introduction 
The Monolithic Memories Incorporated "Classic Die" program is 
a quality oriented comprehensive approach designed to serve a 
constantly expanding, quality demanding hybrid market. 

We believe that quality and reliability are the natural results of 
our heavy emphasis in reliability at the design, in-producV 
process development and manufacturing stages. 

The total quality concept, enhanced by our "Classic Test" tight 
test die probe strategy combine to produce a selected die with 
higher end user yields. We guarantee performance to the data 
sheet parameters limits and conditions specified for each fully 
packaged product, to the percent tested under Electrical 
guaranteed. 

Testing 
All die are 100% probed at 25°C toa temperature correlated test 
program. Temperature simulation is accomplished via VCC 
variation and test limit guardband· for DC parameters and 
functional to the following temperature ranges: 

• Commercial = 0° to 75°C, i.e. 67401X 

• MHitary = 55° to +125°C, i.e. 57401X 

Packaged Product Electrical 
Guarantees: 
"Classic Test" die probe at 25°C guarantees the following 
packaged product yields, when tested to the electrical para­
meters and conditions listed in the Monolithic Memories LSI 
Data book. 

• 57401, LTPD 10 excluding assembly defects. 

• 57402, LTPD 10 excluding assembly defects. 

• 57558, L TPD 10 excluding assembly defects. 

AC parameters are guaranteed by design and periodical 
statistical sampling in accordance with MILcM-38510. 

Available Part Types 
PART NUMBER DESCRIPTION 

5/67558X 8x8 Multiplier 

5167401 X 64x4 FIFO 

5/67402X 64x5 FIFO 

Visual Inspection 
• 100% inspection to 20108 

• Silox Inspection 

• X150 High Magnification 

• Wafer saw completely through 

• No ink on die 

Physical Characteristics 
• All die are passivated 

• Aluminum metallization 

• May be assembled by industry standard die attach, lead bond 
and sealing teChniques for LSI 8i-Polar products. 

• 20 mils thick typically (with no gold backing) 

Quality> Control: lot Acceptance 
20108 Visual Inspection 

• .65 AQL for Commercial products lots 

• .4 AQL for Military products lots 

• Non-standard AQL'sare negotiable. 

NOTE: The visual criteria is guaranteed within the periphery of the bond pads 
unless otherwise negotiated. 

Traceability 
When specifically requested ... 

• Military to Fab production> run 

• Commercial to QA lot acceptance 

Packaging 
• Waffle pack; sized for the speCific product. 

• One waffle pack per plastic bag 

• Vacuum seal with dessicant 

• Moisture indicator 

• As a minimum, each waffle pack is labeled with: 

• Monolithic Memories' part number 
• Date indicating lot acceptance 

1165 East Arques Avenue, Sunnyvale,. CA 94086 Tel: (4011) 7:J9-3535 TWX: 91Q-339-9229 
I6Inollthlc m .. T!' .1. III.IIIOrl.s InJn.U 
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Die 

Handling 
No additional cleaning is required when handled under the 
specified controlled environments delineated by MIL-STD-882 
Method 2010. 

Other Capabilities 
When required, ttlefollo.wing options are available at additional 
cost, contact the factory. 

• SEM, Method '2018 . 

• Die lot qualification by sample 

• Wafer lot qualification 

• Fully documented custom flows 

• Programming 

Ordering Information 
• Monolithic Memories part number plus "X" in lieu of package 

letter designation 

• Please submit all applicable source control drawings, or 
documents· for review. 

• Specify aI/non-standard requirements. 

=_8 =-9 
-110 

vce 

=_11 

Configuration 

PADS = ~oo" • 100" 
GND and Vee PAD = 280" • 100" 

(DIE SIZE 179.162 mils) 

S8_= 
311-GND 

30 ,S9_= 
29 

220" 



T 
10571' 

~l 1001' 

-.l 

TT 
9401' 

~ ---. 
3601' 
--L 

Die 

Configurations 

1_11821'--11 .. 356"_11~ 1;48~11 .. 348~11.348~1 

.17 
SHIFT OUT 

(PIN l-NC) 

• INPUT 
2 READY 

ALL PADS EXCEPT GND AND VCC = 
1001' X 1001' 

(DIE SIZE 166 x 128 mils) 

MM157402G 
' ........ ,. 

• "M"'A"'ST'"E""R'RD;E"'S"'E""T 10 

1---11821'--11 .. 3561'.1 ~ 1 .. 348~11,,348~1 1,,348~ 1 

• 15 .14 • .13 .12 .11 .10 SHIFT OUT OUTPUT NC 00 01 02 03 READY 

• MASTER RESET 9 

16 ALL PADS EXCEPT GND AND VCC = 

Ivcc 
1001' x 1001' 

(DIE SIZE 166 x 128 mU.) 

(PIN l-NC) 

GNDI • INPUT 
2 READY 8 

MM157401G 
SHIFT IN NC TEST PADS (TYP) DO" Dl D2 D3 
• 3 • .......... u. 4 •••• 5 •• ••••••• 6.7 

15001' 

1'~ 
100" 

-'-

~I' 

T 
17201' 

1-t 
TT 3661' 

.-L 

r-600r11" -I ~ f--736I'~ ~ 3~1' 1501' 
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Definition of Terms and Waveforms 

Setup Time 
Setup time, tsu 
The time interval between the application of a signal that is 
maintained at a specified input terminal and a consecutive ac­
tive transition at another specified input terminal. 

NOTES: 1. The setup time is the actual time between two 
events and may be insufficient to accomplish the 
setup. A minimum value is specified that is the 
shortest interval for which correct operation of the 
logic element is guaranteed. 

2. ' The setup time may have a negative value in which 
case the minimum limit defines the longest interval 
(between the active transition and the app lication of 
the other signal) for which correct operation of the 
logic element is guaranteed. 

Voltage 
High-level input voltage, VIH 
An input voltage within the more positive (less negative) of the 
two ranges of values used to represent the binary variables. 

NOTE: ,A minimum is specified that is the least positive value of 
high-level voltage for which operation of the logic ele­
ment within specification limits is guaranteed. 

High-level output voltage, VOH 

The voltage at an output terminal with input conditions applied 
that according to the product specification will establish a high 
level at the output. 

Input clamp voltage, VIC 

An input voltage in a region of relatively low differential resis­
tance that serves to limit the input voltage swing. 

Low-Ievel'input voltage, VIL 

An input voltage level within the less positive (more negative) of 
the two ranges of values used to represent the binary variables. 

NOTE: A maximum is specified that is the most positive value of 
low-level input voltage for which operation of the logic 
element within specification limits is guaranteed. 

Low-level output voltage, VOL 
The voltage at an output terminal with input conditions applied 
that according to the product specification will establish a low 
level at the output. 

Negative-going threshold voltage, VT 

The voltage level at a transition-operated input that causes op­
eration of the logic element according to specification as the 
input voltage falls from a level above the positive-going 
threshold voltage, VT +. 
Positive-going threshold voltage, VT + 
The voltage level at a transition-operated input that causes op­
eration of the logic, element according to specification as the 
input voltage rises from a leve.! below the negative-going 
threshold voltage, VT-. 

15·2 

Truth Table Explanations 

H high level (steady-state) 

L low level (steady-state) 

t transition from low to high level 

J, transition from high to low level 

X irrelevant (any input, including transitions) 

Z off (high-impedance) state of a 3-state output 

a .. h the level of steady-state inputs at inputs A through 
H respectively 

QO level of Q before the indicated steady-state input 
conditions were established 

'00 complement of QO or level of Q before the indicated 
steady-state input conditions were established 

Qn level of Q before the most recent active transition 
indicated by J, or i 

If, in the input columns, a row contains only the symbols H, L, 
and/or X, this means the indicated output is valid whenever the 
input configuration is achieved and regardless of the sequence 
in which it is achieved. The output persists so long as the input 
configuration is maintained. 

If, in the input columns, a row contains H, L, and/or X together 
with i and/or L this means the output is valid whenever the input 
configuration is achieved but the transition(s) must occur follow­
ing the achievement of the steady-state levels. If the output is 
shown as a level (H, L, QO, or (0), it persists so long as the 
steady-state input levels and the levels that terminate indicated 
transitions are maintained. Unless otherwise indicated, input 
transitions in the opposite direction to those shown have no 
effect at the output. 



Definition of Terms and Waveforms 

Clock Frequency 
Maximum clock frequency, fmax 
The highest rate at which the clock input of a bistable circuit can 
be driven through its required sequence while maintaining stable 
transitions of logic level at the output with input conditions es­
tablished that should cause changes of output logic level in ac­
cordance with .the specification. 

Current 
High-level input current, IIH 
The current into * an input when a high-level voltage is applied 
to that input. 
High-level output current, 10H 
The current into * an output with input conditions applied that 
according to the product specification will establish a high level 
at the output. 
High-level output current, ICEX 
The high-level leakage current of an open collector output. 

Low-level input current, IlL 
The current into * an input when a low-level voltage is applied to 
that input. 
Low-level output current, 10L 
The current into * an output with input conditions applied that 
according tothe product specification will establish a low level at 
the output. 
Off-state (high-impedance-state) output current (of a 
three-state output~ 10Z 
The current into * an output having three-state capability with 
input conditions applied that according to the product specifica­
tion will establish the high-impedance state at the output. 
Short-circuit output current, lOS 
The current into * an output when that output is short-circuited to 
ground (or other specified potential) with input conditions 
applied to establish the output logic level farthest from ground 
potential (or other specified potential). 
Supply current, ICC 
The current into * the VCC supply terminal of an integrated 
circuit. 

* Current out of a terminal is given as a negative value. 

Hold Time 
Hold time, th 
The interval during which a signal is retained at a specified input 
terminal after an active transition occurs at another specified 
input terminal. 
NOTES: 1. The hold time is the actual time between two 

. events and may be insufficient 'to accomplish the 
intended result. A minimum value is specified that 
is the shortestintervalfor.;which,correct operation 
of the logic element, is guaranteed. 

2. The hold time may havE! a negative valueinwhich 
case the minil:num limit defines the longest interval 
(between the release of data and the active transi" 
tion)forwhich correct pperationof thelogicefe-
ment is guaranteed. . . . 

Output Enable and DisabJe Time 
Output enable time (of a three-state output) to high level, 
tpZH (or low level, tPZL) 
The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to 
the defined high (or low) level. 
Output enable time (of a three-state output) to high or low 
level, tpzx 
The propagation delay· time between the specified reference 
points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to 
either of the defined active levels (high or low). 
Output disable time (of a three-state output) from high level, 
tpHZ (or low level, tPLZ) 
The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
three-state output changing from the defined high (or low) level 
to a high-impedance (off) state. 
Output disable time (of a three-state output) from high or 
low level, tpxz 
The propagation delay time between the specified reference 
points on the input and. output voltage waveforms with the 
three-state output changing from either of the defined active 
levels (high or low) toa high-impedance (off) state. 

tEA Is the output enable access time of memory devices. 
tER Is the output disable (enable recovery) time of memory 
devices. 

Propagation Time 
Propagation delay· time,. tpo 
The time between the specified reference points on the input 
and output voltage waveforms' with the output changing from 
one defined level (high or low) to the other defined level. 
Propagation delay time, low-to.-hlgh-Ievel output, tpLH 
The time between the specified reference points on the input 
and output voltage waveforms with the output changing from the 
defined low level to the defined high level. 
Propagation delay time, high-to-Iow-Ieveloutput, tpHL 
The time between the specified reference points on the input 
and output voltage waveforms with the output changing from the 
defined high level to the defined low level. 

tAA is the address (to output) access time of memory devices.1a 

Pulse Width 
Pulse width, tw 
The. time interval between specified reference points on the 
leading and trailing edges of the pulse waveform. 
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PROM/ROM Programming Input Format 

Programming Input Formats 
Monolithic Memories can· program your ROM or PROM from 
input data in any of several types: truth table, punched cards, 
paper tape or preprogrammed ROM or PROM. However, the 
preferred input data for PROMs is paper tape and for ROMs 
punched cards. 

Truth Table Inputs 
Devices are 'programmed at our facility from Monolithic 
Memories truth table forms (available on request). Forcustomers 
desiring to make their own forms, examples are shown below: 

4-BIT 
OUTPUT 

8-BIT 
OUTPUT 

OUTPUTS 
WORD PIN 10 11 12 13 

NUMBER 04 03 02 01 
o H H H L 

L H L H 

255 L H H 
OUTPUTS 

H 

WORD PIN 17 16 15 14 13 11 10 9 

NUMBER 08 07 06 05 04 03 02 D1 
o H H H L H L H H 

L H L H L H L H 

511 L H H H H H H L 

NOTE: A high voltage on the data out lines is signified by an 
"H." A low voltage on the data out lines is signified by an "L." 
The word number assumes positive logic on the address pins, 
so for example, word 1023 = HHHHHHHHHH'. 

Paper Tape Format Inputs 
Truth tables can also be sent Monolithic Memories in an ASCII 
tape in either a 7 or 8 level format. Send information air mail or 
TWX 910-339-9224. The tape reading equipment at Monolithic 
Memories only recognizes ASCII characters S, B, H, L, F and E 

interprets them respectively as Start, Begin a word, High data, 
Low data, Finish a word, and End of tape. All other characters 
such as carriage returns, line feeds, etc. are ignored so that 
comments and spaces may be sent in the data field to improve 
readability. Comments, however, should not use the characters 
S, B, H, L, F, E. Word addresses must begin with zero and count 
sequentially to word 31, 255, 511 or 1023 respectively. 
In order to assist the machine operator in determining where the 
heading information stops and the data field begins, 25 bell 
characters or rubout characters should precede the start of the 
truth table. Any type of 8 level paper tape '(mylar, fanfold, etc.) is 
acceptable. Channel 1 is the most significant bit and channel 8 
(parity) is ignored. Sprocket holes are located between channels 
3 and 4. Note that the order of the outputs between characters B 
and F is 04, 03, 02, 01, not 01, 02,03,04· 
A typical list of characters and their machine interpretations is 
shown below: 
4-BIT OUTPUT 

fj START OF TAPE END OF TAPE 1 
[

BEGIN DATA FIELD 

r DATA FIELD (H = HIGH VOLTAGE. L = LOW) 

r FINISHED DATA FIELD 

SB"'H-""H":""L-"'H F BHHHHF BHLLHF - _etc. BHLLLFE 

0 4 0 3 0 2 0 1 

WORD a 

a-SIT OUTPUT. 

WORD 1 WORD 2 WORD 255, 511 
or 1023 

fl[S:::~NO:A~::IELD END OF TAPE1 r DATA FIELD (H = HIGH VOLTAGE, L = LOW) 

rFINISHED DATA FIELD 

SB'"'HH""H""H.,!-L""'LL"'"'H""HF BHLHLHHLLF BLHLHLHLLF - - etc. BHHHHLLLLFE 

Os 01 

WORD a WORD 1 WORD 2 WORD 31, 255, 
511 or 1023 

The required heading information at the beginning of the tape is as follows: 

CUSTOMER'S NAME AND PHONE ____ --'-____ TRUTH TABLE NUMBER __________ _ 
CUSTOMER'S TWX NUMBER NUMBER OF TRUTH TABLES ________ _ 
PURCHASE ORDER NUMBER TOTAL NUMBER OF PARTS _________ _ 
MONOLITHIC MEMORIES' PART NUMBER NUMBER OF PARTS OF EACH TRUTH TABLE __ ,--_ 
CUSTOMER SYMBOLIZED PART NUMBER 25 BELL OR RUBOUT CHARACTERS ______ _ 

An example is shown below for a 256 x 4 PROM (6300) 

SCOTT ELECTRONICS 408 426-6134 
TWX 911-338-9225 
P0142 
6300 
0431 
12 
1 
3 
3 
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SBLLLHF BLLLLF BLHLHF BLHHHF BLLHHF BHHHHF BLLLHF BLHLHF BLLLLF 
BLLLLF BLHLHF BLLHHF BHHHLF BHHLL.F BLLHHF BHHLLF BLLHHF BLHLHF 

8 level 
TWX 

••••••••• •••• ••••• • • •• • ••••••••••••••••••••••••••••••••••• ••••••••• •••••••••• ••••••••• •••• •••• •••• • ••• ................................... 
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PROMlROM Programming Input Format 

ROM Programming Punched Card 
ROMs can be programmed using several input methods. These 
are truth table, punched cards in the format shown below, paper 
tape in the same format as cards, and paper tape in the ASCII 
BHLF format of the equivalent PROM. 

Punched Card or Tape Input 
First card or line (80 columns max.): enter Company Name, Part 
Number, Data, Number of "L's" in Pattern. 
(Free Form Entry: no commas; Paper Tape Format: terminate 
each line with carriage return and linefeed). 

CARD 1 

COMPANY NAME CX 1816-2052 7-12-70 L = 796 

2nd Card Or Line thru Last (80 Columns Max.) 

Hexadecimal Format 
In this format the heading required is identical to the BHLF for­
mat but the data is different. Instead of an "S," the hexadecimal 
data begins with the SOH character (control A). The data is then 
represented by the hexadecimal character (0-9 and A-F) which 
represents the output data of address 0, followed by a space. 
Next comes the output data of address 1 followed by a space,· 
etc. The character ETX (control C) is used to end the data. 
Carriage return and the line feed may be included to format the 
data when the tape is printed. 

ENTER WORD ADDRESS OF FIRST DATA FIELD IN COLUMNS 1 THRU 5 
Enter First Data Field (010-01) in Columns 8 thru 17 
Enter Second Data Field (010-'01) in Columns 19 thru 28 
Enter Third Data Field (010-01) in Columns 30 thru 39 
Enter Fourth Data Field (010-01) in Columns 41 thru 50 
Enter Fifth Data Field (010-01) in Columns 52 thru 61 
Enter Sixth Data Field (010-01) in Columns 63 thru 72 

CARD 2 

00000 LHHHHLLHHH LHHHHHHHHH LLLLLLLLLH LLHHHHHHLL HLLLHHHHHL LHLLLLLLLL 

WORDJ 
l \ , 

ADDRESS OF 

, , ,. , 01 

NOTE: Output 1 (01) is always in cols. 17,28,39,50,61,72 

CARD 3 

00006 LHLLLLLLLL HLHHHHHHHH LHLHHLLHHL HLHHHHLLLL LLLLHHHLHL HLHHHHHLH 

LAST CARD 

01020 HLLLLLLLL HHLHHHHHLL LHLHLHLHLH LLHLHLLHHH 

NOTES: 

1. Leading edge zeroes in the word number may be eliminated. 
Columns 73 thru 80 are for comments. 

2. Regardless of the number of outputs which a particular ROM 
has, the data for a specific output always goes in a specific 
column. 

Output 1 (01) 
Output 2 (02) 
Output 3 (03) 
Output 4 (04) 

Columns 17, 28, 39, 50, 61, 72 
Columns 16, 27, 38, 49, 60, 71 
Columns15, 26, 37, 48, 59, 70 
Columns 14, 25, 36, 47, 58, 69 

Output 5 (05) 
Output 6 (06) 
Output 7 (07) 
Output 8 (08) 
Output 9 (09) 
Output 10 (10) 

Columns 13,24,35,46,57,68 
Columns 12, 23, 34, 45, 56, 67 
Columns 11, 22, 33, 44, 55, 66 
Columns 10, 21, 32, 43, 54, 65 
Columns 9,20,31,42,53,64 
Columns 8,19,30,41,52,63 

3. 0 and 1 may replace Land H, but the customer must define 
for MMI whether 0 = Lor 0 = H. 
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Available Technical Publications 

Application Notes 
• The PAL TWX Brochure 
• PAL Training Manual 
• High level language for programmable array logic 
• Medium speed multipliers trim cost, shrink band-width in speech transmission 
• High speed Monolithic multipliers for real-time digital signal processing 
• State-of-the-art in high speed arithmetic integrated circuits 
• p/ROM card simplifies computer diagnosis 
• Power switch ROMs and PROMs quickly 
• An 8x8 multiplier and 8-bit microprocessor perform 16x16-bit multiplication 
• A dedicated multiplier/divider speeds up multiplication and division for 8-bit microprocessors 
• Real-time processing gains ground with fast digital multiplication 
• Reduce random-logic complexity by using array of fuse-programmable circuits 
• PAL engineering reference card 
• Understanding FIFOs 
• Programmable Array Logic leads to flexible application of 8-bit wide memories 

Brochures 
• Bipolar is our Business - company brochure 
• PAL flyer 
• LSI 
• OEM price list 
• Distributors cost list 
• Product Assurance Manual 
• Plastic Reliability Report 
• Reliability Report 
• MilitarY Components 

Available through the Advertising Department of Monolithic Memories. 
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Package Drawings 

024 Side Brazed Ceramic DIP 
8JA = 65°CIWATT 

8JC = 30°CIWATT 

[J .SOO-.610 
12.70-15.49 

1 12 

.080 -l' ~.~ ~ = -=--=--= ~ Ir~- .005 
(2.03) r-- ~ .13 .005 
MAX... . 1.290 MAX. .. MIN. 590- 620 .13 

0.15-0.75 32.77 MAX LI4.99-i5.75:1---.I· 

~iE~3~A~ 
-1.l00~ d~ .030-.070 ---1l.-oo-w -I\-.~::~5 

2.54 .36-.58 .76-1.78 
SSC 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 

TD24 Side Brazed Ceramic DIP 

. 8JA = 45°CIWATT 

8JC = 15°CIWATT 

[J .495-.600 
12.57-15.24 

1 12 

.080 -l' ~ ~ =Ir-'- .005 (2.03) r-- ~ . .13 .005 
MAX. .. 1.290 MAX. .. MIN. . .590-.620 .13 

.015-.075 32.77 MAX. .. .. ." LI4.99-15.75:1 MIN. 

;~~---F':} ~=+ 
i~J.~~ ~ ~ ~ ~. ~l ~ ~ JI~I ~=r;;;~~~~ t I 

_I ~ --.j ~ ~ ~ . ---1.... oo_w -I\- .~~~::~~2 
.090-.110 .016-.020 .030-;050 
2.29-2.79 .41-.51 .76-1.27 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 
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. DIP D40 - Side Brazed Ceramic 

0JA = 60°CIWATT 

0JC = 25°CIW ATT 

40 

1 
--

= 

-

Package Drawings 

-= =- :::r.. = -=-=2'1"1~ 

1 

20 I 
.. 

510-.620 
2.95·15.75 

,-
-1 

, '7' - r·005 
.13 

MIN. .098l ' . 2.096 MAX. ___________ .. 
2.49 .. :...t-_________ . ..(53.24) MAX. MAX. .. 

,........------~~m~·225 5.72 
'020"060~ . MAX . 
. 51·1.52 n= ~ .125-.200 ~ I 3.18-5.08 .005 £~ t ~I- ~,~ r--::: ';':::'~oo=1--r 

--.J !.- .014-.023 '.76-1.78 ~ \' 
~~ ~ 
2.54 BASIC 

NLESS OTHERWISE SPECIF~E~~ INCHES. \.--
U ALL DIMENSIONS M:~·-=~x· IN MILLIMETERS. I \ 

ALL DIMENSIONS M.- . 0
0 

15
0 

.008-.015 .... 

-- - - .20-.38 

F16 Flat Pack (Eutectic Seal) 

0JA = 75°CIWATT 
0JC = 35°CIWATT 

.015-.019 .000 .38-.48 
.00 . 1 

MIN. .....L 

I ~====JtI'8· -. 11169~1 =;;;;;;;! 'f::r=jM~: : . =* 
-L ~ ~~~;;;;;;~.050 SSC 

. 1 1.27 BSC ! .045 I .. 245-.285 ~ 
1.14 6.22-7.24 =:±: t 

MAX. C===j~~~~~-~~T.045-.085 L 1.14-2.16 ·~====---k'~~ __ _ 

-. I .D15-.040 .003-.006 .305 MAX.-! .38-1.02 
.08-;15 7.75 MAX. .970 MAX. ____ , 

1---- 24.64 MAX. 

UNLESS OTHERWISE SPEC~~E~~ INCHES. 
ALL DIMENSIONS MIN'-=AX' IN MILLIMETERS. 
ALL DIMENSIONS MIN.- . 
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F18 Flat Pack (Eutectic Seal) 

BJA = 75°CIWATT 
BJC = 35°CIWATT 

F20 Flat pack (EUleCt!C SMI) 

BJA = 75°CIWATT 
BJC = 35°CIWATT 

Package Drawing. 

.005 .050 
.13 1.27 

~'2~1-i18~17~~~~ 
~:(~~~~~~~~~f-~~~~~~~ 
8.114-9.115 .015-.019 

~ J .38-.48 
. I 8 9 .10 11 
,~ J t 
.OOOJ 
.00 .066-.090 

MIN. 340 380' . 1.68-2.29 

1.. r--8.114:S.85 -, • t 
.TI:.305' .·.·.MAlI •. /. . I ~::: '7.75 MAX. .970 MAlI._---,-,.-_.-I .. ~.I .. : f·~;1~ 

. 24.64 MAX. 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INC!:'.E.S •. ' .. 
ALL DIMENSIONS MIN.-f'!/AX IN MILLIMETERS. 

UNLESS OTHERYI.!SE SP,EdiF.t£~;: .'" . 
ALL DIMENSIONS UIN.-MAlqN INCH.ES. 
ALL DIMENSIONS MIN.-MAX •. IN MILLIMETERS. 



F24 Flat Pack (Eutectic Seal) 

0JA = 75°CIWATT 
0JC = 35°CIWATT 

F4-24 Flat Pack (Eutectic Seal) 

0JA = 75°CIWATT 
0JC = 35°CIWATT 

15·10 

.005 
.13 

MIN. 

t 
If 

.430 
10.92 

Mr j 
r· 

Package Drawings 

3 1 24 22 

10 15 

.050 
1.27 
esc 
_I 
t, 
.015-.019 
.38-.48' 

~ 
t '~1004 MIN. 

t-
.245-.285"1 .045-.090 1.14-2.29 
6.22-7.24 ~ 

tr=41 ~~I~~=±~" =: 
.003-.006 .250-.370 ~ 1 ! ! 
.08-.15 6.35-9.40 .970 .010-.040 

f-------24.64-----~~., .25-1.02 
MAX. 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 

.005 
.13 

Mr 
fr 

.440 
16.26 

Mt j 
r 

1 24 22 

10 15 

.050 
1.27 
esc 

~ 
t 
.015-.019 
.38-.48 

~ 
··t·· 

'~loa4 MIN. .045-.090 

t-9~4~1~~71 1.14-2.29 

Lr=41 ~~I~~=1!" =:i 
.oo!: .250-.370 -t '1 !! 
.06-.15 6.35-9.40 .970 .010-.040 

1--------24.64-----~ • ., .25-1.02 
MAX. 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES: 
ALL DIMENSIONS MI1;l.-MAX: IN MILLIMETERS 



Package Drawings 

F42 Flat Pack (Eutectic Seal) 

()JA = 65°CIWATT 
()JC = 3O°CIWATT 

T 
1.050-1.060 
26.67-26.92 

I ~4.-------~~~--~~~--------------·~1 
42 

.018-.022 
.46-.56 

~ 
t 

~21 ''< ~22 1.045-.055 
.. 634-•. 646, ~.250-_.375 1.14-1.40 

. .• " !6.10-1B;41., , .' .6.35-9.53 , 

.007-.010 

T JI 
~I 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 

IL 
Ij 

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 

.071-.091 
1.60-2.31 

t 

f f 
.035-.045 
'.89-1.14 
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J16 Ceramic DIP 

8JA = 75°CIWATT 
8JC = 35°CIWATT 

J18 Ceramic DIP 

8JA = 75°CIWATT 
8JC = 35°CIWATT 

Package Drawings 

(2.03) I-- --l .00 
MAX. '.840 .MAX. . . MIN. 

I: : : : : : : :1]= 
.080 £1 . 3-.000 

21.31 MAX. , .290-.320 

'

" 7.37-8.13 .. "I 
.015-.080 

$if'mrnFm-~~. Ila~AL' ... 
~.100~ ~k -:0-1; -100-150 -\\--~~ 

2.64 .35-.58 .78-1.18 
asc 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 

l: : : : : : : :I]~~ 
.098£ 3.000 
2.49 -- ~ .00 
MAX. .960 MAX. MIN. 

24.38 MAX. 
.290-.320 I: 7.37-8.13 -I 

~'~~l~ ~ 
iEl; II [I;~ ~I I 

-1 ~ ~~ ~ r: -1_00 -15" -J1--.~:5 
.100 .014-.023 .030-.070 
2.64 .36-.58 .76-1.78 
asc 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 



J20 Ceramic DIP 

8JA = 75°CIWATT 
8JC = 35°CIWATT 

J24 Ceramic DIP 

8 JA = 65°CIWATT 
8JC = 3O°CIW~TT 

Package Drawings 

[::::::::I1~ll; 
J.: __ ~ ~I.- ~ 
MAX... 1.060 MAX. _I MIN. .290-.320 

26.92 MAX. I.!'~I 

£E1t~JaA ~ I- --II- U ~i:::'':-I Lr-". -II-~' 
.100 .014-.023 .030-.070 
2.54 .36-.58 .75-1.7B 
BSC 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS_ . 

1 
.500-.610 

L,~'-rT~~-r~~'-rT-r~-r~~~~'>lI'" 
098 J ~ -i·L·~; 
~!. -1 ..... 1----_-~-1.290 MAX •. ______ -l • .,I~ MIN. 

32.77 MAX. 
.590-.620 I 14.99-15.75 -I 
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Package Drawings 

J24S Ceramic SKINNYDIp'· 
iJJA = 75°CIWATT 
iJ JC = 35°CIWATT 

I:::::::::::: Il~ 
080 11 '::31 

.DOS 2.03 t-- -I -- .13 
MAX. .. 1.290 MAX. MIN. 

32.77 MAX., 
.290-.320 I .. 7.37-8.13 -I 

,~ .. %-~~ ~~§ .. ff§ a1H~LC~ ~ ~ ~ ~ ~ ~ ~ ~ ~ M ~~3.'~08 ~I " ~ 
i!-l ~ --I~ _1_00_15o-\\.-.~::5 

J4D Ceramic DIP 

iJJA =&OoCIWATT 

iJJC = 25°CIWATT 

BSC .014-.023 .030-.070 
.36-.58 .76-1.78 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 

20 

:.:J ~ 
MAX·ll--' .. _--.....:.--------2-090 MAli._~---------~~ 

53.09 MAX. 

.510-.620 
12.95-15.75 

~~~B'200 
!--- .520-.830 ~ 
Ir-'3.2,-,s.00 ---,1 

It 5.08 

r "~~"::~l 3.1~08 

3~:-= ~ I- ~I- _I 00-150 

.100 .014-.023 .Q3Oi..070 
2.54 .36-.58 .76-1.78 
BSC 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
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Package Drawings 

L 16 Leadless Chip Carrier 

liJA - 63°CIWATT 

liJC -35°CIWATT 

1. .345-.360 .200 

T'~ 

_.280-.295Ij 

1_7.1.:~~ 
r 3.81 "::1 

TOP VIEW 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
PLANE 1 IS THE PRIMARY HEAT RADIATING SURFACE 

L20 Leadless Chip Carrier 

liJA -63°CIWATT 

liJC '-35°CIWATT 

. 8.7641.14 ~
_'345_'360_ 

.. INDEX 1 __ .200~ 

OO"j .' _ ,~ ..;:.J....... ( __ .--_ 

.345-.360 t . .200 

''1'' ~~7itl 

PLANE 1 

PLANE 1 

TOP VIEW 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
PLANE 1 IS THE PRIMARY HEAT RADIATING SURFACE 

__ .058-.075 
1.47-1.91 

• . 092-.108 
2.34.2.74 

.008 REF 
.20 REF 

J:012REF/ 
.31 REF 

BOTTOM VIEW 

BOTTOM VIEW 

f 
.020.45° 
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Package Drawings 

L24 Leadless Chip Carrier 

8JA -63°CIWATT 

8JC -35°CIWATT 

PIN 1 INDEX 
REF 

Ii 
.395-.410 .250 

10.03-10.41 6f 

B~ 
TOP VIEW 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
PLANE 1 IS THE PRIMARY HEAT RADIATING SURFACE 

L28 Leadless Chip Carrier 

8JA -63°CIWATT 

8JC -35°CIWATT 

~i~~-i~~~ 
INDEX .300 

CORNER .62 

In· .. 
m~· ~ 

TOP VIEW 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
PLANE 1 IS THE PRIMARY HEAT RADIATING SURFACE 
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PLANE 1J 

_I L.015-.025 
I~ .36-.64 

BOTTOM VIEW 

BOTTOM VIEW 

.020 x 45' 
0.51 t 45' 
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N16 Plastic Kool DIP'· 

()JA = 75°CIWATT 
() JC = 35° CIWATT 

Package Drawings 

]
240-.290 

6.09-737 

01 8 

16 

o 
.100 I~' ~ .000 2.54 __ I--- -- .00 
MAX. MIN . 

. 740-.790 

~ ~~ ~ _ ~ ~ 0'-16' --I\- .0~~::~:2 
.090-.110 .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40-1.65 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 

N18 Plastic Kool DIP'· N20 Plastic Kool DIP'· 

()JA = 75°CIWATT 
()JC = 35°CIWATT 

I~~~~~~~:II~~ 
.100£_ :~'r .000 
2.54 I--- --I .00 
MAX. .. MIN . 

. 890-.940 
22.61-23.88 

7.11-8.13 rr ·280-.320{ 

';:~.~!"'. A·-··· ~ ~5.08 

tiU -t . . u IIU~;;~:~ [. 
~ ~. --I~ ~. ~ _I 0'_16,~\\-·~~~::~:2 

.090-.110. .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40-1.65 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 
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N20 Plastic Kool DIP 

(JJA = 75°CIWATT 
(JJC = 35°CIWATT 

Package Drawings 

I~::::::::I]~ 
~1:.£. 3~~· 

1.000-1.075 

. HM-'W . rr~:':J 

, ..... it;'!'bb-n~~ ~o l~,,, ~[ .... -3.05-U2LCu U U U U U U u lUI U=r2.79-4.57 ~ 1-- ~ 
_I l- -J l- . -J 0~16° _\\-.~~~:~;2 

N24 Plastic Kool DIP'" 

(JJA = 65°CIWATT 
(JJC = 3O°CIWATT 

o 
o 
1 

.090-.110 .016-.020 .055-.065 
2.29-2.79 .41-.51 1.40-1.65 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 

12 

.530-.580 
13.46-14.73 

~:£ .. :. 3::: asc· MIN. 

.. 1.240-1.290. . . 
.. 31.50-32.77 r .5so']i20 ---j I ~ 14.73-15.75 ~ I 

1'\-.00S-.012 
--\ .20-.31 

.90-.110 .016-.020 .OSS-.065 
2.29-2.79 .41-.51 1.40-1.65 

UNLESS OTHERWISE SPECIFiED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN:-MAX. IN MILLIMETERS. 
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Package Drawings 

N24S Plastic Kool SKINNYDlpT" 

0JA = 75°CIWATT 
0JC = 35°CIWATT 

1~0::::::::: ~II ~,a,: 
.100e ~_.ooo 2.54 f.- --I .00 
MAX. MIN. 

1.240-1.290 

.010-.065 31.44-32.76 r ;~~:~~~ -.. 
I 5.08 .~'.fi ~[f'200 Alr-

_.~_ MAX , 
.120-.245 ~~_ 
3.05-6.22TF ... 110-.180 l 

MIN. ~ __ ,_ 2.79-4.57 

N40 Plastic Kool DlpT" 

(JJA = 65°CIWATT 

0JC = 3O°CIWATT 

I I II I 0"_160 II .008-.012 --I -- -.j ~ - -- --I --I-- 0.20-0.31 
.090-.110 
2.29-2.79 

.016-.020 
0.41-0.51 

UNLESS OTHERWISE SPECIFIED: 

.055-.065 
1.40-1.65 

ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 

o .580-.620 
14.73-15.75 

o 
1 20 

.100 -ll I ~ .000 = r - ~ 
f-o ...... ~~~~~~~~~~- 2.030-2.090_~~~~_~~~~~_~--l"'" 
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:=I:~ ~:f£h 
~ ~ ~~ ~ ~ MIN. mil . 

. 090-.110 .016-.020 .055-.065 Ir= .580-.620 -I I 
2.29-2.79 .41-.51 1.40-1.65 14~3-~5.75 __ t~_ 

UNLESS OTHERWISE SPECIFIED: ~ ~ .110-.170 
ALL DIMENSIONS MIN.-MAX. IN INCHES. ~ \v.79t-4.32 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. ~ . • ~ 
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.008-.012 
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Monolithic Memories Area and Regional Sales Managers and FAEs 

California Illinois Ohio 
Cupertino Lombard Dayton 
George Anderl (408) 996-1477 Dick Jones, FAE (312) 932-1940 Mike Wier (513) 439-0470 

Huntington Beach Naperville 
Dick Siemiatkowski (714) 556-1216 Sal Graziano (312) 961-9200 New Jersey 
Pasadena Sussex 
Wayne Caraway (714) 556-1216 Massachusetts Bill Bartley (201) 875-9430 

Framingham 
Yorba Linda Russ French (617) 655-7070 Texas Bernard Bralman, FAE (714) 556-1216 

Reading Garland 
Florida Stan Karandanis (617) 944-5535 Bob Rainwater (214) 233-5833 

Longwood Newton Centre Dallas 
JIm McGrath (305) 830-7867 Mike Volpigno, FAE (617) 964-1384 Brad Mitchell, FAE (214) 233-5833 

Monolithic Memories Representatives 

U.S.A. 
Alabama Kansas Pennsylvania 

Huntsville Olathe Oreland 
REP, Inc. (205) 881-9270 Rush and West (913) 764-2700 CMS Marketing (215) 885-5106 

Arizona Maryland Puerto Rico 
Scottsdale Baltimore Mayagues 
Summit Sales (602) 998-4850 Monolithic Sales (301) 296-2444 Comp Rep Associates (809) 832-9529 

California Massachusetts Tennessee 
Culver City Westwood Jefferson City 
Bestronics (213) 870-9191 Comp Rep Associates (617) 329-3454 REP, Inc. (615) 475-4105 

Irvine Michigan Texas 
Bestronics (714) 979-9910 Grosse Poiot Austin 
Cupertino Greiner Associates (313) 499-0188 West and Associates (512) 441-6973 
Thtesum Associates (408) 996-9889 Minnesota Dallas 
San Diego Edina West and Associates (214) 661-9400 
Littlefield & Smith (714) 455-0055 Technical Sales, Inc. (612) 941-9790 Houston 

Colorado Missouri 
West and Associates (713) 777-4108 

Wheatrldge Ballwin Utah 
Waugaman Associates (303) 423-1020 Rush and West (314) 394-7271 Salt Lake City 

Connecticut New Jersey 
Waugaman Associates (801) 467-4263 

North Haven Teaneck Virginia 
Comp Rep Associates (203)239-9762 R.T. Reid Associates (201) 6.92-0200 Reston 

Florida New York 
Monolithic Sales (703) 620-9558 

Altamonte Sprlogs Rochester WaShington 
Dyne-A-Mark (305) 831-2097 L~Mar Assoc.iates (716) 544-8000 Bellevue 
Clearwater Syracuse Northwest Marketing (206) 455-5846 
Dyne-A-Mark (813) 441-4702 L-Mar Associates (315) 437-7779 

Wisconsin 
Fort Lauderdale 

North Carolina Brookfield 
Dyne-A-Mark (305) 771-6501 

Raleigh Sumer (414) 764-6641 
Palm Bay REP, Inc. (919) 851-3007 
Dyne-A-Mark (305) 727-0192 

Georgia 
Ohio 

CinCinnati 
Tucker Makin Associates (513) 871-2424 
REP, Inc. (404) 938-4358 

Columbus 
Illinois Makin Associates (216).9g1-oo80 CANADA 

Roiling MeadOWS Ravena 
(000) :000-0000 Ontario SUmer (312)991-8500 Makin· Associates Brampton 

Indiana Oklahoma Cantec (416) 791-5922 

Indianapolis Tulsa Ottawa 
Leslie M. DeVoe Co. (317) 642-3245 West & Associates (918) 445-7429 Cantec (613) 725-3704 

Iowa Oregon Quebec 
Cedar Rapids Portland Dollard Des Ormeaux 
S & 0 Sales (319) 393-1845 North West Marketing (503) 297-2581 Cantec (514) 683-6131 
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Monolithic ,Memories Franchised Distributors 

U.S.A. M~~y~~oll", Ohio (continued) 

Alabama Arrow Electronics (301) 247-5200 Cleveland 
Huntsville Hallmark Electronics (301) 796-9300 Hall-Mark Electronics (216) 473-2907 

Hall-Mark Electronics (205) 837-8700 Gaithersburg Dayton 
Pioneer Washington (301) 948-0710 Marshall Electronics (513) 236-8088 

Arizona Weslerville Phoenix Massachusetts Hall-Mark Electronics (614) 891-4555 Kierul!! Electronics (602) 243-4101 Billerica 
Tempe Kierulff Electronics (617) 667-8331 Oklahoma 
Marshall Electronics Group (602) 968-6181 Burlington Tulsa 
Bell Industries (602) 966-7800 Lionex (617)272-9400 Hall-Mark Electronics (918) 835-8458 

Tuscan Woburn Quality Components (918) 664-9612 

Kierulff Electronics (602) 624-9966 Arrow Electronics (617) 933-8130 Radio, Inc. (918) 587-9123 

California Michigan Oregon 
Canoga Park Ann Arbor Portland 
Marshall Electronics Group (213) 999-5001 Arrow Electronics (313) 971-8220 Kierulff Electronics (503) 641-9150 

EI Monte Farmington Pe.ror::~!':I;mia Marshall Electronics Group (213) 686-0141 DiplomaVNorthland (313) 477-3200 

Irvine Grand Rapids Pioneer/Delaware Valley (215)674-4000 
Marshall Electrqnics Group (714) 556-6400 RS Electronics (616) 241-3483 Monroeville 
Los Angeles Kalamazoo Arrow Electronics (412) 856-7000 
Kierulff Electronics (213) 725-0325 RS Electronics (616) 381-5470 

Texas 
Palo Alto Livonia Addison 
Kierulff Electronics (415) 968-6292 RS Electronics (313) 525-1155 Quality Components (214) 387-4949 
San Diego Minnesota Austin 
Anthem Electronics (714) 279-5200 Bloomington Hall-Mark Electronics (512) 258-8848 
Kierulff Electronics (714) 278-2112 Hall-Mark Electronics (612) 884-9056 Quality Components (512)835-0220 
Arrow Electronics (714) 565-4800 Edina Dallas 
San Jose 

(408) 946-8000 
Arrow Electronics (612) 1330-1800 Arrow Electronics (214) 386-7500 

Anthem Electronics Kierulff Electronics Co. (612) 941-7500 Hall-Mark Electronics (214) 343-5000 
Sunnyvale Missouri Houston 
Arrow Electronics (408) 745-6600 Earth City Hall-Mark Electronics (713) .78h6100 
DiplomaVWestland (408) 734-1900 Hall-Mark Electronics (314) 291-5350 Quality Components (713) 772-7100 
Tuslln Sf. Louis Stafford 
Anthem Electronics (714) 730-8000 Arrow Electronics (314) 567-6888 Arrow Electronics (713) 491-4100 
Kierulff Electronics (714) 731-5711 
Chatsworth New Hampshire Utah 
Anthem Electronics (213) 700-1000 Manchester Salt Lake City 

Arrow Electronics (603) 668-6968 Century/Bell Electronics (801) 972-6969 
Colorado New Jersey Kierulff Electronics (801) 973-6913 

Denver Fairfield Washington Arrow Electronics (303) 758-2100 Kierulff Electronics (201 )575-6750 Sealile Kierulff Electronics (303) 371-6500 Lionex (201) 227-7960 Almac/Stroum Electronics (206) 763-2300 
Wheiltridge Totowa Bellevue Century/Bell Electronic.s' (303) 424-1985 DipiomaVIPC (201) 785-1830 Arrow Electronics (206) 643-4800 

Connecticut MI. Laurel Tukwila 
E. Norwalk Marshall Eleclronics Group (215) 627-1920 Kierulff Electronics (206) 575-4420 
Bond Electronics (203) 852-1001 Moorestown 
Wallingford Ar:row Electronics (609) 235-1900 Wisconsin 
Arrow Electronics (203) 265-7741 Saddlebrook 

Oak Creek 

Marshall Erectr"nics Group' (203) 265-3822 Arrow Electronics (201) 797-5800 
Arrow Electronics (414) 764-6600 
Hall-Mark Electronics (414) 761-3000 

Florida Cherry Hill 
(609) 424-0880 Waukesha 

Clearwater Hallmark Kierulff Electronics (414) 784-8160 
DiplomaVSouthland (813) 443-4514 New Mexico 
Fort Lauderdale Albuquerque CANADA Arrow Electronics (305) 776-7790 Century Electronics (505) 292-2700 
Hall-Mark Electronics (305) 971-9280 Arrow Electronics (505) 243-4566 Alberta 
Orlando New York calgary 
Hall-Mark Electronics (305) 855-4020 Buffalo Zentronics Limited (403) 230-1422 
Palm Bay Summit Distributors (716) 884-3450 Edmonton 
Arrow Electronics (305) 725-1480 E. Syracuse Zentronics Limited (403) 463-3014 
SI. Petersburg Add Electronics (315)437-0300 

British Columbia Kierulff Electronics (813) 576-1968 Endwell Vancouver 
Georgia Marshall Electronics (607) 754-1570 RAE ElectroniCS (604) 291-8866 

Norcross Farmingdale Zentronics Limited (604) 688-2533 
Diplomat Electronics (404) 449-4133 Arrow Electronics (516) 694-6800 Future Electronics (6Q4) 438-5545 
Arrow Electronics (404) 449-8252 Rochester Manitoba Hall-Mark Electronics (404) 447-8000 Arrow Electronics (716) 275-0300 Winnipeg 

illinois 
Summit Distributors (716) 334-8110 Zentronics Limited (204) 775-8661 

Bensenville Hauppauge 
OntariO Hall .. Mark Electronic's:, ''-'< Current Components (516) 273-2600 

Lionex (516) 273-1660 Brampton 
Elk Grove Village Arrow (516)231-1000 Zentronics Limited (416) 451-9600 
Kierulff Electronics Melville Ottawa 
Schaumburg Diplomat' Electronics (516) 454-6400 Zentronics Umited (613) 238-6411 ~ Arrow ElectroniCS 

Liverpool Future Electronics (613) 820-8313 • 
Indiana Arrow Electronics (315) 652-1000 Toronto 

Indianapolis North Carolina Future Electronics (416) 663-5563 
Advent Electronics Raleigh Waterloo 
Arrow Electronics Hall-Mark Electronics (919) 832-4465 Zentronics Limited (519) 884-5700 
RM EI!'ctronics COlTlpany 

Winston/Salem Nova Scotia 
Iowa Arrow Electronics (919) 725-8711 Dartmouth 

Ceda' Rapids 
(319) 363-0221 Ohio Zentronics Limited (902) 463-8411 

Advent- Electronics Solon Quebec 
Kansas Arrow Electronics (216) 248-3990 Montreal 

Lenexa Centerville Future Electronics (514) 731,7441 
Hall-Mark Electronics (913) 888-47,(7 Arrow Electronics (513) 435-5563 Zentronics Limited (514) 735-5361 
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Monolithic Memories Overseas Representatives and Distributors 

AUSTRIA 
Ing. Ernst Steiner 
Geylinggasse 16 
A 1130 Wien 
Phone: 22-822674 
Telex: 135026 

AUSTRALIA 
R&D Electronics Pty Ltd. 
257 Burwood Hwy. 
Burwood, Vic. 3125 
Phone: 3-288-8232 
Telex: AA33288 

R&D Electronics Pty Ltd. 
133 Alexander St. 
Crows Nest-2065 
Phone: 2-439-5488 
Telex: AA25468 

BELGIUM 
Ritro Electronics, B.V. 
Plantin & Moretuslei 172 
B 2000 Antwerp 
Phone: 31-353272 
Telex: 33637 

DENMARK 
C-88 
Uldvejen 10 
DK 2970 Horsholm 
Phone: 2-570888 
Telex: 37578 

ENGLAND 
Monolithic Memories Ltd. 
Lynwood House 
1 Camp Road 
Farnborough 
Hampshire 
GU146EN 
Phone: (0252) 517431 
Telex: 858051 MONO UK G 

Memory Devices Ltd. 
Central Avenue 
East Molesey 
KT80SN 
Phone: 1-9411066 
Telex: 929962 

Macro Marketing Ltd. 
396 Bath Road 
Slough, Berkshire 
Phone: 628663011 
Telex: 847083 

Dice Only: 
Hy-Comp Ltd. 
7 Shield Road 
Ashford, 
Middlesex TW15 IAV 
Phone: (07842) 46273 
Telex: 923802 

FINLAND 
Telercas O.Y. 
P.O. Box 2 
01511 Vantaa 51 
Phbne: 0-821655 
Telex: 12111 

FRANCE 
Monolithic Memories France S.A.R;L. 
Silic 463 
94613 Rungis Cedex 
Phone: 1-6874500 
Telex: 202146 
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FRANCE (continued) 
Alfatronic S.A.R.L. 
La Tour d'Asnieres 4 
Avenue Laurent Cely 
F 92606 Asnieres 
Phone: 1-7914444 
Telex: 612790 
Generim S.A.R.L., 
Zone d'Actlvitles de Courtaboeuf 
Avenue de la Baltique 
P.O. Box 88 
91943 Les Ulis Cedex 
Phone: 1-9077878 
Telex: 691700 

GERMANY 
Monolithic Memories, GmbH 
Mauerkircherstr 4 
8000 Munich 80 
Phone: 89-984961 
Telex: 524385 
Fax: 89-983162 

Astronic GmbH 
Winzerstrasse 470 
8000 Munich 40 
Phone: 304011 
Telex: 5216187 

Dr. Dohrenberg Vertriess GmbH 
Bayreuther Strabe 3 
1000 Berlin 30 
Phone: 030-2138043-45 
Telex: 0184860 

Elcowa GmbH 
Strabe Der Republik 17-19 
Postfac h 129409 
6200 Wiesbaden 
Phone: 06121-65005 
Telex: 04186202 

Electronic 2000 Vertriebs GmbH 
NeumarkterStrasse 75 
8000 Munich 80 
Phone: 89-434061 
Telex: 522561 

Nordelektronlk GmbH KG 
Harksheiderweg 238-240 
2085 Quickborn 
Phone: 04106-4031 
Telex: 214299 

Positron Bauelemente 
Vertriebs GmbH 
Benzstrasse 1 
Postfach 1140 
7016 Gerlingen-Stuttgart 
Phone: 07 156-23051 
Telex: 7245266 

INDIA 
Components & Systems Ltd. 
3481,. Najaji . Subhash Marg. 
Daryaganj, New Delhi-ll0002 
Phone: 011-27388 

ISRAEL 
TELSYS Ltd. 
12 Kehilat Venetsia St. 
Tel Aviv 
Phone: 972482126 
Telex: 032392 

ITALY 
Comprel S.R.L. 
Viale Romagna 1 
20092 Cinisello Balsamo/Milano 
Phone: 2-6120641 
Telex: 332484 

JAPAN 
Monolithic Memories Japan KK 
4-5-15, Sendagaya 
Shibuya-Ku 
Tokyo 151 
Phone: 3-4039061 
Telex: 781-26364 

NETHERLANDS 
Ritro Electronics, B.V. 
P.O. Box 7035 
5605 JA 
Eindhoven 
Netherlands 
Phone: 040-525355 
Telex: 59527 RIENV ML 

NORWAY 
Henaco AlS 
P.O. Box 248 
Okern Torgvei 13 
Oslo 5 
Phone: 2-157550 
Telex: 16716 

SOUTH AFRICA 
Radlokom Ltd. 
P.O. Box 56310 
Pinegowrie 2123 
Phone: 789-1400 
Telex: 424822 

SOUTH AMERICA 
Intectra 
2349 Charleston Rd. 
Mountain View, CA 94043 
Phone: (415) 967-8818 
Telex: 910-345545 

SPAIN 
Sagitron 
C/Castello, 25, 2 
Madrid 1 
Phone: 88-011-27-402-6085 
Telex: 43819 

SWEDEN 
NAXAB 
Box 4115 
S 17104 Solna 
Phone: 8-985140 
Telex: 17912 

SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
CH 8021 Zurich 
Phone: 01-3632230 
Telex: 56788 

TAIWAN 
Ml'lititech International Corp. 
2nd Floor 
977 Min Shene East Road 
Taipei, Taiwan R.O.C. 
Phone: 8-011-86 
Telex: .23756 
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