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Iintroduction

This book has been prepared to give the user a concise list of all Bipolar LS/
Products offered by Monolithic Memories. It is divided by products into sections
on HI REL, PROMs, ROMs, Character Generators, PAL, FIFO, Arithmetic
Elements and Interface. Each section has been designed to allow the user the
most useable format for the products described. The PROM, ROM, and
Character Generator sections give data in the “generic” form allowing a quick
review of the trade-off between devices. Cross references and selection guides
are given where applicable. Programming and available programmers are given
in detail. FIFO, PAL™, Arithmetic Elements and Interface data sheets are shown in
detail for each product. This LS| data book was formatted with you, the user, in
mind. For more information, contact the local Monolithic Memories sales
representative or franchised distributor. 4
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Monolithic Memories—Company Profile

Monolithic Memories, Inc. is a company whose entire energies
and resources are devoted to the development and production
of Bipolar Large Scale Integrated (LSI) Memory and
Logic circuits.

Since the company started its operation in 1970 the objective
has been to establish its leadership in high-technology bipolar
devices. Starting in 1971 MMI introduced the 1K PROM. This
was followed with the first 2K PROM in 1972, the first 4K PROM
in 1975 and the first 8K PROM in 1976.

In 1974 MM I started its expansion into the bipolar logic market
with the introduction of the world’s first 4-bit Slice, FIFO’s
Multipliers and most recently the Programmable Array
Logic — PAL™.

Monolithic Memories is the world’s leader in shipments of
bipolar memory devices. The design fabrication and testing of
all of our products is accomplished in a modern facility in
Sunnyvale, California. Assembly of all devices is performed in a
company owned facility in Penang, Malaysia. Both facilities are
in the process of expansion to provide the bipolar LS| devices in
great demand by the electronics industry.

PAL™ is a trademark of Monolithic Memories

The company’s products are used in a wide variety of products
that range from electronic games to highly complex computer
applications. There is a special emphasis placed on the
manufacture of quality high-reliability devices for use in
applications which. include undersea and space programs.

PiCk the intel'fa.ce e v Pt exact part o e ey iy
that really fits.

Monolithic Memories sells its products through a worldwide
organization of sales representatives and distributors in the
United States, Europe and Japan.

PAL will save you money, space and sweat.

announces:




Product Assurance Program

Quality System

The quality system at Monolithic Memories is based on MIL-Q-
9858, “Quality Program Requirements,” MIL-1-45208, “Inspection
System Requirements,” and MIL-M-38510, Appendix A, “Product
Assurance Program.” MIL-M-38510 plays a significant role in
structuring MMI’s quality program.

MMTI's facilities in Sunnyvale were certified in June of 1977 by
DESC, Defense Electronics Supply Center, to manufacture and
qualify to class B and class C Schottky Bipolar PROMs, ROMs
and RAMs in accordance with the requirements of MIL-M-38510.
This certification included a successful audit of our quality sys-
tem to the stringent requirements of Appendix A of MIL-M-38510
which defines a Product Assurance Program tailored for inte-
grated circuit manufacturers by DESC. This same quality sys-
tem has also met the strict requirements of both “controlled”
and “captive” line programs connected with our special Hi-Rel
programs.

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

Process Control

MMI’s 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 than the standard SSI or MSI Schottky TTL pro-
cesses, these approaches yield better quality, increased reliabil-
ity and lower overall cost due to higher net die per wafer. During
the initial ‘production stages of new designs and periodically
thereafter, engineering characterizes the design-process com-
patibility 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. This facility has been qualified and
is routinely monitored for conformance to MIL-STD-883 by
MMI's military customers as well as by MMI’s Quality Control
Department. All standard military hermetic MMI products are
100% screened to MIL-STD-883 Class C. This includes:

e Pre-cap inspection.*

.e High-temperature storage at 150°C.

e Temperature cycling. —=65°C to +150°C.

e Constant acceleration.

® Fine and gross leak.

® Final electrical test.

* Q.A. sample acceptance testing.

*Modified 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

e Constant acceleration

e Fine and gross leak

Daily monitors in lieu of
100% screening which insure
the AQL levels before are

met or exceeded.
® Final electrical test

*Modified MIL-STD-883 Pre cap.

The product assurance levels which MMI 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 LEVELI LEVEL Il
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 65 -
Extremes
AC at Temperature Extremes 15 1.5

e e e e e e
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Hi-Rel Products

Hi-Rel Products

MMI's Hi-Reliability Program offers a broad line of industry
standard Bipolar LSl components processed and tested to
Military standards. All Hi-Reliability products can be purchased
screened to Classes B or C of MIL-STD-883B, Method 5004,
each with two options or in full compliance with MIL-M-38510
where slash sheets exist as delineated herein.

The inherent quality and reliability of MMI's products have been
successfully demonstrated in such aircraft programs as F14, F15,
F16, F18, MRCA and Mirage to name the most significant. We
have supplied bipolar LS| devices for the Block V and Pioneer
Venus Satellite programs.

Screening Options
The following process options are available:

MIL-M-38510 Class B
MIL-STD-883 Class B

MMI “B” Program (Includes Group A tests at 125°C; Group B
requirements deleted)

MIL-M-38510 Class C
MIL-STD-883 Class C

MMI “C” Program (Includes Group A tests at 125°C, Group B
requirements deleted)

Package‘Options

The package options available are:

| J: éerdip 16, 18, 20, 24 and 40 lead varieties standard.
D: Ceramic Sidebraze 16, 18, 24 and 40 lead upon request.
W: Ceramic Flatpack 16, 18 and 24 lead variety upon request.

F. Glass-metal Flatpack 16, 18 and 24 lead variety upon
special request.

MIL-STD-883 Processed Parts

Monolithic Memories offers a complete line of high reliabilty
bipolar LS| devices. All of our products are designed to operate
over the entire military performance specification of £10%
VCC tolerance and -55°C to +125°C operating temperature
ambient. As such, all standard military temperature range devices
can be processed either to full compliance of Classes B and C of
MIL-STD-883 or to only the 100% screening criteria of MIL-STD-
883 (Method 5004) for both Classes B and C (MMI equivalent) as
delineated in Table 1.

Many deivces are available from stock. In addition to standard
MIL-STD-883 high reliability devices, “Monolithic Memories has
the ability to process parts to customers unique screening
specifications. Some examples are:

Selected electrical parameters

100% instant on (cold start) testing at -55°C

Read and record data with A drift parameters

Complete data reduction including mean, average, and three
sigma analysis of each parameter

Extended burn-in screening

100% AC, DC and functional testing at temperature extremes -
-55°C and +125°C

DPA (Destructive Physical Analysis)

e SEM (Scanning Electron Microscope) evaluation on a wafer
lot basis.

Special lot traceability to critical wafer fabrication processes,
i.e., metalization

Residual gas analysis on hermetic packages

e Custom lot qualification tests

Special customer source inspection at pre-cap, SEM, process
control monitoring points or at lot qualification testing

Monolithic
Memories
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Table 1 Hi Rel Screening

MMI Available Standard Hi-Rel Screening Levels®

883C METHOD 50042 MMI “C"d 883C METHOD 50042 MMI “B"D
PROM/PAL PROM/PAL PROM/PAL PROM/PAL
ROM/
FLOW METHOD Unpro- Pro- l:'(:l:/ Lsr*| Unpro- Pro- WAL | Lsi*| Unpro- Pro- ROM/. Lsr*| Unpro- Pro- ROM/ Lsr*
grammed | grammed grammed | grammed grammed | grammed HAL grammed | grammed HAL
Pre-cap visual (prior to seal) 2010:Cond B Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes
Seal : Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes
High Temp storage 24 Hr. ; Y
| @ 150°C (atter.seal) 1008 Cond. C Yes Yes Yes es Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes
Temp. cycling 10 cycles, P .
_65°C to +150°C 1010 Cond. C Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes
s:r;ta:éacceleratlon: 2001 Cond. E Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes
Leak: Fine-5 x 10-8cc/sec 1014 Cond. A or B ; :
. Gross— 1014 Cond. C Yes Yes Yes: | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes
Interim electrical test, :
DC & functional 25°C MMI Data Sheet Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes
(correlated)
Test fuse/verify (DC) MM Std. Yes Yes = —_ Yes Yes - — Yes Yes — — Yes Yes - —_
Program/verify — Yes — — - Yes - — — Yes — — — Yes - —
Burn-in 160 hr. @ 125°C 1015 Cond. D (Dynamic) ~ —_ — — — — - o — Yes Yes | Yes — Yes Yes | Yes
Final Electrical Test .
Static Tests at 25°C MMI Data Sheet Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes | Yes
: -55°C, +125°C et — — — - - — - Yes Yes Yes | Yes Yes Yes Yes | Yes
—Dynamicd & switching tests @ 25°C - - - - - — — - - Yes Yes | Yes — Yes Yes | Yes
—Functional Tests at 25°C Yes Yes Yes | Yes Yes Yes Yes | Yes Yes Yes Yes ‘| Yes Yes Yes Yes | Yes
Lot Acceptance: Group A —= — — o Yes Yes Yes | Yes — ol — — Yes Yes Yes | Yes
Subgroup 2
Sub 1.2 3,7, 8, 9 except . Yes Yes Yes | Yes — -~ - — Yes Yes Yes | Yes — — — —
Sub 9 for unprogrammed devices
Group B tests Yes Yes Yes | Yes — — - — Yes Yes Yes | Yes - — — -

? Tested in full accordance with MIL-STD-883 requirements

D Tested only to 100% screening requirements of MIL-STD-883 Method 5004. Reduced Group A testing and Group B testing not performed.

© MM will screen and test to the latest issue in effect or as dictated by the contract.

d Dynamic Testing at 25°C, +125°C, -55°C; Switching tests at 25°C only. ~

* LSI Logic Products (include 54SXXX and 54LSXXX Interface circuits)

$3onpoad |9-1H



Hi-Rel Products

MIL-M-38510

The MIL-M-38510 Program is designed to standardize the Hi
Reliability portion of the microcircuit industry much the same as
MIL-S-19500 standardized the transistor industry. Its purpose is
to provide the customer the highest possible quality level for the
required application along with reasonable prices and fastest
delivery.

The device electrical and package requirements of MIL-M-38510
are detailed by a device specification referred to as a slash sheet.
Each slash sheet defines the microcircuit electrical performances
and mechanical requirements. Each device listed on a slash
sheet is referred to as a dash number and the group of
microcircuits contained on a slash sheet is defined as a family of
devices.

A unique MIL-M-38510 part number completely defines the
microcircuit being procurred: Device type, electrical specifi-
cation, mechanical outline, 100% screening requirement/quality
level, and lead finish in the following format (Table 2).

Table 2: MIL-M-38510 Part Numbering Format

Defines MIL-STD-883
processing level S, B, C

rDefines package type

D, E:16 lead DIP
Defines Devices Type F:16 lead % x %
Flatpack
Refers to detail J:24 lead Dip
device specification K:24 lead % X %
(slash sheet) 'FI atpack
Refers to general V:18 lead Dip
procurement X:24 lead % x %
specification Flatpack
which specifies Y:20 lead 5/16 x 1
requirements Dip
of MIL-M-38510 Z:18 lead % x %
JAN designator Flatpack
ca.\nn?t"be marked Defines lead finish
W'th, J unless A: Hot solder dip
qualified on Part 1 B: Tin plate
or Part Il of QPL. C: Gold plate
X: Any of above
\ \ ! YYY

J M38510/ 208 05 BYX
In addition, all MIL-M-38510 microcircuits must be completely
manufactured and assembled in a domestic USA facility.

We have a strong committment to the MIL-M-38510 program and
participate in slash sheet development with DESC, RADC and
our customers. We have or will qualify all of our products for
which there is a released MIL-M-38510 detailed specification
(slash sheet). If one requires a product for which a slash sheet
does not exist—then we can provide “883 processed” product.
“883 processed” parts are screened to the full requirements of
MIL-STD-883 Methods 5004 and 5005 with full electrical tests
(DC, switching, and functional) over the military temperature
range per MMI data sheet limits in our DESC certified facility.
Each lot of 883 processed devices shipped includes a Certificate
of Conformance and Group A Summary Report.

Currently released “slash sheets” for MMI supplied product are
as follows:

MIL-M38510/203 1K Schottky NiCR PROMS (256x4) 01 5300-1
02 5301-1

MIL-M-38510/204 2K Schottky NiCR PROMS (512x4) 01 5305-1
02 5306-1

MIL-M-38510/206 4K Schottky NiCR PROMS (1kx4) 01 5352-1
02 5353-1

MIL-M-38510/207 1/4K Schottky NIiCR PROMS (32x8) 01 5330-1
02 5331-1

MIL-M-38510/208 4K Schottky NiCR PROMS (512x8) 01 5340-1
02 5341-1

04 5348-1
05 5349-1

MIL-M-38510/209 8K Schottky NiCR PROMS (1Kx8) 03 5380-1
04 5381-1

For an up-to-date status on our QPL program, call your factory
representative.

Advanced Programs

MMI has participated in the Trident Missile program since 1975.
This participation has involved two manufacturing concepts for
the production of Extreme Reliability Components.

1. Controlled Line—This concept places MMI manufacturing
documentation and equipment under customer control and
concurrence with any change.

2. Captive Line—This concept defines the equipment to be used,
controls and supplies wire and packages. MMI documents
the systems and provides the semiconductor expertise.

The Military Programs Department iis involved in TRIDENT,
DISCUSS, MX, F-18, MK500 and various NASA/SPACE PRO-
GRAMS. 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 capa-
bility in hostile environments. Products which have been quali-
fied for these advanced programs are:

5301—1K NiCR PROM
5300—1K Gold PROM
5341—4K NiCR PROM
5206—2K ROM (5306 NiCR PROM Equivalent)

Contact us for further details should you require this facet of our
Hi-Reliability capability.
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Flat/Pack Chip Carriers and Die

Most products are available in flat packs (see individual selection
guides and the package appendix for details), and our manu-
facturing line can accommmodate your chip carrier packaging
requirements as well. If your needs are for the ultimate in density,
we can also supply LSI chips for your hybrid applications. These
can be furnished with special 100% testing and optical inspection
screens geared for hybrid packaging.

Ordering Information

Each of the screening options which MMI offers can be identified
by a unique indicator for a given product. This part/screening
identification system must be used when placing an order to
ensure that the desired screening level is ordered. The product
delivered is also marked with this indicator to verify compliance
with purchase order requirements. Table 3 below provides the
details of the screening identification system and includes an
example.

In-House Reliability Programs

In addition to the execution of specific customer requested Hi-
Rel testing, the Reliability Assurance Group conducts the fol-
lowing activities to establish and maintain our complete line of
Hi-Reliability Bipolar LS| devices.

e Device design qualification (new/revised)

e Package qualification

e Process qualification

® On-going device/package/process qualification program.
e Extended and accelerated life testing (step/stress).

e Periodic reliability reports for in-house/field consumption.

® Process monitors (SEM).

Table 3 Screening Level Identification/Part Marking

SCREENING LEVEL

PRODUCT
IDENTIFICATION

EXAMPLE USING 512x8 NiCR PROM
WITH TRI STATE OUTPUTS AND ENCASED
IN 20 PIN CERDIP

MIL-M-38510 Class B

MIL-M-38510/XXXXX BXX
or JM38510/XXXXX BXX

JM38510/20805 BYX

MIL-STD-883 Class B 5XXx-1x8838 %

5349-1J883B

MMI “B” Program 5XXX-1XB

5349-1JB

MIL-M-38510 Class C

MIL-M-38510/XXXXX CXX
or JM 38510/XXXXX CXX

JM38510/20805 CYX

MIL-STD-883 Class C 5XXX-1X 883C

5349-1J883C

MMI “C” Program 5XXX-1XC

5349-1JC

*_1 identification for Schottky NiCR PROMS only.




Hi-Rel Products

Table 4 Group A Electrical Tests

INITIAL
SUBGROUPS LTPD SAMPLE SIZE*
B C B C
Subgroup 1—Static Tests at +25°C 5 5 45 45
Subgroup 2—Static Tests at Maximum Rated Operating Temperature 7 10 32 22
Subgroup 3—Static Tests at Minimum Operating Temperature 7 10 32 22
Subgroup 4—Dynamic Tests at +25°C T 5 5 45 45
Subgroup 5—Dynamic Tests at Maximum Rated Operating Temperaturet 7 10 32 22
Subgroup 6—Dynamic Tests at Minimum Rated Operating Temperature T 7 10 32 S22
Subgroup 7—Functional Tests at +25°C 5 5 45 45
Subgroup 8—Functional Tests at Maximum and Minimum Operating 0 15 22 15
Temperatures
Subgroup 9—Switching Tests at +25°C Except Unprogrammed PROM 7 10 32 22

*Groups A, B, C, and D sampling plans are based on standard LTPD tables of MIL-M-38510 Appendix B. The smallest sample size based on zero rejects allowed, has been
chosen unless otherwise indicated. If necessary, the sample size will be increased once to the quantity corresponding to the next acceptance number.

T Dynamic tests are not applicable to digital memory devices; switching subgroup tests are performed to a specified functional pattern and dynamically exercised.

Table 5 Group B Tests

INITIAL T
TEST METHOD CONDITIONS LTPD SAMPLE SIZE
Subgroup 1
Physical Dimensions 2016 MMI Data Sheet No failures - 2
Subgroup 2
Resistance to Solvents 2015 No failures 4
Subgroup 3
Solderability 2003 Soldering temperature of 15 15 Leads from 3
+2§0°C 1—10°C..90% coverage, devices minimum
void concentration not to
exceed 10% of area
Subgroup 4
Internal Visual and Mechanical 2014 Failure criteria from design No failures 1
and construction
Subgroup 5
Bond strength 2011 Condition D: 3 gram force 15 15 wires from 4
minimum for aluminum wire, devices minimum
ultrasonic bonding
Subgroup 6
Internal Water-Vapor 1018 100 ppm max. at +100°C No failures 3
Content* D-1-B 1 failure 5

*For packages with dessicant only. MMI packages do not contain a dessicant. Thus subgroup 6 does not apply.

T All samples are devices unless otherwise stated.




Hi-Rel Products

Table 6 Group C Tests (Die Related Tests)

INITIAL
TEST METHOD CONDITIONS LTPD SAMPLE
SIZE
Subgroup 1*
Operating Life Test 1005 Steady state life: 1,000 Hr., 5 77
+125°C, condition D, Dynamic ACC = 1*
Subgroup 2 *
A. Temperature Cycling 1010 Test condition C: air to air,
-65°C to +150°C, 10 cycles
B. Constant Acceleration 2001 Test condition E: 30kG centri- 15 15
(Centrifuge) fugal acceleration -Y1 axis only
C. Seal (Fine and Gross) 1014 Test Conditions AorBand C
D. Visual Examination 1010
Table 7 Group D Test (Packages Related Tests)
INITIAL
TEST METHOD CONDITIONS LTPD SAMPLE
SIZE
. Subgroup 1
A. Physical Dimensions 2016 MMI Data Sheet 15 15
B. Internal Water Vapor Content 1018 5000 PPM max. @ 100°C No failures 3
1 failure 5
Subgroup 2
A. Lead Fatigue 2004 Test condition: B2: 3 oz. for
ribbon leads: 8 oz. for all others 15 15
B. Seal (Fine and Gross) 1014 Test conditions A or B and C
Subgroup 3%
A. Thermal Shock 1011 Test method B: liquid to liquid,
-55°C to +125°C, 15 cycles
B. Temperature Cycling 1010 Test condition C: air to air,
-65°C to +150°C, 100 cycles 15 15
C. Moisture Resistance 1004 Omit initial conditioning and
vibration
D. Seal (Fine and Gross) 1014 Test conditions A or B and C
E. Visual examination 1004
Subgroup 4 *
A. Mechanical Shock 2002 Test condition B: 5 shock pulses,
6 directions: 1500 g
B. Vibration Variable 2007 Test condition A: 20 g
Frequency 15 15
C. Constant Acceleration 2001 Test condition E: 30 kg centri-
(Centrifuge) fugal acceleration. Y1 axis only
D. Seal (Fine and Gross) 1014 Test conditions A or B and C
E. Visual Examination 1010
Subgroup 5
A. Salt Atmosphere 1009 Test condition A: 24 Hr.
(Corrosion) 15 15
B. Seal (Fine and Gross) 1014 Test conditions A or B and C
C. Visual Examination 1010

* Electrical end points required for all subgroups (except in Group B and Subgroups 1, 2 and 5 of Group D), are room temperature. Subgroups 1, 2and 3 of Group ADC
tests, per MMI data sheet. Check factory for additional requirements.

2-7



2-8



Introduction n

Arithmetic Elementsﬂ
Interfaceg
General Information m

Representatives/Distributors m

3-1



Bipolar PROM Cross-Reference Guide

MEMORY DESCRIPTION n
: MMI AMD | o | HARRIS | INTEL | INTERSIL | MOTOROLA | NATIONAL | RAYTHEON |  SIGNETICS T
SIZE |ORGANIZATION| PINS |oUTPUT '
OC | 6330-1 [27508/20750 7602 5600 N82S23 gﬁslg%gw
256 328 16 TBP18S030
TS | 63311 |27500/20751 7603 5610 Nezs123 | (BPI8SO3
OC | 63001 |29510/20760 7610 | 3601 | 5603 20660 |N82527/825126 Lor 4o~ 10
1024 | 256x4 16 » e
Ts | 63011 |27811/20761 7611 | 3621 | 5623 29661 Ne2stzg | IBP145T0
TBP18SA22
- oc | 6308-1 DM74S470| 29600 ey
TS 6309-1 DM74S471 29601 ;Sszgi%z
2048 |  256x8
oc | 63351
24 | —
TS | 6336-1
oc | 63051 |27512/29770 7620 |3602A| 5604 |MCM7620| DM74S570| 29610 N825130
2048 | 512x4 16
TS | 6306-1 |27513/20771 7621 |3602A| 5624 |MCM7621|DM74s571| 29611 N825131
oc | 63481 7648 DM74S473| 29620 e v
4096 |  512x8 20 e
Ts | 6349-1 7649 DM745472| 29621 Jeisiigac
oc | 6340-1 7640 |3604A| 5605 |MCM7640|DMB7S295| 29624 Ne2s140 | LBTI8%A40
4096 | 512¢8 24 TBP18S46
TS | 63411 7641 |3624A| 5625 |MCM7641|DM87S296| 29625 Nezs41 | 1BP18546
oc | 63521 93452 | 7642 | 3605 | 5606 | MCM7642|DM74S572 N825136
4096 | 1024x4 18
TS | 63531 93453 | 7643 | 3625 | 5626 |MCM 7643|DM74S573 N825137
oC | 6380-1 93450 | 7680 | 3608 | 5608 | MCM7680|DM87S229| 20630 | N82S180 | (Riao S
8192 | 1024x8 24
Ts | 6381-1 93451 | 7681 | 3628 | 5618 |MCM 7681|DM87S228| 29631 N825181 gﬁ’;ﬁgﬁgg

Note: Only commercial specification part numbers are listed.

apINY 35UdI239Y-SS04) WO Jejodig



Bipolar PROM Cross Reference Guide

AMD MMI INTERSIL MMI SIGNETICS MMI
27508/29750  6330-1 5600 6330-1 N82523 6330-1
27500/29751 63311 5603 6300-1 N82527/825127. 6300-1
27510/29760  6300-1 5604 6305-1 N825123 6331-1
27511/29761 63011 5605 6340-1 N825129 6301-1
27812/29770 63051 5606 6352-1 N825130 £305-1
27S13/29771  6306-1 5608 6380-1 N825131 6306-1
5610 6331-1 N825136 £352-1
5618 6381-1 N825137 6353-1
5623 6301-1 N825140 6340-1
5624 63061 N82S 141 6341-1
FAIRCHILD  MMI 5625 6341-1 N825180 6380-1
93450 6389-1 5626 6353-1 N28S181 6381-1
ggjg; ggg;: MOTOROLA MMI
53 6353 MCM 7620 6305-1
MCM 7621 6306-1
MCM 7640 6340-1 Tl MM
MCM 7641 6341-1 OLD NUMBERS
MOl 7542 oy SN745188 6330 -1
MCM 7643 £353-1 :
HARRIS MM MCM 7680 63801 SN745267 63011
7602 6331-1 MCM 7681 6381-1 SN745288 6331 -1
7603 6331-1 SN745387 6300-1
7610 6300-1 NATIONAL MMI # SN74S470 6308 -1
7611 63011 DM74S470 6308-1 SN745471 6309 -1
7620 6305-1 DM74S471 6309-1 SN745472 £349-1
7621 63061 DM745472 6349-1 SN74S473 6348 -1
7648 6348-1 DM74S473 6348-1 SN745474 63411
7649 6340-1 DM745580 6305-1 SN745475 63401
7640 6340-1 DM74S571 6306-1 SN745478 6381 -1
7641 63411 DM745572 6352-1 SN745479 63801
7642 6352-1 DM74S573 6353-1 :
7643 6353-1 DM875228 6381-1
7680 - 63801 DM875229 6380-1
7681 63811 DM875295 6340-1
f DM875296 6341-1 ’ TI MMl
RAYTHEON  MMI NEW NUMBERS
: 29600 63081 - TBP18SAOR0 63301
INTEL MmI 29601 6309-1 TBP14S10 6301 -1
3601 6300-1 29610 £305-1 TBP18S030 6331 -1
36024 6305-1 29611 £306-1 _ TBP14SA10 6300 -1
3602A 63061 29620 63481 TBPI8SA22  6308-1
3604A 6340-1 29621 6349-1 TBP18S22 6309 -1
3605 6352-1 20624 6340-1 TBP18542 6349 -1
3608 6380-1 29625 6341-1 TBPIBSA42 6348 -1
3621 6301-1 29630 638C-1 TBP18S46 6341 -1
36247 6341-1 ; 29631 63811 TBP18SA42 63401
3625 6353-1° -~ 29660 630F-1 , TBP28S86 6381 -1
3628 63811 29661 630;-1 TBPP8SAS6 63801

3-3



Generic PROM Family
53/63XX-1

Features/Benefits Description

o Standard Schottky processing The 53/63XX-1-series generic PROM family offers the widest

* Reliability proven nichrome fusible links selection of sizes and organizations available in the industry. The
(qualified for MIL-M-38510) 4-bit wide PROMs range from 256x4 to 1024x4 and feature

upward/downward pin out compatibility in the space saving 16

* PNP inputs for low input current and 18 pin packages. The 8-bit-wide PROMs range from 32x8 to

® Compatible pin configurations for upward expansion 1024x8 in a wide selection of package sizes. All PROMs have the

® 4-bit-wide and 8-bit-wide for byte oriented applications same programming specifications allowing a single generic
programmer.

- . The family features low input current PNP inputs, full Schottky

Appl ication clamping, three-state and open collector outputs. The nichrome

© Microprogram store fuses store a logical high and are programmed to the low state.

Special on chip circuitry and extra fuses provide preprogram-

© Microprocessor program store ming tests which assure high programming yields and high
® Look up table reliability.

® Character generator ) .
The 63 series is specified for operation over the commercial

* Random logic temperature and voltage range. The 53 series is specified for the
e Code converter military ranges.

Generic PROM Selection Guide

MEMORY oA DEVICE TYPE
SIZE ORGANIZATION KAGE COMMERCIAL MILITARY
oc 6300-1 5300-1
256x4 1
K 56x TS J16 6301-1 5301-1
oc 6305-1 5305-1
2K 512x4 J16
TS 6306-1 5306-1 abitwide
oc 6350-1 5350-1
TS 6351-1 5351-1
1024x4 1
K 024x oc I8 6352-1 5352-1
TS 6353-1 5353-1
oc 6330-1 5330-1
1/4K 1
328 TS J16 6331-1 5331-1
oc 12 6308-1 5308-1
TS 6300-1 5309-1
256x8
K 56 oc o4 6335-1
TS 6336-1
8-bit-wide
oc 124 6340-1 53401
» s12x8 TS 6341-1 5341-1
oc 120 6348-1 5348-1
TS 6349-1 5349-1
oc 6380-1 5380-1
1024x8 J24
8K X TS 6381-1 5381-1

Monolithic
Memories Uil



53/63XX-1

Pin Configurations
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53/63XX-1

Absolute Maximum Ratings ;
SUPPIY VORAGE, VGG - - - v e ettt e v

INPUE VORAGE . . . ..o v
Off-state output voltage . ....... ... T 5.5V
Storage temperature ............. ... -65° to +150°C
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER
MIN NOM MAX | MIN NOM MAX UNIT
Vee Supply voltage 45 5 55 | 475 5 525 Vv
TA Operating free-air temperature -55 125 | 0 75 | °C

Electrical Characteristics over Operating Conditions

SYMBOL - PARAMETER TEST CONDITIONS s UNIT
MIN TYP MAX
ViL Low-level input voltage . 0.8
VIH High-level input voltage 2
Vic Input clamp voltage Vo = MIN I} = -18mA -15
TH Low-level input current Vce = MAX V) = 045V -025 | mA
\ = MAX V, = 4.5V (Program Pin)
™) High-level input current ce : (Prog . 40 | uA
V| = Vg MAX (Other inputs)
- MIL g = 12mA | All PROMs
Vee = MIN oL except
VoL Low-level output voltage Ve = COM g = 16mA | 30, 31, '80, '81 051 v
L = 08v _ {
MIL 'OL = 8mA
'30, '31, '80, '81
ViR =2v COM I = 12mA
Vce = MIN MIL oy = -2mA
VoH | High-level output voltage ViL = 08V 24 '
Vi = 2V COM Igy = =32mA
‘OZL VO = 0.5V -100 HA
Off-state output current Vee = MAX
lozH Vo = 24V 100 UA
IcEx | Open collector output current | Voc = MAX Vo = 24V 100 | WA
los Output short-circuit current* | Voo = 5V Vo = OV . -20 -90 | mA
30, 31 125
'00, '01, '05, '06 130
‘08, '09, 6348/9 170
Voo = MAX
Alliboud 5348/9 155 mA
inputs
lcc | Supply current grounded 35, 36, 40, 41 170
All outputs open| 50, ‘51, '52, 53 175
6380/1 - 190
5380/1 ~ 180

* 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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Switching Characteristics
Over Commercial Operating Conditions

53/63XX-1

tAA (ns) tEA & tgR (ns) CONDITIONS
DEVICE ADDRESS ACCESS ENABLE ACCESS & (See standard
TYPE TIME RECOVERY TIME test load)
MAX MAX R1(0) R2()
6300-1, 6301-1 55 30
6305-1, 6306-1 60 30
6308-1, 6309-1 70 30
6335-1, 6336-1 70 30
6340-1, 6341-1 70 30 300 800
6348-1, 6349-1 70 30
6350-1, 6351-1 60 30
6352-1, 6353-1 60 30
6330-1, 6331-1 50 30
6380-1, 6381-1 90 40 375 750
Over Military Operating Conditions
tAA (ns) teA & tER (ns) CONDITIONS
DEVICE ADDRESS ACCESS ENABLE ACCESS & (See standard
TYPE TIME RECOVERY TIME test load)
MAX MAX R1(Q) R2(Q)
5300-1, 5301-1 75 40
5305-1, 5306-1 75 40
5308-1, 5309-1 80 40
5335-1, 5336-1 80 40
5340-1, 5341-1 80 40 300 600
5348-1, 5349-1 80 40
5350-1, 5351-1 75 40
5352-1, 5353-1 75 40
5330-1, 5331-1 60 40
5380-1, 5381-1 125 40 375; 750
Standard Test Load
5V
?
$a Input Pulse: OV to 3V
o Input Rise and Fall Times: 5ns from 1V to 2V
OUTPUT O €2 TEST POINT Measurements Made at 1.5V

=< 30pF

Definition of Waveforms

mi

S |

Address

tAA
AA ]

Access Time

Enable Access Time and Recovery Time




PROM Programming Instructions

53/63XX-1

Description

The 53/63XX-1 Generic PROM Family is manufactured with
outputs high in all storage locations. To make an output low at

Programming Procedure (see Figure 1)

1. Apply the desired address to the inputs.

2. Enable Inputs may be left at any state. *

3. Apply5.5Vto Ve

4. Apply Vppto the program pin. (This step is not-used on the
32x8 PROM)*

. Apply Vot to the output to be programmed. (Program only
one output at a time).

. Remove VoyT-

7. Remove Vpp

8. Verification may be performed after each bit or word or after

completing the programming of all memory locations.

[$,]

o

*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.

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

Verification Procedure (sce Figure 2)

1. Enable the device.
2. To verify low-state:
2A. Apply an address where the output should be low.
2B. Apply4.2Vto V. B
2C. Load the output with I = 12 mA.
2D. Check that the output is less than 0.8V.
3. To verify High-state:
3A. Apply an address where the output should be high.
3B. Apply6Vto V-
3C. Load the output with gy = 0.3 mA.
3D. Check that the output is higher than 4.5V.

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

CONDITIONS LIMITS
SYMBOL PARAMETER TA = +25°C FIGURE MIN TYP MAX UNIT
R Slew rate of Programming Pulses T 0.3 ’ 05 V/us
Veer Vcc During Programming 5.4 55 5.6 \'
Maximum Duty Cycle 25 %
Vpp Programming Voltage on Program Pin * 1 27 33 \'
Vout | Programming Voltage on Output Pin * 1 20 26 \
D 0 10 20
1 S
oo Delay between VPP and VOUT 0 05 1 Iz
to Pulse width of Vo 1 10 25 us
Chip enabled .
VoLv | VOL during verification IoL = 12 mA 2 ' 08 v
VCce = 4.2V -
Chip enabled :
VOHV VOH during verification IOH = 0.3 mA 2 45 ) ; v
vce =6V

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

} Leading edge of VPP and VOUT

v | Monolithic : e ]

3-8
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PROM Programming Instructions 53/63XX-

ViH

ADDRESS ' X

ViL .

55V
Vee /
i . g0
Vep
10%

ViL

vout
10%
Vi ,
—=! tpy L’ —PI‘D2<—

Figure 1.- Programming Timing Diagram

ViH \ -
ADDRESS X X

viL

vVce 5v

42v

0

OUTPUT " ‘ ‘ 0“

\ WNN 0

W N

" le——— Check VOLV—————»] le———Check VoHy ——»

Figure 2. Verification Timing Diagram

Optimized Programming Algorithm

1. Pulse all fuses to be programmed with single, minimum PULSE PROGRAM PIN OUTPUT
voltage programming pulses (line 1 in the table). NUMBER VOLTAGE VOLTAGE

2. Verify all fuses at low VCC (4.2V). During this step, 1t03 27V 20V
unprogrammed fuses are pulsed up to eight more times 4t06 30V 23V
(see table). 7t09 33v 26V

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




PROM Programming Instructions 53/63XX

Commercial Programmers

MMI 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 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 external wires to the program pin and the output pin. The
current should not be limited at a value less than 240mA. This can
be checked by using a 50-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 specifications for the device.

Remember—The best PROMs available can be made unreliable
by improper programming techniques.

PART NUMBER our | No SOCKET ADAPTER
SIZE | CONFIG. OF
M c PUT | biNs | DATA 1O PRO-LOG
(ALL SERIES)* | (SERIES 90, 92)t
-1 -1 oc
5330-1 | 6330 1/4K | 328 16 715-1046 PA16-2
5331-1 | 6331-1 TS
5300-1 | 63001 256x4 C | 4 715-1035-1 PA16-1
5301-1 | 6301-1 TS
-1 | 6305-1 oc
5305 2K | 512x4 : 16 715-1035-2 PA16-1
5306-1 | 6306-1 TS
. -1 oc
5308-1 | 6308 2K 256x8 20 715-1028-1 PA20-2
5309-1 | 6309-1 TS
5335-1 1 63351 ) 256x8 OC | 5 715-1033-1 PA24-1
5336-1 | 6336-1 TS
- -1 oc
5340-1 | 6340 4K 512x8 24 715-1033-2 PA24-1
5341-1 | 6341-1 TS
-1 | 6348-1 oc
5348 34 4K 512x8 20 715-1064 PA20-2
5349-1 | 6349-1 TS
-1 | 6350-1 oc
5850 4K | 1024x4 18 715-1036 PA18-1
5351-1 | 6351-1 TS
5352-1 | 6352-1 ocC
4K | 1024x4 18 715-1039-3 PA18-2
5353-1 | 6353-1 TS
- -1 ocC
5380-1 | 6380 8K | 1024x8 24 715-1033-3 PA24-1
5381-1 | 6381-1 TS

* Program card set is 909-1226-1 for all series DATA 1/0

1 Personality module is PM 9037 for all PRO-LOG (series 90, 92)
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Generic ROM Family
52/62XX-1 52/62XX-2

Features/Benefits
® High bit density up to 16K

¢ PNP inputs for low input current

¢ High speed Schottky technology

e Open collector or three state outputs
Applications

® Character generator

e Look up table

* Microprocessor program store

o Microprogram store

e Random logic
e Code converter

Geﬁeric 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 1Kx8
and 2Kx8 organization. Additional 9-bit and 10-bit-wide output
configurations are available for custom logic or character
generator applications.

MEMORY ' DEVICE TYPE

sSIZE | ORGANIZATION PACKAQE COMMERCIAL |  MILITARY
oc 6280-1 5280-1
TS 6281-1 5281-1
oc 62802 5280-2

8192 1024x8 Fs J24 eo810 20812
oc 6282-1 5282-1
TS 6283-1 5283-1
oC 6260-1 5260-1

9216 1024x9 s J24 62611 22611
oc 6255-1 5255-1

10240 1024x10 75 J24 P e
oc 6290 * 5290 %

10368 1152x9 s J24 6201+ ao01 *
oc 6275-1 5275-1

16384 2048x8 s J24 62761 ik

- *Detailed information in section 5 (character generators)

Monolithic
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52/762XX-1 52/62XX-2

Pin Configurations

52/6280-1 52/6280-2 *52/6282-1 52/6260-1

52/6281-1 52/6281-2 *52/6283-1 52/6261-1
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*“QR” ENABLE = E1 E2 + E3 E4
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52/62XX-1 52/62XX-2

Absolute Maximum Ratings

SUPPIY VORAGE, YOG -+ v v vttt e v
INPUE VORAGE . . . ..o e e v
Off-state OUtPUL VOIAGE . ... ... e e 5.5V
Storage temperature . ... .. T e e e e e e e -65° to +150°C

Operating Conditions

SYMBOL PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 45 5 55 | 475 5 5.25 Vv
TA Operating free-airtemperaturé -55 125 | 0 75 | °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
ViL Low-level input voltage 08
ViH High-level input voltage 2
Vic Input clamp voltage Vce = MIN I = -18mA -15
L Low-level input current Vee = MAX V| = 045V : -0.25 | mA
ik High-level input current Vog = MAX V| = 24V 40 | wA
] Maximum input current Veo = MAX V) = 55V 1.0 | mA
MiL loL = 8mA '75, 786,80,
Vec = MIN - EoM 1o, = 1omA |81,'82,83
VoL Low-level output voltage Vi = 08V oL 05 v
: MiL ’55, '56
= | = 6mA s
Vi =2 com ©t '60, '61
Vee = MIN MIL loH = -1mA
VoH High-level output voltage ViL = 08v 24 Vv
‘ Vi = v COM Igy = -2mA
Voo = MAX ‘80, '81, '82, '83, '55, '56, '60, '61 -50
lozL VA = 05V P uA
Off-state output current o _ 75 78 i
' oufputcum Voo = MAX |80, 81, ‘82, '83, 55, '56, 60, 61 , RN
OzZH Vo =24V [775 776 100 |
IcEX Open collector output current | Voo = MAX Vo = 24V ‘ 100 | pA
los Output short-circuit current Voo = 5.0v Vo = 0V -20 -90 | mA
v MAX '55, 60 165
CcC ~© g ; )
All inputs 56, ‘61 175
Icc Supply current grounded '80, '82 170 | mA
All outputs N N
open 81, '83 180

75, '76 , 190




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

Switching Characteristics
Over operating conditions

tAA(ns) tEA(ns) tER(ns) CONDITIONS
DEVICE ADDRESS ACCESS ENABLE ACCESS ENABLE RECOVERY (See standard
TYPE TIME TIME TIME test load)

MAX MAX MAX Ry0 RyQ
6255-1, 6256-1 100 70 40
5255-1, 5256-1 150 80 45

6260-1, 6261-1 100 70 40 750 1500
5260-1, 5261-1 150 80 45
6275-1, 6276-1 110 40 40
5275-1, 5276-1 120 50 50
6280-1, 6281-1 100 70 45

5280-1, 5281-1 175 90 50 560 1100
6280-2, 6281-2 55 30 30
5280-2, 5281-2 75 35 35
6282-1, 6283-1 100 70 45
5282-1, 5283-1 175 90 50

Standard Test Load
?
} Ry Input Pulse Amplitude 3.0V
SUTPUT O @ TesT POINT Input Rise and Fall Times 5ns from 1.0V to 2.0V -

Measurements Made at 1.5V
SRz == a0pr

Definition of Waveforms

le———tAA.

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

Features/Benefits Applications

* 100 ns max. access time o CRT displays

e Printing calculators
e LED arrays

e Typesetting

e Low power dissipation—500 mW
e Standard packaging—18 pin dip/24 pin dip

o Single 5 volt supply 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.

* 64/128 characters in one package

¢ Open collector or three-state

Character Generator Selection Guide

GENERIC | CHARACTERS COMMERCIAL | MILITARY
MATRIX SCAN PKG
PART NO.[ NoO. | TYPE oc | Ts oc TS
6055 5x7 Row 6055 | 6155 | 5055 | 5155 [ J18
60561 | 64 | Ascll 5x7 Column 6056 | 6156 * * J24
6071 7x9 Row 6071 | 6171 * * J24
6061 T 5x7 Row 6061 6161 * *
sos2T | 128 | Ascll 5x7 Column 6062 | 6162 * * J24
6072 7x9 -~ Row 6072 | 6172 * *
. 1
6290 128 lcusom|  7*° Row 6290 | 6291 | 5200 | 529 e
6292 9x9 |Row/Column| 6292 | 6293 | 5292 | 5293

* For military versions of these Character Generators contact the factory.
T “OR" enable = E1 E2 + E3 E4

Pin Configurations

E A7 ~ Vee E E A7 b Vee E E A7 ~ Vee E 1} A0 bl Vee E
] » Ag E =% Ag E E g ns 23] 2] Ay (NC) ~ [
g~ =@ - @ O oa O w3
s % @ e 21 m [ 0 IS & ] E & [
5. B g = .8 G e 8 og. e o
[~ o312 a efg]  [a Am| - ne [18]
EAZ 043 EAO NC:7] EAo NCE EA‘ NCE
E GND 0s E E 0 07 E E 04 (NC)O, E E 04 07 E

- o e o e @

E GND 04 E 12] GND 04 E E GND 04 E

Momories DA
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" High Speed Character Generators

Absolute Maximum Ratings

Supply Voltage, Vo
Input Voltage
Off-state output voltage
Storage.temperature

Operating COndltlons

o MILITARY  COMMERCIAL
SYMBOL RAM| :

o PA ’ETEH MIN NOM MAX | MIN NOM MAX UNIT
Vee Supply voltage 45 5 55 | 475 5 '525| 'V
TA Operating free-air temperature -55 125 0 - 75 | °C

Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS UNIT
- MIN TYP MAX
ViL Low-level input voltage 08 | V
ViH High-level input»volta'ge 2
Vic Input clamp voltage Voo = MIN I} = -18mA 15 v
I8 Low-level input current Voo = MAX V| = 045V —025 | mA
i1 High-level input current Voo = MAX V| = 24v 40 | pA
I Maximum input current. Voo = MAX V) = 55V 1| mA
i ] ML IgL = 8mA ,551 56
Vce = MIN - '61’ ’62’
VoL Low-level output voltage ViL =.08v COM lg, = 10mA ' 05| Vv
ViW =2V oL =6mA | 1. 72
Vce = MIN MIL oy = -1mA
VoH | High-level output voltage ViL = o8v 24 \
! ViH =2V COM lpH = -2mA
\ = MAX '55, '56, '61, '62 -50
| cc , \ ,
= Off-state output t Vo - oo 71 72 oo |
| ~siate oujputcurren Voo = MAX | 55, 56, 61, 62 50 [ a
OZH Vo =24V 71, -T2 100
Icex | Open collector output current | Voo = MAX Vo =24V ‘ 100 | wA
los Output short-circuit current Vee = 5V Vo = oV -20 -90 | mA
k Veo' = MAX Open collector 170
lcc Supply current All inputs mA-
grounded - Three state 180 | -
All outputs open




High Speed Character Generators

Switching Characteristics
Over Operating Conditions

tAA(ns) tEA(ns) tER(ns) . CONDITIONS
DEVICE ADDRESS ACCESS ENABLE ACCESS ENABLE RECOVERY (See standard
TYPE TIME TIME TIME test load)
MAX MAX MAX . R10) R2()
6X55,6X56,6X61,6X62 100 70 45 560 1100
5055, 5155 175 90 50 .
6X71, 6X72 125 75 40 750 1500

Standard Test Load

sv -
Input Pulse Amplitude 3.0V ’
Input Rise and Fall Times 5ns from 1.0V to 2.0V

Measurements Made at 1.5V

A

\4

Ed
-y

) TEST POINT

OUTPUT O-

>
3P == a0pF

1k
F

Definition of Waveforms

|

el

E X’:—:—-‘X_-_—
| - | VS S —

Enable Access Time and Recovery Time



Character Generators

Tabulation by Octal Select-Code

64 ASCII Characters 128 ASCII Characters

Row Scan 6055, 6071 Row Scan 6061, 6072

Column Scan 6056 - : Column Scan 6062
0012 34586 7 01234526 7
0@ ABCDETFG [ VANYANVANVANVANVANWANVAN
M/HI JKLMNDO WAAAAAANAAN
2/PQRSTUVW b1 VANWANVANVANVANVANVANVAN
/XY Z [ \N] = VAAANAAALAALAAA
40 VoS % & 40 VoS % &
501 ( ) % + , — / 501 () * 4+ 5, — - [/
60/0 1 2 3 4 5 6 7 60/0 1 2 3 4 56 7
70|18 9 : ; = > ? 70|18 9 : ; <= > 72
Example: 100/@ A B CDEFG
. 1M10|H | J KLMNO
The Character $ is addressed by the octal code 44 120/lPQaRSTUVW
130X Y Z [ \] } =
140 a b c de f g
150/h i j k I m n o
160|p q r s t u v w
170|x y z { | } ~A

/\ This ASCII code represents a control character.
For the corresponding display character see the detailed data sheet.

Generation of the Letter “F”’

Using Column Scan Using Row Scan
. sl § N B § | 7
Ax —c0OEO0O000 Ax
COLUMN-SCAN —» 3 0B 0000 g:v;-sc:ga
22,‘}2357’5: - *ORERRO GENEAATOR
. — sOmO0000 3 i
A—+>Ax —- s OB 0000 [—+—' x
CHARAC —— o OmMO0O0O0
ACTER SELECT: .
ASCHl CODE Fong m’}g:lsn CoLumMN.0' 1 2:3 45 CHARACTER SELECT: COLUMN. l l l l l
AgAgA7Ag AsA Az Ag Ag Ay M EN,IB_ER
000110 000 AgAgA; Ag A A Az A A A, 05 04 03 02 01
00 1 1000110000 o0OOOO
010 001 iEEEEN
011 010 2®B0000
100 011 sm0000
000110 101 100 sEEERQO
110 101 smO0000
1}PROGRAMMEDTOALL Lows 110 eMOOOO
T 100 10111 7R0000
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A “Filled In” Square Represents a Low Memory Output
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7 x 9 Character Font

6071

6171

A “Filled In” Square Represents a Low Memory Output

ASCII Ag As Ay
INPUT 0 0O 0 0 1 010 01 1 1 00 1 0 1 110 11 1
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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.
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m00000Em | 000000 | poomOOD | OOOCOOS® | OmOEOO0OC | mO000O0Oe | 0O0OOOEO | 0000000
A9 Ag Ag Ay| mOOCOON | BODDODO | poowOO0o | DO0OOOOM | DOSMO000 | @ONCONCOE | 000OOON0 | OOEROO0
sC00C000m | B000000 | gpow0O0 | 0OO0OOOOe | oOOWM000 | moOom0OO® | DOCOWO0 | ORO00O0O80
0 0 0 0| gpooooom |woooooo ooOmO00 (| 000000e | OOOEN00 | sOWOR0ON | DOODOWOO0 | m00000e
E00000e | B000000 ( gpom0O0O0 (| 00O00O0O0OW | OOOWON0 | @000008 | @aO0OBO0O00 | mO00000.
mO00O000m | BO0OOO0O00 | ooo 00 | 000000 E | 0OOOO0OOM | E000C00E | OMOROOO | mOO00O0O0OW

EEEEEE | E000000 | pueEEER amEm oooooom EESEEE | OORODOO EEER

(NUL) % (SOH) % (ETX) % (EOT) % (ENQ) % (ACK) % (BEL)*
0000 | @emm0000 | NEEEEEE [ RO0OROO0OS | OOOWMO0OO0 [ OOOOMEE | COMERO00 | OOREEOO
00000 | pooe0O0O0 | 0000000 | M00OWMOCE | EO0OR0O0ON | OOOWM0O0O0 | OMOOOEO0 {OE00O0Os0
s0Om0O000 | oo00OmO0 | DODOOOD | E00WO0OE | EO0OROO0OE | OOWMO000 ( WOOOOOe | @O00000E
OoOoOmO00 | ooooomo | 0DOOOOOO | EOOWO00S | OEEEES0 | OEO0O000 | @ OMOMON | BOO0C0Oe
0 0 0 1|0CU0NDOC | wuEwEEN | SSESNEN | EOONOCSE [ OOOROOO | ® EEEN | EO0OROON | EOOEOOE
0O0O0OmO0 | ooooomeo | 0O0O0OO0O0O0O0 | @00800® | EO0OWOCE | O 0000 | eOWMOEON |EO0000O0E
O0O0OOMO | ooooeOC | COOOCOO | OMOWOR0 | CEER 0| DOmMD0O0O0 | e00000M | EO000COm
0OOCOmO | ooomO000 | 0000000 | DOWMMEA0O | DOOWMOO0 | OOOWMOO00 (| OMOCOONO0 |OmO0OO®mO
' 000000 | emmOO00 OOOMOOO | 0OOWMO00 (| OODOCOEES | OOEER00 |0OEmEO0

(BS) * HT) % (V) * (FF)* (CR) ¥ (SO)* (Sh*
EENENEN | D0ORSS00 [ OOWEN00 [ OOWEN00 | COWSE00 [ O0O0O0OOE | OWREEEE0 ( 000000®
E00000OE |0OS0ONON0 | ONO0OON0 | gWOOO0OS0 | OMONOSE0 | 000O0O0OOE | OROOO®MO | 00DO0OOOW
E00000e | e00N00W | EO0000E | @00000e | RO00OWO008 | OOOCONO | OWO0OOMO0 | 0O00000Oe
E00000E | B00E00W | E000008 | @O00O0C00OS | EO0OMO0S | OOO0DOE0 | OMOOOMO | 0O0DO0OO0Ow
0 0 1 O|"ueSEEE | NOONEES | EOCONNSS | gESS00S | SEES0ON | DONSSSE | ONOOOSD | NESSEEE
[ Jalalslal=] BN Jalslufals] | m00OECON | 00000 | 0OOOWOD | OMOCORO | DOOOQOOW
mEOO0CCOe | mOo0OOO0w s00OEOO0S | @00D000E | EO0OROO00 | OWOOOEO | DOOOOOE
E00000OW | OWOOOEOo OmOEOE0 | ONOCOOEO | OWO®O000 | OMOOOWMO | DOOOOO®
EEEERSR | DOEEROO OOEmE00 | OOEEE0O0C | 0OR0O000 | eMOO00EE | O0O0OOOE

(DLE) ¥ (DC1)* (DC3) * (DC4) % (NAK) % (SYN) % (ETB)*

EERERES 000000 | CNSESS0 | OUNES00 | SEESEES [T 1] 1] 1] (L]
E00000OE | 00OWOO0 | m00000E | ONOOO0OS0 | E00E00S | B00000R | EO00000OE |@O00OB0CO®
Om0O0OOe0 | 000O®O00 | 000000 (| 00000 | a00ONO00NM | MO0O000E | @0000C0OE |mOOmMOOR
oomOm00 | 000OWMOOC | 000000 | @a00000M | e00ON00ON | aO00COe | @000008 (| mO0OEOON
0 0 1 {1|0DDOEOCO|CONENNES0 | ONN0000 | SNSESES | EEEN0OOR | @ BO0E | ROCEEER |EOCEEEE
OOwEE00 | 0D0OMOO0 | COO®E0O00 | @00000O® | @00000S | mO00ON00S | E00OE00S (@0O0000E
Om0OO0Om0O | 000ON0D00 | 0OOW0O00 | @00000CE | m00C000S | EO0ON0O0E | EO0NOO0OE ( mOODDOOCE
E00C000Os (| 000000 | 0000000 | OE000®0 | E00000E | e00M0O0OR | EO0OECO0OR (@O000OCOE
EEEEEEE | 000000 | OOORO00 | OOEES00 | geEeEER mEEm EEEEEEE

(CAN) % (EM) % (SUB)* (ESC)* (FS) ¥ (GS) * (US) *
0000000 | 000OMOO0C | OmO0Oe00 | OOWMOE0O0 | OOE0ORO00 | ON0O0000 | OEE0000 | ODOER00
00O0O0O000 | 000OM0O00 | OW0OOE0O0 | JOS0ON800 | CESEEES | SON000S | 008000 | OOOEEOO
0OooO0O000 | 000OWO00 | OmoOsOO0 E0E0ON00 | OE0O0OOE0 | MO0OBO00 | DOOWOO0OO0
0 1 0 0|CCCOO0CC|D0OCONOCD| ONOONOD E0E0ON00 (| ODOOEO00 | OMROO00OO0 | 0OMOOO00
D0O00O00 | 000OWMO00 | 0000000 | DOMOE0OC | CEEeES0 | 0OOE0O00 | OEE0O000 (| OCO0O0O00
0000000 | 000OMO00 | 0000000 | OONOM0O0 ( OOsO®0OS | OOEOOO0 | @O00MOR0 | ooOOO0OO
0000000 | 0000000 | ooooooo OOEOEOE | ONOOOEO | BO00OEE0 | 0ODOOOOO
OOoOOO0O00 | 0000000 | ooooooo ] ] O| mooom m0000WO0 | 0000000
OoOOO00 | 000000 | Coooooo OOEOE00 | 000O00OMO0 | OEEES0ON | 00O0DOOO
0O0OO0O0ON00 | 00OW0000 | OOOE0O00 | 0000000 | oODD0D000 | 0000000 ( 0000000 | Doo000o0
000OW0O00 | 000OW0O00 | EO00E00N | OOO®OO00 | 0OODOO0OOO | 0000000 | 0000000 | ooOoDOoOm
OOwm0O000 (| 0000W0O0 | OEOE0ON0 | OO0O®O000 | 0000000 | 0000000 | 0000000 | coooomo
0 {1 0 {|CCEC000|0COCONO0 | OONEEOOD| ODDEOOD | DO00000 | 0000000 | 0000000 | 0000OMOO0
OOECO0O00 | 0DOOeO0 | O0OWO00 0000000 |mEEEEES | 0D00OOO0O0 | DOOmMOOO
OOm0O000 | 0ooOoDmOo0 | 00 [ Julal 0000000 | 0000000 | 0000000 | com0o00Q
0Om0000 |0000W00 | ONOEON0 OoOm0O00 | 0000000 | 0000000 | omo0oOo
0O00OmO00 |000W0OO00 | MOOmOOe ooomO000 | 0000000 | 0000000 | 000000
OOOOmO0 | 0OWMOOO0 | OOOMOOO0 | 0000000 | OOMOOO0O0 | 0000000 | DOOWO00 | coooooa
ODEEECCO | 00OmOOO0 | OEEEEED | CEESES0 | OO0OS00 | SEEEEEE | CONSEE0 | SESEEEES
OE0O0O0ON0 | 0OmEO0O0 | @00000E | 00000 | OOOWMEO0 | mO000000 | OM0O00O0O® | 0000O0O0Oe
E0C0C00OEE | OmOE00C0 | O0O0D0O0OOE | 0O0O0OOCOE | OOEO®00 | MO0000O0 | e000000 | 0o0O0ooOoe
s000®Os | 00O0OWOOC | OODCOCOEO | DOCOOOE | OE0CO®0O0 | M000000C | @000000 | o0000O®O
0 1 1 0| mcoscoe | 0DOEOOC | OOEEECO | OOOEESC | EO00E00 | SESSSES0 | EOBEEE0 | OOCO®OO
m0OE00O0E | 00O0OWOCOO | OROOODOO0 | 000O0O0O0OE | MO00OM0O0 | O000O0O0OS | @eE0000W | 0OOOmOOO0
ECOO0OO0E | OOOEMOOO | 000000 | DOO00OR | EEEE ® | 0ODOODOOe | mOO0OO0OE | OOmOO0OO0
Om0OCOmO | 000OWOO0 | @000000 | m00000W | 0DOo00 O| 00000 | mO000OM | OEOO0OO0O0OO0
OOEMEE00 (CESEESSC | SESEEEEE | ONSESEED | 0O0OCONOC (OEssER0 | OBREEES0 | RO0OOOOO0
OssEER0 | ONSSSSE0 | 0000000 | 0OO0OOO0O0OO | 000000 | 0000000 | OmMOO0O0O0 | ONEEEE0D
m00000e | 00000 | 00DDODOOO | 0000000 | 0OO0OWO00 | 0000000 | comoooo | W0C000.
EO0000OCE | BO0000W® | O0OOO0OOC (| 0000000 | OOOWMO00 | 0000000 | coomOoOoo | O00D0OOW
Om0O0OEEQO | B0000CES | 0OOEO0O0 | OOOMO00 | OONO0O0O0 | SESEEES | COOO®OC0 | D000OO.
0 1 1 1| oowss0Cc | Owsss0R | 0OOCOOC | OOOOOOO | OMOOOO00 | 0000000 | DooOO®MO | DOOOEEO
Om0O0O0OE0O | 00OCDODOM | 0000000 | 0000000 | OOeMO0D0O0 | 0000000 | oooOoeO0 (| 0OO®O000
e00000m | 000O0OCO® | 0OOWMO00 | OO0OWO00 | 0OOe0OCCO | EREEREE | QOOEO00 | OOO®O0O00
E00000m | B0000OWO0 | 0000000 | O0OWMO00 | OOCOCO®00 | 0000000 | oowo0ooo (| 0000000
OEEEeE0C | OSEEE00 | 0000000 | OOM0O000 | OOOo0O®0 | 0000000 | omO0O00O0O0 | 000O®000

*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.
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7 x 9 Character Fon

6072 6172

A “Filled In” Square Represents a Low Memory Output

ASCII Ag A5 Ay
INPUT 000 00 1 010 01 1 100 | 101 110 | 111
ADDRESS
0700504030201| 0700504030201 (0706050403020 0706050403020 0706050403020 1] 07060504030201| 07060504030201] 0706050403020
OOWseE0 | 0COmO00 |SEEES00 | DCEEESD | ESEEES0C | SSESEEES | geseEES| OOEEES0
omOQ || 0D0OmOmO0 [=] Jululs} Ju) omCcOoOcOm [} Julufal ju] ®|000000 EO000O0O0D| omOooOOOs
AsnAoAgA sCOCOEEOE | OECCORO | OEOOO0OE | ®00000O0 | OMCOCOm | @0C00000 | moo0o0dn| soooooon
10A9A8A7 | momomce | mooooom | OmCcDomo | mOoD0OOOOD | OEOOCOM | BOOODOOO | AODO0OO0| WOOOOODO
1000 sOEONOS | RO0000OS | ONESR00 | 000000 | OM0000S | EEEEE00 | eaEeEE00 | ®O00000
NONEEES | mEmEEE OsCOOO®mO0 | 000000 | OsCOOOE | E0CO00C | mOo00COOO| WO0OOEEE
BOCOCO0 | m00CCOOm | OEOOOOR | BO00000 | ORCCODOS | RO0000C | m000000 | m000O00
Os000OE | e000CCOOe | ONOOO®O | OECODOOE | OEOCO®0 | @0C0000C0 | m0000CO0| OMOOO®
OOEEEE0 | @00000e | EEEEEC00 | OONSEED | EEEES00C | SEEEESES ( m 000000 | OOEEEOE
s00000E | COmEEeO00 | COOOOOE | BEO0CO0OE | @000C000 | @000CO00ON | @0O0O0CO8 | OOeeeO0
s0000OE | 00OMOOO | 0OOOOO®M | EOCOOE0 | B00C0OC0O | mO00CO0O00e | @e00C0O0Oe | OROOOeO
s00000m | 000O@O00 | OOOOOOe | @OCOEOC | WO0COO00 | em00OCe R | eE0C0O0CE | @mOOO0OE
s00000m | 00OWOO0O0 | 0OOOCOmM | @0O0ROO00 | E000000 | aOEOECE | @OBCCOE | @00000E
1001 EEREEE (000000 (| 00OOCOOQOE | ECEO000 | WO000000 | EO0OMOOE | @EOOMOON | @O00OOW
m00000m | 00OmO00 | OOOOOCOe | eMOECO0 | @00C0OC0C | e00OW0OE | aOCOEO0N | ®m0O0000Oe
mO0000Om | 00OOWMOO0 | mO0COCC0OW | mCOOEOO0 | MO0DC0COC | mO0OEOOe | @OOCCES | @OOOOCOE
S0000Om | 000OEOO0 | OmOOO0OS0 | s00COR0 | m000000 | a000CO0E | mRO0OCOOM | ORCODORO
NO00000Ss |OOSESO00 | OCEEE00 | 00000 | EEEEEEE | E00000CE | a00000S® | COmemOo
EEESEN0 | 00OSEN00 | SESEEE0 | DOOSESSC | @SESSESS | 800000 ( @00000CE | sOOO0O0O®
E0000C0Se | OEOOOEO | B00000 | OROOOOE | EO0BCOS | AO00000S® | @00000E | @O00OO00OE
E0000 ® | e00O0O00s | 000008 | 000000 | 0OOWOOO0 | M00000® | eO000COE | mOOOO0O0s
E00000N | @00000S | M00000M | ORO0OO0OO0OC | O0OOEOOO0 | WO00000OE | OROOOEO | eO0DOOOe
10 10 sEEEEC | ®OO0O0O0CE OOsEmO0 | OOOWOCO ( e00COOE | ONRCOOS0 | ROOEOON
E0C000COO0 | mOCcw0O0OE | BO00OM0O00 | OOCOCOOEC | OOOWOOO0 | @000O00e | OBO00OE0 | sOOs00e
E0000CD | e0CcOmOEs | BEO0O0E0O0 | OOOOCOO® | 0O0OEOO00 | MO0000OE | DO@OEO0 | sooecos
B000000 | OmooOom BmO0C00OE0O | mO0COE0 | 0COOEOOC | ONOOORO | OOEOBO00 | EOB0@0S
000000 | DOOEEmOR | 00000 | OEEEE00 (0DOECOC | OOEER00 | OOO®O0O0C | O8COO®O
E00000S | @00000N | NESEEES | EEEEEES | 00D0OCOOO ® | DoDoooo | ooooooo
S00COON | @00000e | 0O0OODOOCE | ER0O00C0C0 | mO000000 ooooooo | oooooog
Om0ODOEO | OW0O0OOE0 | 00OOO®O | eMO00000 | omooOoO00 ® | ooooooo | ooooooo
1011 OOmOEO00 | OOMOEO0 | 00ODO0OSOO | mmO00000 | cOMOOO0O0 ® | ooosooOo| Dogoooo
OOOE0COO | COOMO0C | 000000 | 00000 | ooomooo OOmOWOD| 0000000
ODOmONOD | DOOWDO0O0 | DOMOOOC | EMO00000 [ oooCweoo ® | OmCODOmO| OODOOOOOD
Om0O00OEO | COOEOOO | OMO0O0OC0O | mmO00000 | oooocoea m | mooooom| ooooooo
EO0C000O0Oe | DOOWOOO | WO000000 | aM00000 | 0ooCcO0E m | O0DODODOO | DOoOOooOoo
E0000OE | 0DONO00 | EEEEEES | B mE® | oOOOOOO ® | 0000000 | e EEEEEE
OOEm000 | 0000000 | m0oO0OO00 | OOo0o0ooo0 | 0000080 | 0000000 | oooee00
OOmEO0O0 |O0OEES00 | @000000 | 00D000O0 | 000000 | 0000000 ( COMO0O®O
0OOmO0O0 ({ OmO0O0C0CE0 | @000000 | 0000000 | 000000 | 0000000 | O0OMO000 | mOooooeo
O000OW00 | O0000OM0 | mOEEE00 | OESEeE00 |OEEE0S0 | OSEEEE00D | 000000 | MO000OS0
1100 0000000 OSSO0 | @E0O00Oe0 | 000080 |MO00O0ORE0 | B0000E0 ( EEEER00 | S000OEE0
0000000 | MO0OES0 | 00000 | 000000 | WO00D0O0OEO | E000080 | 00OM0000 | OEERO80
0000000 | MO0000E0 | m0000e0 | 000000 | 80000OMD | ESEEE00 | DOMOOO0OD | DO0OO0OO®O
0000000 |e000Ee0 | meO000R0 | @000C0ORO0 |{MOOOEE0 | E000000 | OOEO0O0O0 | WO00OE0
0000000 (|OMEEO0OR0 | mOeER00 |{OEEEe00 |[ONEE0ON0 | ONEES00 (0080000 | ONEBE80O0
s000C0CO | Doooooo | 000oOeO | EO000000 [ 0OeE000 | 0000000 | oOoooO00 | ooooooo
m000000 | OOooODO0o | DO0C0000 | M000000 | OOOmO00 | 0000000 | ooooooo | ooooooo
m000000 | OoDOmOO0 | DODDOWMO | BO0D0ONO | 0OOMOO0 | 0000000 | 0000000 | 0OOO0OO0Oo
sOEEEO0O0 | 0000000 | DODOOWMO | EOOCOWOD | COOEOO00 | 0000000 | MOEEe00 | OEeeEco
1101 mO00ON0 | OOmRO0OO0 | 00ODCOSO | E00ON0O00 | DOOWO0OO0 | EOECEE0 | @ERO000E0 | ®OCOOMO
s0000OEO0O | 00OOMOO0 | OODOOOEO | EOWO0C0O0 | ooOWOO00 BOROOR | RO0OCCOE0 | mOO0OORO
mO0000EC | DDONDOO0O0 | OD0OO0OEC | EE08000 | DOOEC00C | e0OEC0OS | E0000OE0 | BO0OCOCO®0
s0000E0 | 00OOWOOC | eC000CE0 | SO000OWOO0 | DOOE0OOCD | eCOROOe | @0000OE0 | m0000@0
B0000NC0 | OOWMEE00 | ONSEE00 | a0000E0 (| DONEE00 | E00BCO0E | @000080 | ORSER00
sUEEE00 | OEREE0ON0 | 00DOOOO | 0D0ODOOO | OOOOOOO | OOOOOOO | 0000000 | ooooooo
EEC000ON0 | m000EE0 | 00D00DDO0O | DODOOOO | 00DOCCOO | OoOoOoo | 0000000 | ocopooooo
E0000OE0 | mO00O0O0EO | 0000000 | 0000000 | 0OWM0000 | 0oDOO0oo | 0000000 | oDooooo
EO0000RO | @0000N0 | EOEES00 | OmeEEE0 | 0ONOCOO0 | eO0O0COW0 ( 0000000 | moDOCOW
11 10 |ss0C0EC | ECOCESC | @EO000OS0 | BO000000 | ONEE000 | RO0000CE0 | @OC0OO0O® | @O0000OW
ECEEEC0 | OEEEONC | NO0D00O0 | OCEEERO0 | 0ONO0O0 | mO00COEO ( OMOOCOSO | mOOROOE
EO000000 | DOOOOEO | 000000 | O00O00OeO0 | 0ORCO00 | 000080 (OOWMOROO0 | eOO8O00Oe
E0000OC | OOOODOEO | 000000 | 00D0O00OeO | DORCOS0 | E0COEE0 | 0008000 | somOoe0e
s0000C00 | JODOOM0 | E0000C0 | EEEEE00 | DDOOEECOOD | OEREEONC | 0008000 | OECcOO®0
0000000 | m00C0COe0 | 0000000 | OODOE00 | 000000 | 0oOmO0O00 (Osscos0 | O
0000000 | m0000e0 | 0O0D0OC0 | OOOMOO0O0 | 000000 | DOOMOOO (MOOEEO00 (=
0000000 | epooOOmD | 0000000 | OOOWOO0 | 0OOOMOOO0 | ooomOooo |Doooooo | o
E000O0ONO | M0000SC0C | EEEEEED | 0008000 (| OOOEOOO | 0OOMOOO0 | 0000000
11 11 OEm00OEDO0 | E000ES0 | DODONOC | OOMOO00C0 | 00O0O0DO0 | ocooOomoOO0 (DODOOO0OO | O
OOEE000 | OmEEOE0 | OOOBOOC | OOOMOOO (| 0COOWM000 | ooomooo | 0000000 | @
OOEe000 | 0oOoO0Oe0 | 0OWE0O0O0O0 | 0OOOEO000 (| 00OO®EO00 | 0oOmO0D | 0000000 | O
OmOdCE00 | eO00C0OECO | ONOOOO00 | OOONO0OD | COO®MOO00 | ooomooo |(0Do0ooooag
s0000e0 | OEEEECO | EENEEED | 0O0DOSO00 | 000OW000 | 0O®MO0O0O0 |0OoOoOoooo | O




5-14



High Speed

Custom Character Generators
52/6290 52/6291 52/6292 52/6293

Features/Benefits

o Schottky—high speed 10MHz

* Specifically designed for custom 7 x 9 row scan and 9 x 9

font character generators

e Up to 128 characters in one package

® Low power dissipation—500mW

e Standard packaging—24 pin dip

o Single 5 volt supply

* 125 ns max. access time

Applications

e A single package high speed bipolar replacement for slow
multiple package MOS character generators

e CRT displays

o Printing calculators

e 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)

[1] 40 Eoat vee |24
2] A0 P |
3] a2 [7]
4] 28 a3 [21]
[5] a7 EE
[6] 26 &9
[7] a5 NCE
(5] A4 ne [17]
B 07E
10} 0> OGE
11] 05 : os [19]
[12] enD mE

A 9 x-9-font character has 9 outputs and 9 rows of columns per
character depending upon whether we are forming a row or
column scan.’'9 words of a ROM with 9 outputs per row are
required for each character. 128 characters require an 1152 x 9
ROM which is the 5292/3, 6292/3.

A3, A2, A1, and AQ 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
A10 are used to pick one of the 128 characters. A4 is the least
significant binary digit and A10 is the most significant binary digit.

The enable E1, and E2 must both be low to activate the part. A
disabled part (E1 or E2 high) has high memory outputs per-
mitting wire ORing or blanking.

Unused scan locations generate low outputs.

Custom Font

It's easy to go from custom font to the punched card or tape
format preferred by Monoiithic Memories Inc. Several examples
are 'shown. We have arbitrarily assumed that a character
is formed by a series of low memory outputs in a background
of high memory outputs. The assumption, of course can be
reversed.

5292/3, 6292/3 (9 x 9 Row or Column Scan)

(1] A0 b VCCE
2] A0 A1E
[3]a0 2 [27]
[] 2 ; AéE
(5] A7 ‘ ‘ EE
[6] A6 & [19]
7] 45 OQE
[8] A og [17]
2] or [ie]
10] 0, OGE
[11] 05 os [1a]
12] enD o,;E

Note 1): A0, A1, A2, A3 are used for the character scan.
2): Both enables must be low to advance the device.

Monolithic
Memories
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52/6290 5276291 52/6292 52/6293

Absolute Maximum Ratings

SUPPlY VORAGE, VOG- - -« v v evve e e e R N TR LSS AR v
Input Volage . . . ... o e T e e e s e e e e e RO A"
Off-state output voltage . ... ... ... .ot e e e P s S e el e e 5.5V
Storage temperature. ..............ivioniime v e S —65° to +150°C
Operating Conditions
- MILITARY COMMERCIAL
Y Al T :

SYMBOL . PARAMETER MIN NOM MAX | MIN NOM MAX UNIT
Vee Supply voltage : 45 5 55 | 475 5 525 v
Ta Operating free-air temperature -55 125 0 75 | °C

Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS UNIT
" MIN TYP MAX
ViL Low-level input voltage 08 | V
ViH High-level input voltage 2
Vic Input clamp voltage Vee = MIN I} = -18mA 45 |- v
L Low-level input current Voo = MAX V| = 045V -025 | mA
[T High-level input current Vee = MAX V) = 24v 40 | pA
Iy Maximum input current VCC ="MAX v ¢ 4.5.5V ' 1| mA
Vce = MIN
VoL Low-level output voltage ViL = 0.8V 'OL = 6mMA 05 Vv
V|H =2V
VCC = MIN MIL 'OH = -1mA .
VoH | High-level outputvoltage ViL. = 08v 24 \'
ViH = 2V COM IgH = -2mA
| \" = MAX Vo = 0.5V -100 A
ozL Off-state output current cc 0 o
IOZH VCC = MAX Vo = 24V : 100 | pA
Icex | Open collector output current | Voo = MAX Vo = 24V 100 | WA
los Output short-circuit current Vgg = 5V Vo = 0V -20 -90 | mA
VCC = MAX Open collector : 170
Icc Supply current All inputs mA
grounded Three state 180
All outputs open
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52/6290 5276291 52/6292 52/6293

Switching Characteristics
Over Operating Conditions

tAA(ns) tEA(ns) tER(ns)
DEVICE ADDRESS ACCESS ENABLE ACCESS ENABLE RECOVERY
TYPE TIME TIME TIME
MAX MAX MAX
6290/1, 6292/3 125 75 40
5290/1, 5292/3 150 85 50
Standard Test Load
5v
Input Pulse Amplitude 3.0V
S 7500 Input Rise and Fall Times 5ns from 1.0V to 2.0V
3 Measurements Made at 1.5V
OUTPUT O— TEST POINT

L
3;15001) == 30pF

Definition of Waveforms

X

tAA '

Enable Access Time and Recovery Time

Address Access Time
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52/6290 52/6291

Custom Truth Table Coding—5290/1, 6290/1

7 x 9 ROW SCAN
The characters $, &, *, are shown below along with the ROM coding. A “filled in” dot is arbitrarily coded with a low (L)

B

CHARACTER ROM . OUTPUTS FONT
SELECT ) WORD 07/06[05|04(03/02(01{ O7 O O5 Og4 O3 Oz O4
Aqo| Ag| Ag| A7 | Ag | A5 | Ag A3 |A2|A1{ A9 | (DECIMAL)|
| SO I O R O O I I S fiojojofo 0 HIH|IL|{H|L|H|H|O O » O ® O 0O
0ojo0jO0|1 1 HiL|L|L|L|(L|LIO @" ®m m m m ®
= 0l0|1]0 2 LIH|L|H|L|H|H|® O » O m 0O O
Ejlofof1]1 3 LIH|L|{H|L|H|H|{m O = O = O O
‘5< 0]1]0]o0 4 |H|{L|L|L|L]L|/H|O " " m = m O
g o1 o] 5 |H|H|L|H|L|H|L|O O m 0O m O =
(35 0(1]1]0 6 H|H|L|JH|IL|H|L|O O ®- O & O =w
0111 7 LiLf{L|JL|L]L|H|m m m# m m ® [
\| 1]0]0]0 8 H{HI{L|H|L|H|H|O O« O ® 0O O
LjLfLf{LjLf{L|H ( 9 HIL|L|H|/H|H|H|O =« m O 0O O O
10 LIHIH|L|H|{H|H|l® O O =8 O O O
11 LIH|H|L|H|H|H|® O O = 0O O O
12 HIL{L|IH|H|H|H|O =« ®m O 0O O O
CHARACTER #2 < 13 HI{L|[L|[H|{H|{H|IH|{O «m m O 0O 0O 0O
14 LIH|H|L|H|L|H|m OO ®» 0O m O
15 LIHIH|H|JL|L|H|®" O OO = m O
16 LIH|H|H[H]L|H|®" O O O O ® 0O
k 17 HiL|L|L|L|(H|{L|O ®= =@ m = O =
L L 4 L 4 4 d 5} + 4+ 3 £+ * TT T — : 4
H|H|H|H|H]JH|H ( 1143 HIHIH|L|H|H|H|O O O m 0O O O
1144 LIH|/H|L{H|H|L|m OO =« 0O O m
1145 HIL|H|L|H|L|H|O m O m O = O
1146 H{H|L|L|L|H|H|O O & m ® O O
CHARACTER #128< 1147 H|{HIH|L|H|H|H|O OO = O O O
1148 HI|HJL|L|JL|/H|H|O O s m ® O O
1149 HIL|H|LIH|L|H|O =2 O = O & O
1150 LIH|H|L|H|H|L|®" OO ® 0O =
\ 1151 ‘H{H|H|L|IH|H|H|O O O =& 0O O O
Use of Custom Truth Table Form—5290/1, 6290/1
Truth table forms are available from Monolithic Memories upon OUTPUTS
request. For customers desiring to make their own forms an ex- WORD
ample is shown below coded to the 7 x 9 Row Scan example: NUMBER | PIN 16 |15 | 14 | 13| 11 | 10| 9
07| 06| 05| 04| O3] O2 | Of
0 H | H L H L{HI[H
1 H L L L L L L
[ ] [ ] [ ] L] [ ] L] L[] [ ]
NOTE:
A high voltage on the data out lines is signified by an “H". A ® ° ® ® ® ° ° ®
low voltage on the datg out Iings is signified by an L The word L4 L4 L4 . . L] . .o
mplo word 511 FHHHHRRH, | oS Pin 80 for ex 1151 H{H|H|L|H|HIH

S
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52/6292 5276293

Custom Truth Table Coding—5292/3, 6292/3

9 x 9 COLUMN SCAN 9 x 9 ROW SCAN
The characters $, &, *, can be seen in the font if this page is The 9 x 9 row scan translation would be similar to the 7 x 9 row
rotated 90° clockwise. A “filled in” dot is arbitrarily coded with scan previously shown except that there would be a 9 x 9 font for

alow (L). each character and outputs 8 and 9 in the ROM would be used
and coded.
CHARACTER ROM OUTPUTS ___FONT
SELECT WORD
A10/0| Ag|A7] Ag| As| Ag (DECIMAL)| ©9|08|©7|06|05)04]03/02|01 09 Og 07 Og O5 04 O3 02 O4
[ S S S S R ( 8 |H{L|HIHIH|L|L|HIHIO " OO O =« ®m 0O O
7 HILIHIHILIHIHILIHIOm OO OO = O
6 HILIHIHILIH|H|IL|HIO " O O® 00O ® O
5 LjrjLjLfLjLjL|L|{L|(m @ m @ @ m m m ®
CHARACTER #1 < 4 HILIHIHILIHIHILIHIO " OO ®m OO0 ® O
3 LjyLjLjLjLjL|LjL|L|/m @ #m @ " @ m m ®
2 HILIHIH|LIH|HIL|HIOm OO =" OO m®m O
1 HIL|HIH{L|H|H|ILIHIO " DO " OO0 ®m O
\ 0 HIH|LILIHIHIH|LIHIO O s m OO 0O = 0O
L{L|L|L|LJL|H ( 17 HIHIHIHIH|IH|H|IHIH|OO OO O0O0O0aQQ
16 HIHIHIHIHIH|LIH|ILIO OO OOO®QO .
15 HI{H|H|H|H|H|IL|LIH|IO OO OO O = m O
14 HIHIHIHIHH|L|H|LIO D OO OO ®mOm
CHARACTER #2 < 13 HiLILIL|JLILIHIH|L|IO m m m m ®m 0O ®
12 LIHIH|LIL|H|/H/H|L(m OO ®a " OO0 =
11 L{IH|HJL|JL|H|H|H|L|m O O m ®m 0 OO N
10 LIHIH|L|L|H|H|L|H/m OO =" " 00O ® O}
] \ 9 |H|L|L|H[H|L|[L|H|[ACm m OO = ® OO
S I T Ok A 2 I £ o oo o3 + £ L L4 L L
H{H|H|H|H|H|H ( 1151 HIHIHIH|H|HIHIH|H|O O OO 00000
1150 HILIHIHIHIHIH|L|H|IO m OO 00O ® O
1149 HIHILIHIHIH|LIHIHIO O m D OO ® 00O
1148 HIHIH|LIH|LIHIHIHID O O m O ®m 00O 0O
CHARACTER #128 1147 LiLjLfLjL|L|L|L|{L|m m @ ®m @ @ = m ®
1146 H{H|H|L|H|L|HIHIH|O OO =« O ® O 00O
1145 HIH|ILIHIHIH|ILIHIH|IODO O® O OO ® 0O 0O
1144 H{LIHIHIHIHIH|[LIH|IO m OO O0OO0OO®s O
k1143 HIHIHIHIH|IHIHIH|H|O O OO OOOQOao
Use of Custom Truth Table Form—5292/3, 6292/3
Truth table forms are available from Monolithic Memories upon OUTPUTS
request. For customers desiring to make their own forms an ex- WORD
ample is shown below coded to the 9 x 9 column scan example: NUMBER PIN 18117 116 115 {14 113 111 |10 | 9
Og| 08 |07|06 |05 |04 |03 |02 |01
0 H{H]L]L[{H|HJHILIH
H|L|H|H]JL|H|H|L|H
L] L] L[] L[] L] [ ] L ] L] [ ] L]
Qoh;;i.voltage on the data out lines is signified by an “H". A low ¢ * * * ¢ ¢ * O Eh ¢
voltage on the data °.”.' lines_is signified by an L The word L L4 ° L L4 o o L4 ° L4
D o o an o s i o o 151 AEICICICECACA AL

e e———————————————————————————————————————————————————ree o]
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PAL Introduction

| The PAL™ 'Concept

Monolithic Memories’ family of PAL devices gives design-
ers a powerful tool with unique capabilities for use in
new and existing logic designs. The PAL saves time and
money by solving many of the system partitioning and
interface problems brought about by increases in
semiconductor device technology.

Rapid advances in large scale integration technology
have led to larger and larger standard logic functions;
single 1.C.s now perform functions that formerly required
complete circuit cards. While LS| offers many advan-
tages, advances have been made at the expense of
device flexibility. Most LS| devices still require large
“numbers of SSI/MSI devices for interfacing with user
.-systems. Designers are still forced to turn to random
logic for many applications. ‘ ‘

-The “complexity gap” between TTL and LSI devices has
led to ineffective use of both. The TTL provides the speed
and flexibility, but it is ineffective in terms of package
count, power consumption, and PC. board space. LS/
offers high functional density and low power consump-
tion, but it is slow and rigidly partitioned. Even the mi-
croprocessor, widely acclaimed for its flexibility, is slow
and expensive when the costs of programming and sup-
port interfaces are considered.

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.

Attempts to solve these problems have-led to increasing
interest in fuse programmable logic devices. These de-
vices can all be user configured to provide custom func-
tions. PROMs, FPLAs, FPGAs, and PMUXs have all
been used in this way. These approaches have met with
some success, but all are deficient in one or more areas.
PROMs require careful design to avoid undesirable data
transitions; FPLAs are expensive, difficult to program
and complex to understand; FPGAs and PMUXs are not
widely available and lack flexibility. All of these devices
still require extensive interface logic for use in systems.

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™ is a trademark of Monolithic Memories.



PAL Introduction

The PAL—Teaching Old PROMs New Tricks

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. : i : : i

The key to the.PROM'’s success is that it allows the designer to
quickly and easily customize the chip to fit- his unique
requirements. The PAL extends this programmable 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 feed 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

Output = (Iy+F1)(y +i)(Ia+Ta)la+Tg) +
(4+5)I+T)Iz+7) (p+ig)

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.

OUTPUT

Fq

]

Fa

Fs
HAS

N Fg

Figure 1

New Device, New Notation

Logic equations, while convenient for small functions, rapidly
become cumbersome in large-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
shown in Figure 3. :

6-3




PAL Introduction

EED—A.M %A-B.C

Figure 2

Figure 3
As a simple PAL example, consider the implementation of the
transfer function:
Output = |1E + qlz
The normal combinatorial logic diagram for this function is

shown in figure 4, with the PAL logic equivalent shown in fig-
ure 5.

H
I2

Figure 4

D——_—‘E D__.,. ETh

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.

PROM
16 Words X4 Bits
" I " o “OR” ARRAY
(PROGRAMMABLE)
m————

|

L WD)
Y
L2 Il
)
T/

—%
¥ L) *
Y
L/
/)
L/
)
L/
™M)
|
)
| -
my
L/
-‘AN(E;;(QSTAY 03 02 01 Og
Figure 6

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.

6-4
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FPLA ) PAL
4 In<4 Out’-16 Products 4 Ine4 Out«16 Products
13 [ I I “OR” ARRAY i3 12 I 1o “OR" ARRAY
I | l (PROGRAMMABLE) (FIXED)
. ——————— —— it
MM ‘QZ M {2 ‘32
™) )
| —_— L/
™) my
L/ L/
D — k—%- D)
) ™)
i Y L/
) )
R = L/
T) )
) Y
M N
; 1) % L)
X X L/ 1/
L/ L/
) )
] L/
\ *—
L/
)
L/
) )
““AND" ARRAY : “AND" ARRAY
(PROGRAMMABLE) - . ; 03 02 0q Op (PROGRAMMABLE) 03 02 04 Op
Figure 7 ’ Figure 8

AND | OR OUTPUT OPTIONS

PROM |Fixed Prog | TS, OC i

FPLA :|Prog Prog | TS, OC, Fusible Polarity
FPGA [Pro None | TS, OC, Fusible Polarity
PMUX |Fix/Prog | Fixed| TS

PAL |Prog Fixed | TS, Registered, Feedback, 1/0

Table 1
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INPUTS, FEEDBACK AND I/O

CLOCK E

o
o
[~]]

—P=

Figure 9

Registered Outputs with Feedback

High end members of the PAL family feature 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 9). The Q output of the flip-flop can then be gated to the
output pin by enabling the active low three-state buffer.

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
aiter 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.

Programmable 1/0

Another 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 10). 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
back into the PAL array as an input. Thus the PAL drives the I/0
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

PAL Programming

PALs can be programmed in any standard PROM programmer
with the addition of a PAL personality card. The PAL appears to
the programmer as a 512 x 4 PROM. During programming four
of the PAL outputs are selected for programming while the other
four outputs and the eight 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.

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 (.25 mA max.) to the array.
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 20-pin “skinny-dips”.

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” which can be
blown to disable the verification logic. This provides a significant
deterrent to potential copiers, and it can be used to effectively
protect proprietary designs.

p———1/0

Figure 10




PAL Series 20
Data Sheet
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Programmable Array Logic Family

PAL Series 20 Data Sheet

U.S. Patent 4124899

Features/Benefits

. Pfogfémmable répiacéinent for conveﬁtiona‘l TTL
logic. R : . “

~ «'Reduces IC 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/MS| gates and
flip-flops at reduced chip count. i

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. Compleéx 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

Unused inputs are tied directly to V¢ 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 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.

PART DESCRIPTION

NUMBER
PAL10H8 OCTAL 10 INPUT AND-OR GATE ARRAY

PAL12H6 HEX 12 INPUT AND-OR GATE ARRAY

PAL14H4 QUAD 14 INPUT AND-OR GATE ARRAY

PAL16H2 DUAL 16 INPUT AND-OR GATE ARRAY
PAL16C1 16 INPUT AND-OR/AND-OR-INVERT GATE ARRAY
PAL10L8 OCTAL 10 INPUT AND-OR-INVERT GATE ARRAY

PAL12LE HEX 12 INPUT AND-OR-INVERT GATE ARRAY

PAL14L4 QUAD 14 INPUT AND-OR-INVERT GATE ARRAY

PAL16L2 DUAL 16 INPUT AND-OR-INVERT GATE ARRAY

PAL16L8 OCTAL 16 INPUT AND-OR-INVERT GATE ARRAY

PAL16R8 OCTAL 16 INPUT REGISTERED AND-OR GATE ARRAY

PAL16R6 HEX 16 INPUT REGISTERED AND-OR GATE ARRAY

PAL16R4 QUAD 16 INPUT REGISTERED AND-OR GATE ARRAY

Ordering Information

“
oy

PROGR E ARRAY LOGIC FAMILY

NUMBER OF ARRAY INPUTS

OUTPUT TYPE M = ACTIVE HIGH
L = ACTIVE LOW
C = COMPLEMENTARY
R = REGISTERED
X = EXCLUSIVE-OR REGISTERED
. A > ARITHMETIC REGISTERED
NUMBER OF OUTPUTS

TEMPERATURE RANGE
C= 0°CTO+75°C
M =-55°C TO +125°C

g PACKAGE

N = PLASTIC DIP

FT'A_LTZ E46N " J = CERAMIC DIP

Monolithi
Memorle: m



PAL16H2

PAL14H4

PAL Series 20

PAL12H6

PAL Logic Symbols
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PAL Series 20

D ———E—E——— ]

Absolute Maximum Ratings

Opérallng Programming

SUPPIY VOIAGE, VO C ottt i i e e e e, T o 12v
INPUE VOIBJE - .. ettt ettt ettt ettt e et e e e e s e e e et e e e e e 55V ..., 12v*
Off-state oUtPUL VORAGE .. ..ot i it i ettt ettt ettt canae s 55V .......... 12V
Storage temperature . .............. B P ... =65° to +150°C
Operating Conditions ‘
' MILITARY COMMERCIAL
PARAMETER :

SYMBOL ) ANETE MIN NOM MAX | MIN NOM MAX UNIT
Vee Supply voltage 45 5 55 | 475. 5 525 v
TA Operating free-air temperature 0 75 °C
Tc Operating case temperature -55 125 °C

Electrical Characteristics oOver Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL Low-level input vbltage 0.8
ViH High-level input voltage 2 ;
Vic Input clamp voltage Voe = MIN I} = -18mA -15
i Low-level input current T Ve = MAX V) =04V -0.25 | mA
hH High-level input current T Voo = MAX V| = 24V 25 | wA
I Maximum input current Voo = MAX V| = 55V 1| mA
.JIOH8,12H6, 14H4 “MIL
Ve = MIN [16H2,16C1,10L8 loL = 8mA
VoL Low-level output voltage viL 0.8V 12L6, 1414, 1612 | COM 051 Vv
v oy | 1618 16R4 ML loL = 12mA
IH
16R6  16R8 | COM..IoL = 24mA
Vee = MIN MIL IoH = —2mA
"VoH High-level output voltage VlL 0.8v 24 Vv
Vig = 2v COM loH = -32mA
lozL Vee = MAX) e Vo =04V -100 | pA
Off-state output current T ViL 0.8v state
lozH VIiH = 2V only Vg =24 100 | pA
los Output short-circuit current**| Voo = 5V . Vo = 0V -30 -130 | ‘mA
10H8, 12H6, 14H4, 16H2, 16C1 '
! 55 90
o3 : 10L8, 12L6, 14L4, 16L.2 &
| Supply current \' = MAX : - - mA
ce i ‘ ce "l 16L8 : 140 210
16R4, 16R6, 16R8 150 225

T 1/0 pin leékageistheworstcaseof lozx or lix e.g. 1y and lozH

% Pins 1 and 11 may be raised to 22V max.
*3% Only one output shorted at a time.
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PAL Series 20

Switching Characteristics
Over Operating Conditions

MILITARY COMMERCIAL

UNIT
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX

10H8 12H6 14H4 16H2 16C1
10L8 12L6 14L4 16L2

tpp Input to output Ry = 5600 25 45 25 40 | ns
Ry = 1.1k
tep Input or feedback to output 25 45 25 40 ns
tcLk Clock to output or feedback 15 25 15 25 ns
tpzx | Pin 11 to output enable 15 25 5 25 e
tpxz | Pin 11 to output disable 15 25 15 25 ns
tpzx | Input to output enable 16R8 16R6 16R4 16L8 25 45 25 40 ns
tpxz | Input to output disable 25 45 25 40 ns
ty | idth of Low Ry = 2000 % % ns
High Rp = 3900 25 25
Setup time
tsy from input  |16R8 16R6 16R4 45 40 ) ns
or feedback
tH Hold time 0 -15 0 -5 | ns
Maximum ;
'MAX | frequency | 168 16R6 16R4 14 16 MHz
Test Load
5V
? Approved Programmers
Sa PERSONALITY | SOCKET ADAPTER
< FACTURER
ouTPUT £9) TEST POINT MANOFACTU CARD SET | CONFIGURATION
< i - Cybernetic CYMPC-1
SR TSP Programming
Systems, Inc.
= Data 1/0 Corporation 909-1427 715 1428-1
715 1428-2
715 1428-3

Schematic of Inputs and Outputs otod Comaraion -

Ve o- EQUIVALENTINPUT . TYPICAL OUTPUT Ovee Stag Systems PM202 AM10H8 AM10L8
L L AM12H6 AM12L6
$ skar Nom 3 don Nom AM14H4  AM14L4
_ AM16H2 AM16L2
T AM16CH

Structured Design SD-20

INPUT - g .
OUTPUT

||}———.
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PAL Series 20

Programming

PAL fuses are programmed using a low-voltage linear-select
procedure which is common to all 15 PAL types. The array is *
divided into two groups, products 0 thru 31 and products 32 thry .

63, for which pin identifications are shown in Pin Configurations
below. To program a particular fuse, both an input line and a
product line are selected according to the following procedure:

Step 1_Raise Output Disable, OD, to V|

Step 2 Select an input line by specifyinglg, 14, 12,13, 14, 15, lg. I7
and L/R as shown in Table 1.

Step 3 Selecta product line by specifying A, A4 and Ay one-of-’

eight select.as shown in Table 2.

Step 4 Raise Vo (pin20)to.ViyH

Voltage Legehd

L = Low-level input voltage, V|
H = High-level input voltage, V)

Step 5 Program the fuse. by. pulsingthe output pins;:Q,:of the.
selected product grouptoV|HH‘a shown in Program-
‘ming Waveform... . ’ :

Step 6 Lower Vo (pln 20) to 6.0V

Step 7 Pulse the CLOCK pin and verify the output pin, O to be
Low for active Low PAL types or High for active ngh
PAL types.

Step 8 Lower Vg (pin 20) to 45V and repeat step 7.
Step 9 Should the output not verlfy repeat steps 1 thru 8 up to

five (5) times.

This procedure is repeated: for all fuses to be bIown (see
Programming Waveforms). .

To prevent further verification, two last fuses may, be blown by
raising pin 1and pin 11 ton Vge is not requnred during this
operation.

" HH = High-level progfam voltage, Vi
Z = High impedance (e.g., 10kQ-to-5.0V)

INPUT PIN IDENTIFICATION PRODUCT PIN IDENTIFICATION
LINE — LINE = - — -
NUMBER | 17 | l6 | 15| 14|13 |12 | 11| 1o |L/R NUMBER | O3 | O2 | O1 | Op | A2 | A1 | Ap
0 HH|HH|HH|HH|HH|HH [ HH| L | Z 0,32 zZ |z |z |HH| Z z z
1 HH|{HH|HH|HH|HH|HH | HH| H | Z 1,33 z|l z |z |HH| Z Z | HH
2 HH|{HH|HH|HH|HH[HH | HH| L | HH 2,34 zlz |z |HH| z }HH| Z
3 HH{HH| HH|HH|HH |HH | HH | H | HH 3,35 zZ | z |z |HH| Z | HH| HH
4 HH[HH [ HH{HH| HH{HH] U | HH| 2 4,36 Z |z )|z |HH|HH]| Z z
.5 HH{HH | HH |HH | HH [HH | H | HH | Z 5,37 z| z | z|HH|HA| Z | HH
.6 HH | HH | HH | HH | HH | HH | L [ HH | HH 6, 38 Z |z | Z |HH|HH| HH]| Z
7 HH | HH | HH { HH{ HH | HH |- H | HH |- HH 7,39 z| 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| 2z z Z | HH
10 HH|HH|HH|HH|HH| L | HH | HH | HH 10, 42 Z | zZ |HH| Z Z | HH| Z
11 {HH|HHT HH [HH{ HH | H | HH | HH | HH 11, 43 z!l z1lHH]| 2z Z | HH | HH
12 HH|HH| HH[HH]| L |HH|HH[HH]| Z 12, 44 Z | Z|HH]| Z |HH| Z z
13 " |HH|HH|HH|HH| H |HH|HH|HH| Z 13, 45 Z | Z|HH| Z | HH| Z | HH
14" |HH|HH|HH|HH| L [HH|HH | HH | HH 14,46 | z | Z |HH | Z | HH| HH | Z.
15 HH|HH| HH |HH| H |HH | HH | HH | HH 15,47 [z 4 "2 THH"|"Z | HH| HH | HH
16 HH|HH|{HH |- L {HH|{HH| HH [ HH | Z 16, 48 Z|HH| z | 2z z | z z
17 HH|HH | HH | ‘H | HH |HH | HH [ HH | -Z 17,49 |-z |Hu | z |z | 2] z | HH
18 HH{HH|HH| L |HH|HH|HH | HH | HH 18, 50 z|lHH] Z Z | z|HH| Z
19 HH|HH|HH| H |HH{HH | HH | HH | HH 19, 51 Z|HH| Z | Z Z° | HH | HH
20 HH|HH| L {HH|HH|HH | HH | HH| Z 20, 52 zZ|lHH| 2z z lun| z z
21 HH|HH| H [HH|HH|HH|HH|HH| Z 21, 53 zZ | el z |2 |HH| Z | HH
227 |HH|HH| L |HH|HH|HH | HH | HH | HH 22,54 | z |HH| z | Z |HH|HH| Z
23 |HH|HH{ H [HH|HH {HH | HH | HH | HH 23,55 |z |HH| Z Z | HH | HH | HH
24 HH| L |[HH|HH|HH|HH|HH | HH | Z .24, 56 HH| z | 2z z1z |z z
25 HH| H {HH|{HH|HH|HH | HH | HH | Z 25, 57 HH| z | Z zZ | z| z|HH
26 HH| L |HH|HH|HH|HH | HH | HH | HH 26, 58 HH| 2 | z z | z|HH]| Z
27 HH| H |HH|{HH|HH |HH | HH | HH | HH 27, 59 HH| z | z z Z | HH | HH
28 L {HH|HH|[HH|HH|HH [HH |HH| Z 28, 60 HH| z | Z zZ |HH| 27 2z
29 H |HH|HH |HH |HH |HH |HH | HH | Z 29,61 | HH| Zz | Z Z |HH| Z | HH
30 L {HH|HH [HH|HH |HH | HH | HH | HH 30, 62 HH] 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 Line Select

Table 2 Product Line Select




1 PAL Series 20

' Pin COnfigurations PRODUCTS 0 THRU 31 PRODUCTS 32 THRU 63

\/
CLOCK Vee

o
o

<
[2)
(o]
1=

o LR

S
o

-1
2

plalelclcicinlale)
BjEjEjE|E|EjE|EJELE]

IS
x

3
>
S
o
o
N

3

GND CLOCK

BjEjEjE|E|E|E|B)ELE]

AAAOAARAAAD

Programming Parameters 71, - 25°c

SYMBOL PARAMETER LIMITS UNIT
MIN TYP MAX
VIHH Program-level input voltage 11 115 12 Vv
' Output Program Pulse . 50
liHH Program-level input current oD, L/R 25 mA
All Other Inputs 5
lccH Program Supply Current 400 mA
Tp Program Pulse Width 10 50 us
to Delay time 100 ns
tpv Delay Time to Verify 100 uS
Program Pulse duty cycle 25 %
Vp Verify-Protect-input voltage 20 21 22 \
Ip Verify-Protect-input current 400 mA
Tpp Verify-Protect Pulse Width 20 50 msec

Programming Waveforms

VL s

1

VIHH
ILL/R, A Vm_->—-/
ViL ViHH

|
‘o
5.0V remmm—m— ‘
o Tp ) tov /

4.5V —

VIHH VERIFY

o
< <
]
g __§

ViH o VERIFY

CLOCK

ol to| o
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0123 4as

INPUTS (0-31)

1213

1617

2021

2425

28293031

Logic Diagram PAL10H8

B ;

=D y

!

;

ED .

;

_ PRODUCT TERMS (0-63)

I

a

[

7

:

56
57

;

3

1617

2021

2425

28293031
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INPUTS (0-31)

1213

1617

2

24252627 829303

Logic Diagram PAL12H6

e "

=5 .

28
25

PRODUCT TERMS (0-63)

7

32

;

4

;

7

:

1 y

:

0123 4567

89

1213

1617

202

24252627 28293031
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Logic Diagram PAL14H4

INPUTS (0-31)

0123 4567 891011 1213 1617 20212223 24252627 28293031

d 19

J%#H

9 "

:

25 16

PRODUCT TERMS (0-63)

;

i

1 0

i

9 "

i

1 !

0123 4567 8 91011 1213 1617 20212223 24252627 28293031
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Logic Diagram PAL16H2

INPUTS (0-31)

0123 4567 891011 12131415 16171819 20212223 24252627 28293031

!

PRODUCT TERMS (0-63)

14

v

;

;

!

=2 i

0123 4567 891011 12131415 16171819 20212223 20252627 28293031
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INPUTS (0-31)

Logic Diagram PAL16C1

;

5

PRODUCT TERMS (0-63)

;

;

;

;

0123 4567 8091011 12131415 16171819 . 20212223 24252627 28293031

L__w——w :‘I 19

q 18

q 17
24
25
2%
27
28
29
30
3t

16

15
2
3
34
3
36
37
38
38

14

&~
J 13
. <4
j 12
q 1
0123 46567 881011 12131415 16171818 20212223 24252627 28293031
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PRODUCT TERMS (0-63)

INPUTS (0-31)

Logic Diagram PAL10LS

Bﬁk > 18

i

R .

-

!

f

!

5 D ;

L

7

01 1213 1617 202 2425 2829301
.
1

P, S—
1]
9
17
4
5
57
i
1213 7 12425 28293031

161

w2
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INPUTS (0-31)

Logic Diagram PAL12L6

]gﬂ :

?«f

:

D ;

PRODUCT TERMS (0-63)

BT ’

;

J

,

1213 1617 22 20252627 2829303
‘W
¢
2 w_—‘
8
9
1
N
17
2
%
32
-
4
48
49
50
51
N A
0123 4567 89 1213 1617 22 24252627 28293031
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PRODUCT TERMS (0-63)

0123

4567

INPUTS (0-31)

8 9101 1213

1617

20212223 24252627 28293031

Logic Diagram PAL14L4

G— .

éxt%i;

:

;

;

7

« "

:

;

0123

4567

8 91011 1213

1617

20212223 24252627 28293031

3
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INPUTS (0-31)

Logic Diagram PAL16L2

PRODUCT TERMS (0-63)

;

;

¢

0123 4567 891011 12131415 16171813 20212223 24252627 28293031
:4| 19
J 18
. <
1 17
4 '—
24
25
26
27 16
28
29
30
i
32
33
3
35 15
36
37
38
39
ﬂ 14
ﬁ 13
d 12
ﬁ 1
0123 4567 891011 12131415 16171813 20212223 24252627 28293031




PRODUCT TERMS (0-63)

PAL Series 20

INPUTS (0-31)

Logic Diagram PAL16L8

0123

4567

8 91011 12131415 16171818 20212223 24252627 28293031

“omswn o

7

18

V[

17

;

24

2
28

;

15

I

lklball

41

43

45

41

14

!

13

;

il

12

!

0123

4567

891011 12131415 16171819 20212223 24257627 . 28293031
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Logic Diagram PAL16R8

0123

4567

89101

INPUTS (0-31)

12131415

16171818 20212223 24252627

28293031

Y

Y

4

l 1
\4
ol

PRODUCT TERMS (0-63)

Y

1!

4

1

1
\Y
ol

4

T
~
ol

4

<«

-
>

d—__.
=
-
gD
A
iig

0123

4567

8 910m

12131415

16171819 20212223

20252627

28293031
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PRODUCT TERMS (0-63)

INPUTS (0-31)

Logic Diagram PAL16R6

61z3

4567

g9101

12131415

16171819

20212223 2425 2627

28293031

1

v

¥

¥

Y

ATy

e

1

J

4

=

0123

4567

s91011

12131415

16171819

20212223 24252627

2829:3031

1
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PAL Series 20

Logic Diagram PAL16R4
INPUTS (0-31)

123 4567 1011 12131415 16171819 20212223 242528627 28293031
0
1
2
3 18
4
M
6
7
2 k—
8
8-
10
s 18
12
13
1
15

5]
[
i:

)
o)
!3

;

PRODUCT TERMS (0-63)

o
o y

G-

s
SR UNENANANRY LN

1011 12131415 16171819 20212223 24252627 28293031
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PAL Programming

Selecting the Right PAL

The 15 PAL part types offer a wide range of complexity to
choose from. Starting with the PAL10H8 (10 inputs, 8 active high
outputs), the first 9 PAL types can replace random SSI gate
functions at about a 4 to 1 chip count reduction. With a variety of
input/output pin ratios and Active High or Active Low outputs,
this group, described as combinatorial, is designed to provide
the Low Power Schottky (LS) fan-out and fan-in characteristics
of 8 mA output sink (IOL) for totem-pole outputs and 250 uA
input loading (IIL).

The next 6 PALS provide the additional features of three-state
outputs, state sequencing, arithmetic, and programmable
input/output pin ratios. The three-state outputs drive the
standard LS output sink of 24 mA (IOL), providing bus driving
capability. These sequential PALs are ideal for replacing
existing MSI and/or defining LSI functions not presently
available.

Unused inputs should be tied to either VCC or GND. The series
resistor required for unused inputs on standard TTL is NOT
required for PALs, thus using less parts.

Defining the Pinout

The first step in designing a PAL is selecting the Pinout. The
example shown below shows a method for circling a section of
conventionally drawn logic to define a boundary for a PAL

5 &,

_l
[
—
ul
suy
=
5l
su
—N
5l
—M

(TITCIIrTT
LIOOTCTCMT

€s0Dg

(BIEIE N 86 aa0aa0aoony

WEOE

function. This boundary will dictate a specific number of input
pins and output pins. For the following example, 8 inputs and 6
outputs are required, well within the capability of the PAL10L8.
Assignment of inputs and outputs to specific pins can be done
using the PAL Logic Symbol as shown below.

Specifying the Design

The next step is to generate a fuse pattern in order to program a
PAL. The following two methods are commonly used for
generating a fuse pattern.

PALASM:
Logic equations are entered as specified on page 6-31and the
fuse pattern is generated.

MANUAL CODING:

In this case logic equations or conventional logic diagram is
translated into PAL logic diagram. This is accomplished by
marking PAL logic diagrams with appropriate fuse inter-
connections for the desired logic transfer function. The PAL
logic diagram is then transformed into PAL programming
format. The programming format can be used to either enter
data into the PAL Programmer manually, or to generate a tape
using BHLF, BPNP or HEX format.

The two methods described above are explained in detail on the
following pages. Page 6-29 gives the necessary information
required to convert the conventional logic into PAL logic.

PAL10L8
410 [ g e
A [TH ] 1] weok,
- M [EH ] -{1) weoe,
e -,

A5 FH ano T > e,
pHase 2 [T ‘“AV:DD_'E NC
v pase 2 [THH ] > ne
rw [T ;D._E €s0D,
0 @_E csop,
GND E E n




PAL Programming

PAL Legend
Constants : : ,
LOW (L) ~ NEGATIVE (N) . ZERO (0) GND FALSE x —— FUSE NOT BLOWN
HIGH () ~ POSITIVE (P) ONE (1) Vgc TRUE - __|  FUSEBLOWN
Operators = EQUAL B
' := REPLACED BY FOLLOWING CLOCK
/ COMPLEMENT
* AND, PRODUCT
+ OR, SUM
:t+: XOR
:*: XNOR :
() CONDITIONAL THREE STATE, IF STATEMENT, ARITHMETIC
Equations Standard‘v. Qq - I1lg + 13 1p
PALASM -7 Ol = I1l*/I2 + /I1*I2
Conventional Symbology N D o «
o v .‘ ' ‘ ‘ . ‘ ’ : ~T2 + 11
" °| ) :
PAL Symbology ’ LOGIC STATE
FUSE BLOWN Vee CHLLH

FUSE NOT BLOWN

NpUT T !
HIGH ‘

INPUT

T LOW

>

Ve

\— PRODUCT WITH ALL FUSES

PRODUCT WITH ALL FUSES
BLOWN REMAINS HIGH ALWAYS

_>—u

INTACT REMAINS LOW ALWAYS

SHORTHAND NOTATION
FOR ALL FUSES INTACT

PAL Logic Diagram

INPUT LINE NUMBER

i

ACTIVE HIGH THREE STATE ENABLE

/—cmcxf

19

STANDARD SUM OF PRODUCTS
IS EQUATED AT THESE NODES
(BEFORE THE BUBBLE)

a

23 9101 12131415 16171813 20212223 24252627 28293031 /
: : : 3 . 7
1
PRODUCT | 2
LINE H TN
NUMBER | ¢ a
6
7 [5 ; .
P <—
. .
9
10
PIN n D
NUMBERS 12
- 13
14
15 >
= <—




PAL Programming

Phantom Fuse

Phantom fuse locations are those locations where a fuse does not
exist. These are shown by the missing outputs, product terms or

input lines in the Logic Diagrams on pages 6-14thru6-22. The -

PALs with phantom fuse locations appear to the PROM program-
mer as a partially programmed 512x4 PROM. As the programmer
will expect to verify all 2048 locations, the PAL programming
format must provide the expected pattern for verifying non-
existent fuse nodes. When filling out the programming format,
Table 1 should be used for phantom fuse locations. The following

PALs have phantom fuses: PAL10H8  PAL10L8
PAL12H6  PAL12L6
PAL14H4  PAL14L4
PAL16H2  PAL16L2
PAL16C1

Documenting the PAL

Design Specification

The PAL Design Specification is a recommended data sheet
format for describing the function of a PAL -once it has acquired
the unique personality of a particular-fuse pattern. A sample PAL
Design Specification is shown on the next page. It contains
the essential features of a data sheet including 1) Device Name,
2) Pin List, 3) Description, 4) Function Table and 5) Logic Dia-
gram (on additional page). Two additional features not found in
conventional data sheets are also included. First, is the author’s
name and the date. This information is standard on most
engineering documents. Second, are the equations which
define the PAL transfer function. The equations specify the
precise operation of the PAL and, accordingly, are useful in
understanding the function. Of higher importance, however, the
equations are the key to automating the process of “designing
your own chip.”

PALASM

The equations in the PAL Design Specification, along with the
PIN List and part number, contain the exact information nec-
essary to generate PAL fuse patterns. Any computer can
transform the spec into programming instructions in the form of
paper tape or, preferably, RS232C voltage waveforms for direct
input to PROM programmers. With a little help from your
computer, your PALs can be designed, documented and pro-
grammed within minutes.

PALASM, for PAL Assembler, is a Fortran IV program which
translates a PAL Design Specification into a PAL Fuse Pattern
and PAL Programming Format (BHLF, BPNP or HEX). The flow
chart on page 6-32 outlines the PALASM operation. PALASM
source code is available to users on the following pages. Other
source code media is available on request.

PROM programmer fuse patterns for VIRGIN PALs, using
PALASM, are shown on pages 6-44 thru 6-46. Note that the
unprogrammed locations are shown by an ‘X’ and phantom fuse
locations are shown by ‘O or ‘O, representing ‘H' or ‘L,
respectively.

Monolithic Memories will assist customers in generating PAL
programming formats. Equations sent to the Applications De-
partment will be assembled and assigned a bit pattern number. A
copy of the pattern will be returned for customer verification and
approval. A programming order will be processed only after
customer approval. (See page 6-80)

Table 1
ACTIVE HIGH LOGIC l ACTIVE LOW LOGIC
(PAL 10H8, 12H6, (PAL 10L8, 12L8, LEGEND
14H4, 16H2) LEGEND 1414, 16L2) G
1) Missing output H (P1) # L (N,O) <4
2) Missing product L (N,O) 'S L (N, O) <+
3) Missing input lines H (P, 1) ! H (P 1) &

Note 1: Missing product term overrides missing input line.

Note 2: For PAL16C1, first half of the array (product terms 0-31) acts as
active high logic and the second half of the array (product terms 32-

63) acts as active low logic device.
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Sample PAL Design Specification

PAL PART NO. (MUST START AT LINE 1, COLUMN 1)

PATTERN NO.

NAME OF DEVICE (MUST START ON LINE 3)

PALXXXX PAL DESIGN SPECIFICATION
PATXXXX AUTHOR'S NAME, .DATE
NAME OF DEVICE (EG. CLOCK GENERATOR, PORT ADDRESS DECODER, ETC)

PIN1l PIN2 3 /4 56 7 8 9 GND 1l 12 13 /14 15 16 /17

18 19 vCC

PIN LIST (MUST START ON LINE 5) '
CONSISTS OF 20 SYMBOLIC NAMES WHICH
* ARE CONSECUTIVELY ASSIGNED TO

19 = PIN1*4 + /PIN2 ) BINS1 THRUZ0.

18 =5 +6 + 7 + /8 + 9*%11

/17 := 8%*9

16 = 9*8 EQUATIONS

IF (PIN1*PIN2) 15 = 3 + 6
/14 = 3 + 6

IF (VCC) 13 = 8*7 + PIN2

\—CONDITIONAL THREE STATE

/——PALASM STOPS COMPILING AT FIRST UNDEFINED SYMBOL

DESCRIPTION:

THIS PROGRAM DESCRIBES THE OPERATION OF THE DEVICE. APPLICATIONS
INFORMATION MAY ALSO BE PROVIDED.

! INPUTS ! OUTPUTS ! !
B R ! OPERATION !
{ PINlL PIN2 ! 7 8 9 ! 12 13 14 15 16 17 18 19 ! !
! H L !'XLL! H H L E L H H L ! CLEAR !
! . s P R | . !
! . . T I RO P VP | s !
! . . T U P L ST RRE A E T | . !
1. . VoL R R A RN . !
! : . LT DR T Ty ; !

\— SEE DEFINITION OF TERMS FOR FUNCTION TABLE DEFINITIONS
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PALASM Flow Chart

10 | READ PAL PART NO & TITLE ]

20 [ READ PIN LIST AND STORE IN SYMBOL TABLE, ISYM__|
. g

25 READ NEXTSYMBOL |
|

NO 28

YES ;
[ PRODUCT GROUP = MATCH (OUTPUT SYMBOL) ]

[ RESET COLUMN POINTER |
T

30 l READ NEXT CHARACTER ]

:

Y YES
50 [ READ NEXTSYMBOL - |

YES

NO
[ MATCH SYMBOL WITH SYMBOL TABLE ]

59
[ carxepsymeoL ] @ NO

YES
[ SET FUSES (MATCH) AND SAVE SYMBOL FOR PLOT J
T

60
YES .
- * .
64
NO
NOY es
74 NO

[ READ NEXT'SYMBOL |

70
[ PRODUCT = PRODUCT + 1

READ NEXT CHARACTER

l TWEEK FUSES FOR NON-EXISTENT FUSE PATTERN J

[ WRITE TITLE AND PLOT FUSE PATTERN |

[ WRITE HEX FORMAT ]

[ WRITE BLHF FORMAT ]
sTOP
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PALASM Source Code

PALASM - TRANSLATES SYMBOLIC EQUATIONS INTO PAL OBJECT
CODE - FORMATTED FOR DIRECT INPUT TO STANDARD
PROM PROGRAMMERS.

INPUT: PAL DESIGN SPECIFICATION ASSIGNED
TO DATA SET REFERENCE NUMBER 1

OUTPUT: FUSE PATTERN, HEX FORMAT, AND BHLF
FORMAT ON DATA SET REFERENCE
NUMBER 6. COMMENTS ON DSRN 7 & 8

PART NUMBER: THE PAL PART NUMBER MUST
APPEAR IN COLUMN ONE OF LINE ONE

PIN LIST: 20 SYMBOLIC PIN. NAMES MUST APPEAR
STARTING ON LINE 5

EQUATIONS: STARTING FIRST LINE AFTER THE
PIN LIST IN THE FOLLOWING FORMS:

[eXeXoNoNoRo oo NokeNeNe Ko e e NeXeKe Ko Ko Xe)

A = B*C + D

A := B*C + D

IF( A*B ) C =D + E

A2 :=k(A1:*:B1) + /C
BLANKS ARE IGNORﬁD

EQUALITY

REPLACED BY (AFTER CLOCK)
COMPLEMENT

AND, PRODUCT

OR, SUM

EXCLUSIVE OR

EXCLUSIVE NOR
CONDITIONAL THREE-STATE
OR FIXED SYMBOL

OPERATORS :

o e

~ee e RNCee gt

= *+

FIXED SYMBOLS
FOR PAL16X4
AND PAL16A4 :
ONLY: (AN+/BN) WHERE N = 0,1,2,3
: (AN+BN) FOR OUTPUT PINS
(AN) 17,16,15,14, RESP
(/AN+/BN) A IS OUTPUT
(/BN) B IS INPUT
(AN:+:BN)
(AN*/BN)
(/AN+BN)
(AN:*:BN)
(BN)
(AN*BN)
(/AN)
(/AN*/BN)
(/BN*BN)

SUBROUTINES: INITLZ,GETSYM,INCR,MATCH,FIXSYM,
TWEEK, PLOT, HEX, BHLF ,MAP, SLIP

FUNCTIONS: IXLATE
REV LEVEL: J 1/16/80 JB,SK

FINE PRINT: MONOLITHIC MEMORIES TAKES NO
RESPONSIBILITY FOR THE OPERATION
OR MAINTENANCE OF THIS PROGRAM.
THE SOURCE CODE AS PRINTED HERE
PRODUCED THE OBJECT CODE OF THE
EXAMPLES IN THE APPLICATIONS
SECTION ON A NATIONAL CSS IBM
SYSTEM/370 FORTRAN IV(G).
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C MAIN PROGRAM
C

COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT

LOGICAL LBLANK,LLEFT,LAND,LOR, LSLASH, LEQUAL, LRIGHT, LFIRST, LFIX
LOGICAL LFUSES(32,64),LPHASE(20),LBUF(20),LMATCH

INTEGER TITLE(80),ILINE(20),ICOLUM,ISYM(8,20),IBUF(8,20),C,H,R,P,
o S,M,Q, IBLOW

DATA LFUSES/2048*, FALSE./,ICOLUM/O/,L/'L'/,H/'H'/,N/'N'/,P/'P'/,
C c/'c¢'/,R/'R"/,M/'M'/,Q/'Q"/, IBLOW/0/,S/'S"/

READ(1,10) INOAI,IOT,INOO,TITLE,ILINE
10 FORMAT(3X,I12,Al,I1,//,80A1,//,80Al)
CALL INITLZ(INOAI,IOT,INOO, ITYPE,LFUSES, ILINE, ICOLUM)
DO 20 J=1,20

20 CALL GETSYM(LPHASE,ISYM,J,ILINE, ICOLUM,LFIX)
IF(.NOT. (LEQUAL.OR. LLEFT. OR. LAND. OR. LOR. OR. LRIGHT) ) GO TO 25
WRITE(7,23)
23 FORMAT( ' PIN LIST ERROR, LESS THAN 20 SYMROLS')
25 CALL GETSYM(LBUF, IBUF,1,ILINE, ICOLUM,LFIX)
28 IF(.NOT.LEQUAL) GO TO 25

CALL MATCH(IMATCH, IBUF, ISYM)

IF( (IMATCH.LT.12) .OR. (IMATCH.GT.19) ) GO TO 100
I88PRO=(19-IMATCH)*8 + 1

IF( IOT.EQ.C ) I88PRO=25

ICOLUM=0
30 CALL INCR(ILINE, ICOLUM,LFIX)
IF( .NOT. ( LEQUAL.OR.LLEFT ) ) GO TO 30

IF(.NOT.LLEFT) CALL SLIP(LFUSES,I88PRO,INOAI,IOT,INOO, IBLOW)
DO 70 I8PRO=1,16
IPROD = I8EPRO + I&PRO - 1
LFIRST=.TRUE.
50 CALL GETSYM(LBUF,IBUF,1,ILINE, ICOLUM,LFIX)
IF(LFIX) GO TO 59
CALL MATCH(IMATCH, IBUF, ISYM)
IF(IMATCH.EQ.0) GO TO 100
IF(IMATCH.EQ.99) GO TO 64
IF(.NOT.LFIRST) GO TO 58
LFIRST=.FALSE.
DO 56 I=1,32
IBLOW = IBLOW + 1

56 LFUSES(I,IPROD)=.TRUE.
58 IBUBL=0
IF((( LPHASE( IMATCH) ) .AND. (.NOT.LBUF(1))).OR.
C ((.NOT.LPHASE(IMATCH) ).AND. ( LBUF(1)))) IBUBL=l

IINPUT=IXLATE(IMATCH, ITYPE)+IBUBL

IF(IINPUT.LE.0) GO TO 60

IBLOW = IBLOW - 1

LFUSES(IINPUT, IPROD)=. FALSE.

CALL PLOT(LBUF, IBUF,LFUSES, IPROD,TITLE, .FALSE. , ITYPE)

GO TO 60
59 CALL FIXSYM(LBUF,IBUF, ILINE, ICOLUM,LFIRST, LFUSES, IPROD,
C LFIX)
60 IF(LAND) GO TO 50
64 IF( .NOT.LRIGHT ) GO TO 68
66 CALL INCR(ILINE,ICOLUM,LFIX)
IF( .NOT.LEQUAL ) GO TO 66
68 IF(.NOT. (LOR.OR.LEQUAL) ) GO TO 74
70 CONTINUE
74 CALL GETSYM(LBUF,IBUF,1,ILINE, ICOLUM,LFIX)

IF(LLEFT.OR.LEQUAL) GO TO 28
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100 IF((IBUF(1,1).EQ.C).AND. (IBUF(2,1).EQ.R).AND. (IBUF(4,1).EQ.P)
C .AND. (IBUF(8,1).EQ.N)) GO TO 102
WRITE(7,101) (IBUF(I,1),1=1,8),ILINE
101 FORMAT(' ERROR SYMROL = ',8Al,/,80Al1,/)
102 IF(ITYPE.LE.4) CALL TWEEK(ITYPE,IOT,LFUSES)
WRITE(7,104) IBLOW
104 FORMAT(' NUMBER OF FUSES BLOWN = ',14)
WRITE(8,106)
106 FORMAT(' OPERATION CODES: !
C 'P=PLOT H=HEX S=SHORT L=BHLF N=BPNF M=MAP Q= QuIT')
108 WRITE(8,110)
110 FORMAT(' ENTER OPERATION CODE')
READ(5,120) IOP
120 FORMAT(1Al)
CALL 10DC2 i
IF(IOP.EQ.P) CALL PLOT(LRUF,IBUF,LFUSES,PROD,TITLE,.TRUE., ITYPE)
IF(IOP.EQ.H) CALL HEX(LFUSES,H)
IF(IOP.EQ.S) CALL HEX(LFUSES,S)
IF(IOP.EQ.L) CALL BRHLF(LFUSES,H,L)
IF(IOP.EQ.N) CALL BHLF(LFUSES,P,N)
IF(IOP.EQ.M) CALL MAP(LFUSES)
CALL I10DC4
IF(IOP.NE.Q ) GO TO 108
STOP
END
c :
C**ﬂ‘k******‘k****************************************************ﬁ*******

C

SUBROUTINE INITLZ(INOAI, IOT,INOO,ITYPE, LFUSES, ILINE, ICOLUM,LFIX)
INTEGER L,R,X,A

LOGICAL LFIX

DATA L/'L'/,R/'R'/,X/'X'/,A/'A"/
IF( INOAI .LT. 16 ) ITYPE =
IF( (INOAI .EQ. 16) ' : ) =

IF( (INOAI .EQ. 16) .AND. (INOO .EQ. 8) ) ITYPE = 5 '
IF( -(IOT .EQ. R) .OR. (IOT .EQ. A) .OR. (IOT .EQ. X) ) ITYPE =6
CALL INCR(ILINE,ICOLUM,LFIX)
RETURN

END

INOAI/2) - 4

c
Chhhkhkhkhhhhkhhkhkhkhkhkkhkhhkhkhkhhkkhhhhkkhhhhkhhhhhkhkhhkhkhhkhhkkhhhhhhhkhhhkhhhk
c
SUBROUTINE GETSYM(LPHASE, ISYM,J, ILINE, ICOLUM,LFIX)
COMMON ~ LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT
LOGICAL LBLANK,LLEFT,LAND,LOR,LSLASH,LEQUAL, LRIGHT, LPHASE(20),LFIX
INTEGER ILINE(80),ISYM(8,20), IBLANK
DATA IBLANK/' '/
LFIX=. FALSE.
IF( .NOT. (LLEFT.OR. LAND.OR. LOR.OR. LEQUAL. OR. LRIGHT) ) GO TO 10
CALL INCR(ILINE,ICOLUM,LFIX)
IF(LLEFT) GO TO 60
10 LPHASE(J)=( .NOT. LSLASH )
IF (LPHASE(J)) GO TO 15
CALL INCR(ILINE, ICOLUM,LFIX)
15 DO 20 I=1,8
20 ISYM(1,J)=IBLANK
25 DO 30 I=1,7
30 ISYM(I,J)=ISYM(I+1,J)
ISYM(8,J)=ILINE(ICOLUM)
CALL INCR(ILINE,ICOLUM,LFIX)
IF( LLEFT.OR.LBLANK.OR, LAND.OR. LOR.OR. LRIGHT. OR. LEQUAL ) GO TO 40
GO TO 25
40 CONTINUE
WRITE(7,50) (ISYM(I,J), I=1,8)
FORMAT(' ',8Al)
RETURN
60 LFIX=.TRUE.
RETURN
END

[eXe]
wu
(s

C
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SUBROUTINE INCR(ILINE, ICOLUM,LFIX)

COMMON LBLANK, LLEFT, LAND, LOR, LSLASH, LEQUAL, LRIGHT

LOGICAL LBLANK,LLEFT,LAND, LOR, LSLASH, LEQUAL, LRIGHT, LFIX
INTEGER ILINE(80),IBLANK, ILEFT, IAND,IOR,ISLASH, IEQUAL, IRIGHT,

c ICOLON -
DATA IBLANK/' '/,ILEFT/'('/,IAND/'*'/,IOR/'+'/,
c ISLASH/'/'/,1EQUAL/'="'/,IRIGHT/"')"'/,ICOLON/':"/

LBLANK=. FALSE.

10 ICOLUM=ICOLUM+1
IF(ICOLUM.LE.79) GO TO 30
READ(1,20,ERR=70,END=70) ILINE

ICOLUM=1
20 FORMAT(80Al)
30 IF( ILINE(ICOLUM) .EQ. IBLANK ) LBLANK=,TRUE.
C WRITE(7,50) ILINE(ICOLUM)
C 50 FORMAT(' .',1lal)

IF( ( ILINE(ICOLUM).EQ.IBLANK ) .OR.
C {(ILINE(ICOLUM).EQ.ICOLON).AND. (.NOT. LFIX))) GO TO 10

LLEFT =( ILINE(ICOLUM) .EQ. ILEFT )

LAND =( ILINE(ICOLUM) .EQ. IAND )

LOR =( ILINE(ICOLUM) .EQ. IOR. )

LSLASH=( ILINE(ICOLUM) .EQ. ISLASH)

LEQUAL=( ILINE(ICOLUM) .EQ. IEQUAL) |

LRIGHT=( ILINE(ICOLUM) .EQ. IRIGHT)

60 RETURN
70 LBLANK=.TRUE.
RETURN
END
¢
C*t*t***k*'*******kt****k****t***********************************ﬁ*******
c
SUBROUTINE MATCH(IMATCH, IBUF, ISYM)
INTEGER IBUF(8,20),ISYM(8,20),C,A,R,Y
LOGICAL  LMATCH
DATA C/'C'/, A/ A'/,R/'R'"/,X/'Y"/
IMATCH=0
DO 20 J=1,20
LMATCHE=. TRUE.
DO 10 I=1,8
10 LMATCH=LMATCH. AND. (IBUF(I,1).EQ.ISYM(I,J))
IF(LMATCH) IMATCH= J
oo CONTINUE
IF((IBUF(3, 1 .EQ.C).AND.
C (IBUF(4,1).EQ.A).AND.
[ (IBUF (5, l).EQ R).AND.
C (IBUF(6,1).EQ.R).AND.
C (IBUF(7,1).EQ.Y)) IMATCE=29
RETURN
END
C .
C***********t*****t************tt***t**************************k**t****t
c
FUNCTION IXLATE(IMATCH,ITYPE)
INTEGER ITABLE(20,6)
DATA ITABLE/
c 3, 1, 5, 9,13,17,21,25,29,-1,31,-1,-1,-1,-1,-1,-1,-1,-1,-1,
¢ 3, 1,5, 9,13,17,21,25,29,-1,31,27,-1,-1,-1,-1,-1,-1, 7,-1,
c 3,1, 5, 9,13,17,21,25,2¢,-1,31,27,23,-1,-1,-1,-1,11%, '7,-1,
[ 3,1, 5, 9,13,17,21,25,29,-1,31,27,23,19,-1,-1,15,11, 7,-1,
c 3, 1, 5, 9,13,17,21,25,29,-1,31,-1,27,23, 19,15,11, 7,-1,-1,
C -1, 1,5, 9,13,17,21,25,29,-1,-1,31,27,23,19,15,11, 7, 3,-1/
IXLATE= ITABLE(IMATCH ITYPE)
RETURN
END
C

Chhkhkhkkkhkhhhkhhhhhhkhkkhhkhhhhhkhhhhkhhhhkhhhhhkhhhhkhhhkhhhkhkhhhhhhkhkhhhkkhhkkhk
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SUBROUTINE FIXSYM(LBUF,IBUF,ILINE, ICOLUM,LFIRST,LFUSES, IPROD,LFIX)
LOGICAL LBUF(20),LFUSES(32,64),LFIRST,LMATCH,LFIX
INTEGER IBUF(8,20),ILINE(80),FIXBUF(8),A,B,ISLASH,IOR,IAND,N,Q,

c NO,N1,N2,N3, IBLANK, IRIGHT, TABLE(5,14)
DATA A/'A'/,B/'B'/,ISLASH/'/'/,I0R/'+'/, IBLANK/' '/, IRIGHT/')'/,
c IAND/'*'/,N/'N'/,0/"Q"/,NO/" 0"/, N1/ )"/, N2/ 2"/ ,N3/ 2"/,
c ICOLON/':'/,
C TABLE / v 1 IAl,‘,’_I"/I lBl A |'I IIIAV,I+‘,|B|’
C i) ' l,l l,l Al IAI '/' IAI,|+III/I IBI Al !,l v Al l’l/l,lBl,
C 'A',':','+',':','B' [ |Al'v*v,v/| 'B' 1 ','/','A','+','B',
C lAl'l:lll*l,V:l’lBl'I Al v l"V ’, '1Bl,' l'l ','A‘,'*','B',
c [} 1’1 l'l/l 'A' |/v lAl,l*l,l/' 'B' ' ','/','A','*','B‘/
TINPUT=0
DO 20 I=1,8
IBUF(I,1)=IBLANK
20 FIXBUF (I)=IBLANK
21 CALL INCR(ILINE,ICOLUM,LFIX)
I=ILINE(ICOLUM)
IF(I.EQ.IRIGHT) GO TO 40
IF(I.EQ.NO) IINPUT=8
IF(I.EQ.N1) IINPUT=12
IF(I.EQ.N2) IINPUT=16
IF(I.EQ.N3) IINPUT=20
DO 24 J=1,7
24 IBUF(J,1)=IBUF(J+1,1)
IBUF(8,1)=I
IF(.NOT. ( (I.EQ.2).OR.(I.EQ.B).OR.(I.EQ.ISLASH).OR. (I.EQ.IOR)
c -OR. (I.EQ.IAND).OR. (I.EQ.ICOLON) ) ) GO TO 21
DO 30 1=1,4
30 FIXBUF(I)=FIXBUF(I+1)
FIXBUF(5)=ILINE(ICOLUM)
GO TO 21
40 IMATCH=0
DO 60 J=1,14
LMATCH=, TRUE:
DO 50 1=1,5
50 LMATCH=LMATCH .AND. ( FIXBUF(I).EQ.TABLE(I,J) )
60 IF(LMATCH) IMATCH=J
IF (IMATCH.EQ.0) GO TO 100
IF(.NOT.LFIRST) GO TO 85
LFIRST=. FALSE.
DO 80 I=1,32
80 LFUSES (I, IPROD)=. TRUE.
85 DO 90 I=1,4
IF( (IMATCH-7).GT.0 ) LFUSES(IINPUT+I,IPROD)=.FALSE.
IF( (IMATCH-7).GT.0 ) IMATCH=IMATCH-@
90 IMATCH=IMATCH+IMATCH
LBUF (1)=. TRUE.
CALL PLOT(LBUF, IBUF, LFUSES, IPROD, TITLE, . FALSE. ,ITYPE)
100 LFIX=.FALSE.
CALL INCR(ILINE,ICOLUM,LFIX)
RETURN
END
C +
Chhkhhkkhkhhhkhhkhkhrhkhkhhhhhhhhhkhhhhhhhhhhhhhhhhhkhhhhkhkhhhkhhhhhhhkhhhkhhhkkhkk
c

SUBROUTINE I0DC2

C*** THIS ROUTINE IS OPTIONAL.
INTEGER DC2,BEL
DATA DC2/212000000/,BEL/Z2F000000/

IT MAY BE USED TO TURN PERIPHERALS ON.

WRITE(6,10) DC2,BEL
10 FORMAT(' ',2al)

RETURN

END

C

Chhhkhhkhkhkhhkhhhhhhhhkhhhkhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhkhhkhhkkhdk
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SUBROUTINE PLOT(LBUF, IBUF, LFUSES, IPROD,TITLE, LDUMP, ITYPE)
INTEGER IBUF(8,20),I0UT(64),IBLANK,IAND,IOR,ISLASH,IDASH,X,
C ISAVE(64,32),TITLE(80)
DATA IBLANK/' '/,IAND/'*'/,ISAVE/2048%*' '/,
C IOR/'+'/,ISLASH/'/'/,X/'X'/,IDASH/'-"/
LOGICAL LBUF(20),LFUSES(32,64),LDUMP
IF(LDUMP) GO TO 60
IF(ISAVE(IPROD,1).NE. IBLANK) RETURN
IF( LBUF(l) ) GO TO 5
DO 30 J=1,31
30 ISAVE(IPROD,J)=ISAVE(IPROD,J+1)
ISAVE(IPROD,32)=ISLASH
5 DO 20 I1=1,8
IF( ISAVE(IPROD,1).NE.IBLANK ) RETURN
IF( IBUF(I,1) .EQ. IBLANK ) GO TO 20
DO 10 J=1,31

10 ISAVE(IPROD,J)=ISAVE(IPROD,J+1)
ISAVE(IPROD,32)=IBUF(I,1)
20 CONTINUE

IF(ISAVE(IPROD,1).NE. IBLANK) RETURN
40 DO 50 J=1,31
50 ISAVE(IPROD,J)=ISAVE(IPROD,J+1)
ISAVE(IPROD,32)=IAND
RETURN
60 WRITE(6,62) TITLE
62 FORMAT(////,' '.80Al,//,
! 111111 1111 2222 2222 2233',/,
c 0123 4567 8901 2345 6789 0123 4567 8901"',/)
DO 100 I88PRO=1,57,8
DO 94 I8PRO=1,8
IPROD=I88PRO+I8PRO-1
ISAVE(IPROD, 32)=IBLANK
DO 70 1=1,32
IF( ISAVE(IPROD,1) .NE. IBLANK ) GO TO 70
DO 65 J=1,31

65 ISAVE(IPROD,J)=ISAVE(IPROD,J+1)
ISAVE(IPROD, 32)=IBLANK
70 CONTINUE
DO 80 I=1,32
IOUT(I)=X

IF( LFUSES(I,IPROD) ) IOUT(I)=IDASE
IOUT(I+32)=ISAVE(IPROD,I)
80 CONTINUE
IF( ITYPE .LE. 4 ) CALL FANTOM(ITYPE, IOUT, IPROD, I8PRO)
IPROD=IPROD-1
WRITE(6,90) IPROD,IOUT

20 FORMAT(' ',I12,8(' ',4Al),"' ',32A1)
94 CONTINUE
WRITE(6€,96)
96 FORMAT(1X)
100 CONTINUE

WRITE(6,110)
110 FORMAT(/,

C' LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN  (H,P,1)')
IF (ITYPE.LE.4) WRITE(6,111)

111 FORMAT( X
c 0 : PHANTOM FUSE  (L,N,0) O : PHANTOM FUSE (H,P,1)')

WRITE(€,112)
112 FORMAT(////)

RETURN

END
C
o2 R s e s
C
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SUBROUTINE HEX(LFUSES, IOP)

LOGICAL LFUSES(32,64)

INTEGER ITEMP(64),S,H,IO0P

DATA STX/202000000/,BEL/Z2F000000/,SOH/Z01000000/,
c H/'H'/,S/'S'/ )

IF(IOP.EQ.H) WRITE(6,10)

10 FORMAT(//,' )
C*#**** NOTE: SOME PROM PROGRAMMERS NEED A START CHARACTER.
Chrksx THIS PROGRAM OUTPUTS AN STX FOR THE DATA 1/0 MODEL 9
CHrkrx (USE SOH FOR MODEL 5)

WRITE(6,5) BEL,BEL,BEL,BEL,BEL,BEL,BEL,STX,SOH "
5 FORMAT(9Al)
DO 40 1=1,33,32
INC=1I-1
DO 40 IPROD=1,7,2
DO 20 J=1,2

DO 20 IINPUT=1,32
IHEX=0
IF(LFUSES(IINPUT, IPROD
IF(LFUSES(IINPUT, IPROD

J-1 + 0+INC)) IHEX=IHEX+1
J-1 + 8+INC)) IHEX=IHEX+2
IF(LFUSES(IINPUT, IPROD J-1 +16+INC)) IHEX=IHEX+4
IF (LFUSES (IINPUT, IPROD J-1 +24+INC)) IHEX=IHEX+8
20 ITEMP(IINPUT + 32*(J-1) )=IHEX :
IF(IOP.EQ.H) WRITE(6,60) ITEMP
40 IF(IOP.EQ.S) WRITE(6,61) ITEMP
60 FORMAT(' ',32(z1,' "),'.',/," ',32(z1," "),'.")
61 FORMAT(' ',6421)
IF(IOP.EQ.H) WRITE(6,70) !
70 FORMAT(' ',//,' /)
RETURN -
END

+
+
+
+

R R Ty
C

SUBROUTINE BHLF(LFUSES,H,L)

LOGICAL LFUSES(32,64)

INTEGER ITEMP(4,8),L,H

WRITE(6,10)

10 FORMAT(//,' . )
DO 20 1=1,33,32
INC=I-1
DO 20 IPROD=1,8
DO 20 J=1,25,8
DO 15 K=1,8

IINPUT=J+K-1
ITEMP(1,K)=L
ITEMP(2,K)=L
ITEMP(3,K)=L
ITEMP(4,K)=L
IF(LFUSES(IINPUT,IPROD+ O0+INC)) ITEMP(4,K)=H
IF(LFUSES(IINPUT, IPROD+ 8+INC)) ITEMP(3,K)=H
IF(LFUSES(IINPUT, IPROD+16+INC)) ITEMP(2,K)=H
IF(LFUSES(IINPUT, IPROD+24+INC)) ITEMP(1,K)=H

15 CONTINUE

20 WRITE(6,30) ITEMP

30 FORMAT(' ',8('B',4Al,'F '))
WRITE(6,10)
RETURN
END

C*********************i********k***ﬁ****kk*****************t********ﬁ**k
c :

SUBROUTINE I0DC4 .
C*** THIS ROUTINE IS OPTIONAL. IT MAY BE USED TO TURN PERIPHERALS OFF.

INTEGER DC3,DC4,BEL

DATA DC3/237000000/,DC4/23C000000/,REL/Z2F000000/

WRITE(6,10) BEL,DC3,DC4

10 FORMAT(' ',3Al1)

RETURN

END
C : e :
Chhkhkhkhkhkhkhkhkhhkhkhhhhkhhhhhkhhhhhhhhkhhhhhhhhhhhhhhhhhhkhhkkhhhkhhhkhhkhhkhhhkk
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SUBROUTINE TWEEK(ITYPE, IOT,LFUSES)
INTEGER L,C
LOGICAL LFUSES(32,64)
DATA L/'L'/,C/'C'/
IF(ITYPE.GE.4) GO TO 20
DO 10 IPROD=1,64
LFUSES (15, IPROD) =, TRUE.
LFUSES (16, IPROD)=. TRUE.
LFUSES(19, IPROD)=. TRUE.
LFUSES (20, IPROD) =, TRUE.
IF(ITYPE.GE.3) GO 'TO 10
LFUSES(11,IPROD)=. TRUE.
LFUSES(12,IPROD)=, TRUE.
LFUSES(23,IPROD)=. TRUE.
LFUSES(24,IPROD) =, TRUE.
IF(ITYPE.GE.2) GO TO 10
LFUSES( 7,IPROD)=,TRUE.
LFUSES( 8,IPROD)=.TRUE.
LFUSES(27, IPROD) =. TRUE.
LFUSES (28, IPROD) =. TRUE.
10 CONTINUE
DO 18 IINPUT=7,28
DO 12 IPROD=1,57,8
LFUSES(IINPUT, IPROD+4) =, FALSE.
LFUSES (IINPUT, IPROD+5) =. FALSE.
LFUSES (IINPUT, IPROD+6 )=, FALSE.
12 LFUSES (IINPUT, IPROD+7) =, FALSE.
IF(ITYPE.GE.3) GO TO 18
DO 14 IPROD=17,41,8
LFUSES (I INPUT, IPROD+2) =, FALSE.
14 LFUSES (I INPUT, IPROD+3) =, FALSE.
IF(ITYPE.GE.2) GO TO 18
DO 16 IPROD=1,57,8
LFUSES(IINPUT,IPROD+2)=.FALSE.

16 LFUSES{IINPUT, IPROD+3) =, FALSE.
18 CONTINUE
20 IF( (ITYPE.EQ.l) .OR. ((ITYPE.EQ.4).AND.(IOT.EQ.L)) ) GO TO 100

DO 99 IINPUT=1,32
DO 30 IPROD=1,8
LFUSES (IINPUT,IPROD+ 0)= (IOT.NE.L)
30 IF(IOT.NE.C) LFUSES(TINPUT,IPROD+56)= (IOT.NE.L)
IF(ITYPE.LE.2) GO TO @°
DO 40 IPROD=1,R
LFUSES(IINPUT, IPROD+ 8)= (IOT.NF.L)
40 IF(IOT.NE.C) LFUSES(IINPUT,IPROD+48)= (IOT.NE.L)
IF(ITYPE.LE.3) GO TO 99
DO 50 IPROD=1,R
LFUSES(IINPUT, IPROD+16)= (IOT.NE.L)

50 IF(IOT.NE.C) LFUSES(IINPUT,IPROD+40)=" (IOT.NE.L)
929 CONTINUE
100 RETURN
END
c ;
R R T
C

SUBROUTINE SLIP(LFUSES, IS8PRO, INOAI,IOT, INOO, IBLOW)

LOGICAL LFUSES(32,64)

INTEGER R

DATA R/'R'/

IF( (INOAI.LT.16) .OR. (INOO.LT.4) .OR.

( (IOT.EQ.R).AND. (INOO.EQ.8) ) .OR.

( (I88PRO.GE. 9).AND.(I88PRO.LE.4%).AND. (INOO.EQ.6) ) .OR.

( (I88PRO.GE.17).AND. (I88PRO.LE.41).AND. (INOO.EQ.4) ) ) RETURN
DO 10 1=1,32

IBLOW = IBLOW + 1

[eXeXe!

10 LFUSES(I,I88PRO) = .TRUE.
I88PRO = IBBPRO + 1
RETURN
END

C*vi**k**k******‘k*k**'ki'k'k********k***i***t*******************************
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SUBROUTINE MAP(LFUSES)

LOGICAL LFUSES(32,64)

INTEGER X,D,ILINE(16),ITABLE(32)

DATA X/'X'/,D/'-'/,
C ITABLE/17,16,19,18,21,20,23,22,25,24,27,26,29,28,31,30,

o 13,12,15,14, 9, 8,11,10, 5, 4, 7, 6, 1, 0, 3, 2/
WRITE(6,10)
10 FORMAT( ' INPUT',//, .
[¢] ! 11 11 22 22 22 22 22 33',/,
c ' 76 98 10 32 54 76 98 10',//,
c ' 11 11 11 ‘ YL/
C : ' PRODUCT 32 54 98 10 54 76 10 32',/ )
IPROD=7
IDELTA = -1
DO 50 I=1,2 -
DO 40 J=1,4
DO 30 K=1,4
DO 20 L=1,16
ILINE(L) =X
20 - IF( LFUSES(ITABLE(L)+l ,IPROD+l ) ) ILINE(L)=D
WRITE(6,21) IPROD,ILINE '
21 FORMAT(' v,12," ',8(2a1,' ") )
DO 22 L=1,16 )
: ILINE(L)=X :
22 IF( LFUSES(ITABLE(L+16)+1 ,IPROD+l ) ) ILINE(L)=D

WRITE(6,21) IPROD,ILINE
IPROD = IPROD + IDELTA
DO 23 L=1;16
ILINE(L)=X
23 IF( LFUSES(ITABLE(L+16)+1 ,IPROD+1 ) ) ILINE(L)=D
WRITE(6,21) IPROD,ILINE . v
DO 24 L=1,16
ILINE(L)=X

24 IF( LFUSES(ITABLE(L)+l ,IPROD+1 ) ) ILINE(L)=D
WRITE(6,21) IPROD,ILINE
30 IPROD = IPROD + IDELTA
WRITE(6,29)
29 © FORMAT(' ')
40 IPROD = IPROD + 8*(1-IDELTA)
IPROD .= 32
' 5Q IDELTA = +1
WRITE(6,29)
WRITE(6,29)
RETURN
END
o :
C*k******k**************k************************t************k*********
c
SUBROUTINE FANTOM(ITYPE, IOUT, IPROD, ISPRO)
INTEGER ITYPE,IOUT(64),IPROD,I8PRO,X,IDASH,FX,FIDASH
DATA X/'X'/,1DASH/'-'/,FX/'0'/,FIDASH/'0'/ '
DO 10 I=1,32
) IF( IOUT(I).EQ.X ) 10UT(1)=FX
10 IF( IOUT(I).EQ.IDASH ) IOUT(I)=FIDASH
IF((ITYPE.EQ.4).AND. ( (IPROD.LE. 24).0R. (IPROD.GE.41))) GO TO 100
IF( (ITYPE.EQ. 3).AND. ( (IPROD. LE. 16).0R. (IPROD.GE.45))) GO TO 100
IF((ITYPE.EQ.2).AND. ((IPROD.LE. 8).OR. (IPROD.GE.53))) GO TO 100
IF((ITYPE.LE.3).AND, (I8PRO.GE.5)) GO TO 100
IF((ITYPE.LE.2).AND. (IPROD.GE.19).AND. (IPROD. LE. 48).AND.
C (I8PRO.GE.3)) GO, TO 100
IF((ITYPE.EQ.1).AND. (I8PRO.GE.3)) GO TO 100
DO 50 I=1,32 ! )
IF(((I.EQ.15).0R.(1.EQ.16).0R. (I.EQ.19).0OR. (I.EQ.20)).AND.
o] (ITYPE.LE.3)) GO TO 50
IF(((I.EQ.11).0OR.(I.EQ.12).0R. (I.EQ.23).0R. (I.EQ.24)).AND.
o] (ITYPE.LE.2)) GO TO 50
IF(((I.EQ. 7).0OR.(I.EQ. 8).OR.(I.EQ.27).0R.(I.EQ.28)).AND.
C . (ITYPE.LE.1l)) GO TO 50
IF(IOUT(I).EQ.FX ) IOUT(I)=X
- IF(IOUT(I).EQ.FIDASH) IOUT(I)=IDASH
50.CONTINUE
100 RETURN
END
c

Chhkhhkhhhhhhkhhkkhkrhhhhhhkhhhhhhhhkhhkhhkhhhkhhhhhhhhhkhhkhhhhhhhkhhhhhhhhhhd

C
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PAL10H8 PAL12H6
11 1111 1111 2222 2222 2233 11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901 0123 4567 8901 2345 6789 0123 4567 8901
0 XXXX XXO0 XX00 XXOO XXO0 XX00 XX00 XXXX 0 0000 0000 0000 0000 0000 0000 0000 0000
1 XXXX XXO00 XX0O0 XX00 XXO00 XXO0 XXOO XXXX 1. 0000 0000 0000 0000 0000 0000 0000 0000
2 0000 0000 0000 0000 0000 0000 0000 0000 2 0000 0000 0000 0000 0000 0000 0000 0000
3 0000 0000 0000 0000 0000 0000 0000 0000 3 0000 0000 0000 0000 0000 0000 0000 0000
4 0000 0000 0000 0000 0000 0000 0000 0000 4 0000 0000 0000 0000 0000 0000 0000 0000
5 0000 0000 0000 0000 0000 0000 0000 0000 5 0000 0000 0000 0000 0000 0000 0000 0000
6 0000 0000 0000 0000 0000 0000 0000 0000 6 0000 0000 0000 0000 0000 0000 0000 0000
7 0000 0000 0000 0000 0000 0000 0000 0000 70000 0000 0000 0000 0000 0000 0000 0000
8 XXXX XXOO XX00 XXOO XX00 XX00 XXO00 XXXX 8 XXXX XXXX XX00 XX00 XX00 XX00 XXXX XXXX
9 XXXX XXO0 XX0O XXO0 XX00 XXOO0 XX00 XXXX 9 XXXX XXXX XX00 XX00 XX00 XXO0 XXXX XXXX
10 0000 0000 0000 0000 0000 0000 0000 0000 10 XXXX XXXX XXO0 XX00 XXOO XXO0 XXXX XXXX
11 0000 0000 0000 0000 0000 0000 0000 0000 11 XXXX XXXX XXOO XX00 XX00 XXOO0 XXXX XXXX
12 0000 0000 0000 0000 0000 0000 0000 0000 12 0000 0000 0000 0000 0000 0000 0000 0000
13 0000 0000 0000 0000 0000 0000 0000 0000 13 0000 0000 0000 0000 0000 0000 0000 0000
14 0000 0000 0000 0000 0000 0000 0000 0000 14 0000 0000 0000 0000 0000 0000 0000 0000
15 0000 0000 0000 0000 0000 0CO0 0000 0000 15 0000 0000 0000 0000 0000 0000 0000 0000
16 XXXX XXOO XXO0 XXO0 XXOO XXO00 XX00 XXXX 16 XXXX XXXX XXO00 XXO0 XX00 XXOO0 XXXX XXXX
17 XXXX XXO00 XXO00 XXO0 XX00 XXO0 XXOO0 XXXX 17 XXXX XXXX XX00 XXO0 XXO00 XXO00 XXXX XXXX
18 0000 0000 0000 0000 0000 0000 0000 0000 180000 0000 0000 0000 0000 0000 0000 0000
19 0000 0000 0000 0000 0000 0000 0000 0000 19 0000 0000 0000 0000 0000 0000 0000 0000
20 0000 0000 0000 0000 0000 0000 0000 0000 20 0000 0000 0000 0000 0000 0000 0000 0000
21 0000 0000 0000 0000 0000 0000 0000 0000 21 0000 0000 0000 0000 0000 0600 0000 0000
22 0000 0000 0000 0000 0000 0000 0000 0000 22 0000 0000 0000 0000 0000 0000 0000 0000
23 0000 0000 0000 0000 0000 0000 0000 0000 23 0000 0000 0000 0000 0000 0000 0000 0000
24 XXXX XX00 XXO00 XX00 XX00 XX00 XX00 XXXX 24 XXXX XXXX XX00 XXO0O XXO0O0 XXOO0 XXXX XXXX
25 XXXX XX00 XX00 XX00 XX00 XX00 XX00 XXXX 25 XXXX XXXX XX00 XX00 XX00 XXO0 XXXX XXXX
26 0000 0000 0000 0000 0000 0000 0000 0000 26 0000 0000 0000 0000 0000 0000 0000 0000
27 0000 0000 0000 0000 0000 0000 0000 0000 27 0000 0000 0000 0000 0000 0000 0000 0000
28 0000 0000 0000 0000 0000 0000 0000 0000 28 0000 0000 0000 0000 0000 0000 0000 0000
29 0000 0000 0000 0000 0000 0000 0000 0000 29 0000 0000 0000 0000 0000 0000 0000 0000
30 0000 0000 0000 0000 0000 0000 0000 0000 30 0000 0000 0000 0000 0000 0000 0000 0000
31 0000 0000 0000 0000 0000 0000 0000 0000 31 0000 0000 0000 0000 0000 0000 0000 0000
32 XXXX XX00 XX00 XX00 XX00 XX00 XX00 XXXX 32 XXXX XXXX XX00 XX00 XXO00 XXOO XXXX XXXX
33 XXXX XX00 XX00 XX00 XX00 XXO0O XX00 XXXX 33 XXXX XXXX XX00 XX00 XX00 XXOO XXXX XXXX
34 0000 0000 0000 0000 0000 0000 0000 0000 34 0000 0000 0000 0000 0000 0000 0000 0000
35 0000 0000 0000 0000 0000 6000 0000 0000 35 0000 0000 0000 0000 0000 0000 0000 0000
36 0000 0000 0000 0000 0000 0000 0000 0000 36 0000 0000 0000 0000 0000 0000 0000 0000
37 0000 0000 0000 0000 0000 0000 0000 0000 37 0000 0000 0000 0000 0000 0000 0000 0000
38 0000 0000 0000 0000 0000 0000 0000 0000 38 0000 0000 0000 0000 0000 0000 0000 0000
39 0000 0000 0000 0000 0000 0000 0000 0000 39 00000000 0000 0000 0000 0000 0000 0000
40 XXXX XXOO XX00 XX00 XXO0O XXO00 XX00 XXXX 40 XXXX XXXX XXO00 XX00 XX00 XX00 XXXX XXXX
41 XXXX XX00 XX00 XX00 XX00 XX00 XX00 XXXX 41 XXXX XXXX XX00 XXO00 XXOO XXOO0 XXXX XXXX
42 0000 0000 0000 0000 0000 0000 0000 0000 42 0000 0000 0000 0000 0000 0000 0000 0000
43 0000 0000 0000 0000 0000 0000 0000 0000 43 0000 0000 0000 0000 0000 0000 0000 0000
44 0000 0000 0000 0000 0000 0000 0000 0000 44 0000 0000 0000 0000 0000 0000 0000 0000
45 0000 0000 0000 0000 0000 0000 0000 0000 45 0000 0000 0000 0000 0000 0000 0000 0000
46 0000 0000 0000 0000 0000 0000 0000 0000 46 0000 0000 0000 0000 0000 0000 0000 0000
47 0000 0000 0000 -0000 0000 0000 0000 0000 47 0000 0000 0000 0000 0000 0000 0000 0000
48 XXXX XX00 XX00 XX00 XX0O XX00 XX00 XXXX 48 XXXX XXXX XXO00 XX00 XXO0 XXOO0 XXXX XXXX
49 XXXX XX00 XX00 XXOO XX00 XX00 XX00 XXXX 49 XXXX XXXX XX00 XXO0 XX00 XX00 XXXX XXXX
50 0000 0000 0000 0000 0000 0000 0000 0000 50 XXXX XXXX XX00. XX00 XXOO XXOO XXXX XXXX
51 0000 0000 0000 0000 0000 0000 0600 0000 51 XXXX XXXX XXO0 XX00 XX00 XX0O XXXX XXXX
52 0000 0000 0000 0000 0000 0000 0000 0000 52 0000 0000 0000 0000 0000 0000 0000 0000
53 0000 0000 0000 0000 0000 0000 0000 0000 53.0000 0000 0000 0000 0000 0000 0000 0000
54 0000 0000 0000 0000 0000 0000 0000 0000 54 0000 0000 0000 0000 0000 0000 0000 0000
55 0000 0000 0000 0000 0000 0000 0000 0000 55 0000 0000 0000 0000 0000 0000 0000 0000
56 XXXX XX00 XXOO XXOO XXOO XXO0O XXO0O XXXX 56 0000 0000 0000 0000 0000 0000 0000 0000
57 XXXX XX00 XX00 XX00 XX0O XX00 XXO0O XXXX 57 0000 0000 0000 0000 0000 0000 0000 0000
58 0000 0000 0000 0000 0000 0000 0000 0000 58 0000 0000 0000 0000 0000 0000 0000 0000
59 0000 0000 0000 0000 0000 0000 0000 0000 59 0000 0000 0000 0000 0000 0000 0000 0000
60 0000 0000 0000 0000 0000 0000 0000 0000 60 0000 0000 0000 0000 0000 0000 0000 0000
61 0000 0000 0000 0000 0000 0000 0000 0000 61 0000 0000 0000 0000 0000 0000 0000 0000
62 0000 0000 0000 0000 0000 0000 0000 0000 62 0000 0000 0000 0000 0000 0000 0000 0000
63 0000 0000 0000 0000 0000 0000 0000 0000 63 0000 0000 0000 0000 0000 0000 0000 0000
LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN ~ (H,P,1)
0 : PHANTOM FUSE  (L,N,0) O : PHANTOM FUSE (H,P,1)
e ————————————————————e e

PAL Programming

PROM Programmer Virgin Fuse Patterns



PAL Programming

PAL14H4
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0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
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0000
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0000
0000
0000
0000
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0000
0000
0000
0000
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0000
0000
0000
0000
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0000
0000
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0000
0000
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0000
0000
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0000
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0000
0000
0000
0000
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0000
0000
0000
0000

XXXX
XXXX
XXXX
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0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

11
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0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
0000
0000
0000
0000

XXXX
XXXX
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0000
0000
0000
0000
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0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
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0000

0000
0000
0000
0000
0000
0000
0000
0000
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1111
2345

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XX00
XX00
XX00
XX00
0000
0000
0000
0000

XX00
XX00
XX00
XX00
0000
0000
0000
0000

XX00
XX00
XX00
XX00
0000
0000
0000

0000

XX00
XX00
XX00
XX00
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

1111
6789

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XX00
XX00
XX00
XX00
0000
0000
0000
0000
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XX00
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XX00
0000
0000
0000
0000
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0000
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0000
0000
0000
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LEGEND: X

0

2222
0123

0000
0000
0000
0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
0000
0000
0000
0000
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0000
0000
0000
0000
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0000
0000
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0000
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0000

0000
0000
0000
0000
0000
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0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
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XXXX
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
0000

0000 -

0000
0000

XXXX
XXXX
XXXX
XXXX
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

2233
8901

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
€000
0000
0000
0000
0000
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XXXX
XXXX
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0000
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0000
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0000
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0000
0000

: FUSE NOT BLOWN (L,N
PHANTOM FUSE

(L,N

PAL16H2

/0)
,0)

NoOoUusWNHO

0123

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XXXX
XXXX
XXXX
KXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000y,
0000°
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

4567

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000

0000

0000
0000
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XXXX
XXXX
XXXX
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XXXX
XXXX
XXXX
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XXXX
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XXXX
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XXXX
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0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
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0000
0000
0000
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0000
0000
0000
0000
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0000
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0000
0000
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0000
0000
0000
0000
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0000
0000
0000
0000
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0000
0000
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XXXX
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0000
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0000
0000
0000
0000
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0000
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0000
0000
0000
0000
0000
0000

FUSE BLOWN
PHANTOM FUSE

1111
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0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000
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0000
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0000
0000
0000
0000
0000
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XXXX:
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0000
0000
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PAL10L8

NoOUnsWwNHO

-44

0123

XXXX
XXXX
0000
0000
0000
0000
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0000
0000
0000
0000
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| XXXX
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0000 _
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XX00
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2345

XX00
XX00
0000
0000
0000
0000
0000
0000

XX00
XX00
0000
0000
0000
0000
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PAL Programming

PROM Programmer Virgin Fuse Patterns
PAL12L6

1111
6789

XX00
XX00
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0000
0000
0000

XX00
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0000
0000
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0000
0000
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LEGEND: X
0
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0123
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: FUSE NOT BLOWN (L,N,0)
: PHANTOM' FUSE

(L,N,0)

NV B WO

0123
0000
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0000
0000
0000
0000
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XXXX
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FUSE BLOWN
PHANTOM. FUSE

1111
2345
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0000
0000
0000
0000
0000
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0000 0000
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XXXX XXXX
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0000 0000
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0000 0000
0000 0000
0000 0000

XXXX XXXX
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0000 0000
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0000 0000
0000 0000
0000 0000
0000 0000

XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
00000000
0000 0000
0000 0000
0000 0000

0000 '0000
0000 0000
0000 0000
0000 0000
0000 0000

0000 0000

0000 0000
0000 0000



PAL Programming

PROM Programmer Virgin Fuse Patterns

PAL14L4 PAL16L2
1171111 1111 2222 2222 2233 11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901 0123- 4567 €901 2345 6789 0123 4567 8901
0 00000000 0000 0000 0000 CO00 0000 0000 0 00000000 0000 0000 0000 0000 0000 0000
1.0000 0000 0000 0000 0000 0000 0000 0000 10000 0000 0000 0000 0000 0000 0000 0000
2 0000 0000 0000 0000 0000 0000 0000 0000 20000 0000 0000 0000 0000 0000 0000 0000
3 0000 0000 0000 0000 0000 0000 0000 0000 3 0000 0000 0000 0000 0000 0000 0000 0000
4 0000 0000 0000 0000 0000 0000 0000 0000 4 0000 0000 0000 0000 0000 0000 0000 0000
50000 0000 0000 0000 0000 0000 0000 0000 5 0000 0000 0000 0000 0000 0000 0000 0000
60000 0000 0000 0000 0000 0000 0000 0000 6 0000 0000 0000 0000 0000 0000 0000 0000
7 0000°0000 0000 0000 0000 0000 0000 0000 7 00000000 0000 0000 0000 0000 0000 0000
80000 0000 0000 0000 0000 0000 0000 0000~ | 8 0000 0000 0000 0000 0000 0000 0000 0000
9 0000 0000 0000 0000 0000 0000 0000 0000 9.0000 0000 0000 0000 0000 0000 0000 0000
100000 0000 0000 0000 00000000 0000 0000 10 0000 0000 0000 0000 0000 0000 0000 0000
11 0000 0000 0000 000000000000 0000. 0000 11 0000 0000 0000 0000 0000 0000 0000 0000
12 0000. 0000 0000 0000 0000 0000 0000 0000 12 0000 0000 0000 0000 0000 0000 0000 0000
13 0000 0000 0000 0000 0000 0000- 0000 0000 13 0000.0000 0000 0000 0000 0000 0000 0000
14 0000 0000 0000 0000 0000 0000 0000 0000 140000 0000° 0000 0000 0000 0000 0000 0000
15 0000 0000 .0000. 0000 0000 0000 0000 0000 1570000 0000 0000 0000 0000 0000 0000 0000
16 XXXX XXXX XXXX' XX00 XXO0 XXXX XXXX XXXX 16 0000 0000 0000 0000 0000 0000 0000 0000
17 XXXX XXXX XXXX XXOO XXOO0 XXXX XXXX XXXX 17.0000 0000 0000 0000 0000 0000 0000 0000
18 XXXX XXXX' XXXX XXOO XXOO XXXX'XXXX XXXX 18:0000 0000 0000 0000 0000 0000 0000 0000
19 XXXX XXXX XXXX. XX00 XX0O0 XXXX XXXX XXXX 19 0000.0000 0000 0000 0000 0000 0000 0000
20 0000 0000 0000 0000 0000 00000000 0000 20 0000 0000 0000 0000 0000 0000 0000 0000
21 0000 0000 0000 0000 0000:0000.0000 0000 21 0000 0000 0000 0000 0000 0000 0000 0000
22.0000 0000 0000 0000 0000 0000 0000 0000 22 0000 0000 0000 0000 0000 0000 0000 0000
230000 0000 0000 0000 0000 0000 0000 0000 23 0000 0000 0000 0000 0000 0000 0000 0000
24 XXXX XXXX XXXX XX00 XXOO XXXX XXXX XXXX 24 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
25 XXXX- XXXX XXXX XX00 XXO00 XXXX XXXX XXXX 25 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
267 XXXX XXXX XXXX XX00 XX00 XXXX XXXX XXXX 26 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
27 XXXX' XXXX XXXX XXO00 XX00 XXXX XXXX-XXXX 27 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
2800000000 0000 0000 0000 0000 0000 0000 28 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
29 00000000 0000 0000 0000-0000 0000 0000 29 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
30 0000 00000000 0000 0000 0000 0000 0000 30 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
31 0000 0000 0000 0000 0000 0000.0000 0000 31 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
32 XXXX XXXX' XXXX XX00 XX0O XXXX XXXX. XXXX 32 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
33 XXXX:- XXXX XXXX XXOO XX00 XXXX XXXX XXXX 33 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
34 XXXX XXXX XXXX XXOO XX00 XXXX XXXX XXXX 34 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
35 XXXX XXXX XXXX XX00' XX00 XXXX XXXX XXXX 35 XXXX XXXX XXXX XXXX XXXX' XXXX XXXX XXXX
36 0000 0000 0000 0000 0000 0000 0000 0000 36 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
37 0000 0000°:0000 0000 0000. 0000 0000 0000 37 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
38 0000 0000 0000 0000 0000 0000 0000 0000 38 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
39 0000 0000 0000 0000 0000 0000 0000 0000 39 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX
40 XXXX XXXX XXXX XX00 XXO0 XXXX XXXX XXXX 40 0000 0000 0000 0000 0000 0000 0000 0000
41 XXXX XXXX XXXX XXO0 XX00 XXXX XXXX XXXX 41. 00000000 0000 0000 0000 0000 0000 0000
427 XXXX XXXX XXXX XX00 XX00 XXXX XXXX XXXX 42 0000 0000 00000000 0000 0000 0000 0000
43 XXXX XXXX' XXXX XX00 XXO0 XXXX XXXX XXXX 430000 0000 0000 0000 0000 0000 0000 0000
44 0000 0000 0000 0000 0000 0000 0000 0000 44 0000 0000 0000 0000 0000 0000 0000 0000
45 0000 0000 0000 0000 0000 0000 0000 0000 450000 0000 0000 0000 0000 0000 0000 0000
46 0000 0000 0000 0000 0000 0000 0000 0000 46 0000 0000 0000 0000 0000. 0000 0000 0000
47 0000 0000 0000 0000 0000 0000 0000 0000 47 0000. 0000::0000 0000 0000 0000 0000 0000
48 0000 0000 0000 0000 0000 0000 0000 0000 48 0000 0000 0000 0000 0000 0000 0000 0000
49 0000 0000 0000 00000000 0000 6000 0000 49. 0000 0000 0000 0000 0000 0000 0000 0000
50 0000 0000 0000 0000 0000 0000 0000 0000 50 0000 0000 0000 0000 0000 0000 0000 0000
51 0000 0000 0000 0000 0000 0000 0000 0000 51.0000 0000 0000 0000 0000 0000 0000 0000
52 0000 0000 0000 0000 0000 0000 0000 0000 520000 0000 0000 0000 0000 0000 0000 0000
530000 0000  0000- 0000 0000 0000 0000 0000 53 0000 0000 0000.0000 0000 0000 0000 0000
54-'0000 0000 0000° 0000 0000 0000- 0000. 0000 54 0000 0000 00000000 0000 0000 0000 0000
55 0000 00000000 0000 0000 0000° 0000 0000 550000 0000 0000 0000 0000 0000 0000 0000
56 0000 0000°0000 0000 0000 0000 0000 0000 56°0000 0000 0000 0000 0000 0000 0000 0000
57 0000 0000 0000 0000 0000 0000 0000 0000 57 0000 0000 0000 0000 0000 0000 0000 0000
58 0000 0000° 0000 0000 0000 00000000 0000 58 0000 0000 0000 0000 0000 0000 0000 0000
59 0000 0000 0000 0000-0000 0000° 0000 0000 59 00000000 0000 0000 0000 0000 0000 0000
600000 0000 -0000 0000 0000:-0000 0000 0000 60 0000 0000 0000 0000 0000:0000 0000 0000
61 0000 0000 0000 0000 0000 0000 ‘0000 0000 61 0000 0000 0000 0000-0000 0000 0000 0000
62 0000 0000 0000 0000 0000 0000 6000 0000 6270000 0000 0000 0000 0000 0000 0000 0000
63 0000 0000 0000 0000 0000 ‘0000 0000 0000 630000 0000. 0000 0000 0000 0000 0000 0000

: FUSE BLOWN (H,P,1)

LEGEND: X : .FUSE NOT BLOWN ,N,0) .
N,0) PHANTOM FUSE (H,P,1)

3 | (L
0 : PHANTOM FUSE (L,

o
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0123

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000 -
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000

0000

0000

4567

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

11
8901

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000

0000
0000
0000

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000

0000

1111
2345

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

PAL Programming

PROM Programmer Virgin Fuse Patterns

1111
6789

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

LEGEND:

-
0

2222
0123

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

0000
0000
0000
0000
0000
0000
0000

0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

2222
4567

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX-

XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000

0000

2233
890]

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

0000
0000
0000
0000
0000
0000
0000
0000

: FUSE NOT BLOWN
: PHANTOM FUSE

NN WN O

0123
XXXX

* XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

" XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX

XXXX

XXXX
XXXX
XXXX

XXXX

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

4567

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

11
8901

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

: FUSE BLOWN
: PHANTOM FUSE (H,P,1)

PAL16L8, 16R8, 16R6, 16R4

1111 1111
2345 6789

XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX

XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX  XXXX
XXXX XXXX

XXXX XXXX
XXXX XXXX
XXXX XXXX

‘XXXX XXXX

XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX

XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX

XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX

XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX

XXXX XXXX
XXXX: XXXX
XXXX XXXX
XXXX- XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX

XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX
XXXX XXXX

(H,P,1)

2222
0123

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

2222
4567

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

2233
€901

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX



PAL Programming

MANUAL CODING
Logic Diagrams

The phantom fuse locations are shown on pages 6-48 thru 6-65.
Note that the input and product terms that were missing in the
logic diagrams of previous section on pages 6-14 thru6-22 are
now being shown as phantom fuse locations. These locations are
filled in according to the Table 1 on page 6-30. '

The remaining locations are the nodes where fuses are intact.
Fuses left intact are indicated by an.“X” at the intersection of the
input line and the product term. A blown fuse is not marked. The
PAL logic diagrams are provided with no fuses marked, allowing
a designer to put an “X" on the nodes where a fuse is to remain
intact and leave the other nodes blank.

Once the logic diagram is completed, this information must be
transferred to the programming format. Each fuse node is
identified by a product line number and an input line number
which are used to locate the corresponding square in the PAL
programming format. : :

The following legend is being used:
Logic Diagram Programming format
LN, O
H, P, 1

Phantom Fuse Location (H, P, 1)

Tttt

Phantom Fuse Location (L, N, O)

Programming Format:

The programming format is designed such that it is compatible
with standard PROM programmer format for 512x4 (2048-bit)
PROM. Words addresses are in HEX since most of the PROM
programmers use HEX addresses. A table which contains HEX to
decimal conversion is also provided on page 6-75. Referring to
page 6-49 note that the input lines go from left to right and are in
sequence. The product terms go from top to bottom and are not
in sequence and are scrambled. This is because, to form one 4-bit
word, we need four different product terms on the same input
line. A word is read from top to bottom and consists of four
product terms on one input line. The top bit is most significant
(MSB) and the bottom bit is least significant (LSB).

EXAMPLE
MSB / INPUT TERMS
PRODUCT L
worp [ 0/[ 1 2 | 3=——WORDS
TERMS l;.—u'u. HIH| L
O;™~16[H H[L L
O, 8Ll L
outPuTs—% °JH[L L]L
LsSB
WORD 0 LHLH
WORD 1 HHLL
WORD 2 HLLL
LLLL

WORD 3

As in the case of logic diagrams, the programming format for the
first nine PALs are filled with an ‘H’ or an ‘L’ representing the
phantom fuse locations. The remaining blank squares are to be
filled by the designer. If one decides to use a programming
format other than BHLF, then ‘H’ and ‘L" will have to be converted
into the equivalent format. (e.g., if one decides to use BPNF
format, then ‘H’ has to be replaced by ‘P’and ‘L’ has to be replaced
by ‘N’ on the programming format). Logic diagrams and the
programming formats. for all different options are shown on
pages 6-48thru 6-73.

The most common PROM programmer input medium is paper
tape, with BHLF, BPNF or HEXADECIMAL format. Information
regarding generation of paper tape and different formats are
described on page 6-74.

6-47



Logic Diagram PAL10HS8

INPUTS (0-31)

4567 1011 12131415 16171819 20212223 24252627 28283031
1 ~N
faals ul b a o
e
—4 ) 4 )¢ + 19
L y——
h . %_J% cheh o
ITVEIV b4 18
5
3 N
16. iwals; mmh Nasusl s ks
L 18 it pﬁ: -
18 Y )OSB ¢ Y "
19
2
21
2
2
4 N
a rég rw—rz Eﬁ favisal r‘ﬁrn_r‘;
© g ITTEY )4 16
e 2
2
(2] 30
s 31
14
w 5 N
- 12
B 32 Faalual aleal fau'sel faulssl hriy Ruals
2 b Y Y Y
8 % 15
g
o 3
faaleal faslenl gﬁ A Foaleel s
Tt 3
ﬁ—mﬁf—m ﬁq "
4
48 ;1 ol aleal faa's s 21;1 faalenl
»
8 o s ;
51 13
52
53
&
55
gg i —r :; E% ; o)
% . —4 )4 12
80
61
62
63
9 h g‘l 1
123 4567 1011 12131415 16171819 20212223 24252671 28293031
LEGEND: ‘® : Phantom Fuse (L, N, 0) O: Phantom Fuse (H, P, 1) n.u. — not used

6-48



6-49

INPUTS (0-31)

m.lv_h_\ 1—“— _W J .m_.r I._W i .L_W ] ._W 3 .L—WL | .mm _m —W_ T ] .\.hm = AR = N
u |
mﬁ_ —ﬂ_ ~\..m.; ] L_M u\.\_\__ﬂ_ 2l ._—M il __:ELL ] :".. —..o_.m —M_ Jala .H 1 u\._m wl o ._ng alalalals
I = _W _W - [2] _Fm.v J _LL_WL TN =] NI Y[ T _m _m“!. 3 .-.n.lLLLL_m B =] Y N ) =3 O Y =)
i Ed “C e \__% T ] uLL—M AT (] T M.v m _..\Pw“- 1l h_m 3 | __m L_m.L P < S O O
= 3| _w i|=] L_w .LLL—W \a oLl =B HL_ML...m...L_w m_....pm....n
5] k3 ﬁmﬁ L._.MI_ I__M |l -_A il Jlalg _:A )3l .M***a\mquHﬁ_m\. P ) 3 .L_M 15| =L =L Ll e
= o | | I~ |
- 4 =2 _W __ML L_M Jl _i_w. Jalalalglaalalalelalala .m m _ms..w il .W d| i .l—m 33l hmm_r. i Wh. g u.m | 1
I= =2 —nw =l Li%LI.LH—_H_\. 3| LLW—L )t || 2| ] ] 2 8 Bt |t || 2 | .—m P _“m i3l M_L -LL_H 1| .|.N
Q= = o > ' 1 \.;—..HI_ NS || ._H_ 1|l .M_. P Y et Y mH.H.HHmm Aﬂa\.ﬂm‘..ut_ -LL\_W 1 =4 O | ...nM\. 1l W_L gl ._W ialalal R
BN = J\hm amwﬂj h\—ml_ R 1] _%_LL\.LW_. 1) ..mu IdlalalZlTE T *_MMJ\. T umﬁ\. 2 ._W ||| A B | 3l .—..\nuu )i m_ N ._m\.\- hI-AH
} /|
] £ _% i3 1 Lm%.....h__.h.ﬁ....u«....m 2 B || |t ] 2 |t | 2| A B s |l ]| B | | %_L.. Llalalaals
I —M _4 N .“4 J | .4_ R = I R R )| = > 4 ) O ) O AR = T ] I M_ A e T Y ) )
H—% Iis B I L—% 1) .LW_.\.L P bo<] I MY O O O b e » Fﬁm\n\lﬂﬂﬂ_mL L\.\_m 3 d|d .Mw. ) .\_m 3l mﬂu_L SO <4 O Y K=
@© = of > b o ] ] P =01 O Y -1 S .M.\.l.;.\.\.ml. 1l .MA FP\FW“- T LTI m 3l ..VI.\.L .\-m 3l ._M P =] A e T e ]
fad pd & _...In =] m..._l....nm....l....ﬂ m_ m...hm....H.__._N....m; PYNRY o O B
o[ B Nala il=|d L‘%_...MLLL.M....W....m mi N e e e S e
— et hand i |
£ .mﬂr. P .—WL L_M“. i .F_. R = .g\.__._». )| || S|T T .“%. e oo of £S5 O Y ._—....Im 3|t 5 )l |t | = | | ] S LLL\L.U. T =)
= W_N_ Wl .T.DLL L_ﬁ—. 3| .E_ ) Y F-c O ._:E )| || ST .HH_W L T|T|T|S || .W_LL .Lm_ J .L!.Ww_). T =] fre] T
« = ML .,n_u!LL LM_. 1] .M—LLL Aslalala .ﬁﬂr Jidld .m _m m 3 il ....umLL _Ln.nlu. ) gl .m_ NN = R =
& & L= H“W_L L_“—\.\. ] .W_ 3 .\_—m P ]I ] e uLm —m WL 3 h..w 3| ...H.. 3ol ..rlu“ Nl .mLLL W 3| | ]
= - u_ﬁ—l_l_ | B || .W_ R Y =] O Y} .—W 3| 1| .m_4444\m\rb s ofin of 5 U ._m J|od|d .m_ 2| | .“_ PYI] S YANTY Y Y ] O O | g
= = 2
e < T|S .“MLL g|= ._.LM_....A...._ﬂn\..._mm4-.4n...4ML..L_MLL. _...LM—_...MLL M..LL.UI
o i =4 .—WLL J £ .ﬂ— O Y = I .g_m.v T | .m m m. 3l a—m\.\_ 1. _. 1 .N—. [ .mL SR 5] RS 1| P
X 3 __WLL L_W o | | d .M_ 1| .\_—NL ;L\.—W 3l d .m m m\. .\.\._m ol |cned | ced .m 1| | .W_ Jodid ml_ m 8 d| d | o] 0
= _“.\I - l_—” J|d .\_.nl«“. ISl .L_7“. Jid UmHHHHmHHH W 3l __W L o 1] O ...H_ 1l .ml. ) o] [ P
&l = .—% - L_% F Y= O P ....T..._%_PHHH.WHHH 2| .LL_mh_..m S ) 2 = F ) e P
K’ 2 .—W | N—_ﬁ I I R = P 8 P .;..m— :.ﬂu ﬁ\..._—m .._.m Iodld ..m ......%nl. Ll__m.aq || d .
= 3| )|z L“A Y 2P 3 Y Y Y Y = = £ I 3 .LMM. |zl [ 157 7
B bl ] | <] \._rww 3| ed | | |2 ) | | | 3 | | | B3 | ._m _m L ||| Bt |t | Bt ]l | 2ttt | B | ] ) ] B || | | | o
IN] ] ) 1] 1 I__M ] OO T Y T £ O O Y v O ;m m W.L ) .m 1l .Lm )l .H. S gl g ML I._.Hl I Y Y I P
~ = - o= J .“.IL\. Jdlz= gl gl gl ot gl gl gl al= ol .H m M\. 3 .wlm J|d .Lm Jidid .H Jodld ....l.I_LI_ ..H 3 df | -
o) =] 2| | =] H__WLLLLM 3| ot | | [ B |t 2| | .m m WL ) || B | .Lm 3 od|d bm 3| mL W Jlad e
gl ol& = gl&=2 2 wnamnmuammmﬂsmmnmsmmn.h7mnwmamﬂmn%m%muummﬂu%mm&«%m&%%nm&&mnmm%u%
SlssssBlosssPlssss|BesssSesssBlssssPlesssfssssfssssBesssfssssflssssBlosssflssssElsssslSssss
L L - L L L L - - L L

NVN (9-0) SWH3L 1ONAOHd alva

‘NH3LLVd
S8HOL1Vd jeuniog Suiwweaboid



Logic Diagram PAL12H6

INPUTS (0-31)

4567 891011 12131415 16171819 20212223 24252627 2820303)
1 IN—
—HeEEaH SR —HEH
A i . =) S H 2 =
Hiimlim i SEROELLLE =
R iae - bt
Ik : t i 4 = e :"_'
| b | 14
H o H
: i 18
n
chby b |1 b
Y — "
20
21
2
2
— 24 B L i
25 alaal -
8 2
S 7 16
S :
(/2] 30
= 3
[+ 4
w 5
-
-
g 2 3255 B— e
[} 2 233 $ 15
[¢] 3 &
£
39
g th - h
3 1
4 Y Y Y 14
>4
AR e O _" ul 24
8 WE
o 1] 13
52 Y Y
]
55
8 ﬁ q 12
57 HETH it HrE ¥
Z‘g‘ : it *t:" 3 E R n.u
62—tHeHH 4 - AT
o R
] E ' ﬂ 11
4567 1011 12131415 16171819 20212223 24252627 28293031
LEGEND: ® : Phantom Fuse (L, N, 0) O : Phantom Fuse (H, P, 1) n.u. — not used
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INPUTS (0-31)

6-51

= M?_ H?LL HTLL HT.._iF. .1?. .4? 1| Tl=lx ﬁ? \WT LLWH - |t S|z L#H lals
g« Hﬁﬂ HFLL HTLL Je ) S O Ve o 1 I e of =] B .1T =T W? ﬁT P |k ol LMH ials
M E H_W B H_.nv. 3|t H_WLLL..._W 4 ..1_m.. ) ..1_W - T|=|T _m_H _m_H LL—mH - || L_WH i E
gl | zlzlaa] [dfelala HTLLL*TL .4T .JW ~alziele 18l el [H-Eld - il EECEEEES
M = |2 H_WLL; H—HLL H_% LLLH_WL .H_W P e o ] I e o e Hm~H __m_wu - R ) ) L“mH J|ols
5 = T|s H_&LL H_uLL HTL. ._._A _H_m P o s e o ] = m_H _m_H LL_mH ) ) 3|l L_mH e
g]i=| T|S LWLL Lm.L I|2 ..1W .4W 4|2 ~T|2|T m? WH R i 2|l LTH ilale
If= H_% H_WLL b o ] ] H_% e o - ...._mw.h i of |:<d MORTI e o £ = = m_H _MH LL_mH - ) 3|t =2l | alal e
al=|x r_..v r<)x|z|s|L L < Lr ) .HT L ]s] Jxe| o oTE = =]s = == LR ] AR il =L
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Logic Diagram PAL16H2
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PAL Series 20

' , Logic Diagram PAL16R8
INPUTS (0-31)

0123 4567 891011 12131415 16171819 20212223 26252627 28‘193011

Frswm—o
g
o
i&

v

1

o
[=]
iu

[

4

1
8 aY%
|_j’

v
AGRENE;
I

88e8
o
o
ia

PRODUCT TERMS (0-63)

1
AVAl
ol

o
=]
i;

1

o
=]
iu

¥
TIT]
=Rk

A
[
V. o
o o

s

0123 4567 8891011 12131415 16171819 20212223 24252627 28293031
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INPUTS (0-31)
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PAL Serie_s 20

. Logic Diagram PAL16R6
INPUTS (0-31)

1_>

0123 4567 891011 12131415 16171818 20212223 . 2425 2627 28293031

1

o
[=]
i@

o
<]
i:

1
\4
[=]]

2

1
: A\
ol

]
o .
ia

PRODUCT TERMS (0-63)

]
ol .
i:

1
ol

1

o
[=]
iu

[
V

Q

i
b R E IR ]
th T T T

=

0123 4567 891011 12131415 16171819 20212223 24252627 2829 3031
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INPUTS (0-31)

22 23 24 25 26 271 28 29 30 31

19 20 21

17

6-71
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PAL Series 20

Logic Diagram PAL16R4
INPUTS (0-31) :

00123 4567

1011, 12131415 16171819 20212223 24252627 28293031

J

i

5]
[}
i:.‘

[5]
[=}
‘i;

©
o
L-'

depEREREAALS:

’_ﬁ - L Ee "

1011 12131415 16171818 20212223 24252627 28293031

IS
@
~
-
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PAL Programming

Paper Tape Inputs

Truth tables can be sent to MMI in an ASCII tape format. Infor-
mation can be sent by mail or TWX. (MMI's TWX number is
910-339-9229.) Although MMI can program PALs with the
tape in any format, the following formats have been the most
popular.

8 Level TWX

AP

BHLF Format

START OF TAPE

BEGIN DATA FIELD
DATA FIELD (H = HIGH VOLTAGE. L = LOW)
| l’ FINISHED DATA FIELD

S BHHLHTF B HHHHF

04030204

WORD 0 WORD 1

END OF TAPE

B HLLHTF BHLLLFE

WORD 2 WORD 511

The required heading information at the beginning of the tape is as follows:

CUSTOMER'S NAME AND PHONE
CUSTOMER'S TWX NUMBER (IF ANY)
PURCHASE ORDER NUMBER
MMI PART NUMBER

CUSTOMER SYMBOLIZED PART NUMBER
TRUTH TABLE NUMBER (IF ANY)
TYPE OF FORMAT (IF ASCII, HEX, BHLF, ETC.)
25 BELL OR RUBOUT CHARACTERS

An example is shown below:

BLARNEY ELECTRONICS
TWX911-338-9225
PO142

PAL16RS8

0431

PAT0001

BHLF

408-735-8104

(25 Bell or Rubout Characters)

S

BLLLHF BLLLLF BLHLHF BLHHHF BLLHHF BHHHHF BLLLHF BLHLHF

BLLLLF BLHLHF BLHHHF BLLHHF BHHHHF BLLLHF BLHLHF BLLLLF

E

BPNF Format

This format is identical to the BHLF format with the exception
that a “P” designates a positive bit, and hence a “high” level,
and an “N” represents a negative bit, and hence a “low” level.

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 or STX 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 line feed may be included to format the data
when the tape is printed.
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DECIMAL
HEX

PAL Programming

Decimal to Hexadecimal Conversion Table

DECIMAL

HEX

HEX

DECIMAL

DECIMA

]

DECIMAL

HEX

DECIMAL

HEX

J

DECIMAL

DECIMA

HEX

DECIMAL

|

DECIMAL

DECIMAL

|

DECIMAL

HEX

DECIMAL

HEX

DECIMAL
DECIMAL -

HEX

- O

N

o o A~ W

10

1

21
22

24
25
26
27
28
29

31

®» 0 A W N o

~

m m O O W » © »

W
N

34
35
36
37
38
39
40
41
42
43
4
45
6

47

49
50
51
52
53

55

57

58

59

61
62

20
21

¥ & R | DECIMAL

8

251 69

27
28

31

32
33
34
35
36
37
38
39
3A
3B
3C
3D
3E
3F

70
7
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

95

45
46
47
48
49
4A
4B
4c
4D
4E
4F

51
52

55

57

59
5A
5B
5C
5D
5E
5F

©
[=2]

112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

127

2 || HEX

62
63

65

67

69

GA
GB

-y
n
o

129
130
131
132

134
135
136
137
138
139

140

= | HEX

82
83
84
85
86
87

88

—_
[}
[=]

161

170
171

172

A0
Al

A6

A7

AA
AB
AC
AD|
AE
AF
BO
B1
B2

B7

B9
BA
BB
BC
BD|
BE
BF

44
8 8
8
R
b

g

8 & 8

195
196
197
198

210
211
212
213
214
215
216
217
218
219

221
222
223

Q

8

CA
cB
CcC
CD
CE
CF
Do
D1
D2

D3

D5
D6
D7
D8

DA
DB
DC
DD
DE
DF

225
226
227
228
229
230
231
232
233
234
235

237
238
239
240
241
242

m || HEX

n

E1

E7

E9

EB
EC|
ED|
EE
EF

F1
F2
F3
F4
F5

F8

FA
FB

FD
FE
FF

56
257
258
259
260
261
262

267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287

N

88

101
102
103

105
106|
107

108

289

104
108
10C
10D
10E
10F,
110]
111

112
113
114
115
116
117
118
119
114
118
11C
11D|
11E

11F

297
298
299
300
301
302
303
304
305
306
307
308
309
310)
311
312
313
314
315
316
317
318

319

120
121
122
123
124
125

126

321
322
323
324
325

326

127
128
129
12A]
12B
12C;

327
328
329
330
331
332

12D
12E
12F
130
131

132

134
135
136
137
138
139
13A
138
13C]
13D

333
334
335
336
337
338
339
340
341
342
343

348
349

13E

13F

350

351

144
14p)

144
14q
14E]

14F

151
152,

154

156

157|
158
159
15A]
15B
15C
15D}
15E|
15F

353
354
355
356
357,
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379

381
382
383

385
386
387
388
389
390
391
392

304
395
396
397
308
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414

415

180
181
182
183

185
186
187
188
189
18A
18B
18C
18D
18E

18F

191
192
193
194
195
196
197
198
199
19A
198
19C
19D
19E
19F

416
a7
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447

1AQ
1A1
1A2
1A3
1A4]
1A5
1A6
1A7
1A8
1A9

1AB}
1ACH
[AD]
1AE]
1AF,

448{1C0[480
449{1C1]481
450{1C2]482
451[1C3|483

4521C4484

453|1C5|485
454|1C6|486
455|1C7]487
456|108}488
457|1Co|489
458[1CAJ490
459|1CBJ491

461{1CDJ493
462|1CE}494
463{1CF{495
464]1D0}496
465|1D1497
466{1D2{498
467]|1D3]499

468|1D41500

1B9
1 BA
1BB
1BC]
1BD)|
[1BE]
1BF|

469]1D5(501
470{1D6|502
471{1D7]503
472|1D8)504
473|1D8}505
474{1DA|506
475 1DBF507
476|1DC|508
4771DD[509
47811DE}510
479[1DF]511

1E0
1E1

182
1E3
1E4
1E5
1E6
167
1E8
1E9
IEA
1EB
1EC
ED
1EE
1EF
1FO
1F1

1F2
1F3
1F4
1F5
1F6
1F7
1F8
1F9
1FA
1FB
1FC
IFD
1FE
1FF
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PAL Applications

Example 1:
Basic Gates

B=/A A___.Do_-a
R D
e =D D
G
L=A+/+/K J )o_—L @
K
" —d
0=/M* N N®‘° —OD_
R=P:+:Q R ’D_R
Q
=Px/Q+/PxQ #

PAL12H6
This example demonstrates how fusable logic can implement the o Vcc
basic inverter, AND, OR, NAND, NOR, and exclusive-OR
functions. Note the one to one correspondence between con- of2 19] A
ventional logic symbology and PAL logic symbology. The P =1
PAL12H6 is selected because it has 12 inputs and 6 outputs. For 2
this example, the fuse pattern is generated using als 17]e
a) PALASM G EH
b) Manual Programming Format (BHLF) Manual Coding
10 15]o
el7 :F:’D—— 18] R
afs 13
119 12l K
GNoJ10 1)y
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PAL Applications

L Basic Gates Logic Diagram PAL12H6

* i INPUTS (0-31)
L x
byt 4

1 4 67 1213 1617 2021 24252627 2829303

l : W B:j »—-TE

% 16 /7/
25

2 ‘ e )

PRODUCT TERMS (0-63)

g—J

0123 4567 89 1213 1617 02 24252627 28293031
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PAL Applications:

PALASM Output: Basic Gates Design Specification PAL12H6

khkkkhkhhhkkhkhhhhhhkhhhhhkkhkhkk DO02]1] *khkkkhkhhkhkhhkhhhdhhkhhkhkhhkhhhdk
YOUR PAL DESIGN SPEC IS ACCEPTED AS MONOLITHIC MEMORIES BIT
PATTERN NUMBER P00211 . YOUR PASSWORD IS P00O55A .

PLEASE CONFIRM THAT THESE EQUATIONS ARE CORRECT. MONOLITHIC
MEMORIES WILL NOT PROCESS A PRODUCTION ORDER WITHOUT. PROPER

APPROVAL. USE BP NO. P00211 WHEN PLACING A PROGRAMMING ORDER.
s Y R R R LTIy

CUSTOMER CONFIRMATION

I HAVE REVIEWED THIS ‘PAL DESIGN SPECIFICATION AND UNDERSTAND
THAT PALS ORDERED BY BIT PATTERN NUMBER P00211 WILL BE
PROGRAMMED AS SPECIFIED BELOW.

CUSTOMER COMPANY NAME CITY,STATE
AUTHORISED SIGNATURE DATE
NAME (PRINT) TITLE

RETURN TO MMI 1165 E. ARQUES SUNNYVALE, CA 94086 ATTN:
L2 T T T I T I I ]

PAL12H6 PAL DESIGN SPECIFICATION
P0055A KAZMI 11/21/79

BASIC GATES EXAMPLE

S.V. CA

CDFGMN PQIGNDJKLROHEBAVCC

. B=/A

E=C*D

H=F+G
0=/M*/N
R=P*/Q+/P*Q
L=/1+/J+/K

DESCRIPTION: THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO
IMPLEMENT THE BASIC GATES.

NUMBER OF FUSES BLOWN = 306

PALASM Output HEX FORMAT

e e e e e

0O E O
©0 000 M IE M O
WO MMHEFRHRFHOm
€O 0000 OO MM M i = O M
€0 0000 0000 MM M i b O~
00 00 00 00 00 () I HY b=t 1= = = b= = O
000000 O N N = 0om
000 0MMO M N OO
00 00 00 0000 ()t MY b = =+ = =
00 0000 0000 () IF MY = k= 1= - = = O
@ 0000 OO R M W W M
00NN WWR
000 O NE M HHFHHHWOMT
00 000000 N I [ i = O
O NN MM WWw
000 Mo NN MWW
0000 00 00 00 () 17 MY i 1= = = 1= =0 1y
00 00 0 OO IH o b= = = = = = O
oD EHHHWWwR ™
P®PE®ONM MWW
O OOPOONM D= OMm
00000 000N MM = O
MMM WWw Y
W@EOONRMHFHH—WWR M
0NN o
OO UOHHHHHHWON
00NN O
0 00 00 00 00 00 T Y i 0 g
0 0000 OE MO
MOWEOOAMWHHHKHHHWOM
T 0000000 N O
@O MO
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PAL Applications

PALASM Output: Basic Gates Fuse Plot PAL12H6

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000
0000. 0000. 0000 0000 0000 0000 0000 0000
0000 0000 ‘0000 0000 0000 0000 0000 0000
*0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000
0000 0000 0000 0000 0000 0000 0000 0000

NouswNoHO
o
[o]
Q
o]
(¢}
g
O

------- X --00 --00 --00 --00 =-===- =--=-= /A
XXXX XXXX XXO00 XXOO XX00 XXO00 XXXX XXXX
10 XXXX XXXX XXO0 XX00 XX0O0 :XX00 XXXX XXXX
11 XXXX XXXX XX00 XX00 XX00 XX00 XXXX XXXX
12 0000 0000 0000 0000 0000 0000 0000 0000
13 0000 0000 0000 0000 0000 0000 0000 0000
14 0000 0000 0000 0000.0000 0000 0000 0000
15 0000 0000 0000 0000 0000 0000 0000 0000

16 X-X- ---- --00 --00 --00 --00 ---- ---- C*D
17 XXXX XXXX XX00 XXO0 XX00 XX00 XXXX XXXX
18 0000 0000 0000 0000 0000 0000 0000 0000
19 0000 0000 0000 0000 0000 0000 0000 0000
20 0000 0000 0000 0000 0000 0000 0000 0000
21 0000.0000 0000 0000 0000 0000 0000 0000
22 0000 0000 0000 0000 0000 0000 0000 0000
23 0000 0000 0000 0000 0000 0000 0000 0000

24 ---- X--- -- 00 --00 --00.--00 ---- ---- F
25 --s-t—--- X-00 --00 --00 =-00 ---- ---- G
26 0000 0000 0000 0000 0000 0000 0000 0000
27 0000 0000 0000 0000 0000 0000 0000 0000
28 0000 0000 0000 0000 0000 0000 0000 0000
29 0000 0000- 0000 0000 0000 0000 0000 0000
30 0000 00000000 0000 0000 0000 0000 0000
31 0000 0000 0000 0000 0000 0000 0000 0000
32 -=-- —-=- - 00 -X00 -X00 --00 =---- ---- /M*/N
33 XXXX XXXX XXOO XX00 XX00 XXOO0 XXXX XXXX
34 0000 0000 0000 0000 0000 0000 0000 0000

+ 35 0000 0000 0000 0000 0000 0000 0000 0000
36 0000 0000 0000 0000 0000 0000 0000 0000
"37 0000 0000 0000 0000 0000 0000 0000 0000
'38 0000 0000 0000 0000 0000.0000 0000 0000
39 0000 0000 0000 0000 0000 0000 0000 0000

40 ~=-= ---- -- 00 --00 --00' X-00 -X-- =---- P*/Q
41 --=- - - 00 --00:--00 -X00 X--- =---- /P*Q
42 0000 0000 0000 0000 0000 0000
43 0000 0000 0000 0000 0000:0000
44 0000 0000 0000 0000 0000 0000
45 0000 0000 0000. 0000 0000 0000
46 0000 0000 0000 0000 0000 0000
47 0000 0000 0000 0000 0000 0000

48 -mm mmmm - 00 --00. --00 -=-00
49 m=mm mmem a- 00 --00 --00 --00
50 m=-- =--- - 00 --00 --00 --00

51 XXXX XXXX XXOO0 XXOO XXOO0 XX0O0
52 0000 0000 0000 0000. 0000 0000
53 0000 0000 0000 0000 0000 0000
54 0000 0000 0000 0000 0000 0000
55 0000 0000 0000 0000 0000 0000

56 0000 0000 OOOO0 0000 0000 0000
57 0000 0000 0000 0000 0000 0000
58 0000 0000 0000 0000 0000 0000
59 0000 0000 0000 0000 0000 0000
60 0000 0000 0000 0000 0000 0000 0000 0000
61 0000 0000 0000 0000 0000 0000 0000 0000
62 0000 0000 0000 0000 0000 0000 0000 0000
63 0000 0000 0000 0000 0000 0000 0000 0000

FUSE NOT BLOWN (L,N,0) -
PHANTOM FUSE (L,N,0) (0]

FUSE BLOWN (H,P,1)

LEGEND: X
0 PHANTOM FUSE (H,P,1)
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PAL Applications

PALASM Output: Basic Gates BHLF Format PAL12H6

BHLHHF BHHHHF BHLHHF BHHHHF BLHHHF BHHHHF BHHHHF BHHLHF
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF
BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF
BLLLHF BHLLHF BHHHHF BHHHHF BHLLHF BHLLHF BHHHHF BHHHHF
BHLLHF BHLLHF BHHHHF BHHHHF BHLLHF BHLLHF BHHHHF BHHHHF
BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF BHLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF
BLLLHF BLLLHF BLLHHF BLLHHF BLLLHF BLLLHF BLLHHF BLLHHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF BLLLHF
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF
BHHHHF BHHHHF BHHHHF BHHHHF BHHHHF BHHHLF BHHHHF BHHHHF
BHHHHF BHHHLF BHHHHF BHHHHF BHHLHF BHHHHF BHHHHF BHHHHF
BHHHHF BHHLHF BHHHHF BHHHHF BHHHHF BHLHHF BHHHHF BHHHHF
BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF
BHHHLF BHHHLF BHHHHF BHHHHF BHHHLF BHHHLF BHHHHF BHHHHF
BHHHLF BHHHLF BHHHHF BHHHHF BHHHLF BHHLLF BHHHHF BHHHHF
BHHLLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHHHLF BHLHLF
BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF
BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF
BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF BHHLLF o
BHHLLF BHHLLF BHHLLF BHLLLF BHHLLF BHHLLF BHHLLF BHHLLF e
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHHLLF BHHLLF BHLLLF BHLLLF BHHLLF BHHLLF
BHLLLF BHLLLF BHHLLF BHHLLF BHLLLF BHLLLF BHHLLF BHHLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF BHLLLF
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Manual Coding: Basic Gates Logic Diagram PAL12H6

INPUTS (0-31)
4 7 891011 12131415 17 2212223 24252627 28293031

1 N
B—HHH . | B
] 3 SR :t:‘ T ) nu.
B » -
2 3 19
PPy | <A
I» h a hh
H 3 _ﬁ e
< ¥ 18
_QN & - ﬁ
F 3 E
16 faalsal Faa'e. Feslaul
it ﬁ:
19 7
2 : E
21
22
23
6-4——1‘3
2 b d q
s 55 B %ﬁ _Eﬁ ]
@ 7 16 4
e 28
29
[72] 30
s 31
G oys
EM—T3
(-
g % i) B AR g
o i 15
o ] (7]
[+4 k14
o 38
3
” 6 h
4 TR i
4 Y )
MR
4
P 7 D
® L | | L L
49 u H
w - -
i 13
2 664 L
2
55 ¢
—Px K
57—‘:- e ' =53 .E .:"m”“‘: B
55— i i i nu
?]’ einn . é HH u.ﬁl ;e
gg'—: s 3 g E ﬁ% D RE By
= 7
- 4567 BOIOT, 12131415 16171810 2212223 24252671 28293031 e . .
~ LEGEND: ® : Phantom Fuse (L, N, 0) O : Phantom Fuse (H, P, 1) n.u. — not used
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Manual Coding: Basic Gates
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PAL Applications

Example 2:
6-Bit Shift Register with Three-State Outputs

SL I
SR ' | D ‘ -
L—Do— ~& L.KC
3 ”
b_gLﬂ B |
- D |
Dg ]
: T L
D—‘ Q1 Oy
1 A | \ o
5 2T
1 G,
— Q2 q;
D A
' T
5 _'f__)ﬂ p “
&
’__ﬂ—\ Qs 0g
T)j ‘l' \ o 4
—_— @—l_/
Dy :
Qs
L )
] <J—CLotic
Ds Jl ——[Te RiLo
L —
SL
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PAL Applications

PALASM Output: 6-Bit Shift Register Design Specification PAL16R6
with Three-State Outputs :

KARKKKRRRKKKKRRKKKARRKKRRARS DO020G KA hAAKRARKKAAKKAKKRKARRRRKIAKK
YOUR PAL DESIGN SPEC IS ACCEPTED AS MONOLITHIC MEMORIES BIT
PATTERN NUMBER P00206 . YOUR PASSWORD IS PAT0005

PLEASE CONFIRM THAT THESE EQUATIONS ARE CORRECT. MONOLITHIC
MEMORIES WILL NOT PROCESS A PRODUCTION ORDER WITHOUT PROPER

APPROVAL. USE BP NO. P00206 WHEN PLACING A PROGRAMMING ORDER.
R e e R E S s

CUSTOMER CONFIRMATION

I HAVE REVIEWED THIS PAL DESIGN SPECIFICATION AND UNDERSTAND
THAT PALS ORDERED BY BIT PATTERN NUMBER P00206 WILL BE
PROGRAMMED AS SPECIFIED BELOW.

CUSTOMER COMPANY NAME CITY,STATE
AUTHORISED SIGNATURE DATE __
NAME (PRINT) TITLE

RETURN TO MMI 1165 E. ARQUES SUNNYVALE, CA 94086 ATTN:
I R s e L T T T T T Ty

PALL16R6 PAL DESIGN SPECIFICATION
PAT0005 JOHN. BIRKNER 11/20/77
6-BIT SHIFT REGISTER WITH THREE-STATE OUTPUTS

MMI, SV

CK SR DO D1 D2 D3 D4 D5 SL GND /E RILO Q5 Q4 Q3 Q2 Ql Q0 LIRO VCC

IF(SR*/SL) /LIRO=/Q0
/Q0 := /SR*/SL*/Q0 /SR*SL*/LIRO + SR*SL*/D0
/Ql := /SR*/SL*/Ql SR*/SL*/Q2 /SR*SL*/Q0 + SR*SL*/D1
/Q2 := /SR*/SL*/Q2 SR*/SL*/Q3 /SR*SL*/Q1 + SR*SL*/D2

+ SR*/SL*/QL +
+ +
+ +

/SR*/SL*/Q3 + SR*/SL*/Q4 + /SR*SL*/Q2 + SR*SL*/D3
+ +
+ 0
5

Q4 /SR*/SL*/Q4 + SR*/SL*/Q5 + /SR*SL*/Q3 + SR*SL*/D4
/Q5 := /SR*/SL*/Q5 + SR*/SL*/RILO + /SR*SL*/Q4 + SR*SL*/D5
IF(/SR*SL) /RILO=/Q

DESCRIPTION:

THE 6-BIT SHIFT REGISTER WILL HOLD , SHIFT RIGHT, SHIFT LEFT, OR LOAD
ON THE RISING EDGE OF THE CLOCK (CK).

THE THREE STATE OUTPUTS ARE HIGH-Z WHEN THE ENABLE LINE (/E) IS HIGH AND
ENABLED WHEN ENABLE LINE. (/E) IS LOW.

FUNCTION TABLE:

! LL ! X ! X !t L-H ' 2z 105040302000 °! 2z ! HOLD !
! LH ! RI ! X ! L-H ! 27 1Rl Q504 03020l ! Ql ! RIGHT SHFT!
! HL ! X ! LI ! L-H ! Q4 104030201 0Q0LI! 2z ! LEFT SHFT!
! HH ! X ! X ! L-H ! % 1 D5D4D3D2DLDO! Z ! LOAD D '
NUMBER OF FUSES BLOWN = 818

PALASM Output : HEX FORMAT
ElLFFFFFDFFFBFFF7TFFFFFFFFFFFFFOFF.
l1FFFFFFEFFFDFFFBFFF7T7FFFFFFFFF1FF.
EOECEEEAEEEG6EEEEEEEEEEEEEEEEOEEE.
OEEEECEEEAEEEG6EEEEEEEEEEEEEEOEEE.
0000000000000000CO00O0O0GOODO0O0OOOO0OOO .
000000000000000000O0O0O0O0O0O0O0OO0O0O0OODO
000000000000000000DO0O00O0CO0O0O0O0O0OOGOOO0O.
0000000000000 O0O0O0OO0O0OO0OOOOOOO0OOO0TO .
FOFFFFFFFFFFFFFFFFFEFFFDFFFB78FF.
8FFFFFFFFFFFFFFFFFFFFFFEFFFS5FS8FEB.
707777777777777671775777377770777.
07777777777777777677757773770777~
00000000000000000000000O0O0O0O0OGOLO0OO . _
000000000000000000O00ODOCOOO0O0O0OO0OD0OL0.
00000000000000000000CO0O0O0O0O0O0O0O0O0O00O0TO.
0000000000000000000ODO0O0O0O0O0DODOOOO0O0O0O.




PAL Applications

PALASM Output: 6-Bit Shift Register
with Three-State Outputs

11 1111
8901 2345

56 -X-- =--=
57 ~-m- wion
58 XXXX XXXX
59 XXXX XXXX
60 XXXX XXXX
61 XXXX XXXX
62 XXXX XXXX
63 XXXX XXXX

XXXX
XXXX
XXXX
XXXX

LEGEND: X : FUSE NOT BLOWN (L,N,O0)

2222
4567

XXXX
XXXX
XXXX
XXXX

XXXX
XXXX
XXXX
XXXX

2233
8901

-X-=-
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

-X--
—X--
X--=
X===
XXXX
XXXX
XXXX
XXXX

-X--
i S
X-==
X-==
XXXX
XXXX
XXXX
XXXX

-X-=
—X--
X===
X-==
XXXX
XXXX
XXXX
XXXX

-X-=
-X=-=
Kommm
X-==
XXXX
XXXX
XXXX
XXXX

-X--
-X--
X-==
X~==-
XXXX
XXXX
XXXX
XXXX

_x_.-
-X-X
X=--
X-=--
XXXX
XXXX
XXXX
XXXX

X-=-
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

Fuse Plot PAL16R6

SR*/SL
/Q0

/SR* /SL*/Q0
SR*/SL*/Q1
/SR*SL*/LIRO
SR*SL*/D0

/SR*/SL*/Ql
SR*/SL*/Q2
/SR*SL*/Q0
SR*SL*/D1

/SR*/SL*/Q2
SR*/SL*/Q3
/SR*SL*/Q1
SR*SL*/D2

/SR*/SL*/Q3
SR*/SL*/Q4
/SR*SL*/Q2
SR*SL*/D3

/SR*/SL*/04
SR*/SL*/Q5
/SR*SL*/03
SR*SL*/D4

/SR*/SL*/Q5
SR*/SL*/RILO
/SR*SL* /04
SR*SL*/D5

/SR*SL
/Q5

FUSE BLOWN (H,P,1)




PAL Applications

PALASM Output: 6-Bit Shift Register
with Three-State Outputs

BHHHLF
BHHHHF
BHHHHF
BHHHHF
BLLLHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHLLLF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BLLLHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BLLLLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHLHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BLLLLF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHLF
BLLHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF -
BLLLLF
BLLLLF
BLLLLF

BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHLF
BHHHLF
BHHHLF

BHHHLF

BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHHHHF
BHLHHF
BHHHHF
BHHHHF
BHHHHF
BHHLHF
BLHHHF
BHHHHF
BHHLLF
BLHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

‘BLLLLF

BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHLF
BHLHHF
BHHHHF
BHHHHF
BHHHHF
BLHLHF
BLHHHF
BLHHHF
BLHLHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BLLLLF .

BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHHHHF
BHHHHF
BHHHHF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BLLLHF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHLLF
BLHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHLLLF
BHHHHF
BHHHHF
BHHHHF
BHLLLF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHLHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHHHF
BHHHHF
BHHHEHF
BHHHHF
BHHHHF
BHHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF

BHLF Format PAL16R6

BHHLHEF
BLHHHF
BHHHHF
BHHHHF
BHHHLF
BHLHHF
BHHHHF
BHHHHF
BHLHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BHHHLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BHHHHF
BHHHHF
BHHLHF
BHHHHF
BHHHHF
BHHHHF
BHHHLF
BHLHHF
BLHHHF
BLHHLF
BLLHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLHHHF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF
BLLLLF




PRODUCT TERMS (0-63)

PAL Applications

Manual Coding: 6-Bit Shift Register
with Three-State Outputs Logic Diagram PAL16R6

INPUTS (0-31
ek > i

0123 4567 8 91011 12131415, 16171819 . 20212223 24252627 28293031
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Manual Coding: 6-Bit Shift Register with Three-State Outputs

INPUTS (0-31)
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First-In First-Out (FIFO) 64x4
Serial Memory

57/67401

U.S. Patent 4151609

Features/Benefits Ordering Information

* 10 MHz shift in, shift out guaranteed rates TEMPERATURE
o TTL inputs and outputs PART NUMBER PACKAGE RANGE

* Readily expandable in word and bit dimensions 57401 16 Military

e Output pins directly opposite corresponding input pins 67401 116 Commercial

e Asynchronous or synchronous operation
e Pin compatible with Fairchild’s F3341 MOS FIFO and ten
times as fast

Description

The 67401 is an expandable “fall-through” high speed First-In
First-Out (FIFO) memory organized 64 words by 4-bit. A 10 MHz
data rate allows usage in high speed tape or disc controllers and
communication buffer applications.

Block Diagram
57401 67401 64x4

4 (o]
% o] K
5,1 FFo FIFO
b1 —¢ INPUT 62 x 4 BIT output |y 0,
D2 — > STAGE REGISTER STAGE | 10 _
B A > 03
O3 O—T
INPUT 2] ' | IS SHIFT
READY INPUT REGISTER | N|] outpur out
CONTROL CONTROL CONTROL | .,
shieT 3, LOGIC LoGic /1 “rogic | ' _ outpur
N READY
L g I

MASTER RESET

Pin Configuration

NC E bk E Vee

INPUT READY E E SHIFT OUT

SHIFT IN E E OUTPUT READY

o[d] 57101 [G]oo
67401
o E EO1 OUTPUTS
o[ e
GND E E MASTER RESET

DATA IN

Monolithic
Memories
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57/67401

Absolute Maximum Ratings

SUPPIY VOO, MGG - - v v vttt et et e e v
INPUL VORAGE . . . .o v
Off-state OUtPUL VOAGE . ... ... e 5.5V
Storage temperature .. .......c.ici i i o e e O S P —-65° to +150°C
Operating Conditions
o : G MILITARY COMMERCIAL
 SYMBOL ’ ‘ PARAMETER MIN NOM MAX | MIN NOM MAX UNIT
Vee Supply voltage ' 45 5 55| 475 5 525 v
TA Operating free-air temperature —-55 125 | O 75| °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
ViL Low-level input voltage 0.8 \
ViH High-level input voltage 2 Vv
Vic Input clamp voltage Vce = MIN I} = ~18mA -15 v
| ’ Dg-D3, MR -0. mA
L Low-level 0-3 Voo = MAX V| = 045V 8
liL2 input current sI, SO -16 | mA
I High-level input current Voo = MAX V) =24V 50 uA
Iy Maximum input current VCC = MAX V| = 55V 1 mA
Ve = MIN
VoL | Low-level output voltage 1 v =os8v loL = 8mA 05 | V
VlH =2V
VCC = MIN .
Von | High-level output voltage ViL =o0s8v loH = -0.9mA 24 \Y
ViH =2V
los Output short-circuit current * Vee = 8V Vo = 05V -20 -90 mA
57401 150
lce Supply current Vee = MAX - mA
67401 160

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




57/67401
[ e —

e

Switching Characteristics
Over Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER FIGURE MIN MAX MIN MAX UNIT
fiy. | Shift Inrate 1 7 10 MHz
tsiH Shift In'HIGH time 1 45 35 ns
tsiL Shift In LOW time 1 45 35 ns
YRL Shift In to input ready LOW 1 60 45 ns
YRH . Shift In to input ready HIGH 1 .60 ) 45 ns
tips Input data set up : 1 10 5 ns
YDH - | Input data hold time 1 55 45 ns
fouT Shift Out rate 6 7 10 MHz
- tSoH -.Shift Out HIGH time 6 45 .35 ns
tsoL Shift Out LOW time 6 45 35 ns
toRL Shift Out to Output Ready LOW 6 65 55 ns
toRH Shift Out to Output Ready HIGH 6 65: 55 ns
‘top Output data delay 6. 10 65 10 55 ns
tpT Data throughput time 4,9 4 3 us
tMRW Master Reset pulse® 11 30 ' 35 ? ns
tMRORL | Master Reset to OR LOW 11 65 60 ns
tMRIRH - | Master Reset to IR HIGH 1 i 65 60 ns
tMRs Master ‘Reset to S| 1 45 35 ns
tiPH Input Ready puise HIGH 4 |20 | 20 ns
1OPH Output Ready pulse HIGH "9 | 20 20 | ns

*Master reset clears all the cells to the empty state, and the data-outputs to a LOW-state.

Standard Test Load

5V

]

> 5600
s

OUTPUT O~ £8) TEST POINT

AAA,

S 1.1KQ =X 30pF

Functlonal Descrlptlon
Data Input -

Data is entered into the FIFO on Do-D3 inputs. To enter data the
Input Ready (IR) should be HIGH, indicating that the first
location is ready to accept data. Data then present at the four
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 Stis brought LOW. When
S! 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 afuil location. If the memoryisfull, IR
will remain LOW.

Data Transfer

Once data is entered into the seoond 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 00-03 outpu!s, Whep 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 Og-3 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 FIFO is completely full (Input Ready
stays LOW foratleasttpT) or completely empty (Output Ready

- stays LOW foratleasttpr).
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57/67401

1/fin 1/tin

tsiH h tsiL . /
SHIFT IN . \

I YRH
INPUT READY -
le———tiRL \

X e
>

AN
SHIFT IN —'/ o / \ / -

INPUT READY

~tps

Figure 1. Input Timing

INPUT DATA

SHIFT IN

INPUT READY

OM0‘WMO‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0'0;0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0;0'0'0'0'0’0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'0'

%@
{ A,

W‘ s AT AR

Figure 3. The Mechanism of Shifting Data into the FIFO

@ Input Ready HIGH indicates space is available and a Shift In pulsé may be applied. ‘

@ Input Data is loaded into the first word

@ Input Ready goes LOW .indicating the first word is full.

@ The Data from the first word is released for “fall-through” to second word

@ The Data from the fir;t 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 Input Ready is LOW will be ignored (See Figure 5)
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57/67401

SHIFT OUT —/__\\
e
SHIFT IN ———/

EN , — 7 ARG

Figure 4. Ypy Specification

INPUT READY

@FIFO is initially full.

@snm In held HIGH.

= ﬁ R
SHIFT IN —/

0, - Cer>
INPUT READY -

R —

XXX O KO XA AR

Figure 5. Data is Shifted in Whenever Shift In and Input Ready are Both HIGH '

@ FIFO is initially full.

@ Shift Out pulse is applied. An empty location start “bubbling” to the front.
@Shiﬂ In is held HIGH.
@ 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.




§7/67401

<——QsoH——>.

SHIFT OUT ——-/

OUTPUT READY

tOD (min)—»|

AAAMARIAN
Y

OUTPUT DATA A-DATA

©

Figure 6. Output Timing

® The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B, C Data, respectively.

100 ns 100 ns

e — T [\ /A

2

C-DATA

OUTPUT DATA A-DATA AAAMAAAAA
/

O e

Figure 7. Typical Waveforms for 10 MHz Shift Out Data Rate

@ The diagram assumes, that at this time, words 63, 62, 61 are loaded with A, B. C Data, respectively.

@ Data in the crosshatched region may be A or B Data.




57/67401

To

OUTPUT READY (51)
@ — — —— ——— — —
OUTPUT DATA A-DATA Q 0“ " " B-DATA

Figure 8. The Mechanism of Shifting Data Out of the FIFO.

@ Output Ready HIGH indicates that data is available and a Shift Out puise may be applied.
@ Shift Out goes HIGH causing the next step.

@ Output Ready goes LOW.

@ 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.
If the FIFO has only one word loaded (A-DATA) then Input Ready stays LOW and the A-DATA remains unchanged at the outputs.

SHIFT OUT —/
- T
/® L—tOPH

Figure 9. tpy and topy Specification

~.

OUTPUT READY

@ FIFO initially empty.
@ Shift Out held HIGH.




§7/67401

SHIFT OUT

; i |
OUTPUT READY

o

OUTPUT DATA - A-DATA

\(@

Figure 10. Data is Shifted Out Whenever Shift Out and Output Ready are Both HIGH.

@ Word 63 is empty

@ New data (A) arrives at the outputs (word 63).
@ Output Ready goes HIGH indicating the arrival of the new data.
@ Since Shift Out is held HIGH, Output Ready goes immediately LOW.

@ As soon as Shift Out goes LOW the Output Data is subject to change as shown by the dashed line on Output Ready.

tMRW

MASTER RESET —-—\ /

tMRIRH / \
INPUT READY /
>® tMRORL

OUTPUT READY

MRS X
SHIFT IN

Figure 11. Master Reset Timing

@ FIFO initially full.
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57/67401

SHIFTIN —>] st OR ] OR [— OUTPUT READY
INPUT READY «=—— IR SO IR SO j«—— SHIFT OUT
—|1Dg O Do O —>
Dy 04 Dy oy f—>
DATA IN DATA OUT
—>| D2 02 D2 o2 f—>
—>{03 MR 03 D3 MR 03—
MASTER RESET O T T

Figure 12. Cascading FIFOs to Form 128x4 FIFO.

FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the
FIFOs themselves.

SHIFT QUT
IR so IR so R so
si OR s OR st OR
—1Po Qo Do Qo Do Qo |—
15 Q Dy e} Dy o
—1P2 Q2 D2 Q2 D2 [e7Y ol
COMPOSITE ? L T
INPUT READY Commoie
C 1 R so R so R so OUTPUT READY
N st OR st OR s OR =D,
= Do Qo Do Qo Do [er) ==
-0 ] Dy ] Dy o
—b2 Q2 D2 Q2 D2 Qb
—P3 mr @ D3 wr @3 D3 wr @3
IR so R so R so
SHIFT IN . on < o . o
—{pg Qg Do Qo Do Qo I—
-1 & ] Q Dy o
—{02 Q2 D2 Q2 D2 Q2=
=03 wg @ 03 yr @ D3 pp O3
? T MASTER RESET

Figure 13. 192x12 FIFO.

FIFOs are expandable in depth and width. However, in forming 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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Arithmetic Elements Selection Guide

The following selection guides are designed to simplify the choice of the particular function to fit the specific application.

High Speed Parallel Multipliers

DESCRIPTION PART NO. MAX DELAY PINS PAGE
67558-1 125 ns 40
57558-1 135 ns 40
8x8 Multipli 8-3
X® Mulipter 67558 150 ns 40
57558 155 ns 40
67559 T
8x8 Pipelined multipli 65 ns 40
x8 Pipelined multiplier 57559 T t
16x16 Pipelined multiplier MPY-16 T 140 ns 64 T

Sequential Multipliers/Accumulators/Dividers

DESCRIPTION PART NO. MULTIPLICATION TIME PINS PAGE
. 67508 T
8 Bit 400
its 57508 ns 24 T
7
16 Bits 67516 1 800 ns 24 T
57516 T
Look-Up Tables
DESCRIPTION PART NO. MAX ACCESS TIME PINS PAGE
Sine (0°-90°) 6086/7 100 ns 24 89
Look-Up Table 5086/7 150 ns 24 8.9

MSI Arithmetic Elements

MAX. ADD MAX. CARRY (OR
DESCRIPTION PART NO. TIME GENERATE) TIME PINS PAGE
4 Bit ALU 5/74S381 27 ns 20 ns 20 8-11
4 Bit fast ALU :
(pin compatible 5/67S581/27 17 ns 15 ns 20 t
to 74S381)
4 Group carry-
look-ahead 5/745182 7 ns 16 8-15
generator

T Data Sheet will appear in a future edition of the LS| Data Book. The performance shown
is a design goal. Contact Application Department for additional information.

8-2



|
/
’

8 x 8 Multiplier
57/67558 57/67558-1

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 signed 2s
complement numbers and generate the sixteen-bit unsigned or
signed product. Each input operand X and Y has an associated
Mode control line, X\ and Ypm respectively. When a Mode
control line is at a Low logic level the operand is treated 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 Rg and Ry 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 three-state, controlled by an
active Low Output Enable which allows several Multipliers to be
connected to a parallel bus or be used in a pipelined system.
The device uses a single +5V power supply and is packaged in
a standard 40-pin DIP. ’

Logic Symbol

8x8
MULTIPLIER

D

gigisisisicisisisisisioinisiciaicinioizl

Ordering Information

PART NUMBER PACKAGE TEMPERATURE
57558, 57558-1 J40 Military
67558, 67558-1 J40 Commercial
Pin Configuration
h 4

Xo XM

X4 So

X2 $1

X3 S2

Xa S3

Xs S

X6 S5

X7 Se

67558

N I e e EE

Momorles [H]
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57/67558 57/67558-1

Switching Characteristics
Over operating conditions

SYMBOL PARAMETER DEVICE TYP MAX “|UNIT
. 67558 30 40 .
tpxz Delay from OE to S High Impedance State 57568 30 50 ns
: 67558-1 30 40
57558-1 30 50
67558 30 40
tpzx Delay from OE to S Active State 57558 30 50 ns
67558-1 30 40
57558-1 30 50
67558 80 1365 ;
tpD1 Delay from Y, Xt0Sq_4 57558 80 140 ns
'67558-1 80 115
57558-1 80 125
67558 100 150
tpD2 Delay from Y, X to S5.15, S15 57558 100 : 155 ns
67558-1 100 , 125
-57558-1 100 135

Standard Test Load

5v

>
S seon
<>

OUTRUT O ®) TEST POINT

‘>
b3 11K0 =2 30pF

Functional Description

The 57558/67558 Multiplier is an 8 x 8 combinatorial logic array
capable of multiplying numbers in unsigned, signed 2s com-
plement, or mixed notation. Each eight-bit input operand X
and Y has associated with it a mode control which determines
whether the array treats the number as signed or unsigned. If
the mode control is at a High Logic level then the operand is
treated as a 2s complement number with the most significant bit
having a negative weight, while if the mode control is at a Low
Logic level then the operand is treated as an unsigned number.

The multiplier provides all 16 product bits generated by the
multiplication. For expansion during signed or mixed multi-
plication the most significant product bit has both true and
complement available. This allows an adder to be used as a

Timing Waveform

NPUTS X

= tPD1,2 >
s TRV
outputs  IMAAAAAAR
— ———
tpxz le— |-—tpzx
= ;

subtractor in many applications and eliminates the need for SSI
circuits.

Two inputs, Rg and Ry, are additional inputs to the array which
allow the addition of a bit at the appropriate positions in the array
so as to provide rounding to the best signed or unsigned
fractional eight-bit result. These inputs can also be used for
rounding in larger multipliers. :

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
to be placed on a common bus and also allows pipelining
of multiplications for higher speed systems.

8-4
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Absolute Maximum Ratings

Supply Voltage, Vo

Input Voltage

Off-state output voltage
Storage temperature

Operating Conditions

SYMBOL PARAMETER MILITARY COMMERCIAL UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 45. 5 55 | 475 5 525 \
T A Operating free-air temperature ' 0 : 75| °C
Tc Operating case temperature -55 125 °C
Electrical Characteristics over Operating Conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ViL Low-level input voltage 0.8
VIH High-level input voltage ] 2
Vic Input clamp voltage Vee = MIN | = -18mA -15
L Low-level input current Voo = MAX Vi = 05V ‘ -1} mA
H High-level input current Veg = MAX V= 24V 100 | WA
I Maximum input current Voo = MAX V) =55V 1] mA
VoL Low-level output voltage Vce = MIN loL = 8mA 05 V
Vo | High-level output voltage Voe = MIN loH = —2mA 24 v
lozL Vo = 05V -100
- Off-state output current Voo = MAX Vo - 24V 0| A
los Output shortcircuit current* | Voo = MAX Vg = 0V . -10 -90 | mA
lcc Supply current Voo = MAX 180 280 | 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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57/67558 57/67558-1

Rounding ;

Multiplication of two n-bit. operands results in 2n-bit product'.
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 )
39.6—» 39 } Truncating

39.2 + 0.5 = 39.7—39 )
39.6 + 0.5 = 40.1 —»40 } Rounding

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 LSB
to the MSB of the discarded part e.g. in decimal arithmetic round-

BINARY POINT

;‘-xe X5 X4 X3 X2 X1 Xo

X Y7°*Yse Y5 Ya Y3 Y2 Y1 Yo
(a) SIGNED
MULTIPLICATION © 815 $14°813 S12 S11 S10 Sg Sg S7
* OMITS g & +0 0 ©0o o0 o0 o0 o0 1

ing 39.28 to one decimal point is accomplished by adding 0.05
to the number and truncating the LSB.

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 MSBs 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 8x8 multiplier. In the signed case, adding one-half of the Sy
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 Ry. Thus, to get a
rounded single length result the appropriate R input is tied to
Vce (logic one) and the other R input is grounded. If double
length result is desired both R.inputs are grounded.

S5 S4 S3 S2 S1 Sp - FULL15BIT PRODUCT
0 0 0 0 0 0 -e————ADDV/2THEMSB

SINCES,, =Syg *¥S14 S13 S12 S11 S10 S9 Ss S7

BEST 8 BIT PRODUCT

—_—— e — e —— —

WEIGHT OF THE
DISCARDED PART

*S14=815
« X7 Xg. X5 X4 X3 X2 X1 Xo
X « Y7 Ye Y5 Ya Y3 Y2 Y1 Yo
® ﬂﬁiﬁmcomon .k S15 S14 S13 S12 S11 S10 S9 Ss l S7 S¢ ‘S5 Sa S3 S2 S1 So <€———FULL 16 BIT PRODUCT

+ « 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 -@————ADD 1/2 THE MSB

*S15 S14 S$13 S12 S11 S10 Sg Sg

BEST 8 BIT PRODUCT

WEIGHT OF TH
DISCARDED PART

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 the binary
point is to the right of the MSB. The resulting product has a redundant sign bit and the binary
point is to the right of the second MSB of the product. The best eight-bit product is from S14
through S7, and rounding is performed by adding “1” to bit position Sg.

(b) Inunsigned notation the best 8-bit product, is the most significant half of the product, corrected

by adding “1” to bit position S7.

T In general: multiplication of M-bit operand by N-bit operand results in M + N bit product.
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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 addition 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
partiai products.

Now an adder produces the equations:

S=A®B®C
Co=AB + BC + CA

Vcc Ys-Yi5 XgX15 Vce

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 16 Two’s Complement Multiplication

The 16-bit X operand is broken into two 8-bit operands (Xg-X7
and Xg-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=X_*YH
C=XH™*YL
D=XH*YH

where the subscript L stands for bits 0-7, and the subscript H
stands for bits 8-15.

Expanding in two’s complement multiplication requires a sign
extension of the B and C partial products. Thus, By5 and C1g
need to be extended eight positions to the left (to align with D1s).
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.

Yo-7 X8-15 ROUND Vcc Y815 Xo-7 Yo7  Xo-7

.

]
Y, 8x8 Xpm Y, 8x8 Xpm YM 8x8 Xm Ym 8x8 XM
MULTIPLIER MULTIPLIER MULTIPLIER l MULTIPLIER
(67558) = |C5 (67558) B1s (67558) — (67558) L

16 15 ? 15 16

Cia-8 Bia-g
TWO

C7-0 B7.0

745283s

TWO
745283s

TWO TWO T™WO
745283s 745283s 745283s
8 8 8

S31-S24 S23-16

S15-8 S70

Figure 2. 16 x16 Two’s Complement Signed Multiplication.

X15 X14 X13 X12 X11 X10 X9 Xg X7 Xg X5 X4 X3 X2 X1 Xo
"Yi5 Y1a Y13 Y12 Y11 Y0 Yo Yg8 Y7 Yg Y5 Ya Y3 Y2 Y1 Yo

[Bi5 Bia Biz Bi2 Bni Bio By Bg|[B7 Bs Bs Bs B3 Bz B1_ Bo)

[D15 D14 D13 D12 D11 D1gp Dg Dg|[D7 Dg D5 Da D3 D2 Dy Do|[A15 Aa A3 A2 A1 A0 A9 As|[A7 Ae As A4 A3 A2 A1 A

[c15 €14 C13 C12 C11 C10 Cg Cs][C7 Ce C5 Ca C3 C2 Ci Co

S31 S30 S29 S28 S27 S26 S25 S24 S23 S22 S21 S20 S19 S18 S17 S16 S15 S14 $13 S12 S11 S10 S9 S S7 Se¢ S5 S4 S3 S2 S1 So

ROUNDED RESULT

Figure 3. Unsigned Expansions of the 8x8 Multiplier to 16x16 Multiplication.
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Sine (0° to 90°) Look Up Table
Using a 1024 X 10 ROM (5/6255 5/6256)

5/6086 5/6087

Features/Benefits

¢ Input angle increments of 90°/1024 = .0879°
10 bit binary outputs

Low power dissipation. Typically 500 mw
Fast access time 100 ns max.

TTL compatible

Description

The 5255/6255, 1024 words by 10 bits Read Only Memory has
been customized to make a sine 6 look up table (5086/6086) for
0° < 6 <90°. The address inputs are used to divide the first 90°
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,

Example 1:
Find the sine 45°

Ordering Information

PART NUMBER PACKAGE TEMPERATURE
5086/87 J24 Military
6086/87 J24 Commercial

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 (pages 4-3 through 4-5).

Let X = the ROM word where sine 45° is stored

X _ 45°
1024 words  90°
X = word 512

Word 511 has the following stored data and interpretation:

Output # 01
Stored Data H

Binary Weight 1?

L H H
i1 1

4 8

02 03 04 0L5 0'-? 07 Og 0Og 019

L H L L
i1 1 1 1

(H = TTL HIGH)

16 32 64 128 256 512 1024

Adding the fractions wherever an “H” appears given.

S A EpIOE: N T
2 8 16 64 256

Handbook Value = .70711

Our Error = .70711 — .70703 = .00008

Example 2:
Find the sine 210°

= .50000 + .12500 + .06250 + .01562 + .00391 = .70507

This value is in quadrantthree, therefore, 6’ = 210° — 180° or 30°

Let X = the ROM word where sine 30° is stored

X = word 341.33 (round off to word 341)

X _ 30
1024 words  90°

Word 341 has the following stored data and interpretation:

Output # 04
Stored Data L

. . 11 1 1
Binary Weight >

4 8

16 32 64 128 256 512 1024

02 03 04 05 O O7 Og Og 010
H HHHHHMHMHH

1 1 1 1 1

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°.

2
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 Arithmetic Logic Unit/

- Function Generator
' SN545381 SN74S381

Features/Benefits Ordering Information

PART NUMBER P T
| ® A Fully Parallel 4-Bit ALU in 20-Pin Package for 0.300-inch v ACKAGE SRPCRATURE
| Row Spacing SN54S381 J20 Military

SN74S381 J20 Commercial

e |deally Suited for High-Density Economical Processors

e Parallel Inputs and Outputs and Full Look-Ahead Provide

System Flexibility _Pin Configuration
SN54S381, SN745381
e Arithmetic and Logic Operations Selected Specifically to \J
Simplify System Implementation: Aq E"_—'_j . 2o}vee
A Minus B o[z f—er M az—m] e
B Minus A aof3 Ao B2 _EBZ
A Plus B
and Five Other Functions neuts {Bofa 8o a3 —————EAs INPUTS

Sof 5 F—1So Bs——EBs

S1 Cn —Ecn

|
s2]7 \—Sg FD—EF

Description

The ‘S381 is a Schottky TTL arithmetic logic unit (ALU)/function ol 8 I—Fo sb—1 Ea
generator that performs eight binary arithmetic/logic operations OUTPUTS OUTPUTS
on two 4-bit words as shown in the function table. These opera- F1E-— F1op, Fal— EF:;

tions are selected by the three function-select lines (S0, S1, S2). A 2

fully carry look-ahead circuit is provided for fast, simultaneous GNDE |—EF2

carry generation by means of two cascade outputs (?" and G) for
the four bits in the package.

Function Table
Logic Symbol SELECTION
ARITHMETIC/LOGIC OPERATION
B A S2 S1 SO
3 SEL
@ @ [ L L L Clear 1
L L H B minus A
L H L A minus B
L H H A plus B
4BIT
ALU H L L A @ B
o H L H A+ B
H H L AB
H H H Preset t1
a4
T T U 1 Force all F outputs to be Lows.
SR F +1 Force all F outputs to be Highs.

Monollth,
Momorias B
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SN54S381 SN74S381

e e  —————— ——— — —————————

Absolute Maximum Ratings

Supply VoIage, VOG-« o v vve et e e VAL e AT RN A v
INPUt VOIAGE ... o 5.5V
Storage Temperature Range ......................... ...l P s S SN e i -65°C to +150°C

Operating Conditions

i MILITARY COMMERCIAL
SYMBOL . . PARAMETER MIN NOM MAX | MIN NOM MAX UNIT
Vee | Supply voltage 45 5 55|475 5 525| V
Ta Operating free-air temperature -55 125 (0 70 | °C
Electrical Characteristics over operating conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ViL Low-level input voltage 08| Vv
VIH High-level input voltage 2
Vic Input clamp voltage Vce = MIN I} = -18mA -1.2
Any S input -2
L Low-level input current Vece = MAX Vi =05v | Cn -8 | mA
All others -6
Any S input 50
H High-level input current Vec = MAX V| =27V | Cn 250 | 1A
All others 200
I Maximum input current Vo = MAX® V| =55V ' 1| mA
VoL | Low-level output voltage Xic ; (l;/l;r\\l/ :ICI)HL : zgm A 0.5 \
T o I
los Output short-circuit current* Vce = MAX -40 -100 | mA
lce Supply current Vee = MAX 105 160 | mA
* Not more than one output should be shorted at a time.
Switching Characteristics vcc-5v, Tpo=25°C
SYMBOL PARAMETER (l':‘lgx') (OUTTI'IO’UT) TYP 5/748381M AX UNIT
tp Propagation delay time Cn 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, Iow-to-high . ) 18 27 ns
tpHL Propagation delay, high-to-low Alor8 : 16 25 ns
ts Propagation delay time Any S Fi, G, P 18 30| ns
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SN548381 SN74S381

. Standard Test Load

TEST POINT (9) Vee
, 2800
"UNDER TEST O—1

= 15pF

-

16-BIT ALU (USING 74S381) 16-BIT ALU (USING 675581/2)
745381 675582 675581

e —

g 04
U

745182

g4 0l
U Y

745182

WORST CASE PATH DELAY [ WORST CASE PATH DELAY 3 =

MAXIMUM DELAY OF ADDITION/SUBTRACTION.

74S381 ] 675581
1-4 bits 27ns 22ns
5-16 bits 44ns 34ns
17-64 bits 64ns 54ns

8-13
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Look-Ahead Carry Generators

SN54S182 SN74S182

Description

The SN545182, and SN74S5182 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 745381, 675581, 743181, 2901,
6701 arithmetic logic units (ALU), these generators provide high-
speed carry lookahead capability for any word length. Each ‘S182
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
‘5182 are: .

Cn+x =G0 + PO Cn

Cn+y = G1 +P1.GO.+ P1 PO Cn

Cn+z=G2+P2G1+P2P1G0+P2P1P0Cn
G=G3+P3G2+P3P2G1+P3P2P1GO
P=-=P3P2P1 PO

or

Cn+x = Y0 (X0 + Cn)

Cn+y = Y1 X1+ Y0 (X0 + Cn)]

Cn+z = Y2 (X2 + Y1 [X1 + YO (X0 + Cn)]}
Y = Y3 (X3 + Y2) (X3 + X2 + Y1) (X3 + X2 + X1 + Y0)
X =X3+X2+X1+X0

Pin Configuration

Gif1 — Evcc
BI'E———AE G Pol—415 P2

EOE Go Gab—T14)G2 - jinpuTS

INPUTS
PoE-——dPo Cnl——13]Cn

ESE G3  Cnex "—‘ECMX

BsE———ﬂas Cn+y_“mcn4y . o
OUTPUTS

*OUTPUT * EE P Gp—10]G

GND E I-————— 3 Cn+z

Ordering Information

PART NUMBER PACKAGE TEMPERATURE
SN545182 J16 Military
SN745182 J16 Commercial

Summarizing Tables

FUNCTION TABLE FUNCUON TABLE FUNCTION TABLE

FOR Cp4y OUTPUT FOR P OUTPUT FOR Cp+x OUTPUT

INPUTS ouTPUT INPUTS _ foutpuT] | INPUTS  [ouTtput
G1Go P1 PoCn | Cnty p3papPipo| P GO PO Cp | Cn+x
LX X X X H L X X H
X L L XX H Lttt L
X L H

X XL L H H

All other Al other " Al other N
combinations L combinations combinations

FUNCTION TABLE FOR G OUTPUT

INPUTS OUTPUT INPUTS OuTPUT
G3 G2 G1Go P3 P2 M1 G G2 G1G0 P2 P1P0Cp| Cn+z
L XX XXX X L L X XX X X X H
X L X XL XX L XL XL XXX H
X XL XLLX L X X L L L XX H
X X XL LLL L X X XL LLH H
All other H All other L
combinations combinations

H = High Level, L = Low Level, X = Irrelevant. Any inputs not
shown in a given table are irrelevant with respect to that output.

Monolithic K]
8-15
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SN54S182 SN74S18

Absolute Maximum Ratings
Supply Voltage, Vcc ‘ -7V
INPUE VORAGE - .ot i e e s 5.5V
Storage Temperature RANGE ... .. ....i.intntititt ettt et ettt e e e —65°C to +150°C

Operating Conditions

MILITARY COMMERCIAL 1
SYMBOL ) PARAMETER - c UNIT
MIN NOM MAX | MIN NOM MAX ’
Vo | Supply voltage 45 5 55(475 5 525| V
TA Operating free-air temperature -55 125 | 0 70 | °c
Electrical Characteristics over operating conditions
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX |UNIT
ViL Low-level input voltage ‘ 08| Vv
VIH High-level input voltage 2 v
Vic Input clamp voltage Vce = MIN I| = -18mA ) ‘ B -12 V.
Cq input - 2|
P3 input -4
L Low-level input current Vee = MAX V| = 05V 22 |rlput — . S mA
Po, P1.0rGginput -8
G orGo : -14
Gy input -16
Cp, input - 50
ﬁ3 input i - 100
Po input 150
I o Vog = MAX v =27v | _27PT KA
High-level input current Po Py, orG3 input 200
Gp or Go 350
G, input 400
I Maximum input current Voe = MAX V| = 55V v 1] mA
Veg = MIN. vy = 2v
V Low-level output volt: 0.5
oL w-level output voltage Vi = 08V lon = ~1mA | Y
v Hilevel otiout voltage Voo = MIN -V = 2V SN745182 27 34
igh-level output vo
o o P o ViL =08V lgL = 20mA | SN545182 25 34 v
los Output short-circuit current * | Vocc .= MAX -40 - -100| mA
SN74S182 - ‘ .69 - 109
IccL | Supply current, all outputs low | Vcc = MAX  See Note 1 : mA
SN54S5182 69 99
lccH Supply current, all outputs high| Voo = 5V See Note 2 35 mA

*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. ICCL is measured-with all outputs open; inputs GO, G1, and G2 at 4.5 V; and all other inputs grounded.
2. ICCH is measured with all outputs open, inputs P3 and G3 at 4.5 V, and all other inputs grounded.

e eeeeeeeeeee—————————]
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SN54S182 SN74S182

D e e e e

Switching Characteristics vcc =5V, Ta = 25°C

FROM TO
SYMBOL PARAMETER (INPUT) (OUTPUT) TYP ‘MAX UNIT
tPLH Propagation delay, low-to-high G0, G1,G2,G3, | Cn+x, Cn+y, 45 7 ns
tPHL Propagation delay, high-to-low P0,P1,P2,0rP3 | or Cp+z 4.5 7 ns
tpLH | Propagation delay, low-to-high G0,G1,G2,G3, | G 5 75 ns
tpHL | Propagation delay, high-to-low P1, P2, or P3 7 105 ns
tPLH | Propagation delay, low-to-high P0,P1,P2,0rP3 | P 45 6.5 ns
tPHL Propagation delay, high-to-low 6.5 10 ns
tPLH Propagation delay, low-to-high c Cn+x, Cn+y, 6.5 10 ns
tPHL | Propagation delay, high-to-low n or Cn+z 7 10.5 ns
Standard Test Load
TEST POINT (9) Vee
2800
I O

> 15pF
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Octal Interface Selection Guide

PART NUMBER

FUNCTION POWER POLARITY FEATURE PAGE
COMMERCIAL | MILITARY '

— SN74LS244 SN54LS244 3

- SN74LS241 SN54L5241 3

LS Non-invert Schmitt Trigger 67L.S304 5708304 6

Schmitt Trigger 67LS301 57LS301 6

Butfer — SN74LS240 SN541.5240 3

Invert Schmitt Trigger 67LS300 57LS300 6

] — SN74S244 SN545244 3

s Non-invert — SN745241 SN545241 3

Invert — SN74S240 SN54S5240 3

Transceiver LS Non-invert — SN74LS645 SN54L.S645 8

Non-invert - SN74LS373 SN54LS373 10

L Invert - 6715380 57L.S380 13

Latch ) — SN74S373 SN548373 10

s Non-invert 32mA IoL 675373 — 16

vert — 675380 575380 13

32mA 1oL 675382 - 18

s Non-invert - SN74LS374 SN54L.S374 10

Inveit — 67LS376 575376 13

Register Non-invert - SN74S374 SN54S374 10

32mA 1oL 67S374 — 16

s — 67S376 575376 13

Invert 32mA IoL 675378 — 18

Package Types — All octal interface are in the 20 pin dual-in-line ceramic or plastic package.

ic Memories |




Octal Buffers

SN54/74LS240 SN54/74S240
SN54/74LS241 SN54/74S241
SN54/74LS244 SN54/74S244

Features/Benefits

e Three-state outputs drive bus lines

o Low current PNP inputs reduce loading

e 20-pin Skinny DIP™ saves space

o 8-bits matches byte boundaries

o |deal for microprocessor interface

Déscription

The Octal Buffers provide high speed and high current interface
capability for bus organized Digital Systems. The three-state
drivers will source a termination to ground (up to 133Q)) or sink a
pull-up to VCC as in the popular 22003300 computer peripher-
ial termination. The PNP inputs provide improved fan-in with 0.2
mA liL on the Low Power Schottky buffers and 0.4mA liL on the

Schottky buffers.

The 240 and 244 provide invérting and non-inverting outputs with
active low enables. The 241 provides non-inverting outputs with
both active low and active high enables allowing transceiver

[20] vee
18] &
E1Y‘I

7] 2

16§1Y2

15§ 2A3

E 1Y3
E 282
(1] 1va

E 2A1

operation.
Logic Symbols
240 Oclal»Buﬁer

SO =
o LN
w51 =
2Y3E \— :
1A4E_-{;_-ﬁ\!%f
zv1E \ -
GNDE \%

™Skinny DIP is a of

Ordering Information

N::II:LR PKG | TEMP. | ENABLE | POLARITY | POWER
SN54LS240 | J mil
SN74L5240 | NJ, | com | “OW Invert
SN54LS244 | J mil
SN74LS244 | NJ | com | “OW Non- | 'S
SN54LS241 | J mil | HIGH- invert
| SN74LS241 | NJ | com | LOW
SN54S240 | J mil
SN745240 | NJ | com | OW | [Invert
SN54S244 |- J mil
SN74S244 | NJ | com LOW Non- s
SN545241 J mil | HIGH- Invert
SN745241 | NJ | com LOW
241 Octal Buffer 244 Octal Butfer
A4 - A4
g1 49— Evcc E1E-°B— Evcc
wEH-H  <HEe wEHE R <-ElE
zvaE - Em 2Y4E Em
we [EH M- e [THb - M ome
2Y3E ‘ sz 2Y3}1 5 E1Y2
w B M- o wo [ T =
zsz Ews 2v2) 17 14§ 1Y3
mals %——Em 1aa]8 ﬁ%—ﬂm
5] 'Em 2vi[s] [12] v
GNDE \—-%»E]‘m GND |10 ‘—\%—Ezm

Monolithic
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SN54/74LS240 SN54/74LS241

SN54/74LS244

Absolute Maximum Ratings

Supply Voltage VCC ......ovvviiiiiii i A NN
Input Voltage '
Off-state output voitage
Storage temperature

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX| MIN TYP MAX UNIT |
Vee Supply voltage 45 5 655|475 5 525| V
Ta Operating free-air temperature -55 125 | 0 75| °C
Electrical Characteristics over Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER . TEST CONDITIONS MIN TYP MAX|MIN TYP MAX QNIT
ViL Low-level input voltage 0.7 08 v
ViH High-level input voltage 2 2 v
Vic Input clamp voltage Voo = MIN, I = -18mA ~15 15 v
AVT Hysteresis (V1,-VT_) Vee = MIN 02 04 02 04 v
L Low-level input current Voo = MAX, Vp = 04V -02 -02 | mA
hH High-level input current Voo = MAX, vy =27V 20 20 | uA
] Maximum input current Voe = MAX, Vi =V 0.1 01 | mA
Vece = MIN, loL = 12mA 04 04
VoL Low-level output voltage ViL = MAX v
Vg = 2V loL = 24mA ] 05
Veoe = MIN, loH = 8mA | 24 34 24 34
VoH High-level output voltage ViL =05V, loH = -12mA| 2 v
ViH = 2v loH = -15mA 2
lozL Vec = MAX 10 = oav 20 20 | uA
Off-state output current ViL = MAX,
tozH Vg = 2V Vo = 2w 20 20 | uA
los Output short-circuit current* | Voo = MAX -40 =225 | -40 =225 | mA
Outputs L.$240 17 21 17 27
High LS241, LS244 17 27 1727
lce ‘Supply O’ﬁtputs Voo = MAX, LS240 6. 4 26 ; 44 mA
Current Low Outputs open LS241, LS244 27 46 27 . 46
Outputs i LS240 29 50 29 50
Disabled LS241, LS244 32 54 32 54
* Not more than one output should be shorted at a time and duration of the short-circuit shou’ld not exceed one second.. -~
Switching Characteristics vcc-=5v,Tpo=-25°Cc :
SYMBOL PARAMETER - TEST ‘:T?‘?S:r,'no"si» NN Lxsf? AKX M;‘&%;&:Ax UNIT
ii:’: Data to Output delay e 192 _ :: :z :2 ::
C = 45pF R = 6670
tpzL 20 30 20 30 ns
Output Enable delay
tpzH 15 23 15 23 | ns
tpLz . S : . 15 25 15.. 26 [ .ns
S Output Disable delay- CL =5pF . R =6670
PHZ . < . 10 18 10 18 ns
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SN54/74S240 SN54/74S241 SN54/74S244

Absolute Maximum Ratings

SUPPIY VORAGE VCC ..ot e e e e e s v
INPUE VORAGE . ..o e e e s 5.5V
Off-state outpUt VOAGE . .. ... e 5.5V
STOrage tEMPEIAtUIE . . ...ttt ettt et e e e e e e e e s -65° to +150°C
Operating Conditions
MILITARY COMMERCIAL
YMBOL PARAMETER
s A MIN TYP MAX| MIN TYP MAX UNIT
Vee Supply voltage 45 5 55 | 475 5 525 V
Ta Operating free-air temperature -55 125% 0 75| °C

* The SN54S241/244J operating at free air temperature above 116°C requires a heat sink such that ROCA is not more than 40°C/W.

Electrical Characteristics over Operating Conditions

MILITARY COMMERCIAL
YMBOL TER :
SYMBO PARAMETE| TEST CONDITIONS MIN TYP MAX| MIN TYP MAX UNIT
ViL Low-level input voltage 0.8 0.8 \
ViH High-level input voltage 2 2 \
Vie Input clamp voltage Voe = MIN Iy = -18mA -12 -12 \
AVy Hysteresis (V1,-VT_) Vee = MIN 02 04 02 04 v
- -04 -0.4
e }_ow level Any A Voe = MAX V| =08V mA
input current Any E ) ) =2
e High-level input current Voo = MAX Vp =27V 50 50 | WA
[ Maximum input current Voo = MAX V| =55V 1 1 mA
Ve = MIN loL = 48mA | 055
VoL Low-level output voltage. ViL =08V v
V|H =2V IOL = 64mA B 0.55
| = -1mA
Voo = MIN |-OH ~ 21
v ~ loH = -3mA |24 34 24 34
OH High-level output voltage zu_ - g\?v lon = —12mA| 2 v
H = lon = —15mA 2
lozL Vec = MAX | vy =08V -50 -50 | uA
Off-state output current ViL = osv -
lozH V|H =2V Vo = 24V 50 50 HA
los Output short-circuit current T | Voo = MAX -50 -225 | -50 -225 | mA
Outputs S240 80 123 80 135
High $241, S244 95 147 95 160
lec Supply Current | Outputs Voo = MAX S240 100 145 100 150 |
i Low Outputs open S241, S244 120 170 120 180
Outputs ; $240 100 145 100 - 150
Disabled e S241, S244 : 120 170 120 180
"‘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-5v,Tao-25°C
= TEST CONDITIONS §240 S241, s244
SYMBOL |1 PARAMETER (See Intetace Test Losd/Waveforms) | MIN. TYP MAX | MIN TYP max | UN'T
t k o 7. 6 9 ns
PLH Data to Output delay - 43
tPHL | - o L e 45 7 6 9 | ns
Pzl Output Enable dela‘ : o il 0. B LN ne
tpzH P Y 6.5 10 8 12 ns
tpLz . , -10 15 10 15 | ns
; Output Disable delay CL= 5pF R =900
tpHZ i i Xy 6 9 6 9 ns




Octal Buffers with Schmitt Triggers
57/67LS300 57LS301 57/67LS304

Features/Benefits

‘s Schmitt trigger guarantees high noise margin
o Three-state outputs drive bus lines

o Low current PNP inputs reducé loading

e 20-pin Skinny DIP™ saves space

o 8-bits matches byte boundaries

o Ideal for microprocessor interface

Description

In addition to the standard Schottky and Low Power Schottky
Octal Buffers, Monolithic Memories provides a full hysteresis
with “a true” Schmitt trigger circuit. The improved performance
characteristics are designed to be consistent with the SN54/
74LS14 Hex Schmitt trigger and guarantee a full 400 mV noise
immunity. The Schmitt trigger operation makes the LS buffers
ideal for bus receivers in a noisy environment.

Logic Symbols
300 Octal Buffer

Ordering Information

301 Octal Buffer

PART

NUMBER | PXG | TEMP.| ENABLE | POLARITY | POWER
57L.S300 J mil

67L8300 | NJ | com | “OW Invert

57L.S304 J mil LOW LS

67L.S304 NJ | com Non-
57L.S301 J mil HIGH- invert
67LS301 | NJ | com LOW

The Octal Buffers provide high speed and high current interface
capability for bus organized Digital Systems. The PNP inputs
provide improved fan-in with 0.2 mA liL. The 300 and 304 provide
inverting and non-inverting outputs with active low enables. The
301 provides non-inverting outputs with both active low and
active high enables allowing transceiver operation.

304 Octal Buffer
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57/67LS300 57/67LS301 57/67LS304

Absolute Maximum Ratings

Supply VORAGE VOC ..o v ittt e e e iy e S A v
LYo Y o] - Ve = P e v
Off-state OUIPUL VOIAGE . .. ..ottt it e e et et e e et et e e e e e 5.5V
Storage teMPEratUre . ...........uetitnn ettt ettt e e -65° to +150°C

Operating Conditions

- ‘ ‘ MILITARY COMMERCIAL
SYMBOL » ‘ PARAMETER MIN TYP MAX| MIN TYP MAX UNIT
Vee Supply voltage 45 5 55 | 475 .5 525 -V
Ta Operating free-air temperature | -55 125 0 75 | °C
Electrical Characteristics over Operating Conditions o
MILITARY COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX|MIN TYP MAX UNIT
VT4 Positive threshold voltage vce = sv 15 17 20|15 17 20| V
V- .| . Negative threshold voltage vee = 5V 06 09 11|06 09 11| Vv
Vic Input clamp voltage Voe = MIN, I} = -18mA -15 -15 v
AVt Hysteresis (V1,=VT_) Voo = 5V 04 08 |04 08 v
Iy Low-level input current 1" Ve = MAX, V) = 04V -0.2 -02 | mA
lH | High-level input current Voo = MAX, Vi =27V S 20 20 | pA
[N Maximum input current Voo = MAX, Vi =7y 0.1 ) 01| mA
' ' Vee = MIN, | 15, = 12mA 04 0.4
VoL Low-level output voltage Vs = 2V, .V
V. = 06V loL = 24mA 0.5
Vee = MIN, lon = -3mA | 24 34 24 34
VoH High-level output voltage Ve = 2V, loH = -12mA| 2 \
VT_ = 0.6V 'OH = -15mA 2
lozL Voc = MAX. | vy = 0av -20 -20 | uA
Off-state output current Vrse = 2V,
10ZH Vr_ = 06V Vo =27 20 20 | WA
los Output short-circuit current* | Voo = MAX -40 -225 | 40 -225 | mA
Outputs . 18300 17 27 17 27
High LS301, LS304 18 31 18 31
Ice Supply Outputs Voo = MAX, | LSS0 26 44 %6 41 A
Current Low Outputs.open LS301, LS304 32 46 32 46
Outputs LS300 = 29 50 29 50
Disabled E LS301, LS304 34 54 34 54
* 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-=5v,Tp=25°C
: TEST CONDITIONS LS300 LS301, LS304
SYMBOL PARAMETER (See Interface Test Load/Wavetorms) | MIN  TYP  MAX| MIN TyP max | UNTT
t 19 19 ns
PLH Data to Output delay
tPHL 19 19 ns
CL= 45pF R| = 6670
'PZL_| (5,4put Enable dela U 2% ne
tpzH P Y 26 2 ns
st L . } . D » 19 2l 22 ns
- PLZ ~— ... Output Disable delay CL= 5pF R = 6670 -
pHz [T T { 19 22 ns




Octal Transceiver
SN54/74LS645

Features/Benefits
o 3-state outputs drive bus lines

e Low current PNP inputs reduce loading
« 20 pin Skinny DIP™ saves space
® 8-bits matches byte boundaries

¢ |deal for microprocessor interface

Description

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 the logic level at
the direction control (DIR) input. The enable input (E) can be
used to disable the device so that the buses are effectively
isolated.

Logic Symbol

Ordering Informatioh

PART
NUMBER TYPE TEMP POLARITY ‘POWER
SN54L.S645 J mil Non- LS
SN74LS645 N,J com invert
Function Table
DIRECTION
ENABLE CONTROL OPERATION
E
DIR
L L B data to A bus
L H A data to B bus
H X Isolated

645 Octal Transceiver
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SN54/74LS645

Absolute Maximum Raﬁngs

Supply Voltage VCC
Input Voltage
Off-state output voltage

StOrage tEMPEIATUIE . ...ttt ettt ettt et et e et et ettt e e e et e e e e e e e e

Operatilig Conditions

- MILITARY COMMERCIAL
YMBOL | PARAMETER NIT
SYMBO ’ MIN TYP MAX | MIN TYP MAX u
Vee Supply voltage 45 5 55 | 475 5 5.25 v
TA Operating free-air temperature -55 125 0 75 | °C
Electrical Characteristics over Operating Conditions
; : MILITARY COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX|MIN TYP MAX UNIT
V)L | Low-level input voltage 05 06| V
ViH High-level input voltage 2 2 v
Vic Input clamp voltage Vee = MIN, lj = -18mA -15 15|V
CAVq Hysteresis (VT,~VT_)AorB| Voo = MIN 01 04 02 04 v
W Low-level input'current | Vee = MAX, Vi =04V -0.4 =04 | mA
hH High-level input current Veo = MAX V) =27V 20 20 | uMA
Iy Maximum input current Voo = MAX, vy =55V 0.1 01| mA
Vee = MIN, oL = 12mA 025 04 025 04
VoL Low-level output voltage ViL = MAX \
Vi = 2V loL = 24mA <035 05
N Vec = MIN, | loy = -3mA | 24 34 24 34
VOH High-level output voltage Vii ~ = MAX, loH = -12mA| 2 ) v
: V|H =2V loq = —-15mA 2
lozL Vee = MAX, Vo = 04V —400 -400 | uA
Off-state output current ViL = MAX, -
lozH ) Vi = 2v Vo =27V 20 20| wA
los Output short-circuit current* | Vo = MAX -40 -225 | -40 -225 | mA
Outputs g
High 48 70 48 70
| Supply. Outputs N :
CcC Current Low Vec = MAX, Outputs open 62 20 62 90 | mA
k Outbuts o
. Disabled ‘ (64 N o =
% Not more than one output should be shorted at a time é’nd duration of the short-circuit should not exceed one secénd,
Switching Characteristics vcc-5v,T5-25°C
| ! TEST CONDITIONS AtoB Bto A
SYMBOL PARAMETER (See Interface Test Load/Waveforms) MIN TYP MAX | MIN TYP MAX UNIT
1 SESTEN Y : E 1 ns
PLH Data to Output delay 8 15 — 8 5
tPHL 1115 11 15 | ns
: CL_= 45pF R = 6670 '
tpzL : 31 40 31 4 | ns
Output Enable delay =
tpzH o 26 - 40 26 40 | ns
tpLz. - SRR . s . i 1525 15 25 ns
PLZ | Output Disable delay CL= 50F R| = 6670
tepz | T 15 25 15 25 | ns




Octal Latches, Octal Registers

SN54/74LS373 SN54/74S373
SN54/74LS374 SN54/74S374

Features/Benefits

e 3-State Outputs Drive Bus Lines

® 20 Pin Skinny DIP™ Saves Space

o 8 Bits Matches Byte Boundaries

o Hysteresis Improves Noise Margin

e Low Current PNP Inputs Reduce Loading

o |deal for Microprocessor Interface

Description

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”
when the gate (G) goes low. The register loads eight (octal) bits
of input data and passes it to the output on the “rising edge” of the
clock.

The three state outputs are active when OE is low, and high

Function Tables

373 Octal Latch
OE G D Q
L " H H H
L H L L
L L X Qo
H X X Z
Logic Symbols
373 Octal Latch
EE%D—:I Evcc
—
mELoo(é gEo 19]sa
1DE—£_ D ESD
o[} f GED mE
Ol
20E QOE Q 370
”E‘Z o Il
) SDE—DOE N OED Een
4DEMD—G_ e ® 'Esn
«wa[TH ﬁz % Hlsa
GNDE ~Q— 1]a

9-10

Ordering Information

N::;;LR PKG | TEMP | POLARITY | TYPE | POWER
SNpLS373 | Nl | com - |
S ) [ | e [
g”%gg;g r\ij,J C’Eil, nvert Latch .
SN74sar4 | N | com Register

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 Skinny
DIp.™

374 Octal Register

OE CK D Q
L 1 H H
L 1 L L
L L X Qo
H X X z

374 Octal Register
5EE—°>~V EVCC
wliHog] | Lol
“’E oOF E-Ean
2°E~°cx ‘ CKDFE"’
e T e e
[} oo || Lo e
T o] || [ o
WEH % a1

GNDE ﬁ— Ecx
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SN54/74LS373 SN54/748374

Absolute Maximum Ratings

SUPPlY VORAGE, VOC ..ottt e e e e v
INPUE VORAGE ..o e v
Off-state OULPUL VOIAGE . . ... . e e 5.5V
Storage temperature . ... ... i -65° to +150°C

Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX | MIN TYP MAX UNIT
Veo Supply voltage 45 5 55 |475 5 525| vV
Ta Operating free air temperature -55 125 0 75 °C
Electrical Characteristics over Operating Conditions
: ‘ MILITARY COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX |MIN TYP MAX UNIT
ViL Low-level input voltage 0.7 0.8 \Y
Vin High-level input voltage ' ' 2 2 %
Vic Input clamp voltage Voe = MIN I = -18mA -15 -15 v
I Low-level input current Voo = MAX V| =04V 04 04 | mA
HH High-level input current Voo = MAX Vi =27V - 20 20 | WA
Iy Maximum input current Voo = MAX Vi =7V 01 . 01| mA
Vec = MIN 115, = 12mA 025 04 025 04
VoL Low-level output voltage ViL = MAX - - \
Vig =2V loL = 24mA 035 05
Vec = MIN - ljo = —1mA |24 34
VoH High-level output voltage ViL = MAX : v
Vi =2V loH = -26mA 24 34
ozt | ; Ve = MAX Ty, = oav -20 20 | uwA
Off-state output current ViL- = MAX —+
lozH Vig =2V Vo =2mv 20 20 | uA
los Output short-circuit current* | Voo = MAX -30, -130 | -30 -130 | mA
Vv = MAX L8373 24 40 24 40
Supply current cc mA
lcc uppy.cu Outputs open LS374. 27 40 27 40
* Not more than ore output should be shorted at a time and duration of the short-circuit should not exceed one second.
Switching Characteristics vcc -5V, Ta - 25°C
TEST CONDITIONS LS373 LS374
SYMBOL PARAMETER (See Interface Test Load/Waveforms) | MIN TYP MAX | MIN TYP max | UN'T
fMAX Maximum Clock frequency 35 50 MHz
T -

PLH Data to Output delay 12_ 18 : L
tPHL O SidBoE Pt e e 1218 ns
tpLH LT %opr R = 20 30 15 28 ns

lock/Enabile t [
PRI Coq /Enable to output Qe ay % 30 19 28 =
tpzL 25 36 21 28 ns
Output Enable dela -
tpzH o ey 15 28 20 28 ns
tpLz . . 15 25 14 25 ns
Output Disable dela = 5pF = 667Q0 . -
TPHZ e ¥ CLoopF. =8 T 12 2 2 20 | e
High 1 15
tw Width of Clock/Gate 9 5 ‘ ns
Low 15 15
tsu Setup time 0! 20t 5
th Hold time : : 10} ot -
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SN54/748S373 SN54/74S374

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

Operating Conditions ~
: ‘ : MILITARY COMMERCIAL "
SYMBOL |- PARAMETER MIN TYP MAX|MIN TYP MAX UNIT
Vee Supply voltage 45 5 55 | 475 5 525V
Ta Operating free air temperature -55 125 1 0 75| °C
Electrical Characteristics over Operating Conditions
. MILITARY COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX |MIN TYP MAX UNIT
ViL Low-level input voltage 0.8 08| V
ViH High-level input voltage 2 2 \
Vic Input clamp voltage Vee = MIN lj = -18mA -1.2 -12| VvV
I Low-level input current Voo = MAX Vi = 05V -0.25 =025 | mA
I High-level input current Voc = MAX - V| =27V 50 50| HMA
Iy Maximum input current Voo = MAX V| = 55V 1 1| mA
Vee = MIN
VoL Low-level output voltage ViL =08V loL = 20mA 05 05| V
ViH = 2v
Vec = MIN 5= 2mA | 24 34 ,
VoH High-level output voltage ViL = 08v v
Vi =2V loH = -6.5mA 24 3.1
lozL Vee = MAX | v = 05V -50 -50 | uA
Off-state output current V)L =08V
lozH Vi =2V Vo = 24v 50 50 | uA
los Output short-circuit current* Vee = MAX -40 -100 | -40 =100 | mA
vV = MAX S373 105 160 105 160
1 Supply current CC mA
cc PPy Outputs open - [ 5374 90 140 90 140
%* 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 =5V, Ta - 25°C
TEST CONDITIONS §373 S374 \
SYmBoL PARAMETER (See Interface TestLoad/Waveforms) MIN TYP 'MAX | MIN TYP MAX UNIT
fMAX Maximum Clock frequency 75 100 MHz
t
PLH Data to Output delay S 9 - ns
IPHL C, = 15pF R| = 2800 S . 18 L
tPLH L= P L= 7 14 8 15 ns
lock/ le t t -
tPHL Clock/Enable to output delay 12 8 " 17 o
tpzL : 11 18 11 18 | ns
Tozii Output Enable delay 8 15 A 5 =
tpLz. . . _ 8 12 7 12 ns
‘PHZ Output Disable delay CL= 5pF R = 2800 5 5 5 ) P
' . High 6 6
tw Width of Clock/Gate 9 ns
: Low 7.3 7.3
tsu Setup time o]} 5t s
th Hold time 104 21




Octal Latches, Octal Registers
With Inverting Outputs

57/67LS376 57/67S376
57/67LS380 57/67S380

Features/Benefits

¢ |nverting Outputs

o 3-State Outputs Drive Bus Lines

® 20 Pin Skinny DIP™ Saves Space

o 8 Bits Matches Byte Boundaries

o Hysteresis lmproves Noise Margin

e Low Current PNP Inputs Reduce Loading
* Ideal for Microprocessor Interface

Description

In addition to the standard S and LS latches and Registers,
Monolithic Memories provides inverting outputs instead of non-
inverting outputs. 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 (D) to
the outputs (Q) when the gate (G) is high. The data is “latched”

Function Tables
380 Octal Latch (Inverting)

OF G D a
L H H L
L H L H
L L X Qo
H X X z
Logic Symbols
380 Octal Latch (Inverting)
OE E r—<’>~v EVCC

_.Ega
H7e]eo
H17] o

1‘6E~7§:
—
G

o[

| |

=T o Rl
wCHe || L[ HEl=
3DE —P_i .‘:_E_E.—J EGD
4DE '“l;: _G—_‘;'_ ESD

ano [0} ;Q-— ]

Ordering Information

PART
NUMBER PKG | TEMP | POLARITY | TYPE | POWER
5705380 | J mil
6705380 | NJ | com Latch s
5718376 | J mil i
67LS376 | N,J | com Register

S380 J - Invert
57,
675380 | 'N.J | com Latch s
575376 J mil -
675376 | NJ | com Register

when the gate (G) goes low. The register loads eight (octal) bits
of input data and passes it to the output on the “rising edge” of the
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 Skinny
Dip.™

376 Octal Latch (Inverting)

OE CK D Q
L 1 H L
L 1o L H
L L X Qo
H X X Z

376 Octal Register (Inverting)
a1 F‘D_\v 20 vee
a[z}Ha S 0
w7 o8]
2DE o] «® Em

CK.
OE
D
D
CK.
— —OE —_
= og
b
Q
CK
OE
D
S ——
=
D

EE_ cxa Eéﬁ

SDE—- ‘OED ESD
»[iH oK ok 5] s0
o | e
S m v<}'E°K
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57/67L8376 57/67LS380 AT

Absolute Maximum Ratings

Supply Voltage, VCC ..o e e S e TR LTV
INPUL VOIRAGE . ... e e e oL P VIR A
Off-state output voltage ..............ooiiiiii i i e S S L. 5BV

StOrage temMPErature . ... ..ot e e e e e e e s .+ =65°10 +150°C

Operating Conditions

MILITARY COMMERCIAL L
SYMBOL / PARAMETER MIN TYP MAX |MIN TYP MAX UNIT
Vee Supply voltage : 45 5 55 | 475 5 525 Vv
Ta Operating free air temperature -55 125 | O ) 75| °C
Electrical Characteristics over Operating Conditions
MILITARY COMMERCIAL
SYMBOL _ PARAMETER TEST CONDITIONS MIN TYP MAX |MIN TYP MAX UNIT
ViL Low-level input voltage 0.7 0.8 V.
ViH High-level input voltage . 2 2 1
Vic _Input clamp voltage Vce = MIN I} = -18mA -15 =151 v~
L Low-level input current Voo = MAX V) =04V ~-04 -04 | mA
hH High-level input current Voo = MAX Vi =2V 20 20 | wA
I Maximum input current Voo = MAX Vi =7V 0.1 01| mA
Vec = MIN© 15 = 12mA 025 04 025 04| .
VoL Low-level output voitage ViL = MAX Y
: Vig = 2V loL = 24mA 3 50 035 05
Vec = MIN - 1oy = -TmA | 24 34
VoH High-level output voltage ViL = MAX - - v
Vg = 2V lon = -26mA . 24 31
lozL VCC = MAX Vo = 0.4V -20 uA
Off-state output current ViL = MAX
lozH Vi = 2V Vo =27V 20 20 | pA
los Output short-circuit current* | Voo = MAX -30 -130 | =30 -130 | mA
Y = MAX LS 380 36 48 36 48
| Supply current CC mA
cc PPy Outputs open | (5376 27 4 | 27 48
* 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 =5V, Ta = 25°C ,
: TEST CONDITIONS LS380 - Ls376
SYMBOL PARAMETER E (See Interface Test Load/Waveforms) MIN TYP MAX | MIN kTYP MAX UNIT
fMAX Maximum Clock frequency ) MHz
t
PLH Data to Output delay 17 25 ns
tPHL c F R - 70 12 25 ns
tPLH g L= 45p L= 20 35 19 30 ns
Clock/Enable to output dela p
tPHL ockEn Uipul desy 18 35 15 30| ns
tpzL ' ' 25 36 .21 30| ns
I |
- Output Enable delay 7 30 ’ 20 30 s
tpLz . _ _ 18 29 18 29| ns
Toriz Output Disable delay CpL= 5pF R = 6670 % 22 16 >4 s
tw Width of Clock/Gate High LR |15 ns
. e Low 15 .
tsu Setup Time 0! 20t ns
th Hold Time ‘ 104 0t
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57/678376 57/678380

Absolute Maximum Ratings

SUPPlY VORAGE, VT ...t e e e e e A"
Input Voltage .................... B PR D A AP 5.5V
Off-state output VORAGE . ... ..o e P, 5.5V
Storage tempPerature . ....... ...t -65° to +150°C
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER . MIN TYP MAX|MIN TYP MAX UNIT
Vee Supply voltage 45 5 55 | 475 5 525| V
Ta Operating free air temperature -55 125 0 75 °C
Electrical Characteristics over Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UN'IT
ViL Low-level input voltage 08 08| V
ViH High-level input voltage 2 2 v
Vic ' Input clamp voltage Vee = MIN, | = -18mA ~12 o
I Low-level input current Voo = MAX, Vp =05V -0.25 . -025 | mA
IH High-level input current Voo = MAX, Vi =27V . 50 50 | MA
Iy Maximum input current Voo = MAX V| =55V : 1 1| mA
Vee = MIN,
VoL Low-level output voltage VL = 08V, loL = 20mA 05 05| v
ViH = 2V
Vec = MIN. | 1o = -2mA | 24 34
VOH High-level output voltage ViL = 08y, , v
ViH = 2V loH = —6.5mA 24 3.1
lozL Vec = MAX, 1vg =08V | -50 -50 | wA
Off-state output current ViL = 08y, — - :
lozH Vi = 2V Vo =24 , 50 50 | wA
los Output short-circuit current* | Voo = MAX -40 -100 | -40 -100 | mA
\ = MAX S380 105 160 105 160
| Supply current CC ' ; mA
cC y - Outputs open | 5376 90 140 90 140

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

Switching Characteristics vec -5V, Ta = 25°C

TEST CONDITIONS $380 §376
SYMBOL PARAMETER (See Interface Test Load/Wavetorms) MIN TYP MAX [ MIN TYP MAX UNIT
fMAX Maximum Clock frequency 75 100 MHz
T -

PLH Data to Qutput delay 9 18 L
tpHL c Sof. Ry = 2800 5 16 : ns
t L= 15p L= :

PLH Clock/Enable to output delay A2 2 - 1 ! 20 ns
tPHL 7 20 8 18 ns
tpzL 1 20 " 20 ns

[
- Output Enable delay 8 7 3 7 s
tpLz 3 i 8 16 7 16 ns
Output Disable delay - = =

Toyiz utput Di y - CpL= 5pF R = 2800 5 13 5 13 P
High ‘ g

tw Width of Clock/Gate 9 Soll ° ns
Low 73 73

th Hold time = = .° 104 2t ne
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Octal Latches, Octal Registers

With 32mA Outputs

67S373 67S374

Features/Benefits
* 32mA Ig, ‘

e 3-State Outputs Drive Bus Lines

o 20 Pin Skinny DIP™ Saves Space

8 Bits Matches Byte Boundaries

(]

Hysteresis Improves Noise Margin
¢ Low Current PNP Inputs Reduce Loading

Ideal for Microprocessor Interface

Description

In  addition to the standard S and LS latches and registers,
Monolithic Memories provides increased output sink current
(loL) from the standard Schottky I0L of 20 mA toan improved 32
mA.

The higher IOL is intended for upgrading systems which
presently satisfy 32 mA requirements with SN54/74365, 366, 367,
368, Hex Buffers.

Function Tables

373 Octal Latch
OE . G D Q
L H H H
L H L L
L L X Qo
H X X z
Logic Symbols

373 Octal Latch

\J
&[> 20] vee
wa[zHe R o o]0

oE oF
mE—D ol-{18]e0
o Ho . < "Himo
mEroos %ol e]7a
3QE‘—-Q R o O {Elsa
oE[-H- ok
[T of-{1a)eo
— o
a3 Ho R « °HElo
OE
40E~o°5 al-{1Z)sa
ano[10] —Q—— e

Ordering Information

PART
| NUMBER PKG | TEMP | POLARITY | TYPE | POWER
67S373 N,J | com Latch
’ Non- s
678374 N,J | com invert Register

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”
when the gate (G) goes low. The register loads eight (octal) bits
of input data and passes it to the output on the “rising edge” of the
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 Skinny
DIP.™

374 Octal Register

OE CK D Q
L 1 H H
L 1 L L
L L X Qo
H X X z

374 Octal Register
ﬁE - it Evcc
IQE —rﬂz Q Eso
n[FTH f_ o-{18]sp
ZDE “’q E7D
:mE —1Q Eso

[}
2%

[+]
=

CK
a[7 ‘“D_Oi [1a]0
4DE“";C_K~ ESD
Wt %ol e

{=¥e] o0
mx mx
o =] o [~ =]

GND E E CK
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678373 678374

Absolute Maximum Ratings

SUPPIY VORAGE, VT .+« e vttt ettt ettt e e e e e e e v
INPUE VOIAGE ... ottt i i e e e e 5.5V
[0 10 1R 10 (o TUL Yo | ¢ Vo T 5.5V
Storage temperature ............ preneseen e s Pt -65° to +150°C
Operating Cenditions ;
COMMERCIAL
SYMBOL ‘ PARAMETER MIN TP MAX UNIT
Vee Supply voltage 4.75 5 525 v
Ta . Operating free air temperature 0 75 - | :°C
Electrical Characteristics over Operating Conditions
; COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ViL Low-level input voltage : 0.8 Vv
ViH High-level input voltage 2 . v
Vic Input clamp voltage Voo = MIN, I} = -18mA -1.2 Vv
L Low-level input current Voo = MAX, Vy = 05V -025 | mA
IH High-level input current Voo = MAX Vp =27V 50 HA
I Maximum input current Voo = MAX V| =55V ) 1 mA
Vee = MIN,
VoL Low-level output voltage ViL =08y, loL = 32mA i 0.5 -V
T : VlH =2V . ’ : :
Vee = MIN,
VoH High-level output voltage ViL =08y, loH = —6.5mA 24 31 v
. V'H =2V Ty ;
lozL ' Vee = MAX, 1" vy =05V ‘ 50 | uA
Off-state output current ViL =08V,
lozH Vg = 2V Vo =24V ; 50 | pA
los Output short-circuit current * Ve = MAX, —40 -100 mA
: \) = MAX S373 . : 105 : 160
Rk Iy t CcC ,
Icc Supply curren ’ Outputs open S374 i ] ; 90 140 maA
*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 -5V, Ta = 25°C
. TEST CONDITIONS §373 S$374
SYMBOL PARAMETER : (See Interface Test Load/Waveforms) MIN TYP MAX|MIN TYP MAX UNIT
fMAX | Maximum Clock frequency ' 75. . 100 MHz
t . ’ }
PLH Data to Output delay - i 4 ns
oL CL= 15pF Ry = 2800 r 2B : =
tPLH o , L= opF R = 7 14 -8 15 | ns
| -
TPl Clock/Enable tp output delay 1 8 ™ 7 pos
lpZL N 18 1 18 ns
! | s
TozH Output Enable delay S 3 8 15 p—
tpLz . ) '8 12. 7 12 ns
t le del = Ry =
Toriz Output Disable delay . Cp = 5pF L = 280Q 5 5 —5 3 s
High Lo
tw Width of Clock/Enable 9 6 ) ns
Low 7.3 7.3
tsu Setup Time e B[R 5t : ¢ o
"ty . | Hold Time < . 10! 21
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Octal Latches, Octal Registers
With Inverting, 32 mA Outputs

67S378 67S382

Features/Benefits

¢ Inverting Outputs

e 32mAIOL

o 3-State Outputs Drive Bus Lines

® 20 Pin Skinny DIP™ Saves Space

e 8 Bits Matches Byte Boundaries

e Hysteresis Improves Noise Margin

e Low Current PNP Inputs Reduce Loading
o Ideal for Microprocessor Interface

Description

In addition to the standard S and LS latches and registers,
Monolithic Memories provides increased output sink current
(loL) 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
presently satisfy 32 mA requirements with SN54/74365, 366, 367,
368, Hex Buffers. The inverting outputs are intended for bus

Function Tables
382 Octal Latch (Inverting)

OE G D Q
L H H L
L H L H
L L X Qo
H X X z
Logic Symbols

382 Octal Latch (Inverting)

ﬁEﬂD——\r EVcc
wlz e 11 [, aHE=
‘DE“E(_)i :E_E”E"D
ZDE—?: :—;—ﬂm
EE—GOE 5— 1670
wlie o] | [, HElw
aoE—ﬁ E—Esn
QD 8 D P :;—Esn
wEH T s M=
anof10 %—Ea
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Ordering Information

PART i
NUMBER PKG | TEMP | POLARITY | TYPE | POWER
67S382 NJ | com Latch
Invert S
6758378 N,J | com Register

applications that require inversion as in interfacing ihe Am2901A
4-Bit Slice to an active 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”
when the gate (G) goes low. The register loads eight (octal) bits
of input data and passes it to the output on the “rising edge” of the
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 Skinny
DIP.™

378 Octal Register (Inverting)

OE CK D Q
L 1 H L
L 1 L H
L L X Qo
H X X z

378 Octal Register (Inverting)

EE—"D—V EVcc
o ] [ [
1DE—D’: %% 18] e0
ZDE—_D; P Em
mEHa [ aHElw
EE_gc—l( cxa EE
4DE—;C—K P Esn
EETGOE OE - E5_°
GNDE '—Q——Ecx

=l
ol
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678378 67S382

Absolute Maximum Ratings

SUPPlY VORAGE, VT - vttt et e e e e e N
INPUE VO AGE ..o i e e e e e e 5.5V
Off-state OUtPUL VORAGE . ... ... i i i i e e 5.5V
Storage temMPEratUure . .. .. ... .ottt e e e -65° to +150°C
Operating Conditions
COMMERCIAL
YMB!

S oL PARAMETER MIN TYP MAX UNIT
Ve Supply voltage 475 5 525 v
Ta Operating free air temperature 0 75 °C

Electrical Characteristics over Operating Conditions
COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS MIN TvP MAX UNIT
ViL Low-level input voltage 08 \'
ViH High-level input voltage 2 v
Vic Input clamp voltage Voe = MIN, I} =-18mA -12 v
I Low-level input current Voo = MAX, Vy =05V -0.25 mA
IH High-level input current Voo = MAX, Vi =27V 50 uA
Iy Maximum input current Voo = MAX V| =55V 1 mA
VCC = MIN,

VoL Low-level output voltage ViL = os8v, loL = 32mA 05 \
ViH = 2V
Veoe = MAX,

VoH High-level output voltage ViL = 08v, loH = -8.5mA 24 3.1 A
V|H = 2V

lozL Vee = MIN, Vg = 05V =50 | uA

Off-state output current Vi = 08v,

lozH Vig = v Vo = 24V 50 | uA

los Output short-circuit current * Vee —40 -100 mA
V = MAX S382 105 160

| -Supply current CcC '

cc PRY Outputs open | Sa7s 90 a0 ] ™

*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 -5V, Ta - 25°C
TEST CONDITIONS $382 S$378

SYMBOL PARAMETER (See TestLoad/Wavetorms) | MIN  TYP  MAX |MIN Ty max | UNIT
fMAX Maximum Clock frequency 75 100 MHz
t

PLH Data to Output delay 9 18 s
tPHL 5 16 ns
t C = 15pF R = 2800

PLH Clock/Enable to output delay L L L 22 1 20 ns
tpHL 7 20 8 18 ns
t

Pzl Output Enable delay \ 20 " 20 ns
tpzH 8 17 8 17 ns
tpLz ) 8 16 7 16 ns

Output Disable dela = Ry = 0
tpHZ d Y CL=5F, A= 20 6 13 5 13 | ns
High
tw Width of Clock/Enable o 2 6 ns
Low 7.3 7.3
tsu Setup Time ol 51 s
th Hold Time 10! 2t
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interface Test Load/Waveforms

Test Load
TEST
: POINT R
L
FROM OUTPUT . 1A O—AAA—O
UNDER TEST IN J‘)g' vee
(See Note B)
e RO 3
(See Nole A]: (See Note C) S
. o
= s2 1
Test Waveforms
Y/ ¥ HIGH-LEVEL
TIMING -
INPUT ) - VT (See Note €) PULSE
. ov
* teotup thold
setup hold
. v
DATA . ‘( -\ LOW-LEVEL
INPUT Voot N ov PULSE

Setup and Hold

Pulse Widfth

INPUT - / vr

av
. ouTPUT

TN\ coumm\v"
ov (Low-level

3v
vr J/

ov
tPLH tPHL enabling) -« tpz — Lz
IN-PHASE / N Yo S1 closed s 3 ciosed
o | "/ N et EES N N ==y
" " s tPHZ o.5vE
tPHL tPLH —tpZH—= 05V4
———— ,-————-—- VOH . . / - voH
OUI")(I)J;':;'!'ASE vr- ‘ 7 vr :JSA:QESS'TQ)Z S1 open S2 closed7 vr S1 and 15V
(See Note G) vou ov S2 closed
" Propagation Delay Enable and Disable
NOTES: A. C__ includes probe and jig capacitance.

B. All diodes are 1N916 or 1N3064.

C. For Series 54/74S,57/67S, Ro =1K, Vg = 1.5V
For Series 54/74L.S and 57/67LS, Rg = 5K, V= 1.2V excepting 57/67LS300, 301, 304
For Series 54/74L.S300, 301, 304 Ro =5K, V1 = Vq, = 1.7V for low to high inputtransition
For Series54/74L.S300, 301, 304 RO =5K, Vg = VT- = 0.9V for high to low input transition

D. Waveform 1is 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 relatlonsmps between inputs and outputs have been
chosen arbitrarily. . .

F. All input pulses are supplied by generators having the. following characteristics: PRR
<1MHz,Z, 4 = 500 and: ‘
For Series 54/74S and 57/67S, tR <2 S5ns tg<25ns
For Series 54/74LS and 57/67LS, and PALs, tg =15ns tg'<6ns

G. When measuring propagation delay times of 3-state outputs, switches S1 and S2 are closed.
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Definition of Terms and Waveforms

Setup Time

Setup time, tgy

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 application of
the other signal) for which correct operation of the
logic element is guaranteed.

Voltage - -
High-level input voltage, VjH
.. 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 produc1 specmcatlon will establish a high
level at the output.
Input clamp voltage, Vic
Aninput voltage: in a region of relatively low differential resis-
tance that serves to limit the input voltage swing.
' Low-level input voltage, Vj_ -
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 wnll establish a low
~ level at the output. ~+ ~
Negative-going threshold voltage, V1
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, VT4 .
Positive-going threshold voltage, VT+
The voltage level ata transition-operated input that causes op-
eration of the logic element according to specification as the
input voltage rises from a level below the negative-going
threshold voltage, V1.

Truth Table Explanations

H = high level (steady-state)

L = low level (steady-state)

1 = transition from low to high level

! = transition from high to low level

X = irrelevant (any input, including transitions)

V4 = 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
60 = complement of Qg 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 | or 1

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 1 and/or |, 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, Qg, or Q), 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.
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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, i

The current into * an input when a high-level voltage is applred
to that mput

High-level output current, ioH

The current into * an output with input conditions applied that
according to the product specification will establish a hrgh level
at the output.

High-level output current, Icex ;
The high-level leakage current of an open collector output.

Low-level input current, I

The current into * an input when a low-level voltage is applied to
that input.

Low-level output current, lgL

The current into * an output with input conditions applied that
according to the product specification will establish a low level at
the output.

Off-state  (high-impedance-state) output current (of a
three-state output), oz

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, log 4

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 Vo 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. .

oo isthe shortest interval for which correct operatron
. ofthe Iogrc element:is. guaranteed e

‘:case the rnrnrmum limit. defrnes the longest interval

. mentis guaranteed

2. The hold tlme may have a negatrve value in whlch'

(between the reiease of data and the active transi-
tron) for which: eorrect operanon of the logic ele-

Output Enable and Disable Time

Output enable time (of a three-state output) to high level,
tpzH (or low level, tpz1 ) ,

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, tpL2)

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) to a 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, tpp

The time between the specrfred reference pomts on the input
and “output voltage waveforms with the output changing from
one defined level (hrgh or low) to the other defined level.
Propagation delay time, low-to-high-level 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-low-level output, 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.

Puise Width

Pulse width, ty

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

MMI can program your ROM or PROM from input data in any of
several types: truth table, punched cards, paper tape or pre-
programmed 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 MMI truth table
forms (available on request). For customers desiring to make
their own forms, examples are shown below:

' OUTPUTS

4-BIT WORD PIN 10 11 12 13
ouTPUT NUMBER Os O3 O2 O
o H H H L

1 L H L H

255 L H H H

OUTPUTS

8-BIT WORD PIN 17 16 15 14 13 11 10 9
OuTPUT NUMBER  Og O7 Og O5 O4 O3 O2 O
0  HHHLHLHH

1 LHLHLHLH

511 LHHHHHHL

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 to MM 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 MMI only recognizes ASCII
characters S, B, H, L, F and E and 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 O4, O3, O2, O4, not O1, O2, O3, O4.
A typical list of characters and their machine interpretations is
shown below:
4-BIT OUTPUT
START OF TAPE

BEGIN DATA FIELD
DATA FIELD (H = HIGH VOLTAGE, L = LOW)
‘—FINISHED DATA FIELD

END OF TAPE

SBH H L HF BHHHHF BHLLHF - -elC. BHLLLFE
04 03 0204
WORD 0 WORD 1 WORD 2 WORD 255, 511
or 1023
8-BIT OUTPUT .
START OF TAPE END OF TAPE

BEGIN DATA FIELD
DATA FIELD (H = HIGH VOLTAGE, L = LOW)
IFINISHED DATA FIELD

SBHHAHLLLHAF = BHLHLHHLLF  BLHLHLHLLF - - &1¢- BHHHHLLLLFE
Og O1
WORD 0 WORD 2

WORD 1 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

MMI 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

PO142

6300

0431

12 8 level
4 TWX

SBLLLHF  BLLLLF BLHLHF BLHHHF BLLHHF BHHHHF BLLLHF BLHLHF BLLLLF
BLLLLF BLHLHF BLLHHF BHHHLF BHHLLF BLLHHF BHHLLF “BLLHHF BLHLHF




PROM/ROM 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 ASCI|
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

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 O, 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.

COMPANY NAME CX 1816—2052 7—12—70.L = 796
2nd Card  Or Line thru Last (80 Columns Max.)

Enter First Data Field
Enter Second Data Field
Enter Third Data Field
Enter Fourth Data Field
Enter Fifth Data Field
Enter Sixth Data Field

ENTER WORD ADDRESS OF FIRST DATA FIELD IN COLUMNS 1 THRU 5
(O10—01) in Columns 8 thru 17
(010—01).in Columns 19 thru 28
(010—04) in Columns 30 thru 39
(O10—01) in Columns 41 thru 50
(010—01) in Columns 52 thru 61
(010 —01) in Columns 63 thru 72

CARD 2

00000 LHHHHLLHHH =~ LHHHHHHHHH  LLLLLLLLLH  LLHHHHHHLL  HLLLHHHHHL  LHLLLLLLLL

| o
WORD ADDRESS OF

NOTE: Output 1 (O1) is always in cols. 17,28,39,50,61,72

CARD 3 d

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
Columns 15, 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 L and H, but the customer must define
for MMI whether 0 = Lor 0 = H.
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Available Technical Publications

Application Notes

PROMS

+ PROM card simplifies computer diagnosis
Shlomo Waser, Computer Design, January 1977

Registered PROMs Impact Computer Architecture
John Birkner

PAL

« Reduce random-logic complexity by using arrays of fuse-programmable circuits
John Birkner, Electronic Design, August 16, 1978

High speed/low cost fuse link arrays compete with TTL 74S/LS
John Birkner, WESCON 78

« Synthesis of stable output state sequencers
Bill Black, WESCON 78

* PALs: Programmable logic functions help minimize hardware
John Birkner, WESCON 79

FIFO

 First-in First-out Memories
Operations and Applications

MULTIPLIERS

* Real-time processing gains ground with fast digital multiplier
Shlomo Waser and Allen Peterson, Electronics, September 29, 1977

« State-of-the-art in high speed arithmetic integrated circuits
Shlomo Waser, Computer Design, July 1978

¢ Dedicated multiplier ICs speed up processing in fast computer systems
Shlomo Waser, Electronic Design, September 1978

« High-speed monolithic multipliers for real-time digital signal processing
Shlomo Waser, Computer, October 1978 ‘

Medium-speed multipliers trim cost, shrink bandwidth in speed transmission
Shlomo Waser and Dr. Allen Peterson, Electronic Design, February 1, 1979
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J16 Ceramic DIP
6 JA =75°C/W
i ]
O4c=3°CW noonnonong
16
) 265-.300
.6.73-7.62
8
u O l_J ]
070
L— 1. 78 .00 ot
.755-790 MIN.
19.18-20.07 .290-.320
7.37-8.13
015-.035
.38-89 T I | 190
; 4.83
| 1507 MAX.
3 f .125-.165
;.’N' 3.18-4.19
- - | B B3
090-.110 .016-.020 055-.
2.29-2.79 41-51 1.40-1.65
UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX. (N MILLIMETERS."
J18 Ceramic DIP
| (V] JA =75°C/W
r = 35°
fyc = 35°C/W I O O O O e B
18 10
D 673782
1 9 '
g I O O B
120 000
3.05 —> l<— .00
MAX. 880-.930 MIN.
22.35-23.60
.290-.320
7.37-8.13
.015-.035 I
.38-89 [ i 190
4.83
1 MAX.
150 A
.125-.165
ﬁfu'., 3.18-4.19

R e

.090-.110
2.29-2.79

.016-.020
41-.51

.055-.085
1.40-1.65

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN.INCHES.
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS.

.

i ,"\\4__ ooo- m
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J20 Ceramic DIP

[} JAT 75°C/W
b6yc=35°C/W oOononononQn
20 1
D
1 10
TOoOo0ooOoOoOo
.070 .000
—> L—1.78 .000
MAX 955-.990 MIN.
= 24.26-25.15
.015-.035
.38-.89

7
i

.125-.165
o]

2.65-.300
6.73-7.62

.290-.320

7.37-8.13

190
4.83
MAX.

.008-.012
‘>l 3.18-4.19 20-.31
.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.

N20 Plastic Kool DIP™

648 = T5°C/W
64c = 35°C/W

ANANANNAANANAN
20 "

.240-.290
6.10-7.37
ol 10
080 000
2.03 —> le— .00
MAX. MIN.
< 1.000-1.075
25.40-27.30 -260-.320
7.11-8.13
.015-.060 —
38-1.52 [ C—J Tk 200
_5.08
MAX;
140 T — ) oy max
3.55 Ar -120-.165 | |-~ :
MIN. y 3.04-4.19 | |
o160 .008-.012
‘J ‘J —J 0=16 —*\ -20-31
.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.




J24 Ceramic DIP

6 JA = 65°C/W
GJC=30°C/W O0O000O0MfnnOanmmnmMmm
24 i 13
510-.590
D 12.95-14.98
1 12
| O [ N N N I G |
158 .005
4.01 —»| - .13
MAX. 1.250-1.200 MIN.
D — 31.75-32.77
.030-.070 S
.76-178 225
5.72
135 MAX.
3.43 ? 105-135
MIN. ’l L Y 2.67-243
o-15° .008-.012
—P-l L— —»“4— - 0°-15 "'\ .20-.30
.090-.110 016-.020 .055-.060
2.29-2.79 41-51 1.40-1.52

UNLESS OTHERWISE SPECIFIED:
ALL DIMENSIONS MIN.-MAX. IN INCHES.
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS

D40 Side Brazed Ceramic DIP
6 4a = 55°C/W

ch=200c/w N W S — W — S — U — G

40 21

.570-.600
14.48-15.24

1 20
e e — o o e o S e = o e e
2.49 —»| —bi [e— .13
MAX. 1.950-2.050 MIN.
- 49.53-52.07
590-.610 -005

14.99-15.49 e
ot ‘ ——
_r_L aad [ h_T

150 1 MAX.
wmit e
—’l l" "! 1‘— —»’ 0°-15° -0205::3;2 ,,.\\4—

.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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MMI Area and Regional Sales Managers and FAEs

California Hlinois Reading
Huntington Beach . Lombard Stan Karandanis (617) 944-5535
Dick Siemiatkowski (714) 556-1216 Dick Jones, FAE (312) 932-1940 New Jerse
y
Pasadena Naperville Sussex
Wayne Caraway (714) 556-1216 Sal Graziano (312) 961-9200 Bill Bartley (201) 875-9430
Florida Massachusetts Texas
Longwood Framingham Garland
Jim McGrath (305) 831-4096 Russ French (617) 655-7070 Bob Rainwater (214) 233-5833
MMI Representatives
U.S.A.
Alabama lowa Pennsylvania
Huntsville Cedar Rapids Oreland
REP, Inc. (205) 881-9270 S & O Sales (319) 393-1845 CMS Marketing (215) 885-5106
Arizona Kansas South Carolina
~Scottsdale Olathe Greenville
Summit Sales (602) 994-4587 |  Rush and West (913) 764-2700 REP, Inc. (803) 233-8595
California Maryland Tennessee
Culver.City Baltimore Jefferson City
Bestronics (213) 870-9191 Monolithic Sales (301) 296-2444 REP, Inc. (615) 475-4105
Irvine. . Massachusetts
Bestronics . (714) 979-9910 Needham Heights Texas
) Comp Rep Associates  (617) 444-2484 Austin

Mountain View
Thresum Associates

San Diego
Littlefield & Smith

Colorado
Wheatridge
Waugaman Associates

Connecticut
North Haven
Comp Rep Associates

~ Florida
' Altamonte Springs
Dyne-A-Mark :

Clearwater
Dyne-A-Mark

.. Fort Lauderdale
Dyne-A-Mark

- Palm Bay
Dyne-A-Mark

Georgia
Tucker
REP, Inc.

Hlinois-
Rolling Meadows
Sumer

Indiana
Indianapolis
Leslie M. DeVoe Co.

(415) 965-9180

(714) 455-0055
(303) 423-1020
(203) 239-9762

(305) 831-2007

(813) 441-4702

(305) 771-6501

(305) 831-2097
(404) 938-4358

(312) 991-8500

(317) 842-3245

Michigan
Grosse Point
Glfeiner Associates (313) 499-0188
Minnesota
Minneapolis

Nortec Sales (612) 835-7414

Rush and West (314) 394-7271
New Jersey

Teaneck

R.T. Reid Associates

New York
Rochester
L-Mar Associates

Syracuse
L-Mar Associates

Endicott
L-Mar Associates

North Carolina
Raleigh
REP, Inc.

Ohio
Cincinnati
Makin Associates

(201) 692-0200

(716) 328-5240
(315) 437-7779

(607) 748-1482
(919) 851-3007

(513) 871-2424

Mentor

Makin Associates
Oregon

Portland

North West Marketing

(216) 464-4330

(503) 297-2581

West and Associates (512) 451-2456
Dallas

West and Associates (214) 661-9400

Houston
West and Associates

Utah
Salt Lake City
Waugaman Associates

(713) 777-4108

(801) 467-4263

Virginia

Reston

Monolithic Sales (703) 620-9558
Washington

Bellevue

Northwest Marketing (206) 455-5846
Wisconsin

Brookfield

Sumer (414) 784-6641

CANADA

-Ontario

Toronto
; Cantec (416) 675-2460
Ottawa
Cantec

Quebec
Dollard Des Ormeaux
Cantec

(613) 725-3704

(514) 620-6313
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MMI Franchised Distributors.

U.S.A.

Alabama
. Huntsville
Hall-Mark Electronics

Arizona
Phoenix
Kierulff Electronics
Sterling Electronics

California
Los Angeles
Kierulff Electronics
Palo Alto
Kierulff Electronics
San Diego
Anthem Electronics
Kierulff Electronics
Santa Ana
Anthem Electronics
Sunnyvale :
Diplomat/Westland
Anthem Electronics
Tustin
Kierulff Electronics

Colorado
Denver
Kierulff Electronics

Wheatridge

(205) 837-8700

(602) 243-4101
(602) 258-4531

(213) 725-0325

(415) 968-6292

(714) 279-5200
(714) 278-2112

(714) 540-1322

(408) 734-1900
(408) 738-1111

©(714) 7315711

'(303) 371-6500

g
Century/Bell Electronics (303) 424-1985

Connecticut
Hamden
Arrow Electronics

E. Norwalk

(203) 2657741

Connecticut Components

for Industries

Florida
Clearwater

Diplomat/Southland

Fort Lauderdale
Arrow Electronics

Hall-Mark Electronics -

Orlando

Hall-Mark Electronics

Palm Bay i

Arrow Electronics

St. Petersburg

Kierulff Electronics
Georgia

Atlanta

Arrow Electronics

lllinois
Bensenville.
Hall-Mark Electronics
Elk Grove Village
Kierulff Electronics .
Schaumburg
Arrow Electronics

Indiana
Indianapolis
Advent Electronics
RM Electronics Co.

Advent Electronics

Kansas
Shawnee Mission

Hall—Mark Electronics:

(203) 852-1001

(813) 4434514

(305) 776-7790
(305) 971-9280

(305) 855-4020
(3b5) 72541 480
(813) 576-1966

(404) 449-8252

(312) 860-3800
(312) 640-0200
(312) 893-9420

(317) 2974910

- (317) 247-9701

(319) 363-0221

(913) 8884747

Maryland

Baltimore

Arrow Electronics
Hallmark
Gaithersburg
Pioneer Washington

Massachusetts

Billerica

Kierulff Electronics
Burlington

Lionex

Woburn

Arrow Electronics

Michigan

Ann Arbor .
Arrow Electronics
Farmington
Dlplomat/NorthIand
Grand Rapids ‘
RM Electronics Co.

Minnesota

Bloomington
Hall-Mark Electronics
Edina

Arrow Electronics

Kierulff Electronics Co.
Missouri

Earth City
Hall-Mark Electronics

New Hampshire

Manchester
Arrow Electronics

New Jersey

Fairfield

Kierulff Electronics
Lionex

Totowa
Diplomat/IPC
Moorestown
Arrow Electronics
Saddlebrook
Arrow Electronics

New Mexico

Albuquerque .
Century Electronics
Arrow Electronics

New York

Buffalo

Summit Distributors
Ronkonkoma

Arrow Electronics
Rochester

Summit Distributors
Hauppauge
Curr't:.ﬁiti Cgom ponents
Woodbury .

Lionex

Melville

Diplomat Electronics

North Carolina

Raleigh -
Hall-Mark Electronics

Winston/Salem
Arrow EIectronics

Ohio

Cincinnati
Arrow Electronics

(202) 737-1700
(301) 796-9300

(301) 948-0710

(617) 667-8331
(617) 272-9400
(617) 933-8130

© (313) 971-8220

(313) 477-3200
(616) 531-9300
(612) 884-9056
(612) 887-6400
(612) 835-4388

(314) 291-5350

(603) 668-6968

- (201) 575-6750

(201) 227-7960
(201) 785-1830

' (609) 235-1900
- (201) 797-5800

(505) 292-2700
- (505) 243-4556

(716) 884-3450
(516) 694-6800
(716) 334-8110

 (516) 273-2600
 (516) 9214414
" (516) 454-6400

' (919) 830-4465
" (919) 996-2039

(513) 761-5432

Ohio (continued)

Cleveland

Arrow Electronics

Dayton :

Arrow Electronics
Oklahoma

Tulsa

Hall-Mark Electronics

Radio, Inc.

Almac/Stroum
Electronics
Kierulff Electronics

Penns Ivania
Hol

Ploneer/ Delaware Valley

Pittsburgh
Arrow Electronics

Texas
Austin
Hall-Mark Electronics

Quality Components

Dallas
Hall-Mark Electronics
Quality Components

Houston

Hall-Mark Electronics -

Quality Components
Sterling Electronics

Utah
Salt Lake City

Century/Bell Electromcs

Kierulff Electronics

Washington
Seattle
Almac/Stroum

Electronics
Tukwila
Kierulff Electronics
Arrow Electronics

Wisconsin
Oak Creek
Arrow Electronics
Hall-Mark Electronics
Waukesha
Kierulff Electronics

CANADA

Ontario
Ottawa
Future Electronics
Zentronics Limited
Toronto
Future Electronics
Zentronics Limited

British Columbla
Vancouver -
RAE Electronics
Future Electronics

Manitoba
Winnipeg
Zentronics

Quebec
Montreal

Future Electronics
Zentronics Limited

(216) 248-3990
(513) 2539176

(918) 835-8458
(918) 587-9123

(503)-292-3534

(6503) 641-9150

(215) 674-4000
(412) 351-4000
(512) 837-2814
(512) 835-0220

(214) 234-1340
(214) 387-4949

(713) 781-6100

(713; 772-7100
(713) 627-9800

(801) 972-6969
(801) 973-6913

(206) 763-2300
(206) 5754420
(206) 5750807
(414) 764-6600
(414) 761-3000
(414) 784-8160

(613) 820-8313
(613) 238-6411

(416) 663-5563
(416) 676-9000

(604) 291-8866

(604) 438-5545

(204) 775-8661

- (514) 731-7441

(514)-735-5361
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MMI Overseas Representatives and Distributors

EUROPE
Headquarters

Monolithic Memories, GmbH
Mauerkircherstr 4

D 8000 Munich 80

West Germany

Phone: 89-984961

Telex: 524385

Fax: 89-983162

AUSTRIA
Ing. Ernst Steiner
Geylinggasse 16
A 1130 Wien
Phone: 22-822674
Telex: 77086

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
Memory Devices Lid.
Central Avenue
East Molesey
KT8 OSN
Phone: 1-9411066
Telex: 929962

Macro Marketing Ltd.
396 Bath Road
South, Berkshire
Phone: 062864422
Telex: 847083

Monolithic Memories Ltd.
Lynwood House

1 Camp Road
Farnborough

Hampshire

GU14 6EN

Phone: (0252) 517431
Telex: 858893 FLETEL G

FINLAND
Telercas O.Y.
P.O. Box 2
01511 Vantaa 51
Phone: 0-821655
Telex: 12111

FRANCE

Monolithic Memories France S.A.R.L.

Silic 463

F 94613 Rungis Cedex
Phone: 1-6874500
Telex: 202146

Alfatronic S.A.R.L.
La Tour d’Asnieres 4
Avenue Laurent Cely
F 92606 Asnieres
Phone: 1-7914444
Telex: 612790

FRANCE (continued)

Generim S.AR.L,,

Zone d’Activities de Courtaboeuf
Avenue de la Baltique

P.O. Box 88

91403 Orsay

Phone: 1-9077878

Telex: 691700

GERMANY
Monolithic Memories, GmbH
Mauerkircherstr 4
D 8000 Munich 80
Phone: 89-984961
Telex: 524385
Fax: 89-983162

Astronic GmbH
Winzerstrasse 47D
D 8000 Munich 40
Phone: 89-304061
Telex: 5216187

Electronic 2000 Vertriebs GmbH
Neumarkter Strasse 75

D 8000 Munich 80

Phone: 89-434061

Telex: 522561

Positron Bauelemente
Vertriebs GmbH
Benzstrasse 1

Postfach 1140

D 7016 Gerlingen-Stuttgart
Phone: 07 156-23051
Telex: 7245266

ISRAEL
TELSYS LTD.
54, Jabotinsky Rd.
Ramat-Gan 52462
Phone: 07156-23051
Telex: 032392

ITALY
Comprel S.R.L.
20092 Cinisello Balsamo/Milano
Viale Romagna 1
Phone: 2-6180809
Telex: 43332484

NETHERLANDS
Ritro Electronics B.V.
Gelreweg 22
Postbus 123
B 2930 Barneveld
Phone: 03420-5041
Telex: 40554

Ritro Electronics B.V.
P.O. Box 7035

5605 JA

Eindhoyen

Netherlands

Phone: 040-525355
Telex: 59527 RIENV ML

Famatra Benelux
P.O. Box 721

NL 4803 AS Breda
Phone: 76-133457
Telex: 54521

NORWAY
Henaco A/S
P.O. Box 248
Okern Torgvei 13
Oslo 5
Phone: 2-157550
Telex: 16716

SOUTH AFRICA
Ortal Engineering
P.O. Box 4362
Johannesburg 2000
Phone: 23-5845
Telex: 8-9865SA

SPAIN
Comisa Ingenieros s A
Reina Mercedes, 20
Madrid 20
Phone: 1-2542901
Telex: 23723

SWEDEN
NAXAB
Box 4115
S 17104 Solna
Phone: 8-985140
Telex: 17912

SWITZERLAND
Baerlocher A.G.
Forrilbuckstrasse 110
CJ 8005 Zurich
Phone: 1-429900
Telex: 53118

FAR EAST
Headquarters

Monolithic Memories Japan KK
4-5-15, Sendagaya

Shibuya-Ku

Tokyo 151

Phone: 3-4039061

Telex: 781-26364

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

INDIA
Chawla Sales
3481, Najaji Subhash Marg
Dawaganj, New Delhi—110002
Phone: 277388

TAIWAN
Muititech American Co.
2nd Floor
977 Minshene Road
Taipei, Taiwan R.O.C.
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Monolithic
Memories

Monolithic Memories
1165 East Arques Avenue
Sunnyvale ¢ CA 94086
Phone (408) 739-3535
TWX (910) 339-9229

MM I reserves the right to make changes in order to improve circuitry and supply the best product possible.

MMI cannot assume responsibility for the use of any circuitry described other than circuitry entirely
embodied in their product. No other circuit patent licenses are implied.

Printed in U S.A /A-201/3-80




