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INTERFACE-Analog to Digital Converters 
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ADC-HU3B 01111 (2862) 
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UACloo5 t Thomson-CSF 5 
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ANALOG TO DIGITAL CONVERTERS 
CONVERSION OPERATING 

MODEL NO. RESOLUTION TIME LINEARITY TEMP. RANGE (OC) 

ADC-826MR 10 bits 1.4 J.Lsec :!:: %LSB -25to + 85 
ADC-827MC 12 bits 3J.Lsec :!:: %LSB Oto + 70 
ADC-827MR 12 bits 3f.lsec :!:: %LSB -25to + 85 
ADC-830C 8 bits 100 f.lsec :!:: %LSB Oto + 70 
ADC-833R 6 bits 66 nsec :!:: %LSB -25to + 85 

NEW ADC-847A 8 bits 9 f.lsec :!:: 1 LSB Oto + 70 
NEW ADC~847B 8 bits 9 f.lsec :!:: %LSB Oto + 70 
NEW ADC-847M 8 bits 9 f.lsec :!:: %LSB -55to + 125 

ADC-856C 10 bits 1f.lsec/LSB :!:: %LSB Oto + 70 
ADC-856M 10 bits 1 f.lsec/LSB " :!:: %LSB -55to + 125 

ADC-5101 8 bits 900 nsec :!:: %LSB Oto + 70 
ADC-5101E 8 bits 900 nsec :!:: %LS8 -25to + 85 
ADC-5210 12 bits 13 f.lsec :!:: %LSB Oto + 70 
ADC-5210E 12 bits 13 f.lsec :!:: %LSB -25to + 85 Q) 
ADC-5211 12 bits 13 f.lsec :!:: %LSB Oto + 70 +-" 

CU 
ADC-5211 E 12 bits 13 f.lsec :!:: %LSB -25to + 85 Q 
ADC-5212 12 bits 13 f.lsec :!:: %LSB Oto + 70 
ADC-5212E 12 bits 13 f.lsec :!:: %LSB ~25to + 85 
ADC-5213 12 bits 13 f.lsec :!:: 1/2 LSB Oto + 70 
ADC-5213E 12 bits 13 f.lsec :!:: %LSB -25to + 85 

ADC-5214 12 bits 13 f.lsec :!:: %LSB Oto +" 70 
ADC-5214E 12 bits 13 f.lsec :!:: %LSB -25to + 85 
ADC-5215 12 bits 13 f.lsec :!:: %LSB Oto + 70 
ADC-5215E 12 bits 13 f.lsec :!:: %LSB -25to + 85 
ADC-5216 12 bits 13 f.lsec :!:: %LSB Oto + 70 
ADC-5216E 12 bits 13 f.lsec :!:: %LSB -25to +85 

DIGITAL TO ANALOG CONVERTERS 

OUTPUT SETTLING OPERATING 
MODEL NO. RESOLUTION TIME LINEARITY TEMP. RANGE (OC) 
DAC-HA10BC 10 bits 1.3 f.lsec :!:: %LSB Oto +70 
DAC-HA10BR 10 bits 1.3 f.lsec :!:: %LSB -25to + 85 
DAC-HA12BC 12 bits 5 f.lsec :!:: %LSB Oto + 70 
DAC-HA12BR 12 bits 5 f.lsec :!:: %LSB -'-25 to + 85 
DAC-HA14BC 14 bits 7 f.lsec :!:: V2 LSB Oto + 70 

DAC-HA14BR 14 bits 7J.Lsec :!:: %LSB -25 to + 85 
DAC-HF8BMC 8 bits 25 nsec :!:: %LSB Oto + 70 
DAC-HF8BMR 8 bits 25 nsec :!:: %LSB -25to + 85 
DAC-HF10BMC 10 bits 25 nsec :!:: %LSB o to + 70 
DAC-HF10BMR 10 bits 25 nsec :!:: %LSB -25 to + 85 

DAC-HF12BMC 12 bits 50 nsec :!:: %LSB. Oto + 70 
DAC-HF12BMR 12 bits 50 nsec :!:: %LSB -25to + B5 
DAC-HK12BGC 12 bits 3 f.lsec :!:: %LSB Oto + 70 
DAC-HK12BMC 12 bits 3 f.lsec :!:: %LSB Oto + 70 
DAC-HK12BMR 12 bits 3f.lsec :!:: %LSB -25to + 85 

DAC-HP16BGC 16 bits 15 f.lsec :!:: %LSB Oto + 70 
DAC-HP16BMC 16 bits 15 f.lsec :!:: %LSB Oto + 70 
DAC-HP16BMR 16 bits 15 f.lsec :!:: %LSB -25 to + 85 
DAC-HZ12BGC 12 bits 3f.lsec :!:: %LSB Oto + 70 
DAC-HZ12BMC 12 bits 3 f.lsec :!:: %LSB Oto + 70 

DAC-HZ12BMR 12 bits 3f.lsec :!:: %LSB -25to + 85 
DAC-IC8BC 8 bits 300nsec :!:: %LSB Oto + 70 
DAC-IC8BM 8 bits 300 nsec :!:: %LSB -55to + 125 
DAC-IC10BC 10 bits 250 nsec :!:: 1 LSB Oto + 70 
DAC-IC10B 10 bits 250 nsec :!:: %LSB Oto + 70 

DAC-IC10BM 10 bits 250nsec :!:: %LSB -55to + 125 
DAC-UP8BC 8 bits 2 f.lsec :!:: %LSB Oto + 70 
DAC-UP8BM 8 bits 2f.lsec :!:: %LSB -55 to + 125 
DAC-UP10BC 10bits 5 f.lsec :!:: %LSB Oto + 70 
t"'\ A" nn",'" 
UI'\\..I-voot.- 8 bits 150 nsec :!:: %LSB Oto + 70 

DAC·08BM Bbits 150 nsec :!:: %LSB -55to + 125 
DAC-85C-CBI-I 12 bits 300 nsec :!:: %LSB Oto + 70 
DAC-85C-CBI-V 12bfts 3 f.lsec :!:: %LSB Oto + 70 
DAC-85-CBI-1 12 bits 300nsec :!:: %LSB -25to + 85 
DAC-85-CBI-V 12 bits 3f.lsec :!:: %LSB -25to + 85 

DAC-562C 12 bits 400 nsec :!:: %LSB Oto + 70 
DAC-562M 12 bits 400 nsec :!:: %LSB -55to + 125 
DAC-608 8 bits 1 f.lsec :!:: %LSB Oto + 70 
DAC-610 10 bits 500 nsec :!:: %LSB Oto + 70 
DAC-612 12 bits 1 f.lsec :!:: %LSB -25to + 85 

NEW DAC-7523 8 bits 200 nsec :!:.1% Oto + 70 
NEW DAC-7533 10 bits 800nsec :!::.01% Oto + 70 
NEW DAC-7541 12 bits 1 f.lsec :!::.012% Oto + 70 

DATEL 11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340 

© Ie MASTER 1984 2863 



Don't Miss the· 

Ie Updates 
These. quarterly updates 

keep your IC Master 
current the year 

'round. 
Look for theM 
in Integrated . 

Circuits Magazine 



~ MITEL MD54/74HCT245R 
~Octal Bus Transceivers with 3-State Buffered Outputs 

. . Prelimina Information 

Features 
• High latch-up immunity 

• High current outputs can drive 30 LSTTL loads 

• Low power ISO-CMOS technology 

• Bus oriented 3-state outputs 

• Meets or exceeds all proposed JEDEC 40.2 
specifications 

• Fully TTL compatible inputs and outputs 

• Pin compatible with 54/74LS245 types 

Description 
These ISO-CMOS Octal line driver/buffers are designed 
for high speed asynchronous two-way communication 
between data buses. The control function inputs 
minimIZe external timing requirements. Data 
transmission from the A bus to the B bus, or from the B 
bus to the A bus, is provided depending upon the logic 
leve; at the direction control input (DIR) pin. The enabJe 
input (G) pin can be used to disable the device outputs so 
that the buses are effectively isolated from each other. 
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CONNECTION DIAGRAM 

DIP (TOP VIEW) 

DIR 20 Vee 

AO 2 19 G 

A1 3 18 80 

A2 4 17 81 

A3 5 16 82 

A4 S 1S 83 

. AS 7 14 84 

AS 8 13 BS 

A7 9 12 86 

GND 10 11 B7 

Ordering Information 

MD54HCT245RCB, Cerdip 
-55°C to 125°C 

with MIL 8838 option 

MD74HCT245RE, Plastic Dip 
-40°Cto 85°C 

PIN DESCRIPTION 

AO-A7 8us A, Data Inputs/Outputs 

80- 87 Bus 8, Data Inputs/Outputs 

DIR Direction Control Pin 

G Enable Input, Active Low 

Vce Supply Voltage 

GND System Ground 

FUNCTION TABLE 

INPUT OUTPUT 

ENABLE (G) CONTROL (DIR) OPERATION 

L L A to B 

L H Ato B 

H X ISOLATION 

H = logic" 1", L = logic "0", X = don't care, 

Z = high impedance 
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IMPORTANT FEATURES OF YOUR 
EICMASTEA 
ONE COMPLETE SOURCE 
IC MASTER is the original and only complete 
guide to currently available integrated circuits, 
microcomputer boards, development systems. 
PROM programmers, gate arrays, and other re
lated components of concern to the design engi
neer. It has become the first place to look in the 
critical selection of ICs, boards, systems, and 
equipment. If only one device can fit the require
ments of a new design or if hundreds are avail
able, you can find out in seconds by using the IC 
MASTER. 

EASY TO USE 
The IC MASTER saves you time. No lonaer do YOU 
have' to spend long~ tedious' hours -and days 
searching through manufacturers' catalogs and 
data sheets for information. The MASTER gives 
you-at your fingertips-an easy way to narrow 
your IC choices quickly, accurately, and system
atically with the knowledge that you have just 
sUNeyed the entire industry 

PART NUMBER INDEX 
This revolutionary index lists all device types 
made by over 225 manufacturers in numerical 
sequence excluding prefixes or suffixes. You can 
find a device number even though you do not 
know either the full part number or even the 
manufacturer. Once a basic device number is 
located in the index, you can obtain instant iden
tification of all manufacturers making a device by 
that number; regardless of function, and deter
mine the full part number designation. All page 
references to data sheet material and any existing 
application note abstracts are also provided. The 
Part Number Index should not be used as an 
alternate source directory because two manufac
turers may use the same part number, by coinci- , 
dence, for totally different devices. 

PART NUMBER GUIDE 
The information in this guide allows you to break 
down each (ompanys part numbering system 
into product temperature ranges, packaging vari
ations, and functions. It is an invah.Jable tool for 
the elimination of costly and time-consuming 
ordering errors caused by lack of standardization 
from manufacturer to manufacturer in part num
bering systems. 

APPLICAnON NOTE 
DIRECTORY 
Application note descriptions are arranged al
phabetically by function and application cate
gory Each note's descrtption identifies the spe
cific device or devices featured, provides a 25 to 
30 word abstract. and identifies both the man
ufacturer that originated the note and t"e specific 
application note number. This section provides all 
the information necessary for you to update your 
application note files speedily, or thoroughly re
search the existence of application note material 
for a specific design problem. 

@ Ie MASTER 1984 

MiLITARY PARTS DIRECTORY 
Cross reference chart identifies all Ie deviceS hav
ing received JAN qualification. This chart in
cludes a cross reference listing of device numbers 
and corresponding military standard 38510 slash 
numbers and vice versa. 

MILITARY DEVICE 
TESTING TABLE 
This table identifies IC manufacturers who test to 
military standard 38510 and the screening to mili
tary standard 883 that they provide. 

MILITARY PARTS INDEX 
This guide to JAN qualifed parts makes it possible 
to search devices by function, and to determine if 
a JAN qualified part exists for a particular func
tional need, 

ADVERTISERS' PRODUCT 
INDEX 
This index directs you to detailed product infor
mation for the parts whose manufacturers have 
included data sheets in IC MASTER. When you 
are looking for data on a particular manufac
turer's products, this index provides the fastest 
way to find the information you seek. 

ALTERNATE SOURCE 
DIRECTORY 
The most comprehensive industry-wide, pin-for
pin, functional equivalenrAlternate Source Direc
tory ever compiled. This directory is updated by 
asking all IC manufacturers to identify each com
petitive device for which they make a pin-for-pin 
substitute. 

MASTER SELEcTION GUIDE 
Each guide is organized by specifications and 
categories to direct you easily and quickly to the 
device most likely to fill your requirements for a 
particular application. Once you find those de
vices that are closest to your needs, you see avail
able sources, and are directed to additional data if 
provided by advertisers. 

MANUFACTURBRS AND 
DISTRIBUTORS DIRECTORY 
Locations and phone numbers are given for man
ufacturers' field sales offices, representatives, and 
distributors, both domestic and international. 

MASTl!R 
SELEcnON 

GUIDE INDEX 
pg. to 

PART 
NUMBE. 

INDEX 
pg.40 

PART NU.". 
GUIlE 

pg.200 

APPUc..4.T!OM 
NOTE 

DlRECTOIIY 
pg.249 
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Typical Problems Solved by Ie MASTER 

• Find All Products That Meet Desired Specifications 
• Obtain Data For A Particular Device • Decode Part Numbers 
• Determine Alternate Sources • Plus Much More 
An engineer can use IC MASTER to solve a wide variety 
of problems. Answers provided to engineers by IC 
MASTER can range from finding the device that best 
meets a particular set of specifications to helping to 
determine which family of devices should be used in 
building a system. 

Some of the typical problems that IC MASTER can solve 
are illustrated in the following examples: 

Who makes a TTL 4-bit binary full-adder 
with look-ahead carry? 

All functions are listed, in alphabetical order, in the 
Master Selection Guide Index. In this case, the engineer 
looks under adders; in the column adjacent to adders, 
he sees that all types of adders are listed. The particular 
adder being sought is covered in the Digital section of Ie 
MASTER. 

Now that the engineer knows that the devices he 
seeks are catalogued in the Digital section, he can tum 
to the Digital Master Selection Guide and see the page 
number where information on these devices can be 
obtained. 

When he turns to this page, he will notice that certain 
device numbers and manufacturers are printed in bold 
face type while others appear in regular type face. Bold 
face type is used whenever ~ part's manufacturer has 
provided a data sheet for the device in IC MASTER. The 
page number assigned to the data sheet also appears in 
bold face type so that the engineer can turn to it directly. 

2604 

Who Makes a High-Speed 12-Blt,Analog
to-Digital Converter With Guaranteed ± Y2 . 
LSB Linearity and 13-~ec or Faster Con
version Time? 

Many manufacturers make devices that meet these 
specifications including Analog Devices, Burr-Brown, 
Datel-Intersil, Data Device Corp., Harris, Hybrid Systems, 
Micro Networks, and Teledyne Philbrick. 

The Master Selection Guide for Interface makes it 
possible for an engineer to find every device that meets 
the above specifications, regardless of who makes it, in 
seconds. 

The Interface section is organized by product classi
fication; an engineer can turn immediately to the cate
gory of interest such as analog switches with drivers, 
multiplexers, aid converters with binary output aid con
verters with decimal output, dla converters, display driv
ers, error checking circuits, keyboard encoder-decoders, 
line drivers, line transceivers, memory and peripheral 
drivers, sense amplifiers, etc. 

To find every 12-bit analog-to-digital converter with 
guaranteed ±!h LSB linearity and 13-fLSec or faster con
version time, all an engineer has to do is turn directly to 
the analog-to-digital converter section of the Interface 
Master Selection Guide. 

In this section, devices are organized by key param
eters. Under resolution, the engineer finds 12-bit; next he 
looks under linearity error for ± !h LSB and then he looks 
under conversion time for devices with 13-Jl.sec or faster 
specifications. 

© Ie MASTER 1984 



Ways to Use Ie Master 

What application notes are available on 
emulating logic functions with PROMs? 

IC MASTER provides the most complete nsting of 
application notes available in print. It is easy to find the 
right Cjfpplication notes by looking in IC MASTER be
cause the application note directory is organized by 
function. 

There are two ways to look up an application note. An 
engineer can turn to the index page and find the appro
priate function or category such as instrumentation am
plifiers, multiplexers, or PROMs. 

'fhe knows the device number, he can look it up in 
the part number index at the front of IC MASTER and see 
all of the application notes concerning that device. For 
example, under 8275, a programmable CRT controller 
listed inthe part number index, the reader is referred to 
the listing for an Intel application note entitled "CRT 
Terminal Design Using the 8275 and 8279." 

To find an application note concerning the use of 
PROMs to emulate logic functions, the engineer can 
turn to the application note section on PROMs and see 
what notes can be of help. 

Each listing in the application note directory provides 
a detailed descriptive passage for the note, gives its 
length and identifies the manufacturer who publishes it. 

APPLICATION NOTE Dl'ECTORY 

= 

© Ie MASTER 1984 

Who makes a 64K dynamic RAM with an 
, access time of 120 ns or faster? 

The Memory Section in IC MASTER has' a Master 
Selection Guide which provides initial selection infor
mation and data on PROMs, RAMs, ROMs and other 
types of memories. Each device is characterized byorga
nization (words and bit/word) and access time. 
, For example, if an engineer was looking for a 64K 
dynamic RAM, his first step would be to determine 
organization (words and bit/word). Next. he would 10-' 
cate the desired access time. 

\l/hQn rlollir.o.c- ""'lIra .,.\,...,.if-..hl.t:""'lt. rw"'IIo...,.,..f"", h.'l6 \1_": __ .• "'" - .. ..;....,-
" ......... i ......... " ......... .:. 01 .... OVClIlCiUle II/Que uy VQIIUU;) tJ1UL1 

esses such as NMOS, CMOS, ECl, TTL, etc., the engineer 
can choose the device that best suits his needs. For 
further definition, output type, supply va I tag, e and num
ber of pins are listed along With the manufacturer's part 
number and name. 

The engineer's next step in his memory selection . 
process would be to study the applicable data for 64K 
dynamic RAMs provided by IC manufacturers and pick 
the most appropriate device. Literally hundreds of pages 
of engineering data on memories appear in IC MASTER. 
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Ways to Use Ie Master 

I need to choose .between a full custom or 
a semi-customlgate array solution to my de
sign problem. 

To help designers weigh custom solutions against 
semi-custom/gate array approaches, IC MASTER pro
vides a Master Selection Guide on Custom/Semi
Custom and a special section entitled "Options for 
Going Custom." In this sectIon the advantages and 
disadvantages of various custom/semi-custom tech
niques are covered. 

The capabilities of IC manufacturers are tabulated for 
easy comparison; additional information such as avail
able design aids and testing services is also provided. 

My application requires microcomputer 
boards. How do I start? 

Single and multiple board microcomputers are ar
ranged by manufacturer. Under each manufacturer, 
boards are grouped in sequence according to data word 
size and, within that grouping, according to the micro
processor on which they are based. Hardware and soft
ware support are listed for each board. 

A supplementary selection guide is included for mi
crocomputer support boards. The boards are grouped 
according to supported computer systems. 
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With so many mircoprocessors available, 
where do I begin? 

Simply turn to the Master Selection Guide for Micro
processors. There you will find a listing of all micro
processors currently available and key parameters al
lowing you to narrow down yourselection to a range of 
products that will meet your major requirements. 

Once the microprocessor that best fits the application 
has been chosen, the next step is to go to the "system 
components" section. Here all of the available pe
ripheral devices that work with each microprocessor are 
arranged by function. Thus, if the microprocessor that 
has been selected is the 8048, system components spe
cifically developed for use with the 8048 are listed, 
organized by function. 

A "general purpose" section follows the "system 
components" section and describes devices that can be 
used with more than one microprocessor family. 

Finally, hundreds of pages of the latest micro
processor data sheets, provided by IC manufacturers, are 
presented, arranged in alphabetical order by manufac
turer. Each data sheet is easily found thanks to bold
faced page-number references in the Master Selection 
Guide. 
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Ways to Use Ie Master 

.IC~ 1113 

If an engineer knows that the basic part 
number is 6508, where does he look first? 

The place to look is the part number index. Here, all of 
the prefixes and suffixes have been stripped away to 
leave only the basic number. This makes it possible to 
see the manufacturer of every part with the same base 
number at-a glance. Parts with the same base number, it 
should be kept in mind, are not necessarily identical; in 
fact, one could be a memory while another might be a 
linear device. (To find replacements, one should look in 
the altemate source directory, not in the part number 
index.J 

Under 6508, the engineer would see a number of 
odevices iisted and the page and line numbers where 
data is given for each of the devices. If an application 
note conceming any of the devices is available, the 
location of its listing is also shown. 

@> Ie MASTER 1984 

• design to military specs. 
Where can • find the latest OPL devices? 

The IC MASTER includes a comprehensive military 
parts directory. Within this directory, tables and charts 
are provided to answer virtually every information need 
of the engineer involved in military or high-reliability 
equipment design. 

AI! integrated circuits 'vvith J/\N qualification are iisted 
in IC MASTER. A cross reference table, relating device 
numbers to mil spec numbers, is arranged according to 
device number. A second table, arranged by M-385JO 
number, makes it possible to look up the part number 
when the mil spec number is known. 

In addition, ICs are also organized by product section 
and function, which allows the user to find the proper IC 
without having to know either the commercial or the 
military part number. 

This section of IC MASTER also includes a table show
ing the capability of manufacturers to perform MIL
STD-883 screening and high-reliability testing. 
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Advanced Micro Devices 
Digital 701-703 
Microprocessor 1401-1446 
Microprocessor Development 

Systems 1901 
Microcomputer Boards 2001-2005 
Interface 2801-2808 
Linear 3301-3338 
Memory 3901-3930 
(ustom/Semicustom 4600-4613 
American Automation 
Microprocessor Development 

Systems 1902 
American Mlcrosystems, Inc. 
Digital 705 
Microprocessor 1448-1453 
Interface 2810-2814 
Linear 3339-3349 
Memory 3932-3936 
(ustom/Semicustom 4614-4625 
Analog Devices 
Digital 706, 707 
Interface 2816-2847 
Linear 3350-3363 
Arrow Electronla, Inc. 4952 
Barvon Research, .nc. 4626, 4627 
Burr-Brown Corp. 
Interface 2848-2853 
C.te. 
(ustomlSemicustom 4628, 4629 
Cromemco, 'nc. 
Microcomputer Boards 2006-2037 
Custom MOS Arrays, Inc. 
(ustomlSemicustom 4630-4633 
Datel 
Microcomputer Boards 2039 
Interface 2855-2865 
Diplomat Electronla Corp. 
Manufacturers and Distributors Directory 
Emuloglc 
Microprocessor Development 

Systems 1904, 1905 
Exar Integrated Systems, Inc. 
Linear 3365-3391 
Fairchild 
Digital 708-776 
Microprocessor 1454-1471 
Microprocessor Development 

Systems 1906-1912 
(ustom/Semicustom 4634-4635 
Fujitsu America, Inc. 
Memory 3938-3941 
Fujitsu Mlcroelectronla, Inc. 
(ustomlSemicustom 4637-4642 
Harris Semiconductor 
Microprocessor 1472-1499 
Interface 2866-2980 
Linear 3392-3471 
Memory 3943-3969 
(ustomlSemicustom 4644-4744 
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Hitachi America, Ltd. 
Memory 3970-3975 
Holt, Inc. 
CustomlSemicustom 4745 
Hybrid Systems Corp. 
Interface 2981-2986 
Immos Corp. 
Military 501 
Microprocessor Development 

Systems 1913 
Memory 3977-3981 
Integrated DevIce Technol~ Inc. 
Memory 3982-40 19 
Intel Corp. 
Memory 4021-4025 
Interdeslgn, Inc. 
CustomlSemicustom 4746 
Intematlonal Microcircuits, Inc. 
CustomlSemicustom 4747 
International Microelectronic Products 
CustomlSemicustom 4749 
IntersJl Corporation 
Application Notes 350, 351 
Digital 778-802 
Microprocessor 1500 
Interface 2988-3041 
Linear 3472-3528 
CustomlSemicustom 4751-4759 
LSI Computer Systems, Inc. 
Digital 803 
CustomlSemicustom 4761 
LSI logic Corp. 
CustomlSemicustom 4762,4763 
Mlcrel 
CustomlSemicustom 4765 
Micro Networks 
Interface 3042-3045 
Micro Power Systems 
Military 503 
Interface 3046, 3047 
Linear 3529 
CustomlSemicustom 4766,4767 
Mitel Semiconductor 
interface 3048-3059 
MonoIlthk Memories, Inc. 
Digital 804-819 
Memory 4026-4045 
CustomlSemicustom 4768-4795 
Motorola Semiconductor 
Digital 820-824 
Microprocessor 1501-1512 
Microprocessor Development 

Sy'St€ms J 9 j 4- i 925 
Microcomputer Boards 2040-2046 
Interface 3060-3070 
Linear 3530-3536 
Memory 4046-4056 
CustomlSemicustom 4796, 4797 
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National Semiconductor 
Military 504-507 
Microprocessor 1513-1529 
Microprocessor Development 

Systems 1926-1929 
Microcomputer Boards 2047-2051 
Linear 3537-3541 
Memory, 4057-4071 
NEC Electronics 
Microprocessor 1531-1586 
Linear 3543-3555 
Memory 4073-41 17 
(ustomlSemicustom 4799-4813 
OKI Semiconductor 
Memory 4118,4119 
Oliver Advanced Engineering, Inc. 
PROM Programmers 440 I 
Panasonic 
Digital 826-835 
Microprocessor 1587-1589 
Linear 3556-3559 
Memory 4120-4129 
Plessey Semiconductors 
Interface 3071-3075 
Linear 356! -3564 
CustomlSemicustom 4815-4821 
Precision Monollthlcs, Inc. 
Linear 3565-3574 
Raytheon Co. 
Military 508, 509 
Linear 3576-3592 
Memory 4130-4132 
CustomlSemicustom 4822, 4823 
RCA 
Military 510-512 
Digital 836-843 
Microprocessor 1590-1595 
Linear 3593-3604 
CustomlSemicustom 4824, 4825 
Schweber Electronics 404, 2300, 

4404 
SEEO Technology; Inc. 
Military 513-519 
Microprocessor 1597-1606 
Memory 4133-4139 
Semi Processes, Inc. 
Digital 844-856 
CustomlSemicustom 4826 
SI-Fab Corp. 
CustomlSemicustom 4827 
Signetics Corp. 
Military 521-534 
Digirai 857-913 
Microprocessor 1607-1695 
Microprocessor Development 

Systems 1930 
Microcomputer Boards 2052, 2053 
Linear 3605-3684 

Memory 4141-4207 
CustomlSemicustom 4829-4871 
Silicon Systems, Inc. 

. Linear 3685 
Memory 4208 
Custom/Semicustom 4872 
Sillconlx, Inc. 
Interface 3077-3086 
Sprague Electric Co. 
Interface 3087-3089 
Structured Design, Inc. 
PRQM Programmers 4402 
Sunrise Eiectronics, inc. 
PROM Programmers 4403 
Synertek, Inc. 
Military 535 
Microprocessors 1696, 1697 
Memory 4210-4211 
Custom/Semicustom 4873-4875 
Teledyne Semiconductor 
Interface 3091-3101 
Telmos, Inc. 
CustomlSemicustom 4877 
Texas Instruments 
Application Notes 352-403 
Military 536-546 
Digital 915- 1 158 
Microprocessor 1698-1 719 
Microprocessor Development 

Systems 1931 
Microcomputer Boards 2055-2057 
Interface 3103-3108 
Linear 3687-3701 
Memory 4212-4248 
CustomlSemicustom 4878-4929 
TRW LSI Products 
Digital 1159-11 70 
Linear 3702-3707 
Unltrode Corporation 
Linear 3709-371 I 
Universal Semiconductors, Inc. 
CustomlSemicustom 4930 
VLSI Technology. Inc. 
Memory 4249-4258 
CustomlSemicustom 4931-4936 
Westem Digital Corp. 
Digital 1172-1 175 
Microprocessor 1720-1735 
Microcomputer Boards 2058-2061 
Interface 3109-3112 
Memory 4260-4263 
Wlntek Corporation 
Microcomputer Boards 2062 
Xlcor, Inc. 
Military 547 
Memory 4265-4269 
Zilog, Inc. 
Microprocessor 1737-1760 
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INTRODUCTION 
TO INTERFACE 

The Master Selection Guide provides sufficient informa
tion for making initial product selections. All devices that 
appear in this section, both in the initial selection guide 
and. the data pages, are included in the indexes. These 
index listings lead to the page and line on that page 
where each device appears. 

In the Interface Section the selection parameters differ 
drastically for each category; therefore each has its own 
format. The analog to digital converter category has two 
formats: one for binary output devices and another for 
decimal units. Some of the products in this section, primar
ily analog to digital and digital to analog converters, may 
be hybrids; the hybrids listed are only those packaged to 
be compatible with ICs. 

This section is not complicated by reference to packag~ 

styles; the package style suffixes are usually deleted. For 
more information on each companies' suffixes, see the 
Part Number Guide. Throughout the Master Selection 
Guide, each full military temperature range (-55°C to 
125°C) device is indicated by a (tl before the manufac
turer's name. Manufacturers' names are normally spelled 
out; however, a few are abbreviated and the abbrevia
tions are explained on page 2809. 

2610 

CATEGORY 

Analog Switches 
Switches with Drivers 2615 
Switches without Drivers 2621 
Drivers 2622 
Multiplexers 2622 

Analog to Digital Converters 
Binary Output 2625 
Decimal Output 2637 

Digital to Analog Converters 2638 

Display Drivers 2661 

Error Checking Circuits 2665 

Keyboard Encoders 2667 

Line' Circuits 
Drivers 2668 
Receivers 2672 
Transceivers 2675 

Memory and Peripheral Drivers 2679 

Sense Amplifiers 2684 

Serial Transmitters-Receivers 2685 

Detailed Product Information 
provided by: 
Advanced Micro Devices 2801 
American Microsystems, Inc. 2810 
Analog Devices 2816 
Burr-Brown 2848 
Datel 2855 
Harris Semiconductor 2866 
Hybrid Systems 2981 
Intersil Corporation 2988 
Micro Networks Corp. 3042 
Micro Power Systems 3046 
Mitel Semiconductor 3048 
Motorola Semiconductor 3060 
Plessey Semiconductors 3071 
Siliconix 3077 
Sprague Electric Co. 3087 
Teledyne Semiconductor 3091 
Texas Instruments 3103 
Western Digital 3109 
The manufacturers listed above have provided de
tailed information on their latest and most significant 
products. 
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EINFUHRUNG 
INTERFACE
SCHALTUNGEN 
Der Master Selection Guide fiir Interfaceschaltungen 
enhalt aIle Informationen, die Sie fiir die Erstauswahl 
Ihres Produkts benotigen. Die Bauteile, die in diesem 
Abschnitt erscheinen, sowohl im Selection Guide als 
auch auf den Datenblattern, sind in allen Master In
dexes enthalten. Diese Register verweisen auf die 
Seite und Zeile, auf derdas entsprechende Bauele-
ment vorkommt. . 

1m Interface-Teil unterscheiden sich die Auswahl
Parameter drastisch fiir jede Kategoriej daher hat 
jede ihre eigene Tabelle. Fiir Analog-Digital-Wandler 
gibt es zwei TabelIen: eine ftir Bauteile mit Binar~ 
Ausgang und eine weitere ftir Dezimal-Bauteile. 
Einige Produkte in diesem Teil, hauptsachlich Ana
log-Digital und Digital-Analog Wandler, konnen hy
bride Bauelemente sein. Es werden nur solche 
hybriden Bauteile aufgeftihrt, deren Gehause kom
patibel zu rcs sind. 

Dieser Abschnitt wird nicht durch Hinweise auf 
Gehauseformen kompliziert. Die entsprechenden 
Suffixe sind meistens weggelassen. Weitere Informa
tion tiber die Suffixe jedes Herstellers erhalten Sie iiber 
das Numerische Typenverzeichnis. 1m ganzen Master 
Selection Guide sind aIle Bauteile mit miliHirischem 
Temperaturbereich (-55°C bis 125°C) durch ein 
Kreuz (t) vor dem Namen des Herstellers gekenn
zeichnet. Die Namen der Hersteller sind normaler
weise ausgeschreiben; einge jedoch sind abgektirzt. 
Die Abktirzungen werden auf S. 2809 erklart. 
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INTRODUCTION AUX 
INTERFACES 
Le Guide General de Selection fournit suffisamment de 
renseignements pour permettre des selections initiales 
de produits. T ous les appareils cites dans cette Section, 
a la fois dans la Premier Guide de Selection et dans les 
feuilles de donnees, sont indus dans tous les index. 
Ces index indiquent a queUe page et a queUe ligne sur 
cette page il a ete fait mention de tel appareil. 

Dans la Section "Interfaces", les parametres de selec
tion changent pour chaque categorie, ce qui implique 
un format special pour chacun. Les convertisseurs 
analogues et digitaux ont deux formats : un pour les 
appareils a sortie binaire et un autre pour les unites 
decimales. Certains produits de cette Section, notam
ment les convertisseurs d' analogue a digital et de 
digital a analogue, peuvent etre des hybrides. Les 
hybrides enumeres sont ceux qui possedent un boitier 
compatible aux circuits integres. 

Cette Section ne fait pas reference aux types de boitier; 
les suffixes indiquant Ie type de boitier sont generale
ment omis. Pour plus d'information sur les s~ffixes 
employes par chaque societe, reportez-vous au Guide 
des Numeros de Pieces. Dans tout Ie Guide General de 
Selection chaque appareil avec selection complete de 
temperatures imposees par I' Armee (-55°C a 125°C) 
est indique par Ie signe (t), juste avant Ie nom du 
fabricant, Les noms des fabricants sont generalement 
ecrits en entier, certains cependant sont abreges. 
Reportez-vous a la page 2809 pour connaitre la signi
fication de ces abreviations. 
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INTRODUCCION A 
ZONA INTERFACIAL 
La Guia Maestra de Seleccion provee suficiente infor
macion para hacer selecciones iniciales de producto. 
Todas las componentes que aparecen en esta seccion, 
ya sea en la guia de seleccion inicial 0 en las paginas 
de datos, estan incluidas entodos los ostros indices. 
Estas listas de indices los conduce a la pagina y linea 
de aquella pagina donde se encuentra cada 
componente. 

En la seccion de Zona Interfacialla seleccion de para .. 
metros difiere drasticamente para cada categorlai de 
tal manera que cada una tiene su propio Formato. La 
categoda de convertidores analogicos a digitales tiene 
dos formatos: uno para componentes de salida binaria 
y otro para unidades decimales. Algunos de los pro
ductos en esta seccion, principalmente convertidores 
analogico a digital y digital a analogico,. pueden ser 
hibridos; los hibridos en la lista son solo aquellos de 
estilo constructivo compatible con CI*. 

Esta seccion no es complicada por referencias a1 estilo 
constructivo; los sufijos que denotan estilo construc
tivo han sido generalmente omitidos. Para informa
cion adicional sobre sufijos de las compafilas, refierase 
a la Guia de Numero de Pieza. A 10 largo de la Guia 
de Seleccion Maestra, cad a intervalo completo de 
temperatura para uso militar (55°C a 125°C) de la 
componente aparece indicada por el signo (t) que 
precede al nombre del fabricante. Los nombres de los 
fabricantes no son generalmente deletreados; sin em
bargo, algunos aparecen abreviados y las abrieviaturas 
son explicadas en la pagina 2809. 
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INTERFACE-Analog Switches 

ON Analog Supply 
SwItch Resistance Signal Voltage, 

Function Type 25°C,n Range V V 

Switches with Driver. 

SPST CMOS 50 ±1i ±15,5 
±15 ±15,5 

75 ±10 ±15,5 
±11 ±15,5 

80 ±10 +15,5 

JFET 6 -5to 10 ±15 
-5t04 ±15,5 

10 -5 to 10 ±15 
-5t04 ±15,5 

15 -10t05 ±15,5 

30 ±S .,," I\},;;' 

±8 -18,12 

50 -1Ot04 ±15,5 
-10t05 -15,5 

±8 -18,12 

:1:10 ±'i5 

60 ±1O ±18,5 

100 ±5 ±15 

PMOS 80-300 ±10 -20,10 

100-400 ±10 -20,10 

2xSPST CMOS 35 ±10 ±15,5 
45 ±10 ±15,5 

50 ±7.5 ±15.5 
±1O ±15.5 

± 11 ±15,5 

±15 ±15 

±15,5 

70 ±14 ±15 

±15 ±15 

75 ±1G :1:15,5 

±11 ±15,5 

C Ie MASTER 1984 

MASTER SELECTION GUIDE 

ON Analog Supply 
Switch Resistance Signal Voltage, 

Device Source' Line Function Type 25cC.!2 Range V V Device Source wne 

I 2xSPST CMOS 75 ±11 ±15,5 
I'H200M 

(Coot'd) I 
t 'ntersi! 65 

IH5140M tlllll'l" (3028) IH5041M tlllln" (3021) 
085040A tSIIICRlx (3077) 
085040C SIUCRlx (3077) ±15 ±15,5 HI5041-2 tHlms (2882) 

HI5041-5 Hlms (2882) 
IH5140C IIIIWsIl (3028) 
H15040-2 tHlrrls (2882) 5 80 ±10 ±15,5 IH200c Intersi! 

H15040-5 Hlms (2882) IH5041C 111In1l (3021) 70 

III5040M tlltersll (3021) ±14 ±15 O82OOC Illersil (3031) 

IH5040C IIIII'SII (3021) IH5200c 111InI1 (3031) 

CAGS t TeledyneC ±15 ±15 ADG200B AD 

CAG10A t TeledyneC 10 ADG200C AD 

CAGS-l0 t TeledyneC 
HI200-5 Hlrrls (2866) 75 

GAG10C t TeledyneC 
MP200DIB MlcroPwr (3047) 
MP2000IC MlcroPwr (3047) 

CAG10D t·TeledyneC 08200AB SlIIcalx (3077) 
-_.----'---- . 

CAG10 t TeiedyneC 08200AC SlIIcalx (3077) 
IH5001 Intersi! 15 082008 SlIIcalx (3077) 80 

CAG10B t TeledyneC DG200C SIIIUllx (3077) 

1= 
t TeledyneC 90 ±15 ±15 AD7592DIB AD 

Intersi! AD7592D1K AD 

t Te\edyneG jFtl 6 -6tol0 -18,15 CAG27 t TeledyneC 

CAG30 t TeledyneC 20 10 -6to 10 -18,15 CAG27-10 t TeledyneC 85 
-7.5 to 15 ±15,5 OG18OA t Intersi! 

2107BE t TeledyneC DGl80B Intersi! 
TL6101 TI 08180A tSlHcalx (3077) 
TL610M tTl 08180B SlIIcalx (3077) 
TL610C TI ±10 -18,12 DG141A t Intersi! 90 
IH504811 tlllll'Sll (3021) 25 IH5OO5 t Intersi! 
IH5048C IIIII'SII (3021) AH0141 t National 

OGM181B Intersi! AH0141C National 

DGMl82A t Intersil OG141A tSincalx (3077) 

IH5141M tiliersil (3028) -20,10,5 OGl80A t Intersil 95 

HI300 Hlrrls (2872) 30 
DG180B Intersil 

H1304 Hlrris (2872) 
DGl8QA t Siliconix 

HI381 Hlms (2877) 
OGl80B Siliconix 

O83OOA tSlllcHlx (3077) 15 ±7.5 ±15 DG151A t Intersi! 

DG300AA tSillclllx (3077) AH0151 t National 100 

DG3OOA8 SllIcaIlx (3077) 35 AH0151C National 

08300AC SlllcRlx '(3077) 08151A tSiIlCHlx (3077) 

083008 SlnCHlx (3077) ±8 -18,12 DG141B Intersi! 
08300c Silicalx (3077) DG441A Intersil 
DG3IMA tSillCOllx (3077) 08141B SlUc"'x (3077) 105 
DG304AA tSillCHlx (3077) 40 20 ±5.5 ±15 OG151B Intersi! 
DG304A8 SlIICHIx (3077) 

DG451A Intersil 
08304AC SllICHlx (3077) 

OG151B SllIcellx (3077) 
DG304B SllICHix (3077) 
08304C SlIICHIx (3077) 30 -6to 10 -18,15 CAG24 t TeledyneC 

08381 A tSillcollx (3077) 45 -7.5 to 15 ±15,5 OG181A t Intersi! 110 

08381AA tSilCHIx (3077) IH181M t Intersi! 

DG381AB SIfIcoIIx (3077) AM181 t National. 

08381AC SllICOIlx (3077) OG181A tSlllcRlx (3077) 

DG381B tSillclllx (3077) -12.5to 10 
08381C tSillclllx (3077) 50 -20,10,5 OG181A t Intersil 

HI5048-2 tHln'ls (2882) IH181M t Intersi! 115 

iiiiiiMH iiIrris (tHz) AMi8i t National 

085041 A tSi1lcll1x (3077) DG181A t Siliconix 

085041C SIICHIx (3077) ±10 -18,12 OGl33A t Intersi! 

08200II tllllnll (3031) 55 IH5OO3 t Intersi! 

115200 tllllnli (3031) IH5006 t Intersil 120 

ADG200A tAD AHOl33 t National 

HI200-2 tHln'Is (2866) AHOl33C National 

MP2000IA MIcnPwr (3047) 08133A tSiIlCHlx (3077) 

08200A tSlliCHIx (3077) 60 -20 COA2-3 t TeledyneC 
O82OOAA tSllc.lx (3077) 35 ±8 -18,12 OG433A t Intersil 125 
iiGNi182B intersii 50 -7.5 to 15 ±15,5 DG181B Intersil 
IH5,.,C IltInIl (3028) IH181C Intersil 
.200 IIIInII (3031} OG1818 SlIIcellx (3077) 

(Continued) (Continued) 

OT' means four terminals With a pair of normally open and normally closed contacts. 
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Ie MASTER 

INTERFACE-Analog Switches (Cont'd) 

ON Analog Supply ON Analog SUpply 
Switch Resistance Signal Voltage, Switch Resistance Signal Voltage, 

Function Type 25°c,O Range V V Device Source Line Function Type 25°C, 0 . RangeV V 

Switches with Drivers (Cont'd) 4xSPST Common Output 
PMOS 

2xSPST JFET 50 (Cont'd) 150-450 ±10 -20,10,5 
~10to 15 ±15,5 AM281 National 150-500 ±10 -20,10,5 
-12.5to 10 200-600 ±10 -20,10,5 

-20,10,5 DG181B Intersil 
4xSPST Var. Comb. of Normally On/Off, with Disable 

IH181C Intersil 
FET 85 ±10 ±15 

DG181B Siliconix 

-15to 10 -20,10,5 AM281 National 5 

±7.5 ±15 DG152A t Intersll 
AH0152 t National 4xSPST Various Combinations of Normally On/Off 

AH0152C National FET 80" ±10 ±15 

00152A tSi1lcll1l (3071) 

±8 -18,12 DGl33B Intersi! 10 85 ±10 ±15 

081331 SlIICGllx (3077) 

±10 -18,12 IH5004 Intersil 
-18,15 CAG13 tTeledyneC 

100 ±10 ±15 
CAG42 t TeledyneC 
CAG45A tTeledyneC 15 

JFET 100 ±10 -18,15 
75 -7.5 to 15 ±15,5 AM 182 t National 200 ±10 ±15,0 

-10to 15 ±15,5 DG182A t Intersi! 
IH182M t Intersil 
00112A tSillclllx (3077) 

-12.5to 10 
-20,10,5 AM182 t National 20 250 ±10 ±15,o. 

-15to 10 -20,10,5 06 182A t InterSil 
IH182M t Intersil 
AM281 National 
DGl82A t Slliconix 

±10 ±15 SW-05B tPMI 25 PMOS 2(l(Hj()() ±10 -20,10,5 

TLl82M tTl 

80 ±8 -18,12 DG434A Intersil 
4xSPST CMOS 50 ±15 ±15 

±10 -18,12 DG134A t Intersil 
IH5007 Intersil 75 ±11 ±15,5 

AHOl34 t National 30 
AH0134C National 
00134A t81l1el.lx (3077) 

±15 SW-05F PMI 
80 ±10 ±15 

SW-05G PMI 

100 -10to 15 ±15,5 DGl82B Intersil 35 
±15,5 

IH182C Intersil 
AM282 National 
081128 8111mlx (3077) 

±14 ±15 
-15to 10 -20,10,5 DG182B Intersi! 

IH182C Intersil 40 ±15 ±15 
AM282 National 
DG182B Siliconix 

90 ±15 . ±15 
±5.5 ±15 DG452A Intersil 

081528 &llImlx (3077) 

±8 -18,12 DG1348 Intersil 45 
081348 8111CG11x (3077) 

TL182C TI ±10 ±15,5 
±14 Tl1821 TI 100 ±15 

.300 -7.5 to 15 ±15,5 00281A tSiMCIIlx (3077) 
±15 ±15 

062818 SlleOllx (3077) 50 

PMOS 75-200 -5 to 10 ±15,5 001l111A tSllll:OII1 (3077) 
±10 -20,10,5 DGM111A tSiliconix 

75-250 -5to 10 ±15,5 06111118 SllIeHlx (3077) 
±10 -20,10,5 DGM1118 Siliconix 

100-450 ±10 -20,10,5 06111 t Intersil 55 
00112 t Intersll 

4xSPST Common Output 
PMOS 100-450 ±10 -20,10 06116 t Intersi! 

-20,10,5 06118 t Intersi! 
(Continued) 

t Military Temperature Range ( - 55° to 125°C) " Typical Value 
811. IIClI •• 11:I1II Id.llIml .Itlil provl ... 01 lu ...... 1111. 

2816 

Device Source line 

(Cont'd) 
00172A t8111eOlIx (3077) 

001721 8111eollx (3077) 60 

DG172C 8111eollx (3077) 

SW03B tPMI 
SW03F PMI 
SW048 t PMI 
SW04F PMI 65 

SW-201B tPMI 
SW-2028 t PMI 

SW01B t PMI 
SW01F PMI 
SW02B tPMI 70 
SW02F PMI 

SW-201F PMI 
SW-202F PMI 

CAG48A t TeledyneC 
LF11201 t National 75 
LF11202 t National 
LF11331 t National 
LF11332 t National 
LF11333 t National 

LFl3201 National 80 
LF13202 National 
LF13331 National 
LFl3332 National 
LF13333 National 

AHOO15 t National 85 
AH0015C National 

H1201H8-2 tHmls (2868) 
H1201HS-5 HarriS (2868) 

IH201M t Intersi! 
IH202M t Intersil 90 
IH5052M t Intersl! 
IH5053M t Intersi! 

1IP201DIA tllfcrtPwr (3047) 
11'201018 IIlero'" (3047) 

IH201C Intersil 95 
IH202C Intersil 
IH5052C Intersi! 
IH5053C Intersil 

DG201M t Intersi! 
IH5201M t Intersil 100 

ADG201A tAD 
H1201-2 tHlrrls (2868) 

AD7590Dl8 AD 
AD7590DlK AD 
AD7591D18 AD 105 
AD7591D1K AD 
00221A t8111eOlIx (3077) 
DG221C SlIIcollx (3077) 

DG201C Intersil 
IH5201C Intersi! 110 

AD7510DlJ AD 
AD7510DlK AD 
AD7510DIS tAD 
AD7511D1J AD 
AD7511D1K AD 115 
AD7511D1S tAD 
A07511DIT tAO 
ADG2018 AD 
ADG201C AD 
H1201·5 Hlrrli (2868) 120 
1I'7510DIJ IIlcro'" (3047) 
11'7510011 IIlero'" (3047) 

(Continued) 
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MASTER SELECTION GUIDE 

INTERFACE-Analog Switches (Cont'd) 

ON Analog Supply ON Analog Supply 
Switch Resistance Signai Voltage; Switch Resistance Signal Voltage. 

Function Type 25°C.!l Range V V Device Source line Function Type 25°C.!l Range V V Device Source Line 

Switches with Drivers 
1 

(Cont'd) I 4xSPST CMOS 850 ±7.5 ±7.5 
IMI4016B 

(Cont'd) I 
(Coiit'd) I thaasoalc 

4xSPST CMOS 100 ±15 ±15 (828.834) 
MP75100iS tMlcraPwr (3047) CD4016A tRCA (839.840) 
MP751101J MlcroPwr (3047) CD4016AE RCA (839.840) 
MP751101K MleroPwr (3047) CD40168 tRCA (839.840) 
MP7511 DIS tMlcroPwr (3047) CD40168E RCA .(839.840) 70 
MP751101T tMicroPwr (3047) 5 HCC40168 t SGS 
0630BA tSlIl_lx (3077) HCF40168 SGS 
DG308C SlIIc.lx (3077) H£F4016 tSlpllles (864) 
06309A tSlIl_lx (3077) CM4016A t Solitron 
DG309C 8111co11x (3077) CM4016AE Solitron 75 

175 ±15 ±15 DG201A tSlliclllx (3077) 10 CM4116A t Solitron 
DG201AA t8111_lx (3077) CM4116AE Solitron 
082021 tSlllc.lx (3077) OMOS 70 ±7.5 ±15 805001 SlIIcoalx (3080) 
062028 Sillalx (3077) S05002 SlIIcoalx (3080) 
DG211C SllIcollx (3077) ±10· :t'i5 8uiiUOO Silleoalx (3080) 80 
DG212C Sillcuix (3077) 15 

200 ±15 ±15 oo201A8 tSlllculx (3077) 
±15 ±15 S05200 SIIICODlx (3080) 

DG201AC tSlllcoalx (3077) JFET 10 ±10 -18,2.8 CAM604A t TeledyneC 

100201AHSA tSilicallx (3077) 30 ±7.5 ±15,5 AM193 National 

SllIcOllx (3077) 50 -10t05 -15,5 CAG49 t TeledyneC 

:~:~= SiiiAlix 13Gii; 20 ±iO ±18,-7 CAGSO tTeledyneC 85 
062018 SlIIeDllx (3077) 60 ±10 -18,5 CAG49 t TeledyneC 
DG201C SllIculx (3077) 

75 ±10 ±15 SW-7510A tPMI 
DG202C SlIIc.lx (3077) 

SW-7510B t PMI 
280 ±7.5 ±7.5 F40668C Fairchild SW-7510E PMI 

F40668M t Fairchild 25 SW-7510F PMI 90 
HOl40668 Hitachi SW-7511A tPMI 
MC 140668A t Motorola SW-75118 t PMI 
MCl40668C Motorola SW-7511E PMI 
MC54HC4066 t Motorola SW-7511F PMI 
MC74HC4066 Motorola 30 

±15,5 AM 194 National 95 I CIl40668C •• _, 
C040668M t National 5xSPST Common Output 

l1li40668 t Palasulc (828) PMOS 100-450 ±10 -20,10 00123 t Intersi! 

.74HC4066 Plusulc (831) DG123A t Siliconix 

C04066A tRCA (840) 35 -20,10,5 OG125 t Intersi! 
CD4066AE RCA (840) DGI25A t8111coalx (3078) 
CD4066B tRCA (840) 125-500 ±10 -20,10 OGl238 Intersi! 100 
CD4066BE RCA (840) OG1238 Siliconix 
C074HC4066 RCA (843) -20,10,5 00 125B Intersi! 
HCC40668 tSGS 40 081258 SIHmix (3078) 
HCF40668 SGS 
HEF40668 SI,llIles SPOTtor O/A 

(884,898) NPN-PNP 

HEF40668D tSl .... 1cs (864) 10 Oto -10 -15 COAl-3 t TeledyneC 

N4066A Signetics 10 10 COA4A t TeledyneC 105 

883/4066B tSSS 45 ±10 -15,5 COA23 t TeledyneC 

SCL40668 SSS ±15 COA6 t TeledyneC 

TC4066B Toshiba SPOT' CMOS 35 ±1O ±15,5 IH5050M tl ...... 11 (3021) 

400 ±7.5 ±7.5 H0140168 Hitachi 45 ±10 ±15,5 IH5050C IllInll (3021) 

MC140168A t Motorola 50 ±11 ±15,5 IH5142. tlltersll (3028) 110 
MC140 168C Motorola 50 ±15 ±15 HI301 Hlrrls (2872) 
883/40168 tSSS HI305 Hlrrls (2872) 
SCL40168 SSS HI387 Harris (2877) 
CM4016A t Sotitron 0II301AA t811101lx (3078) 
CM4016AE Soiiiron 0II301A8 SllIcDllx (3078) 115 
TC40168 Tos~iba 55 DG301AC SID_Ix (3078) 

800 ±7.5 ±7.5 F4016C Fairchild 0II305AA tSlHcHlx (3078) 

F4016M t Fairchild DG305AB SlHClllx (3078) 

850 Inverted Control ± 7.5 DG305AC SlIIculx (3078) 

±7.5 883144168 tSSS 0II387AA tSlll.lx (3078) 120 

SCL44168 SSS 063870 SlBCDDIx (3078) 

MC54HC4016 t Motorola 60 
0II387AC Sill_ix (3078) 

±7.5 ±7.5 
MC54HC4316 t Motorola ±15,5 HI5050-2 tHllTls (2882) 

MC74HC4016 Motorola HI5050-5 Hlrrls (2882) 

MC74HC4315 MuWiula DG5".A2A tSI!I=:= (3078) 125 

CD40168C National DG5042C SII/_Ix (3078) 

CD40168M t National 65 75 ±10 ±15,5 IH5142C IIIII'SII (3028) 
(Continued) (Continued) 

Dr' means four terminals with a pair of normally open and normally closed contacts. 
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Ie MASTER 

INTERFACE-An_log Switches (Cont'd) 

ON Analog Supply ON Analog Supply 
Switch Resistance Signal Voltage, Switch Resistance Signal Voltage, 

Function Type 25°C, !l Range V V Device Source line Function Type 25°C,!l Range V V Device Source Line 

Switches with Drivers (Cont'd) SPOT' JFET 75 (Cont'd) 
-12.5to 10 

SPOT' CMOS 75 (Cont'd) -20,10,5 AM188 t National 60 
±11 ±15,5 IH5042. tlltlrsll (3021) -15to 10 -20,10,5 OG188A t Intersi! 
±15 ±15,5 H15042·2 tHarrls (2882) IH188M t Intersi! 

H15042·5 Harris (2882) OG188A t Siliconix 

80 ±10 ±15,5 IH5042C Iitersil (3021) + 10 +15,5 TL188M tTl 

JFET 6 -5to 10 ±15 CAG7 t TeledyneC 5 80 ±8 ±18,12 OG443A Intersi! 65 
10 -5to 10 ±15 CAG7·10 t TeledyneC ±10 -18,12 OG143 t Intersi! 

-7.5 to 15 ±15,5 OG186A t Intersil AH0143 t National 
OG186B Intersi! AHOl43C National 

06186A tSlllcollx (3078) OO143A tSlllcol!x (3078) 

061868 SlIIcellx (3078) 10 100 -10to 15 ±15,5 OGl88B Intersil 70 

-12.5 to 10 IHl88C Intersi! 

-20,10,5 OG186A t Intersi! AM288 National 

OG186B Intersi! OG1888 SlIIeulx (3078) 

OG186A t Siliconix -15to 10 -20,10,5 OGl88B Intersi! 
OG186B Siliconix IH188C Intersil 75 

±10 ±18,12 OG146A t Intersi! 15 AM288 National 

AHOl46 t National OG188B Siliconix 

AHOl46C National ±5.5 ±15 061628 SlIIeulx (3078) 
06146A SlIIeulx (3078) +8 +15 OG462A Intersil 

15 ±7.5 ±15 OG161A t Intersi! ±10 -18,12 OG1438 SllIculx (3078) 80 
AH0161 t National 20 ±15 AH2114 t National 
AH0161C National ±15,5 TL 188C TI 
06161A SlIIeollx (3078) TLl881 TI 

±8 ±18,12 OGl46B Intersi! 125 ±10 ±15 AH2114C National 
OG446A Intersi! 300 -7.5 to 15 ±15,5 06287A tS1l1coI1I (3078) 85 
061468 SlIIeulx (3078) 25 062878 SIlIcIIII (3078) 

20 ±5.5 ±15 OG461A Intersi! NPN·PNP 
061618 SllIculx (3078) 10 ±10 -15,5 COA23 t TeledyneC 

30 -7.5 to 15 ±15,5 OG187A t Intersil PMOS 100-400 ±10 -20,10 TL6041 TI 
IH187M t Intersil TL604M tTl 
AM187 t National 30 200.;fiOO +10 -20,10 TL604C TI 90 
06187A tSllleulx (3078) SPOT JFET 50 -10to5 -15,5 COA18 t TeledyneC 

-12.5 to 10 PMOS 100-400 ±10 -20,10 TLooll TI 
-20,10,5 OG187A t Intersi! TLoo1M tTl 

IH187M t Intersil TL6071 TI 
AM187 t National TLoo7M tTl 95 
OG187A t Siliconix 35 200-600 ±10 -20,10 TLoolC TI 

±10 ± 18,12 OG144A t Intersil TLoo7C TI 

AH0144 t National 2xSPOT' 
AH0144C National CMOS 35 ±10 ±15,5 IH5051. tlltlnll (3021) 
06144A tSllleulx (3078) 45 +10 +15,5 IH5051C IllIrall (3021) 

35 ±8 ±8,12 OG444A Intersil 40 50 ± 11 ±15,5 IH5143. tlillrall (3028) 100 
±15 ±15 HI303 Harrll (2872) 

50 -7.5 to 15 ±15,5 OG187B Intersi! HI307 H.rrli (2872) 
IH187C Intersi! H1390 Harrll (2877) 
OG1878 SlIIcellx (3078) 06303AA tSlllculx (3078) 

-10to 15 ±15,5 AM287 National 0630318 Sill_Ix (3078) 105 
-12.5 to 10 06303AC SlIIellll (3078) 

-20,10,5 OG187B Intersi! 45 OG307AA tSlIlHllx (3078) 
IH187C Intersil 06307A8 SlIIeulx (3078) 
OG187B Siliconix 06307AC SlIIculx (3078) 

-15to10 -20,10,5 AM287 National 06390AA tSllleulx (3078) 110 
06390AB SllIeulx (3078) 

±7.5 ±15 DGl62A t Intersi! 06390AC SlIIculx (3078) 
AH0162 t National 50 ±15,5 HI5051·2 tHarril (2882) 
AH0162C National HI5051·5 Harril (2882) 
061621 tSlllcoIIlx (3078) 06243A tSillculx (3078) 115 

±8 ±15 2126BG t TeledyneC 06243C SIIICUII (3078) 
± 18,12 DGl44B Intersi! 0650431 tSilleHlx (3078) 

061448 SlIIullx (3078) 55 O65043C SlIIcHIX (3078) 

75 -7.5 to 15 ±15,5 AMl88 t National 75 ±10 ±15,5 IH5143C IltInIl (3028) 
-10to 15 ±15,5 OGl88A t Intersil +11 +15,5 IH5043. tlillrall (3021) 120 

IHl88M t Intersi! ±15 ±15,5 HI5043·2 tH.rrll (2B82) 
OG188A tSllleollx (3078) H15043-5 Harrll (2182) 

(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
81111 faulldlula .ddlllHal al. II prlvllllll II I~. p.gl 111111. 
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MASTER SELECTION GUIDE 

INTERFACE-Analog Switches (Cont'd) 

ON Analog Supply ON Analog Supply 
Switch Resistance Signal Voltage, Switch Resistance Signai Voltage, 

Function Type 25°C,n Range V V Device Source Une Function Type 25°C,n Range V V Device Source line 

Switches with Drivers I (Cont'd) I 3xSPOT CMOS 280 ±7.5 ±7.5 I (Cont'd) I 
I I MC74HC4353 Motorola 

2xSPDT' CD40538C National 
CMOS (Cont'd) CD40538M t National 

80 ±10· ±15,5 IH5043C 1.lersll (3021) M1I40538 tPaDasonlc (828) 65 
100 ±15 ±15 A07512D1J AD MII74HC4053 Panasonlc (831) 

A075120lK AD CD40538 tRCA (839) 
A07512D1S tAO CD40538E RCA (839) 
A07512D1T tAO 5 CD74HC4053 RCA (843) 
MP7512DIJ MlcroPwr (3047) HCC40538 t SGS 70 
MP7512DIK MlcroPwr (3047) HCF40538 SGS 
MP7512DIS tMlerePwr (3047) HEF40538 Slln.llcs 
.P7512DIT tMlenPwr (3047) (864,898) 

JFET 10 -7.5 to 15 ±15,5 OG189A t Intersil 10 HEF40538D tSII •• llcs (864) 

OG1898 Intersi! 883/40538 tsss 

081891 tSlllcOllx (3078) SCL40538 sss 75 

OG1898 SIIICODlx (3078) CM4053A t Solitron 

Iffi 

CM4053AE Solitron 

I -12.5to 15 
TC40538 Toshiba 

-20,15,5 OG189A t Intersi! 
OG1898 Intersil 4xSPOT for O/A (current switch) 

IOG189A t Siliconix NPN - -10to-3 ±15 ULN-214OA Sprague 

80 I Siliconix ULS-2140H t Sprague OG1898 

30 -7.5 to 15 ±15,5 OGl90A t Intersi! 4xSPDT for DiA 

OGl908 Intersil CMOS 100 0.1 8 A07519J AD 

IHl90M t Intersil 20 4xSPOT CMOS - - 8 MC145518A t Motorola 

AM 190 t National MCl4551BC Motorola 

O8l9OA tSiIlCIIIlx (3078) JFET 35 ±10 -15,5 HCS310 HyComp 

-12to 15 -20,15,5 OGl90A t Intersil NMOS - - 8 O8515A tSlllcanlx (3082) 85 
OG19OB Intersil 065158 SIIICODlx (3082) 
IHl90M t Intersil 25 O8515C SIIICODlx (3082) 
AM 190 t National 

PNP 7 Oto-l0 -15 COAll-S12 TeledyneC 
OGl90A t Siliconix 

10 o to -10 -15 COAll TeledyneC 
50 -7.5 to 15 ±15,5 001908 SlIIcallx (3078) 

10xSPOT for 01 A 
-10to 15 ±15,5 AM290 National 

NMOS - - 8 I_51 .. tSllicOIlx (3082) 90 
-12.5to 15 085168 SlIIculx (3082) 

-20,10,5 001908 Siliconix 30 O8516C SlIIculx (3082) 
-15to 10 -20,10,5 AM290 National OPST CMOS 50 ±15 ±15 O8384AA fSlllculx (3079) 

75 -7.5 to 15 ±15,5 AM191 t National OG384AB SlIIc.lx (3079) 
-10to 15 ±15,5 OG191A t Intersil O8384AC SlIIcOIlx (3079) 95 

IH191M t Intersil 75 ±11 ±15,5 IH5044. filierall (3021) 
OG191A fSIUcllllx (3078) 35 IH5144C Illerall (3028) 

-12.5to 15 IH5144M flnlersll (3028) 
-20,10,5 AM191 .t National 0650441 tSlllculx (3079) 

-15to 10 -20,10,5 OG191A t Intersil O85044C SlIIcallx (3079) 100 
IH191M t Intersil ±15 ±15,5 HI5044·2 tHarrls (2882) 
OG191A t Siliconix HI5044·5 Harris (2882) 

100 -10to 15 ±15,5 OG1918 Intersil '40 80 ±10 ±15,5 IH5044C 111IrsI1 (3021) 
IH191C Intersil IH5044M t Intersil 
AM291 National 

2xOPST Common Output 081918 SlRcuix (3078) 
PMOS 100-450 ±10 -20,10,5 OGMl22A t Siliconix 105 

-15to 10 - 20,10,5 OG 1918 Intersil 125-500 ±10 -20,10,5 OGMl228 Siliconix 
. I'H191C Intersil 45 

±10 -20,10,5 AHOO19 t National 

I
AM291 National 200-600 

. OG1918 Siliconix 
AHOOl9C National 

125 ±10 ±15,5 TL191M tTl 
2xOPST CMOS 35 ±10 ±15,5 IH5049. flltnl (3021) 

I~~~:~~ 
45 +10 ±15,5 IH5049C 111_slI (3021) 110 

150 ::tlu ::t 15,5 Ti 
(3028) TI 50 50 ±ll ±15,S IH5145M tlltersll 

±lS ±15 HI302 Harris (2872) 
300 -7.Sto 15 ±lS,S OO29OA fSllIcotlx (3078) 

H1306 Harris (2872) 
002908 SllIctIIx (3078) 

H1384 Harris (2877) 
PNP 10 +10 ±lS COA29A f TeledyneC 083021 fSllleulx (3079) 11S 

3xSPOT CMOS 280 ±7.5 ±7.5 F40538C Fairchild 0030211 fSillculx (3079) 
F40538M t Fairchild 55 OO302AB SlIIcOllx (3079) 
H014053B Hitachi DG302AC SilleOllx (3079) 
MC14053BA t Motorola OO302B SlIIculx (3079) 
MC14053BC Motorola OO302C SlllcHlx (3079) 120 
MC54HC4053 t Motorola DG306M tijl_Ix (3Giiij 

IMC54IIC4335 t - 60 IOO306AB SIIICIIlx (3079) 
MC74HC4053 Motorola jOO306AC SllICllix (3079) 

i (Continued) i (Continued) 

OT' means four terminals with a pair of normally open and normally closed contacts. 

~ IC MASTER 1984 2619 



Ie MASTER 

INTERFACE-Analog Switches (Cont'd) ,. 
ON Analog Supply ON Analog Supply 

~ 
Switch Resistance Signal Voltage, Switch Resistance Signal Voltage, 

Function Type 25°C,n Range V V Oevice Source Line Function Type 25°C,!l Range V V Device Source Line 

~ Switches with Drivers (Cont'd) 2xDPST JFET 75 -10to 15 ±15,5 (Cont'd) 

i 
IHl85M t Intersil 

2xDPST CMOS 50 ±15 ±15 (Cont'd) OO185A tSllleOllx (3079) 
06384B SlIIcallx (3079) 
118384C SlIlmlx (3079) -12.5to 10 

-20,10,5 AM 185 t National 
±15,5 HI5049-2 tHlrrls (2882) 

HI5049-5 Hlrrls (2882) -15to 10 -20,10,5 DG185A t Intersi! 65 

065045A tSllleDllx (3079) 5 IH185M t Intersi! 

Q) OO5045C Sillcalix (3079) OGl85A t Siliconix 

E 75 ±10 ±15,5 IH5145C IllII'sll (3028) 80 ±8 -18,12 OG426A Intersi! 

::J ±11 ±15,5. IH5045. tlllll'Sll (3021) ±10 -18,12 OG126A t Intersi! 
(!) ±15 ±15,5 H15045-2 t Hlrrls (2882) 

AH0126 t National io 
c: HI5045-5 Hurls (2882) 10 AHOl26C National 

0 118126A tSIII_lx (3079) 

+:: 80 ±10 ±15,5 IH5045C Illnl (3021) 
100 -10to 15 ±15,5 DG185B Intersi! 

0 JFET 10 -7.5 to 15 ±15,5 DG183A t Intersi! IHl85C Intersi! Q) OGl83B Intersil AM285 National 75 Q) 06183A tSllle.lx (3079) 1181858 SlIIelllx (3079) en 118183B SlIIe.lx (3079) 15 
I- -12.5to 10 

-15to 10 -20,10,5 DG185B Intersi! 
Q) IHl85C Intersil ... -20,10,5 OOl83A t Intersil en DGl83B Intersi! AM285 National 
as OOl83A t Siliconix DGl85B Siliconix 80 
~ OOl83B Si!iconix ±5.5 ±15 OGl54B Intersi! 

±10 -18,12 OOl40A t Intersil 20 DG454A Intersi! 
AH0140 t National 06154B SlIImlx (3079) 
AH0140C National ±8 -18,12 1181268 SlIIeHlx (3079) 
06140A tSIIICIIlx (3079) 125 ±10 ± 15,5 TLl85M tTl 85 

15 ±7.5 ±15 OOl53A t Intersi! 150 ±10 ±15,5 TLl85C TI AHOl53 t National 25 
TLl851 TI AHOl53C National 

118153A tSIII_lx (3079) 300 -7.5 to 15 ±15,5 DG2B4A tSIIICDllx (3079) 

±8 -18,12 DG440A Intersil 118284B SlUeHlx (3079) 

118140B SllleDllx (3079) 3xOPST Common Output 

20 ±5.5 ±15 DGl53B Intersil 30 PMOS 100-450 ±10 -20,10 00120 t Intersi! 90 

DG453A Intersil -20,10,5 00121 t Intersi! 
~ 

118153B SIIICHlx (3079) OPOT' CMOS 50 ±15 ±15,5 HI5046A-2 tHlrrls (2882) 

30 -7.5 to 15 ±15,5 DGl84A t Intersi! HI5046A-5 IIIrrIs (2882) 

IHl84M t Intersll 75 ±11 ±15,5 IH5046M tlltlnll (3021) 
AM 184 t National 35 ±15 ±15,5 HI5046-2 tHlrrls (2882) 95 
061B4A tSIII_lx (3079) HI5046-5 Hlrrls (2882) 

-12.5to 10 80 ±10 ±15,5 IH5046C 11l1l'i11 (3021) 
-20,10,5 OOl84A t Intersil 

JFET 10 ±10 -18,12 OOl45A t Intersil IHl84M t Intersil 
AM 184 t National AHOl45 t National 

OOl84A t Siliconix 40 AHOl45C National 100 

OGl29A 
118145A tSllleHlx (3079) 

±10 -18,12 t Intersil 
AHOl29 t National 15 ±7.5 ±15 OOl63A t Intersi! 

AHOl29C National AHOl63 t National 

06129A tSilleHlx (3079) AHOl63C National 

35 ±8 -18,12 DG429A Intersi! 45 
118163A tSllle.llx (3079) 105 

50 -7.5 to 15 ±15,5 DGl84B Intersil ±8 -18,12 OG445A Intersi! 

IHl84C Intersll 118145B SlIIe.llx (3079) 

06184B SllIeHlx (3079) 20 ±5.5 ±15 OGl63B Intersi! 

-10to15 ±15,5 AM284 National DG463A Intersi! 

-12.5 to 15 118163B SlllcaIlx (3079) 110 

-20,10,5 OGl84B Intersi! 50 30 ±10 -18,12 OGl39A t Intersi! 
IHl84C Intersil AH0139 t National 
OOl84B Siliconix AHOl39C National 

-15to 10 -20,10,5 AM284 National 118139A tSille •• lx (3079) 

±7.5 ±15 OOl54A t Intersi! 35 ±8 -18,12 DG439A .. Intersi! 115 
AHOl54 t National 55 50 ±7.5 ±15 DG164A t Intersi! 
AHOl54C National AHOl64 t National 
118154A tSiIiCHIx (3079) AH0164C National 

±8 -18,12 061298 SlIICHlx (3079) 06164A tSlllenlx (3079) 

60 ±10 -18,15 CS4Rl01A t TeledyneC ±8 -18,12 08139B Sill_Ix (3079) 120 
75 -7.5 to 15 ±15,5 AMl85 t National 60 80 ±8 -18,12 OO442A Intersi! 

-10to 15 ±15,5 DG185A t Intersil ±10 -18,12 OG142A t Intersi! 
(Continued) (Continued) 

t MIlitary Temperature Range (- 55° to 125°C) * Typical Value 
Blld fleelldln" addlllHl1 dill Is prlVldlll H I" PI" IIltd. 
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MASTER SELECTION GUIDE 

INTERFACE-Analog Switches (Cont'd) 

ON Analog Supply ON Analog Supply 
SWItd1 Resistance Signal Voltage, Switch Resistance Signal Voltage. 

Function Type 2s°C.!l RangeY Y Device Source Line Function Type 25°C.!l Range V V Device Source Line 

Switches with Drivers I (Cont'd) I 3xSPST Common Output I I I JFET 100 o to (Drive-4) I'H5029C Intersi! 
DPDT' JFET 80 ±10 -~8.12 (Cooi'd) IH5029M t Intersi! 

AH0142 t National ±0.2 IH5013C Intersil 60 
AH0142C National IH5013M t Intersil 
D6142A tSlllcaali (3079) 

150 o to (Drive-4) IH5030C Intersi! 
100 ±5.5 ±15 DGl64B Intersil IH5030M t Intersil 

DG464A Intersil 5 
±0.2 IH5014C DGI648 SlUc"x (3079) Intersil 

IH5014M t Intersil 65 
±10 -18,12 DG1428 SlnCllII (3079) 

3xSPST JFET 100 o to (Drive-4) IH5031C Intersil 
DPDT PMOS 200-600 ±10 -20,10,5 AHOO14 t National IH5031M t Intersil 

AHOOl4C National 
±0.2 IH5015C Intersil 

2xDPDT PMOS 150-1000 Oto -18 -(5-21) TDA1195 Siemens 10 IH5015M t Intersi! 
DP4T with FoUowers TDA1029 Signetics 150 o to (Drive-4) IH5032C Intersil 70 
4xSPST Var. Comb. of Normally OnlOff, with Disable IH5032M t Intersi! 

FET ·SO ±10 ±15 SW-06B tPM! 

I~ 
±0.2 IH5016C Intersi! 

I 
100 ±10 ±15 ISW~ PMI IH5016M t Intersi! 
150 ±10 ±15 PMI PMOS 200-600 MM455 t Intersil SW-06G 

4xSPST FET 80 ±10 ±15 
I
SW

-201B 
tPMi IMM555 Intersil 

751 tPMI 4xSPST Common Output SW-202B 

100 ±10 ±15 SW-201F PM! JFET - 6129 Intersil 
SW-202F PMI Gl30 t Intersil 

150 ±10 ±15 SW-201G PMI G131 t Intersi! 

4PDTfor D/A 
Gl32 t Intersi! 

PNP 10 :!:: 10 ±15,5 CDA28A t Te/edyneC 20 
G1350 . Intersl! 80 
Gl360 Intersil 

4PST CMOS 50 ±15 ±15,5 HI5047A-2 tRarrls (2882) 
100 o to (Drive-4) 1H5025C Intersil Hl5047A-5 Hlrrls (2882) 

IH5025M t Intersi! 
75 ±11 ±15,5 IH5047. tllllrsli (3021) 

±0.2 IH5OO9C Intersil ±15 ±15,5 HI5047-2 tHIITIs (2882) 
IH5009M t Intersil 85 HI5047-5 HlITls (2882) 25 

IH5047C 
jAH5009C National 

80 ±10 ±15,5 Ilt.,sll (3021) AM9709C National 

Switches without Drivers 
AM97C09 National 

150 o to (!lrive-4) IH5026C Intersi! 

SPST JFET 30 ±10 AM 1000 t National 1H5026M t Intersil 90 
50 ±15 AM 1001 t National ±0:2 tH5010C Intersil 

100 o to (Drive-4) IH5037C Intersil IH5010M t Intersi! 

IH5037M t Intersil 30 AH5010C National 

±0.2 IH5021C t Intersi! AM9710C National 
AM97Cl0C National 95 IH5021M t Intersil 

IH5023C Intersil PMOS - G124 Intersil 

IH5023M . t Intersil MM451 t Intersil 

±10 AM 1002 t National 35 
MM551 Intersil 

150 o to (Drive-4) IH5038C Intersil 
4xSPST Two Outputs 

JFET - G123 Intersil 
1H5038M t tntersil PMOS - 8123A tSlDentx (3080) 100 

±0.2 IH5022C Intersi! 81238 SlIIeoalx (3080) 
tH5022M t Intersl! 4xSPST JFET - G125 t Intersi! 
1H5024C Intersil 40 Gl26 t Intersil 
IH5024M t Intersll G127 t Intersil 

2xSPST Common Output G128 t Intersil 105 
JFET 100 o to (Drlve-4) IH5035C Intersil Gl330 Intersil 

IH5035M t Intersil 61340 Intersil 

±0.2 1H5019C Intersil 100 o to (Orive-4) IH5027C Intersil 

'">JU'mII t intersii 45 IH5027M t Intersil 

150 o to (DrIve-4) IH5034C Intersil ±0.2 IH5011C Intersil 110 
IH5034M t Intersil IH5011M t Intersil 

±0.2 IH5018C Intersll AH5011C National 

IH5018M t Intersil AM9711C National 

Intersi! 50 
AM97CllC National 

2xSPST JFET 100 o to (Drive-4) IH5033C 
1H5033M t Intersil 150 o to (Drive-4) IH5028C Intersil 115 

IH5028M t Intersil 
±0.2 IH5017C Intersil 

IH5017M t Intersil ±0.2 IH5012C Intersil 
IH5012M t Intersil 

150 o to (Orive-4) IH5036C . Intersil AH5012C National 
IH5036M t Intersil 55 AM9712C National 120 

±0.2 IH5020C Intersil -- AM97Cl2C National 
IH5020M t Intersil (Continued) 

DT' means four terminals with a pair of normally open and normally closed contacts. 
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Ie MASTER 

! INTERFACE-Analog SWitches (Cont'd) 

ij ON Analog Supply ON Analog Supply 

~ Switc/l Resistance Signal Voltage, Switch Resistance Signal Voltage, 
Function Type 25°C,1l Range V V Device Source line Function Type 25°C,!l Range V V Oevice Source line 

Switches without Driver. (Cont'd) Multiplexer. 

4xSPST (Cont'd) 4 channei. See SWitches 4xSPST 
PMOS 201J-600 MM452 t Intersil Crosspoint Switches IIC142100 Motorola (3536) 

MM552 Intersil IIC145100 lIotorola (3536) 

5xSPST Common Output plus Output Switch IIC3416 lIotorola (3060) 60 
PMOS - G117A t Intersil RC4444 Raytheon 

Gl178 Intersil RM4444 t Raytheon 
Q) Gl17A t Siliconix 5 CD22100 RCA (840) 

:2 CD22101 RCA (840) 

::J 
5xSPST Common Output CD22102 RCA (840) 65 

(!) PMOS - Gl16A t Intersil EF87310 Thomson-CSF 
- Gl16B Intersil 

c:: Gl16A t Siliconix 4 Channel Differential 

.2 G116B Siliconix 
CMOS 230 ±15 ±15 IIP7502S tilleRPwr (3047) - IIP7509S tMleroPwr (3047) 

0 6xSPST Common Output 250 ±15 ±15 II'D-409 DIIiI (2864) Q) PMOS - G115A t Intersi! 10 
II'D-40911 tOilel (2864) 70 

Q) G1158 Intersil en G118A t Inlersil 270 ±7.5 ±7.5 MC 14529BA t Motorola 

~ G1188 Intersil MC145298C Motorola 
Q) 

AM2009 t National 
C04529BC National - C045298M t National en AM2OO9C National 15 

CCS 
811 SA tSlltCIIIx 280 ±7.5 . ±7.5 F4052BC Fairchild 75 

~ (3080) 
81151 SIRcoalx (3080) F4052BM t Fairchild 

611. tllRCIIlx (3080) H014052B Hitachi 
Me 14052BA t Motorola 

2xOPST Common Output MC14052BC Motorola 
PMOS - MM450 t Intersi! MC54HC4052 t Motorola 80 

MM550 Intersil 20 MC54HOO52 t Motorola 
6122A tllllCGIlx (3080) MC74HC4052 Motorola 

axOPST Common Output MC74HOO52 Motorola 
PMOS - Gl19A t Intersil C04052BC National 

G1198 Intersi! C04052BM - t National 85 
811IA tSi11cH1x (3080) 11140528 tP.I.le (828) 

61191 SIIIUllx (3080) 25 11174H&4052 hlUlllc (831) 
C040528 tRCA (839) 

Drivers C040528£ RCA (839) 
CD74H&4052 RCA (843) 90 

High Current Switch (to drive power transistor HCC4052B tSGS 
switches) SG1629 t SiliconG HCF40528 SGS 

SG3629 SiliconG 883/4052B tsss 
Pulse Width Modulator, SWItch DrIver PW.,25 SlIICIIIx (3081) SCL4052B sss 

... ,27 SIIIctIIx (3081) CM4052B t Solitron 95 

PWIIZ5 SllIe.1x (3081) 30 CM4052BE Solitron 

PWIIZ7 SIIIcIIIx (3081) TC4052B Toshiba 

2 Channel 0112C Intersil 300 ±15 ±15 AD7502J AD (2841) 

0112M t Intersi! 
AD7502K AD (2841) 

0113C Intersil 
AD75021 tAD (2841) 100 

0113M t Intersil 35 
H1509-2 tHlrrls (2893) 
HI509-5 Hlrrls (2893) 

0120C Intersil IH620811 tl.t.rall (3039) o 120M t Intersil 
0121C Intersil 320 ±15 ±15 IIP7502J Mler.""r (3047) 

0121M t Intersil IIP7502K MlcrePwr (3047) 105 

0139A t Siliconix 40 
IIP7509J MleroPwr (3047) 

0139B Siliconix 
IIP7509K MlcraPwr (3047) 

0139C Siliconix 350 ±15 ±15 IH6208C I.tersll (3039) 

4 Channel 0129 Intersil 400 ±15 ±15 HI182.-2 tH.rrls (2903) 

DI2M tSlHCIIIx (3080) HI182.-5 Hlrrls (2903) 110 

11298 IIIIUllx (3080) 45 DG506AA t8111eOlIx (3082) 

0419 SlIICGllx (3080) 
D6509AA t8111eOlIx (3082) 

Sl7250 SllIeRlx (3080) 450 ±15 ±15 D6506A8 SilleOllx (3082) 

6 Channel 0123C 
D6506AC Sill_Ix (3082) 

Intersil D6509A8 SIIICGllx (3082) 115 o 123M t Intersi! D6509AC SlIIeo.lx (3082) 
0125C Intersil 50 

750 ±15 ±15 IIPC801 Borr-8rawl (2850) 
0125M t Intersil 
0123A t Siliconix 900 ±10 ±15 H1539-2 t H.rrls (2917) 

0123B Siliconix HI539-5 H.rrla (2917) 

112SA tSiIlculx (3080) 1000 ±13 ±15 IH520811 tl.ler~1 (3032) 120 

11258 SlIleHIx (3080) 55 1200 ±13 ±15 IH5208& 1.lersll (3032) 
COR125A t TeledyneC (Continued) 

t Military Temperature Range (:- 55° to 125°C) * Typical Value 
a ... "ce IdlallS .... U •• I atl la pre, .... 01 t. PIP ...... 
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Ie MASTER 

INTERFACE~Analog to Digital Converters (Cont'd) 

~ Linear- Conver- Power Compl. CTCor 
Ity sian Time Dis. Off. CampI. Off. 2's Sign. Int-

Bits Error ±'klSB mW Bin. Bin. Bin. Bin. Compl. Magn. Mux. egra Int. Par. Ser. 

I 
Res. ±LSB I'S (max.) Output Output Output Output OutP,ut Output In. S&H ling ReI. Out Out Device Source Line 

Binary Output (Cont'd) 

8 112 (Cont'd) 
1 400 x x TDC1002 TRW-LSI (3704) 

1250 x x x x x ADC-825.C 01111 (2860) 

x x x x x ADC-825.. t BlIIi (2860) 

x x x x x x .15825 t.le,,111 (3043) 
Q) 1 * - x x x A.61 08 AIID (3303) 5 "C 
:J 1000 x x x x A.6148 AIID (3303) 

(!) 1.2 1800 x x x HAS-0802 AD (2839) 

c: 1.5 1550 x x x x x x • 115100 .Ier .... (3043) 

0 x x x x x x 11151 DOH t.lerllll' (3043) 
+-' 2.5 35 * x x x ADC0820B National 10 (,) 
Q) 650 x x x x x ADC541B-8 t HybridSys 
Q) x x x x x ADC541C-8 HybridSys en 

ADC542B-8 t HybridSys x x x x x x 
t.-
Q) X X X 
+-' 

X X x ADC542C-8 HybridSys 
CJ) 915 x x x x .115140 .Ierolill (3043) 15 as 

1115140H t.leroliit (3043) ~ x x x x 
x x x x .115141 .Imlltt (3043) 

x x x x .1I5141H t IIlerelltt (3043) 

x x x x .115142 .Ierolltt (3043) 

x x x x .1I5142H t.ler ... 1 (3043) 20 

x x x x 11115143 ' lllerillt (3043) 

x I I I I I I X X x .15143H t.lmllt (3043) I 

1000 x x x x .15130 .lcreIItt (3043) 

x x x x •• 5130H t.lcroIItt (3043) 

x x x x .15131 .Ierell' (3043) 25 

x x x x .15131H t.lcrelltt (3043) 

x x x x .15132 .lcreIItt (3043) 

x x x x .15132H t.lcroIIeI (3043) 

x x x x .15133 .Ierolll (3043) 

x x x x 11115133H t.le" .. 1 (3043) 30 

x x x x x x 1115150 1I1cre111 (3043) 

2.8 650 x x x x x x HSADC82 HybridSys 

1000 * x x x x x x ADC83A Burr-Brown 

6 1000 x x x x 11115120 IIlcre111t (3043) 

x x x x 1115120H tilicrelltt (3043) 35 

x x x x 11115121 .lcreIII (3043) 

x x x x 1115121" t.lcrellet (3043) 

x x x x .15122 IIlcre1lt (3043) 

x x x x 11115122H tlller"'l (3043) 

x x x x .115123 1I1cre111 (3043) 40 

x x x x .15123H t.lcreIItI (3043) 

8 - x x ZN437E Ferranti 

x x x ZN437J t Ferranti 

9 4 x x x x nC540 TI (541.3103) 

125 • x x x x ZN448E Ferranti 45 

x x x x ZN448E-8E Ferranti 

x x x x ZN448J t Ferranti 

15 30 x x x x AD75748 AD (2838) 

x x x x AD75741 AD (2838) 

x x x x AD7574T tAD (2838) 50 

x x x x .P75748 IIlerlPwr (3046) 

x x x x .P75741 .lmPwr (3046) 

x x x .P7574T .Ier""" (3046) 

125· x x x x ZN427E-8 Ferranti 

x x x x ZN427J-8 t Ferranti 55 
(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
801. tlcal.dlealea I •• nlml "Ills prevl ... u 'III pa .. II'''. 
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INTERFACE-Analog to Digital Converters (Cont'd) 

linear- Conver- Power 
Ity sionTime Dis. Off. 

Bits Error ±\HSB mW Bin. Bin. 
Res. +LSB !Lli (max.) Output Output 

Binary Output 

8 1/2 
17 300 x 
30 - x 

x 

40 5" x x 
x x 

10 • x 

175 • x x 

x x 

x x 

x x 

60MHz - x x 

66.6 - x 

80 10 x 

x 

x 

x 

x 

100 15 x 

x 

30 x 

x 
70 

75 

100 " 875 x 

x 
x 

x 
x 

x 

x 
108 * 6.8 x 

x 
300 15 " x 

x 
1250 " 20" x x 

x x 

x x 
.""" 20 x x IOUU 

25 x 
x 

43 x 
50 x 

314 15 30 x x 
x x 
x x 
x x 
x x 
x x 

Bin.-Binary 
Off. -Offset 

Compl. -Complementary 
Magn.-Magnitude 

c IC MASTER 1984 

Compl. CTCor 
Compl. Off. 2's Sign. 

Bin. Bin. Campi. Magn. Mux. 
Output Output Output Output In. S&H 

x 

x 

x 

x 

x 

x 
x 

x 

x 
x 

x 

x· 

x 
x 

x 

x 

x 
x 
x 

x 
x 

CTC-Compl. 2's Compl. 
Int. Ref. -Internal Reference 

Int-
egra 
ting 

x 

x 
x 

MASTER SELECTION GUIDE 

Int. Par. Ser. 
Ref. Out Out 

x 

x 

x 

x x 

x x 

x 

x x 

x x 

x x 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x x x 
x x x 

x x x 

x x x 

x x x 
x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 
x 
x 

x 
x 
x 
x 
x 
x 
x 

Mux. In-Multiplexed Inputs 
S&H-Sample and Hold 

Device 

HE5034 

AD673J 

AD673S 

AD7570J 

MP7570J 

ADC0844B 

AD570J 

AD570S 

MCE570J 

MCE570S 

TDC1025 

AD8581L 

ADC0831B 

ADC0832B 

ADC0833B 

ADC0834B 

ADC0838B 

ADC0808 

ADC0816C 

ADC0816 

ADC0808 

ADC·830 

MN5065 

MN5065H 

MN5066 

MN5066H 

MB4052 

ADC0802 

ADC0802C 

ADC0803 

ADC0803C 

ADC0802 

ADC0802C 

ADC0803C 

MK50808 

MK50816 

TL530 

TL532 

4140 

4143 

4143-01 

ABC·B88 

TSC8700 

rsC8703 

ADC-ETBBM 

ADC·El8Be 

AD757" 

AD7574J 

AD7574S 

MP757" 

MP7574J 

MP75748 

Source Line 

(Cont'd) 

(Cont'd) 
Sigialies (3609) 

AD (2838) 

tAD (2838) 

AD 

MleroPwr (3046) 5 

HallDlal (3537) 

AD (2838) 

tAD (2838) 

MCE 

t MCE 10 

tTRW-LSI 
(3704.3705) 

AD 

National 

National 

National 15 

National 

National 

National 

National 

t National 20 

TI 

Dattl (2863) 

MlcreNal (3043) 

tMlerolht (3043) 

MleraNat (3043) 25 

tMfcroNal (3043) 

Fujitsu 

tlntersll (2993) 

IltBrsJl (2993) 

tillenil (2993) 30 

Illenll (2993) 

t National 

National 

National 

Mostek 35 

Mostek 

TI 

TI 

TeledyneP 

TeledyneP 40 

t Te!edyr=eP 

DlttI (2882) 

TeledyneS 

TeledyneS 

tDattl (2862) 45 

Dalll (2862) 

AD (2838) 

AD (2838) 

tAD (2838) 

tMlcrlPwr (3046) 50 

MlcroPwr (3046) 

tMlcrlPwr (3046) 
(Continued) 

Par. Out-Parallel Output 
Ser. Out-Serial Output 
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Ie MASTER 

INTERFACE-Analog to Digital Converters (Cont'd) 

Linear- Conver- Power Compl. CTCor 
Ity sion Time Dis. Off. Compl. Off. 2's Sign. . Int-

Bits Error ±'hLSB mW Bin. Bin. Bin. Bin. Compl. Magn. Mux. egra Int. Par. Ser. 
Res. ±LSB pS (max.) Output Output Output Output Output Output In. S&H ling Ref. Out Out Device Source Line 

Binary Output (Cont'd) 

8 3/4 (Cont'd) 
66.6 - x AD7581K AD (2838) 

70 2.5 " x x x SI520 Sill_Ix (30113) 

x x x TL520 TI 

1 1.5 75 x x x ADC0820C National 

2.5 1010 x x HS5131B • t HybridSys 5 

x x HS5131C HybridSys 

9 - x x x x ZN449E-B DOC 

x x x x ZN449J-B tDOC 

125 x x x x ADC-847A DIlle! (2863) 

125 " x x x x ZN449E Ferranti 10 

x x x x ZN449J t Ferranti 

18 4 x x x x RC541 TI (541.3103) 

32 12.5 x x x ADC0831C NatiOnal 

x x x ADC0832C National 

x x x ADC0833C National 15 

x x x· ADC0834C National 

x x x ADC0838C National 

40 12.5 x x x ADC0844B National 

100 2.5 " x , x x TL521 TI 

15 x x x ADC0809C National 20 

x x x ADC0817 NatiOnal 

100 " 12.5 
I I I I I ADCO!D4 t'llIn!! (2993) x x 

x x ADCOB04C 11111'111 (2993) 

x x ADC0804C NatiOnal 

110 12.5 x x ADC0805C NatiOnal 25 

x I x ADC0804C TI 

112" 15 x x x !,PD7oo1 NEC 

300 15· x x TL531 TI 

x TL533 TI 

2000 6.5 " x x x TC5091 Toshiba 30 

300 x x x TC5090 Toshiba 

2 SO 255 _ x x ADC0800P t National 

x x ADCOBOOPC National 

300 25 x x x x MB4053 Fujitsu 

8 (analog input for microprocessors) 
112 2.5 1350 x x MP20 BIn'· ...... (2849) 35 

x x MP21 Blrr·BrawI (2849) 

32 SO" x MCl4444 Motorola 

400 1000 x x x AD75B3K AD 

8 (analog to pulse width converter for 
microprocessor systems) 

112 - 15· x MCl4443 Motorola 

32 SO" x MCl4447 Motorola 40 

75 " x 14A9708C Fairchild 

x !LA9708M t Fairchild 

350 25· x x x MB4053 Fujitsu 

8 (D/A, AID, with counter) 
112 500 150 x x x x ADC·MCIIBC a.ttI (2862) 

x x x x ADC-MCIIBM t DIItti (2862) 45 

8 (video digital converter) 
112 0.05 1320 x x TDC1048 TRW·LSI 

9 112 1 500" x x x x x ZN433BJ·9 t DOC 

x x x x x ZN433CJ·9 tDDC 

x x x x x ZN433J-9 tDOC' 

9 (video AID converter) 
112 0.02 2500 x x TDC1019J TRW·LSI (3704) SO 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bold IlcelllllClIII .l1li10_11111111 .rev .... _ IH p." 10"". 
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INTERFACE-Analog to Digital Converters (Cont'd) 

linear- Conver- Power 
ity sion Time Dis. Off. 

Bits Error ±IHSB mW Bin. Bin. 

Res. +LSB ~ (max.) Output Output 

Binary Output 

8 112 
17 300 x 

30 - x 

x 

40 5* x x 

x x 

10 * x 

175 * x x 

x x 

x x 

x x 

60MHz - x x 

66.6 - x 

80 10 

I 
x 

I x 

x 
x 

x 

100 15 x 

x 

30 x 

x 

70 
I 

75 

100 * 875 x 

x 

x 

x 

x 

x 

x 

108 • 6.8 x 

x 

300 15 * x 
x 

1250 • 20* x x 

.x x 

x x 

16GG 2U x x 
25 x 

x 

43 x 

50 x 
314 15 30 x x 

x x 

x x 

x x 

x x 

x x 

Bin.-Binary 
Off. -Offset 

Campi. -Complementary 
Magn.-Magnitude 

~ IC MASTER 1984 

Compl. eTC or 
Compt. Off. 2's Sign. 

Bin. Bin. Compl. Magn. Mux. 
Output OUtput Output Output In. S&H 

x 

x 

I I I .1 I I 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

x 

x 
x 

x 

CTC-Campl. 2's CampI. 
Int. Ref.-Internal Reference 

Int-
egra 
ling 

.1 I 

1 

"I 
x 

x 

x 

MASTER SELECTION GUIDE 

Int. Par. Ser. 
Ref. Out Out Device 

x IE5034 

x AD673J 

x AD6738 

x x AD7570J 

x x MP7570J 

x ADC08448 

x x AD570J 

x x AD570S 

x x MCE570J 

x x MCE570S 

x TDC1025 

I I I
A085B1L 

x 

x .:~:~: 
x ADC0833B 

x ADC0834B 

x ADC0838B 

x ADC0808 

x ADC0816C 

x ADC0816 

x ADC0808 

x x x ADC-830 

x x x MN5065 

x x x MI5065H 

x x x M15066 

x x x M15066H 

x MB4052 

x AOC0802 

x AOCOB02C 

x AOC0803 

x AOC0803C 

x ADC0802 

x ADC0802C 

x ADC0803C 

x MK50808 

x MK50816 

Tl530 

Tl532 

x 4140 

x 4143 

x 4143-01 

x AOC-EKBI 

x TSC8700 

x Tsc8703 

x AOC-ET_ 

x AOC-ET8BC 

x AD7574A 

x AD7574J 

x AD7574S 

x MP7574A 

x MP7574J 

x MP75748 

Mux.ln-Multiplexed Inputs 
S&H-Sample and Hold 

Source Line 

(Gont'd) 

(Cont'd) 
81gaetlcs (3609) 

AD (2838) 

tAD (2838) 

AD 

MlcroPwr (3046) 5 

latlea.1 (3537) 

AD (2838) 

tAD (2838) 

MCE 

tMCE 10 

tTRW-LSI 
(3704.3705) 

AD 

National 

Nationai 

National 15 

National 

National 

National 

National 

t National 20 

TI 

Datil (2863) 

MlcroNtt (3043) 

tMIcnIItt (3043) 

MlcraNat (3043) 25 

tMlcrolet (3043) 

Fujitsu 

tlltenll (2993) 

I.III'SII . (2993) 

tlltenll (2993) 30 

1.lIrsIf (2993) 

t National 

National 

National 

Mostek 35 

Mostek 

TI 

TI 

TeledyneP 

TeledyneP 40 

t TeledyneP 

Dalll (2862) 

TeledyneS 

TeIedyneS 

tDaIll (2862) 45 

Datil (2862) 

AD (2838) 

AD (2838) 

tAD (2838) 

tMlcrePwr (3046) 50 

MlcrePwr (3046) 

tMlcrePwr (3046) 
(Continued) 

Par. Out-Parallel Output 
Ser. Out-Serial Output 
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Ie MASTER 

INTERFACE-Analog to Digital Converters (Cont'd) 

Linear- COnver- Power Compl. CrCor 
Ity sion Time 015. Off. Compl. Off. 2'5 Sign. . Int-

Bits Error ±'h LSB mW Bin. Bin. Bin. Bin. Compl. Magn. Mux. egra Int. 
Res. ±LSB "S (max.) Output Output Output Output Output Output In. S&H ting Rei. 

Binary Output 

8 3/4 
66.6 - x 

70 2.5 " x x 

x x 

1 1.5 75 x x 

2.5 1010 x 

x 

9 - x x x 

x x x 
125 x x x 

125 " x x x 
x x x 

18 4 x x x 

32 12.5 x x 

x x 

x x 
x x 
x x 

40 12.5 x x 
100 2.5 " x , x 

15 x x 
x x 

100 " 12.5 
I I I I x 

x 
x 

110 12.5 x 
x 

112 " 15 x x 

300 15 " x x 
x 

2000 6.5 " x x 

300 x x 
2 50 255 x 

x 
300 25 x x x 

B (analog input for microprocessors) 
112 2.5 1350 x x 

x x 

32 50" x 
400 1000 x x x 

8 (analog to pulse width converter for 
microprocessor systems) 

112 - 15 * x 
32 50" x 

75 " x 
x 

350 25 " x x x 

8 (D/A. AID. with counter) 
112 500 150 x x x 

x x x 

8 (video digital converter) 
112 0.05 1320 x 

9 112 1 500" x x x 

x x x 

x x x 

9 (video AID converter) 
112 0.02 2500 x x 

t Military Temperature Range (-55° to 125°C) " Typical Value 
Bolli lice 1IIIIcalll IIIIIIIIUlI uta II ,rlvillad II lilt pa .. 10l1li. 

2628 

Par. Ser. 
OUt Out Device Source Line 

(Cont'd) 

(Cont'd) 
AD7581K AD (2838) 

x SI520 SIIII:oll (3083) 

x Tl520 TI 

x ADC0820C National 

x HS5131B • t HybridSys 5 

x HS5131C HybridSys 

x ZN449E-B DOC 

x ZN449J-8 tDDC 

x ADC-847A Datil (2863) 

x ZN449E Ferranti 10 

x ZN449J t Ferranti 

x RC541 TI (541.3103) 

x ADC0831C National 

x ADC0832C National 

x ADC0833C National 15 

x· ADC0834C National 

x ADC0838C National 

x ADC0844B National 

x Tl521 TI 

x ADC0809C National 20 

x ADC0817 National 
I x I Aeco804 t liters!! (2993) 

x ADC0804C Ilt.-1I1 (2993) 

x ADC0804C National 

x ADC0805C National 25 

x ADC0804C . TI 

x I'PD7001 NEC 

Tl531 TI 

Tl533 TI 

x TC5091 Toshiba 30 

x TC5090 Toshiba 

x ADC0800P t National 

x ADCOBOOPC National 

x MB4053 Fujitsu 

MP20 Barr-...... (2849) 35 

MP21 BIIT-Ir .. 1 (2849) 

MC14444 Motorola 

AD7583K AD 

MC14443 Motorola 

MC14447 Motorola 40 

~9708C Fairchild 

~9708M t Fairchild 

MB4053 Fujitsu 

x ADC-MC8BC Datil (2862) 

x ADC-Me8BM t Dalll (2862) 45 

x TDC1048 TRW-lSI 

x x ZN433BJ-9 tDDC 

x x ZN433CJ-9 t DOC 

x x ZN433J-9 tDoC 

TDC1019J TRW-lSI (3704) 50 

~ IC MASTER 1984 



INTERFACE-Analog to Digital Converters (Cont'd) 

Lmear- Conver- Power 
ity $iOn Time Dis. Off. 

Bits Error ±'I2LSB 
Res. ±LSB p$ 

Binary Output 

10 -
112 

Sln.-Binary 
Oft.-Offset 

3 

0.8 

1 

1.4 

1.8 

2.2 

5 

6 

8 

10 

15 

20 

21 

30 

40 

SO* 

120 

5000 

6000 

mW Bin. Bin. 
(max.) Output OutPUt 

-
3600 x x 

x x 
500* x x 

x x 
x x 
x x 
x x 
x x 
x 'x 

1800 * 

3600 x x 
x x 

755 * x x 
x x 
)( x 

755 * x x 
1400 * 

1600 * 

1100 

1200 

1200* 

1400* 

1100 

1500 

1800 

x 

- x 
x 

350* x x 

x x 

x x 

x x 

x x 
x x 

800 

300 x x 
300 x x 

x x 

5* x x 
x x 

20* x x 
20 x x 
25 x 

x 
43 x 
50 x 

CompI. -Complementary 
Magn. -Magnitude 

e IC MASTER 1984 

Compi. 
Comp!. Off. 

Bin. Bin. 
Output Output 

x l' 

x x 
x x 
x x 
x x 
x x 
x x 
x x 

x x 
x x 
x x 

x x 
x x 
x x 

x x 
x x 

CrCor 
2's Sign. 

Compl. Magn. Mux. 
Output Output In. S&H 

x 
x 

x 
x 

x 
x 
x 
x 
x 

x 
x 

x I 

x 
x 

x 
x 
x 

x 

x 

CTC-Compl. 2'5 Compl. 
lot. Ref. -Internal Re1erence 

Int-
egra 
ling 

x 
x 
x 

MASTER SELECTION'GUIDE 

Int Par. Ser. 
Ref. Out Out 

x 

x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 

·x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
x x x 
X X x 

x x x 
x x x 

x' x x 
x x x 
x x x 
x 
x 
x x 

x x 
x x x 
x x x 
x x x 

x x x 

x x x 
x x x 
x x x 

x x x 
x x 

j( x 

x x 
x 
x 
x x 
x x 

x 
x 
x 

x 
x 
x 

MUle. In-Multiplexed Inputs 
S&H-Sample and Hold 

Device Source Line 

(Cont'd) 

MAS·1202 AO (2839) 

ADC·816MC 01111 (2860) 

ADC·816MM t 01'" (2860) 

ADC·856C 01111' (2863) 

ADC-856M tD111I (2863) 5 

ZN433BJ·10 Ferranti 

ZN433CJ-10 Ferranti 

ZN433J-10 t Ferranti 

ZN433CK-l0 DOC 

ZN433K-10 DOC 10 

HAS-l002 AD (2839) 

ADC-126MC 01111 (2860) 

ADC·826MM t 01111 (2860) 

A0579B AD (2839) 

AD579K AD (2839) 15 

A0579T tAD (2839) 

AD579J AD (2839) 

MN5240·10 MlcreNII (3043) 

DDC-5240-10 t DOC 

ADC·84·l0 DlIII (2862) 20 

ADC-85C-l0 DlIII (2862) 

DOCADC87 -10 DOC 

DDCADC85-lO DOC 

1IIA8C84-10 MIcrINII (3043) 

1llAlCl5-10 t I1IcrIIIIt (3043) 25 

AOC-87-10 Datel 

ADADC84·10 AD (2839) 

ADC84K·l0 B.rr·B ..... (2848) 

ADADCI5-10 AD (2839) 

ADC85-10 BIrr-...... (2848) 30 

AD573K Ait (2832.2838) 

AD573S tAD (2832.2838) 

ZN442E Ferranti 

ZN442J t Ferranti 

ZN432BJ-10 Ferranti 35 

ZN432CJ-10 Ferranti 

ZN432E-10 Ferranti 

ZN432J-l0 t Ferranti 

ZN432CK-10 DOC 

ZN432K-10 DOC 40 

ADADC80-15 AD (2831) 

ADADCIOl-l0 tAD (2838) 

AD571K AD 

pA57iK Fairchild 

pA571T Fairchild 45 

AD7573K AD (2835.2838) 

AD7573T tAD (2835.2838) 

AD7570L AD 

MP7570l. MlcrtPwr (3046) 

4144 TeledyneP 50 

ADC-£Kl08 DtteI (2862) 

TSC8701 TeledyneS 

TSC8704 TeledyneS 

ADC-ET10B11 t Balli (2862) 

ABC-ET101C DIll! (2862) 55 
(Continued) 

Par. Out-Parallel Output 
Ser. Out-Serial Output 
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Ie MASTER 

INTERFACE-Analog to Digital Converters (Cont'd) 

linear- Conver- Power Compl. CTCor 
Ity sIGn Time Dis. Off. CompI. Off. 2's Sign. Int-

Bits Error ±'hLSB mW Bin. Bin. Bin. Bin. Comp!. Magn. Mux. egra Int. 
Res. ±LSB J&8 (max.) Output Output Output Output Output Output In. S&H ling Ref. 

Binary Output 

10 
1 15 - x x 

30 300 x x x 
x x x 
x x x 
x x x 

40 300 x lC 

x x 

80* 

200 - x 
x 

10 Plus SIgn 
112 80 - x x x 

x x x 
1 80 - x x x 

x x x 
11 1 15 500 x x x 

x x x 
12 112 - 1500 x x 

x x x x x 

2735 x x x x x x 

0.5 1500 I x x I X 

112 2500 x x x 
1 1500 x x x x 
1.5 2350 * x x x 
2 1800 * x x x x 

1900 x x x x 
x x x x 

2000 x x x x 

2500 x x x x 

2700 x x x 

x x x 

2.2 1800 * x x x 

3 n5* x x x 

1900 x x x x 

x x x x 

3.5 1.8 lC x x x 

4 2700 x x x 
x x x 

4.5 755 * x x x 
n5* x x x 

5 -

1400 * x x x x 

1600 * x x x x 

2175 x x x x 

6 ns* x x x 

x x x 

8 1400 * x x x x 

x x x x 

x x x x 

1500 x x x x 

x x x x 

2000 x x x x 

x x x x 

t Military Temperature Range (-55° to 125°C) * TYpical Value 
BIN IHI 1.lIlealll 11111111 .. 1 Uta II ,...,111111 II III. PIU' •• IId. 

Par. Ser. 
Out Out Device Source line 

(Cont'd) 

(Cont'd) 
AD573J AD (2832.2838) 

x AD571J AD 

x AD571S tAD 

x MCE571J MCE 

x MCE571S tMCE 5 

x x "A571J Fairchild 

x x "A571S Fairchild 

x AD7573J AD (2835.2838) 

x AD7573S tAD (2835.2838) 

x ADC1001C National 10 

x ADC1021C National 

x x AD7571K AD (2834.2838) 

x x AD7571T tAD (2834.2838) 

x x AD7571J AD (2834.2838) 

x x AD7571S tAD (2834.2838) 15 

x HS574J HpriliSyI (2981) 

x H8574S tHprldS,1 (2981) 

MP2316 Analogic 

MP2321 Analogic 

x DAS5712 Intech 20 

x 11.5247 tillera •• t (3043) 

x AH8022 Analogic 

x x 11.52451 IIlcrDlet (3043) 

x x ADC803B BIIT-BrIWl (284B) 

x x ADH-8516-12 DOC 25 

x x ADC-8l7I1C Datal (2860) 

x x ADC-8171111 t Datal (2860) 

x x 11.5243 t IIlcro •• t (3043) 

x x ADC00401 DOC 

x x ADC-81011C Datil (2860) 30 

x x ADC-8101l11 tDltaI (2860) 

HAS-1202 AD (2839) 

x AD578L AD (2839) 

x x ADC-82711C 01111 (2860) 

x x ABC-8271111 t Dltll (2860) 35 

x x ADC60-12 Blrr-Br ... (2848) 

x x ADC-8nIlC Dital (2860) 

x x ABC-8111111 t 01111 (2860) 

x x AD578K AD (2839) 

x x AD578T tAD (2839) 40 

AD5240K AD (2839) 

AD5240S AD (2839) 

x x 11.5240-12 IIlcrolet (3043) 

x x DDC-524O-12 t DOC 

x x ADH-8586-12 t DOC 45 

x x AD578J AD (2839) 

x x AD57as tAD (2839) 

x x IIODC84-12 IIlero •• t (3043) 

x x IIODeB5-l2 IIICralel (3043) 

x x IIODC87 rAtentl.t (3043) 50 

x x ADC87/IlIL t Blrr-Braw. (2853) 

x x ADC87U Barr-a..... (2853) 

x x ADC-HZ12BGC Datal (2860) 
x x ABC-HZlZ". t 01111 (2860) 

(Continued) 

~ IC MASTER 1984 



INTERFACE-Analog to Digital Converters (Cont'd) 

linear- Conver- Power 
ity sion Time Ois. Off. 

Bits Error IIHSB mW Bin. Bin. 
Res. ±LSB ~ (max.) Output Output· 

Binary Output 

12 1/2 
9 2150 

9* 2845 x x 
x x 
x x 

x x 
10 1100 

x 

1200 

1200 * 

1550 I 

1575 

1800 

2000 x 

x 

x 

x 

x 

x 

x 

13 744 

745 x 

x 

913 

915 

Bin. - Binary 
Oft-Offset 

Compl. -Complementary 
Magn.-Magnitude 

Cl IC MASTER 1984 

i 

I 

Comp!o CTCor 
Comp!o Off. 2'5 Sign. 

Bin. Bin. Comp!. Magn. Mux. 
Output Output Output Output In. S&H 

x x x 

x x x 

x x 

x x 

x x 

x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x x x 

x 

x 

x 

x 

i X 

x 

x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x .X 

X· 

x 

x 

x 

x x x 

x x 
x I A I 

x x 

x x 
x I x 
x x 
x x 

x x 
x x 
x x 

x x 
x x 
x 

I I I 
CTC-Compl. 2's Compl. 

Int Ref.-Internal Reference 

Int-
egra 
Hng 

I 

i 

I 

I 

MASTER SELECTION GUIDE 

Int. Par. Ser. 
Ref. Out Out Device Source line 

(Cont'd) 

(Cont'd) 
x x x ADC-HS12BIC Dltll (2B60) 

x x x ADC-HS12BII t DllIl (2860) 

x x HaAS-16MC Dati' (2861) 

x x HDAS-l6MM t Dltll (2861) 

x x HDAS-8MC Datil (2861) 5 

x x HDAS-8MM tDltll (2861) 

x x x ADC-84-12 Dltll (2862) 

x x x ADC-85-12 Dltll (2862) 

x x x ADC-85C-12 DIIII' (2862) 

x x x ADC-87-12 Datel 10 

x x x HSADC85B tHylJrl",1 (2983) 

x x x HSADC85C HyIJri.SyI (2983) 

x x x DDCADC85-12 DOC 

x x x DDCADC87-12 DOC. 

x x x ADADCU-i2 Ai (2839) 15 

x x I x ADCMK-12 Birr-Bro.. (2M8) 

x x x ADH-8585-12 t DOC 

x x x ADADC85-12 AD (2839) 

x x x ADC85-12 BIIT-...... (2848) 

x x x HI5712-2 tlllrrli (2961) 20 

x x x HI5712-5 Hlrrli (2961) 

x x x HI5712-7 Hlrrli (2961) 

x x x H15712-8 tlllrrli (2961) 

X X x HI5712A-2 tHlrrll (2961) 

x x x HI5712A-7 Hirria (2961) 25 

x x x HI5712A-8 tHarris (2961) 

x x ADC-5213 Dalll (2860) 

x x ADC-5213E Dalll (2860) 

x x ADC-5213H tDaIll (2860) 

x x ADC-5214 01111 (2860) 30 

x x ADC-5214E Dalll (2860) 

x x ADC-5214H tDaIll (2860) 

x x ADC-5215 01111 (2860) 

x x ADC-5215E Dalll (2860) 

x x ADC-5215H tDaIll (2860) 35 

x x MII5213 l'croIIII (3043) 

x x 11I5213H tMlcro"" (3043) 

x x 1115214 l'croII" (3043) 

x x 11I5214H tMlcrtIItt (3043) 

x x 1115215 Ilcrollll (3043) 40 

x x 11I5215H tller,1III (3043) 

x x 1115610 tilcrollll (3043) 

x x x ABC-5210 01111 (2860) 

X I X i x ADC-521OE 01111 (2860) 

x x x ABC-521OH tDaIll (2860) 45 

x x x ABC-5211 01111 (2860) 

X X x ADC-5211E Dalll (2860) 

x x x ABC-5211H tDaIll (2860) 

x x x ABC-5212 DatIl (2860) 

x x x ADC-5212E DatIl (2860) 50 

x x x ADC-5212H tOlIll (2860) 

x x x ADC-5216 01111 (2860) 

x x x ADC-521IE Dalll (2860) 

x x AC':-5216H tOltll (2860) 

x I x I x ADC582B-12 t HybridSys 55 
(Continued) 

Mux.ln-Multiplexed Inputs 
s&H-Sample and Hold 

Par. Out-Parallel Output 
Ser. Out-Serial Output 
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Ie MASTER 

INTERFACE-Analog to Digital Converters (Cont'd) 

Linear- Conver- Power Compl. CTCor 
ity sionTime Dis. Off. Compl. Off. 2's Sign. Int-

Bits Error ±'hLSB mW Bin. Bin. Bin. Bin. Comp!. Magn. Mux. egra Int Par. Ser. 
Res. ±LSB jlS (max.) Output Output Output Output OUtput Output In. S&H ting Ref. Out Out Device Source Line 

Binary Output (Cont'd) 
!! 12 112 13 915 (Cont'd) 

x x x x ADC582C-12 HybridSys 

x x x x x DDC-5210-1 t DDC 

x x x x x DDC-5211-1 t DDC 

Q) 
x x x x x DDC-5212-1 t DOC 

~ x x x x x DDC-5216-1 t DDC 5 

:::l x x x x x DDC5210-3 DDC 
(!) x x x x x DDC5211-3 DOC 

c:: x x x x x DDC5212-3 DOC 
0 x x x x x DDC5216-3 DOC -0 x x x x x M.5210 .Ieral .. (3043) 10 
Q) 

MI5210H tMlera .. t (3043) x x x x x 
Q) 

• 15211 Mlerll .. (3043) en x x x x x 

~ x x x x x M15211H tMlere'" (3043) 
Q) 

x x x x x MI5212 Mlcrol .. (3043) -CJ) 
CCS x x x x x MI5212H tMlerel" (3043) 15 

~ x x x x x MI5216 Mlerollet (3043) 

x x x x x .15216H tMlmIIII (3043) 

x x x x x TP5210 t TeledyneP 

1000 x x x x AD521 0 AD (2838) 

x x x x AD5211 AD (2838) 20 

x x x x AD5212 AD 

x I I I I I I I I X x IAD5213 AD 

x x x AD5214 AD (2838) 

x x x AD5215 AD 

x x x x AD5216 AD 25 

15 500 x x x x HS574K HpridSy. (2981) 

x x x x HS574L Hprl&lSyl (2981) 

19 1250 x x x x x x x AD/AM-822 Analogic 

20 725 x x x x x x ADC581B-12 t HybrldSys 

x x x I x x x ADC581C-12 HybridSys 30 

2000 x x x x x x ADC-HX12B6C Datil (2860) 

x x x x x x ADC-HX12811tDatll (2860) 

25 725 x x x x AD574AK AD (2833.2838) 

x x x x MI574A tMlcraIII (3043) 

800 x x x x x x ADADC80-12 AD (2838) 35 

x x x x x x ADADClOZ-12 tAD (2838) 

925 x x x x x x AD578 AD (2838) 

x x x x x x AD5728 AD (2838) 

x x x x x x AD572S tAD 1(2838) 

950 x x x x x x MllADC80 Mleraltt (3043) 40 
950 .. x x x x x x ADC8DA-12 BIrr-Brew. (2848) 

30 780 x }C x x AD574AT tAD (2833.2838) 

x x x x AD574K AD (2833.2838) 

x x x AD574L AD (2833.2838) 

x x x x AD574S tAD (2833.2838) 45 
x x x x AD574T tAD (2833.2838) 

x x x AD574U tAD (2833,2838) 

x x x x MCD574K MCE 

x x x MCE574L MCE 

x x x x MCE574S tMCE 50 

x x x x MCE574T t MCE 

x x x MCE574U tMCE 

35 620 x x x x AD574ZL AD (2833.2838) 

x x x x AD574ZS tAD (2833,2838) 

x x x x AD67m tAD (2833.2838) 55 
(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
8a14 flal.dlaw Iddltl.11 ata Is pravld. II tu PI" Datad. 
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INTERFACE-Analog to Digital Converters (Cont'd) 

Linear- Conver- Power 
ity sion TIne Dis. Off. 

Bits Error ±lHSB mW Bin. Bin. 
Res. ±LSB "S (max.) Output Output 

Binary Output 

12 112 35 620 
x x 
x x 
x x 
x x 
x x 

50 725 x 
x 
x 
x 
x 
x 
x 
x 

745 x 
x 

770 x x 
x x 

915 

j 

I 

x 
x 

1000 

x 

125 740 

I 
l( 

I x 

I 

175 80 

x 

x 

Sin.-Binary 
Off.-Offset 

Compl. -Complementary 
Magn. -Magnitude 

Cl IC .MASTER 1984 

I 
, 

I 

Compi. CTCor 
CampI. Off. 2'5 Sign. 

Bin. Bin. Compl. Magn. Mux. 
Output Output OUtput Output In. S&H 

I I 

x 
x 
x 
x 

x 
I x 

x x i 
x x 
X I X I i I I 

x x 
x x 
x x 
x x 
x x 

x 
x 
x 
x 

x 
x 

x 
x 

x 
x 

x 
I I I , 

I I I I I 
x 

I x x 
x x 

x 

x 

x 

x 

x 
I 

CTC-Compl. 2's Compl. 
Int. Ref.-Internal Reference 

Int-
egra 
ting 

I 

I 

I 

I I 

I I 

MASTER SELECTION GUIDE 

Int. Par. Ser. 
Ref. Out Out Device Source Line 

(Cont'd) 

(Cont'd) 
x x AD574ZU tAD (2833.2838) 

x x MCE574ZL MCE 

x x MCE574ZS t MCE 

x x MCE574ZT t MCE 

x x MCE574ZU MCE 5 

x x AD504a AD (3351) 

x x x AD52018 AD 

x x x AD5201T tAD 

x x x AD52028 AD 

x x x AD5202T tAD 10 

x x AD5204T tAD 

x x AD52058 AD 

x x AD5205T tAD 

.J x x •• 5203 .'erollt (3043) 

x x •• 52038 t.ICiilit (3043) I;) 

x i x •• 5204 .Iero.,t (3043) 

x x •• 5204H t·leroll't (3043) 

x x .. 5205 .1craNIt (3043) 

x x .. 5205H t.lereNlt (3043) 

x x x AUC1DHT t Birr-Browe (2848) 20 

x x x ADC1OHT-l t BIrr-Br... (2848) 

x x x DDC-5200-1 t DOC 

x x x DOC-5201-1 t DOC 

X i X X i DDC-5202-1 t DOC 

x x x DOC-5206-1 t DOC 25 

x x x DOC5200-3 DOC 

x x x DDC5201-3 DOC 

x x x O0C5202-3 DOC 

x x x DOC5206-3 DOC 

x x x •• 5200 .Icro.,t (3043) 30 

x x x .15200H t.leroillt (3043) 

x x x .15201 .Icr .... (3043) 

x x x .15201H t·lerol't (3043) 

x x x .. 5202 .Ierollt (3043) 

x x x • 11$2028 t.ler .... (3043) 35 

x x x .15206 .Ierol,t (3043) 

x x x .15206H t.lerDlIt (3043) 

x x x AD5201 AD 

x x x AD5202 AD 

x x AD5203 AD 40 

x x AD5204 AD 

x x AD5205 AD 

x x x AD5206 AD 

x I , x 
1
4161 t TeledyneP 

145 1 
x x 4162 t TeledyneP 

x x 4163 t TeledyneP 

x x 4164 t TeledyneP 

x x 4165 t TeledyneP 

x x HS5250C HybridSys 

x x HS5251C HybridSys 50 

x x HS5252C HybrldSys 

x x HS5253C HybridSys 

x x x MN5250 MicroNet 

x x x MN5250H t MicroNet 

x I x 
I 

x MN5251 MicroNet 55 
(Continued) 

Mux. In-Multiplexed Inputs 
S&H-Sample and Hold 

Par. Out-Parallel Output 
Ser. Out-Serial Output 
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Ie MASTER , INTERFACE-Analog to Digital Converters (Cont'd) 

~ Linear· Conver· Power Compl. CTCor 
Ity sian Time Dis. Off. Compl. Off. 2'5 Sign. Int· 

~ 
Bits Error ±'hlSB mW Bin. Bin. Bln. Bin. Compl. Magn. Mux. egra Int Par. Ser. 
Res. ±lSB ItS (max.) Output Output Output OUtput Output OUtput In. S&H ting Ref. OUt Out Device Source line 

I 
Binary Output (Cont'd) 

12 112 175 80 (Cont'd) 
x x x x MN5251H t MicroNet 

x x x x MN5252 MicroNet 

x x x x MN5252H t MicroNet 

x x x x MN5253 MicroNet 
Q) 

x x x x MN5253H t MicroNet 5 :2 
250 311 M .. 5700 Micro .... (3043) ::J 

(!J 300 112 x x x x x x AOC·NC12BMC 01111 (2B60) 

c:: x x x x x x ABC-NC12BMM t Ollel (2860) 

.2 2400 43 x x ADC-ET12BM t 01111 (2862) ..... 
0 5000 15 x x I'PD7002 NEC 10 
Q) 

20000 20 x x x 4145 TeledyneP 
Q) 

24000 20 x x x x ADC-EK12B Ditel (2862) en .... 25 x x x TSC8702 TeledyneS 
Q) x x x TSC8705 TeledyneS ..... 
Ul 100000 20 x x x x x ICL7109 Illersll (2996) 15 «S 
~ x x x x x TSC7109BC TelHyaeS (3094) 

x x x x x x TSC7109C TeIMyaeS (3094) 

x x x x x x TSC7109M tTeItQHS (3094) 

3/4 1.5 2350 • x x x x x ADC80SC Barr-BrIWl (2848) 

200 210 x x x ADC1210 t National 20 

x x x ADC1210C Nalional 

1 - 500 I I I I I X I I I X I x ADC·7109 Datel 

2 2700 x x x x x x ADH-8516-11 DOC 

5 1600 • x x x x x x DOC·524O·12 t DOC 

10 600 x x x x AM6112 AMD (3306) 25 

15 500 x x x x HS574T tHprl"" (2981) 

x x x x HS574U tHprlGya (2911) 

720 x x x x HI674AJ Harris 

x x x x HI674AS t Harris 

25 390 x x MCE574AS tMCE 30 

720 x x x x H1574A.I HarrII (2989) 

x x x x HI574AS tHlrrla (2969) 

725 x x x A057W AD (2B33.2B38) 

x x x AD574AS tAD (2833.2838) 

750 x x x x MP574J MlenPwr (3046) 35 

x x x x M'574S tMlcrlPwr (3046) 

30 780 x x x x AD574J AD (2833.2138) 

x x x x MCE574J MCE 

35 620 x x x x A0574Z.I AD (2833,2838) 

x x x x AD574ZK AD (2833.~831) 40 

x x x x MCE574ZJ MCE 

x x x x MCE574ZK MCE 

50 725 x x x x AD5201A AD 

x x x x AD5201S tAD 

x x x x AD5202A AD 45 

x x x x AD5202S tAD 

x x x AD5204A AD 

x x x AD5204S tAD 

x x x AD5205A AD 

x x x AD520SS tAD 50 

175 80 x x x HS5250B t HybridSys 

x x x HS5251B t HybridSys 

x x x HS5252B t HybridSys 

x x x HS5253B t HybridSys 

112 15 720 x x x x HI674AK Harris 55 
(Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
.... "cal .. lcal ..... 0_1 Utlia "IVI ..... lH PIli 1.1". 
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INTERFACE-Analog to Digital Converters (Cont'd) 

linear- Conver- Power 
ity sion Time Dis. Off. 

Bits Error ±'h lSB mW Bin. Bin. 
Res. ±LSB itS (max.) Output Output 

Binary Output 

12 1/2 15 720 
x x 

x x 

x x 

25 720 x x 

x x 

x x 

x x 

750 x x 

x x 

x x 

x x 

1112 2400 50 x 

2 3 2175 

6 1575 

200 210 x I 
x 

4 21 950 • 

12 Plus Sign 
- lOOms - x 

12 (2 device set) 
1/2 15 785 x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

250000 40 x 

360 x 

12 (3-Digit BCD) 
1/4 1200 20 

1 6000 * 50 

13 112 2 2000 x x 

10 2400 x 

40000* 54 

72 

14 112 - 2735 x x 

7 2000 x 

10 2400 x 

3000 x x 

x x 

40 x 

50 1100 x x 

60 800 x x 

125kHz 

250 300 

Bin.-Blnary 
Off. -Offset 

Compl.-Complementary 
Magn.-Magnitude 

c IC MASTER 1984 

CampI. CTCor 
Compl. Off. 2's Sign. 

Bin. Bin. Compl. Magn. Mux. 
Output Outjlut Output Output In. S&H 

x x x 

x x x 

x x x 

x 

x 

x 

x 

x 

x 
x x x 

x 

x 

x x 

x 

x x 

x x 

x 

x 

CTC-Compl. 2's Compl. 
Int Ref.-Internal Reference 

Int-
egra 
ting 

x 

x 

x 

x 

x 

x 

MASTER SELECTION GUIDE 

Int. Par. Ser. 
Ref. Out Out Device Source line 

(Cont'd) 

(Cont'd) 
x x HI674AL Harris 

x x HI674AT t Harris 

x x HI674AU t Harris 

x x H1574AK Harris (2969) 

x x H1574AL Harris (2969) 5 

x x HI574AT tHarris (2969) 

x x HI574AU tHarris (2969) 

x x MP574K MlcroPwr (3046) 

x x MP574L MlcroPwr (3046) 

x x MP574T tMlcroPwr (3046) 10 

x x MP574U tMlcroPwr (3046) 

x ADC-ET12BC Dat" (2862) 

x x x ADH-8586-10t DOC 

x x x ADH-8585-10 t DOC 

x x ADC1211 t National 15 

x x ADC1211C National 

x x x ADC8OA-l0 81UT-8r ... (2848) 

AD7552 AD (2838) 

x x x HS5210B tHPrJays (2982) 

x x x HS5210C HprlGya (2982) 20 

x x x HS52118 tHPrIfSys (2982) 

x x x HS5211C Hprl",s (2982) 

x x x HS52128 tHyllridSys (2982) 

x x x H85212C Hyllrld8,s (2982) 

x x H852138 tHyltrlays (2982) 25 

x x HS5213C HyllridSys (2982) 

x x. H852148 tHylJrldSys (2982) 

x x HS5214C HyltrldSys (2982) 

x x HS52158 tHprldS,s (2982) 

x x H85215C Hprld8,s (2982) 30 

x x x HS52168 tHpridSys (2982) 

x x x HS5216C HyIIrItIS,s (2982) 

x x ICL7104-12 Intersi! 

x x ICL8052A Intersil 

x ADC-EK12DC Dalll (2862) 35 

x ABC-EK12. t Dalll (2862) 

x x AD2020 AD 

x x MN5263 MiCroNet 

x x x MP2713C Analogic 

x .P755OB MlcrtPwr (3046) 40 

x x AD75508 AD (2838) 

x x DAS5714 Intech 

x x MP2734 Analogic 

x x x MP2714C Analogie 

x x AD/AM-724 Analogie 45 

x x x MP8014 Analogic 

x ICL7115 IltInIl (2997) 

x x AD/AM-824 Analogle 

x x AD/AM-834 Analogic 

HAS-1409 AD (2837) 50 

x x x •• 5260 Mlcralltl (3043) 

Mux. In-Multiplexed Inputs 
S&H-Sample and Hold 

Par. Out-Parallel Output 
Ser. Out-Serial Output 
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Ie MASTER 

INTERFACE-Analog to Digital Converters (Cont'd) 

Linear- Conver- Power Comp!. CTCor 
ity sion Time Dis. Off. Comp!. Off. 2's Sign. Int-

Bits Error ±'hLSB mW Bin. Bin. Bin. Bin. Compl. Magn. Mux. egra Int. 
Res. ±LSB ~ (max.) Output Output Output Output Output Output In. S&H ling Ref. 

Binary Output 

14 (2 device set) 
112 250000 40 x x x x 

360 x x x x 

14 (3 112-Digit BCD) 
112 10000 20 

15 112 5 1750 x x 

S 1750 x x x 

15 3000 x x x x 

50 1100 x x x x x 

60 800 x x x x x 

2 400000 20 x x 

x x 

4 400000 20 x x 

x x 

16 112 - 2735 x x x x x x 

S 3000 x x x x 

10 3000 x x x x 

16 3000 x x x x 

20 3000 x x x x 

2 3500 x x x x x 

2.S 1000 * x x x x 

32 3000 x x X 
I I I X 

100 1200 x x x 

170 2500 x x x x 

x x x x 

3000 750 x x 

1 50 - x x x x 

x x x x 

100 1200 x x x 

170 2500 x x x x _. 
x x x x 

1 * 17 1550 x x x x 

2 15 1550 * x x x x 

40 1000 x x x x 

x x x x 

50 - x x x x 

x x x x 
1550 * x x x x 

x x x x 

60 200 x x x x 

100 1200 x x x 
2· 17 1550 x x x x 

4 15 1550 * x x x x 

50 1440 x x x x 

1550 * x x x x 

x x x x 

x x x x 

1800 * x x x x 

100 1440 x x x x 

16 (2 device set) 
112 250000 40 x x x x 

360 x x x x 

17 112 400 1550 x x x 

t Military Temperature Range ( - W to 125°C) * Typical Value 
BeN llcell.lcalll a •• IUHal all II ,"vllllll • 1111 P'" lItH. 

2636 

Par. Ser. 
Out Out Device Source Line 

(Cont'd) 

x ICL7104-14 Intersi! 

x ICL8052A Intersi! 

x 4146 TeledyneP 

x MP2735-2 Analogic 

x MP2735-1 Analogic 5 

x x MPS015 Analogic 

x AD/AM-S25 Analogic 

x AD/AM-835 Analogic 

x TSCBOOAC TeIIIIyIlS (3098) 

x TSC800All tTIIIII,.1S (3098) 10 

x TSCBOOBC TeIIdyIlS (3098) 

x TSCBOOB. tTIIMyHS (3098) 

x DAS5716 Intech 

x x A8016-9 Intech 

x x A8016-10 Intech 15 

x x A8016-16 Intech 

x x A8016 Intech 

x AD/AM-S26 Analogic 

x x ADcatA BIrr-Bi'OWI (2848) 

X x MP8016 Analogic 20 

x HS951&-4 """,dSJI (2982) 

x x ADC731K Barr-Bmn (2848) 

x x ADC73K Blrr-B ..... (2848) 

x MP2344 Analogic 

x x WDC71K AD (2836.2838) 25 

x x ADADC72K AD (2836.2838) 

x HS951&-5 """,dSJI (2982) 

x x ADC731J Barr-Bmn (2848) 

x x ADC73J Blrr-Bmnt (2848) 

x x PC.75K BIrr-Brewl (2849) 30 

x ADC76K Blrr-BrIWI (2848) 

x x .'5290 t.1croIItt (3043) 

x x •• 5291 tMlcrllllI (3043) 

x x ADADC71J AD (2836.2838) 

x x ADADC72J AD (2836.2838) 35 

x x ADC71K Barr-BrlR (2848) 

x ADC72B Blrr-Bmnt (2848) 

x x •• 5284 .Icrl'" (3043) 

x HS9516-& HprlllSya (2982) 

x x PCM75J Barr........ (2849) 40 

x ADC76J Burr-BrlR (2848) 

x x •• 5282 .Icrl'" (3043) 

x ADC7tA Barr-BrNl (2848) 

x ADC72J Barr-Browl (2848) 

x ADC72K Barr-Br ... (2848) 45 

x x ADC71J Barr-BnwI (2848) 

x x •• 5280 .Icrofllt (3043) 

x ICl7104-16 Intersi! 

x ICl8052A Intersll 

x MP8037 Analogic 50 

~ IC MASTER 1984 



INTERFACE-Analog to Digital Converters (Cont'd) 

Digits Device Source Line 

Decimal Output 

3 112 Digits, Integrating ICL71 06 Illarsil (2995) 

ICL7107 'Itersll (2995) 

ICl7116 Intersi! 

ICl7117 Intersi! 

ICl7126 Intersil 5 

ICL7136 litersil (3005) 

ICl7137 Intersi! 

MP7138 MlcroPwr (3046) 

MP7138A MicroPwr (3046) 

MC14433 Motorola 10 

ADC3511 National 

ADD3501 National 

TSC1433A TeledyneS 

TSC14433 TeledyneS 

TSC14433B TeledyneS 15 

TSC7106 TeledyneS 

TSC7106A TeledyneS 

TSC7107 TeledyneS 

TSC7107A TeledyneS 

TSC7116 TeledyneS 20 

TSC7116A TeledyneS 

TSC7117 TeledyneS 

TSC7126 . TetedyneS 

TSC7126A TeledyneS 

3 Digits, Dual Slope, Building Block, for Microprocessor 
Systems, e.g. TMS1000 Tl505C TI 25 

3 Digits, Dual Slope, 2 Device Sets CA3161 RCA (3600) 

CA3162 RCA (3600) 

3 112 Digits, Drives LCD DVM Display ZN450 Ferranti 

ZN451 Ferranti 

3 112 Digits, Integrating, 2 Device Sets ICl7101 Intersi! 30 

ICl7103 Intersi! 

ICl8052 Intersil 

ICl8053 Intersil 

ICl8068 Intersi! 

LDllO SlllcOIlx (3083) 35 

LDlllA SlUc_lx (3083) 

3 112 Digits, Dual Slope TSC8751 TetedyneS 

3 112-4112 Digits, Ramp type, 2 Device Sets MC1405 Motorola . 
MC14435 Motorola 

MC14435E t Motorola 40 

MC1505 t Motorola 

3112 TSC8750 TeledyneS 

3 314 Digits, Integrating ZNA216E Ferranti 

ZNA216J t Ferranti 

ADC3711 National 45 

ADD3701 National 

4 il2 Oigiis, integrating, for microprocessor or UART 
systems 817135 SllIcHlx (3083) 

4 112 Digits, Successive Integration ICL7129 IIIInIi (2999) 

4 112 DIgits, Dual Slope 1Cl7135 IIIIrsII (3003) 

TSC7135 T .... (3095) 50 

4 112 Digits, Dual Slope, 2 Device Sets ICl7103A Intersil 

ICl8053A Intersil 

ICl8068A Intersil 

LDl20 SlUCIIlx (3083) 

LD121A SlIICItIx (3083) 55 

LDl22 SlUc.lx (3083) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
B .... flClI_lales ~1U_I"ta Is pmt ....... pa .. latIII. 

«> IC MASTER 1984 

MASTER SELECTION GUIDE 
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Ie MASTER 

! INTERFACE-Digital to Analog Converters 

~ Linear- Settling Power Compl. CTCor 

~ 
tty Time Dis. 011. Compl. 011. 2's Sign. 

Bits Error ±I'.!LSB mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Int. 
Res. ±lSB ,.s (max.) Input Input Input Input Input Input logic logic logic Ref. Mult. latches Device Source Line 

DI A Converters 
~ 

4 114 0.3 85 x x X x ZN434E Ferranti 

112 0.004 x x x DAC-0405 Datel 

1040 x x x x IIN0405 IIler,Net (3044) 

4 (triple color video DAC) 
112 0.005 ' 1250 x x x VDAC444 Intech 

Q) 4 (triple color video RAM/DAC) 
:2 112 0.005 ' 3000 x x x RGBDAC4T Intech 5 
::J 

4 (video digital converter) (!) 
112 0.1104 ' 1040 x x x HDG-0405 AD (2830) 

C x x x 0405H -Intech 
.2 6 1/8 3 250 x x x x OAC-OlA tPMI (3567) +'" 
0 114 3 250 x x x x DAC-01 MicroPwr Q) 

Q) x x x x DAC-01B t MicroPwr 10 

(J) x x x x DAC-01C MicroPwr 

.... x x x x DAC-01D MicroPwr 
Q) 

DAC-01F t MicroPwr +'" x x X x rn as, x x x x DAC-01H MicroPwr 

~ x x x x x IIP5520A tllleroPwr (3046) 15 

x x x x x IIP5520B tMlerePwr (3046). 

x x x x x IIP5520C IIler,Pwr (3046) 

x x x x x IIP5520F tlller,Pwr (3046) 

x x x x x IIP5520H MleroPwr (3046) 

x x ILPC603 NEC 20 

x x x x DAC-C~ tPMI (3557) 

x x x x DAC-01B tPMI (3567) 

x x x x OAC-01C PIli (3567) 

x x x x 0AC-01F tPMI (3567) 

x x x x ; OlC-01H Pili (3567) 25 

112 0.006 x x x DAC-0605 Datel 

1352 x x x x IIN0605 IIlereNIt (3044) 
"'-

0.3 240 x x IIC1406 lI,tertla (3069) x 
x x x IIC1506 tlletere" (3069) 

1- 45 - x x x x ZN426E-6 Ferranti 30 

3 200 x x x x x IIP5520D IIlerePwr (3046) 

250 x x x x OlC-01D PMI (3567) 

6 (AlD,D/A,with counter) 
it 

112 2.0 175 x x x x ZN425E-6 Ferranti 

6 (video digital converter) 
112 0.006 ' 1350 x x x HOG-0605 AD (2830) 

1500 x x x 0605H Intech 35 

6/12-Binary Serial 
112 - 5 x x x x ILA9706C Fairchild 

7 112 l' 45' x x x x ZN426E-7 Ferranti 

x x x x ZN429E-7 Ferranti 

7 (AID,D/A,with counter) 
112 2.0 175 x x x x ZN425E-7 Ferranti 

8 - 0.005 - x x x x AD9768 tAD (2823.2830) 40 

118 0.15 1.5 - x x x x x x- A07523L AD (2825) 

x x x x x x AD7523L Intersil 

x- x x x x x AD7523U t Intersi! 

x x x x x x MP7523L MleroPwr (3046) 

20 x x x x x x x MP7524C Mler,Pwr (3046) 45 

0.15 - 20- x x x x x x A07524C AD (2825) 

x x x x x x x AD7524L AD (2825) 

x x x x x x x x A07524U tAD (2825) 

x x x x x x x MP7524L MleroPwr (3046) 

x x x x x x x IIP7524U tMler,Pwr (3046) 50 
(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
BII. 'ICe l"lcates '''llIe •• 1 ata Is prevl .... ,. t~e p •••• et ... 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

linear- Settliog Power Campi. CTCar 
ity Time Dis. Off. CompI. Off. 2's Sign. 

Bits Error ±lHSB mW Bin. Bin. Bin. Bin. Campi. Magn. TTL CMOS Eel Int. 
Res. ±LSB pS (max.) Input Input Input Input Input Input logic logic logic Ref. Mult. latches Device Source Une 

DI A Converters (Cont'd) 

8 1/8 0.15 • (Cont'd) 
670 x x x x x x AD7523J Intersi! 

x x x x x x AD7523S t Intersil 

1 30 x x x x DAC0830 National 
1 • - x x x x ZN438 Ferranti 

1/4 0.01 850 x x HDS-081OE AD (2830) 5 

x x HDS-081OEM tAD (2830) 

x x 1IC1D318-9 Metarell (3069) 

0.045 700 x x x HI56181-2 tHlrrls (2929) 

x x x HI56181-5 Hlrrls (2929) 

0.065 610 x x x x x 4084-02 t TeledyneP 10 

x x x x x 4084-03 t TeledyneP 

0.085 33 x x x x x x x x DAC-08OOF AMD 

0.135 174 x x x x x x x x DAC-08A tAMD 

x x x x x x x x ADDACOBA tAD (2825) 

x x x x x x x I ADDACOBH AD (2825) 15 

x x x x x x x x DAC-OBA tMotarela (3069) 

x x x x x x x x DAC-08H Mol .... 1I (3069) 

x x x x x x DAC0802 t National 

x x x x x x DAC0802C National 

x x x x x x x x DAC-08A t PMI 20 

x x x x x x x x DAC-08H PMI 

x x x x x x x x DAC-OBA till,.... (3511) 

x x x x x x x x DAC-08H IqtMeI (3591) 

x x x x x x x x DAC-08A t Signetics 

x x x x x x x x DAC-08H Signetics 25 

0.15 1.5· x x x x x x AD7523K AD (2825) 

x x x x x x AD7523K Intersil 

x x x x x x AD7523T ,t Intersil 

x x x x x x MP7523K MlefoPwr (3046) 

20 x x x x x x x MP75248 MlcroPwr (3046) 30 

0.15· 20· x x x x x x AD75248 AD (2825) 

x x x x x x x x AD7524K AD (2825) 

x x x x x x x x AD7524T tAD (2825) 

x x x x x x x MP7524K MlefoPwr (3046) 

x x x x x x x MP7524T tlllcnPwr (3046) 35 

0.16· 123(5V) x x x x x x x x· x AM6080AC AMD 

x x x x x x x x x AM6080AM tAMD 

x x x x x x x x x x AM6081AC AMD 

x x x x x x x x x x AM6081AM tAMD 

0.2 • 255 • x x x x x x x IES119 SIpIIIcs (3611) 40 

x x x x x x x SE5119 tSl ..... cs (3611) 

1300 • x x x x x !lD!I-m!Q2 A!! 

~::~I x x I I x x I I x HDH-0802M tAD 

0.25 170 x x i x x x DAC-888A tPIII (3567) 

x x I x I I I x x DAC-8I8E PIlI (3567) 45 

·0.25· 265 x x x x x AD 1408-1 AD (2825) 

x x x x x AD 1508-9 tAD (2825) 

1 30 x x x x DAC0831 National 

1.5 375 x x x x x . ADSS8K AD (2817.2825) 

2· 255 x x x x x x x IE5019 SlpttIn (3607) 50 

x x x x x x x SE5019 tSl",lcs (3607) 

20· 735· x I x X x HDS~0820 AD (2830) 

x I x X x HDS-082OM tAD (2830) 
I I i i I I i i I I i (Continued) 

Sin.-Binary 
O11.-011set 

Compl.-Complementary CTC-Compl. 2's Compl. 
Magn. -Magnitude Int Ret-Internal Reference Mult.-Multiplying 
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INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling Power Compl. CICor 
ity TIme Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±'k LSB mW Bin. Bin. Bin. Bin. Compl. Magn. TIL CMOS ECl Int. 
Res. ±LSB !,S (max.) Input Input Input Input Input Input logic Logic Logic ReI. Mult. Latches Device Source Line 

DI A Converters (Cont'd) 

8 (Cont'd) 
3/8 1.5 375 x x x x x AD558T tAD (2817.2825) 

1/2 x x AD7548K AD (2822.2827) 

x x AD7548T tAD (2822.2827) 

0.005 - x x SP9768 Plessey 
Q) 

0.008 x x x DAC-0805 Datel 5 "0 
::J 800 x x TDC1018 TRW-LSI (3702) 

CJ 1664 x x x x MN0805 MlcroNet (3044) 

r::: 0.01 700 x x x x TDC1016-8 TRW~LSI (3704) 
0 0.01" 675 x x MC10318 Matorola (3069) 
+-' 
(.) 0.025 630 x x x x DAC-HF8BMM t Dltel (2860) 10 
Q) x x x x DAC-HFBMC Datel 
Q) 

0.045 700 x x x H15618B-2 t Harris (2929) en 
f0- x x x H15618B-5 Hlrrls (2929) 
Q) 0.065 610 x x 
+-' 

x x x 4084 TeledyneP 
U) x x x x x 4084-01 TeledyneP 15 
«S 
~ 0.12 240 x x x x DAC90S t Burr-Browl (2848) 

255 x x x x x x x NE5118 Signetics 

x x x x x x x SE5118 t Signetics 

0.135 174 x x x x x x x x DAC-08 tAMD 

x x x x x x x x ADDAC08 tAD (2825) 20 

x x x x x x x DAC08 t Fairchild 

x x x I X I X X X I x DAC-08 tMetorol1 (3069) 

x x x x x DACOSoo t National 

x x x x x x x x DAC-08 tPMI 

x x x x x x x x DAC-08 tRlytlle. (3591) 25 

x x x x x x x x DAC-08 t Signetics 

0.14 " 130 " x x x x x MC6890A tMataral1 (3068) 

0.15 1.5 " x x x x x x AD7523J AD (2825) 

x x x x x x AD7523S tAD (2825) 

x I x x x x x MP7523J MlcroPwr (3046) 30 

20 x x x x x x x MP7524A MlcroPwr (3046) 

136 x x x x x x DAC-08BC Dltel (2863) 

x x x x x x OAC-08BM tDlt,1 (2863) 

174 x x x x x x x x DAC-OSE AMD 

x x x x x x x x ADOAC08E AD (2B25) 35 

x x x x x x x x DAC08E Fairchild 

x x x x x x x x DAC-08E M,terall (3069) 

x x x x x DACOBOOC National 

x x x X IX IIPC624 NEC 

x x x x x x x 'x DAC-OSE PMI 40 

x x x x x x x x DAC-08E RlytlltOI (3591) 

x x x x x x x x DAC-OSE Signetics 

0.15· 20" x x x x x x AD7524A AD (2825) 

x x x x x x x AD7524J AD (2B25) 

x x x x x x x AD7524S tAD (2825) 45 

x x x x x x x MP7524J MlcroPwr (3046) 

x x x x x x x MP7524S tMlcroPwr (3046) 

305 x x x x DAC0808 t National 

x x x x DAC0808C National 

0.16 " 123 x x x x x x x x x AM6080C AMD 50 

x x x x x x x x x AM6080M tAMD 

x x x x x x x x x x AM6081C AMD 

x x x x x x x x x x AM6081M tAMD 

0.2 240 x x x x DAC90B Burr-Browl (2848) 

670 x x x x x DAC-7523 Dltel (2863) 55 
(Continued) 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
Baldflce 1IIIIceta 111111110111 dallis provided 01 tlla plua lated. 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

Unear- Settling Poww Compl. CTCor 
ity TIme Dis. Off. Comp!. Off. 2's Sign. 

Bits Error ±'klSB mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Int. 
Res. ±LSB "s (max.) Input Input Input Input Input Input logic logic logic Ref. Mull. Latches Device Source line 

DI A Converters (Cont'd) 

S 112 (Cont'd) 
0.20 * 130 * x x x x x MC6890 Molorola (3068) 

0.22 20 * x x x x x x A07528K AD (2819.2825) 

x x x x x x A07528l AD (2819.2825) .. 
x x x x x x A07528T tAD (21119.2825) 

x x x x x x A07528U tAD (2819.2825) 5 

0.25 170 x x x x x OlC-8888 tPMI (3567) 
x x x x x OlC-888F PMI (3567) 

0.25 * 265 x x x x SSSl40SA-8 AMD 

x x x x SSS1508A-8 t AMD 

x x x x x AD 1408-8 AD (2825) 10 

x x x x x A01508-8 tAD (2825) 

x x x x x DAC-l408A-8 PMI 

x x x x x DAC-1508A-8t PMI 

0.25i1.0 

I I I I I 

I 
I I 

I 
I 

I 
I 

IOlC82S 900 x x x 
I 

x I x I x t BII'r-BrOWI (2848) 

0.25/2.0 
I I I 

900 x x x x x x OlCB2K Barr-8rlWl (2848) 15 

0.3 * 305 x x x x AM 1408-S AMD 

x x x x AM 1508-8 tAMD 

x . x x x x OlC-ICBBC Balli (2863) 

x x x x x OlC-ICBBM tOllel (2863) 

x x x x DACl408 t Fairchild 20 

x x x x DACl408A Fairchild 

x x MC1408-8 Mol ...... (3069) 

x x MCl508-8 tMolerela (3069) 

x x x MCl408-8 National 

x x x MCl508-S t National 25 

x x x MCl408-8 Signetics . 

x x x MCl508-S t Signetics 

0.6 * 500 x x x x x XR9201 Exar 

0.8 100 * x x x x x x ZN42SE-S Ferranti 

x x x x x x ZN42&1-8 t Ferranti 30 

1 30 x x x x DAC0832 National 

45* x x x x ZN426E-8 Ferranti 

x x x x ZN426J-8 t Ferranti 

x x x ZN429E-S Ferranti 

x x x ZN429J-8 t Ferranti 35 

750 x x x .13008 M'crllll (3044) 

x x x MI3OO8H tMlcrol1i (3044) 

x x x MI3OO9 MlcroIItt (3044) 

x x x .. 3009H tM'crelli (3044) 

1.5 75 * x x x x x A055&1 AD (2817.2825) 40 

300 x x x x x DAC331B-8 t HybridSys 

x x x x x DAC331C-8 HybridSys 

2* 255 x x x x !lAC-UP!!C e:!=! 19111111\ ,.vvv1 
X X X x DAC-UP" tBaIll (2863) 

255 * x x x x x x x NE501S Signetics 45 

x x x x x x x 8E5018 t8/p111c1 (526) 

2.5 570 x x x x x MI3014 Micrelel (3044) 

x x x x x MI30148 tMIcr8111 (3044) 

3 680 x x x H53020B t HybridSys 

x x x HS3020C HybridSys 50 

830 x x x x x x .13020 .'erellt (3044) 

x x x x x x .302011 tMIcreIII (3044) 

4 1080 x x x x x x x DAC336B-8 t HybridSys 

x I x X X X X x DAC336C-8 HybridSys 
I I I I I I i I I I I (Continued) 

Compl. -Complementary CTC-Compl. 2'5 Compl. Bin.-Binary 
Off.-Offset Magn. -Magnitude Int Ref.-Internal Reference Mult.-Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 
::-1 

llnear- SettlIng Power CompI. CTCor 
Ity Time Dis. Off. Comp!. Off. 2'5 Sign. 

Bits Error ±'hlSB mW Bin. Bin. Bin. Bin. Comp!. Magn. TIL CMOS ECl Int 
Res. ±LSB ,.s (max.) Input Input Input Input Input Input logiC logiC logic Ref. Mult. Latches DeviCe Source Line 

DI A Converters (Cont'd) 

8 112 (Cont'd) 
20 285 x x x x DAC336B-1 t HybridSys 

x x x x DAC337B-0 t HybrldSys 

x x x x DAC337B-2 t HybridSys 

x x x x DAC337C-0 HybridSys 
Q) 

x x x x DAC337C-1 HybridSys 5 "0 
:l x x x x DAC337C-2 HybridSys 

(!) 23· 585 x x x x •• 3000 .tertlllt (3044) 

C x x x x •• 3000H tMtcr .... (3044) 
0 x x x x M.3001 .Icr .... (3044) -(,) x x x x •• 3001H tMlcr •• et (3044) 10 
Q) x x x x M.3002 Micro." (3044) 
Q) 

x x x x M.3002H t·lcr .... (3044) C/) 

'- x x x x •• 3006 .lcrdII (3044) 
(J) x x x x •• 3006H tMlcn." (3044) -(/) 30 570 x x x x x M.3013 Mlcrdll (3044) 15 
ctS 
~ x x x x x MU013H tMtcn." (3044) 

40 300 x x x x DAC337B-6 t HybridSys 

x x x x DAC337C-6 HybridSys 

314 1.5 375 x x x x x AD558S tAD (2817,2825) 

1 x x AD7548J AD (2822.2827) 20 

x x AD7548S tAD (2822,2827) 

0.01 - x x x x TMl840 Telmos 

0.01· 675 x x x MC10318C-7 .otonil (3069) 

0.07 305 x /C x x MCl408-7 Signetics 

0.15 174 x x x x x x x x DAC-OSC AMD 25 

x x x x x x x x ADDACOIC AD (2125) 

x x x x x x x x DACOSC Fairchild 

x x x x x x x x BAt-OK .ot.roll (3069) 

x x x x x DAC0801C National 

x x x x x x x x DAC-08C PMI 30 

x 
I 

X x BAt-08C Rlyt~ ... (3591) x x x x x 

x x x x x x x x DAC-08C Signetics 

0.22 20· x x x x x x AD7521J AD (2819.2825) 

x x x x x x AD7528S tAD (2119.2825) 

0.25· 265 x x x x x SSSl408A-7 AMD 35 

x x x x x AD1401-7 AD (2825) 

x x x x x DACl408B Fairchild 

x x x x x DAC-1408A-7 PMI 

0.3· 305 x x x x AM 1408-7 AMD 

x x .C1408-7 ... oroll (3069) 40 

x x x DAC0807C National 

x x x MCl408-7 National 

1114 0.3· 305 x x x .C3408 Mot .... 11 (3069) 

2 0.01· 675 x x x .Cl0318C-6 Moteroll (3069) 

0.25 • 265 x x x x x DACl408C Fairchild 45 
x x x x x DAG-l408A-6 PMI 

0.3· 305 x x x x AM 1408-6 AMD 

x x .C1408-6 Mot.roll (3069) 

x x x DAC0806C National 

x x x MC1408-6 National 50 

8 (AID, OIA, with counter) 
112 2.0 175 x x x x ZN425E-8 Ferranti 

1 2.0 175 x x x x' ZN425J-8 t Ferranti 

8 (O/A, with counter/clock) 
112 0.8 - x x x x ZN435E Ferranti 

x x x x ZN435J t Ferranti 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
a.N fIcIl.lllnln .. 111110111 atl II prlvltl. II till p .... tIII. 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Conver,ers (Cont'd) 

linear- Settling Power Compl. CTCor 
ity Time Dis. Off .. Compi. Off. 2'5 Sign. 

Bits Error ±IUSB mW Bin. Bin. Bin. Bin. Compl. Magn. TIL CMOS ECl In!. 
Res. ±lSB ~ (max.) Input Input Input Input Input Input logic logic logic Ref. Mull. latches Device Source line 

DI A Converters I (Cont'd) 

8 (triple color video RAM/DAC) 
112 0.008 • 8000 x x x RGBDAC8E Intech 

10000 x x x RGBDAC8T Intech 

8 (video digital converter) 
1/4 0.010 1976 x x HOD-08l0 AD 

x x HDD-0810M tAD 

2028 x x HDD-081OC AD 5 

x x HDD-081OCM t AD 

1/2 0.008 1660 x x HOO-0805 AD (2830) 
0.008 • 1800 x x x 0805H Intech 

0.07 1000 x x x AH8308E Analogic 

x x x AH8308T Analogic 10 

1600 x x x MP8308ECl Analogic 

x x x MP8318ECl Analogic 

2200 x x x MP8308 Anaiogic 
x x x MP8318 Analogic 

8 (Dual), Data latches, Addressable I 
1 - 1350 x , I , 

x x ! x MP10 Blfr-8rl.1 (2849) 15 

x x x x MPll 1Ifr-8 ..... (2849) 

8 (7-Bits plus Sign) Companding 
- 0.5 • 192 x AM6072C AMD 

x AM6072M tAMD 

112 step 
0.5 192 x AM6070AC AMD 

x AM6Q70AM tAMD 20 

x x x x BAC-86E PMI (3567) 

207 i x x X x BAC-SSE PMI (3567) 

500 x x x • x DAC-89E PM! (3567) 

1 step 0.5 192 x AM6070C AMD 

x AM6070M tAMD 25 

0.5 * 192 x x x x DAC-86C PM. (3567) 

207 x x x x DAC-88C PMI (3567) 

500 x x x x BAG-SIC PMI (3567) 

8-2 Digit BCD 
1/2 0.15 194 x x x x BAC-2OC PMI (3567) 

9 112 0.01 700 x x x x TDCl016-9 TRW-lSI (3704) 30 

9 (8-Bits plus Sign) 
114 0.75 500 x x x x x x BAC-20BA tPMI (3567) 

x x x x x x BAC-208E PMI (3567) 

112 0.75 500 x x x x x x BAC-208B tPilI (3567) 

x x x x x x BAC-208f PIli (3567) 

10 1/8 0.5 20 x x x x x x x MP75331 MlcrlPwr (3046) 35 

x x x x x x x MP7533Y tMIcroPwr (3046) 

1/4 * 0.6 • 780 x x x x HI5610-2 tRarris (2926) 

x x x x Hl5610-4 HIrrIs (2926) 

x x x x HI561 0-5 Hlrrls (2926) 

x x x x HI5610-S tHIITI$ !::i,40 1 I ! 
.-

1 1/4 0.025 * 735 x x x x HOS-l025 AD 

x x x x HDS-l025M tAD (2830) 

0.25 * 275 x x x x x AD5611 AD (2825) 

x x x x x AD561T tAD (2825) 

0.3 * 1300 x x x x x HOH-lOO3 AD (2830) 45 

0.5 20 x x x x x x x MP7533Q MIcrIPwr (3046) 

x x x x x x x MP7533W tMlnPwr (3046) 

112 0.01 450 x x x x TOC1016-10 TRW-LSI (3704) 

0.025 705 x x x x IlAC-HF10111C 01111 (2860) 

x x x x DAC-HFl ... t DI'" (2860) 50 

0.15 450 x x x x x x x x BAC-1OB tPilI (3567) 
I I I I I I I I I (Continued) 

Bin.~Binary 

Oft.-Offset 
Com pl. -Complementary CTC-Compl. 2's Compl. 

Magn. -MagnitUde Int Ref.-Internal Reference Mult.-Multiplying 
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Ie MASTER 
I 

INTERFACE-Digital to Analog Converters (Cont'd) 
:~ linear- Settling Power Comp!o CTCor 

~ ity Time Dis. Off. Compl. Off. 2's Sign. 
Bits Error ±'h lSB mW Bin. Bin. Bin. Bin. Compl. Magn. TIL CMOS ECl Int. 
Res. ±lSB liS (max.) Input Input Input Input Input Input Logic logic logic Ref. Mult. Latches Device Source Line 

DI A Converters (Cont'd) 

10 1/2 0.15 450 (Cont'd) 
x x x x x x x x oAC·10C tPMI (3567) 

x x x x x x x x IAC·10F PMI (3567) 

x x x x x x x x oAC·1OG PMI (3567) 

0.25 380 x x x MC3410 Metoroll (3069) 
(J,) x x x MC3510 tMolerol1 (3069) 5 '0 
::l x x x MC3410 Signetics 

C) 390 x x x x 1AC-IC10B DlIII (2863) 

C x x x x oAC-IC10BM t Dltel (2863) 
0 0.25 * 275 x x x x x A0561J AD (2825) 

........ 'x 0 x x x x AD561S AD (2825) 10 
(J,) 0.3 - x x x x AD7527C AD (2825) 
(J,). x x x x AD7527BC AD (2825) en 
'- x x x x AD75278L AD (2825) 
Q) x x x x AD75278U tAD (2825) . ........ 
en x x x x AD7527L AD (2825) 15 
ctS 
.~ x x x x AD7527U tAD (2825) 

0.375 300 x x x x DAC·l00A tPMI (3567) 

x x x x DAC·100A PMI 

0.5 30 x x x x x DAC-HA 1 OBC·l, Dltll (2860) 

x x x x x DAC-HA 1081·1 t 01111 (2860) 20 

0.5 * 0.025 x ,x x x x IAC·MA10BC DlIII (2860) 

x x x x x DAC·HA 1 OBM t oltel (2860) 

20" x x x x x x x ADi520l AD (2825) 

x x x x x x x AD7520U tAD (2825) 

x x x x x x x A07530L AD (2825) 25 

x x x x x AD7520l Inlersi! 

x x x x x AD7520U t Intersi! 

x x x x x x x AD7530l Intersi! 

x x x x x x x MP7520L MleroPwr (3046) 

x x x x x x x MP7520U tMlenPwr (3046) 30 

x x x X 
I 

X x· x MP7530 Micro'" (3046) 

20" x x x x x DAC1000 t National 

x x x x x DAC1000c National 

x x x X x x x x DAC1006 t National 

x x x X x x x x DAC1006C National 35 

40 x x x X x x x x AD7522L AD (2825) 

x x x X x x x x AD7522U tAD (2825) 

x x x x x x MP7522L M'croPwr (3046) 

x x x x x x x x MP7522U tMlenPwr (3046) 

0.6 30 x x x x x x x AD7533C AD (2825) 40 
x x x x x x x AD7533L AD ' (2825) 

x x x x x x x AD7533U tAD (2825) 

0.8" 30" x x x x x x x AD7533l Intersi! 

x x x x x x x AD7533U t Intersi! 

x x x x x x x MP7533L Micro'" (3046) 45 

x x x x x x x MP7533U tMlcroPwr (3046) 

1.5 30 x x x x ' x DAC331B·10 t HybridSys 

x x x x x DAC331C·10 HybridSys 

4" 255 x x x x x x x ME5020 Slg.etlel (3608) 

10 715 x x x x M.3040 Mlero •• t (3044) 50 

x x x x MI3040H tMieroM.1 (3044) 

15 165 x x x x x DAC348B-10 t HybridSys 

x x x x x DAC348C·10 HybridSys 

20 150 ' x x x x x DAC3471PB-1OB 
t HybridSys 

(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
BoN IIClI.IIIClles 111111110.11 1111111 provllllll II till pi .... tlll. 
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· MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

linear- SetUing Power Compl. CrCor 
ity rime Dis. Off. COmpi. Off. 2's Sign. 

Bits Error ±'kLSB mW Bin. Bin. Bin. Bin. COmpl. Magn. TTL CMOS ECl Int. 
Res. ±lSB /lS (max.) Input Input Input Input Input Input logic Logic Logic Ref. Mult. Latches Device Source line 

DI A Converters (Cont'd) 

10 1/2 20 150 (Cont'd) 
x x x x DAC347LPB-10U 

t HybridSys 

x x x x x I;lAC347LPC-1OB HybridSys 

x x x x DAC347LPC-10U HybridSys 

285 x x x x DAC337B-4 t HybridSys 

x x x x DAC337B-5 t HybridSys 5 

x x x x DAC337C-4 HybridSys 

x x x x DAC337C-5 HybridSys 

23" 585 x x x .13003 .lcroNet (3044) 

x x x .13003H t.lcr"" (3044) 

x x x .13004 t·ler .... (3044) 10 

x x x •• 3004H t·lerollll (3044) 

x x x .. 3005 .ler • .,1 (3044) 

x x x .. 3005H t.ler.i., (3044) 

x x x •• 3007 .Ier .... (3044) 

x x x .. 30018 t.leroNlI (3044) 15 

30 - x x x M/D2005-1 HyComp 

40 300 x x x x DAC337B-3 t ltybridSys 

x x x x DAC337B-7 t HybridSys 

x x x x DAC337C-3 HybridSys 

x x x x DAC337C-7 HybridSys 20 

500 " 24 x x x x AD7520L National 

x x x x AD7520U t National 

x x x x DAC1020 t National 

x I x X x DAC1020C National 

112 0.01 990 x x HDS-1015E AD (2830) 25 

x x HDS-l015E11 tAD (2830) 

0.012 x x x x SP9770 PIIuIy (3071) 

0.135 276 x x x x x OlC-l0B RI~ (3587) 

x x x x x DAC-1OC HI" .. (3587) 

x x x x x OlC-1OF IIIytJINa (3587) 30 

0.25 38O~ x x x x MC35lO Signetlcs 

0.25 " 300 x x x x x IE541 0 Slplllea (3612) 

x x x x x SE541 0 Slglllllea (3612) 

0.3 " 1300 x x x x x HOH-1003. taD (2830) 

0.375 250 x x x x x ADOlCl00J( AD (2825) 35 

x x x x x ADDAC 1 OOL AD (2825) 

x x x . x x ADDAC100T taD (2825) 

0.5 20 x x x x x x x .P75208 .'cre" . (3046) 

x x x x x x x .P7520Y t·lnPwr (3046) 

0.8 670 x x x x x OlC-7533 Dalal (2863) 40 
1 0.01 700 x x x x TDC1016-9 TRW-LSI 

0.15 276 x x x x x DAC-1OO HI,.... (3587) 

0.25 380 x x x .W1OC lI.t@!'~ (300!!) 

i I 

MC3410C Signetics x x x x 
390 x x x x x DAC-IC1_ Dalal (2863) 45 

0.3 - x x x x AD75278 AD (2825) 

x x x x AD75271( AD (2825) 

x x x x AD7527T tAD (2825) 

300 x x x x DAC-l00B tPMI (3567) 

0.375 250 x x x x x ADOlCl00J AD (2825) 50 

x x x x x ADOlCl00s tAD (2825) 

0.5 20 x x x x x x x .P752oo M1croPwr (3046) 

x x x x x x x .P752OW t·lcrePwr (3046) 

0.5 " 20" x x x x x x x AD75201( AD (2825) 
I 

, i I i I (Continued) 

Bin.-Binary 
Off.-Offset 

Compl. -Complementary CTC-Compl. 2's Compl. 
Magn.-Magnitude Int Ref.-Internal Reference Mult.-Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

linear- Settling Power Compl. ClCor 
ity lime Dis. Off. Compl. Off. 2'5 Sign. 

Bits Error ±'hlSB mW Bin. Bin. Bin. Bin. Compl. Magn. TIL CMOS ECl Int. 
Res. ±LSB "S (max.) Input Input Input Input Input Input logic logic logic Ref. Mult. Latches Device Source Line 

DI A Converters (Cont'd) 

10 1 0.5 * 20 * (Cont'd) 
x x x x x x x AD7520T tAD (2825) 

x x x x x x x AD7530K AD (2825) 

x x x x x x x AD7520K Intersil 

x x x x x x x AD7520T t Intersil 
(J) 

AD7530K Intersil 5 :2 x x x x x x x 

::J x x x x x x x MP7520K MlcroPwr (3046) 
C) x x x x x x x MP7520T tMlcroPwr (3046) 

c: x x x x x x x MP7530K MlcrePwr (3046) 

.2 x x x x ..... x x x x DAC1001 t National 

0 x x x x x x x x DAC1001C National 10 
(J) 

x DAC1007 t National x x x x x x x 
(J) 

DAC1007C National en x x x x x x x x 

'- 40 x x x x x x x x AD7522K AD (2825) 
(J) x x x x x x x x AD7522T tAD (2825) ..... 
CIJ as 50 x x x x x x x x MP7522K MlcroPwr (3046) 15 

~ x x x x x x x x MP7522T tMlcrlPwr (3046) 

0.6 30 x x x x x x x AD7533B AD (2825) 

x x x x x x x AD7533K AD (2825) 

x x x x x x x AD7533T tAD (2825) 

O.S· 30" x x x x x x x AD7533K Intersil 20 

x x x x x x x AD7533T t Intersil 

x I x I X I X I I X X x MP7533K MlcrePwr (3046) 

1.5· 300 x x x x x DAC-06E PMI (3567) 

350 x x x x OlC-03AD PMI (3567) 

x x x x DAC-03BD PMI (3567) 25 

5 435 x x x DAC-UP10B Dlltl (2863) 

500 • 24 x x x x A07520K National 

x x x x A07520T National 

x x x x DAC1021 t National 

x x x x OAC1021C National 30 

2 0.01 700 x x x x TOC1016-S TRW-LSI 

0.225 300 x x x x OlC-l00c tPMI (3567) 

x x x x OAC-100c PMI 

0.5 • 20· x x x x x x x AD7520J AD (2825) 

x x x x x x x AD7520S tAD (2825) 35 

x x x x x x x AD7530J AD (2825) 

x x x x x x x A07520J Intersil 

x x x x x x x A07520S t Intersil 

x x x x x x x A07530J Intersil 

x x x x x x x MP7520J MlcrlPwr (3046) 40 

x x x x x x x MP7520S MlcroPwr (3046) 

x x x x x x x MP7530J MlcroPwr (3046) 

x x x x x x x OAC1002 t National 

x x x x x x x x OAC1002C National 

x x x OAC1008 t National 45 

x x x x x DAC1008C National 

40 x x x x x x x x AD7522J AD (2825) 

x x x x x x x x AD7522S tAD (2825) 

50 x x x x x x x x MP7522J MlcroPwr (3046) 

x x x x x x x x MP7522S tMlcroPwr (3046) 50 

0.6 30 x x x x x x x AD7533A AD (2825) 

x x x x x x x AD7533J AD (2825) 

x x x x x x x AD7533S tAD (2825) 

O.S· 30" x x x x x x x AD7533J Intersil 
(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Belilltce 1I111c111S Iddlllo •• 11I111 Is provided I. Ille p •• e .olell. 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

linear- Settling Power Comp/. CTCor 
II'; TIme Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±'hLSB mW Bin. Bin. Bin. Bin. Comp/. Magn. TTL CMOS ECl Inl. 
Res. ±lSB ,.s (max.) Input Input Input Input Input Input logic logic logic Ref. Mull. Latches Device Source Line 

01 A Converters (Cont'd) I 
10 2 0.8 • 30' (Cont'd) 

x x x x x x AD7533S t Intersil 

x x x x x x x MP75338 tMlcrePwr (3046) 

x x x x x x x MP7533T tMlcrePwr (3046) 

x x x x x x x MP7533T MicroPwr 

1.5 * 300 ·x x x x x OAC-06F PM. (3567) 5 

350 x x x x OAC-D3CO PM. (3567) 

500 * 24 x x x x AD7520J National 

x x x x AD7520S t National 

x x x x DAC1022 t National. 

x x x x DAC1022C National 10 

3 0.225 300 x x x x OAC-l000 tPM. (3567) 

x x x x DAC-l00D PMI 

0.5 * 50 x x x x x x x MP7520H MlcrtPwr (3046) 

1.5 * 350 

I I 
x 

I I I 
x 

I I 
x 

I 
x 

I I 
x 

I I 
1
00C
-. 

PMI (3567) 

4 0.2 - x x x x x PMI 15 
1.5 • 300 x x x x )( ~~: Pili (3567) IlAIi -

350 x x x x DAC-D300 PMI (3567) 

5 1.5 * 350 x x x x DAC-06C tPM. (3567) 

8 0.5 * 50 x x x x x x x MP75208 MlcraPwr (3046) 

10 Companding 
1 Step 0.5 260 x DAC-78F PMI 20 

10 Plus Sign 
112 1.5 • 350 x x x x x OAC-D5E PMI (3567) 

500 x x x x x OAC-21OA tPMI (3587) 

x x x x x DAC-2108 tPII' (3567) 

x x x x x DAC-21 DE PMI (3567) 

6 300 x !,PC610 NEC 25 

1 1.5 * 300 x x )( x x DAC-21 08 PMI (3567) 

350 x x x x x OAC-02AC PMI (3567) 

x x x x x DAC-028C PM. (3567) 

500 x x x x x DAC-21OF PMI (3567) 

2 1.5 * 300 x x x x x OAC-O!CC PMI (3567) 30 

x x x x x 0AC-05F PMI (3567) 

350 x x x x x DAC-05A tPMI (3567) 

3 1.5 * 350 x x x x x OAC-058 tPMI. (3567) 

x x x x x OAC-05C PMI (3567) 

4 1.5 * 300 x x x x x 0AC-05G PMI (3567) 35 

~.5 * 350 x x x x x OAC-02DD PIlI (3567) 

10 Video Digital Converter 
112 0.015 2340 x x HDD-l015 AD 

x x HDD-l015C AD 

x x HDD-l015M tAD 

112 75 MHz x x x x SP9770 Plessey 40 

11 Plus Sign DynamiC Range (7 -Bit 
plus sign format) 

112 step 
I I I I I I 

I 
I I I 

IDAC-88E I 0.5 207 I I I I I I I x I x x I I x I PMI 

1 x x x· x DAC-89E PMI 

0.5 • 207 x x x x DAC-86E PM! 

1 step 0.5 207 x x x x DAC-86C PMI 

x x x x DAC-88C PMI 45 

x x x x DAC-89C PMI 

12 118 0.15 375 x x x x x 4089-03 TeledyneP 

x x x· x x 4089-05 TeledyneP 

1/4 0.01 I x x x AD667K AO (2818.2827) 

0.15 375 x x x x x 4089-02 TeledyneP 50 

x I x x x x 4089-04 TeledyneP 
I i : I J (Continued) I I I I I , 

Bin.-Binary 
Ott.-Offset 

Compl. -Complementary CTC-Compl. 2'5 Compl. 
Magn. -Magnitude Int Ref.-Internal Reference Mult.-Multiplying 

e IC MASTER 1984 2647 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 
~ 

Linear· Settling Power Compl. CTC or 
Ity Time Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±'hlSB mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Inl 
Res. ±lSB ItS (max.) Input Input Input Input Input Input logic logic logic Ref. Mull. Latches Device Source Line 

DI A Converters (Cont'd) 

12 1/4 (Cont'd) 
0.25 345 x x x x x AD565AK AD (2826.2828) 

x x x x x AD565AT tAD (2826.2828) 

0.3 270 x x x x DAC1266A National 

x x x x DAC1266AC National 
(]) 

345 x x x x x DAC1265A National 5 -0 
::::l x x x x x DAC1265AC National 

C) 800 x x x x x TDDAC801 TeledyneP 

C 0.4 - x x x x DAC-562M tDltel (2863) 
0 210 x x x x x MC3512 Motoroll (3067) 
+-' 

300 ~D566AK AD (2827.2829) 0 x x x x x x 10 
(]) x x x x x x AD566AT tAD (2827.2829) 
(]) x x x x x AD566K AD (2827.2829) en 
t... x x X x x AD566T tAD (2827.2829) 
(]) x 
+-' 

x x x x MCE566AK MCE 
UJ x X x x x x MCE566AT tMCE 15 
OJ 
~ x x x x x x MCE566K MCE 

x x x x x MCE566T t MCE 

345 x x x x x AD565K AD (2826.2828) 

·x x x x x AD565T tAD (2826.2828) 

x x x x x .uA565K· Fairchild 20 

x x x x x .uA565T t Fairchild 

x x x x x MCE565K MCE 

x x x x x MCE565T t MGE 

780 x x x x HI562A·2 tHarrls (2920) 

x x x x HI562A-8 Hlrrls (2920) 25 

0.5 375 x x x x x HI565AK Harris (2923) 

x x x x X I HI565AT tHarris (2923) 

495 x x x x x x. AD567K AD (2827) 

1 64" x x x x x HI7541K Hlrrls (2953) 

x x x x x HI7541T tHlrrls (2953) 30 

1.5, 465 x x x x x AD562S/BII AD (2827.2829) 

x x x x x AD562S/BIN MicroPwr 

475 x x x x x AD563K/BII AD (2826) 

x x x x x AD563S/BII tAD (2826) 
I x x X x x AD563T IBII tAD (2826) 35 

800 x x x x x TDDAC80V TeledyneP 

112 - 35 x x x x x .AD7545C AD 
(2821.2827.2827) 

x x x x x AD7545GC AD 
(2821.2827.2827) . 

x x x x x AD7545GL AD 
(2821.2827.2827) 

x x x x x AD7545GU AD 
I (2821.2827.2827) 40 

x x x x x AD7545L AD 
(2821.2827.2827) 

x x x x x AD7545U AD 
(2821.2827.2827) 

1000 x x x x x x x x MP7622B MlcroPwr (3046) 

1000 x x x x x x x x MP7622T tMlcroPwr (3046) 

- 1200 x x x x x x x x MP7622K MleroPwr (3046) 45 

0.01 x x x AD667J AD (2818.2827) 

x x x AD667S tAD (2818.2827) 

0.035 - x x DAC63 . Burr-Bre.1 (2848) 

855 x x x x H08-1250 AD (2830) 

x x x x HDS-1250M tAD (2830) 50 
(Continued) 

t Military Temperature Range (- 55° to 125°C) "Typical Value 
Balli face Ildlcales addltlolll dltl Is prul .. etI DR tlte plge I.ted. 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

linear- Settling Power Compl. CTCor 
ity Time Dis. Off. Compl. Off. 2'5 Sign. 

Bits Error ±'hLSB mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Int. 
Res. ±lSB ,.s (max.) Input Input Input Input Input Input logic logic logic Ref. Mull. latches Device Source line 

DI A Converters (Cont'd) 

12 1/2 I (Cont'd) 
0.045 1160 x x x x DAC63S BIrr-Brown (2848) 

0.05 - x x x x x ADH-03011-12 DDC 

1485 x x x x HC4000 HyComp 

x x x x HC4000-883 t HyComp 

0.050 780 x x x x DAC-HF12BMC Dalal (2861) 5 

x x x x DAC~HF12B •• t Dalll (2861) 

1200 x x x x DAC391B-12 t HybridSys 

x x x x DAC391C-12 HybridSys 

1350 'x x x x DAC397B-12 t HybridSys 

x x x x DAC397C-12 HybridSys 10 

0.06/1 675 x x x x DAC-8528-12 t DDC 

0.060 395 x x x x 4065 t TeledyneP 

0.1 600 x x x AM6082C AMD 

0.10 775 

I 

1 
x I' x 1 1 

I 

x 
1 

I I 

x 
1 1 IDDC-DAca7-CBI-1 

I I I I I I I tDDC 

850 I ii ii ii X x ODC-OAC85l0-CBi-i I I I I I I I I I I ! i i DOC 15 

0.18 - x I x x x x AD7544B AD (2827) 

x x x x x AD7544BG AD (2827) 
I i 

I 
AD7544GK AD (2827) x i x x x x 

x x x x x AD7544GT tAD (2827) 

I x I x I X X x AD7544K AD (2827) 20 

x I x :. x x x AD7544T tAD (2827) 

0.20 430 • x I x I I X I x X I DACIOHT t Blrr-BI'OWII (2848) 
I x x I I 

X i ! x X 
! 

X 
! ,DACI0HT-l t Blrr-BrOWI (2848) 

0.25 345 x I x x x x AD565AJ AD (2826.2828) 

x I x X x ! I x AD565AS tAD (2826,2828) 25 

I x i x I I I I x I x I / 
x 

/ 
I MCE565AJ MCE 

I 
tMCE x x x x x MCE565AS 

900 x x x x 4080 t TeledyneP 

x x x x 4080-83 t TeledyneP 

x x x x 4081 TeledyneP 30 

x x x x 4081-83 t TeledyneP 

x x x x 4082 TeledyneP 

x x x x 4082-83 t TeledyneP 

0.3 270 x x x x DAC1266l National 

x x x x DAC1266lC National 35 

345 x x x x x DAC1265l National 

x x x x x DAC1265lC National 

770 • x x x x DAC-85C-CBI-1 Datel 

x x x x DAC-87C-CBI-1 t Datal (2861,286l) 

1000 x x x H156801-5 Harris (2932) 40 
: x I x x x HI56851-4 Harris (2938) 

x x x x HI56871-2 t Harris 

1200 ! x x x x x ,~C!!OZ-C!!!-! !!err-!!!'!!!! (284!!) I 
I I I ! I 

I 
I 

I I I DAC850-CBI-1 Birr-Brow. (2848) 0.3 • BOO • I 

I x I x I x I j x I I x 

[ I 
x 

I 
x 

I 
x 

I I 
x 

I I· I 
x j I 

I DAC851-CBI-1 t Burr -Brown 45 

0.311.5 • 
BOO • I I x x I x i I x x I DACBOO-CBI-I Birr-BraWl (2848) 

I x x I x I x x IIAC8OO-CBI-V B .... -Bran (2848) 

i i I x x x I x x I DAC851-CBI-1 t BIrr-BrOWI (2848) I 

0.3/3 • BOO 
, 

I : x I x I x x x DAC80/CBI BIrr-BraWl (2848) 

x ! x x I x x I DAC85C-CBI-1 Blrr-Bron (2848) 50 

B50 i I x X I X ! i x I i x I i I ADDAC87/CBI tAD (2826) 

! , x x x' X I X I i DAC85-CII MlcroNat (3044) 

925 i 

I 
: x x x r x 1 x : I I ADDAC80/CBI AD (2825) I 

i i : , : : i i i (Continued) I 

Sin,-Binary 
OO.-Offset 

Compl. -Complementary CTC-Compl. 2'5 Compl. 
Magn,-Magnitude Int Ref.-Internal Reference Mult. -Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

linear- Settling Power Compl. CTC or 
Ity Time DIs. Off. CampI. Off. 2's Sign. 

Bits Error ±v.LSB mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Int 
Res. ±lSB pS (max.) Input Input Input Input Input Input logic logic logic Ref. Mull. latches Device Source line 

DI A Converte;s (Cont'd) 

12 112 0.3/3 .. 925 
, I I I (Cont'd) 

X X X X X ADDAC85/CII tAD (2825) 

X X X X X ADDAC85C/C81 AD (2825) 

0.4 - X X X X DAC-562C Datil (2863) 

X X X X HIDAC801 Harris 
Q) 

210 MC3412 Meterall (3067) 5 "0 X X X X X 

:J 300 X X X X X X AD566AJ AD (2827.2829) 

C!) X X X X X X AD566AS tAD (2827.2829) 

c:: x x x x x AD566J AD (2827.2829) 

.2 x x x x x AD566S tAD (2827.2829) ..-
0 x x x x x MCE565J MCE 10 
Q) 

x x x x x MCE565S t MCE 
Q) 

en x x x x x x MCE566AJ MCE 

'- x x x x x x MCE566AS t MCE 
Q) x x x x x MCE566J MCE ..-
(/) x x x x x MCE566S tMCE 15 as 

::E 345 x x x x x AD565J AD (2826.2828) 

x x x x x . AD565S tAD (2826.2828) 

x x x x x ~565J Fairchild 

x x x x x I'A565S t Fairchild 

400 x x x x x DAC862S t Burr-Brown 20 

x x x x x x x x I'PC648 NEC 

780 x x x x H1562A-4 Hlrrls (2920) 
I I I I I I I I I I 'NI562A-5 Rlffls (2920) x x x x 

0.5 0.05 x x x x x DAC-HA12BC 01'" (2860) 

x x x x x DAC-HA 12111 t Datil (2860) 25 

20 x x x x x DAC-HA 12BC-1 Datil (2860) 

x x x x x DAC-IIA 12111-1 t Datil (2860) 

312 .. x x x x x x x x x AM6012C AMO (3301) 

x x x x x x x x x AM6012M tAMO (3301) 

x x x x x x x x x MCE6012C MCE 30 

x x x x x x ! x I x x MCE6012M tMCE 

375 x x x x x H1565AJ Hlnis (2923) 

x x x x x HI56W tHlrrls (2923) 

495 x x x x x x A0567J AD (2827) 

x x x x x x A0567S tAD (2827) 35 

1000 x x x x A0562 Mot.o .. (3069) 

x x x x AD563 M"nII (3069) 

0.5 .. 1300 X x x x HDH-1205 AD (2830) 

x x x x HOH-1205M tAD (2830) 

0.6 1410 x x x x DAC392B-12 HybridSys 40 

x x x x DAC392C-12 HybridSys 

112 20 x x x x x x x MP7541T tMlcroPwr (3046) 

1 20 x x x x x x x MP7541B MlcroPwr (3046) 

x x x x x x x MP7541tt IIIcroPwr (3046) 

20" x x x x x x x A075418 AD 
(2825.2827.3351 ) 45 

x x x x x x x AD7541tt AD 
(2825.2827.3351 ) 

x x x x x x x A07541T tAD 
(2825.2827.3351) 

x x x x x x x AD7541B !ntersi! 

x x x x x x x AD7541K !ntersi! 

x x x x x x x AD7541T !ntersil 50 

x x x x x x x MP7621B MlcroPwr (3046) 

x x x x x x x MP7621K MlcroPwr (3046) 

x x x x x x x MP7621T tMlcroPwr (3046) 
(Continued) 

t Military Temperature Range (-55° to 125°C) .. Typical Value 
BeIIIIHIIMIeI .. Hlllltt .. 11 111111 Is prollll ... till PIli '0II1II. 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

linear- Settling Power Compl. CrCor 
Ity Time Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±'I.!LSB mW Bin. Bin. Bin. Bin. CampI. Magn. TIL CMOS ECl Int. 
Res. ±lSB I'S (max.) Input Input Input Input . Input Input logic Logic logic Ref. Mult. Latches Device Source line 

DI A Converters (Cont'd) 

12 112 1 20 " (Cont'd) 
x x x x x x x 7541T t TeledyneS 

x x x x x x x TSC7541B TeledyneS 

x x x x x x x TSC7541K TeledyneS 

x x x x x x x TSC8641B t TeledyneS 

x x x x x x x TSC8641C TeledyneS 5 

30 x x x x x HS7541 B-2 t HybridSys 

x x x x x HS7541C-2 HybridSys 

x x x x DAC1208 National 

x x x x DAC1218 National 

x x x· x DAC1230 National 10 

30" x x x x x HS7541-4 HybridSys 

64" x x x x x HI7541J Hlrrls (2953) 

x x x x x HI75418 tHlrrls (2953) 

450 x x x x x DAC-7541 Dltll (2863) 

x x x x I x x x MP76238 MlcroPwr (3046) 15 

x x .x x i x x ' x I .1 MP7623K MlcroPwr (3046) 

x x x x I x x I x MP7623T tMlcroPwr (3046) 

x x x x TDP7541B TeledyneP 

x x x X TDP7541K TeledyneP 

x x x x TDP7541T t TeledyneP 20 

1· 750 x x x x x HSDACSOCBI-I HybridSys 

1/1.5· - x ! x I x x I H8DAC878I1V t HyWIdSys (2986) 

x x x x HSDAC87CIIV HprtdSys (2986) 

1.5 65 x x I x x x x MP562H MlcroPwr (3046) 

x x I , i X X X X 
I iMP562J MlcroPwr (3046) 25 

x x x x x 'x MP562K MlcroPwr (3046) 

300 x x ! x x x . DAC335B-12 t HybridSys 

x x x x x DAC335C-12 HybridSys 

1.5· - x x x x x AD563.I AD (2826) 

465 x x x x x AD562K/8111 AD (2827.2829) 30 

475 x x x x x AD563J/BIII AD (2826) 

750 x x x x x HSDACSOCBI-V HybridSys 

800 • x x x x x DAC85O-CBI-V Blrr-BroWi (2848) 

x x x x x DAC851-CBI-V Blrr-Browl (2848) 

2 40 x x x x x AD75421 AD (2827) 35 

x x x x x AD7542K AD (2827) 

x x x X x AD75421 tAD (2827) 

x x x AD7543B AD (2827) 

x x x AD7543K AD (2827) 

375 x x x x 4058 t TeledyneP 40 

375 " x x x x x x HS3120B-2 t HybridSys 

x x x x x x HS312OC-2 HybridSys 

1900 x x x HDD-1206J AD (2830) 

x x x HDD-l206S tAD (2830) 

:2 • - I 
I ! 

X I X I I x I I 
I I I DAC34~1-12 HybridSys 45 

2.5 I 

I 
I I I I (2983) -

I 

x 

I 

x 

I i I I 

x 

I 
j( 

I I 

x 

I 

I DAC3388-12-2 HyllriiSys 

3 30 x x x x x DAC331B-12 t HybndSYs 

x x I X X I x DAC331C-12 HybridSys 

770· x x x x DAC-85C-CBI-V Datel 

x i x x 1 x ! 
DAC-87C-C8J-VtDatll (2861.2861) 50 

775 x x • I ! 
! X I x I DOC-DAC87 -CBI-I 
I i I i t DOC 

850 x x X 
I X X ' DOC-DAC85LD-CBI-V 

I I I i i i i i I i I i DOC 

! I I x I ! I DACIO Mlcrlllt (3044) x x x 

I I x ! x x ! x I X ! MlDAC87 tMlcroIIt (3044) 
i i I i i , 1 1 (Continued) 

Bin.-Binary 
Off.-Offset 

Compl. -Complementary CTC-Compl. 2's Compl. 
Magn. -Magnitude Int Ref.-Internal Reference Mult.-Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling Power Compl. CTC or 
Ity Time Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±'hLSB mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Int. 
Res. ±LSB "S (max.) Input Input Input Input Input Input logic Logic logic Rei. Mult. Latches Device Source Line 

DI A Converters (Cont'd) 

12 112 3 (Cont'd) 
900 x x x x x OAC·HK12BGC 01111 (2861) 

x x x x DAC-HK1218C-2 01'11 (2861) 

x x x x x DAC·HK12BII t DI'II (2861) 

Q) x x x x HAC-HK 12BMM-2 

"0 t Datel 

:::s x x x x x DAC·HK12BGC Intech 5 
(!) x x x x x DAC-HK12BMM 

c: t Inteeh 

.2 1000 x x x H15680V·5 Hlrrls (2932) - H15685V-4 Hlrrls (2938) 0 x x x x 
Q) 

x x x x HI5687V-2 Harris 
Q) 

1050 DAC·HZ12B8C DIIII (2861) 10 (J) x x x x 

.... x x x x HAC·HZ12BMMt Datel 
Q) 

3.5 465 x x x x x AD562A1BCD AD (2827.2829) -t/) AD562A1BII (2827.2829) as x x x x x AD 

~ 4 300 x x x x x x DAC336B-12 t HybridSys 

x x x x x x DAC336C·12 HybridSys 15 

975 x x x x x DACHK tllmlll (3044) 

5 450 • x x x x x HS9338-2 HprldSys (2983) 

1000 x x x HS3860B t HybridSys 

x x x HS3860C HybrldSys 

1200 
I I I I I I I I I BACBO-ml·' B;rr·BrGWII (2848) 2C x x x x x 

x x x x x DAC80Z·C81·V BIIT·Brewl (2848) 

x x x x x DAC85C-CBl·V BIIT·Bnnn (2848) 

x x x x x 1lACl5L1J.CBI., B.rr·BrNl (2848) 

x x x x x DAC85Z-CBI·' B.rr·Brewl (2848) 

5· - x x x DAC345V-12 HybridSys 25 

525· x x x x x 113850 tlleroNI' (3044) 

x x x x x 113850H Ilmll' (3044) 

675 • x x x x x 113860 Ilcroll' (3044) 

x x x x x 113860H tllmll' (3044) 

7 x x x x x x ICL7146 I,'ersll (3010) 30 

1000 x x x x x AD3860K AD (2827) 

x x x x x AD3860S tAD (2827) 

1025 x x x x x DAC87/CBI t8lrr·Brewl (2853) 

8 - x x x AD290T tAD 

x x x AD390K AD (2816.2827) 35 . 

375 x x x x 113348 Ilcroill (3044) 

x x x x 113348H tllmlll (3044) 

10 375 x x x x 113349 IleroN .. (3044) 

x x x x 113349H tllcrolll (3044) 

720 x x x x x MP1812A Analogie 40 

750 x x x x x x DAC-SL·12 t DOC 

760 x x .. x x x DAC88 tllerINl' (3044) 

x x x x x 113660 tlleroNl' (3044) 

1200 x x x x DAC71 Ileroll. (3044) 

15 165 x x x x x DAC348B-12 t HybridSys 45 

x x x x . x DAC348C·12 HybridSys 

300 x x x x x DAC349B·12 t HybridSys 

x x x x x DAC349C-12 HybrklSys 

x x x x x DAC9349·12 HybrldSys 

20 150 x x x x x DAC347LPB·12U 
t HybridSys 50 

(Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
8* fUII"latts 1 •• 1.11.1' dl'l Is ,rovl ... 01 •• PI .. '8"'. 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog· Converters (Cont'd) 

linear- Settling Power Compl. crCor 
ity Time Dis. Off. Compl. Off. 2'5 Sign. 

Bits Error ±'hlSS mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Int. 
Res. ±lSB ~ (max.) Input Input Input Input Input Input logic logic logic Ref. Mull. Latches Device Source Line 

01 A Converters (Cont'd) 

12 112 20 150 - (Cont'd) 
x x x x x DAC347LPC-12B HybridSys 

x x x x x DAC347LPC-12U HybridSys 

x x x x x HAC347LPB-12B 
t HybridSys 

355 x x x MI3412 Mlerollt (3044) 

25 - x x x x x DAC02701 DOC 5 

175 * x x x x DAC9356 HyllrldS,s (2986) 

30 - x x x x M/DA2000 HyComp 

35 90 x x x . MI371 MleroNat (3044) 

x x x MI371H tMlerolat (3044) 

150 x x x x AD370J AD (2826) 10 

x x x x AD370K AD (2826) 

x x x x AD370S tAD (2826) 

x x x x AD371J AD (2826) 

35* - x x x x x DOC 1250-12-1 DOC 

x x I X I x x DDC 1250-12-3 DOC 15 

50 265 x x x x OAC356B-12 t HybridSys 

i x x x x DAC356C-12 HybridSys 

908 I x x x x DAC356LPB-12 t HybridSys 

x x x x DAC356LPC-12 HybridSys 

1653 x x x x HDS-1240E AD (2830) 20 

x 1 x' I 1 x X i HDS-1240EM tAD (2830) 

70 90 i I x I x I x x MI370 Microlat (3044) 

x I x i x x MN370H tMleroNat (3044) 

3/4 8 - x I i x X i I I AD390J AD (2816.2827) 

x x x AD39DS tAD (2816.2827) 25 

1 - 35 x I I x x ! x I ! x AD7545B AD 
i 

(2821.2827.2827) 

x x x x x AD7545K tAD 
(2821.2827.2827) 

x x x x x AD7545T AD 
(2821.2827.2827) 

0.06/1 675 x x x x DAC-8528-11 t DOC 

0.18 - x x x x x AD7544A AD (2827) 30 

x x x x x AD7544J AD (2827) 

x x x x x AD7544S AD (2827) 

1 20 x x x x x x x MP7541A MleroPwr (3046) 

x x x x x x x MP7541J MlcroPwr (3046) 

x x x x x x x MP75418 tMleroPwr (3046) 35 

20* x 'x x x x x x AD7541A AD 
(2825.2827.3351 ) 

x x x x x x x AD7541J AD 
(2825.2827.3351) 

x I x x x I x x x A07541A Intersi! 

x x ! x x x x x AD7541J Intersi! 

)( ! )( )( X I 
; I )( I )( I )( I 

..... lI!:f'III ... .rlo,." a;1&iiP-•• (3G46; 40 

I x I I I I x MP7621J MlcroPwr (3046) x x I I X X X 

X x I x I X I x I x ! I x MP76218 tMleroPwr (3046) 

x I x I X I ! x x ! I 
X 

I 7541S t TeledyneS 

x x x i I x I x x TSC7441S t TeledyneS 

x x x ! ! ! X ! x x TSC7541A TeledyneS 45 

x x x i I x x x TSC7541J TeledyneS 

x x x i I x x x TSC8640B t TeledyneS 

x x x I I x I x x TSC8640C TeledyneS 

30 x x ! I x I x I x ! HS7541B-'1 t HybridSys 

x x ! x I x ! x i HS7541C-1 HybridSys 50 

x ! I ; I ! x 
1 

x : x IDAC1209 National 
I I I I I I I I i i (Continued) I 

Bin.-Binary 
Off.-Offset 

Compf. -Complementary CTC-Compl. 2's Compl. 
Magn.-MagnitUde Int Ref.-Internal Reference Mult.-Multiplying 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling Power Compl. CTCor 
ity Time Dis. Off. Comp!. Off. 2'5 Sign. 

Bits Error ±'hlSB mW Bin. Bin. Bin. Bin. Compl. Magn. m CMOS ECl Int 
Res. ±LSB ,.s (max.) Input Input .Input Input Input Input logic logic logic Ref. Mult. Latches Device Source line 

DI A Converters (Cont'd) 

12 1 1 30 (Cont'd) 
x x x x DAC1219 National 

x x x x DAC1231 National 

40* x x x x x x x x MP7622A MlcroPwr (3046) 

x x x x x x x x MP7622J MlcraPwr (3046) 
Q) 

x x x x x x x 'x MP7622S tMluaPwr (3046) 5 
"0 
::l x x x x x x x x Sl7622A Sill_Ix (3083) 

(!) x x x x x x x x 8176228 t8111eaDIx (3083) 

c::: x x x x x x x x Sln22J Siliconix 

.2 50* x x x x x x x AD75418 tAD 
...... (2825.2827.3351 ) 
(,) 
Q) x x x x x x x AD7541l Intersil 10 

Q) x x x x x x x AD7541S t Intersil 
en 450 x x x x x x x MP7623A MlcraPwr (3046) 
'- MP7623J MlcraPwr (3046) Q) x x x x x x x 
...... 
rn x x x x x x x MP76238 tMlcraPwr (3046) 
tt1 x x x x TDP75415 t TeledyneP 15 

::E x x x x TDP7541A TeledyneP 

x x x x TDP7541J TeledyneP 

1 • 500 x x x MP1209A MicroPwr 

x x x MP1209J MicroPwr 

x x x MPl209S t MicroPwr 20 

x x x x MP1231A MicroPwr 

x x x x MP1231J MicroPwr 

x x x x MP1231S t MicroPwr 

x x x x MP1232H MicroPwr 

x x x x MP1232R t MicroPwr 25 

x x i X i x MP1232Z MicroPwr 

2 40 x x x x x AD7542A AD (2827) 

x x x x x AD7542J AD (2827) 

x x x x x AD75428 tAD (2827) 

x x x I x AD7543A AD (2827) 30 

x x x x AD7543J AD (2827) 

450 x x x x MP7542S t Harris 

x x x x MP7542A MleraPwr (3046) 

x x x x x MP7543A MlcroPwr (3046) 

x x x x x MP7543J MleraPwr (3046) 35 

x x x x x MP75438 tMluaPwr (3046) 

670 x x x x MP7542J MlcroPwr (3046) 

2.5 - x x x x x BAC338B-12-1 Hyllrl~8JS (2983) 

5 450 * x x x x x H89338-1 Hyllrl~sya (2983) 

10 750 x x x x x x DAC-Sl-11 tDDC 40 

20* 500 x x x x x x BAC9377·16-5 HyllrldSys (2984) 

30 - x x x x M/DA2005 HyComp 

35 150 x x x x AD371K AD (2826) 

x x x x AD371S tAD (2826) 

550" 30 AD7240K AD (2820.2825) 45 

AD7240T tAD (2820.2825) 

1/2 0.5 330 x x x x HI5660-2 tH.ma (2950) 

x· x x x HI5660·5 H.rrla (2950) 

x x x x H156W·2 tH.ma (2950) 

x x x x H156W-S H.rrla (2950) 50 

1" 500 x x x MP12081 MlcraPwr (3046) 

x x x MPl208K MleraPwr (3046) 

x x x MP1208T tMlcriPwr (3046) 

x x x x .P12301 MleraPwr (3046) 
(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
BaN _11"alll .~~III .. 1 ull la pm". 01 III. PlU' 10l1li. 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

linear- Settling Power Compl. CrCor 
Ity TIme Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±IHSB mW Bin. Bin. Bin. Bin. Comp!. Magn. TIL CMOS ECl In!. 
Res. ±lSB ItS (max.) Input Input Input Input Input Input logic logic logic Ref. Mult. Latches Device Source line 

DI A Converters (Cont'd) 

12 1/2 1" 500 (Cont'd) 
x x x x MP12301( MlerlPwr (3046) 

x x x x MPl230T tMlcraPwr (3046) 

2 450 x x x x MP75428 MierePwr (3046) 

x x x x MP7542T tlJcraPwr (3046) 

x x x x x IP75438 MlenPwr (3046) 5 

x x x x x MP7543K Micra"'" (3046) 

x x x x x MP7543T tlleraPwr (3046) 

670 x x x x IP7542K MleraPwr (3046) 

114 1" 500 x x x MP1210H MicroPwr 

x x x MP1210R t MicroPwr 10 

x x x MP1210Z MicroPwr 

1112 550 " 30 AD7240J AD (2820.2825) 

I I A072408 tAD (2820.2825) 

2 - 35 x x x x I 
J ! 

x AD7545A AD 
I I I I J (2821.2827.2827) 
I x I I I x I x I x I I I I I x AD7545J AD ! 

! I (2821.2827.2827) 15 

x i x x x x AD7545S tAD 
(2821.2827.2827) 

0.04 - x x x x DA4000 HyComp 

0.05 - x x x x x ADH-030II-l0 DOC 

0.25 x X ! x ! x I x- x I x x DAC-6012AC HI,. ..... (3590) 

x X : x I x i x x I x x DAC-6012AM Ra,tll ... (3590) 20 

I x I x 
I 

x I X 
I I I x I x I I x I x I IDAC-6012C Rart ..... (3590) 

I 
x x x x x x x X lDAC-6012M Ra,t ..... '-(3590) 

375 x x x x x x DAC-3128 tPII (3567) 

x i x ! ! x x x ! x ,DAC-312F PMI (3567) 

0.5 10 " x x x x DACl220 t National 25 

x x x x DAC1220C National 

20" x x x x x x x MP7621Z IleraPwr (3046) 

0.5 " 20" x x x x x x x AD7521L AD (2825) 

x x x x x x x AD7521U tAD (2825) 

x x x x x x x AD7521L Intersil 30 

x x x x x x x AD7521U t Intersil 

x x x x x x x AD7531L IntersU 

x x x x x x x MP7521L IleraPwr (3046) 

x x x x x x x MP7521U tMlmPwr (3046) 

x x I)( x x x x IP7531L MlcroPwr (3046) 35 

0.50 397 x x x x x x x x AM6012 Slg.otlcs (3605) 

1 30 x x x x OAC121O National 

x x x x OAC1232 National 

2 40" x x x x x x x x IP7622H MlenPwr (3046) 

x x I x x x x x x IP76228 tl'ero'" (3046) 40 

x x x x x x x x IP7622Z l'croPwr (3046) 

i x x I x x )( I )( )( )( 
IDI.,eoeu 811 .... _1- ,,. ..... ,, 

I I 

! 

I I 

I i 
fUllv'~n O ....... IA \"-'1 

I 

I I I I I III'.... t.-x x 

! 
x x X I X I x x (3083) 

x 
I 

x x 
i 

x 
I 

x : x 
I i I x I x (3083) Sl7622Z Sill_Ix 

375 " x x 
, 

x x x x DAC312OB-0 t HybridSys 45 

x x x x x x DAC312OC-O HybridSys 
2 ." - x x I x I DAC345I-10 HybridSys 

2.5 - x x ! x x x DAC3381-12-0 HyIIrI'Sys (2983) 

5 450" x x I x x x H89338-0 HprldSys (2983) 

5" - 1 x x X 
" 

IOAC345V-10 HybridSys 50 

20" 500 x x I ! I x I x x i x I BAC9377-16-4 HyIIrIdSys (2984) 

35" x [ 
1 

I 
X 

I 
X ! x DDC1250-1O-1 DOC - x i', 

X X 
! 

X X I 

I 
X : DDC1250-10-3 DOC 

I i i i i I i I I I ! (Continued) 

Bin.-Binary 
Oft.-Offset 

Compl. -Complementary CTC-Compl. 2's Compl. 
Magn. -Magnitude Int Ref.-Internal Reference Mult.-Multiplylng 
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Ie MASTER 

INTERFACE-Digital to Analog Converters (Cont'd) 
Linear- Settling Power Compl. CTCor 
Ity Time Dis. Off. Compl. Off. 2'5 Sign. 

"i': Bits Error ±'k lSB mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Int. 
Res. +lSB ~ (max.) Input Input Input Input Input Input logic logic logic Ref. Mull. Latches Device Source Line 

= 01 A Converters (Cont'd) 
~ 12 2 

, 
(Cont'd) 

500 * 24 x x x x AD7521l National 

x x x x AD7521U t National 

4 0.5 " 20 " x x x x x x x AD75211 AD (2825) 

x x x x x x x AD7521T tAD (2825) 
Q) 

AD7531 1 AD (2825) 5 :2 x x x x x x x 

::::J x x x x x x x AD7521K Intersil 

CJ x x x x x x x AD7521T t Intersil 

C x x x x x x x AD7531K Intersi! 
0 

IP75211 IlcrtPwr (3046) x x x x x x x ..... 
0 x x x x x x x IP7521T tMlcrePwr (3046) 10 
~ x x x x x x x MP75311 IlcrlPwr (3046) Q) 

en 500 " 24 x x x x AD7521K National 
s... x x x x AD7521T t National 
Q) 

DAC1221 t National ..... x x x x 
UJ 
a:s x x x x DAC1221C National 15 

:E 8 0.5 " 20· x x x x x x x AD7521J AD (2825) 

x x x x x x x AD7521S tAD (2825) 

x x x x x x x AD7531J AD (2825) 

x x x x x x x AD7521J Intersi! 

x x x x x x x AD7521S t Intersi! 20 

x x x x x x x AD7531J Intersil 
I I I I I I I 

X 
I IIP7521J IlmPwr (3048) x x x x x x 

x x x x x x x IP75218 tMlcrePwr (3046) 

x x x x x x x MP7531J Mlcr.Pwr (3048) 

500 " 24 x x x x AD7521J National 25 

x x x I x AD7521S t National 

x x x x DACl222 t National 

x x x x DACl222C National 

12 Plus Sign Dynamic Range (7-Bit 
I I I I , I ! I I plus sign format) 

- 0.5 192 x AM6072C AMD 

x AM6072M tAMD 30 

112 step 
0.5 192 x AM6070AC AMD 

x AM6070AM tAMD 

207 x x x x DAC-86E PMI 

1 step 0.5 192 x AM6070C AMD 

x AM6070M tAMD 35 

207 x x x x DAC-86C PMI 

12-3 Digit BCD 
1/4 0.3 no" x x x x OAC-85C-CCO-1 Datel 

x x x x DAC-87-CCD-1 t 111111 (2861.2861) 

0.3/3 " 925 x x x IDDAC80/CCD AD (2825) 

x x x x IDDAC85/CCD t AD (2825) 40 

x x x x ADllAC85C/CCD AD (2125) 

3 770 " x x x x OAC-85C-CCO-V Datel 

x x x x DAC-87-CCD-V t 111111 (2861.2861) 

900 x x DAC-HK12D8C 111111 (2881) 

x x IlAC-HK12.1 t 111111 (2161) 45 

3" 1050 x x DAC-HZ12_ 111111 (2861) 

x x DAC-HZl2DIC 01'" (2861) 

x x 1AC-HZ12 .. t 111111 (2861) 

112 0.3 1200 x x DACIJO-CCD-I 1...r-BnwI (2141) 

)( x DACIOZ-CCD-I IIfT·Br ... (2148) 50 
(Continued) 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
leY llcel •• IcIIIII •• lUaalatala prt,I'" • 'n PI ........ 
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MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

Linear- Settling Power Campi. CTC or 
ity Time Dis. Off. CampI. Off. 2's Sign. 

Bits Error ±'h lSB mW Bin. Bin. Bin. Bin. Campi. Magn. TTL CMOS ECl Int. 
Res. ±lSB itS (max.) Input Input Input Input Input Input logic logic logic Ref. Mull. latches Device Source Line 

DI A Converters (Cont'd)' 

12-3 Digit BCD 
1/2 (Cont'd) 

0.3/3· 800 x x DAC85C/CCD Birr-Brown (2848) 

850 ' x x DA85C-CCD MicroNet 

x x OAC85-CCD tMleroNat (3044) 

0.5 30 x x x DAC-HA 12DC-1 Datal (2860) 

x x x DAC-HA 12DM, 1 t Dllal (2860) 5 
0.5 • 0.05 x x x DAC-HA12DC Dllal (2860) 

x x x DAC-HA12DM tDalal (2860) 

15 300 x x x x x DAC349B-30 t HybridSys 

x x x x x OAC349C-3D HybridSys 

x x x x OAC9349-30 HybridSys 10 

1110 1.5 ' 465 x x x AD562K/BCD AD (2827.2829) 

x x x AD562S/BCD tAD (2827.2829) 

475 x x x AD563J/BCD AD (2826) I I x x x AD563K/BCD AD (2826) 

I I I x I x I I x I AD563S/BCD tAD (2826) 15 

x x x AD563T IBCD tAD (2826) 

12-4 Digit BCD 
112 20' 500 x x x x x x DAC9377-4D HybridS,s (2984) 

13 1 0.1 980 x x x 2615-12 DOC 

1.6 1100 x x x SOAC-12 DOC 

1/2 10 360 x x I x x MP8526B MlcroPwr (3046) 20 

x x i x x MP8526S tMlcroPwr (3046) 

1/4 10 360 x x x x MP8526C MlcroPwr (3046) 

. x I X 
I 

X X 
i I MP8526T tMleroPwr (3046) 

2 0.1 980 x x x 2615-11 DOC 

1.6 1100 x x x ! SOAC-1'1 DOC 25 

4 0.1 980 x x' x 2615-10 DOC 

1.6 1100 x x x SDAC-l0 DOC 

13 (3 Device Set) 
1 1.8 3475 x x x DDAC-12 DOC 

2 1.8 3475 x x x DDAC-ll DOC 

4 1.8 3475 x x x DDAC-l0 DOC 30 

14 112 x x x x x DAC9331-14 HybridS,s (2984) 

2 30· x x x x x H831408-4 tHybridSys (2985) 

x x x x x H8314oo-4 H,IIrldS,s (2985) 

3 x x x x x x ICL7134 litarsil (3001) 

30 x x x x x OAC331B-14 t HybridSys 35 

x x x x x DAC331C-14 HybridSys 

15 1135 x x x x x MP1814 Analogic 

1950 x i x x x i x MP1914A Analogic 

2850 x x x I x i x MP1914TC Analogic 

200 kHz ! ! 
I 600 

I 1 I HDO-1409 AD (2823) 40 x 

1 0.5 0.05 x x x x ! y ! Ol!:-fl.Al4!C 9:t=! /.,a.:nl , .. -, 
X X I x x I x OAC-HA14BM tDaI" (2860) 

30 x x x x x DAC-HAl4BC-1 Dalll (2860) 

x x I X X x I DAC-llA141NJ.1 DatIl (2860) 

2 30· x x x x x x IP31408-4 tllcroPwr (3046) 45 

x x x x x x IP314oo-4 MlcraPwr (3046) 

375· x x x x x x HS3140B-3 HpriliSys (2985) 

x x x x x x HS314oo-3 HybridSp (2985) 

2 2 20 x x x x x x IP7614K IlcroPwr (3046) 

x x x x x x MP7614T tllcrlPwr (3046) 50 

30' x x x x x x MP3140B-3 tlleraPwr (3046) 

x x i i x x x i x MP314oo-3 MleraPwr (3046) 
I I I I I I I I i (Continued) 

Bin.-Binary 
Of f.-Offset 

Compl. -Complementary CTC-Compl. 2's Compl. 
Magn. -:Magnitude Int Ref.-Internal Reference Mult. -Multiplying 
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Ie MASTER 

5 INTERFACE-Digital to Analog Converters (Cont'd) 

~ Linear- Settling Power Comp!. ClCor 

~ ltv TIme 015. Off. Comp!. Off. 2'5 Sign. 
Bits Error ± 'f. lSB mW Bin. Bin. Bin. Bin. Comp!. Magn. TIL CMOS ECl Int. 

I 
Res. ±lSB "S (max.) Input Input Input Input Input Input logic logic logic Ref. Mult. latches Device Source Line 

D/A Converters (Cont'd) 

14 2 (Cont'd) 
20 900 x x x DAC-U12-1 t DOC 

4 2 20 x x x x x x MP7614.1 MlcraPwr (3046) 

x x x x x x MP7614S tMlcraPwr (3046) 

20 900 x x x x DAC-U11-1 t DOC 
CD 15 112 17 1950 x x x x x MP1915A Analogic 5 :E 

2850 MP1915TC Analogic '::J x x x x x 

CJ 16 1/8 25 1425 x x x x x MP8116 Analogic 

c:: 1/4 3.5 750 x x x x x x MP1936 Analogic 

.2 5 500 x x x x x x MP1926A Analogic ..... 
(.) 50 500 x x x x x x MPl926S Analogic 10 
CD 1/2 2· 60 x x x x x DAC370B-16 t HybridSys 
CD x x x x x DAC37OC-16 HybridSys en 
~ x x x x x DAC9331-16-6 HybridS,s (2984) 
CD x x x x x MP9331-6 IlcraPwr (3046) ..... en 5" 50* x x x x x x AD7546B AD (2827.2829) 15 CU 
~ x x x x x x AD7546K AD (2827.2829) 

20 1950 x x x x x MP1916A Analogic 

2850 x x x x x MP1916TC Analogic 

20* 500 x x x x x x DAC9377-16-6 H,brldSys (2984) 

x x x x x x IP9377-16 IlcraPwr (3046) 20 

50 1700 x x x x x DAC736K Blrr-BrNl (2848) 

1 1 465 x I X I I I X I I X I x HlOAC16B Hlrrls (2946) 

2* 60 x x x x x DAC9331-16-5 HybridSys (2984) 

x x x x x IP9331-5 Ilcra ..... (3046) 

5* 50* x x x x x x AD7546A AD (2827.2829) 25 

x x x x x x AD7546J AD (2827.2829) 

20 450 x x x x x IP9377 -16-5 IlcraPwr (3046) 

50 2000 x x x x x x DAC736J Bm-BI'DWIi (2848) 

x x x x x x DAC73.1 Blrr-BrIWl (2848) 

1/2 20 450 x x x x x MP9377-16-6 IlcraPwr (3046) 30 

2 0.3 940 x x x x DAC700B Bm-Brawl (2848) 

x x x x DAC700K Blrr-BI'DWII (2848) 

x x x x x DAC70n Blrr-BrIWI (2848) 

x x x x . x DAC702K BIrr-Brawl (2848) 

1 - x x x DAC-71-COB-1 Datel 35 

x x x DAC-71-CSB-1 Datel 

x x x DAC-72C-COB-1 Date! 

x x x DAC-72C-CSB-1 Datel 

465 x x x x x HIOACl6C Hlrrls (2946) 

1175 x x x x DAC72C-COB-l BIIT-BrIWl (2848) 40 

x x x DAC72C-CSB-1 Blrr-BrNl (2848) 

1225 x x x ADOAC71-COB-1 AD (2827,2829) 

x x x ADDAC71-CSB-1 AD (2827.2829) 

x x x ADDAC72-COB-1 AD (2827.2829) 

x x x AD0AC72-CSB-1 AD (2827,2829) 45 
2 20 x x x x x x IP7616T tllcraPwr (3046) 

30 x x x x x H8316OB-4 tHylirldSys (2985) 

x x x x x H8316oo-4 HybrldSys (2985) 

2* 60 x x x x x DAC9331-16-4 HybridS,s (2984) 

x x x x x MP93314 IlcraPwr (3046) 50 

3 x x x x x x ICL7145 1 ...... 11 (3007) 

4 790 x x x x DAC701B Blrr-BrlWl (2848) 

x x x x DAC701K BIIT-BraWI (2848) 

x x x x x DAC703B Bm-Br... (2848) 

x x x x x DAC703K Bm-BraWI (2848) 55 
(Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
B.ld laalnlallS .ddlll .. 1 atlls prliid. a. lilt ...... l1li. 
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· MASTER SELECTION GUIDE 

INTERFACE-Digital to Analog Converters (Cont'd) 

linear- Settling Power Cempl. CTeer 
ity Time Dis. Off. Compl. Off. 2's Sign. 

Bits Error ±'klSS mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Int. 
Res. ±LSS ~ (max.) Input .nJll!t Input Input Input Input Logic Logic Logic Ref. Mult. latches Device Source line 

DI A Converters I (Cont'd) 

16 2 (Cont'd) 
5 - x x x DAC-71-COB-V Datel 

x x x DAC-71-CSB-V Datel 

x x x DAC-72C-COB-V Datel 

x x x DAC-72C-CSB-V Datel 

1225 x x x ADDAC71-CoB-V AD (2827,2829) 5 

x x x AODAC71-CS8-V AD (2827.2829) 

x x x ADDAC72-COB-V AD (2827.2829) 

x x x ADDAC72-CS8-V AD (2827.2829) 

10 1175 x x x DAC71-CSB-V Burr-Brawl (2848) 

x x x x DAC72-CDB-V Birr-Brown (2848) 10 

x x x DAC72-CSB-V Burr-Bron (2848) 

x x x x DAC72C-CoB-V Birr-Brown (2848) 

x I x x DAC72C-CSB-V Burr-Browa (2848) 

20 450 x x x x x IP9377-16-4 MlcroPwr (3046) 

35 1170 1 x I x 1 1 x 1 ·1 x DAC-HP16I!MC Dltl! (2861) 15 

x x x x IIAC-IIPI&8MC-I 0.111 (2861) 

x x x x I DAC-HP16BII t Datil (2861) 

x x x 
I 

x IIAC-IIPI6811-1 
tD"11 (2861) 

501100 * 
575 " x x x DAC7O-CSB-I t Blrr-BrOWI (2848) 

x x I I x DAC7OC-CSB-I Birr-limn (2848) 20 

3 50/100 " 
575 * x x x DACIO-COB-I t Burr-Browa (2848) 

I x i i I X 
, 

X 
I OAC7oC-CoB-1 Blrr-Browl (2848) 

4 2 - x x x x x IP7616L IlcrlPwr (3046) 

20 x x x x x x IP761&.1 IIcroPwr (3046) 

x x x x x x MP76168 tllmPwr (3046) 25 

3" 425 x x x x x PCM52 Burr-Brown (2849) 

x x x x x PCI53 Blrr-Bre.. (2849) 

8 2 - x x x x x MP76161: IlcroPwr (3046) 

30 x x x x x HS3160B-3 t HylJrl~S,s (2985) 

x x x x x HS316OC-3 Hy.rllISys (2985) 30 

16-4 Digit BCD 
112 15 1170 x x DAC-HP16I1GC Dalll (2861) 

~ x DAC-HPl6DMC 0.111 (2861) 

x x DAC-HPI60MM tD.III (2861) 

50/100 " 
575 " x x DAC70-CCD-1 t Birr-Brawl (2848) 

x x DAC7OC-CCO-I Burr-limn (2848) 35 

2 1 - x x x DAC-71-CCD-1 Datel 

x I x x DAC-72C-CCO-1 Datel 

1175 ! I 
! I DAC72C-CCD-1 Burr-BmI (2848) , x x 

5 - I x x x DAC-71-CCD-V Datel 

x : I )( 

I I 
x I 

I I :~~;~:;V ~:~BrnII (2848) 40 

I I 
! 

I I I I I I I I 10 1175 I 

i 
I X I I X 

I i I I 
x 

I I x I I I 
x 

I I I DAC71-COB-V Burr-Browa (2848) 
I x x DIC72-CCD-Y Birr-Brawl (2848) 

x x DAC72C-CCD-V Burr-Bnwa (2848) 

18 1 20 60 x x x x x x DAC370B-18 t HybridSys 45 

x x x x x x DAC37OC-18 HybridSys 

x x x x x x IP3708-18 t IlcroPwr (3046) 

x x x x , x x IP37OC-18 IlcrlPw!' (3046) 

500 x x ! x x ! x i DAC377-18 IIPrllISys (2984) 

x x x x ! x ! x DIC377B-18 t HylJrlllSys (2984) 50 

x x i I x ! x x x i DIC377C-18 HprlliSys (2984) 
I I I I I I I I I (Continued) 

Sin.-Binary 
Of f.-Offset 

Campi. -Complementary CTC-Compl. 2's Compl. 
Magn. - Magnitude Int Ref.-Internal Reference Mult.-Multiplylng 

~ IC MASTER 1984 2659 



Ie MASTER 

r INTERFACE-Digital to Analog Converters (Cont'd) 
~ 
! linear- Settling Power Compl. CTCor 

ity TIme Dis. Off. Compl. Off. 2's Sign. 

II Bits Error ±'1,lSB mW Bin. Bin. Bin. Bin. Compl. Magn. TTL CMOS ECl Int 
Res. ±LSB pS (max.) Input Input Input Input Input Input Logic Logic logic Ref. Mult. Latches Device Source line 

i 
DI A" Converters (Cont'd) 

18 1 20 500 (Cont'd) 
x x x x x x MP377B·18 tMlcroPwr (3046) 

x x x x x x MP377C·18 MlcroPwr (3046) 

Q) 

:2 
::l 

(!J 

c:: 
.2 ...... 
(J 
Q) 

Q) 

en ... 
Q) ...... en as 
~ 

I 
I I 
I 
I 

I 

I 
i 
! 

i 

t Military Temperature Range ( - 55° to 125°C) * Typical Value 
BDl. lIal •• lcalll ••• IHo •• 1 UtIlI prowl .... 01 till p ••• lolld. 
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INTERFACE-Display Drivers 

FunctiOil Device Source Line Function Device Source Line 

Display Drivers 

I 
LCD Driver, Multiplexed 

PCF8576 Signetics 
Bargraph Fluorescent LCD Driver, 32/64 Segment 

XR2276 Exar PCF8577 Signetics 55 
Bargraph LED LM3914 National LCD Graphics Driver 

LM3915 National SED 1500 SMOS 
AN6875 Panasonic 

LED Bar Display Driver, 10 LEOs 
LB1405 Sanyo 5 TA7612A Toshiba 
LBl409 Sanyo 
LB1415 Sanyo LED, Cascadable 

LB1416 Sanyo 
SDA2014 Siemens 

LB1419 Sanyo LED Display Driver, 5 LEOs 

lB1426 Sanyo 10 TA7654 Toshiba 

LBl436 Sanyo TA7655 Toshiba 60 

UAA170 Siemens LED Display Driver, 33 Outputs, 15 rnA Sink Capability 

UAAl80 Siemens MM5486 National 

U237B Telefunken LED Displayllnterface (drives 7, 14, 16-segments for linear 
U244 Telefunken 15 displays, bar graphs) 
U247B Telefunken SAA1060 Signetics 
U254 Telefunken SAA1061 Signetics 
U257B Telefunken LED Driver System, a Decade, axa Memor;, Decoder 
U267B Telefunken (versions either hardwire or processor controlled 

(786) I TSC9403 Toshiba 20 ICM7218A 1IIII'sil 
TSC"lI404 Toshiba iCiii1218i1 IIIII'SII (786) 65 

Bargraph LED or Vacuum Fluorescent (module) ICM7218C 111II'1II (786) 

AW580 AWl ICM7218D IIIII'SII (786) 
ICM7218E IDtwsll (786) 

Bargraph or LED Dot Display Generators 
X82277 Ex.r (3375) LED, Static Ul80M Telefunken 

X82278 Exar (3375) U3080M Telefunken 70 

XI2279 Enr (3375) 25 Multiplexed LCD Driver, Master and Slave 

Bargraph VF HA12010 Hitachi MCl45000 Motorola 

HA12011 Hitachi MCl45001 Motorola 

LM3916 National MM58201 National 

LB1470 Sanyo Segment Driver for Gas Discharge Displays 

Bargraph 18-Element LCD Driver 
01232 Dionics 

HEF9754V Sigiletics 30 01242 Dionics 75 

Clock Driver, Dual Universal (LED, LCD, or vacuum fluorescent) 

083671 National S2809 AMI 

Display Controllers and Keyboard Interface: See 
BCD (hexadecimal) to 7-Segment Decoder/Driver with 
Latch Active Low, Open Collector 

Microprocessors-General Purpose 
9370C Fairchild 

Driver, 16-Channel Electroluminescent Display Column 
BCD (hexadecimal) to 7-Segment Latch/Decoder/Driver 

Driver HVl Supertex 
(CMOS with bipolar output) 

Driver, 16-Channel Electroluminescent Display Row Driver MCl4495 Motorola 
HV2 . Supertex UCN-4805A Sprague 

Electroluminescent Even Column Driver, 32 Outputs UCN-4806A Sprague 80 

SN75554 TI 35 BCD (hexadecimal) to 7-Segment LED Decoder/Driver, 

Electroluminescent Even Row Driver, 32 Outputs Constant Current, with Latch 

SN75552 TI 9368C Fairchild 

BCD Plus 1 to 7 -Segment Electroluminescent Odd Column Driver, 32 Outputs 
SN75553 TI LM1017 National 

Electroluminescent Odd Row Driver, 32 Outputs 
U143 Telefunken 

SN75551 TI BCD to 7-Segment Decoder/Driver 

Lamp Driver 
MCl4547BA t Motorola 

CSR301 TeledyneC 40 
MCl4547BC Motorola 85 

LCD Column Driver 
BCD to 7-Segment Decoder/Driver, Active High, Open 

........... __ &..-II IIlAftA." Collector 5449 t Fairchild 
,_u;v, , ... an \onKUI I 

I" 54LS249 t Fairchild I 
LCD D .... y 'n_co (drives 710 20-""""",.... I 54LS49 t Fairchild 
displays) SAA 1062 Signetics 74LS249 Fairchild 

LCD Dot Matrix Driver 74LS49 Fairchild 90 
HLCOO488 Hughes HD74LS249 Hitachi 
HLCD0515 Hughes HD74LS49 Hitachi 
HLCD0538A Hughes 45 MC7449 Motorola 
HLCD0539A Hughes SN54LS249 Motorola 
HLCD0540 Hughes SN54LS49 t Motorola 95 
HLCOO548 Hughes SN74LS249 t Motorola 
HLCD0550 Hughes SN74LS49 Motorola 
HLC00551 Hughes 50 DM54LS249 t National 
HLC00607 Hughes DM54LS49 t National 
SED1100 SMOS DM74LS249 National 100 
SED 1300 SMOS (Continued) 

t Military Temperature Range (- 55° to 125°C) • TYpICal Value 
BlW flcllUlCIIIs IMIIIIIII ata Is prtwl ..... 1M ,..1IfIIII. 
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MASTER SELECTION GUIDE 

FunctiOil 'Device Source line 

BCD to 7-Segment Decoder/Driver, Ac~ive High, Open 
Collector (Cont'd) 

DM74LS49 National 
8154249 tTl (1002) 
815449 tTl (935) 
8154L8249 tTl ' (1002) 
8N54LS49 tTl (935) 105 
8174249 TI (1002) 
817449 TI (935) 
SN74LS249 TI (1002) 
SN74LS49 TI (935) 

BCD to 7-Segment DecoderfDriver, Active High, Resistive 
Pull-Up 5448 t Fairchild 110 

54LS248 t Fairchild 
54LS48 tFairchild 
7448 Fairchild 
74LS248 Fairchild 
74LS48 Fairchild 115 
9307C Fairchild 
9307M t Fairchild 
HD74lS248 Hitachi 
HD74LS48 Hitachi 
MC7448 Motorola 120 
MC8307 Motoroia 

. MC9307 t Motorola 
SN54LS248 t Motorola 
SN54LS48 t Motorola 
SN74LS248 Motorola 125 
SN74LS48 Motorola 
DM5448 t National 
DM54LS248 t National 
DM54LS48 t National 
DM7448 National 130 
DM74LS248 National 
DM74LS48 National 
DS8856 National 
saT05 tSignetics 
SI54248 tTl (1002) 135 
815448 tTl (935) 
Sll54LS248 tTl (1002) 
S154LS48 tTl (935) 
8174248 TI (1002) 
817448 TI (935) 140 
SN74LS248 TI (1002) 
SN74LS48 TI (935) 

BCD to 7-Segment Decoder/Driver, Active Low, Open 
Collector 54LS347 t Fairchild 

54LS447 t Fairchild 
74LS347 Fairchild 145 
74LS447 Fairchild 
MC4039 Motorola 
SBT04 t Signetics 
SN54LS347 tTl (1019) 
SN54LS447 tTl (1038) 150 
SN74LS347 TI (1019) 
SN74LS447 TI (1038) 

BCD to 7-Segment Decoder/Driver, Active Low, Open 
Collector, 15 V Output 

5447 t Fairchild 
54LS247 t Fairchild I 
54LS47 t Fairchild 155 
7447 Fairchild 
74LS247 Fairchild 
74LS47 Fairchild 
9317BC Fairchild 
9317BM t Fairchild 160 
HD7447A Hitachi 
HD74LS247 Hitachi 
HD74LS47 Hitachi 
MC7447 Motorola 
SN54LS247 t Motorola 165 
SN54LS47 t Motorola 
SN74LS247 Motorola 

(Continued) 
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Ie MASTER 

INTERFACE-Display Drivers (Cont'd) 

Function Device Source line Function Device Source line Function Device Source line 

Display Drivers (Cont'd) BCD to 7-Segment Latch/Decoder/Driver, for Liquid 4/5-oigit Fluorescent Display Driver 
Crystal Displays MM5474 National 

BCD to 7-Segment Decoder/Driver, Active Low, Open CD4543BD t RCA (839) MM5476 National 105 
Collector, 15 V Output (Cont'd) CII4543BE RCA (839) MM54n National 

SN74LS47 Motorola 
BCD to 7-Segment Latch/Decoder/Driver, Output 1-16 .MM5478 National 

DM5447A t National 
SAB3211 Siemens 4/5-Digit (serial data input) 

DM54LS247 t National 
DM54LS47 t National BCD to 7-Segment Latch/Decoder/Driver (ripple blanking) MM5450 National 

DM7447A National 5 MC14544BA t Motorola 60 MM5451 National 

DM74LS247 National MC14544BC Motorola 4/5-Digit Vacuum Fluorescent 
Q) DM74LS47 National BCD to 7-Segment Latch/Decoder/Driver (strobed latch), 

MM5445 National 110 
"0 383A1C TeledyneS for Liquid Crystal Displays . MM5446 National 

::J 383B/M tTeledyneS LS71 00 LSIC .. p (803) MM5447 National 

(!) SI54247 ttl (1001) 10 MC14543BA t Motorola MM5448 National 

C Sl5447A ttl (935) MC14543BC Motorola SAA1063 Signetics 

0 Sl54LS247 tTl (1001) CD4056B tICA (839) 65 4x5 Matrix LED Decoder/Driver, Interface to CPU 
...... Sl54LS247A ttl (1001) CD4056BE RCA (839) MN1205F Panasonic 115 
0 SI54LS47 tTl (935) 883/4543B tSSS Q) 4x8 Matrix LED Decoder/Driver, Interface to MPU 

Q) SI14247 TI (1001) 15 SCL4543B SSS . MN1205A Panasonic 

en S17447A TI (935) TC4056B Toshiba 4-Bit Multiplexed LCD Driver (4x7) 

'-
SN74L47 TI 

BCD to 7-Segment LED DecoderlDriver HLCD7211-1 Hughes 
Q) SI74LS247 TI (1001) CA3168 RCA (3599) 70 HLCD7211-2 Hughes ...... en S174LS47 TI (935) 

4-Channellncandescent Lamp Driver 
CU BCD to 7-Segment LED Decoder/Driver, Constant Current 

~ 
BCD to 7-Segment Decoder/Driver,· Active Low, Open DS8857 National CLD4 TeledyneC 
Collector, 30 V Outpu1 

5446 t Fairchild 20 NE587 Signetics 4-Channel Plasma 

7446 Fairchild BCD to 7-Segment LED Decoder/Drlver with Latch, Output 
XR2284 Exar 120 

9317CC Fairchild 0-9, - ,E,H.L,P 4-Character, 18-Segment Triplexed LCD Decoder/Driver 

9317CM t Fairchild 9374C Fairchild ICM7233 11111'111 (79B) 

HD7446A Hitachi BCD to 7-Segment LED Driver Adjustable Current 4-Digit Driver (Quad Power Stroke) 

MC7446 Motorola 25 DS8858 National HD6600-2 t HarriS 

OM5446A t National HD6600-5 Harris 

DM7446A National 
BCD to 7-Segment LED Latch/Decoder/Driver, with Ripple HD6600 National 
Blanking F4734BC Fairchild 75 

8154246 ttl (1001) F4734BM t Fairchild 4-Digit Fluorescent 
S15448A ttl (935) ICM7235 Intersil 125 
SI54LS46 ttl (935) 30 BCD-to-Decimal Decoder/Driver (for lamps) ICM7235A Intersil 
8174246 TI (1001) 380AlC TeledyneS ICM7235AM Intersil 
S17446A TI (935) 380BIM t TeledyneS ICM7235M Intersil 
S174LS46 TI (935) 381A1C TeledyneS 

4-Digit Gas Discharge Display Anode Driver 

BCD to 7-Segment Decoder/Driver, for Fluorescent 
381B/M tTeledyneS 80 01500 Dionics 

Displays CS250 Cherry BCD-to-Decimal Decoder/Driver (nixie driver) 01502 Dionies 130 
CS250-1 Cherry 35 7441 Fairchild 4-Dlgit LCD Driver 

BCD to 7-Segment Decoder/Driver, for Liquid Crystal 
DM5441A t National ICM7211AM litenil (779) 

Displays CD4055B tRCA (839) DM7441A National ICM7211M IllIrsil (779) 

CD4055BE leA (839) 382A1C TeledyneS TSC7211AM TeledyneS 

TC4055B Toshiba 382BIM tTeledyneS 85 4-Digit LED Driver 

BCD to 7-Segment DecoderlDrlver, 2-Digit. Direct Driver BCD-te-Decimal Decoder/Driver with Blanking (for cold SDA2004 Siemens 

for Common Anode LED Displays cathode indicator tubes) 4-Digit LED Driver, Multiplexed BCD or Binary to 
DS8669 National 54141 t Fairchild 7-Segment Decoder/Driver 

BCD to 7-Segment latch/Decoder/Driver 
74141 Fairchild ICM7212 111Irs1l (779) 135 

CS260 Cherry 40 HD74141 Hitachi IC17212A litenil (779) 
MC54141 t Motorola 

4-Dlgit LED Driver, BCD or Binary to 7-Segment BCD to 7-5egrnent LatchlDecoderlDriver (CMOS With MC74141 Motorola 90 
bipolar output) ~erlDriver, Data and Digit Select Code Latches for 

F4511BC Fairchild DM54141 t National IPlnterface ICM7212AI 111l1'li1 (779) 
F4511BM t Fairchild DM74141 National ICI7212M 111l1'li1 (779) 
HD14511B Hitachi SN74141 TI UDN-7183A Sprague 

MC14511BA t Motorola Quad AC Plasma Display Axis Driver UDN-7184A Sprague 140 
MC14511BC Motorola 45 SN55426B tTl UDN-7186A Sprague 

MC14513BA tMotorola . SN55427B tTl 95 UHP-482 Sprague 

MC14513BC Motorola SN75426B TI TSC701AM TIIHyIIS (3093) 

C04511BC National SN75427B TI TSC7212A TeledyneS 

CD4511BM tNational 
Hex TIL to LED Bulb Driver, with Latch 

TSC7212AM TeledyneS 145 
CD4511B tRCA (839) 50 DS8859 National 4-Digit Liquid Crystal, MuHiplexed BCD to LCD 
CD4511 BE RCA (839) 

DS8869 National Decoder/Driver, AC Drive 
883/4511B tSSS ICM7211 11II1'II1 (779) 
SCL4511B SSS 2-Digit, 7-5egment Decoder/Driver Interfaces to CPU ICM7211A 111l1'li1 (779) 
CM4511B t SoIitron MNl205E Panasonic 100 DF412 Siliconix 
CM4511BE SoIltron 55 MNl205P Panasonie SCL25411 SSS 

BCD to 7-Segment latch/Decoder/Driver for Common 
MN1205Q Panasonic 4-Digit/Segment Fluorescent 

Cathode LED Displays 3 112-Diglt liquid Crystal Clock 01503 Dionlcs 150 
NE589 Signetics Cl200 LSIComp 01504 Dionics 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
BIN lice IIl1lallllllllllltlll .11 Is pmIUII_ ... ,.. letlll. 
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INTERFACE-Display Drivers (Cont'd) 

Functlon Device Source Line Functlon Device Source line 

Display Drivers (Cont'd) 6-Digit MOS to LED Cathode Driver 
55492A t Fairchild 

4-Digit Select Microprocessor Interface (4x7) 75492 Fairchild 
HLCD7211-3 Hughes 75492A Fairchild 
HLCD7211-4 Hughes MC75492 Motorola 50 

4-Digit (stores segment and address data, drives 7-8 DS75492 National 
segment digits) DS75494 National 

MM74C911 National DS8870 National 
4-Digit, 17-Segment Alpha-Numeric with Memory, Decoder DS88n National 
and LED Drivers PS55494 t National 55 

MM74C956 National SN75492 TI 
NSM4307 National 5 SN75492A TI 
NSM4507 National SN75494 Tl 

4-Digit, 7-Segment LCD Decoder/Driver 6-DigitiSegment Fluorescent 
TSC7211A TeledyneS 01508 Dionics 

4-Digit, 7-Segment LED Decoder/Driver 01509 Dionics 60 
TSC700A rllltplS (3092) UDN-6116 Sprague 

4-Digitl8-Segment Fluorescent UDN-6126 Sprague 
COP470 National 6-Digit BCD (stores segment and address data, drives 7-8 

4-Segment Liquid Crystal segment digits) 
C040548 RCA (839) 10 MM74C912 National 
TC4054B Toshiba 

6-Digit Hex (stores segment and address data, drives 7 
4-Segment MOS to LED Anode Driver segments; MM74C917 Nationai 

75491 Fairchild 
MC75491 Motorola 6-Digit, 7-Segment LCD Driver with Decimal Points, or 

0855493 t National 
Three 16-Segment Characters. 48-Stage Shift Register, 
48-Bit Data Latch and 48-Segment Driver 

DS75491 National· 15 MSM5219 OKI 65 
DS75493 National 
SN75491 TI 7-l;>igit Gas Discharge Display Anode Driver 

SN75491A TI MC3490 Motorola 

5x7 Dot Matrix LCD/Console Controller 
MC3494 Motorola 

CY300 Cybernetic 7 -Digit MOS to Gas Discharge 

5x8 Dot Matrix Multiplexed LCD. On-board memory allows 
XR2272 Exar 

ASCII code and special symbols display without refresh 7-Digit MOS to LED Cathode Driver 
circuitry. (2-chip set) SN75497 TI 

PE7901 Polycore 20 7-DigitiSegment MOS to Fluorescent 
PE7902 Polycore XR2271 Exar 70 

5x12 Dot Matrix (up to 80 characters by cascading) 7-Une Dot Matrix or Segmented 
10938 Rockwell SN75581 TI 
10939 Rockwell 

5-Character, 18-Segment Triplexed LCD Decoder/Driver 
7 -Segment Gas Discharge Display Cathode Driver 

DS8885 National 
ICM7234 IIfInII (798) 8885 Signetics 

5-Digit Gas Discharge DiSplay Anode Driver UHP-481 Sprague 
UHD-490 tSprague 25 SN75584A Tl 75 
UHP-490 Sprague 

7-Segment Gas Discharge Display Cathode Driver, with 
5-lIne Plasma Display Axis Driver BCD Decoder DS7880 t National 

015140 Dionics DS8880 National 
015180 Dionics DS8884A National 
015240 Dionics DS8980 National 
015280 Dionies 30 DS8880 Signetics 80 

5-Segment Gas Discharge Display Cathode Driver SN75480 TI 
UHP-480 Sprague 

7-Segment to BCD Converter/Driver 
5-Segment MOS to LED Anode Driver MM54C915 t National 

DS8861 National MM74C915 National 
5-Step Logarithmic Dual LED Driver 8-Bit ParallellnlParallel Out Fluorescent (for ~ systems) 

TA7666 Toshiba UCN-4815A Sprague 
TA~~~~ 

IUliIIlIId I II\,go, UCS-4815H t Sprague 85 
6-Diglt Gas Discharge Display Anode Driver a-Channel Plasma 

01505 Dionics 35 
XR2288 Exar 

01507 Dionlcs 
Di603A Dionics 8-Character, 14/16 Segment LED Display Driver 

DI604A Dionies IC.7243 IltInIl (3017) 

DI605A Dionies 8-Digit Gas Discharge Display Anode Driver 
DS8891 National 40 01510 Dionics 
8891 Signetics 01512 . Dionics 

UDN-6164A Sprague OI803A Dionlcs 90 
UHD-491 t Sprague Dl804A Dionics 
UHP-491 Sprague OI805A Dionies 
UHP-495 Sprague 45 DS8887 National 

6-Dlgit LED Driver (low voltage) DS8897 National 
DS8646 National UDN-8184A Sprague 95 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
a.w _ .... Ica .. 1 .... ltIIIIlliata Is .............. ,._ .... 
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MASTER SELECTION GUIDE 

Function Device Source Line 

8-Digit MOS to LED Cathode Driver 

I DS8863 National 
DS8871 National 
DS8963 National 

8-DigitiSegment Fluorescent 
01513 Dionics 
01514 Dionics 100 
DI514A Dionies 
X86118 Exlr (3376) 
X86128 EXir (3376) 
NE594 Slgnltlcs (3623) 
SA594 SlpltlCS (3623) 105 
SG6118 SiliconG 
UDN-6118 Sprague 
UDN-6128 Sprague 
UDN-6138 Sprague 
UDN:Sl48 Sprague 110 

8-Digit, 7-Segment Triplexed LCD Decoder/Driver 
ICM7231 latera" (798) 

a-Line Fluorescent Driver 
MSL912R OKI (4118) 
MSl915B OKI (4118) 
MSL916R OKI 
MSl9HR OKI (4118) 115 

8-0utput Digit-8can Counter/Decoder for Cold-Cathode 
Counter Tubes 

_95108 OK! (4118) 
MSL95118 OK! (4118) 

8-Segment Gas Discharge Display Cathode Driver 
01210 Dionics 
012210 Dionics 
01230 Dionics 120 
01240 Dionics 
01300 Dionics 
01302 Dionics 
MC3491 Motorola 
MC3492 Motorola 125 
DS7889 t National 
DS8889 National 
UDN-7180A Sprague 

8-Segment MOS to LED Anode Driver 
MC676 Motorola 
DS8867 National 130 

9-Digit MOS to LED Cathode Driver 
088872 National 
DS8920 National 
088973 Nation;!1 
DS8975 National 
SN75498 TI 135 

9-Digit MOS to LED Cathode Driver, with Low Battery 
Indicator DS8864 National 

088873 National 

9-Digit MOS to LED Cathode Driver with Shift Register 
Decoding DS8874 . National 

9-Une, 30 LED U 10968 Telefunken 

9-Segment LED Driver (low voltage) 
DS8647 National 140 

DS8648 National 

10-Bit High-Voltage, High-Current 
S4534 AMI (2811) 

10-Bit SeriallnlParallel Out Fluorescent (for ~P systems) 
UCN-4810A Sprague 
UCN4810A TI 

10-Diglt, 7-Segment Triplexed LCD Decoder/Driver 
ICM7232 IltInIl (798) 145 

l1-Segment LED Display Drivers 
MM5485 National 

12-Une Vacuum Fluorescent 
SN75512A TI 
SN75513A TI 
SN75514 TI 
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Ie MASTER 

INTERFACE-Display Drivers (Cont'd) 

Function Device Source Une 

Display Drivers (Cont'd) 

14-Digit Decoder/Driver 
DS8665 National 
DS8666 National 

14-Digit Decoder/Driver,. with Low Battery Indicator 
DS7664 tNational 
DS8664 National 

14-Segment DecoderIDriver, Interface to CPU 
MN1205H Panasonic 5 

16-Line Fluorescent 
DS8881 National 
8881 Signetics 

16-Segment LED Display Drivers 
MM5484 National 

18-Segment Alphanumeric 
AC5947 TI 

18-Segment, 16-Character Alphanumeric (30, 35 and 40 
volt versions) 10937 Rockwell 10 

3O-Bit LCD Driver/Register 
MD43308 Mite! 

32 Segment LCD 
MM5452 National 
MM5453 National 
PCE2112 Signetics 

32-Bit High-Voltage 
84521 AMI (2810) 15 
84535 A.I (2812) 

32-BitLCD MM58438 National 

32-Line AC Plasma Display Axis Driver 
SN75500A TI 
SN75501C TI 

32-Line Vacuum Fluorescent 
SN75518 TI 20 

32-Segment LCD ControllerlDrlver 
pPD7255 NEC 

32-Segment LCD Driver 
MM5483 National 

4O-Segment LCD Duplex 
PCE2100 Signetics 

6O-Segment LCD Duplex 
PCE2110 Slgnetics 

64-Segment LCD Duplex 
PCF2111 SIgnetics 25 

t Military Temperature Range ( - 55° to 125°C) • Typical Value 
BeN flcell.1cI1II .HItIIIII •• 1111 ".,1 •• H 1M PI ...... . 
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INTERFACE"':'Error Checking Circuits 

Max. Serial Supply 
Data Rate, Voltage, 

Function MHz V 

Error Checking Circuits 

CRC Generator/Checker 2* 5 
3 5 

. 
10 5 

12 5 

. eRe Generator/Checker (expandable) 20 5 

Deskew-Queue Register 3* 5 

Error Detection and Support Logic, for Winchester Disk System 
5 5 

Error Detection/Correction Circuit - 5 

Error Detection/Correction Circuit (ECL) - -5.2 

Error Detection/Correction Circuit (TTL) - 5 

7 

Error Detection/Correction Circuit (TTL), Serial Burst - 5 

t Military Temperature Range (-55° to 125°C) * Typical Value 
..... flCllllllcalllalllllll .. lllata Is pml ...... lilt II1II ...... 
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MASTER SELECTION GUIDE 

Device Source line 

I 
COM8004 SMC 
MC8500 Motorola 
SSl8500 SlIIeed,s (4208) 

9401C Fairchild 
940 1M t Fairchild 5 
8X01A Signetics 

54F401 t Fairchild 
74F401 Fairchild 
19401 SI_les (1656) 
S9401 tSlpliles (1656) 10 

54F402 Fllrcllll!! (738) 
54F492 Fairchild 
74F402 Fllrclll~ (738) 
74F492 Fairchild 

MC8520 Motorola 15 
8818520 SlIIetlS" (4208) 

W01014 Wllim (1724) 

8206 Intel 
W08206 Wilt .. (4260) 

MC10163 Motorola 20 
MC10193 Motorola 
MC10563 t Motorola 
MC10593 Motorola 

54F416 Fairchild 
54F418 t Fairchild 25 
54F630 Fairchild 
54F631 Fairchild 
74F416 Fairchild 
74F418 Fairchild 
74F630 Fairchild 30 
74F631 Fairchild 
9428 Fairchild 
IIC74F2960 1111 ... (822) 
SI74ALS790 1I00aroia (823) 
MM54ALS632t National 35 
MM54ALS633 t National 
MM54ALS634 t National 
MM54ALS635t National 
MM74ALS632 National 
MM74ALS633 National 40 
MM74ALS634 National 
MM74ALS635 National 
54F630 tSl .... les (888) 
54F631 tSI,.llles (888) 
74F630 SI,.llIes 

(880.888) 45 
74F631 SI •• lIles 

(880.888) 
Sl54ALS632 tTl (1070.374) 
SI54ALS633 t n (374.1070) 
SI54ALS634 tTl (374.1071) 
Sl54ALS635 t n (374.1071) 50 
SI54LS630 t n (1069) 
S154I.S631 tTl (1069) 
SI54LS636 t n (1072.1153) 
Sl54lS637 tn (1072.1153) 
Sl74AlS632 n (374.1070) 55 
Sl74ALS633 n (374.1070) 
Sl74AlS634 n (374.1071) 
S174AlS635 n (374.1071) 
S174LS630 n (1069) 
Sl74LS631 n (1069) 60 
S174LS636 n (1072.1153) 
Sl74LS637 n (1072.1153) 

MB1412A Fujitsu 

54F430 Fairchild 
74F430 Fairchild 65 
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Ie MASTER 

INTERFACE-Error Checking Circuits (Cont'd) 

Max. Serial SUpply 
Data Rate, Voltage, 

Function MHz V Device Source Line 

Error Checking Circuits (Cont'd) 

Error Detection/Correction Circult. 32-Bit Memory - 5 54F418 tFIIR~14 (757} 
74F418 Fllrcllll4 (757) 

Error Pattern Register "3 5 MC8501 Motorola 

Expandable Error Checker and Corrector - 5 OP84OO 1111tH1 (1514) 
DP8400 TI 5 

LRCC Data Register 3 5 MC8502 Motorola 
SSl8502 SlIIceISp (4208) 

Polynomlnal Generator 4· 5 MC8506 Motorola 

Po/ynominal Generator/Checker . 3.5 • 5 IIC2653 "mil (1512) 
MC68653 lI,tlroll 

(1506.1512) 10 
\ MC8503 Motorola 

SCI68653 SI .. 'tlcs (1671) 

4 5 SC12653 SllHIlcs (1671) 

Universal Po/ynomlnal4-Bit Generator 17· 5 MC8504 Motorofa 

Single Error Hamming Code Detector and Generator - 5 MC4041 Motorola 15 

I 

t Military Temperature Range (-55° to 125°C) • Typical Value 
........................ 111 ...................... . 
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MASTER SELECTION GUIDE 

INTERFACE-Keyboard Encoder-Decoders 

No. of Max. SUpply 
No. of Output Clock Rate, Voltage, 
Keys Bits Code KHz V Comments Device Source line 

Keyboard Encoder- Decoders 

16 4 Binary - 3-15 2 key rollover, 3 state output MM54C922 t National 
MM74C922 National 

External ROM Programmable 
- 5 Antibounce, mute, interlock Ml90 SGS 

10f 16 - 5 Strobe output, key rollover output, 2 of 8 
keyboard to binary encoder, one of four 
row inputs and column inputs (telephone 
key pads) give binary output, strobe. HOO165 Hlrrla (2171} 

MCl4411 Molerall (3536} 5 

20 5 Binary - 3-15 2 key rollover, 3 state output MM54C923 t National 
MM74C923 National 

85 8 ASCIlIHEX 1000 4-10.5 Scans and generates code for 53 key ASCII 
plus 32 non-ASCII keys COP1871A RCA (1595) 

4-6.5 Scans and generates code for 53 key ASCII 
plus 32 non-ASCII keys COP1871AC RCA (1595) 

88 8 plus Parity Mask, Programmable 100 -12.5 Programmable parity, strobe width, strobe 
delay. Two key rollover. 8 x 11 matrix, 3 
levels. KR2376 SMC 10 

90 10 External ROM Programmable 
100 -12.5 9 x 10 matrix, 4 Mode, 2 or N icey roiiover KR3600-PRO SMC 

Mask, Programmable 100 -12.5 9 x 10 matrix, 4 Mode, 2 or N key rollover KR3600 SMC 

112 10 Mask Programmable 66 5 112 bits for internal programming of 
function keys AY3-4592 GI 

128 8 Mask Programmable 400 5 16 x 18 matrix, 8-Bit bus interface, 4 
rollover modes, UART on chip SCI2671 A 51_a (1678) 

9 Mask Programmable 100 5 16 x 18 matrix, three-state 1/0, 2 or 3 key 
alarm 11S11311,u 011 (4118) 15 

t Military Temperature Range (-55° to 125°C) * Typical Value 
BIN fHllRlCIIIIUtl1tIoq1a1i1a pmNe4I_ 1M ,...101111. 
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Ie MASTER 

INTERFACE-Line Circuits 
:! 

No. Supply 
Per Party Voltage, 
DevIce Output Una V Comments Device Source Line 

; Line Drivers-Single Ended 

~ 2 High Current Yes 5 CoaxJTwisted Pair MCST23 Motorola 
OS75123 National 
N8T23 SI .... la (876) 
NST23 TI 
SN75123 TI 5 

Emitter Follower for Coax/Twisted Pair MCST13 Motorola 
Q) 0855121 t National 
"0 OS75121 National 
:J N8T13 Slpltlcl (876) 

CJ SBl13 SI, .. Ua (876) 10 

c: NST13 TI 

0 SN55121 tTl 

+01 SN75121 TI 
0 -0.5 to 5.5 V No 5 RS422A, RS423A /lA9639C TI Q) 

Q) ±4to6V No ±9to ±15 RS232, RS423, CCITI V.26, V.2S 9636AC Fairchild 15 

CIJ 9636AM t Fairchild 

~ /lA9636AC TI 
Q) ±6V No ±12 4 Input N8T15 Slpllla (876) +01 
(J) 

±SV No ±12 RS232C 75150 Fairchild ttl 
::E OS75150 National 20 

SN55150 tTl 
SN75150 TI 

3 High Current No 5 IBM360 H02904 Hitachi 
±6V No ±12 RS232B1C, CClTI, Mlll88 9616 Fairchild 

9616E Fairchild 25 
9616M t Fairchild 

4 TIL Yes 5 OS7831 wI;; 'Icc Clamp 1087832 t National 
088832 National 
088832 TI 

Three-State N8TOD SI .... la (876) 30 
SaT09 tSI_a (876) 

2-lnput NAND, 80 Ma 96101C Fairchild 
96101M t Fairchild 

4-lnput AND, NAND OS7831 t National 
0S8831 National 35 
DS8831 TI 

O.15t04V No 5 IBM360/370 1IC3481 ...... 
(3064.3065) 

1IC3485 •• t .... 
(3064.3015) 

3.11 No 5 IBM360/370 SN75126 TI 
SN75130 TI 40 

-7to 12 Yes 5 RS422, Three-State SN75174 TI 

-7to ±12 Yes 5 RS422, Three-State SN75172 TI 

±4t06V No ±5 RS423, RS422 with mode control 083691 National 
±5.5 RS423, RS422 with mode control OSl691 t National 

Yes ±5 RS423, Three-State AM26LS29C AMO 45 
AM26LS29 Signetics 

±5.5 RS423, Three-State AM26L~M t AMO 

±6 to 9 V No ±9to ±15 RS232C, CCITI V.24 XR1488 Ex., (3384) 
/lAl488 Fairchild 
H075188 Hitachi 50 
.C1488 •• terell (3064) 
OS 1488 National 
MCl488 Signetlcs 
SGl488 SiliconG 
MCl488 TI 55 
SN55188 tTl 
SN75188 TI 

±4toSV No ±5 RS423, RS422 with mode control AM26lS3OC AMO 
AM26LS30 Signetics 

±5.5 RS423, RS422 with mode control AM26LS3OM t AMD 60 
6 NTDS No 5,-15 NTDS MOA-2688 t Interdeslgn 

5,-5 NTDS Hex Driver MOFl3058 t Interdesign 

t Military Temperature Range (-55° to 125°C) * Typical Value 
.... IacIIHlala aMIt .... ' .. lIla pml ..... tN,. ...... 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits (Cont'd) 

No. Supply 
Par Party Voltage, 
Device Output Line V Comments Device Source Line 

Line Driver8--Single Ended (Cont'd) 

8 TTL Yes 5 Three~te (also see index for 74S244, 74LS244, 67S304, 67LS304) 54LS241 t Fairchild 
54LS541 t Fairchild 
74LS241 Fairchild 
74LS244 Fairchild 
74LS541 Fairchild 5 
HD74LS241 Hitachi 
HD74LS244 Hitachi 
M74LS241 Mitel· 
M74LS244 Mitsubishi 
SI54LS241 f··' (804) 10 
Sl54LS244 fBI (804) 
SIMLS245 fBI (804) 
Sl54LS341 fBI (804) 
SI54LS344 f •• ' (804) 
SI54S241 f·.' (804) 15 
S154S244 fM. (804) 
Sl74LS241 .MI (.) 
Sl74LS244 .. , (804) 
Sl74LS245 M., (804) 
SJ!74U3(1 MMI (804) 20 
S174LW4 BI (804) 
S1748241 •• (804) 
SI748244 M., (804) 
SN54LS241 t Motorola 
SN54LS244 t Motorola 25 
SN54LS541 t Motorola 
SN74LS241 Motorola 
SN74LS244 Motorola 
SN74LS541 Motorola 
DM54S241 t National 30 
DM74LS241 National 
DM74LS244 National 
DM74S241 National 
MM54C941 t National 
MM74C941 National 35 
74LS241 Signetics 
74LS244 Signetics 
74LS541 Signetics 

I SIS4ALS241 tTl (999) 
Sll54AU244 f TI (1000) 40 
S154ALS541 f TI (1050) 
Sll54AS241 tTl (999) 
SN54LS241 t n 
SN54LS244 t TI 
S154LS541 f n (1050) 45 
SN54S241 t TI 
S174ALS241 n (999) 
S174ALS244 TI (1000) 
S174ALS541 TI (1050) 
S174AS241 TI (999) 50 
SN74LS241 n 
SN74lS244 n 
Sl74L~1 TI (l050t 
SN74S241 TI 

Three-State, Inverting 54F240 tFlircIIHtI (729) 55 

I 54LS240 t Fairchiid I 54lS540 t Fairchild 
741=240 FIIrcIIIIII (729) 
74LS24O Fairchild 
74LS540 Fairchild 60 
M74LS240 MHsubishi 
Sl54LS240 f··' (804) 
Sl54LS340 t •• , (804) 
81548240 t··, (104) 
8I74LS240 BI (104) 65 
81748240 .. , (804) 
SN54LS24O t Motorola 
SN54lS540 t Motorola 
SN74LS24O Motorola 
SN74lS540 Motorola 70 

(Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
.... fIcIlHIcIItI ........ ' ... 1I II"....... l1li JIll ...... 
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Ie MASTER 

INTERFACE-Line Circuits (Cont'd) 

No. Supply 
Party Voltage. 

Output Une v CoIIIments Source Line 

Line Driver8-Single Ended (Cont'd) 

8 TTL Yes Three-State, Inverting (Cont'd) 
DM54S24O t National 
DM74S24O National 
54LS540 t Signetics 
74LS24O Signetics 
74LS540 Signetics 

.0) Sl54A1.S240 t n (998) 

:2 Sl54AlS540 t n (1050) 

:J SI54AS240 t n (998) 

C) SN54LS24O t TI 

c: Sl54LS540 t n (1050) 10 

.2 SN54S24O ttl 
+-' SI74AlSZ40 n (998) 
0 Sl74AlS540 n (1050) 
0) Sl74AS240 n (991) 
0) SN74LS24O TI 15 en Sl74lS540 n (1050) ... SN74S24O TI 
Q) 
+-' 16 TTL Yes 5 Three-State SlMLS385A t n (1023) U) 
a:s Sl54lS317A tn (1024) 

~ Sl74l836SA n (1023) 20 
Sl74lS317A n (1024) 

Three-State, Inverting SI54lS366A t n (1023) 
SII54lS38IA t n (1024) 
Sl74lS366A n (1023) 
S174lS388A n (1024) 25 

Line Drivers-Differential 

See also Drivers under digital logic families 

2 High Current CMOS 
No 3-15 CMOS 50 mA, 4-lnput AND, NAND MM78C30 t National 

MM88C30 National 

High Current TTL No 5 40 mA, ActIve PuIl-upJPuII-down 9612C Fairchild 
40 mA, Open Collector/ActIve Pull-up 9614C Fairchild 30 

9614M t Fairchild 
DS55114 t National 
DS75114 National 
9614C TI 
SN55114 tTl 35 
SN75114 TI 

4OmA,RS422 SN55128 tTl 
SN75158 TI 

40 mA, 4-lnput AND, NAND 548140 t Fairchild 
74S14O Fairchild 40 
HD74S14O Hitachi 
DM74S14O National 
DS7830 t National 
DS8830 National 
548140 tBl.- (531) 45 
74S14O Signetics 
DS8830 TI 
81548140 tn (989) 
SN55183 tTl 
Sl741140 n (_ 50 
SN75183 TI 

Yes 5 Three-State 087831 t National 
DS8831 National 
DS8831 TI 

DS7831 w/o Vee Clamp 087832 t National 55 
DS8832 TI 

40 mA, Open Collector/ActIve Pull-Up; Three-State DS55113 t National 
DS75113 NatlOOal 
SN55113 tTl 
SN75113 TI 60 

40 mA, RS422, Three-State 9634C Fairchild 
(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
....... 1IIIIaIII ............. II"..... ................ 
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MASTER SELECTION GUIDE 

INTERFACE-Line Circuits (Cont'd) 

No. Supply 
Per Party Voltage, 
Device Output Une V COmments Device Source Une 

Line Drivers-Differential (Cont'd) 

2 High Current TIL Yes 5 40 rnA, RS422, Three-State (Cont'd) 
9634M t Fairchild 
DS8832 National 
SN75159 TI 

2.5 to 3.5 No 5 High Speed I'A9638C TI 

3.5 rnA Yes ±5 Twisted Pair HD75109 Hitachi 5 
MC75109 Motorola 
SN55109A tTl 
8f174109A n (958) 

6.5 rnA Yes ±5 Twisted Pair, Level Shifting 55110A t Fairchild 
75110A . Fairchild 10 
HD75110 Hitachi 
MC75110 Motorola 
MC758110 Motorola 
SN55110A tTl 
SN75110A TI 15 

18 rnA Yes ±5 Higher Current 75110 SN75112 TI 

±3V Yes ±5 RS422 at Low Data Rates, RS423 AM26LS3OC AMD 
AM26LS30 Signetics 

±5.5 RS422 at Low Data Rates, RS423 AM26LS30M t AMD 

±5V No ± 15,±5 ARING 429, 10001< bits data rate HS3182 tHlms (4644) 20 

4 High Current CMOS 
No 3-15 CMOS, 25 rnA MM78C29 t National 

MM88C29 National 

High Current TIL No 5 50 Ohm Lines 74128 81 .... (881) 
8174128 n (964) 

75 Ohm Linl!s 54128 tslgHllCl (881) 25 
81154128 tn (964) 

Yes 5 RS-422, RS-423, Three-State MC3487 .olarDla (3064) 
DS3487 National 
MC3487 TI 

Three-State DSl688 t National 30 

11mA Yes ±5 Quad 75110 MC3453A Motorola 

20 rnA Yes 5 MIL 188-114, Three-State OS 1692 t National 
DS3692 National 

RS-422, Three-State AM26LS31C AMD 
AM26LS31M t AMD 35 
AM26LS31 Metor,1I (3064) 
AM26LS31C Mtt.,... (3064) 
AM26LS31M tl.t •• 111 (3064) 
DS26LS31C t National 
DS26LS31M National 40 
AM26LS31 Signetlcs 
AM26LS31C TI 
AM26lS31M tTl 

40 rnA Yes 5 RS-422, Fed .. 1020, Three-State SN75151 TI 
SN75153 TI 45 

'1 1 

t Military Temperature Range (-55° to 125°C) • Typical Value 
.... _ IMIcIIIs ......... 1 .. 1111 prnN-' • at!lll' .... 
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Ie MASTER 

INTERFACE-Line Circuits (Cont'd) 

No. Receiver Common SUpply 

Per Input Mode Voltage, 
Device Threshold Voltage, V V Comments Device Source Line 

Line Receivers-Single Ended 

Also see line Receivers-Differential 

2 ±0.1 V (ref) 5 Ext. Ref. Adj. 1.5 to 3.5 V with Optional Internal 2.5 V Reference SN55142A tTl 
SN55143A tTl 
SN75142A TI 
SN75143A TI 5 

Ext. Reference Adjustable from 1.5 to 3.5 V SN55140 tTl 
(l) SN55141 tTl 

"'0 SN75140 TI 
::s SN75141 TI 
(!) 

±2.0 5 Hysteresis, EIA/MIL 18n6 Slgn,tlcs (876) 10 
c: RS232B OS7822 t National 
.2 0S8822 National ..... 
0 3 0.7 to 1.7 5 Hysteresis, IBM360/370 MC8T24 Motorola 

~ OS75124 National 
(l) 18T24 Slg.'llcs (876) 15 

CJ) SN75124 TI 
'- 0.75 to 2.25 5 Hysteresis, RS232C, CCITI V.24 . 9617C Fairchild Q) ..... 

0.8 to 2.0 V 5 Hysteresis, High-Speed MC8T14 Motorola en as OS55122 t National 

::E OS75122 National 20 
N8T14 Signetics 
SN55122 tTl 
SN75122 TI 

0.86 to 2.40 5 High-speed H02915 Hitachi 

1.15 to 1.55 5 IBM360 H02905 Hitachi 25 

4 0.75 to 1.5 V 5 RS232C, Programmable Threshold, Hysteresis /lA1489 Fairchild 
H075154 Hitachi 
IIC1489 lIolor,1I (3064) 
OS 1489 National 
MCl489 Signetics 30 
SGl489 SiliconG 
SN55189 tTl 
SN75189 TI 

0.75 to 2.25 5 RS232C, Programmable Threshold, Wider Hysteresis than 1489 XR14891 Ex.r (3384) 
/lAl489A Fairchild 35 
H075189 Hitachi 
IIC1489A lIot,r,l. (3064) 
OS 1489A National 
MCl489A Signetics 
SGl489A SiliconG 40 
SN55189A tTl 

0.97 to 2.65 5 Hysteresis, 120 Ohm System OS7836 t National 

1.05 to 2.5 5 Hysteresis, 120 Ohm System 0S8836 National 

1.2 to 1.8 5 120 Ohm System, No Hysteresis, NOR Input OS7640 t National 

1.3 to 1.7 5 120 Ohm System, No Hysteresis, NOR Input 0S8640 National 45 

1.7 5 No Hysteresis, NOR Input 96106 Fairchild 

1.75 to 2.25 V 5 RS232C, Programmable Threshold, Hysteresis SN75189A TI 

5to 7.5 15 Hysteresis, Interface to CMOS 367A TeledyneS 
367M t TeledyneS 

Hysteresis, Open Collector, Interface to CMOS 368A TeledyneS 50 

5.5t08 12 Hysteresis, Open Collector,lnferface to CMOS 368C TeledyneS 
Hystersis, Interface to CMOS 367B TeledyneS 

367C t TeledyneS 
~ ±3/0.8t03 50r 12 RS232C, Hysteresis, Fail Safe Option 55154 t Fairchild 

75154 Fairchild 55 
OS75154 National 
SG75154 SiliconG 
8154154 tn (973) 
SN75154 TI 

6 0.97 to 2.65 5 Hysteresis, 120 Ohm System OS7837 t National 60 
1.05 to 2.50 5 Hysteresis, 120 Ohm System MC3437 Motorola 

0S8837 National 
18T37 Slg •• llea (876) 

-1 to 4.5/-1.5 to 13 5 NTOS MOB-272 t Interdeslgn 

t Military Temperature Range (-55° to 125°C) * Typical Value 
.... IacI .... CI .... ,1 ... I .. 1"11 II pravtlllll • 1M PI ... 11111. 
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INTERFACE-Line Circuits (Cont'd) 

No. 
Per 
Device 

Receiver 
Input 
Threshold 

Common 
Mode 
Voltage, V 

Line Receivers-Single Ended 

7 0.7 to 1.7 

8 0.7 to 1.7 

Line Receivers-Differential 

Supply 
Voltage, 
V 

5 

Comments 

IBM360/370 

IBM360/370 

See also Receivers-listed under Digital-ECl and Oigital-HNIUHTl Miscellaneous sections 

2 ±0.010 ±3 ±5 10 mY, MOS Sense, Active Pull-up 

10 mY, MOS Sense, Open Collector 

10 mY, MOS Sense, Three-State 

75207 with Diode Protected Input Stage. 

75208 with Diode Protected Input Stage 

±0.025 ±3 ±5 25 mY, Active Pull-up 

25 mV, Active Pull-Up 

25 mV, Active Pull-up 

25 mV, Open Collector 

25 mV, Three-State 55107 

55107 A with Diode Protected Input Stage 

55108A with Diode Protected Input Stage 

±O.210.3 ±10/15 Twisted Pair, ± 15 V CMV. Response Control 

±15 CMOS Compatible, Response Control 

±0.210.5 ±7115 5 RS232, RS42213 

±0.3/0.3 +0/15 5 ± 15 V CMV, Response Control 

±0.511 ±0I15 ± 15 V CMV, Response Control 

t Military Temperature Range (-55° to 125°C) • Typical Value 
11M flal •• IcIIII ... IU.1 "II Is ,1m"" _ 1M ..... ...... 

c IC MASTER 1984 

MASTER SELECTION GUIDE 

Device Source line 

(Cont'd) 

Mltwlli (3064) 
Motorola 
National 
National 

MC75125 
MC75127 
OS75125 
OS75127 
SN75125 
SN75127 

TI 5 

MC75128 
MC75129 
QS75128 
OS75129 
SN75128 
SN75129 

OS75207 
OS75208 
SN75207 

SN7520S 

0S3604 

TI 

Motorola 
Motorola 
National 
National 
TI 
TI 

National 
National 
TI 

Ti 

National 

SN75207B TI 

SN75208B TI 

55107A 
75107A 
H075107A 
MC55107 
MC75107 

DS55107 
OS75107 

t Fairchild 
Fairchild 
Hitachi 

t Motorola 
Motorola 

t National 
National 

SN55107 A tTl 
SN75107A TI 

H075108A 
MC55108 
MC75108 
0855108 
OS75108 
SN55108A 
SN75108A 

OS 1603 
0S3603 

751078 
0855107 
OS75107 
SN55107B 
SN751078 

751088 
OS55108 
OS75108 
SN55108B 
SN751088 

Hitachi 
t Motorola 

Motorola 
t National 

National 
tTl 

TI 

t National 
National 

Fairchild 
t National 

National 
tTl 

TI 

Fairchild 
t National 

National 
tTl 

TI 

OS78lS 120 t National 

9637AC 
9637AM 
SN55157 
SN75157 
pA9637AC 

."ClUUIIdI 

t National 
National 

Fairchild 
t Fairchild 
tTl 

TI 
TI 

OS78L20 t National 

9615C 
9615M 
DS55115 
0875115 
9615C 

Fairchild 
t Fairchild 
t National 

National 
TI 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

(Continued) 
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Ie MASTER 

INTERFACE-Line Circuits (Cont'd) 

No. ReceIver Common 
~ Per Input Mode 
~ DevIce Threshold Voltage. V 

~ Line Receivers-Differential 
~ 

i' 
Q) 

"C 
:::J 

C!) 

c: 
.2 ... 
o 
Q) 

Q) 

en 
4 

±0.5/1 

±0.5/3 

±0.025 

±O.2 

±O.5 

±O.8 

±0I15 

±3J15 

± 10115 

±25 

±3 

±3 

±7 

±12 

±15 

±15 

-12,±7.5 

t Military Temperature Range (-55° to 125°C) 

2874 

Supply 
Voltage. 
V 

±12 

± 15112-24 

±5 

±5 

±5 

±5 

±5 

±5 

±5,-5 

Comments 

± 15 V CMV, Response Control 

Twisted Pair, ±3/15 V CMV, Response Control 

Twisted Pair, ± 15 V CMV, Response Control 

Adjusts RS232C/MIL-l88, ± 25 V CMV, Hysteresis 

Quad Comparator, 3mV Hysteresis 

Four 75107, Active Pull-up 

Four 75108, Open Collector 

Three-State, RS422I423 

Three-State, RS-422I423 

Three-State, RS-422 

50 mV Hysteresis 

Three-State 

NTOS 

* Typical Value 
....................... 1111,.........l1li ........... 

Device Source Line 

SN551.15 
SN75115 

(Cont'd) 

tTl 
TI 

t National 
National 

(Cont'd) 

OS7820A 
0S8820A 
0S8820 
SN55152 
SN55182 
SN75182 

TI 5 
tTl 
tTl 

TI 

t National OS7820 
OS78C20 
0S8820 
0S88C20 

t National 10 
National 
National 

SN75152 TI 

Thomson-CSf ESMl600 
ESMl602 Thomson-CSF 15 

MC3450 
OS 1650 
0S3650 

Motorola 
t National 

National 

MC3452 Motorola 
OS 1652 t National 
DS3652 National 

.C3486 •• t .... 
0S3486 . National 
MC3486 TI 

AM26LS32C AMO 
AM26LS32M t AMO 
0S26LS32C NatiOnal 
DS26LS32M t National 
AM26LS32C TI 
AM261S32M t TI 

SN55173 tTl 
SN75173 TI 
SN75175 . TI 

OS 1689 
OSl690 
0S3689 
0S3690 

t National 
t National 

National 
National 

AM26LS33C AMO 
AM26LS33M t AMO 
OS26LS33C National 
0S26LS33M t National 
AM26LS33C TI 
AM26LS33M t TI 

MOFl623S t Interdesign 

20 

(3064) 

25 

30 

35 

40 
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MASTER SELECTION GUIDE' 

INTERFACE-Line Circuits (Cont'd) 

No, ReceIver Supply 
Per Input Voltage. 
DevIce Threshold. V . output V Comments Device Source Une 

Line Transceivers-Single Ended 

4 0.05 to 2.50 TTL 5 Open Collector. 1 V Hysteresis MC3438 Motorola 

~ National 
I8T3I ...... (171) 

0.21 to 1.84 TTL 5 Open Collector (Inverting), Common Enable 96103M t Fairchild 

0.4102.05 TTL 5 Open Collector, Hysteresis AM26S12AC AMD 5 
AM26S12AM t AMD 

0.5 to 2.0 TTL 5 Bus Transceiver, Trldirectional, Open Collector 81154lS44IJ t n (1035.1038) 
81154LS441 t n (1035.1038) 
81154LB44I t n (1039) 

Bus Transceiver, Tridirectlonal, Three-State S1I54LS442 tn (1035.1038) 10 
~1I54LS443 tn (1035.1038) 
81154LS444 tn (1035.1038) 

0.6 to 2.0 TTL 5 Bus Transceiver. Trldirectlonal. Open Collector Sl74LS440 n (1035.1038) 
81174LS441 n (1035.1038) 
.174LS448 n (1039) 15 

Bus Transceiver. Tridirecti()naJ. Three-State S1I74LS442 n (1035.1038) 
Sl74LS443 TI 0035.1038) 
S174LS444 TI (1035.1038) 

General Purpose Interface Bus, Open Collector, for MOS Input IIC-3U6A .efnl: (3054) 
MC3446 .TI 20 

0.7 to 2.0 TTL 5 Three-State. Bus Transceiver IM2915111 tIMD (1411) 
Three-State, Bus Transceiver, Parity Generator/Checker .. 29161M tlMB (1411) 

"29171M tAMB (1412) 

Three-State, Hysteresis 54LS242 t Fairchild 
54LS243 t Fairchild 25 
SN54LS242 t Motorola 
SN54LS243 t Motorola 
SII54ALS242 tTl (999) 
81154ALS243tTI (1000) 
SN54LS242 t TI 30 
SN54LS243 t TI 

O.S to l.e TTLIMOS 5 Bus Transceiver, Individual Direction Controls· SI5US448 tn (1038) 
SI54LS449 tn (1039) 

General Purpose Interface Bus. Bidirectional Bus Transceiver, Three-State AM3448A AMD 
pA3448A Fairchild 35 
MC3441A •• teroll (3084) 

O.S to 2.0 TTL 5 Bus Transceiver. Individual Direction Controls SI741.S448 n (1038) 
SI74LS449 n (1039) 

General Purpose Interface Bus, Open Collector, 100 rnA Output DS8641 Motorola 
MC3440A IIaIanII (3084) 40 
MC3441A Motorola 
MC3443A Motorola 
DS3662 National 
DS7641 t National 
DS8641 National 45 
MC3443 TI 

Three-State, Bus Transceiver IM2915AC 1M. (1411) 

Three-State. Bus Transceiver. Parity Generator/Checker IM29161C 1MB (1411) 
.M2!t171C 1MB (1412) 

Three-State, Dual Rank Latches 811748228 n (996) 50 

Three-State, Hysteresis 741-5242 Fairchild 
74LS243 Fairchild 

IHD74LS242 Hitachi I 
IM74LS242 Mitel 
M74LS243 Mite! 55 
SN74LS242 Motorola 
SN74LS243 Motor()la 
DM74LS242 National 
DM74LS243 National 
74LS242 Signetics 60 
74LS243 Signetics 
11174ALS242 n (999) 
81174ALS243 TI (1000) 
SN74LS242 TI 
SN74LS243 n 65 

Three-State (Inverting) pAST26A Fairchild 
(Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
BaN lIa .... IeaIll ............. II ............ 1M ,... ...... 
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Ie MASTER 

INTERFACE-Line Circuits (Cont'd) 

No. Receiver Supply 
Per Input Voltage. 
DevIce Threshold. V Output V Comments Device Source line 

Line Transceivers-Single Ended (Cont'd) 

4 0.St02.0 TIL 5 Three-State (Inverting) (Cont'd) 
I'AST26AM t Fairchild 
HD268T26 Hitachi 
MC6880 Motorola 
MCST26A Motorola 
DS8T26A National 5 

Q) DSST26AM t National 

:2 N8T126 SI .... les (876) 
::J NST127 SI .... les (876) 
(!) N8T26A Slg.llles (876) 

C S8T126 tSlgHtlcs (876) 10 

0 S8T127 tSlg •• lles (876) 
..... SN75136 TI 
0 

Three-State (Non-Inverting) I'AST2S Fairchild Q) 

Q) I'AST2SM t Fairchild 
CJ). MC6889 Motorola 15 ... MCST2S Motorola 
Q) DS8T2S National ..... 

DS8T2SM t National C/) 

as N8T128 S1 .... 1a (876) 
~ N8Tl29 SIIIIIIa (876) 20 

N8T28 SIIIIIIcs (876) 
S8T128 tSI ..... es (876) 
S8T129 tSl ..... cs (876) 

0.97 to 2.65 TIL 5 Open Collector, 1 V Hysteresis AM7838 tAMD 
087838 t National 25 

1.05 to 2.50 TIL 5 Inverting 7833/8833 087835 t National 
088835 National 

Inverting 7839/8839 087834 t National 
DS8834 National 
t8TM SltIlila (876) 30 

Three-State, NOR Gate, TransmH Disable, Hysteresis DS7839 t National 
DS8839 National 

Three-State, TlR Disables, Hysteresis DS7833 t National 
DS8833 National 

1.5 to 2.4 TIL 5 Open Collector, 100 mA Output, Parity Generator/Checker AM2907M tAMD (1406) 35 
Q-bus Compatible 2907 AM2908M tAMD (1406) 

2-lnput, Open Collector 100 mA Drivers AM2905M tAMD (1405) 

2-lnput, Open Collector 100 mA Drivers, Parity Generator/Checker AM2906M tAMD (1405) 

1.5 to 3.2 m 5 Open Collector, 100 mA Output SN55138 tTl 

1.6 to 1.S TIL 5 Open Collector, Hysteresis AM26S12C AMD 40 
AM26S12M tAMD 

1.6 to 2.3 TIL 5 Open Collector, 100 MA Output, Parity Generator/Checker AM2907C AMD (1406) 
Q-bus Compatible 2907 AM29D8C AMD (14P6) 

2-lnput, Open Collector 100 mA Drivers AM2905C AMD (1405) 

2-lnput, Open Collector 100 mA Drivers, Parity AM2906C AMD (1405) 45 

1.6 to 2.4 TIL 5 Open Collector, 100 mA Output AM26S1OM tAMD 
AM26S11M tAMD 
9640M t Fairchild 
DS26S10M t National 
DS26S11M t National 50 
AM26S10M tTl 
AM26S11M tTl 

1.75 to 2.25 TIL 5 Open Collector, 100 mA Output AM26S1OC AMD 
AM26S1W AMD 
9640C Fairchild 55 
MC26S10 Motorola 
MC26S11 Motorola 
DS26S1OC National 
DS26S11C National 
AM26S1OC TI 60 
AM26S11C TI 

1.8 to 2.9 TIL 5 Open Collector, 100 mA Output SN75138 TI 

t Military Temperature Range (-550 to 125°C) * Typical Value 
8 .... IaClI."alls I'~_I"" II pmlHll H ........... IId. 
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INTERFACE-Line Circuits (Cont'd) 

No. Receivtf . Supply 

Per Input Voltage, 
DevIce Tbreshold,V Output v Comments 

Line Transceivers-Single Ended 

8 - TIUCMOS 5 General Purpose Ifltertace Bus 

TIL m 5 Bidirectional Bus Transceiver, Three-State 

0.5 to 2.0 m 5 Bidirectional Bus Transceiver, Open Collector 

Bidirectional Bus Transceiver, Three-State 

0.6 to 2.0 TIL 5 Bidirectional Bus Transceiver, Open Collector 

Bidirectional Bus Transceiver, Three-State 

0.7 to 2.0 TIL 5 Bidirectional Bus Transceiver, Open Collector 

t Military Temperature Range (-55° to 125°C) * Typical Value 
....... IItIIqIII ..... '.1I II"....... l1li JIll ...... 

~ IC MASTER 1984 

MASTER SELECTION GUIDE 

Device Source line 

(Cont'd) 

DS3666 NatiOnal 
0S7516OA NatiOnal 
DS75161A National 

. 0S75162A National 

DP7304B tAMD 5 
DP8304B AMD 
DP8304 National 

54LS641 t Signetlcs 
54LS642 t Slgnetics 
74LS641 Slgnetics 10 
74LS641-1 Signetlcs 
74lS642 Signetics 
74LS642-1 Signetics 
SI54L8&21 ttl (1.) 
Sll54LS622 t n (1.) 15 
Sl54LS641 tn (1074) 
Sl54LS642 t n (1074) 
SII54l.S644 t n (1074) 

DP7303 t AMD 
DP7307 tAMD 20 
DP7308 tAMD 
DP8303 AMD 
DP8307 AMD 
DP8308 AMD 
Sl54L$645 t •• (804) 25 
Sl54LS645-1 t., (804) 
DP7303 t National 
DP7304B t National 
DP7307 t National 
DP7308 t National 30 
DP8303 National 
DP8304B National 
DP8307 National 
OP8308 National 
SI~l645tTl (1124) 35 
Sll54Al.S245 tn (1001) 
SI54ALS645 t n (1074) 
SI54LS620 t n (1066) 
SII54I.S623 t n (1.) 
Sl54LS640 t n (1074) 40 
Sl54L8&43 t n 

(1074.1074.1075) 
SII54lS645 t n (1074) 
SN54Sl245 t TI 

Sl741.S121 n (1.) 
Sl741.S822 n (1066) 45 
Sl74LS641 n (1074) 
Sl74LS641-1 n (1074) 
Sl74LS642 n (1074) 
Sl74LS642-1 n (1074) 
Sl74LS644 n (1074) 50 
Sl74LS&44-1 n (1074) 

Sl74LS645 .. , (804) 
Sl74LS645-1 ... (804) 

I 74LS640 Signetics 
. 74LS640-1 Signetics 55 

74LS645 Signetics 
SN74lS245 TI 
Sl741.S820 n (1066) 
Sl741.S823 n (1.) 
8I74L8&40 n (1074) 60 
Sl74LS64D-l n (1074) 
Sl74LS843 n (1074) 
Sl74LS643-1 n (1074) 
Sl74LS645 n (1074) 
Sl74LS645-1 n (1074) 65 

SN54LS641 t Motorola 
SN54LS642 t Motorola 

(Continued) 
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Ie MASTER 

INTERFACE-Line Circuits (Cont'd) 

Line Transceivers-Single Ended 

0.7 to 2.0 TIL 5 
Bidirectional Bus Transceiver/Register, Open CoUector 

Bidirectional Bus Transceiver, Three-State 

0.8 to 2.0 TIL 5 Bidirectional Bus Transceiver, Open Collector 

BidIrectional Bus TransceiVerlReglster, Open Collector 

BIdIrectional Bus TransceIVer, Three-State 

BIdIrectional Bus Transceiver, Three-state, CMOS 

General Purpose Interface Bus 

Line Tranaceivers-Differential 

TIL 5 DesIgned to meet proposed EIA Standard RS485 

0.8 to 2 TIL BidIrectional Bus Transceiver, Three State 

±0.5/± 1 V TIL 5 Independent Three-State 55113 Driver and 55115 ReceIver 

Same as 55116 with Three-state ReceIver 

Same as 55117 with Tbree-State ReceIver 

Three-state 8 Pin, 40 MA 

t Military Temperature Range (-55° to 125°C) * Typical Value 
....... IHIaIw ............. Ia~ ............. 

2678 

DeviCe Source line 

(Cont'd) 

Sl54LS64 7 t n 
Sl54LS649 t n 
54lS245 t Fairchild 
SN54LS245 t Motorola 
SN54LS640 t Motorola 
SN54LS645 t Motorola 
Sl54LS646 tn 
Sl54LS648 t n 
SN74LS641 Motorola 
SN74LS642 Motorola 

Sl74L8&47 n 
Sl74L8&49 n 
74LS245 Fairchild 
G74SC245 GTEMlcro 
HD74LS243 Hitachi 
HD74LS245 Hitachi 
M74LS245 Mltsubishl 
SN74LS245 Motorola' 
SN74LS640 Motorola 
SN74LS645 Motorola 
DM74LS245 National 
DS3667 t National 
74LS245 Signetics 
18T125 SItMtIcI 
88T125 t ...... 
Sl54AS245 t n 
8174AL11645 n 
Sl74ALS245 TI 
SI74AL8&45 n 
Sll4AS245 n 
Sll4LS64I n 
Sl14L8641 n 
MD54SC245 t Mitel 
MD74SC245 Mitel 

1IC3447 ....... 

(Cont'd) 
(1076) 
(1076) 

5 

(1076) 
(1076) 

10 

(1076) 
(1076) 

15 

20 

(176) 
(176) 25 

(1001) 
(1124) 
(1001) 
(1074) 
(1001) 30 
(1076) 
(1076) 

(3064.30&1) 35 
SN75160A TI 
SN75.161A TI 
SN75162A TI 
SN75163 TI 

DS3695 National 40 
DS3696 National 
DS3697 National 
DS3698 National 

8115176 ....... (3064) 
SN75177 Motorola 45 
SN75178 Motorola 
SN75176A TI 
SN75177 TI 
SN75178 TI 

SN55116 tTl 50 
SN75116 TI 

SN55118 tTl 
SN75118 TI 

SN55119 tTl 
SN75119 TI 55 

SN55117 tTl 
SN75117 TI 
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INTERFACE-Memory and Peripheral Drivers 

Function Device Source line F~n Device Source line 

Memory a Peripheral Driver. Driver. Control Circuit for Fast Switching Transistors 
UAA4002 Thomson-CSF 

Addressable Peripheral Driver (latched. 8-output driver) Driver. Half Bridge. 2 A 
1(590 SltltUa (3825) 001635 t SiliconG 
1E591 SfIIIIICI (3825) SG3635 SiliconG 
SE590 tSignetlcs 

Driver. Open CoIlectO/'/Emitter. for 150 mA (load connected 
Bidirectional Interface Circuit, High Voltage to negative supply) 

TEA151~ Thomson-CSF PBD3520 RIFA 
SiMOS Latched Driver Driver. Seriallnputll6-Bit Parallel Output. High-Voltage, 

UCN-5810A Sprague 5 High-Current Outputs 
UCN-5812A Sprague TSC9403 T .. paS (3101) 45 
UCN-581SA Sprague TSC9404 T .. ,..s (3101) 
UCS-4401H tSprague 

Driver, Solenoid and Motor. to 40 V. 4 A 
UCS-4801H Sprague SG3640 SiliconG 
UCS-4810H Sprague 10 SG3641 SiliconG 

BlMOS Segment Latch Drtfer Driver. Switching Transistor 
CA3201 RCA (3599) LAS8100 Lambda 

SiMOS Sequencer Driver LAS8101 Lambda 50 
CA3207 RCA (3599) 

Driver. to 80 V. 0.2 A 
Bridged Motor Driver 01445 Dionics 

MD346 AnalogSys Driver. Single. 125 mAo for Relays. Motors, Lamps 
Bubble Memory Coil Driver PBD3510 RIFA 

053515 National PBD3511 RIFA 

Bubble Memory Coil Predriver Driver, Dual, to 80 V, 0.2 A 
SC42468 Motorola 15 01446 Dionics 

Bubble Memory Controller Driver. Dual. 2-lnput. Sink or Source 500 mA 
7220 Intel 001627 tSiliconG 55 
SC42584 Motorola 003627 SiliconG 
SC42585 Motorola Driver, 1 Channel (lamp relay driver) 

Bubble Memory Controller (chevron) TDE3207 Thomson-GSF 
SN54LS361 tTl Drwer. 2 Channel (hammer), to 35 V. 1 A 

Bubble Memory Controller (t-bar) SG3700 SiliconG 
SN54lS36O ttl 20 Driver, 2 Channel (solenoid and motor driver, 4 A) 

Bubble Memory Current Pulse Generator 003638 SiliconG 
7230 Intel OO3638A S1liconG 60 

Bubble Memory Function Driver 003639 SIliconG 

DS3615 National SG3639A SiliconG 

DS3618 National SG3643 SiliconG 
SG3643A SiliconG 

Bubble Memory Predriver 
7250 Intel Driver, 4 Channel, 40 V, 2 A 

817250 S1liconix 25 SG3637 SiJiconG 65 

Bubble Memory Sense Amplifier - Driver. 5 Channel, CMOS/PMOS Input (lamp, relay driver, 

MC34044 Motorola load to negative supply) 

DS3617 National UDN-2956A Sprague 

Bubble Memory (Single) Operation Drivers Driver, 5 Channel, CMOSmL Input (lamp, relay driver. 

MC34046S Motorola 
load to negative supply) 

MC34047S Motorola 
UDN-2957A Sprague 

Driver. 5 Channel Darlington, to 400 mA 
Bubble Memory Dual Formatter/Sense Amplifier 

:rooM 

Exar 
7424 Intel 30 

t Exar 
Bubble Memory Quad VMOS Drive Transistors LB12S7 Sanyo 70 

7254 Intel lB1288 Sanyo 
Clock Generator/O~illator, to 10 M~, 8 and 1 Divider, for Driver, 7 Channel, CMOS/PMOS Input (hammer. lamp, relay 
Microprocessors driver) MD402 AnalogSys 

IC.7209 t Ittwsli (3015) XR2204 Exar 
Data Acquisition Controller (intelligent) for AID Converter XR2204M tExar 

CYtlOO Cybernetic I 9668 Fairchild 1751 
DC Motor Switch Mode Control 9668M t Fairchild 

UAA4004 Thomson-CSF Me1416 •• t ...... (3064) 

Disc Memory ReadlWrite PBD352304 RIFA 

"PC751 IEC (3543) 35 UlN2004 Signetics 

"PC752 IEC (3543) 002004 SiliconG 80 

Disk Drive, Disk Data Controller 
002014 SiliconG 
002024 SiliconG DP8466 National 
UlN-2OO4A Sprague 

Disk-Drive, Disk Pulse Detector UlN-2014A Sprague 
DPUM 1IIIuII (1514) 

ULN-2024A Sprague 85 
Disk Drive. Encoder/Decoder, 2, 7 UlS-2OO4H tSprague 

. 
DP8463" National UlS-2014H tSprague 

Disk Drive, MFM Data Separator UlS-2024H tSprague 
DP8460 National 40 (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
.... faa IttllCltllltltllltGnf 11111 Is jII'III ........ ,... HIItI. 
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MASTER SELECTION GUIDE 

Function Device Source Une 

Driver. 7 Channel, CMOS/PMOS Input (hammer. lamp, relay 
driver) (Cont'd) 

SN75469 TI 
ULN2OO4A TI 90 

Driver. 7 Channel, CMOSITTL Input (hammer, lamp. relay 
driver) 112003_ tEur (3313) 

XR2203 Exar 
9667 Fairchild 
9667M t Fairchild 
_C1413 •• Ioroll (3064) 95 
PBD352303 RIFA 
L203 OOS 
ULN2oo3 Signetics 
002003 SiliconG 
002005 SiliconG 100 
002013 SlliconG 
002015 SiliconG 
002023 SiliconG 
002025 SiliconG 
SG3853 SlIIconG 105 
ULN-2003A Sprague 
ULN-2005A Sprague 
ULN-2013A Sprague 
ULN-2015A Sprague 
ULN-2023A Sprague 110 
ULN-2025A Sprague 
ULS-2003H tSprague 
ULS-2005H t Sprague 
ULS-2013H tSprague 
ULS-2015H tSprague 115 
ULS-2023H t Sprague 
ULS-2025H tSprague 
SN75468 TI 
UlN2oo3A TI 

Driver, 7 Channel, MOSJTTllnput (hammer, lamp, relay 
driver) XR2201 Exar 120 

XR2201M tExar 
9665 Fairchild 
.C1411 •• torala (3064) 
PBD352301 RIFA 
L201 OOS 125 
002001 SlliconG 
SG2011 SiliconG 
002021 SIliconG 
003851 SiliconG 
UL.N-2001A Sprague 130 
ULN-2011A Sprague 
UlN-2021A Sprague 
UlS-2oo1H t Sprague 
UlS-2011H tSprague 
ULS-2012H t Sprague 135 
UlS-2021H tSprague 
SN75466 TI 
UlN2001A TI 

Driver, 7 Channel, PMOS Input (hammer, lamp, relay 
driver) XR2202 Exar 

XR2202M tExar 140 
9666 Fairchild 
9666M t Fairchild 
Me1412 •• t ...... (3064) 
PBD352302 RIFA 
L202 SGS 145 
002002 SiliconG 
002012 SiliconG 
002022 SiliconG 
003852 S1liconG 
UlN-2OO2A Sprague 150 
ULN-2012A Sprague 
UlN-2022A Sprague 
UlS-2OO2H tSprague 
ULS-2022H tSprague 
_SN75467 TI 155 
UlN2002A TI 
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Ie MASTER 

INTERFACE-Memory and Peripheral Drivers (Cont'd) 

Function Devk:e Source line Function Device Source Une Function Device Source line 

Memo.., a Peripheral Driver. Gated Decoder, for SSI104/5 MOS Dynamic Memory, 16 K Address Multiplexer and 

(Cont'd) SSll06 SiliconSys Refresh COunter 
96LS42C Fairchild Hall Effect Digital Latches (logiC to electromechanical 

Driver, 8 Channel, CMOS/PMOS Input (hammer, lamp, relay interface) UGN-3075 Sprague 96LS42M t Fairchild 
driver) UL.N2804 Motorola 

UGN-3076 Sprague MC3242A Motorola 105 
ULN-2804A . Sprague 

UG803075 tSprague MOS Dynamic RAM Controller 
ULN-2814A Sprague 

UGS-3076 tSprague 60 8202A Intel 
ULN-2824A Sprague 8203 Intel 
UL8-2804H tSprague 5 Hammer Driver (to 6 A-pulsed output) 8205 Intel 
UL8-2814H tSprague DHOO28C National 

TMS4500A TI (4221) 
Q) UL802824H tSprague High Current Switch Driver (to drive high power, high VL4500A VTI (4254) 110 
:2 Driver, 8 Channel, CMOS/PMOS Input (lamp, relay driver) speed NPN switching tranSistors) W08207 Wlstln (4262) 
::J UDN-2982A Sprague SG1629 t SiliconG MOS Dynamic RAM Controller/Driver C!) UDN-2984A Sprague 863629 SiliconG DP8408 - MMI 

c: UD8-2982H tSprague 10 High-Voltage, High-Current Source Driver SI74S408 MMI (819) 

.2 UD8-2984H tSprague UDO-2956R Sprague S174S408-3 M.I (819) 
~ Driver, 8 Channel, CMOSmllnput (hammer, lamp, relay' UDQ-2957 Sprague 65 DP8408 National 115 0 
Q) driver) ULN2803 Motorola High-Voltage Source Drivers MOS Dynamic RAM Controller/Driver, Multimode 

Q) IE5090 SIJIIIIIa (3624) UDN-6510A Sprague 74S409 MMI 

W SE5090 Signetlcs UDN-6514A Sprague DP8409 MMI ... ULN-2803A Sprague 15 
Memory Driver, FIFO RAM COntroller 81741409 MMI (819) 

Q) UlM-2805A Sprague 18X60 SlIHUa (1647) 0'8409 1.11 ... 1 (1514) 
~ 
U) UlM-2813A Sprague 88X60 tSl .... lea MOS Dynamic RAM Controller, Two Port as UlN-2815A Sprague (527.1647) 74LS764 Slglllies (895) 120 
~ UlN-2823A Sprague 

Motor Controller (intelligent) for 4-Phase Stepper Motors 
UlN-2825A Sprague 20 Memory Driver Dual, 400 mA SinklSource, Decode (for 

magnetic memories) CYSOO Cybernetic 
Ul802803H tSprague 0S3629 National 70 CY512 -Cybernetic 
Ul802805H tSprague 

Multi-Mode Dynamic RAM COntroller/Driver 
UL8-2813H tSprague Memory Driver, Dual 600 rnA Sink/Source 

Ul802815H tSprague MC55325 tMotorola 0'8408 IItl ... 1 (1514) 

UL8-2823H tSprague 25 MC75325 Motorola Power Peripheral Driver, CMOSmL Input (to 150 V, 
I UlS-2825H tSprague DS55325 t National versions: 0.01 to 16 A) 

DS75325 National VF01 Supertex I 

DriVer, 8 Channel, CMOS/TTllnput (lamps, relay driver) 
5655325 t SiliConG 75 VF02 SUpertex 125 

UDN-2981A Sprague 
8675325 SiliConG VF03 SUpertex 

UON-2983A Sprague 
SN55325 tTl VF12 SUpertex 

UD8-2981H tSprague 
SN75325 TI VF13 Supertex 

UD8-2983H tSprague 30 
Memory Driver, Quad, 600 rnA Sink Printer Controller, for 5x7 Dot Matrix Printers 

Driver, 8 Channel, MOSITTllnput (hammer, lamp, relay CY480 Cybernetic 
driver) UlN2801 Motorola 8655326 t SiliconG 

UlN-2801A Sprague SG55327 tSiliconG 80 Printer Driver, 5 Channel 

UlN-2811A Sprague 8675326 SiliconG. HD2919 Hitachi 130 

UlN-2821A Sprague SG75327 SiliconG Printer Solenoid Driver 

Ul802801H tSprague 35 SN55326 tTl DS3654 National 

Ul802811H tSprague SN55327 tTl Printing Calculator Circuits 

UL8-2821H tSprague SN75326 TI 85 DS8654 National 

DriVer, 8 Channel, PMOS Input (hammer, lamp, relay 
SN75327 TI DS8656 National 

driVer) UlN2802 Motorola Memory TIming COntroller (with EDAC) DS8692 National 

UlN-2802A Sprague AM2969 AMD DS8693 National 135 

ULN-2812A Sprague 40 1IC74F2969 .at ...... (822) DS8694 National 

UlN-2822A Sprague Memory Timing COntr!lller (without EDAC) Relay and La!"p Driver, Dual, to 32 V, 2/4 A 

Ul802802H tSprague AM2970 AMD TOE1n7 Thomson-CSF 

Ul802812H tSprague 1IC74F2970 •• tOl'lll (822) 90 Relay and Lamp Driver, to 30 V, 0.15 A 

Ul802822H tSprague Modified Frequency Modulation Decoder Data Separator 
TOE 1647 Thomson-CSF 

DriVer, 8-BIt, 81MOS Addressable latched 0'8460 1111 ... 1 (1514) Relay and Lamp Driver, to 30 V, 0.3 A 

UCN-4807A Sprague 45 TOE 1607 Thomson-CSF 
MOS Clock Driver 

UCN-4808A Sprague MHOOO7 t National Relay and Lamp Driver, to 45 V, 0.3 A 

Driver, 8-Channel Current-Sink DriVer MHOOO7C National 
TOE 1647A Thomson-CSF 140 
TOE 1737 Thomson-CSF 

UDN-2595A Sprague MHOO12 t National 

Driver, 10-81t, High-Voltage. High-Current MHOO12C National 95 Relay and Lamp Driver, to 50 V, 0.3 A 

S4534 AMI 
TOE 1787 Thomson-CSF 

MOS Dynamic Memory, Address Refresh Logic Circuitry 
Driver, 10-M Serial-In latched Source MC8505 Motorola 

Relay and Lamp Driver, to 50 V, 0.5 A 

lJCS-481OH Sprague 
TOE 1767 Thomson-CSF 

MOS DynamiC Memory Controller Relay and Lamp Driver, to 60 V, 0.3 A 
Driver, 32-BIt for Displays, Relays, Solenoids, Print Heads AM2968 AMD TOE 1787A Thomson-CSF 
and Motors 54521 AMI 50 .C74F2968 •• t ...... (822) 

S4535 AMI 
Relay and Lamp Driver, to 60 V, 0.5 A 

MDS Dynamic Memory Interface, Microprocessor to 16 K TOE 1767A Thomson-CSF 145 
Dynamic RAM Controller Interface Circuit RAM MC3480 Motorola 

Relay Driver, to 65 V, Sinks 300 mA, OR Input for 48 V 
DP84312 National MOS Dynamic Memory, 4 K Address Multiplexer and Telephone Relays 
DP84322 NatioDal Refresh COunter DSl686 t National 
DP84332 National 96lS32 tFairchiid 100 OS 1687 t National 

DynamiC RAM Programmable Refresh Timer 96LS32C Fairchild DS3686 National 
OP84300 National 55 MC3232A Motorola (Continued) 

t Military Temperature Range (-55" to 125"C) • Typical Value 
.... 1IcI11"calis •• "Uiul Uta II "..vl ...... IIt .... 1.1It!. 
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IN~ERFACE-Memory and Peripheral Drivers (Cont'd) 

Function Device Source Line Function Device Source Line 

Me."ory & Peripheral Drivers Dual Inverter, to 40 V, 2 A 

(Cont'd) LPD4105 Lambda 

Dual Memory Driver, 400 mA Sink (for magnetic memories) 
Relay Driver, to 65 V, Sinks 300 mA, OR Input for 48 V MC4043 Motorola 
Telephone Relays (Cont'd) 

Dual MOS Clock Driver 
DS3687 National 

0026 Fairchild 
Relay Driver, to 70 V, 500 mA MMHOO26C Motorola 

CSR301 TeledyneC DSOO25 t Nationill 45 
Relay Driver, 5 Channel, to 65 V, 70 mA DSOO25C National 

1m 163 ITI DSOO26 t National 
1IT7164 lIT DS0026C National 

Solenoid Driver MC3484V2 Motorola 5 DS0056 tNational 

MC3484V4 Motorola DSOO56C National 50 

Thermal Print Head Driver MHOOO9 t National 

SN75270 TI MHOOO9C NatiOnal 

SN75490 TI MHOO13 t National 

SN75590 TI MHOO13C National 
SN55369 tTl 55 

Triac Controller SN75369 TI 
TEA1511 Thomson-CSF 10 

Winchester Disc Memory Fault Detector 
Dual MOS Clock Driver, Bootstrapped for Single Supply 
Systems OS 1642 National 

SSl103 Si/iconSys OS 1671 National 

Winchester Disc Memory Head Read/Write Circuit, for thin OS 1672 National 

film heads SS!114 8!!!cu.Sys (4208) Dual NAND Driver, HNil, 250 rnA, Open Coilector 

Winchester Disc Memory Head selector 392A1C TeledyneS 60 

SSl102 SiliconSys Dual NOR Driver, HNIL, 250 mA, Open Collector 

Winchester Disc Memory ReadlWrite Circuit 
394A1C TeledyneS 

SSll04 SIlICtiSys (4208) 15 Dual OR Driver, HNIL, 250 mA, Open Collector 
393A1C TeledyneS 

Winchester Disc Memory Video Amplifier, for Magnetic 
servo Head SSl10lA SlIIe.lS,s (4208) Dual Peripheral AND Driver 

55450B t Fairchild 
Winchester Disc Memory Video Amplifier, for Thin Film 75450B Fairchild 
Magnetic Heads 75451A Fairchild 65 

SSll16 SlIIcuS,1 (4208) 75451B Fairchild 

Winchester Disk Memory ReadlWrite Circuit 75461 Fairchild 
MB4111 Fujitsu 75471 Fairchild 
MB4112 Fujitsu HD75450A Hitachi 
SSl105 SiliconSys 20 HD75451A Hitachi 70 
SSI108 SlHcnSys (4208) DS55450 t National 
SSl114 SiliconSys DS55451 t National 
811115 SIIIcaISyI (4208) DS55461 t National 

Winchester, ReadlWrite Circuit for thin-film heads OS75450 National 

MC4290 NEC (3549) DS75451 National 75 

Winchester ReadlWrite Circuit, 6-Channel DS75461 National 

SSI117 SlIIcOlSys (4208) 25 PBD3513 RIFA 

Dual AND Driver, HNIL, 250 rnA, Open Collector 
SG55450 t SiliconG 

391A1C TeledyneS 
SG55450B t SiliconG 
SG55451 tSiliconG 80 

Dual AND TIL to MOS Driver (NMOS memory interface) SG55460 tSiliconG 
9643 Fairchild SG55460B t SiliconG 
SN55363 tTl SG55461 tSiliconG 
SN75322 TI SG75450 SiliconG 
SN75363 TI 30 SG75450B SiliconG 85 

Dual Buffer, to 40 V, 2 A SG75451 SiliconG 
LP04106 Lambda SG75460 SiliconG 

Dual CCD Memory Driver, with Enable Inputs SG75460B SiliconG 
SN75430 TI SG75461 SiliconG 

Dual CCD Memory Driver, with Enable Inputs and Protect SN55450B tTl 90 
SN75431 TI SN55451B tTl I 

Dual Channel ECL to MOS Driver (MOS memory interface SN55460 tTl 
MC75358 Motorola SN55461 tTl 

SN55470 tTl-Dual CMOS or TIL Driver/Translator, up to 30 V 
SN55471 tTl 95 IH6201C Intersil 35 

1H6201M t Intersil 
SN75401 TI 
SN75411 TI 

Dual Darlington Switch, to 80 V, 1.5 A SN75450B TI 
ULN-2061M Sprague SN75451B TI 
ULN-2062M Sprague SN75460 TI 100 

Dual ECL to TIL/MOS Driver SN75461 TI 
SN75441 TI SN75466 TI 

Dual Half Bridge Driver, 1.5 A SN75470 TI 
SG3636 SiliconG 40 (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
BaN flcalltllcatas ,1H1t1_1 ala Is ".,.... • 1M PIlI ...... 
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MASTER SELECTION GUIDE 

Function Device Source Line 

Dual Peripheral AND Driver (Cont'd) 
SN75471 TI 
SN75476 TI 105 

Dual Peripheral AND Driver, for CMOS 
OS 1631 t National 
DS3631 National 

Dual Peripheral AND Driver, to 70 V 300 mA 
SN75446 TI 

Dual Peripheral AND Driver, to 70 V 500 mA 
SN75416 TI 

Dual Peripheral AND Driver, to 80 V 300 rnA 
OS1611 t National 110 
053611 National 
UDN-3611M Sprague 
UDN-5711M Sprague 
UDS-3611H tSprague 
UDS-5711H tSprague 115 

Dual Peripheral and Power Drivers 
UDN-5732M Sprague 
UDN-5742M Sprague 

Dual Peripheral NAND Driver 
55452B t Fairchild 
75452A Fairchild 
75452B Fairchild 120 
75462 Fairchild 
75472 Fairchild 
HD75452 Hitachi 
DS55452 t National 
DS55462 t National 125 
DS75452 National 
DS75462 National 
SG55452 t SiliconG 
SG55462 t SiliconG 
SG75452 SiliconG 130 
SG75462 SiliconG 
SN55452B tTl 
SN55462 tTl 
SN55472 tTl 
SN75402 TI 135 
SN75407 TI 
SN75412 TI 
SN75432 TI 
SN75447 TI 
OO5452B TI 140 
SN75462 TI 
SN75472 TI 

Dual Peripheral NAND Driver, for CMOS 
OS 1632 t National 
DS3632 National 

Dual Peripheral NAND Driver, to 70 V, 300 mA 
.Cl472 •• t .... (30M) 145 
UDN-5722M Sprague 
SN754n TI 

Dual Peripheral NAND Driver, to 70 V, 500 mA 
SN75417 TI 

Dual Peripheral NAND Driver, to 80 V, 300 mA 
081612 tNational 
DS3612 National 150 
UDN-3612M Sprague I I 
UDN-5712M Sprague 
UDS-3612H tSprague 
UDS-5712H tSprague 

Dual Peripheral NOR Driver 
754748 Fairchikl 155 
HD75454 Hitachi 
0S55454 tNational 
DS55464 t NatiOnal 
0875454 National 
0575464 National 160 
SG55454 t SiIiconG 
SG55464 t SiliconG 

(Continued) 
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Ie MASTER 

INTERFACE-Memory and Peripheral Drivers (Cont'd) 

Function DevIce Source Una Function Device Source Una Function Device Source Une 

Memory & Peripheral Drivers Dual Power MOS Driver Quad Darlington Switch, to 80 V, 1.5 A (Cont'd) 
(Cont'd) ICL7667 IlIIrall (3013) ULS-2068H t Sprague 

Dual Power MOSFET Driver ULS-2069H tSprague 
Dual Peripheral NOR Driver (Cont'd) TSC450C TeledyneS 60 ULS-2070H tSprague 115 

SG75454 SiliconG TSC450M t TeledyneS ULS-2071H tSprague 
SG75464 SiliconG Dual TIL to MOS Driver (MOS memory interface) ULS-2074H t Sprague 
SN55454B tTl DS75361 National ULS-2075H tSprague 
SN55464 tTl DS75362 National ULS-2076H tSprague 
SN55474 tTl 5 MH8805 National ULS-20nH Sprague 120 
SN75404 TI SN75350 TI 65 SN75065 TI 

CD SN75407 TI SN75361A TI SN75067 TI 
:-2 SN75414 TI 

Dual2-lnput AND Power Driver (40 V, 2 A) 
SN75069 TI 

::J SN75434 TI ULN2064 TI 
C) LPD4101 Lambda 

SN75449 TI 10 ULN2065 TI 125 
c: SN75454B TI Dual2-lnput NAND Power Driver (40 V, 2 A) ULN2066 TI 
0 SN75464 TI 

LPD4102 Lambda ULN2067 TI 
:;:; SN75474 TI Dual2-lnput NOR Power Driver (40 V, 2 A) ULN2068 TI 
0 

SN75479 TI LPD4103 Lambda ULN2069 TI CD -, 

Dual Peripheral NOR Driver, for CMOS Dual2-lnput OR Power Driver (40 V, 2 A) ULN2074 TI 130 
CD LPD4104 Lambda 70 ULN2075 TI en DSl634 t National 15 

'- DS3634 National Dual 4 A Solenoid Driver Quad Darlington Switch, to 80 V, 4 A 
CD Dual Peripheral NOR Driver, to 30 V, 300 mA 

UDN-2975W Sprague UON-2879 Spn._ (3088) ... UDN-2976W Sprague Quad Darlington SWitch, to -SO V, 1.75 A Ul SN75479 TI 
as 

Dual Peripheral NOR Driver, to 30 V, 500 rnA 
Dual4-lnput AND Driver, HNIL 250 mA Open Collector SG2841 SiliconG 

~ 390AlC TeledyneS Quad Darlington Switch SN75419 TI 

Dual Peripheral NOR Driver, to 80 V, 300 mA 
Dual4-lnput NAND Driver, HNIL, 250 mA Open Collector TEB1013 Thomson-CSF 

395A1C TeledyneS Quad Driver for Automotive Applications OS1614 t National 
DS3614 National 20 Quad Bipolar Driver DS3656 National 135 

UDN-3614M Sprague SG293A SiliconG 75 Quad ECL to MOS Clock Driver 
UDN-5714M Sprague Quad Darlington Driver, to 100 V, 1.5 A HD2923 Hitachi 
UDS-3614H tSprague FT5753 Fujitsu Quad Fault Protected Peripheral Driver 
UDS-5714H tSprague Quad Darlington Driver, to 100 V, 3 A D~ National 

Dual Peripheral OR Driver FT5754 F:.;it.."U Quad High Current Peripheral Driver 
75453A1B Fairchild 25 Quad Darlington Driver, to 100 V, 5 A DS3658 National 
HD75453 Hitachi FT5755 Fujitsu DS3669 National 
MC75453 Motorola Quad Darlington Switch, to 50 V, 1.5 A SN75436 TI 140 
DS55453 t National SN75064 TI SN75437A TI 
DS55463 t National SN75066 TI 80 SN75438 TI 
DS75453 National 30 SN75068 TI Quad Latch/Driver 
0875463 National Quad Darlington SWitch, to 50 V, 4 A MD121 AnalogSys 
SG55453 SiliconG UON-2878 Spn ... (3088) UCN-4401A Sprague 
SG55463 SilIconG Quad Darlington Switch, to 80 V. 1.5 A UCS-4401H t Sprague 145 
SG75453 SiliconG SG2064 SlliconG Quad MOS Clock Driver 
SG75463 SiliconG 35 SG2065 SiliconG DS3245 National 
SN55453B tTl SG2066 SiliconG 85 Quad, MOS Memory Decoder/Clock Driver 
SN55463 tTl SG2067 SiliconG DS36143 National 
SN55473 tTl SG2068 SiliconG Quad MOS Memory 110 Register SN75403 TI SG2069 SiliconG DS16147 t National SN754Q8 TI 40 SG2070 SiliconG DS161n t National SN75413 TI SG2071 _ SiliconG 90 OS 1647 t National 150 SN75433 TI SG2072 SiliconG DS16n t National SN75448 TI SG2073 SiliconG DS36147 National 
SN75453B TI SG2074 SiliconG DS361n National 
SN75463 TI 45 SG2075 SiliconG DS3647 National 
SN75473 TI SG2076 SiliconG 95 DS36n National 155 
SN75478 TI SG20n SiliconG 

Dual Peripheral OR Driver, ECL Input ULN-2064B Sprague 
Quad Multiplexer/Driver, for MOS Systems 

OS 1648 t National SN75441 TI ULN-2065B Sprague 
OS 1678 t National 

Dual Peripheral OR Driver, for CMOS ULN-2066B Sprague 
DS3648 National 

081633 tNational ULN-20678 Sprague 100 
DS3678 National 

DS3633 National 50 ULN-2068B Sprague 
ULN-2069B Sprague Quad NAND Gate 60 V Power Driver 

Dual Peripheral OR Driver, to 30 V, 300 rnA 
ULN-207OB Sprague UDN-2541 Sprague 160 

SN75478 TI 
ULN-2071B Sprague Quad NAND Gate 80 V Power Driver 

Dual Peripheral OR Driver, to 30 V, 500 rnA ULN-2074B Sprague 105 UDN-2542 Sprague 
SN75418 TI ULN-2075B Sprague Quad NAND TIL to MOS Driver (MOS memory interface-

Dual Peripheral OR Driver, to 80 V, 300 mA ULN-2076B Sprague clock driver) HD2912 Hitachi 
DS1613 t National ULN-20nB Sprague HD2916 Hitachj 
DS3613 National ULS-2064H tSprague DS75365 National 
UDN-3613M Sprague 55 ULS-2065H tSprague 110 3207A Signetics 165 
UDN-5713M Sprague ULS-2066H t Sprague 3207A-l Signetics 
UDS-3613H tSprague ULS-2067H tSprague SN55355 tTl 
UDS-5713H tSprague (Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
.IN faClIMI .. IN .............. Ia "..lhI .... ,... ...... 
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MASTER SELECTION GUIDE 

INTERFACE-Memory and Peripheral Drive,. (Cont'd) 

Funclion Ile¥ice Source Line Funclion . Ile¥ice Source llM Funclion Ile¥ice Source Une 

Memory & Peripheral Drivers Quad 2-lnput NAND DrIver, to 30 V, sinks 250 mA Octal High-Voltage Driver for Electrostatic Printers 
(Cont'd) MC693 Motorola DH0069 National 110 

Quad NAND m to MOS Driver (MOS memory interface-
Quad 2-lnput NAND Power Driver, Open Collector, to 100 Octal Latched Peripheral Driver 

V, Sinks 500 mA DP7310 National 
clock driver) (Cont'd) UHC/D-407 tSprague DP7311 National 

SN55365 tTl UHC/D-408 tSprague DP8310 National 
SN75365 TI UHC/O-507 tSprague 55 DP8311 National 

Quad Negative Voltage Relay Driver UHC/O-508 tSprague Octal MOS Driver, Three-State 
DS3680 NationaJ UHP-407 Sprague DP84240 National 115 
0S3680 TI UHP-408 

--
Sprague DP84244 National 

Quad NMOS Memory Driver UHP-507 Sprague 0$1628 t National 
MC3459 Motorola 5 UHP-5Q8 Sprague 60 DS3628 National 
MC3460 Motorola Quad 2-lnput NOR DrIver, to 70 V, Sinks 300 mA Two Phase OsclIJator/CIock DrIver (for MOS systems) 
OSl644 tNational UON-5733M Sprague DS7803 tNatlorial 
OS1674 t National U08-5733H tSprague OS7807 t National 120 
0S36144 National 

Quad 2-lnput NOR Power Driver, Open Collector, to 100 V, 0S8803 National 
DS3644 National 10 Sinks 500 mA UHC/D-432 tSprague 0S8807 National 
0S3674 National UHClD-433 tSprague Eight Latch/Orivers 

Quad PIN Diode Driver (also see: linear-other devices) UHCID-532 tSprague 65 UCN-4801A Sprague 
UDS-579OH tSprague UHCID-533 tSprague 4-lnput AND Current Driver (45 V, to 1.5 A peak) 
U08-5791H tSprague UHP-432 Sprague DH0006 tNational 

Quad Port Driver, for 5270 RAM 

115 

UHP-433 Sprague DHOOO6C National 125 
0$1640 t National UHP-532 Sprague 4-lnput AND High Voltage-High Current Driver (4.5 V, to 3 
081670 t National UHP-533 Sprague 70 it peak) DH0008 t National 

Quad Power NAND Driver Quad 2-lnput OR Driver, to 70 V, Sinks 300 mA 4-lnput NAND High Voltage, High Current Drivers (40 V, 
CA3211 RCA (3te2) UON-5703A . Sprague 0.15 to 0.25 A) 

Quad Power Peripheral Driver U0S-5703H tSprague DHOO11 t National 

1254 Intel Quad 2-lnput OR Power Driver, Open Collector, to 100 V, 4-lnput NAND High Voltage, High Current Drivers (SO, 70 

VQ1000 Siliconix Sinks 500 mA UHC/D-4Q2 tSprague or 100 V. 0.25 to 0.5 A) 

V01001 ..... (3085) UHCIO-403 tSprague DHOO17C National 

VOl 004 SIIcIIIx (3085) 20 UHC/D-502 Sprague 75 0H0018C National 

VOl_ SIIIcIIIx (3015) UHCID-503 Sprague 6-Bit MOS Refresh CounterlDriver 

v02ll.n SIIIcIIIx (3085) UHP-4Q2 Sprague DSl646 t National 130 

Vt2004 8IIcIIIx (a.) UHP-403 Sprague OS 1676 t National 

V02006 SlIIcIIIx (3085) UHP-502 Sprague 8-Bit Serlallflput, latched Sink Driver 
VQ3001 SIIIc.II (3015) 25 UHP-503 Sprague 80 UCN-4821A Sprague 

'07254 SIIICIIIx (3U5) Hex Driver, CMOSITTl (Hne. LED, Relay Driver) UCN-4822A Sprague 

VCOl SUpertax M0-21O AnalogSys UCN-4823A Sprague 

VC02 SUpertax 1JCS-4821H tSprague 135 

VC13 SUpertax 
Hex 1nv«ter1MOS Driver, Disable Causes logic 1 State UCS-4822H tSprague 

OS16149 t National 
VQ1000 SUpertax 30 UCS-4623H tSprague 

DS16179 t National 
VQ1254 SUpertax 0S36149 National 

Quad Power Strobe 0836.179 National 85 
HD6600-2 t Harris SII548438 tn (1035.1038) 
HD66OO-5 Harris 11154S437 tn (1035.1038) 
HD6600 National 11741431 n (1035.1031) 

Quad Predriver, Open Collector, 50 mA Sink (for magnetic 111748437 n (1035.1036) 
memories) MC4042 Motorola 35 Hex Inverter/Mas DrIver. Three-State 

Quad m to Mas Driver, Three-State DS1649 t National 90 
005367 TI DS1679 t National 

Quad m to NMOS Memory Driver (for 2105, 2107, etc.) 0S3649 National 

3245 Fairchild DS3679 National 

9645 Fairchild Hex latch/Driver, for MOS MemorIes 
Quad TTL to NMOS Memory Driver (for 7001, etc.) 0$1645 t National 

MC3466 Motorola OS1675 t National 95 

Quad 2-lnput AND Driver (to 70 V, sinks 300 mAl DS3645 National 

UON-5706A Sprague 40 0S3675 National 

U0S-5706H tSprague Octal Dynamic Memory Driver, Three-State I I 
Quad 2-input AND Power Driver, Open Collector (to 100 V, AM2965C AMD 

sinks 500 mAl AM2965M tAMD 

UHCID-«lO tSprague AM2966C AMD 100 

UHC/D-406 tSpragua AM2966M tAMD 
UHC/D-5OO Sprague Octal Dynamic RAM Driver, Three-State 
UHClD-506 Sprague 45 .... 700 t- (111 .... 11) 
UHP-400 Sprague .... 730 t- (10 .... 11) 
UHP-406 Sprague _731 t- (10 .... 11) 
UHP-500 Sprague 

__ 734 
t- (104.111) 105 

UHP-506 Sprague 117417G11 -(10 .... 18) 
Quad 2-1nput NAND Driver (for 70 V, sinks 300 mAl 11741730 -(10 .... 19) 

UON-5707A Sprague 50 11741731 - ClOU11) 
U0S-5707H tSprague 11741734 -(10 .... 19) 

t MHltary Temperature Range (-55° to 125°C) * Typical Value .... ,. ................... .,....... ... ,... ...... 
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INTERFACE-Senae Amplifier. 

Function Device Source Une Function Source Une 

Sense Amplifiers Dual Sense Amplifier (for MOS memory or line receiver) 
(Cont'd) 

MOS to TTL Level Converter, High Speed, Three-State SN75208 n 
MC4000 Motorola 0S3604 National 
MC4300 t Motorola OS 1603 t National 55 

Translators: See also Digital-TTL (Translators) DS3603 National 

Dual Core Memory Sense Amplifier, Complementary Dual Sense Amplifier (NMOS memories to ECL 10K) 

Output, Latch Capability HD103461 Hitachi 

55S2O Fairchild Triple Current SenSe Latch 

Q) 
75820 t Fairchild 5 SG3551 SiliconG 

:2 SG5520 t SiliconG Quad Sense Amplifer, Three-State 

:l 
SG5521 tSiliconG MC3430 Motorola 

C) SG7520 SiliconG MC3431 Motorola 60 
. SG7521 SiliconG MC3432 Motorola 

C SN5520 tn 10 MC3433 Motorola 
0 

Dual Core Memory Sense Amplifier/Data Register DS1651 tNational :;:: 
0 SG55236 tSlliconG DS1653 tNationai 

~ SG75236 SiliconG DS3651 National 65 

Q) SN55236 tTl DS3653 National 

en SN55237 tn Hex MOS Senl!e Amplifier (MOS to TTL Converter) 
~ Dual Core Memory Sense Amplifier, Separate Inverted Three-State DS3605 National 
Q) Outputs 55S234 Fairchild 15 DS3606 National ... en 758234 tfalrchlkl DS3607 National 
as SN55234 tTl DS3608 National 70 
~ SN75234 TI Octal Core Memory Driver 

Dual Core Memory Sense Amplifier, Separate Inverted SN55329 tn 

Outputs, Test Points 4-lnput Sense Amplifier (for Plated wire or thick/thin film 
75239 Fairchild memories) MC14I44 Motorola 

Oual Core Memory Sense Amplifier, Separate Open MCl544 t Motorola 

Collector Outputs 
SG5534 t SiliconG 20 
SG5535 tSIHconG 
SG7534 SiIiconG 
SG7535 SIIiconG 
SN55232 tn 

Dual Core Memory Sense Amplifier, Separate Open 
Collector Outputs, Test Points 

SG5538 t SiIiconG 25 
SG5539 tSiIlConG 
SG7538 SiliconG 
SG7539 SiliconG 

Dual Core Memory Sense Amplifier, Separate Outputs 
55824 Fairchild 
75824 t Fairchild 30 
HAl902 Hitachi 
SG5524 tSiliconG 
SG5525 t SiliconG 
SG7524 SillconG 
SG7525 SiliconG 35 
SN5524 tTl 

Dual Core Memory Sense Amplifier, Separate Outputs, Test 
Points SG5528 tSiliconG 

SG5529 t SiliconG 
SG7528 SilicoilG 
SG7529 SiliconG 40 
SN5528 tn 

Dual Core Memory Sense Amplifier, Single Open Collector 
Output SG5522 tSiliconG 

SG5523 SiliconG 
SG7522 SiliconG 
SG7523 SiIiconG 45 
SN5522 tn 

Dual FormatterlSense Amplifier for Bubble Memories 
7242 Intel 

Dual MOS to m Level Converter, Latch, Three-State 
(Sense Amp) MC74468 Motorola 

NST25 SiliconG 

Dual Sense Ampllfltr (for MOS memory or line receiver) 
DS75207 National 50 
DS75208 National 
SN75207 TI 

(Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
lIN face I ...... ... U .. I .... I ........................ 
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MASTER SELECTION GUIDE 

INTERFACE-Transmitters-Receivers 

Max Serial Supply Max Serial Supply 
Data Rate voltage. Data Rate Voltage. 

Function in kHZ V Device Source Line Function in kHZ V [)eyice Source Line 

Serial Transmitters- Receivers Baud Rate Generator (programmable divider), Dual 
1000 5 (Cont'd) 

(ACIA) Asynchronous Communications Interface AY5-8116T SI 
Adapter (LInks 8-Blt bidirectional data bus to serial AY5-8136 SI 
asynchronous data communications, including to AY5-8136T SI 
6860) 50 5 86551 AlII (1449) 

COM8ll6 SMC 55 
86551A AMI (1449) 

COM8116T SMC 
S6850 AMI 

COM8136 SMC 
F6150 FaircIIlN (1463) 

COM8136T SMC 
.C6850 •• 1 .... (1505) 5 

WD1945 Western 
EF685Q Thomson-CSF 

Advanced Data link Controller 
12,5 COM5016 SMC 60 

2MbJs 5 MC854 Motorola COM5016T SMC 
COM5036 SMC 

ARINC-429 Buffer Receiver 1-15 EF4440 Thomson-CSF COM5036T SMC 
ARINC-429 RecelverlTransmitter BOART (Bus Orientated Programmable Asynchronous 

100 5 HS3182 t Harris ReceiverlTransmitter 9.6 5 TR1983 Western 
HS3282 tHlrris (4648) 10 
EF4442 Thomson-CSF Bus Interface Circuit (MIL-STDl553B) 

WD 1993-0 1 Western 5000 5 HS3273 t Harris 65 

IWDl
993-02 

Western 

I 
Command/Response Manchester iI Converter 

Western (MIL-STD-1553B) 1000 5 BUS-8937 tDDC WD1993-D3 
SSM-2012 SSM ASTRO (asynchronous/synchronous 

receiver/transmitter) to Interface Serial Digital Modem (Modulation, demodulation and 
Communications Channel with a Parallel Digital supervisory control, up to 600 BPS.) 
System (i.e. miCroprocessors) 0.6 5 .C6860 .. I ...... 

1000 12,5 WD1931 Western 15 (1505;3536) 
12.±5 COM1671 SMC DUART (Dual Universal Asynchronous Receiver and 

UC1671 Western Transmitter). Two-channel UART, baud-rate generator 

Asynchronous Addressable ReceiverlTransmitter 16-Blt counter/timer, I/O ports. 

- 4.75-11.5 MM54240 National 1000 5 26810 Signetics 

4.8 3-18 MC14469 Motorola 26814 Signetics 70 

Asynchronous CommuniCations Element 26818 SignetiCs 

56 5 WD8250 Western 20 SCl2811 SIIIIII" (1675) 
SCII688Il SlgIIIlea (1694) 

Asynchronous Serial Interface Component .2232 1II11U11 (2049) 

Asynchronous Serial Manchester Adapter 
EPCI (Enchanced Programmable Communications 
Interface) Serial/Parallel 

1000 5 H06408 HIITII receiver/transmitter -Synchronous and asynchronous 
(1492.1498) with baud rate generator. MC2261A Motorola 

Baud Rate Generator (programmable divider) MC2261B Motorola 75 
1000 5 COM8046 SMC MC2261C Motorola 

COM8046T SMC 
1 Kbls 5 1IC68661A ........ 

COM8126 SMC 25 (1506.1512) 
COM8126T SMC 
CoM8146 SMC 15.6 Kb/s 5 MC68661C ....... 
COM8146T SMC (1506.1512) 

12.5 COM5026 SMC 62.5 Kb/s 5 .C686618 •• t .... 

COM5026T SMC 30 (1506.1512) 

COM5046 SMC SCl68661 S ..... lea (1873) 80 

COM5046T SMC 1000 b/s 5 SCl2661A SIgIeUcs (1673) 

12,±5 F4702BC Fairchild SCl26618 SI_ea (1873) 

F4702BM t Fairchild SCl2661C SIIIIIICS (1873) 

H04702-2 tlllrrli (1492) 35 IBM 3274/3276 Compatible COAX ReceiverlTransmitter 
H04702-9 HIITII (1492) 2358 5 COM9004 SMC 
1M4702 Intersil Link Controller. X25 level 2 100 5.12 WD250 1-0 1 Western 85 
1M4703 Intersil WI2511-01 W .... (1174) 
• 14411 ......... (3536) 

500 5.12 WD2501-D3 Western IMM5-'307 N!!t~!'.a! 4C 
IWI2511-05 W ..... (1174) 

Baud Rate Generator (programmable divider). Dual 
1000 5.12 !WD2501-11 Western 3071192 5 WDl943-00 Western 

WD1943-02 Western .WI2511-11 ...... (1174) 90 

WDl943-05 Western Manchester Encoder-Decoder 

12.5 BRl941-OO Western 1000 5 A117991 AlII (1433.3327) 

BR1941..{)2 Western 45 MB501 Fujitsu 

BRl941-05 Western 816409-2 tRlrrll 

6141192 5 WDl943-04 Western 
(1493.1497) 

H06409-9 Rlrrli 
WD1943-06 Western (1493.1497) 

12.5 BRl941-04 Western H81553OR11 tRlrrll (46110) 95 
c" BR1941-06 Western 50 1250 5 H115530-2 tH1ITI1 

1000 5 AY5-8116 SI (1493.1498) 
(Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
leN ... !HIea ............. all II pretIfeII_ .............. 
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Ie MASTER 

INTERFACE-Transmitters-Receivers (Cont'd) 

Max Serial SUpply Max Serial Supply 
Data Rate Voltage. Data Elate Voltage. 

"i Function in kHZ V Device Source Line Function in kHZ V Device Source Line 

Serial Transmitters· Receivers (Cont'd) Transceiver, MIL-STD-1553A1B 

;;.: 1000 ±12 BUS-8557 tDDC 
Manchester Encoder-Decoder ±15/±12 SUs-63105 t DOC 

1250 5 (Cont'd) 
±15,5 BUS-8553 t DOC 40 H015530-9 H .... a 

(1493.1498) BUS-8554 tDDC 

HDl5531-2 t Harris BUS-8555/56 t DOC 

HDl5531-9 Harris BUS-8559 tDDC 

a> 2500 5 H0155311 Hlma 
Transmitter/Decoder (Bi-Phase, IBM 3270) 

-C (1493.1499) - 5 DP8340 National 

:l MIL-STD-l553 Dumb Remote Terminal Unit (hybrid) BUS65101 t DOC 5 
Transmitter/Encoder (Bi-Phase) 

(!J 3500 5 DP8342 National 45 
MIL-STD-l553 Encoder/Decoder MT32008 DOC UART, MIL-STD-l553A 1000 5 COM 1553A tStAC t: 

0 MIL-8TD-1553 Terminal Bit Processor BUS-64100 DOC COM 1553B SMC 
..... MPCC (multi-protocol communications controller) Bit UART (Universal Asynchronous Receiver-Transmitter) 0 
~ and Byte Oriented 1 Mb/s 5 SCN2652A Signetics (complete serial to parallel and parallel to serial 

a> 2 Mb/s 5 .C2652 •• tlll'lll (1511) interface) 1.2 -12,5 10371 Rockwell 

(J) .C2652-2 •• tli'tll (1511) 10 20 -12,5 TRl402 Western 

1IC68652 .at ...... TRl602 Western 50 
L-

a> (1506.1511) 30 5 AY3-1015D GI ..... 1IC&8652-2 Mat ...... -12,5 MM5303 National en 
Cd (1506.1511) 

40 5 COM 1863 SMC .~ "P07201 lEe (1531) 
SCl2652A SlIIIfla (1610) COM8017 SMC 

SCl68852 Sipalia (1670) 15 COM8018 SMC 55 
COM8502 SMC 

Parallel to Serial Interface - 5V CY232 Cybernetic 
-12,5 COM2017 SMC 

PCI (Programmable Communications Interface) COM20l7H SMC 
SeriaVparalle1 receiver/transmitter-synchronous and COM2502 SMe 
asynchronous with baud rate generator. COM2502H SMC 60 

1000 bis 5 SC112651C SI ..... a (1669) 
.56 5 1188250 I:aolll' (1514) 

PKCC (Programmable Keyboard and Communications 
WD2123· Western Controller) UART, baud rate ~tor and keyboard 

encoder 1000 b1s 5 SC2671ACS SiliconG 60 5 TRl863-00 Western 

PSAR (Programmable Synchronous-Asynchronous TRl865-00 Western 

ReceIver) Synchronous/Asynchronous serial to parallel 100 5 82C52 tlflrrll 
converter with programmable character length and (1482.1494) 65 
programmable serial data rate. HD6406 tHlms 

100 -12,5 PT1472B Western (1492,1495) 
640 -12,5 PT1472B-Ol Western 20 CDPl854AC tlCA (1595) 

-12,±5 NC2259 Nltron 125 5 HD8402C-9 Hlma (1492) 
PSART (Programmable Synchronous-Asynchronous 150 5 TR1863-02 Western 
ReceIver-Transmitter) Serial to parallel and parallel to 

TRl865-02 Western 70 serial converter that can operate In Full Duplex Mode. 
50 5 8251 Intel 200 5 HD8402-2 tHims (1492) 

"PD8251 NEC HD8402-9 Hlms (1492) 

PSA T (Programmable Synchronous-Asynchronous 1M6402 1 .... 11 (3041) 

Transmitter) Synchronous/Asynchronous parallel to 111&402. tlltWIII (3041) 

serial converter that has programmable character 1M6403 1 .... 11 (3041) 75 
length and programmable serial data rate. 111&4_ tl .... 11 (3041) 

100 -12,5 PT1482B Western CDP6402D tICA (1595) 
200 -12,±5 NC2257 Nltron 25 CDP6402E ICA (1595) 

NC2260 Nitron TRl863-04 Western 

640 -12,5 PT1482B-Ol Western TRl865-04 Western 80 

Receiver/Decoder (Si-Phase) 3500 5 DP8343 National 800 5 Sl602 AMI 

Receiver/Decoder (BI-Phase,IBM 3270) 
MB8868A Fujitsu 

- 5 DP8341 National Universal Communications Interface (Receives or 

SDLC/HDLC/ ADCCP Controller 
transmits data to serial data bus when addressed and 
commanded by bus. Links the bus to serial or parallel 

500 5 WDl93X-OO/l0 Western ali I/O devices.) 500 -10,5 UMC-16 Trans-Data 
1000 5 WDl93X-Ol/ll Western 

Universal Data Bus Dumb Remote Terminal Unit (hybrid BUS65201 t DOC 
1500 5 WD193X-02I12 Western 

2000 5 WDl93X-03/13 Western 
Universal Data Bus Transceiver (hybrid) BUS63102 tDDC 85 

spec (Sync-Protocol Communications Controller) Bit 
Universal Digital-Loop Transceiver 

80 5 .145422 •• tertll (3536) 
and Byte Oriented 1000 5 F3846 Fairchild MC145423 Motorola 

F_ FllrcMltI (1460) 35 • ,45426 ......... (3536) 
Synchronous RecelverlTransmitter (BI-SyncJSDLC) USRT (universal synchronous receiver-transmitter) 

800 ±5,12 "PD379 NEC Complete serial to parallel and parallel to serial 
Synchronous serial Data Adaptor interface. 250 -12,5 COM2601 SMC 

2Mbis 5 • C6852 •• t .... (1505) 500 5 82350 AMI 90 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
IoN _..,Ialll UtIIt11111 uilia ,...,IRII .. tM pili .8l1li. 
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MASTER SELECTION GUIDE 

INTERFACE-Transmitters-Receiver. (Cont'd) 

Max Serial Supply 
Data Rata Voltage. 

Function in kHZ V Device Source Line 

Serial Transmitters- Receivers (Cont'd) 

USYNRT (universal synchronous receiver/transmitter) 
Multi-Protocol, Bit and Byte Oriented 

1500 5,12 COM5025 $Me 

Dual Channel Asynchronous Serial Interface Circuit MC2681 Motorola 
MC68681 ....... 

(150&.1512) 
SCN68681 Signetics 

Dual Redundant'MIL-STD-1553 Remote Terminal Unit 
(hybrid) BUS65122 tDDC 5 

I I 

I 

t Military Temperature Range (-55° to 125°C) • Typical Value 
....... IeIIa ......... DllII ........... ,. ...... 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohio Sci Ohio Scientic 

OF 
DIU OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY 
. Panasonic Panasonic 
Pica Design Pico Design 
Polycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic Design Inc. 
Pro·Log Pro· Log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 

Action Instruments GI General Instrument RCA RCA Solid State Division 
Action Ins RCI Data RCI Data 
AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems 
ADT Advanced Digital Technology Reticon Reticon 
Advent Advent Products, Inc. 

Harris Harris Semiconductor RIFA RIFA 
Alphatron Alphatron Rockwell Rockwell, Microelectronic Devices 
AMA American Automation Heurikon Heurikon Corp. RTC Riehl Time Corporation 
AMD Advanced Micro Devices Hilevel Hilevel Technology, Inc. 
AMI American Microsystems, Inc. Hitachi Hitachi America, Ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Analogic Analogic HP Hewlett-Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SP' Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si·Fab Si·Fab 
Appl Sys Applied Systems Corp. Signetics Signetics 
APT Applied Microtechnology 

International Cybernetics 
SGS SGS Semiconductor 

Aptek Aptek Microsystems ICC Sharp Sharp 
Array Tech Array Technology IDT Integrated Device Technology Silicon G Silicon General 
AWl AWl Electronics IMI International Microcircuits, Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Siltronics Siltronics 

Barvon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. 
Bedford Bedford Computer Systems Inc. Infosphere Infosphere S MOS S MOS Systems 
Burr-Brown Burr-Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering SOlitron Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company 
CAE IntCompSys Integrated Computer Systems SSM Solid State Micro Technology 
Cal Devices Caiifornia DeviCeS Int iech Integiated Technology Corp. for Music 
Cermetek Cermetek Intech Intech Microcircuits Div. SSS Solid State Scientific 
CGRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems 
Cherry Cherry Semiconductor Interdesign Interdesign STC Storage Technology Corp. 
CIC Custom Integrated Circuits Intersil Intersil STD STD Microsystems 
CirTech Circuit Technology Intronics Intronics Struc Des Structured Design Inc. 
Citel Citel In In Semiconductors Stynetic Stynetic Systems 
Comlinear Comlinear Corporation Sunrise Sunrise Electronics 
CMA Custom MOS Arrays Sunshine Sunshine Semiconductor 
Comark Comark Corp. Kinetic Sys Kinetic Systems Supertex Supertex Inc. 
Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek . Symtek Corp. 
Comp Auto Computer Automation Synertek Synertek 
Compas Compas Microsystems S's Innoy Systems Innovations 
Cont Logic Control Logic Inc. Lambda Lambda Semiconductor 
Control Sys Control Systems Microsystems Div. Linear Tech linear Technology 

Tau Zero Inc. CreMicro Creative Micro Systems LSI Comp LSI Computer Systems Tau Zero 
Cromemco Cromemco. Inc. LSI Logic LSI Logic Corporation Technitrol Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master Logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics TI Texas Instruments 
Data 110 Data 1/0 Micrel Micrel Third Domain Third Domain 
Data Trans Data Translation Micro Innoy Micro Innovators Tbomson-CSF Thomson-CSF Components Corp. 
Datel Datel Micropac Micropac Industries Toshiba Toshiba America 
Datricon Datricon Corporation Micro Net Micro Networks Trans·Data Trans-Data 
DOC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW LSI Products 
DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. Die·Tech Die-Tech Micro Tech Microcircuits Technology Unitrode Unitrode Digelec Digelec Corp. Micro-Link Micro-link Corporation Universal Universal Semiconductor, Inc. Digitek Digitek, Inc. Micron Micron Technology Dionics Dionics Inc. MilerTron MilerTronics Dist Comp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Mitel Mitel Semiconductor VLSI Design VLSI Design Associates 

Mitsubishi Mitsubishi Electronics VTI VLSI Technology, Inc. 
E-HI E·H International, Inc. MMI Monolithic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. Mostek Monolithic Systems Corp. Elind Elind Elettronica Industriale Weitek Weitek Corporation EMM·SESCO EEM-SESCO Motorola Mostek 

MRC Motorola Semiconductor Western Western Digital Emulogic Emulogic Inc. Murray MRC Systems Wintek Wintek Corp. ETI Micro ETI Micro Monosi! Murray Consulting Exar Exar Integrated Systems 
Exel Exel Microelectronics Xicor Xicor, Inc. 

National National Semiconductor 
Xycom Xycom 

Fairchild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex Zendex Corp. 
Force Force Computers Division Zil Zilog 
Fujitsu A Fujitsu America NEC NEC Electronics ZY~S ZyMOS Corporation 
Fujitsu Fujitsu Microelectronics, Inc. Nitron Nitron Zytrex Zytrex Corp. 



Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 
. High Performance Bus Interface Circuits 

The Am29800 Family 

DISTINCTIVE CHARACTERlsncs 

• Standard I/O pin-out organization 
• 48mA Commercial IOl 
• 32mA Mil IOl 
• Standard clock and output enable pin-outs 
• 24-pin slim 0.3 inch wide DIP package 
• IMOX Speed 

- 7.5ns typical CP to Y for registers 
- 4.0ns typical D to Y for buffers 

• Wide data paths and flexible control 
- 10 bits for video or wide addresses 
- 9 bits for byte plus parity buses 
- 8-bit with multiple enables 

• 100% Product assurance screening to MIL-STD-883 
requirements 

PHYSICAL DIMENSIONS 
Dual-In-line 

D-24-SLIM 

HERMETIC DUAL IN-LINE PACKAGE 

AMD Pkg D-24-Sllm 

Common SLIM 
Name CERDIP 
38510 
AppendIx C -
Parameters Min Max 

A .140 .220 

b .016 .020 

~ .045 .065 

c .009 .011 ! 
I 

D 1.230 1.285 

I 

E .245 .285 

E, ."'ON .320 

I • .090 .110 

I l .120 .150 
I 
I Q .015 .060 

S, .010 

3° 13° 
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FUNCTIONAL DESCRIPTION 

The Am29800 Family provides a completely standardized func
tional family of registers, latches, buffers, transceivers and parity 
check-and-regenerate functions optimized for bus interface ap
plications. Each is packaged in the standard 24-pin x 0.3" wide 
DIP package to allow LSI functionality in the minimum board area. 
Board layout is eased by the standardization of inputs on the left 
and outputs on the right, directly across from each other. Output 
drive levels are standardized at 4BmA Commercial and 32mA 
Military. 

All functions are implemented in AMO's new proprietary IMOXT
" 

(Implanted Micro OXide) process to provide the optimum in 
speed power product. Typical benchmark speeds are 7.5ns typi
cal CP-to-Y for registers, and 4.0ns typical D-to-Y for buffers, 

The basic 29800 Family functions ate available in 10-bit, 9-bit and 
8-bit configurations with broad control flexibility aimed at 
minimizing the SSiiMSI content of LSI systems. The 10-bit de
vices make it easy to interface data plus controls or for 2 parts to 
interface 20-bit address lines. The 9 bits function are ideal for 
byte plus parity bus structures. The parity check"and-regenerate 
functions are designed for interfacing non-parity peripherals to . 
parity organized buses. 

All of the functional types have the pin-out format shown below. 

STANDARDIZED PIN-OUTS 
FOR EASY BOARD LAYOUT 

STA~~~~~ D (R) V(T) ~~~~D 

I 

: {cp 
STANDARD 

- ~ CONTROLS 
OE 

BLI-224 

2801 
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Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800 family 

Arn29821/822/823/824/825/826 
• High-speed parallel registers with positive edge-triggered 

O-type flip-flops 
- Noninverting CP-Y tpD '" 7.5ns typ 
- Inverting CP-Y tpD = 7.5ns typ 

• Buffered common Clock Enable (EN) 
• Buffered common asynchronous Clear input (CLR) 
• Three-state outputs glitch tree during power-up and down 
• Outputs have Schottky clamp to ground 
• 48mA Commercial IOL. 32mA MIL IOL 
• High capacitance load capability 
• Low capacitance inputs and outputs 
• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package 

FUNCTIONAL DESCRIPTION 

The Am29820 Series bus interface registers are designed to 
eliminate the extra packages required to buffer existing registers 
and provide extra data width for wider address/data paths or 
buses carrying parity. The Am29821 and Am29822 are buffered, 
10-bit wide version of the popular '374 function. The Am29823 
and Am29824 are 9-bit wide buffered registers with Clock Enable 
(EN) and Clear (CLR) - ideal for parity bus interfacing in high 
performance microprogrammed systems. The Am29825 and 
Am29826 are 8-bit buffered registers with all the '823/4 controls 
piuS multiple enables (OE1, OE2, OE3) to allow multiuser control 
of the interface, e.g .. CS, OMA. and RO/WR, They are ideal for 
use as an output port requiring high IOL/IOH. 

All of the Am29800 high performance interface family are de
signed for high capacitance load drive capability while providing 
low capacitance bus loading at both inputs and outputs. All inputs 
are Schottky diode inputs. and all outputs are designed for low 
capacitance bus loading in the high impedance state. 
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BIPOlAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800 Family 
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Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800 Family 

Am29827/828, 
Am29861/862/863/864 

.• High-speed symmetrical bidirectional transceivers 
- Noninvertihg tpD = 4.5ns typ 
- Inverting tpD = 3.0ns typ 

• High speed buffers and inverters 
- Noninverting tpD = 4.5ns typ 
- Inverting tpD = 3.0ns typ 

• 200mV mihimum input hysteresis on input data ports 
• Three-state outputs glitch-free during power-up and down 
• Outputs have Schottky clamp to ground 
• 48mA Commercial IOL. 32mA MIL IOL 
• High capacitance load capability 
• Low capacitance inputs and outputs 
• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package 

FUNC'IlONAL DESCRIPTION 

The Am29827 and Am29828 10-bit bus buffers and Am29860 
Series bus transceivers provide high performance bus interface 
buffering for wide data/address paths or buses carryinq parity. 
The 10-bit buffers and 9-bit transceivers have NOR-ed output 
enables for maximum control flexibility. All buffer and transceiver 
data inputs have 200mV minimum input hysteresis to provide 
improved noise rejection. 

All of the Am29800 high performance interface family are de
signed for high capacitance load drive capability while providing 
low capacitance bus loading at both inputs and outputs. All inputs 
are Schottky diode inputs. and all outputs are designed for low 
capacitance bus loading in the high impedance state. 

Device 

10-Bit 10-Bit 9-Bit 
Buffers Transceivers Transceivers 
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I Inverting Am29828 Am29862 Am29864 
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BIPOLAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800 Family 
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Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800' Family 

Am29833/834 
• High speed bidrectional transceivers for 8-bit non-parity to 

9-bit with parity ports 
- Noninverting data tpD = 6.0ns typ 
- Inverting data tpD = 6.0ns typ 
- Parity generate tpD = 9.0ns typ 

• High speed parity generation for Transmit mode 
• High speed parity fault detection for Receive mode 
• Clearable, open-collector output, Fault Flag register 
• 200mV minimum input hysteresis 
• Three-state outputs glitch-free during power-up and down 
• Outputs have Schottky clamp to ground 
• 48mA CommerciallOL, 32m A MIL IOL 
• High capacitance load capability 
• Low capacitance inputs and outputs 
• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package 

FUNCTIONAL DESCRIPTION 

The Am29833 and Am29834 bidirectional transceivers are de
signed to interface an 8-bit data path without parity to a byte
parity 9-bit data path. All outpi:Jts - Rj, Tj and PARITY - have 
high IOL drive capability and are ideal for device-to-bus or 
bus-to-bus interfacing. 

The internal FAULT flag register is configured as a "one's 
catcher" to capture and hold any odd-parity fault occurring at 
the rising edge of the clock, CPo A registered FAULT output 
remains LOW until cleared. Also, the FAOIf output is an 
open-collector output for wired-OR configurations where byte
parity is used for 16-bit or wider data fuses or where multiple 
port flags are Wired-OR tied together. 

All of the Am29800 high performance interface familiy are de
signed for high capacitance load drive capability while provid
ing low capacitance bus loading at both inputs and outputs. All 
inputs are Schottky diode inputs, and all outputs are designed 
for low capacitance bus loading in the high impedance state. 
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Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800 Family 

Am29841/842/843/844/845/846 FUNcnONAL DESCRIPTION 

• High-speed parallel latches 
- Noninverting transparent tpD = 4.5ns typ 
- Inverting transparent tpD = 6.0ns typ 

• Buffered common latch enable input 
• Buffered common clear input 
• Buffered common preset input 
• Three-state outputs glitch-free during power-up and down 

The Am29840 Series bus interface latches are designed to elimi
nate the extra packages required to buffer existing latches and 
provide extra data width for wider address/data paths or buses 
carrying parity. The Am29841 and Am29842 are buffered, 10-bit 
wide version of the popular '373 function. The Am29843 and 
Am29844 are 9-bit wide buffered latches with Preset (PRE) and 
Ctear (CLR) - ideal for parity bus interfacing in high performance 
systems. The Am29845 and Am29846 are 8-bit buffered latches 
with all the '843/4 controls plus multiple enables (OE 1, OE2, OE3) 
to allow multiuser control of the interface, e.g., CS, DMA, and 
RD/WR. They are ideal for use as an output port requiring high 
IOL/IOH· 

• Outputs have Schottky clamp to ground 
• 48mA Commercial IOL' 32mA MIL IOL 
• High capacitance load capability 
• Low capacitance inputs and outputs 
• IOH specified 2.0V and 2.4V 
• 24-pin 0.3" space saving package • 
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All of the Am29800 high performance interface family are de
signed for high capacitance load drive capability while providing 
low capacitance bus loading at both inputs and outputs. All inputs 
are Schottky diode inputs, and a!! outputs are designed fOi low 
capacitance bus loading in the high impedance state. 
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BIPOLAR LSI AND SUPPORT PRODUCTS 
High Performance Bus Interface Circuits 

The Am29800 Family 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
ObioScl Ohio Scientic 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY Panasonic Panasonic 
Pico Design Pico Design 
Polycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic Design Inc. 
Pro· Log Pro-log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 
GI General Instrument RCA RCA Solid State Division 

Action Ins Action Instruments RCI Data RCI Data 
AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems 
ADT Advanced Digital Technology Reticon Reticon 
Advent Advent Products, Inc. 

Harris Harris Semiconductor RIFA RIFA 
Alphatron Alphatron Rockwell Rockwell, Microelectronic Devices 
AMA American Automation Heurikon Heurikon Corp. RTe Riehl Time Corporation 
AMD Advanced Micro Devices Hilevel Hilevel Technology, Inc. 
AMI American Microsystems, Inc. Hitachi Hitachi America, ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Analogic Analogic HP Hewlett-Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si·Fab Si-Fab 
Appl Sys Applied Systems Corp. Signetics Signetics 
APT Applied Microtechnology 

internationai Cybernetics , 
SIS SGS Semiconductor 

Aptek Aptek Microsystems iCe Sharp Sharp 
Amy Tech Array Technology lOT Integrated Device Technology Silicon a Silicon General 
AWl AWl Electronics IMI International Microcircuits, Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Sntronics Siltronics 

Barvon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. 
Bedford Bedford Computer Systems Inc. Infosphere Infosphere S MOS S MOS Systems 
Burr·Brown Burr-Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solitron Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE IntCompSys Integrated Computer Systems SSM Solid State Micro Technology 
Cal Devices California Devices Int Tech Integrated Technology Corp. for Music Cermetek Cermetek fntech Intech Microcircuits Div. SSS Solid State Scientific 
CaRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cherry Cherry Semiconductor Interdesign Interdesign STC Storage Technology Corp. 
CIC Custom Integrated Circuits Intersil Intersil STD STD Microsystems 
CirTech Circuit Technology Intronics Intronics Struc Des Structured Design Inc. Citel Citel. ITT ITT Semiconductors Stynetic Stynetic Systems Com linear Com linear Corporation Sunrise Sunrise Electronics CMA Custom MOS Arrays Sunsbine Sunshine Semiconductor Comark Com ark Corp. Kinetic Sys Kinetic Systems Supertex Supertex Inc. Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. Comp Auto Computer Automation Synertek Synertek 
Compas Compas Microsystems 

lambda Semiconductor 
Sys Innoy Systems Innovations 

Cont Logic Control Logic Inc. Lambda 
Control Sys Control Systems Microsystems Div. Linear Tech linear Technology 

Tau Zero Tau Zero Inc. CreMicro Creative Micro Systems LSI Comp LSI Computer Systems 
Cromemco Cromemco, Inc. LSI Logic LSI Logic Corporation Technitrol Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master Logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics TI Texas Instruments 
Data I/O Data I/O Micrel Micrel Third Domain Third Domain 
Data Trans Data Translation Micro Innov Micro Innovators Thomson·CSF Thomson-CSF Components Corp. 
Datel Datel Micropac Micropac Industries Tosbiba Toshiba America 
Datricon Datricon Corporation Micro Net Micro Networks Trans·Data Trans-Data 
DOC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW LSI Products 
DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. 
Die·Tech Die-Tech Micro Tech Microcircuits Technology .. _:&.. ........ UiiitfOue nia.I.", ninol..,. ('"rn 

Micro-Link Micro-link Corporation UIIIUUUIIJ 

DIgitet .... ,.., .... """ VUlt'. 

Universal Universal Semiconductor, Inc . Digitek, Inc. Micron Micron Technology Dionies Oionics Inc. MilerTron MilerTronics DistComp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Mitel Mitel Semiconductor VLSI Design VlSI Design Associates 
Mitsubishi Mitsubishi Electronics VTI VLSI Technology, Inc. 

E·HI E-H International. Inc. MMI Monoli.thic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. Mostek Monolithic Systems Corp. Elind Elind Elettronica Industriale Motorola Mostek Weitek Weitek Corporation EMM-SESCO EEM-SESCO MRC Motorola Semiconductor Western Western Digital Emulogic Emulogic Inc. Murray MRC Systems Wintek Wintek Corp. ETI Micro ETI Micro Monosil Murray Consulting Exar Exar Integrated Systems 
Exel Exel Microelectronics Xicor Xicor, Inc. 

National National Semiconductor 
Xycom Xycom 

FairchIld Fairchild NCM NCM Corp. 
Zendex Corp. Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex 

Force Force Computers Division Zilog Zilog 
Fujitsu A Fujitsu America NEC NEe. electronics· ZyMOS ZyMOS Corporation 
Fujitsl Fujitsu Microelectronics, Inc. Nitron Nitron Zytrex Zytrex Corp. 
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AMI~------------
.~ A Subsidiary r of Gould Inc. 

Features 
o Drives Up to 32 Devices 
o Cascadable 
o On Chip Oscillator 
o Requires Only 3 Control Lines 
o CMOS Construction For: 

Wide Supply Range 
High Noise Immunity 
Wide Temperature Range 

Applications: 
o Liquid Crystal Displays 
o LED and Incandescent Displays 
o Solenoids 
o Print Head Drives 
o DC and Stepping Motors 
o Relays 

Functional Block Diagram 

CLOCK 

DATA IN 

LOAD 

Voo c:> 

84521 

32 BIT DRIVER 

General Description 
The AMI 54521 is an MOS/LSI circuit that drives a var
iety of output devices, usually under microprocessor 
control. This device requires only three control lines 
due to its serial input construction. It latches the data 
to be output, relieving the microprocessor from the 
task of generating the required waveform, or it may be 
used to bring data directly to the drivers. The part acts 
as a versatile peripheral to drive displays, motors, 
relays and solenoids within its output limitations. It is 
especially well suited to driving liquid crystal displays, 
with a backplane A.C. signal option that is provided. 
The A.C. frequency of the backplane output that can be 
user supplied or generated by attaching a capacitor to 
the LCD+ input, which controls the frequency of the in
ternal oscillator. One circuit will drive up to 32 devices 
and more can be driven by cascading several drivers 
together. 
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AMI@-----------
.""4. A Subsidiary r of Gould Inc. 

Features 

o Outputs Capable of 60 Volt Swings at 25mA 
o Drives Up to 10 Devices 
o Cascadable 
o Requires Only 4 Control Lines 

Applications: 

o Vacuum Fluorescent Displays 
o LED and Incandescent Displays 
o Solenoids 
o Print Head Drives 
o DC and Stepping Motors 
o Relays 

Functional Block Diagram 

CLOCK 

DATA 

STRDSE 

OUTPUT 
DISABlE 

01 02 - - -- -- - -------------------010 

Output Buffer (Functional Diagram) 
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84534 

10 BIT, HIGH VOLTAGE 
HIGH CURRENT DRIVER 

General Description 

The AMI S4534 is a high voltage, high current MOS/LSI 
circuit that drives a variety of output devices, usually 
under microprocessor control, by converting low level 
signals such as TTL, and CMOS to high voltage, high 
current drive Signals. This device requires only four 
control lines due to its serial input construction. It lat
ches the data to be output, or it may be used to bring 
data directly to the driver. The part acts as a versatile 
peripheral to drive displays, motors, relays and sole
noids within its output limitations of a60 volt swing and 
up to 50mA per drive. It is especially well suited to drive 
vacuum fluorescent displays due to its high voltage 
output capability. One circuit will drive up to 10 devices 
and more can be driven by cascading several drivers 
together. 
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AMI@----------
....... A Subsidiary r of Gould Inc. 

Features 

D High Voltage Outputs Capable of 60 Volt Swing 
D Drives Up to 32 Devices 
D Cascadable 
D Requires Only 4 Control Lines 

Applications: 

D Vacuum Fluorescent Displays 
D LED and I ncandescent Displays 
D Solenoids 
D Print Head Drives 
D DC and Stepping Motors 
D Relays 

Functional Block Diagram 

CLOCK 
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STROBE 

OUTPUT 
DISABlE 

0, 02 -------------------------- 032 

Output Buffer (Functional Diagram) 

84535 

32 BIT, HIGH VOLTAGE DRIVER 

General Description 
The AMI S4535 is a high voltage MOS/LSI circuit that 
drives a variety of output devices, usually under micro
processor control, by converting low level signals such 
as TIL, and CMOS to high voltage, high current drive 
signals. This device requires only four control lines due 
to its serial iriput construction. It latches the data to be 
output, or it may be used to bring data directly to the 
driver. The part acts as a versatile peripheral to drive 
displays, motors, relays and solenoids within its output 
limitations of a 60 volt swing and up to 25mA per drive. 
It is especially well suited to drive vacuum fluorescent 
displays due to its high voltage output capability. One 
circuit will drive up to 32 devices and more can be 
driven by cascading several drivers together.· 
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AMI~--------------------
• ..,. A Subsidiary r of Gould Inc. 

Features 

o Simple Digital Interface 

o CMOS Switched-Capacitor Filter Technology 

o Automatic Powerdown 

o 5-8 Volts Sin.gle Power Supply Operation 

o Direct Loudspeaker Drive 

o 20mW Audio Output 

o 20K Bits Speech ROM 

o Low Data Rate 

o Up to 32 Word Vocabulary 

Block Diagram 
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BUFFER 
REGISTER 

PARAMETER 
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83610 

General Description 

The S3610 LPC-10 Speech Synthesizer generates 
speech of high quality and intelligibility from LPC 
(Linear Predictive Coding) data stored in an internal 
20K bit ROM. The simple digital interface consists of 5 
word-select lines, a strobe input to load the address 
data and initiate operation, and a busy output signal. At 
the end of enunciation the chip automatically goes in
to the powerdown mode until a new word select ad
dress is strobed in. The data rate from the speech ROM 
into the synthesizer is 2.0K bits/sec max. Typically the 
average data rate will be reduced to about 1.2K 
bits/sec. by means of the data rate reduction techni
ques used internally. 
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.s Features 
(f) 

~ 0 Simple Microprocessor Interface 
o (3 0 CMOS Switched-Capacitor Filter Technology 

~ 0 Automatic Powerdown 

~ 0 5-8 Volts Single Power Supply Operation 
o 
.~ 0 Direct Loudspeaker Drive 

~ 0 20mW Audio Output 

o Low Data Rate 

Block Diagram 
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83620 

LPC-10 
SPEECH SYNTHESIZER 

General Description 
The S3620 LPC-10 Speech Synthesizer generates 
speech of high quality and intelligibility from LPC 
(Linear Predictive Coding) data stored in an external 
memory. The digital interface circuitry is fully· 
microprocessor compatible and allows the processor 
to load the data with or without a DMA controller. The 
loading takes place on a handshake basis, and in the 
absence of a response from the processor the syn
thesizer automatically shuts down and goes into the 
powerdown mode. A busy signal allows the processor 
to sense the status of the synthesizer. 

BIT 
ALLOCATION 

PLA 

Pin Configuration 

04 22 Voo 

03 2 21 Os 

ol 3 20 06 

0, 4 19 07 

Do 5 18 IRa 
ST 6 83620 17 BU 
T1 7 16 T2 

OSCo 8 15 T3 

NIC 9 14 lS, 

OSCi 10 13 lS2 

Vss 11 12 A GNo 

NIC = NO CONNECTION 
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r.ANALOG 
LIllI DEVICES 

FEATURES 
Four Complete 12-Bit DACs in One IC Package _ 
Linearity Error ± 1/2LSB T min - T max (AD390K, T) 
Factory-Trimmed Gain and Offset 
Buffered Voltage Output 
Monotonicity Guaranteed Over Full Temperature Range 
Double-Buffered Data Latches 
Includes Reference and Buffer 
Fast Settling: 8JLs max to ± 1/2LSB 
Low Cost 

PRODUCT DESCRIPTION 
The AD390 contains four 12-bit high speed voltage-output 
digital-to-analog converters in a compact 28-pin hybrid package. 
The design is based on a proprietary latched 12-bit DAC chip 
which reduces chip count and provides high reliability. The 
AD390 is ideal for systems requiring digital control of many 
analog voltages where board space is at a premium. Such appli
cations include automatic test equipment, process controllers, 
and vector-scan displays. 

The AD390 is laser-trimmed to ± 1I2LSB max nonlinearity 
(AD390KD, TD) and absolute accuracy of ± 0.05 percent of 
full scale. The high initial accuracy is made possible by the use 
of thin-film scaling resistors on the monolithic DAC chips. The 
internal buried zener voltage reference provides excellent tem
perature drift characteristics (20ppmJOC) and an initial tolerance 
of ± 0.03% maximum. The internal reference buffer allows a 
single common reference to be used for multiple AD390 devices 
in large systems. 

The individual DACs are accessed by the CSl through CS4 
control inputs and the AO and A 1 lines. These control signals 
permit the registers of the four DACs to be loaded sequentially 
and the outputs to be simultaneously updated. 

The AD390 outputs are calibrated for a ± lOY output range 
with positive-true offset binary input coding. A 0 to + 10V 
version is available on special order. 

The AD390 is packaged in a 28-lead ceramic package and is 
specified for operation over the 0 to + 70°C and - 55°C to + 125°C 
temperature range. 

ORDERING GUIDE 

Temperature Gain Error Linearity Error 
Model Range 25° Tmin - Tmax 

AD390JD Oto + 70°C ±4LSB ±3/4LSB 
AD390KD Oto + 70°C ±2LSB ± 1I2LSB 

AD390SD - 55°C to + 125°C ±4LSB ±3/4LSB 
AD390TD - 55°C to + 12SoC ±2LSB ± 1I2LSB 

·Covered by patent numbers 3,803,590; 3,890,611; 3,932,863; 
3,978,473; 4,02(),486 and other patents pending. 

Quad 12-Bit Microprocessor
Compatible' 0/ A Converter 

AD390* I 
AD390 FUNCTIONAL BLOCK DIAGRAM 

PINS 1-12 
DBOILSB) - DB11IMSB) 

PIN CONFIGURATION 
TOP VIEW 

• 

AD390 
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r.ANALOG 
~DEVICES 

FEATURES 
Complete 8-Bit DAC 
Voltage Output - 2 Calibrated Ranges 
Internal Precision Band-Gap Reference 
Single-Supply Operation: +5V to + 15V 
Full Microprocessor Interface 
Fast: lf.ls Voltage Settling to ± 1/2LSB 
Low Power: 75mW 
No User Trims 
Guaranteed Monotonic Over Temperature 
All Errors Specified T min to T max 

Small 16-Pin DIP Package 
Single Laser-Wafer-Trimmed Chip for Hybrids 
Low Cost 

PRODUCT DESCRIPTION 
The AD558 DACPORT is a complete voltage-output 8-bit digital
to-analog converter, including output amplifier, full micro
processor interface and precision voltage reference on a 
single monolithic chip. No external components or trims are 
required to interface, with full accuracy, an 8-bit data bus to 
an analog system. 

The performance and versatility of the DACPORT is a result of 
several recently-developed monolithic bipolar technologies. The 
complete microprocessor interface and control logic is implemented 
with integrated injection logic (I2L), an extremely dense and 
low-power logic structure that is process-compatible with linear 
bipolar fabrication. The internal precision voltage reference is 
the patented low-voltage band-gap circuit which permits full-ac
curacy performance on a single + 5V to + 15V power supply, 
Thin-film silicon-chromium resistors provide the stability required 
for guaranteed monotonic operation over the entire operating 
temperature range (all grades), while recent advances in laser
wafer-trimming of these thin-film resistors permit absolute cali
bration at the factory to within ± ILSB; thus no user-trims for 
gain or offset are required. A new circuit design provides voltage 
settling to ± 1I2LSB for a full-scale step in 800ns. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

0.040II t- 0.430 -j 0.290 '" O.Olrl 

-'~~=?E=1~10=.~=2=1 ~===rl ~.37tO.2~1 ~~=-~--~ 
0.310 :!: 0.01 • 1°6.

26
.:3

5
1 I 

17.874 ~ 0.2~I , t 

--L 0.800: 0.010 ~ 
I 120.32 ± 0.~1 I 

r-- 0.09512.411 

~T~+---L """""1 ~ I II II . II II Ii . ~ 0.035:0.01 
-- ~u~ u U U l 10.889 - 02~) 

~jt 0.017:0.~~ 01~\~175) 
11.19 ± 0.181 - (0.43 +_°0°01 

0.10012~IBSC 

0.700 117.78) BSC 

*Covered by U.S. Patent Nos. 3,887,863; 3,685,045; 4,323,795; 
Patents Pending. DACPORT is a trademark of Analog Devices, Inc. 

DACPORTTM 
Low Cost Complete 

JLP-Compatible 8-Bit,OAC 
A0558*] 

AD558 FUNCTIONAL BLOCK DIAGRAM 

BIT7 
IN 

BIT 6 
IN 

BITS 
IN 

BIT 4 
IN 

BIT3 
IN 

BIT2 
IN 

IMSBI 
B!T 1 

IN 

PRODUCT HIGHLIGHTS 
I. The 8-bit I2L input register and flilly microprocessor-com

patible control logic allow the AD558 to be directly con
nected to 8- or 16-bit data buses and operated with standard 
control signals. The latch may be disabled for direct DAC 
interfacing. 

2. The laser-trimmed on-chip SiCrthin-film resistors are cali
brated for absolute accuracy and linearity at the factory. 
Therefore, no user trims are necessary for full rated accuracy 
over the operating temperature range. 

3. The inclusion of a precision low-voltage band-gap reference 
eliminates the need to specify and apply a separate reference 
source. 

4. The voltage-switching structure of the AD558 DAC section 
along with a high-speed output amplifier and laser-trimed 
resistors give the user a choice of OV to + 2.56V or OV to 
+ lOY output ranges, selectable by pin-strapping. Circuitry 
is internally compensated for minimum settling time on both 
ranges; typically settling to ± 1I2LSB for a full-scale 2.55 
volt step in 800ns. 

5. The ADS58 is designed and specified to operate from single 
+4.5V to + 16.5V power supply. 

AD558 ORDERING GUIDE 

Relative ... ~~curacy Full-Scale 
Error Max Error, Max 

Model Temperature TmintoTmax T min to Tmax 

AD558JN Oto +70oe ± 1/2LSB ±2.5LSB 
AD558KN Oto + 700 e ± 1/4LSB ±lLSB 
AD558JD Oto + 700 e ± l!2LSB ±2.5LSB 
AD558KD OlO -I- 700 e ± 14LSB ±lLSB 
AD558SD - 55°e to + 125°e ±34LSB ±2.5LSB 

AD558TD - 55°e to + 12Soe ± 3 8LSB ±}LSB 

ONE TECHNOLOGY WAY • P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 
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r.ANALOG 
a.lDEVICES 

Microprocessor -Compatible 
Voltage Output 12-Bit 0/ A Converter 

FEATURES 
Single Chip Construction 
Double-Buffered Latch for 8-Bit pP-Compatibility 

On Chip Output Amplifier 
High Stability Buried Zener Reference On Chip 
Monotonicity Guaranteed Over'Temperature 
Linearity Guaranteed Over Temperature: 1/2LSB max 

(AD667K) 
Guaranteed for Operation with ±12V or ±15V Supplies 
Low Power 
TTL/5V CMOS Compatible Logic Inputs 
Low Cost 

PRODUCT DESCRIPTION 
The AD667 is a complete voltage output 12-bit digital-to 
analog converter including a high stability buried zener voltage 
reference, an output amplifier and double-buffered input 
latch on a single chip. The converter uses 12 precision high· 
speed bipolar current steering switches and a laser trimmed 
thin film resistor network to provide fast settling time and 
high accuracy. 

Microprocessor compatibility is achieved by the on-chip 
double-buffered latch. The design of the input latch allows 
direct interface t04-, 8-,12-, or 16-bit buses. The 12 bits of 
data from the first rank of latches can then be transferred to 
the second rank, avoiding generation of spurious analog out
put values. The latch responds to strobe pulses as short 
as 100ns, allowing use with the fastest available microprocessors. 

The functional completeness and high performance in the 
AD667 results from a combination of advanced switch design, 
high speed bipolar manufacturing process, and the proven laser 
wafer-trimming (LWT) technology. The AD667 is trimmed at 
the wafer level and is specified to ±1I4LSB maximum linearity 
error (K grade) at 25°C and ±1/2LSB over the full operating 
temperature range. 

The subsurface (buried) Zener diode on the chip provides a 
low-noise voltage reference which has long-term stability and 
temperature drift characteristics comparable to the best dis
crete reference diodes. The laser trimming process which pro
vides the excellent linearity is also used to trim both the abso
lute value of the reference as well as its temperature coefficient. 
The AD667 is thus well suited for wide temperature range 

'performance with ±1I2LSB maximum linearity error and 
guaranteed monotonicity over the full temperature range. 
Typical full scale gain T.C. is 10ppmlC. 

The AD667 is available in four performance grades. The 
AD667J and K are specified for use over the 0 to +70oC tem
perature range and is available in a 28-pin hermetically-sealed, 
ceramic DIP. The AD667S grade is specified for the-SSOC to 
+12S

o
C range and is available in the ceramic package. 

AD667 I 
AD667 FUNCTIONAL BLOCK DIAGRAM 

+Vs cs A3-AO 
BIPOLAR 

OBO-OB11 OFFSET 

28 

REF 
OUT 

~----(1 ~~N 

REF 
IN 7 )---+.J\N...,..-------. 

AD667 PINOUT 

20VSPAN 

10VSPAN 

SUM. JeT. 

BIP.OFF. 

ANAGND 

10V REF OUT 

REF IN 

+Vs 

VOUT 

-Vs 

cs 
A3 

A2 

Al 

POWER 
GND 

AD667 ORDERING GUIDE 

Model Package 

AD667JD Ceramic 
AD667KD Ceramic 
AD667SD Ceramic 

Temp. 
Range 

Com 
Com 
Mil 

OB11 (MSB) 

OB10 

DB9 

DBB 

DB7 

DB6 

OBS 

DB4 

DB3 

DB2 

DB1 

DBO (LSB) 

POWER GROUND 

AO 

Linearity 
Error max Gain T.C. 
@2SoC max 

±1/2LSB SOppin/oC 
±1I4LSB 20ppm/oC 
±1I2LSB 30ppmtC 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

~::::[::::l:::: I~: 
0,

17 1 I ~ (4,321 • 1.414 (36,921. 0.12 (1.53) 

~~: f .rf::.=: ~~ u u ~u~ u u~ ~ U-:-
17S

(4451 ~ ::6(:5
7
:: ~ 

~~~~ 
0.045 11.151 0,015 (O.3IItI 0,_ 12,421 
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CMOS 
Dual 8-Bit Buffered Multipl·ying DAC 

AD7528 I 
FEATURES 
On-Chip Latches for Both DACs 
+ 5V to + 15V Operation 
DACs Matched to 1% 
Four Quadrant Multiplication 
TTl/CMOS Compatible 
Latch Free (Protection Schottkys not Required) 

APPLICATIONS 
Digital Control of: 

Gain! Attenuation 
Filter Parameters 
Stereo Audio Circuits 
x-V Graphics 

GENERAL DESCRIPTION' 
The AD7528 is a monolithic dual 8-bit digital/analog converter 
produced in a small 0.3" wide 20-pin DIP, featuring excellent 
DAC-to-DAC matching. 

Separate on-chip latches are provided for each DAC to allow easy 
microprocessor interface. 

Data is transferred into either of the two DAC data latches via a 
common 8-bit TTL/CMOS compatible input port. Control input 
DAC A/DAC B determines which DAC is to be loaded. The 
AD7528's load cycle is similar to the write cycle of a random access 
memory and the device is bus compatible with most 8-bit micro
processors, including 6800, 8080, 8085, Z80. 

The device operates from a + 5V to + 15V power supply, dis
sipating only 20m W of power. 

AD7528 FUNCTIONAL BLOCK DIAGRAM 

Voo 

DATA 
INPUTS 

DAC AI 
DAC B 

cs 
WR 

PIN CONFIGURATION 

ORDERING INFORMATION 
Temperature Range and Package 

Gain 
Relative Error Plastic Cerdip Ceramic 

RFB A 

OUT A 

AGNO 

RFB B 

OUT B 

Both DACs offer excellent four quadrant multiplication charac
teristics with a separate reference input and feedback resistor for 
each DAC. 

Accuracy TA = +25°C Oto +70°C - 25°C to + 85°C - 55°C to + 125°C 

20 PIN CERAMIC (SUFFIX D) 

~]~ I I~:~ 
I 

1000 ::0010 I 
• 12540 .:0.251 • 

~, I~~~,~ . ""-
f.'::, J L 
..1....- .jf-0018 ,0002 ~0"00 ,0,005 

j046T~pO.OSI 0.50 11.211 TYP 1254 ~O.131 

----r2~ ~~~o: 
TOt NON ACCUM 

±lLSB ±4LSB AD7528]N AD7528AQ 
± 1I2LSB ±2LSB AD7528KN AD7528BQ 
± 1I2LSB ±lLSB AD7528LN AD7528CQ 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

0.300 .:0.010 
1162,025, 

I • ! 

-i 14-0 010: g:~ 

(0,25:g~) 

20 PIN PLASTIC DIP (SUFFIX N) 

ILAAAJLAJl..n....n..JJ 

~ . I~~I 
I- I~ 
IIfiI"VViI"it 'it it it '111 
j. 1.01':~.181 I 

'-Gln.n.nnnru-u-m 
". ~n[J1fur If J~ If If J l 

~.= !~.ffi- ~:~g :g:~~! ~:lJ l~::: 

AD7528SD 
AD7528TD 
AD7528UD 
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r.ANALOG 
LIllI DEVICES 

FEATURES 
Fast Voltage Settling Time: 550nsto 0.01% 
Total Unadjusted Error: 1LSB max 
Single Supply Operation 
Latch Up Proof (No Protection Schottky Required) 
Superb Differential Nonlinearity: 1/2LSB max 

over Temperature 
Low Power Dissipation: 30mW 

APPLICATIONS 
Battery Powered Instrumentation 
High Speed AID Converters 
Programmable Gain Amplifiers 
Vector Graphics 
SID Converters 

GENERAL DESCRIPTION 
The Analog Devices AD7240 is a fast settling (SSOns typically to 
1I2LSB) 12-bit voltage output digital to analog converter. It is 
fabricated using an advanced high speed Linear Compatible 
CMOS process (LC2MOS) which has been specifically developed 
to allow high speed digital logic circuits and precision analog 
circuits to be integrated on the same chip. 

The AD7240 operates with single + IS volts Voo supply and 
exhibits exceptionally fast setding times due to the small (and 
code independent) value of capacitance at the output of the 
DAC. 

The AD7240 also gives superior performance to other CMOS 
DACs when configured in the current steering mode as a multi
plying DAC. 

LC2MOS 
High Speed 

12-Bit Vottage OAC 
AD7240 I 

AD7240 FUNCTIONAL BLOCK DIAGRAM 

Voo 

(LSB) 
BIT 12 

I 

PIN CONFIGURATION 

AD7240 
TOFVIEW 

(Not to Sca~1 

ORDERING INFORMATION 

Total Unadjusted 
Error Plastic Cerdip 

DGND 

(MSB) 
BIT 1 

I 

Side Brazed 
Ceramic 

V OUT 

TA = TMINto TMAX Oto +700C ~ 25°C to + 85°C - 55°C to + 125°e 

+ 112, - 2LSB AD7240JN AD7240AQ AD7240SD 
+ 114, - 1 1I2LSB AD7240KN AD7240BQ AD7240TD 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

I8-PIN PLASTIC DIP - SUFFIX N I8-PIN CERAMIC DIP- SUFFIX D 

(::::::::[~:: 
~~~ 1~h.b L~ -/ffo.294 (7.47) 0.14(3.56) 

O.1~~4X58) . ~ ~) l!J U 0.175 (4.45) --- 15· -II- -l ~.'2r5) ~ . 0-

0.065 (1.66) 0.02 (0.508) 0.105 (2.671 0:008 (0.2031 

'ii.04571.i5i ~ ~ 

?~]~~~~~[~ 13~;' 
I 0.91 (23.121 I . --- . 0.89 (22.611 

0.12 (3.051 

G.ii6i1.53i" 
--..l 

~=r" """ ~ + 0.008 (0.203) 

I • ·1 0.306 (7.78) 

~ 

L~. 0.17 (4.321 
MAX ~ ~J~ ~ 0.125 (3.181 

--H-- -I ~ 
0.06 (1.531 0.02 (0.508) 0.105 (2.67) 

Q.ii4si1.'i5i ~ <i.095i2.42i 
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CMOS 
12-Bit Buffered Multiplying DAC 

AD7545 I 
FEATURES 
12·Bit Resolution 

AD7545 FUNCTIONAL BLOCK DIAGRAM 

Low Gain T.C.: 2ppmfC typ 
Fast TTL Compatible Data Latches 
Single +5V to +15V Supply 
Small 20·Pin 0.3" DIP 
Latch Free (Schottky Protection Diode Not Required) 
Low Cost 
Ideal for Battery Operated Equipment 

GENERAL DESCRIPTION 
The AD7545 is a monolithic 12-bit CMOS multiplying DAC 
with on-board data latches. It is loaded by a single 12-bit wide 
word and interfaces directly to most 12- and 16-bit bus sys
tems. Data is loaded into the input latches under the control 
of the CS and WR inputs; tying these control inputs low makes 
the inpu t latches transparen t allowing direct unbuffered oper
ation of the DAC. 

The AD7545 is particularly suitable for single supply operation 
and applications with wide temperature variations. 

The AD7545 can be used with any supply voltage from +5V 
to + 15V. With CMOS logic levels at the inputs the device dis
sipates less than O.5mW for VDD = +5V. 

ORDERING INFORMATION 

Maximum Temperature Range and Package 
Gain Error 

Relative TA = +2SoC Plastic Cerdip Ceramic 
Accuracy VDD = +SV o to +70t:?C -2SoC to +8SoC _SSoC to +12SoC 

±2LSB ±20LSB AD7S4S]N AD7S4SAQ AD7S4SSD 
±lLSB ±10LSB AD7S4SKN AD7S4SBQ AD7S4STD 
±1I2LSB ±SLSB AD7S4SLN AD7S4SCQ AD754SUD 
±1I2LSB ±lLSB AD754SGLN AD7S4SGCQ AD7S45GUD 

PIN CONFIGURATION 

AGND 

DB11(MSB) 

DB10 

DBS 

DB7 

DB6 

DB5 

MECHANICAL INFQRMATION 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

0811-080 
(PINS 4-15) 

RFB 

VREF 

Voo 

WR 

cs 
DBO (LSB) 

DB1 

DB2 

DB3 

DB4 

20-PIN CERAMIC DIP (SUFFIX D) 20-PIN PLASTIC DIP (SUFFIX N) 

[ ~ I ~ ~ ~ ~ I ~ ]± ;:~ 
I I 

0.300 :0.010 
.. 1.000 :0.010 .. .. 17.62 :0.25) 

125.40 : 0.25) . I • .. I 

mmm1f
'~ :0.009 

~:::::::::IT I 1.07 127.181 .. I ' '- 032 18 1281---.1 
• MAX .~~I 

12.16 '" 0.23) 

oT.15 J I .- -- '--0.010+
0

.
002 

14451 . ~-. -0.001 

L I (025~g:g~) 

"":E~u U ~'~I 
MIN 0009 {023, 

.- --11-- ~ ~ "/ ~ ....j f--0.Q18 :0.002 ~.-J 0.100 :0.005 
10.46

T
':

p
O.05) 0.50 11.271 TYP 12.54 ± 0.13) 

f-4----~i2~ "',,~~ 
TOL NON ACCUM 

0.065 11.66) 
0.045 1115} 

0.11 12.791 ll: 
o.D9l2.2if 0 
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-...OEVICES 

FEATURES 
8-Bit Bus Compatible 12-Bit DAC 
All Grades 12-Bit Monotonic Over Full 

Temperature Ranges 
Operation Specifi.ed at + 5V, + 12V 

or + 15V Power Supply 
Low Gain Drift of 5ppm/oC Maximum 
Full 4 Quadrant Multiplication 
Small 20-Pin Package 

APPLICATIONS 
8-Bit Microprocessor Based Control Systems 
Programmable Amplifiers 
Function Generation 
Servo Control 

GENERAL DESCRIPTION 
The AD7548 is a 12-bit monolithic CMOS DI A converter for 
use with 8-bit bus microprocessors. Data is loaded in two bytes 
to input holding registers as shown in the block diagram opposite. 
The AD7548 can be configured to accept either left- or right-jus
tified data, least significant byte· or most significant byte first, 
using standard TTL compatible control inputs. 

A separate load DAC control input allows the user the choice of 
updating the analog output coincident with loading new data to 
the DAC input register or at any time after the data loading 
event. This feature is especially important in multi-DAC systems 
where simultaneous update of all DACs is required. 

The new Linear Compatible CMOS (LC2 MOS) process used in 
the manufacture of the AD7548 allows precision thin-film linear 
circuitry and high-speed low-power CMOS logic to be integrated 
on the same small chip. The high-speed logic allows direct 
interfacing to most of the popular 8-bit microprocessors. 

ORDERING INFORMATION 

Relative Full Scale Temperature Range and Package 

Accuracy Error Plastic Cerdip Ceramic 

LC2 MOS 
8-Bit JlP Compatible 12-Bit OAC 

AD7548 I 
AD7548 FUNCTIONAL BLOCK DIAGRAM 

Voo 

DB7-DBO DGND 

PIN CONFIGURATION 

AD7548 
TOP VIEW 

(Not To Scalel 

Voo 

CSlsii 

LDAC 

DBO (LSBI 

DB1 

TM1NtoTM,\x TM1NtoTMAX Oto +70OC - 40°C to + 85°C - 55°C to + 125°C DB2 

, II.SB 
, 121.SB 

:t6LSB AD7548J!'\ 
:t3LSB AD7548K~ 

AD7548AQ AD7548S() 
AD7548BQ AD7548TD 

MECHANICAL INFORMATION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

DB4 DB3 

20-PIN CERAMIC DIP (SUFFIX D) 20-PIN PLASTIC DIP (SUFFIX N) 

0300 ,0010 
1762 ,02SI ~:::::::::I~ 

I 107127181 ·1 I--~I~ • MAX ~ 030(7621 

'-~01JSI302911 
010S136831MIN ~ 

~ u u .. Tj·'--OO-"-IO-28...J, 

~ OO~ 

-r- --H-- ~ "t 
006511661 0021105331 011\2:./91 ..!i. 
o oos (1151 0.015 103811 009 12281 0 
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FEATURES 
14-Bit Resolution 
200kHz Word Rates 
RZ Gated Output 
32-Pin DIP 

APPLICA TIONS 
FDM/TDM Transmultiplexers 
Digital Signal Processing 
PCM Systems 
Digital Audio 

GENERAL DESCRIPTION 
The HDD-1409KM D/A converter is a voltage-output, 32-pin 
hybrid digital-to-analog converter complete with input registers, 
current-output D/A, switching circuits, and output amplifier. 
The unit is capable of converting 14-bit digital inputs into gated 
analog output voltages at update rates from dc through 200kHz. 

Monolithic ICs and hybrid microelectronic packaging have been 
combined in a grounded metal case hybrid which provides cost, 
space, and power savings for the system designer. The HDD-1409 
is a complete solution for converting high-resolution digital data 
into "clean" analog voltages and accomplishes it with maximum 
power dissipation of only 600 milliwatts. 

The HDD-1409 D/A has been characterized with a companion 
AID converter, the HAS-1409KM, to emphasize the superior ac 
performance which makes the AID '- DI A combination especially 
attractive for use in Frequency Division Multiplex/Time Division 
Multiplex (FDMITDM) transmultiplexer systems. But the design 
concepts and versatility which are incorporated into it also make 
the HDD-1409 useful in Pulse Code Modulation (PCM) and 
other digital signal processing applications. 

The analog output voltage range is ± 5V; output impedance is 
600 ohms, ideal for filter matching. The D/A output operates in 
a return-to-zero (RZ) mode, which provides deglitching and 
allows selecting the optimum duty cycle for FDMITDM and 
PCM applications. 

Small size, low power, and multiple functions in a single package 
make the HDD-1409 D/A c~)llverter attractive for a wide range 
of data processing uses. 

. 14-Bit, 200kHz 
Digital-to-Analog Converter 

HOO-1409 I 
OUTLINE DIMENSIONS 

Dimensions shown in in.:hes and mm 

0.125 (3.175) 

r iD BEAD (ON BOTTOM) AND ",0.010 
DOT (ON TOP) DENOTE PIN 1 --.t-.. 

'1-0_0 -.-0- 0_0_0_0-0-0-0-0-0-0-0~111 
o I 

~ ~ 
+1 :E 

;;; .! ~ 

"i-·-.-.-.-. -.-.-.-.-.-.-.-.-.- i »,11 
0.'25(3.175)...j I. 1.5OO(38.100):!: 0.006 .1. 

:!:0.010 ,. 1.745 (44.323) MAX ~. 

r===================.--L 
~ jO~i5x08) 

0'2~--""""'~ ~ ~~ ~ 'I'I""""'TT""~ .~ ~-,,-,,-~ ~ ".-,,--,,~ . ~ ~---.,,--.,,-~ ~ ..."......,...~ ~ ~ 
r -ll-

0.100 (2.54) 
:!:0.002 

15 PLACES 

HDD-1409 PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 SICiNAL 17 DIGITAL GROUND 

2 SIGNAL 18 BIT8 

3 GATE 19 BIT7 

4 DIGITAL GROUND 20 BIT6 ' 

5 ANALOG GROUND 21 BITS 

6 N/C 22 BIT4 

7 +5V 23 BIT3 

8 DIGITAL GROUND 24 BIT2 

9 LOW STROBE 25 BIT 1 (MSB) 

10 BIT 14(LSB) 26 HIGH STROBE 

11 BIT 13 27 -15V 

12 BIT 12 28 +15V 

13 BIT 11 29 ANALOG OUTPUT 

14 BIT10 30 ANALOG GROUND 

15 BIT9 31 ANALOG GROUND 

16 DIGITAL GROUND 32 ANALOG GROUND 

NOTES: 
WHEN USING WITH HAS-1409 AlD. CONNECT BIT 1 (MSB) 
OF AID (PIN ,22) to BIT 1 (MSB) OF HDD-l409 DIA (PIN 
25). 
TO USE HDD-l409 DIA AS STAND-ALONE DEVICE WITH 
OFFSET BINARY INPUT. APPLY BIT 1 DIGITAL INPUT 
SIGNA...b..IQ SIGNAL (PIN 1) AND CONNECT SIGNAL (PIN 
2) TO BIT 1 (MSB) (PIN 25). 
TO LOAD 14~BIT DATA FULLY PARALLEL. CONNECT 
HIGH STROBE (PIN 26) AND lOW STROBE (PIN 9) TO
GETHER EXTERNALLY. 

CAUTION: --------------------------------------------------------------------- WARNING! ~ ESD (Electro-Static-Discharge) sensitive device. The digital control inputs are zener protected; how-
ever, permanent damage may occur on unconnected devices subject to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or shunts. The foam should be discharged to the 
destination socket before devices are removed. 

~~=: 
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,. ANALOG Ultra High-Speed Ie 
... DEVICES 0/ A Converter 
1~ ____________________ AD_97_68~1 

FEATURES 
5ns Settling Time 
100MHz Update Rate 
20mA Output Current 
ECl-Compatible 
40MHz Multiplying Mode 

APPLICATIONS 
Raster Scan & Vector Graphic Displays 
High-Speed Waveform Generation 
Digital VCOs 
Ultra-Fast Digital Attenuators 

GENERAL DESCRIPTION 
The Analog Devices AD9768SD D/A converter is a monolithic 
current-output converter which can accept 8 bits of ECL-Ievel 
digital input voltages and convert them into analog signals at 
update rates as high as 100MHz. In addition to its use as a 
standard D/A converter, it can also be utilized as a two-quadrant 
multiplying D/A at multiplying bandwidths as high as 4OMHz. 

An inherently low glitch design is used, and the complementary 
current outputs are suitable for driving transmission lines directly. 
Nominal full-scale output is 20mA, which corresponds to a 1-
volt drop across a son load, or ±'1 volt across lOOn returned to 
+ 1 volt. The actual output current is determined by the on-chip 
reference voltage (V REF = - 1.26V) and an externai current 
setting resistor, RsET . 

Full-scale output current lOUT with digital" 1" at all inputs is 
calculated with the equation: 

VRET - VREF 
IOUT=4x R 

SET 

The setting resistor RSET and the output load resistor should 
both have low temperature coefficients. A complementary 
IoeT is also provided. 

The reference voltage source is a modified bandgap type and is 
nominally - 1.26 volts. This reference supply requires no external 
regulation. To reduce the possibility of noise generation and/or 
instability, pin IS (REFERENCE OUT) can be decoupled using 
a high-quality ceramic chip capacitor. Stabilization of the internal 
IQop amplifier is by a single capacitor connected from pin 17 
(COMPENSATION) to ground. The minimum value for this 
capacitor is 3900pF, although a 0.01 J.1F c~r.lmic chip capacitor' 
is recommended. 

The incredible speed characteristics of the AD9768SD DI A 
converter make it attractive for a wide range of high-speed 
applications. The ability of the unit to operate as a two-quadrant 
multiplying DI A converter adds another dimension to its usefulness 
and makes the AD9768SD a truly versatile device. 

AD9768 FUNCTIONAL BLOCK DIAGRAM 

250 

(Conventional Operation) 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (nun). 

I 0.5 (2.70) I • 
0.035 ± 0.015 • MAX 

"~mmmmr-. '. . 0.14 
.L (3.56) 

...L. MAX 

t 

0.150 ±0.025 -H- . -J l--
(3.81 ±0.635) 0.018 ±.().OO2 0.1 ±0.005 

(0.46 ±0.05) (2.54 ±0.13) 

p2~Z)l2lj 

~ ,." .... ,' ~_ . T (0.25 ± 0.05) 

0.3 (7.62) 
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r.ANALOG 
~DEVICES Digital-to-Analog Converters 

FEATURE SELECTION CHART 

/ / /' / 
/ / GE:-IERAL PURPOSE fAST jJ.P BUS / SPECIAL I MULTIPLYING 

COMPATIBLE PURPOSE 

1////////01(; It itilJiftj J j)jjj(; / $"' $ $ $ $ $ ! $ ! $ $ $ ~'" $ ~~'<: $ $ $ $ $ $ $ $ $ 
Resolution 8 Bits · I I · ! I · · · · 10 Bits · J · · · · · · 12 Bits : · · .. .. i · · .. · · Accuracy 8 Bits - . I 

J 

· · · · · · · · · · .. 
10 Bits · · · · · · .. · .. · · 12 Bits I · · · · · · · Output Current .. 

! · .. .. · · .. · a .. .. · · · · · .. .. 
Format Voltage · · ., · Internal Reference I · · · · · · · Multiplication 2 Quadrant · I · · · · · · · · · · · · · · · · Capability 4 Quadrant · · · · · · · · · · · · Logic TIL · · i · · · i · · · · · · · · · · · · · · · Compatible with CMOS · · · · · · · · · · I • · · I • · • i 

Input Coding Binary · • i · · · I · j · · · · · · · · · · · .. .. · · .. 
BCD ! · · · I · I 

Second Source .. · .. .. 
I 

.. 
~ 

.. I .. .. .. I .. .. · .. .. .. · · Single Power Supply i J .. I I I I I I I I I .. 
Input Data Serial I I I 

I ! 

i 
.. ! 

i 1 Latch Structure Parallel , I I ; .. .. .. ! .. t .. 1 1 i i 

Operating C - 0 to +70 C .. I .. .. .. I .. I · · .. .. I .. I .. I .. I .. .. i .. .. .. I .. 
! 

.. .. I .. I .. 
Temperature 10 -2S'C to 

! 
I I I I I I 1 I I 

! 
j I· I 

I I I I Ranges' +8S
o
C I .. · .. .. .. .. .. · · I 

.. .. .. 
I 

I 
I : I · I I I I .. , 

M = _55°C to I ! I 
+I2S

o
C · I .. .. .. .. .. .. .. i .. i · ~ .. 1 .. .. I I .. i .. i .. .. I .. 

Low Power L 1 .. · I .. I .- I .. .. .. I • .. .. · .. · ,I .. 
Dice Availability I I .. .. .. .. .. .. .. .. .. .. 
Non 
1 C = CommCfo.::lal I" lnuu .. rriaJ ,\i=,\1llitary 

GENERAL PURPOSE SPECIFICATIONS (maximum @ +2S
o
C unless otherwise noted as typical) 

Relative Differential Gain T.C. Settling Temp IN Input 

Model Resolution Accuracy Nonlinearity ppmtC Time Rangel Out Logic Package 

AD DAC-OS S Bits ±0,l9% Monotonicity 50 135ns M TTL& D:P 
AD DAC-OSA 8 Bits ±O,l% Guaranteed 50 135ns M CMOS DIP 
AD DAC-08C 8 Bits ±0.39% SO 135ns C DIP 
AD DAC-OSE S Bits ±0.19% 50 135ns C DIP 
ADDAC-OSH 8 Bits ±0.1% SO 13Sns C DIP 

AD1408-7 S Bits ±0.39% ±2LSB 20 typ 2S0ns typ C TTL& DIP 
ADl40S-S S Bits ±0,19% ±lLSB 20 typ 2S0ns typ C CMOS DIP 
AD 1408-9 S Bits ±0.1% ±1/2LSB 20typ 2S005 typ C DIP 
AD1508-S S Bits ±0.l9% ±lLSB 20 typ 2S0ns typ M DIP 
ADlS0S-9 S Bits ±0.1% ±1/2LSB 20 typ 2S0ns typ M DIP 

AD DACSO(Z)-CBI-V1 12 Bits ±0.012% ±3/4LSB 30 3ps ty-p C V TTL DIP 
AD DACSO(Z)-CB1-I 2 12 Bits ±0,012% ±3/4LSB 30 300ns typ C DIP 
AD DACSO(Z)-CCD-V1 3 Digits ±0.024% ±1/2LSB 30 3ps typ C V DIP 
AD DACSO(Z)-CCD-11 3 Digits ±0.024% ±1/2LSB 30 300ns typ C DIP 

AD DACS5C-CBI-V 12 Bits ±0,012% ±1/2LSB 20 3ps typ C V TTL DIP 
AD DACS5C-CBI-1 12 Bits ±0.012% ±1/2LSB 20 300ns ryp C I DIP 
AD DACS5C-CCD-V 3 Digits ±0,024% ±1/2LSB 20 3ps typ C V DIP 
AD DAC85C-CCD-1 3 Digits ±0.024% ±1/2LSB 20 300ns typ C I DIP 
AD DACS5(LD)-CBI-V 12 Bits ±O,Ol2% ±1I2LSB 20(10) 3ps typ V DIP 
AD DAC85(LO)-CBI-1 12 Bits ±0.012% ±1I2LSB 20110) 300ns typ DIP 
AD DAC85-CCD-V 3 Digits ±0.024% ±1I2LSB 20 3ps typ I V DIP 
AD DAC85-CCD-1 3 Digits ±0,02S% ±1/2LsB 20 300ns typ I I DIP 
AD DAC85MIL-CBI-V 12 Bits ±0,012% ±1I2LSB 20 3ps typ M V DIP 
AD DAC85MIL-CBI-1 12 Bits ±0.012% ±1I2LSB 20 300ns typ M DIP 

AD DACI00]D 10 Bits ±0.1% GMOT3 ±60 375ns TTL & DIP 

ADDACI00KD 10 Bits ±0.05% GMOT3 ±30 37Sns DTL DIP 

AD DAClOOLD 10 Bits ±OO5% GMOT3 ±15 375ns ! D!P 

ADDACIOOSD 10 Bits ±0,1% GMOT3 ±60 375ns M DIP 

AD DACl00TD 10 Bits ±Q,05% GMOT3 ±30 375ns M DIP 

ADS61]D 10 Bits ±O.OS% ±1/2LSB SO 2S0ns typ C TTL & DIP 
AD561KD lOBits ±O,025% ±1/2LSB 30 250ns typ C CMOS DIP 

ADS61SD 10 Bits ±O.OS% ±1I2LSB 60 2S0ns typ M DIP 

ADS61TD 10 Bits ±O,025,% ±1/2LSB 30 2S0ns typ M DIP 

NOTES '''Z'' models specified for operation on ,12V supplies 
I C =0 to +70'C, I = -2S'C to +8S'C, M = -SS'C to +12S'C 'Guaranteed Monotonic Over Temp"raturt 
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MULTIPLYING SPECIFICATIONS (maximum @ +2S
o
C unless otherwise noted as typical) 

Model 

AD7523jN(AD)(SD) 
AD7S23KN(BD) 
AD7S23LN(CD) 

AD7520jN(JD)(SD) 
AD7S20KN(KD)(TD) 
AD7S20LN(LD)(UD) 

AD7S30jN(jD) 
AD7S30KN(KD) 
AD7S30LN(LD) 

AD7533jN(AD)(SD) 

AD7533KN(BD)(TD) 

AD7S33LN(LD)(UD) 

AD7S21jN(JD)(SD) 
AD7S21KN(KD)(TD) 
AD7S21LN(LD)(UD) 

AD7531jN(jD) 
AD7S31KN(KD) 
AD7531LN(LD) 
NOTE 

Resolution 

8 Bits 
8 Bits 
8 Bits 

10 Bits 
10 Bits 
10 Bits 

10 Bits 
10 Bits 
10 Bits 

10 Bits 

10 Bits 

10 Bits 

12 Bits 
12 Bits 
12 Bits 

12 Bits 
12 Bits 
12 Bits 

Relative 
Accuracy 

±0.2% 
±0.1% 
±0.05% 

±0.2% 
±0.1% 
±0.05% 

±O.2% 
±0.1% 
±0.05% 

±0.2% 

±0.1% 

±0.05% 

±0.2% 
±0.1% 
±0.05% 

±0.2% 
±0.1% 
±O.OS% 

I C = 0 to +70°C, 1= _2S cC to +8SoC. M = _SSCC to +12S"C 

Differential Gain T.C. Setding 
NonlinclII'ity ppm! C Time 

Monotonicity 66/50/30 
Guaranteed 66/S0 

66/50 

150ns typ 
150ns typ 
150ns typ 

±0.4% 
±0.2% 
±0.1% 

±0.4% 
±0.2% 
±0.1% 

±0.4% 

±0.2% 

±0.1% 

±0.4% 
±0.2% 
±0.1% 

±0.4% 
±0.2% 
±0.1% 

10 500ns typ 
10 500ns typ 
10 500ns typ 

10 500ns typ 
10 500ns typ 
10 500ns typ 

22/16/10 600ns 

22116/10 600ns 

22116/10 600ns 

10 Soons typ 
10 500ns typ 
10 500ns typ 

10 500ns typ 
10 SOOns typ 
10 SOOns typ 

Temp 
Rangel 

C/I/M 
C/I 
CII 

C/I/M 
C/I/M 
C/I/M 

C/I 
C/I 
CII 

CIIIM/M 

CIIIM/M 

C/I/M/M 

C/I/M 
C/I/M 
C/I/M 

C/I 
C/I 
C/I 

IN 
Out 

Input 
Logic 

CMOS 

CMOS & 
TTL 

CMOS & 
TTL 

CMOS & 
TTL 
CMOS & 
TTL 
CMOS & 
TTL 

CMOS & 
TTL 

CMOS & 
TTL 

Package 

DIP 
DIP 
DIP 

DIP 
DIP 
DIP 

DIP 
DIP 
DIP 

DIP 

DIP 

DIP 

DIP 
DIP 
DIP 

DIP 
DIP 
DIP 

iJ.P COMPATIBLE SPECIFICATIONS (maximum @ +2S
o
C unless otherwise noted as typical) 

Model 

AD558jD(SD) 
ADS58KD(TD) 

AD7524jN(AD)(SD) 
AD7524KN(BD)(TD) 
AD7524LN(CD)(UD) 

AD7522jN(jD)(SD) 
AD7522KN(KD)(TD) 
AD7522LN(LD)(UD) 

DUAL MULTIPLYING 

AD7528jN(AQ)(SD) 
AD7528KN(LN) 
AD7528BQ(CQ) 
AD7528TD(UD) 

SYSTEMS DAC3 

Resolution 

8 Bits 
8 Bits 

8 Bits 
8 Bits 
8 Bits 

10 Bits 
10 Bits 
10 Bits 

8 Bits 
8 Bits 
8 Bits 
8 Bits 

AD7527KN(BD)(TD) 10 Bits 
AD7527LN(CD)(UD) 10 Bits 
AD7527GLN(GCD)(GUD) 10 Bits 
NOTES 

Relative 
Accuracy 

±II2LSB 
±1I4LSB 

±O.2% 
±O.l% 
±O.05% 

±O.2% 
±0.1% 
±O.05% 

±lLSB 
±1I2LSB 
±1I2LSB 
±1I2LSB 

±lLSB 
±O.5LSB 
±O.5LSB 

ICZO to +70°C,1 =-2SoC to +85'C, M=-5S'C to +12SoC 

Differential Gain T .c. Setding 
Nonlinearity ppm! C Time 

Monotonicity ±2LSB 
Guaranteea ±2LSB 

Monotonicity 10 
Guaranteed 10 

±0.4% 
±0.2% 
±0.1% 

±lLSB 
±lLSB 
±lLSB 
±lLSB 

±2LSB 
±lLSB 
±lLSB 

2+15V supply 

10 

10 
10 
10 

800ns typ 
800ns typ 

lOOns 
lOOns 
100ns 

500ns typ 
500ns typ 
500ns typ 

200ns2 

200ns2 

2oons2 

200ns2 

Temp 
Rangel 

ClM 
C/M 

C/l/M 
C/IIM 
CII/M 

C/IIM 
C/I/M 
C/I/M 

C/I/M 
C 

M 

C/I/M 
C/IIM 
C/IIM 

IN 
Out 

V 
V 

Input 
Logic 

TTL & 
CMOS 

TTL & 
CMOS 

TTL & 
CMOS 

TTL& 
CMOS 
TTL & 
CMOS 

CMOS 
CMOS 
CMOS 

Package 

DIP 
DIP 

DIP 
DIP 
DIP 

DIP 
DIP 
DIP 

DIP 
DIP 
DIP 
DIP 

DIP 
DIP 
DIP 

• Has double~uffered latches. data readback, data override, LlR . justified data, incrementldecrement 

HIGH PERFORMANCE SPECIFICATIONS (maximum @ +2S
o
C unless otherwise noted as typical) 

Model 

AD563JD-BIN/BCD 
AD563 KD(SD)(TD)-BIN/BCD 

AD565JD(SD) 
AD565KD(TD) 

AD56SAjD(SD) 
AD56SAKD(TD). 

AD DAC87oCBI-I 
AD DAC87oCBI-V 

AD370]N(JD) 
AD370KN(KD)(SD) 

AD371jN(JD) 
AD371KN(KD)(SD) 

, NOTES 

IC = 0 to +70'C. M = _55°C to +12SoC 

Resolution 

12 Bits/3 Digits 
12 Bits/3 Digits 

12 Bits 
12 Bits 

12 Bits 
12 Bits 

12 Bits 
12 Bits 

12 Bits 
12 Bits 

12 Bits 
12 Bits 

Relative Differential Gain T .C. Setding Temp IN Input 
Accuracy Nonlinearity ppm! C Time Rangel Out Logic Package 

±1I2LSB ±1/2LSB 50 1.5J,1s typ C 
±1I4LSB ±1/2LSB 20/30110 l.SIJS typ C/M 

±1I2LSB ±3/4LSB 30 400ns C/M/M 
±1/4LSB ±1I2LSB 20/15/15 400n5 C/M/M 

±1I2LSB ±3/4LSB 
±1I4LSB ±1I2LSB 

±1I2LSB ±3/4LSB 
±1I2LSB ±3/4LSB 

±lLSB 
±lI2LSB Monotonic 

50/30/30 2S0ns 
20/15/15 2S0ns 

25 31JS 
25 300ns 

351JS 
351JS 

C/M/M 
C/M/M 

MlM 
M/M V 

C/C V 
C/C/M/M V 

TTL & DIP 
CMOS DIP 

TTL DIP 
DIP 

TTL DIP 
TTL DIP 

TTL & DIP 
CMOS DIP 

TTL& DIP 
CMOS DIP 

±lLSB 3SJ,ls 
3S1JS 

C/C V TTL & DIP 
±1I2LSB Monotonic C/C/M/M V CMOS DIP 
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r-IANALOG 
a... DEVICES Digital-to-Analog' Converters 

HIGH PERFORMANCE DACS 
FEATURE SELECTION CHART / 

/ 
/ MULTI- / HIGH PERFORMANCE PLYING 

I / p.P / FAST 
COMPATIBLE 

~'l//l;J/LV/I/ll/l ~~!lll// I 't'. ~ 't' 't' ~q't' 't' 't' 't' 't' ~ ~ ~ ~ 
Resolution 0.375dB Steps to 88.SdB ! I.SdB Steps to 88.SdB 

I BBits 
10 Bits 

~ 

12 Bits · · · · · · I · · · · • 
16 Bits · · 18 Bits 

Output Current · · · • ! · · · · Fonnat Voltage · · • · · · · Internal Reference · · · · · · · · · · Multiplication 2 Quadrant · i · · Capability 4 Quadrant 

Logic TTL · · · · · · · · I · · · · · Compatible with CMOS · • · · · · Input Code Binary · I · I · · I · I · I · I · I · I · I · · · BCD · · Second Source. · , · · · · · · · · · Sir.g1e POW£i Supply· 

Input Data Serial 
I I ! Latch S!l'Ucture ParaDe! · · · · Operating C=Oto+70oC · · i · · · · j · · · · · · · Temperature: I = _25°C to +8S

o
C 

I · · Ranges' M = _55°C to +12SoC • · · · · · · · · · · Low Power · · · , · Input/Output Isolation I 
Dice Availability · · · NOTE 

Ie = Commercial I ::;; Industrial M::. Military 

FORMANCE DACS / HIGH PERFORMANCE SPECIAL PURPOSE / HIGH PER 
FEATUR 
(Continue 

E SELECTION CHART 
d) I MULTIPLYING I I III Ill' BUS 

/ COMPATIBLE LOG DACTM 
ATTENUATORS 

~ ~ ~ /::' ~.... ~ ~ ~ ~ ~ ~ ~... ~ ~ Ill/I/I/I/I///I///I/ft~//! ! ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 
U.IJBStcpsto 19.9dB · Resolution 0.3 7jdB Steps to 88.5dB · l.SdB StepS to 88.5dB · · 
8 Bits 
10 Bits · 12 Bits · · · · · · · · · 16 Bits 
IS Bit. 

Output Current · · · · · · · · · · · · · Format Voltage · Internal Reference · Multiplication 2 Quadrant · · · · · · · · · · · · · · Capability 4 Quadrant · · · · · · · · Logic TTL · · · · · · · · · · · · Compatibl .. with CMOS · · · · · · · · · · · · · Input Code Binary · · · · · · · · · · · · BCD · · · Second Source · · · Single Power Supply I · · · 
Input Data Serial , · I Latch Structure" Parallel , · · · · · · · 
Operating C=Oto+70'C I · · · · · · · · · · I · · · I · Tl"ITIp<"ratlJl'e - , = _25°C !:o "S5° C · · · · · · I · · · i · · Ranges2 M = -SSoC to +12S oC 1 · · i · · i · i · · I · · · i · · i · i 
l,.owPower I i • ! · · · · · ! · · · · · · 
Input/OutpUt Isolation 

Dice A vailablity · · I · I i I I 
NOTE 

I Six-St. FIFO Input Register :Ie:: Commercial. I = Industrial M::: Military 
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IlANALOG 
DEVICES Digital-to-Analog Converters 

I I 
IJP BUS COMPATIBLE 
SPECIFICATIONS (maximum @ +2S

o
C unless otherwise noted as typical) 

Relative Differential Gain T.C. Setding Temp IN Input 
Model Resolu tion Accuracy Nonlinearity ppmtC Time Rangel Out Logic Package 
AD567J(S) 12 Bits ±1I2LSB ±3/4LSB 50/30/30 500ns C/M/M TTL & DIP 
AD567K(T) 12 Bits ±1/4LSB ±1I2LSB 20 500ns C/M/M CMOS DIP 

U) AD667j(S) 12 Bits ±1I2LSB ±3/4LSB 50/30 2p.S2 C/M V TTL DIP 
Q) AD667K 12 Bits ±1I2LSB ±1I2LSB 40 2p.S2 C V TTL DIP 
0 AD3860K 12 Bits ±1/2LSB ±lLSB ±10 5p.S2 C V TTL DIP as; 

AD3860S 12 Bits ±1/2LSB. GMOT3 ±to 5p.s2 M V TTL DIP Q) 

0 AD7542jN(AD)(SD) 12 Bits ±lLSB ±0.048% 2p.s CII/II CMOS DIP 
0) M/M 
0 AD7542KN(BD)(TD) 12 Bits ±1/2LSB ±0.024% 2p.s CIIIII CMOS DIP 
(is M/M 
C AD7543jN(AD)(SD) 12 Bits ±lLSB ±0.048% 2p.s C/IIII CMOS DIP « M/M 

AD7543KN(BD)(TD) 12 Bits ±1I2LSB ±0.024% 2p.s C/l/II CMOS DIP 
M/M 

AD7544jN(AD)(SD)4 12 Bits ±lLSB ±0.048% 2p.s C/I/M CMOS DIP 
AD7544KN(BD)(TD)4 12 Bits ±1I2LSB ±0.024% 2p.s C/IIM CMOS DIP 
AD7544GKN(GBD)(GTD)4 12 Bits ±1I2LSB ±0.024% 2p.s C/IIM CMOS DIP 

AD7545j(A)(S) 12 Bits ±2LSB ±4LSB ±5 s CII/M TTL & DIP 
AD7545K(B)(T) 12 Bits ±lLSB ±lLSB ±5s CII/M {::MOS DIP 
AD7545L(C)(U) 12 Bits ±1I2LSB ±ILSB ±5s CII/M DIP 
AD7545GL(GC)(GU)6 12 Bits ±1/2LSB ±lLSB ±5s C/I/M DIP 

AD7548J(A)(S) 12 Bits ±lLSB ±ILSB ±ss CIl/M TTL DIP 
AD7548(K)(B)(T) 12 Bits ±lI2LSB ±1/2LSB ±5s C/IIM TTL DIP 

AD7546jN(AD) 16 Bits ±0.05% FSR ±0.006% FSR ±2 10p.s typ 7 CII V TTL & DIP 
AD7546KN(BD) 16 Bits ±0.012% FSR GMOT3 ±2 10p.s typ 7 CII V CMOS DIP 

LOG DACTM STEP ATTENUATORS 

AD711lK(B)(T) 0.375dB 30dB ± 0.17dB GMOT8 C/IIM CMOS DIP 
AD7111 L(C)(U) O.375dB 36dB ± 0.17dB GMOT9 CIIIM CMOS DIP 

AD7115K(B)(T) O.ldB ±0.05dB Monotonic C/I/M TTL & DIP 

QUAD DAC (FOUR DACS IN ONE PACKAGE) CMOS 

AD390jD(SD) 12 Bits ±3/4LSB GMOT3 ±40/±101(} 8p.s C/M V TTL & DIP 
AD390KD(TD) 12 Bits ±1/2LSB GMOT3 ±10/±510 8p.s C/M V CMOS DIP 

NOTES 
1 C = 0 to +70°C, I = -25°C to +85°C, M = -55'C to +125'C 6 2LSB max gain error (multiplying DAC) 
l To 0.01 % for lo-V Step 'To 0.00076% of final value 
3 Guaranteed Monotonic Over Temperature &0 to -48dB at 0.375dB, 0 to -6OdB at 0.75dB, 0 to -72dB at 1.5dB 
4Six-Stage FIFO Input Register 90 to -54dB at O.375dB, 0 to -72~B at 0.75dB, 0 to -88.SdB at l.SdB 
55 Volt Supply 10 Internal/External reference 
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r.ANALOG 
-"OEVICES Digital-to-Analog Converters 

HIGH RESOLUTION 

SPECIFICATIONS (maximum @ +2SoC unless otherwise noted as typical) 

Relative Differential Gain T.C. Settling Temp IN Input 
Model Resolution Accuracy Nonlinearity ppmfC Time Rangel Out Logic Package 

AD7546jN(AD) 16 Bits ±O.O5% ±o.ooo% ±2 10llstyp2 CII V CMOS or DIP 
AD7546KN(BD) 16 Bits ±O.OI2% ±0.0015% ±2 lOllS typ2 C/I V TTL DIP 
AD DAC71 16 Bits ±o~003% Note 3 ±15 10/11ls4 C VII TTL DIpS 
AD DAC71H 16 Bits ±o.003% Note 3 ±15 101llls4 C VII TTL DIpS 

AD DAC72C 16 Bits ±0.003% Note 3 ±15 101llls4 C VII TTL DIpS 

ADDACn 16 Bits ±o.003% Note 6 ±15 6 101lllS4 VII TTL DIpS 

NOTES 
I C '" 0 to +70°C, I '" -2SoC to +8SoC 5 AD DAC71 polymer sealed, AD DAC71H and AD DAC72 hermetic 
2 to 0.00076% of final value 6 Guaranteed 14-bit monotonic 0 to +70°C, Gain temp co ± ISppmfC, T min to +2SoC, 

±7ppmfC, +2SoC to T max 3Guaranteed 14-bit monotonic 0 to +SO°C 
4Voltage/current, to ±0.OO3% FSR 

SPECIAL PURPOSE 

SPECIFICATIONS (maximum @ + 2SoC unless otherwise noted as typical) 

Relative Differential Gain T.C. Settling Temp IN Input 
Model Resolution Accuracy Nonlinearity ppmfC Time Rangel Out Logic Package 

LOG DACTM STE~ ATTENUATORS 

AD7110KN 1.5dB ±0.7dB, 0 to -48dB Monotonic NA NA o to +50
o

C CMOS DIP 
AD7118KN(BD)(TD) l.5dB ±0.75dB, 0 to -42dB Monotonic NA NA CIIIM CMOS & DIP 

TTL 

AD7118LN(CD)(UD) l.5dB ±0.7dB, 0 to -48dB Monotonic NA NA C/I/M CMOS & DIP 
TTL 

These devices are digitally co'ntrolled attenuators for use in high performance audio systems and wide dynamic range applications. 

NOTE 
I C '" 0 to +70°C, I '" -2SoC to +8SoC, M '" -Ssoc to +12~C 

MULTIPLYING 

Relative Differential Gain T.C. Settling Temp IN Input 
Model Resolution Accuracy Nonlinearity ppmfc Time Rangel Out Logic Package 

AD562KD(AD)-BIN 12 Bits ±1I2LSB ±II2LSB 3 l.Slls typ CII TTL & DIP 
AD562SD-BIN 12 Bits ±1I4LSB ±II2LSB 3 1.51ls typ M CMOS DIP 
AD562KD(AD)-BCD 3 Digits ±1I2LSB ±1I2LSB 3 1.51ls typ C/I DIP 

'AD562SD-BCD 3 Digits ±1I10LSB ±1I2LSB 3 1.51lS typ M DIP 

AD566jD(SD) 12 Bits ±1I2LSB ±3/4LSB 10 4000s C/M/M TTL DIP 
AD566KD(TD) 12 Bits ±1I4LSB ±1I2LSB 3 4000s C/M/M DIP 

AD566AjD(SD) 12 Bits ±1I2LSB ±3/4LSB 10 350ns C/M/M TTL DIP 
AD566AKD(TD) 12 Bits ±1I4LSB ±1I2LSB 3 350ns C/M/M TTL DIP 

AD7541jN(AD) 12 Bits ±ILSB ±2LSB 10 IllS C/I/M/M TTL & DIP 
AD7541KN(BD) 12 Bits ±1I2LSB ±ILSB 10 1~ C/I/M/M CMOS DIP 

AD7541AjN(AQ) 12 Bits ±ILSB ±ILSB 5 0.61lS typ2 C/I TTL & DIP 
AD7541AKN(BQ) 12 Bits ±1I2LSB ±1I2LSB 5 0.61lS typ2 C/I CMOS DIP 
AD7541ASD 12 Bits ±ILSB ±ILSB 5 0.61lS typ2 M/M DIP 
AD7541ATD 12 Bits ±112LSB ±1/2LSB 5 0.61lS typ2 MlM DIP 

AD7240J(A)(S) 12 Bits +112, -1 1/4 ' ±l/21..5B 6 900ns CIIIM V TTL DIP 
AD7240K(B)(T) 12 Bits +112, -ILSB ±1I2LSB 6 900ns C/I/M V TTL DIP 

AD752SKN(BD)(TD) 3 112 Digits ±ILSB ±ILSB 25 IllS C/I/M/M CMOS DIP 
AD7525LN(CD)(UD) 3 112 Digits ±1I2 LSB ±1I2LSB 25 IllS CIl/M/M DIP 

I C = 0 to +70°C, I '" -2SoC to +8S c C, M '" -Ssoc to +12So C 
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r.ANALOG a.. DEVICES Digital-to-Analog Converters 

2830 

U 
F ~~::::~~~~~;:~~!RT ~ j)0 ~ 0':J~ !;ft0! ~ ~ ~ ~ .;; .;; ~ ~ r;:,"" r;:, 'b J I' (J~ l' l' ;J~ J' fIj.... fIj"" ;$"" ~IO 

~~ ~~~~~~~~~ 
Settling Time <SSOns 

to Resolu tion <210ns 
in Bits <7Sns • 

<21ns • • • • • • 
<8ns • • • 

Resolution 4 Bits • 
6 Bits • 
8 Bits • • • • • 
10 Bits • • • 
11 Bits 
12 Bits 

Application General Purpose • • • • • • 
Lowest Glitch • • • • 
Multiplying 
Composite Video • • • • 

Output Format Current • • • • • • • • • • 
Voltage 

Binary Logic TTL • • 
ECL • • • • • • • • 
Latched • • • • • • 

~ingle Power Supply • • • • • • • • 
Operating o to +70oC • • • • • • • • • • 

Temperature - 2SOC to +8SoC • • • 
Ranges -SSoC to +12SoC • • • • 

LTRA FAST/VIDEO DACS / CURRENTOUT L VOLTAGEOUT/ U 
F 
(C EA~RESELECTIONCHAj)~ ~0~~ ~1 onnnued) ~ ~ ~ ~ ~ ~ ~ 

~ ~ ~ ~ ~ ~ ~ 
. § GJ'? ~ ~ ! ! § 

~ ~ ~ ~ ~ ~ ~ 
Settling Time <21ls • • 

to Resolu tion <210ns • • 
in Bits <75ns • • 

<21ns • 
<8ns 

Resolution 4 Bits 
6 Bits 
8 Bits • 
10 Bits • • 
11 Bits 
12 Bits • • • • 

Application General Purpose • • • • • 
Lowest Glitch • 
Multiplying 
Composite Video • 

Output Format Current • • • 
Voltage • • • • 

Binary Logic TTL • • • • • ECL • • 
Latched • .. 

Single Power Supply • 
Operating o to +70vC • • • • • • • Temperature -2SoC to +8SoC • 

Ranges -SSoC to +12SoC • .1 • • • • 
NOTE 

'-SSoC to +l00°C 

• 

• 

• 
• 

• 

• 

• 
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IlANALOG 
DEVICES Digital-to-Analog Converters 

I I 
ULTRA FAST/VIDEO 
SPECIFICATIONS (maximum @ +2SoC unless otherwise noted as typical) 

Gain T.C. Settling 
, Relative Differential ppmfC Timens Temp IN Input 

Model Resolution Accuracy Nonlinearity Typical Typical Rangel Out Logic Package 

AD976S S Bits ±1I2LSB GMOT2 SO 5 M I ECL DIP 
HDG-04053,4 4 Bits ±1I2LSB GMOT2 25 4 C ECL DIP rn 
HDG-06053,4 6 Bits ±1I2LSB GMOT2 25 6 C ECL DIP Q) 

HDG-oS053,4 S Bits ±1I2LSB GMOT2 25 S C ECL DIP 0 .S; 
HDS-OS20(0S20M) S Bits ±1I4LSB GMOT2 30 20 C/M TTL DIP Q) 

HDS-OSI OE( OS1 OEM) S Bits ±1I4LSB GMOT2 SO 10 C/M ECL DIP 0 
HDD-oSI0(OSI0M)4 S Bits ±1I4LSB GMOT2 SO 10 C/M ECL DIP 0) 

HDD-oSIOC(OSI0CM)3,4 S Bits ±1/4LSB GMOT2 SO 10 c/M ECL DIP 0 
(ij 

HDS-I025(1025M) 10 Bits ±1I2LSB GMOT2 30 25 C/M TTL DIP c:: 
HDS-I015E(1015EM) 10 Bits ±1/2LSB GMOT2 SO 15 ClM ECL DIP « 
HDD-I015(101SM)4 10 Bits ±1/2LSB GMOT2 SO IS C/M ECL D'IP 
HDD-IOlSC(1015CM)3,4 10 Bits ±II2LsB GMOT2 SO 15 C/M ECL DIP 

HDS-12S0(12S0M) 12 Bits ±lJ2LSB GMOT2 ., ... .,~ elM TTL DiP ;IV ;lJ 

HDS-1240E( 1240EM) 12 Bits ±1/2LSB . GMOT2 25 35 C/MR I ECL DIP 
HDD-1206JW 12 Bits ±1I2LSB GMOT2 40 605 C V TTL DIP 
HDD-1206SM 12 Bits ±1I2LSB GMOT2 40 605 M V TTL DIP 

HDH-oS02(OS02M) S Bits ±1I4LSB GMOT2 30 200 C/M V TTL DIP 
HDH-I003(1003M) 10 Bits ±1I2LSB GMOT2 30 300 C/M V TTL DIP 
HDH-1205( 1205M) 12 Bits ±1I2LSB GMOT2 30 500 C/M V TTL DIP 
NOTES 

Ie = 0 to +7ooe,1 = -2soe to +8soe, M:= -ssoe to +12soe, MR = -ssoe to +loooe 2 Guaranteed Montonic Over Temperature 
3 Composite video 4 Latched input s lLSB settling 
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r.ANALOG a.. DEVICES 
Fast, Complete lO-Bit AID Converter 

with Microprocessor Interface 

FEATURES 
Complete 10-Bit AID Converter with Reference, Clock 

and Comparator 
Full 8- or 16-Bit Microprocessor Bus Interface 
Fast Successive Approximation Conversion - 20f.1s 
No Missing Codes Over Temperature ' 
Operates on + 5V and -12V to -15V Supplies 
Low Cost Monolithic Construction 

PRODUCT DESCRIPTION 
The ADS73 is a complete lO-bit successive approximation analog 
to digital converter consisting of a DAC, voltage reference, 
clock, comparator, successive approximation register (SAR) and 
3 state output buffers-all fabricated on a single chip. No external 
components are required to perform a full accuracy lO-bit con
version in 20l-ls. 

The ADS73 incorporates the most advanced integrated circuit 
design and processing technology available today. The successive 
approximation function is implemented with I2L (integrated 
injection logic). Laser trimming of the high stability SiCr thin 
film resistor ladder network at the wafer stage (L WT) insures 
high accuracy, which is maintained with a temperature compen
sated sub-surface Zener reference. 

Operating on supplies of + SV and'-12V to -lSV, the ADS73 
will accept analog inputs of 0 to + lOV or - SV to + SV. A 
positive pulse-on the CONVERT line initiates the 20l-lS conversion 
cycle. DATA READY indicates completion of the conversion. 
HIGH BYTE ENABLE (HBE) and LOW BYTE ENABLE 
(LBE) control the 8-bit and l-bit three state output buffers. 

The AD573 is available in two versions for the 0 to + 70°C 
temperature range, the AD573J and AD573K. The ADS73S 
guarantees 10-bit relative accuracy and no missing codes from 
- 55°C to + 125°C. 

Two package configurations are offered. The AD573J and 
AD573K are also available in a lO-pin plastic DIP. All versions 
are offered in a 20-pin hermetically sealed ceramic DIP. 

AD573* I 
ADS73 FUNCTIONAL BLOCK DIAGRAM 

BIPOLAR 
OFFSET -

CONTROL 

V+ v-
DIGITAL 

COMMON 

BURIED ZENER REF 

CONVERT 

MSB 
DB9 

DBS 

DB7 

DB6 
HIGH 

DBS 
BYTE 

DB4 

DB3 

DB2 

>-+--++- ::: } i~~ 
LSB 

~~~y -+--------_ ...... AD573 

ADS73 PINOUT 

MSB DB9 10 

\..J--
• PIN 1 

IDENTIFIER 

AD573 

LOW BYTE ENABLE 

HIGH BYTE ENABLE 

DATA READY 

DIGITAL COMMON 

BIPOLAR OFFSET 

ANALOG COMMON 

ANALOG IN 

CONVERT 

ADS73 ORDERING GUIDE 

Model 
AD573JN 
AD573KN 
AD573JD 
AD573KD 
AD573SD 

Package Option 
lO-Pin Plastic DIP 
20-Pin Plastic DIP 
20-Pin Ceramic DIP 
20-Pin Ceramic DIP 
20-Pin Ceramic DIP 

*Protected by U.S. Patent Nos. 3,940,760; 4,213,806 and 4,136,349 

Temperature Relative 
Range Accuracy 
o to + 70°C ,± 1 LSB max 
o to + 70°C ± 1I2LSB max 
Oto + 70°C ± ILSBmax 
o to + 70°C ± 1I2LSB max 
- 55°C to + 125°C ± lLSB max 

ONE TECHNOLOGY WAY. P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 

2832 @ Ie MASTER 1984 



r.ANALOG 
a...OEVICES 

Fast, Complete 12-Bit AID Converter 
with' ,Microprocessor Interface 

FEATURES 
Complete 12-Bit AID Converter with Reference 

and Clock 
Full 8- or 16-Bit Microprocessor Bus Interface 
250ns Bus Access Time 
Guaranteed Linearity Over Temperature 

o to + 70°C - AD574AJ, AK, AL 
-55°C to + 125°C - AD574AS, AT, AU 

No Missing Codes Over Temperature 
Fast Successive Approximation Conversion - 25 ..... s 
Buried Zener Reference for Long-Term Stability 

and Low Gain T.C. 10ppm/oC max AD574AL 
12.5ppm/oC max AD574AU 

Low Profile 28-Pin Ceramic DIP 
Low Power: 390mW 
Low Cost 

PRODUCT DESCRIPTION 
The AD574A is a complete 12-bit successive-approximation 
analog-to-digital converter with 3-state output buffer circuitry 
for direct interface to an 8-, 12-or 16-bit microprocessor bus. 
The AD574A design is implemented with two LSI chips each 
containing both analog and digital circuitry, resulting in the 
maximum performance and flexibility at the lowest cost. 

One chip is the high performance AD565A 12-bit DAe and 
voltage reference. It contains the high speed current output 
switching circuitry, laser-trimmed thin film resistor network, 
low T.e. buried zener reference and the precision input scaling 
and bipolar offset resistors. This chip is laser-trimmed at the 
wafer stage (L WT) to adjust ladder network linearity, voltage 
reference tolerance and temperature coefficient, and the calibration 
accuracy of input scaling and bipolar offset resistors. 

The second chip uses the proven LeI (linear-compatible integrated 
injection logic) process to provide the low-power I2L successive
approximation register, converter control circuitry, clock, bus 
interface, and the high performance latching comparator. The 
precision, low-drift comparator is adjusted for initial input offset 
error at the wafer stage by the "zener-zap" technique which 
trims the comparator input stage to 1110 LSB typical error. This 
form of trimming, while cumbersome for complex ladder networks, 
is an attractive alternative to thin film resistor trimming for a 
simple offset adjustment and eliminates the need for thin film 
processing for this portion of the circuitry. 

AD574A I 

A:DS74A FUNCTIONAL BLOCK DIAGRAM AND PINOUT 

+SVSUPPlY 

DATA MODE SELECT 

12/8 

CHIP SELECT 

cs 
BYTE ADDRESSI 

SHORT CYCLE 4 
Ao 

READICONVERT 

RIC 

CHIP ENABLE 
CE 

+12/+1SV SUPPLY 

Vee 

'IOV REFERENCE 
REF OUT 

ANALOG COMMON 

PC 

REFERENCE INPUT 
REf IN 

'!2!-lSV SUPPLY 

BIPOLAR OFFSET 
BIPOFF I 

DBO LSB j 

DIGITAL 

DATA 

OUTPUTS 

IOV SPAN INPUT 

10~ 

20V SPAN INPUT 

20VIN 

~::=::::::=:::::::=~~ 
15 ~GITAL COMMON 

ADS74A PACKAGE OUTLINE 
Dimensions shown in inches and (mm). 

~:::::t: ::1+ :;~j:~ 
1.40 (35.56) ~ -.l 

l~~095F1 + 
(2.41) 0.145 _0.02 T (3.68) 

0.085 I ~ :5J T 
(216) U I _II _ . I I, \~.~~~ _ILO 010;:0 oo:j 

--l --,r- --J r- --,,(0.254 ;:0.05) 

00~~1~~OO7 O'~.~~jOO3 0.1 (2.54) 1--06 (15.24) 

LEAD NO.1 IDENTIFIED 8Y DOT 

The AD574A is available in six different grades. The AD574AJ, 
AK, and AL grades are specified for operation over the 0 to 
+ 700 e temperature range. The AD574AS, AT, and AU are 
specified for the - 55°e to + 125°e range. All grades are packaged 
in a low-profile, 0.600 inch wide, 28-pin hermetically-sealed 
ceramic DIP. 

ADS74A ORDERING GUIDE 

ResQ!utiQn Max' 
Linearity Error No Missing Codes Full Scale 

Model Temp. Range Max (T min to T max) (T min to T max) T.C. (ppmrC) 
AD574AJD Oto +70oe ±ILSB 11 Bits 50.0 
AD574AKD Oto + 700 e ± 1I2LSB 12 Bits 27.0 
AD574ALD Oto +70oe ± lf2LSB 12 Bits 10.0 
AD574ASD - 55°e to + 125°e ±ILSB 11 Bits 50.0 
AD574ATD - 55°e to + 125°e ±ILSB 12 Bits 25.0 
AD574AUD - 55°e to + 125°e ± lLSB 12 Bits 12.5 
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r.ANALOG 
a..IDEVICES 

CMOS 
JJP Compatible 10-Bit Plus Sign ADC 

tn 
Q) 
o 

"S; 
Q) 

C 

FEATURES 
10-Bit Plus Sign Resolution 
No Missed Codes Over Full Temperature Range 
Conversion Time 80flS 
Differential Analog Voltage Inputs, ± 10V Range 
Serial and Parallel Data Outputs 
Easy Interface to Most Microprocessors 
Internal Clock Oscillator 
Single Supply Operation for Positive-Only Signals 
Monolithic Construction 

g> GENERAL DESCRIPTION 
(ij The AD7571 is a high speed, low cost lO-bit plus sign CMOS 
c: AID converter which uses the successive approximation technique 
« to provide a conversion time of 80~s. The device is designed for 

easy microprocessor interface allowing full parallel or double 
byte -reading over three-state outputs. Conversion results are 
also available in serial form allowing opto-isolatedoperation 
using as few as two wires for the interconnect. 

A new differential analog input configuration is used in the 
AD7571, increasing the common-mode rejection performance 
and allowing the analog zero input voltage to be offset from true 
analog ground. Analog input voltage range is ± lOY using a 
single positive reference. With positive-only input signals the 
AD7571 can be operated from a single positive power supply. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

28-PIN CERAMIC DIP (SUFFIX D) 

~~~~~[~~~~]~~~~li5f: 
0_17 I I 0_011 (3.061 

(4.32) •. 1.414 (35.92). ~ 

L~~ i =1~ 
r ~ :::J... ~ ~ -r:,2 (0305) ~ ~ 0008(0203) 

-H-- -1 f- 0.175 (4.45) f- :::7:: -l 
~~~0':i2ii3:iii 
0.045 11.15) 0.015 (0.3811 0.096 (2.42) 

28-PIN PLASTIC DIP (SUFFIX N) 

c::::::::::]]: I. 145 (36831 _I L 144(36681 

(~) Li •. '~ 
.~~ ~~ -j'f- ~4S) 
~~~~ 
0.045 {1_151 0.015 (0.3811 0.095 (2.421 

AD7571 I 
AD7571 FUNCTIONAL BLOCK DIAGRAM 

CMP OUT Vee 

CLK CLK iffiSv Vee iffi CS CE FORM HSEl'lSEl 
IN OUT 

ORDERING INFORMATION 

Temperature Range and Package 

Relative Accuracy Plastic eerdipl Side-Brazed Ceramic 
(T min to T max) Oto +70oe - 25°e to + 85°C - 55°e to + 125°e 

::!:ILSB AD7571JN AD7571AQ AD7571SD 

::!: l/2LSB AD757iKN AD7571BQ AD7571TD 

NOTE 
I Analog Devices reserves the right to ship ceramic packages in lieu of cerdip packages. 

PIN CONFIGURATION 
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~DEVICES 

FEATURES 
lv-Bit Resolution 
No Missing Codes Over Full Temperature Range 
Conversion Time 80f.ls 
OV to + 10.24V Analog Input Voltage Range 

with Reference Voltage of +5.12V 
10-Bit Parallel Data Output 
Easy Interface to Most Microprocessors 
Internal Clock Oscillator 
Single Supply Operation 
Monolithic 

GENERAL DESCRIPTION 
The AD7573 is a high speed~ low cost lO-bit CMOS A/D converter 
which uses the successive approximation technique to provide a 
conversion time of 80ILs. The device is designed for easy micro
processor interface using two standard control signals; CS (decoded 
device address) and RD (READ/WRITE control), for conversion 
start and data .read operations. Conversion results are av~ilable 
via a lO-bit wide three-state output bus. 

The analog input voltage range is from OV to + lO.24V when 
using a reference voltage of + S.12V. Single + ISV power supply 
operation is possible with all logic inputs and outputs being 
CMOS compatible. Using + SV/ + ISV supplies allows control 
inputs and data outputs to be TTL/CMOS compatible. The 
device is packaged in a small 20-pin 0.3" wide DIP. 

MECHANICAL IN FORMA TION 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

20-PIN PLASTIC DIP (SUFFIX N) 

~:::::::::I~ 
I 107127111 I ~032 181281=\1 
• • MAX • 030 1162) 

'-~013SI34291 0145 136831_ Tf8"1n'7r 

O~ U U TJ 0011 10281 MIN 0009 10 231 

.- ~I-- I--
:::: Il:~l g:~~ !g:~~1 g:~ IH:: 

20-PIN CERAMIC (SUFFIX D) 

~ 1 J I~;:= 
1:- -- lOa -- I': ~7010 -- lOa -: I ~1~ ~g~~? 

mTniTI1
~ l-Jas ~0.009 

J;' J l ¥ ~0.231 __ ~0010+. 0.002 

14.451 ~ -' . - 0.001 

..L.. (025:gm 

-11-°.018 ~0.002 ~0100 ~O.OOS . 
IO.46r:'pO.OSI 0.50 11.271 TYP 12.54 ~0.131 

t-----:k~ ",,°o~ 
TOl NON ACCUM 

CMOS 
uP Compatible lO-Bit ADC 

AD7573 I 
AD7573 FUNCTIONAL BLOCK DIAGRAM 

PIN CONFIGURATION 

ORDERING INFORMATION 

Voo 

DATA OUT 
DB9(MSBTO' 
DBOILSB) 
PlNS7T016 

Temperature Range and Package 

Relative Side-Brazed 
Accuracy· Plastic Cerdipl Ceramic 
(T min to T max) Oto + 70°C - 25°C to + 85°C - 55°C to + 125°C 

±lLSB AD7S73JN AD7S73AQ AD7573SD 
± 1I2LSB AD7573KN AD7S73BQ AD7573TD 

~~OTE: 

I Analog Devices reserves the right to ship ceramic packages 
in lieu of cerdip packages. 
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FEATURES 
Complete 16-Bit Converter With Reference 

and Clock 
± 0.003% Maximum Nonlinearity 
No Missing Codes to 14 Bits Over Full Temp Range 
Fast Conversion - 35JLs (14 Bit) 
Short Cycle Capability 
Parallel or Serial Logic Outputs 
Low Power: 850mW Typical 
Industry Standard Pin Out . 

PRODUCT DESCRIPTION 
The AD ADC7l and AD ADCn are high resolution l6-bit 
hybrid IC analog to digital converters including reference, clock, 
and laser-trimmed thin-film components. The package is a compact 
32-pin bottom-brazed ceramic (AD ADC7l) or hermetic ceramic 
(AD ADCn) DIP. The thin-film scaling resistors allow analog 
input ranges of ±2.SV, ±SV, ±lOV,Oto +SV,Oto +lOV, 
and ° to + 20V. 

Important performance characteristics of the devices are maximum 
linearity error of ± 0.003% of FSR (AD ADC71K, AD ADCnK 
and B), and maximum conversion time of S0lJ.s. This performance 
is due to innovative design and the use of proprietary monolithic 
DI A converter chips. Laser-trimmed thin-film resistors provide 
the linearity and wide temperature range for no missing codes. 

The AD ADC71 and AD ADCn provide data in both parallel 
and serial form with corresponding clock and status output. All 
digital inputs and outputs are TTL compatible. 

PRODUCT HIGHLIGHTS 
1. The AD ADC7I and AD ADC72 provide l6-bit resolution 

with maximum linearity error less than ± 0.003% (± 0.006% 
for J and A grades) at 25°C. 

2. Conversion time is 4SIJ.s typical to 14 bits with short cycle 
capability. 

3. The AD ADC72 (KD, BD) have no missing codes (to 14 
bits) over the full specification temperature range. 

4. Two binary codes are available on the AD ADC7I and AD 
ADC72. output. They are complementary straight binary 
(CSB) for unipolar input voltage ranges and complementary 
offset binary (COB) for bipolar input ranges. Complementary 
two's complement (GTC) coding may be obtained by inverting 
pin 1 (MSB). 

5. The proprietary chips used in this hybrid design provide 
excellent stability over temperature and lower chip count for 
improved reliability. 

Complete, High Resolution 
16-Bit AID Converter 

AD ADC711AD ADC72 I 
AD ADC7l/AD ADC72 FUNCTIONAL BLOCK DIAGRAM 

IMSBI BITS 1 1 

ILS8 FOR 13 BlTSI BIT 13 13 

AD ADe71/ 
ADADe72 

~---~ 31 CONVERT COMMAND 

.--+-_~ 21 COMPARATOR IN 

22 ANALOG COMMON 

21 -15V de SUPPLY Vu 

19 DIGITAL COMMON 

I----....l L============_---j 17 SERlALOUT 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

c=J .. 
m ~ +(O~l 

i--(~l----l 

ORDERING GUIDE 

Linearity Error Specification 
Model (Max) Temp Range 

ADADC7ljW ±0.006%ofFSR Oto + 70°C 
ADADC71KW ± 0.003% ofFSR Oto + 70°C 
ADADCnJD ± 0.006% offSR Oto + 70°C 
ADADC72KD ± 0.003% ofFSR Oto + 70°C 
ADADCnAD ±O.OO6%ofFSR - 25°C to + 85°C 
ADADcnBD ± 0.003% ofFSR - 25°C to + 85°C 

Package 

Ceramic 
Ceramic 
Hermetic 
Hermetic 
Hermetic 
Hermetic 
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FEATURES 
14-Bit Resolution 
125kHz Word Rates 
Internal Track-and-Hold 
40-Pin DIP 

APPLICATIONS 
FDMITDM Transmultiplexers 
CAT/NMR Scanners 
PCM Systems 
Digital Audio 

GENERAL DESCRIPTION 
The HAS-1409KM and HAS-1409AKM hybrid AID converters 
offer designers performance characteristics which have never 
before been available. 

Now, for the first time, high resolution and high speed come 
together in a hybrid package \vhich inclu'des'an internal track-and
hold. The HAS-1409 units have resolutions of 14 bits, are capable 
of word rates up to 125kHz, and are complete with track-and-hold; 
all of these features are housed in a single 40-pin DIP package 
which dissipates only two watts. 

The HAS-1409KM includes an internal clock, which allows the 
converter. to be operated at any word rate from dc through 
120kHz; the HAS-1409AKM is designed for applications which 
use an external system clock whose frequency establishes the 
user's optimum word rate, up to 125kHz. 

The HAS-1409 AID has been characterized with a companion 
PIA converter, the HDD-1409KM, to emphasize the superior 
ac performance needed for use in Frequency Division Multiplex! 
Time Division Multiplex (FDM/TDM) transmultiplexer systems. 
Although specifically designed for these kinds of applications,' it 
can also be used for other digital signal processing such as Computer 
Aided Tomography (CAT) and Nuclear Magnetic Resonance 
(NMR) scanners, and Pulse Code Modulation (PCM). 

Conventional data converters often display errors at midscale 
which make them inadequate for use ip. the types of systems 
cited above. The unique Digitally Corrected Subranging technique 
pioneered by Analog Devices, used with other proprietary tech
niques, virtually cancels midscale errors in the HAS-1409, thereby 
eliminating a major source of system errors. 

The logic outputs are TTL-compatible and are presented as 14 
bits of parallel data. Buffer output registers and a 3-state format 
provide dual advantages' of good drive and bus compatibility. 

14~Bit, 125kHz, 
Analog-to-Digital Converter 

0.19 (4;.83) 

HAS-1409 I 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (rom). 

*1-
~[~----~----=-~ 

0.2:"-r--'~ InHil~illl~lnnH 

0.125 (3.115) 
:!:0.010 

ID BEAD (ON BOTTOM) AND 
DOT (ON TOP) DENOTE PIN 1 

120 
-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-'-0-0-

I 1 

I_ 1.900 (48.260) ± 0.006 .. 1 .. 1 

~-----2.145 (54.483) MAX----......;.;..--... -~. 

HAS-l409 PIN DESIGNATION 

PIN FUNCnON PIN FUNCT10N 

1 :!:10VINPUT 21 DIGITAL GROUND 

2 ±5VINPUT 22 BlT1(MSB) 

3 ANALOG GROUND 23 BlT1(MSB) 

4 DIGITAL GROUND 24 BIT 2 

5 +5V 25 8IT3 

6 +5V 26 BIT 4 

7 HlC 27 BITS 

8 HlC 28 BIT 6 

9 +5V 29 ENABLE HIGH (MSBsI 
10 DIGITAL GROUND 30 CLOCK/ENCOOE 
11 ENABLE LOW (LSBsl 31 ENCODE 
12 BIT 141LSB) 32 +5V 

13 BIT 13 33 DIGITAL GROUND 
14 BIT 12 34 -15V 

15 BIT 11 35 +15V 

16 BIT 10 36 DIGITAL GROUND 
11 BIT 9 37 ANALOG GROUND 
18 BIT a 38 ANALOG GROUND 

19 BIT 7 39 +5V 

20 DIGITAL GROUND 40 ANALOG GROUND 

PIN 30 USED FOR CLOCK INPUT ON HA5-1409AKM; USED FOR ENCODE INPUT ON HAS-1409KM. 

ALL + 5V PINS ARE CONNECTED TOGETHER INTERNALLY (5.6.9.32.391. MUST ALSO BE 
CONNECTED TOGETHER EXTERNALLY CLOSE TO CASE. 
ALL ANALOG GROUND PINS ARE CONNECTED TOGETHER INTERNALLY 13. 37. 38.40). 
ALL DIGITAL GROUND PINS ARE CONNECTED TOGETHER INTERNALLY (4. 10.20.21,33.36). 

FOR BEST PERFORMANCE. ANALOG GROUND AND DIGITAL GROUND PINS MUST ALL BE 
C-ONNECT!!!) TOOFrHER AND TO GRd!J!1m EXTER~!..!..'! AS C!..OSE TO THE CASE AS !'OSS!!!!.E. 
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r.ANALOG 
I.I1II DEVICES Analog-to-Digitate onverters 

HIGH PERFORMANCE/HIGH RESOLUTION 
FEA TURE SELECTION CHAR;, I / 

GENERAL PURPOSE / p.PBUS 
;ffff/l HIGH / 

p.PBUS I'"~" ! COMPATIBLE UlT PERFORMANCE COMPATIBLE RESOLUTION 
CHAN 

R~,!t ///~~~~~~~!~,///!r;/~~'l//// $ $ ! ~ l $ i ! ! f f f~" ~ i ! ! ~ l 
R=lution 8 Bits · · · • 

10 Bits · · · 10 Bits & Sign · lZ Bits · · · · · 13 Bits · · 14 Bits 
16 Bits · · 4112 Digits · 511Z Digits · ~Conversion Time 1800ms · sOms .' .' · · 100115 · SOjlS I · I · · Z5jlS · · .. · • · · ISI15 · · Internal Reference · · · · · · · · · · · Ratiometric Capability · · · .. · · · · · Low Power • · · · · · Second Source · · · · · · Logic TTL · · · · · · · · · · · · · · · · Compatibility CMOS · • · · · · · · Operating C=Oto+70·C · · · · · · · • · · · · Temperature 1= -ZS·C to +8S·C · · · · · · · · · · · Ranan M = -SS·C to +IZS·C · · · · · · · · · · · Dice .Availability · · · · · NOTES 

• so,..s conversion One 
• 66.6I<slcbanad 

GENERAL PURPOSE SPECIFICATIONS (maxinlUm ® +2SoC unless othenvise noted) 
Rel.tive Diffenmtial GunT.C. ConYenion Temp 

Model Resolution Accuracy Nonlinarity ppmfc Time Logic Ran",' Po< ...... 

AD570JD 8 Bits ±1I2LSB Note 2 176 4Oj.I5 TTL C DIP 
ADS70SD 8 Biu ±1I2LSB Note 2 80 4Oj.Is TTL M DIP 
ADS71JD(SD) 10 Bits ±112LSB Note 3 88150150 4Oj.l5 TTL & CIMIM DIP 
ADS71KD 10 Biu ±1I2LSB Note 2 44 40115 CMOS C DIP 

AD ADCSO·10(Z) 10Birs ±112LSB ±1I2LSB ~O 21j.l5 TTL DIP 
AD ADCS()'12(Z) 12 Birs ±1I2LSB ±1I2LSB 30 2Sj.ls TTL DIP 

j.lP COMPATIBLE 

AD673J 8 Bits ±1I2LSB Note 2 2' 30jlS TTL C DIP 
AD673S 8 Bits ±112LSB Note 2 2' 30jlS TTL M DIP 
AD7S74JN(AD)(SD) 8 Bits ±314LSB ±7ISLSB Note 5 lSj.ls CMOS ClIIMIM DIP 
AD7S74KN(BD)(TD) S Bits ±112LSB :!:314LSB Notc 5 15j.ls CMOS ClIIMIM PIP 

ADS73J 10 Bits ±ILSB Note 6 4' 2Qj.ls TTL C· DIP 
AD573K 10 Bits ±1I2LSB NoteZ 2' 2Qj.l. TTL C DIP 
AD573S 10 Bits ±ILSB Note 2 5' 2011s TTL M DIP 

AD7571JN 10 Bits & Sign ±ILSB Note 2 S· SOlIs TTL & C DIP 
AD7S71KN 10 Bits & Sign ±112LSB Note 2 4' /lOlls CMOS C DIP 
AD7571AQ 10 Bits & Sign ±ILSB Note 2 S· 8Qj.ls TTL & I DIP 
AD7S71BQ 10 Bits & Sign :!:IIZLSB Note 2 4' 80jIs CMOS I DIP 
AD7571SD 10 Bits & Sign ±ILSB Note 2 S' SQj.ls TTL & M DIP 
AD757lTD 10 Bits & Sign ±1I2LSB Note 2 4' 8Qj.ls CMOS M DIP 

AD574AJD 12 Bits ±ILSB Note 7 9" 35j.l5 TTL C DIP 
ADS 74AKD 12 Bits ±1I2LSB NoteZ S· 35j.ls TTL C DIP 
AD574ALD 12 BiES :!:IIZLSB Notc 2 2' 3Sj.l5 TTL C DIP 
AD574ASD lZ Bits :!:ILSB Note 7 20' 35j.ls TTL M DIP 
ADS74ATD lZ Bits ±II2LSB Note 2 10' 35j.ls TTL M DIP 
ADS74AUD 12 Bits ±1I2LSB Note 2 S' 35j.ls TTL M DIP 

AD7552 12 Bits & Sign 1 Count Note 2 l' 160" TTL & DIP 
CMOS 

MULTI-<:HANNEL 

AD7581JN(AD)' S Bits .~I 718LSB ±l 718LSB Note 5 66.6115'· TTL & Cli DIP 
AD758IKN(BD)' 8 Bits ±314LSB ±7ISLSB Note 5 66.6j.lSIO CMOS CII DIP 
AD7SS1LN(CD)' 8 Bits ±II2LSB ±314LSB NotcS 66.6j.ls'· CII DIP 

HIGH PERFORMANCE 

ADS200BD Series 12 Bits ±IIZLSB Note 2 Notcll SQj.ls TTL DIP 
AD5200TD Series 12 Bits ±1I2LSB Notc 2 Note 11 SOj.ls TTL M DIP 

AD574JD(SD) 12 Bits ±112LSB ±ILSB 50 35j.ls TTL ClMIM DIP 
ADS74KD(LD) 12 Bits ±1I2LSB Note 2 27/10 35j.ls TTL C DIP 
AD574TD(UD) 12 Bits ±112LSB Note 2 2511Z.S 3Sj.ls TTL M DIP 
ADS72AD(BD) 12 Bit ±IIZLSB ±II2LSB 30/15 25115 TTL I DIP 
AD572SD 12 Bits ±1I2LSB ±112LSB IS 25115 TTL M DIP 

ADS2llB. AD5212B 12 Bits ±1I2LSB Note 2 0.4%12 13115 TTL I DIP 
AD5211T. AD5212T 12 Bits ±112LSB Notc2 0.4%12 13j.ls TTL M DIP 
AD5Z14B. AD521SB 12 Bits ±1I2LSB Note 2 0.1%12 13j.ls TTL I DIP 
ADS214T. AD5215T lZ Bits ±1I2LSB Note 2 0.1%12 13j.ls TTL M DIP 
NOTES 

'No mislina codes oyer 1mlp~ture. 9-bit ~tioa Ie .. 0 to +7fi'c,.- -2'''C tD+8SoC. M. -'SOc to +125°C IIP£rcbmnel 

:::o:=Oftrtcm~rafU~ 'No missiq: codes over temperalDR, ll-bit raotutioa: ~l Ablolute AccufKY • to.2"'O.1" of fuD I('IIe input ¥OIu,e ~r t1empel"ltute nIIF 
'Millisecoads. !)Tical It Abmlucc accunc..y enor, 1'miD to 1'max. mIX 

"'Gain error ill LSB, Two to Tma. max -SchUioel, 
't2LSB max pin chaDF from <t2SoC Q)Tmin0rTmax: 
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-..OEVICES Analog-to-Digital Converters 

HIGH RESOLUTION SPECIFICATIONS (maximum @ +2SoC unless otherwise noted) 

Model Rnolulion 

AD7SS0BD 13 Bits 
AD7SSSKN(BD) 5 1/2 Digits 

4 1/2 Digits 

AD ADC71JW 16 Bits 
AD ADC71KW 16 Bits 
AD ADC72JD(AD) 16 Bits 
AD ADC72KD(BD) 16 Bits 

NOTES 

RcIacive 
Al:e1UllC)' 

tlLSB 
±10 Counts 
±1 Count 

±o.0065 

to.OO35 

±o.0065 

to.OO3s 

oof __ 
Gain T.C. 

Nonlinearicy ppmtc 
I 

Note 2 0.2 
Note 3 0.2 

Note 6 IS 
Note7 IS 
Note 6 20(15) 
Note7 20(1S) 

Conversion Temp 
Time Logic Range' Pack.,., 
40mstyp TTLlkCMOS I DIP 
I 760ms CMOS C/I DIP 
610ms CMOS 

SOps DTL Ik TTL C DIP 
SOilS DTL Ik TTL C DIP 
50j.1s DTLlkTTL C(l) DIP 
SOps DTL Ik TTL C(l) DIP 

Ie. 0 10 .7ffc.l- -2SOC to +8t'C s", of FSR 'No missine c()(ks (to 14 bits) over tcmpcnlU~ 
"Count unccnaiacy due to noi:te: t2 counts 'No missinc codes (to 13 bits) over tJernpcranarc (+lcfc to +4d'c - KW;.O to +70

o
C - KD;-2S

e
C to +85"c - BD) 

'Cou"t uDCCrtaiaty due to Doise: tI/2 count (0 to +SOOc - )WjO to +70"C - JD;-lScC to +sSOc - AD) 
• No rnitsiDa codes 

HIGH SPEED/VIDEO FEATURE SELECTION CHART 

Rcsoiurion 

Conversion Time 

Word Rate 

Internal Reference 

6 Bits 
8 Bits 
9 Bits 
10 Bits 
12 Bits 

>SMHz 
>16MHz 
;;.sOMHz 
>100MHz 

Logic Compatibility TTL 
Eel 

Operating 
Temperature 
Ranges 

NOTES 
'ScCOlld Soar .. 

C& Oto +70·C 
I a -25·C to +B5·C 
M = -SS'C to + 12S·C 

'CcIqIIete willi Tnd< oacI Hold. 

• 
• · • 

• 

· · 

• 

• • 

• 
• • • 

• · 

• 

• 

· • 

• 

• 

• 

• 

· · 

• 
• 

• 

HIGH SPEED SPECIFICATIONS (maximum @ +2SoC unless otherwise noted) 

ItcIMivc DifreteatiII Gain T.c. Convenion Temp 
ModeJ IInoIuIioa AccwKy NoaIiDeWy ppmtC Time, min Logic Rance' Pack.,., 
AD51BJN(JD) 12 Bits ±1I2LSB Note 2 30 6j.Is TTL C DIP 
AD57BKN(KD) 12 Bits ±1/2LSB Note 2 30 4.5," TTL C DIP 
AD57BLN(LD) 12 Bits ±1I2LSB Note 2 30 3," TTL C DIP 
ADS78SD(SDl883B) 12 Bits ±1I2LSB Note 2 SO 6ps TTL M DIP 
ADS78TD(TD/883B) 12 Bits ±1/2LSB Note 2 30 4.5," TTL M DIP 

AD5240KD IZ Bits ±1/2LSB Notel 30 5 TTL C DIP 
ADSZ40SD 12 Bits ±1/2LSB Note 2 ZS 5 TTL M DIP 

AD ADC84-10(BHZ) 10112 Biu ±1I2LSB Note 2 30/30 6110 TTL C DIP 
AD ADC8SC-IO(isC-12) 10l1Z Bin ±l/ZLSB Notes 2. 3 40125 '6110 TTL C DIP 
AD ADC8S·IO(BHZ) 10112 Bits ±II2LSB NotesZ.3 20115 6/10 TTL I DIP 
AD ADC8SS-10(BS5-12) 10/12 Bits ±lIZLSB Note 2 25 BI10 TTL M DIP 

ADS19JN 10 Bits ±1/2LSB Notel 30 2.2 TTL C DIP 
ADS 79KN 10 Bits ±1I2LSB Notel 30 1.8 TTL C DIP 
ADS79BD 10 Bits tl/2LSB Note 2 30 I.B TTL I DIP 
ADS79TD 10 Bits ±1/2LSB Note 2 30 I.B TTL M DIP 

HAS1I802 BBits ±1/4LSB Not:e 2 30cyp 1.2ItJcyp TTL C DIP 
HAs-lOO2 10 Bits ±l/lLSB Note 2 301)'P 1.4j<styp TTL C DIP 
HA5-1202 12 Bits ±1/2LSB Note 2 30cyp 2.2ItJtyp TTL C DIP 

NOTES 
IC_O co +1OoC.' __ 25°C to "SoC, M--5SoC to+125°C 'No miIIintI coda 
·No ....... coda_~ 

·ElnnIdcd..........-__ 

Ie ADC FLASH ENCODERS SPECIFICATIONS (typical @ +2SoC unless otherwise noted) 

RdMiw Apertan! Temperature Size. Input 
.wc-cy ~cy Wanl o.M,.c ~ I'IIckace Vol....., 

Madel IIaoIIIIioa ,. pe- a.. Code laches VoiD Impcdonce 

AD6020KD 6 Bits ±1/8LSB 20 detn SOMHz BIN o to +70 16-Pin DIP ±l.S max 25pF' 

ADSOIOKD 6 Bits ±l/BLSB 20 dc:to lOOMliz BIN o to +10 16-Piri DIP tZ.S max 2SpF' 

NOTE 
'~tc.p-.... 
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~DEVICES 

Voltage-to-Frequency and 
Frequency-to-Voltage Converter 

FEATURES 
V/F Conversion to 1MHz 
Reliable Monolithic Construction 
Very Low Nonlinearity 

0.002% typ at 10kHz 
0.005% typ at 100kHz 
0.07% typ at 1 MHz 

Input Offset Trimmable to Zero 
CMOS or TTL Compatible 
Unipolar, Bipolar, or Differential V/F 
V/F or FN Conversion 

PRODUCT DESCRIPTION 
The AD650 V/F/V (voltage-to-frequency or frequency-to-voltage 
converter) provides a combination of high frequency operation 
and low nonlinearity previously unavailable in monolithic form. 
The inherent monotonicity of the V/F transfer function makes 
the AD650 useful as a high-resolution analog-to-digital converter. 
A flexible input configuration allows a wide variety of input 
voltage and current formats to be used, and an open-collector 
output with separate digital ground allows simple interfacing to 
either standard logic families or opto-couplers. 

The linearity error of the AD650 is typically 20ppm (0.002% of 
full scale) and 50ppm (0.005%) maximum at 10kHz full scale. 
This corresponds to approximately 14-bit linearity in an analog-to
digital converter circuit. Higher full-scale frequencies or longer 
count intervals can be used for higher resolution conversions. 
The AD650 has a useful dynamic range of six decades, allowing 
extremely high resolution measurements. Even at IMHz full 
scale, linearity is guaranteed less than 1000ppm (0.1%) on the 
AD650KN, BD and SD grades. 

In addition to analog-to-digital conversion, the AD650 can be 
used in isolated analog signal transmission applications, pllased
locked-loop circuits, and precision stepper motor speed controllers. 
In the FN mode, the AD6S0 can be used in precision tachometer 
and FM demodulator circuits. 

The input signal range and full-scale output frequency are user
programmable with two external capacitors and one resistor. 
Input offset voltage can be trimmed to zero with an external 
potentiometer. 

The AD650JN and AD650KN are offered in a plastic 14-pin 
DIP package and are specified for the commerical (0 to + 70°C) 
temperature range. For industrial temperature range. (- 25°e to 
+ 85°e) applications, the AD650AD and AD650BD are offered 
in a ceramic package. The AD6S0SD is specified for the full 
- 5Soe to + 12Soe extended temperature range. 

AD650 I 
AD650FUNCTIONAL BLOCK DIAGRAM 

BIPOLAR 
OFFSET 4 

CURRENT 
11 ~~~lOG 

9 COMPARATOR 
INPUT 

ORDERING GUIDE 

Gain 
Tempco Specified 

Part ppml"C IMHz Temperature 
Number 100kHz Linearity RangeOC Package 

AD650JN 150typ O.I%typ Oto + 70 Plastic DIP 
AD650KN 150typ O.l%max Oto + 70 Plastic DIP 
AD650AD 150 max O.I%typ - 25 to + 85 Ceramic 
AD650BD 150max O.I%max - 25 to + 85 Ceramic 
AD650SD 150max O.l%max - 55 to + 125 Ceramic 

O.04OR ~.021 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

~77' to 211 r-=0 700 to 010=1 
~OO:: ;g~~_--L 
i- 008612161 

-.- rt01llOt0030 
J451tO~1 

o 047t0 001 -11- -l I- 0 1 12 541 
(118 to III +0 003 

0017_0002 

(0.43~gU 

"D" PACKAGE (TO-116) 
CERAMIC DIP nc---. 0.3'0 0.2S0 L· ~I 

~0.110118.1i8IMAX ~ 

.--wwm--L QJIiQ.lMll 0.'25 
0.21016.33) ~. U 13.1751 ~ MAX 

-H-~ hT 
0.033 ~ 0.100 
10.1I4l 0.02' 10.6331 12.6011 -

"N" PACKAGE 
PLASTIC DIP 

ONE TECHNOLOGY WAY • P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 

2840 @ Ie MASTER 1984 



r.ANALOG 
-"OEVICES 

V IF Converters 
Multiplexers & Switches 

V IF CONVERTERS 
SPECIFICATIONS (typical @ +2S

o
C and Vs = ±lSV dc unless otherwise noted) 

Model 

Analog Input 
Voltage Signal Range - V min 
Current Signal Range - rnA min 
Overrange - % min 

Accuracy 
Nonlinearity, max - at rate F .S. range 

Voltage Input - % 
~urrent Input - % ° 

Gam vs. temperature, ppml C, max 
Input Offset Voltage - mV 

vs. Temperature (0 to +70
o
C) - p.vtc 

Response 
Settling Time - p.s 
Overload Recovery - ms 

Output 
Waveform 
Pulse Width - p.s 
Pulse Polaritv 
Logic "I" (liIGH) Lcvel- V min 
Logic "0" (LOW) Level) Level- V max 

Power Supply 
VOltaic:; Rated Performance - v. dc 
Current, Quiescent - rnA 

Temperature Range2 ° 
Rated Performance - C 

Case Size - Inches 

NOTES 
I Guaranteed over -ssoc to +12SoC tcmper&f:l1R range 
2C. 0 to +70°C. M. -Ssoc to +12SoC 

SPECIFICATIONS 

High Performance 
500kHz 
ADVFC32K(B)(S) 

Oto -lOV 
o to +0.25 

±0.2 
±o.2 
150(100)(150) 
±4max 
±30max 

Ip.s 

Wide Band 
IMHz 
AD6S0j(K)(S) 

o to -lOY 
o to +0.25 

±0.5(±0.1)(±0.2) 
±0.S(±0.1)(±0.2) 
150(100)(150) 
±4max 
±30max 

Ip.s 

Economy/Versatile 
o to 150kHz 
AD537jH(KH)(SH)OD)(KD)(SD) 

-Vs to (+VS -4V) min 
0.11lA to lOOOp.A 
100 

@F= IOUlz 

0.15(0.07)(0.07)(0.15)(0.07)(0.07) 
±1 50(±SO)(±150)(±150)(±50)(t 150) 
±5(±2)(±2)(±5 )(±2)(±2) max 
±S(±l)(±lOmax)' (t5)(±1)(±10 max)' 

____ TRAIN OF TTL/DTL COMPATIBLE PULSES -----..... Symmetrical 
0.1 to O.ISlf max 0.1 toO.lS/f max Square Wave, TTL, DTL, CMOS, 

-------------ECL, HNIL Compatible by Selection ..... --------POSITIVE 
Compatible by 
Resistor Selection 

±9 to ±IS 
6 

C(I)(M) 

D-14·Pin DIP 
U-TO-l00 Can 

Compatible by 
Resistor Selection 

±9 to ±18 
6 

C(C)(M) 

D-14-Pin DIP 

MULTIPLEXERS AND SWITCHES 

SPECIFICATIONS 

of External Resistor 

+5 to +36 or t5 to ±IS 
1.2 

C(C)(M)(C)(C)(M) 

D-14·Pin DIP, H-TO·l00 Can 

(TA = +2S
o
C. VSUPPLY = ±lSV unless otherwise noted) (TA = +2S

o
C. VSUPPLY = ±lSV unless otherwise noted) 

Off 
RON Leakage Temp LogkCom· 

Type' Function n,max nA,max Range2 patibiIity 

RON OFF Temp· Logic Com-

Type' !'unction n,max Leakage Range2 patibility 

ADG200cJ 80 SnA,max C TTL/CMOS 

AD7501JN(JD) 10 Cli CMOS 
AD7501KN(KD) 8-Channcl 300 10 CII TTL/CMOS 

AD7S01SD 5 M TTL/CMOS 

AD7502jNOD) Dual CII CMOS 
AD7S02KN(KD) 4-channe1 300 CII TTL/CMOS 
AD7S02SD (differential) M TTL/CMOS 

AD7S03jN(jD) 10 C/I CMOS 
AD7S03KN(KD) 8-Channel 300 10 CII TTLICMOS 

AD7503SD 5 M TTL/CMOS 

AD7S06jN(jD) 450 20 Cli CMOS 

AD7506KN(KD) 16-Channcl 450 20 Cli TTLICMOS 

AD7506SD 400 10 M CMOS 

AD7506TD 400 10 M TTLICMOS 

ADG200BP 80 SnA,max TTL/CMOS 

ADG200BA Dual SPST 80 SnA,max I TTL/CMOS 

ADG200AP 70 2nA,max M TTL/CMOS 

ADG200AA 70 2nA,max M TTL/CMOS 

ADG201Cj 100 SnA,max C TTL/CMOS 

ADG201BP Quad SPST 100 SnA, max I TTLICMOS 

ADG201~P 80 lnA,max M TTL/CMOS 

AD7S 10DIJN(JD) Quad SPST SnA,max CII CMOS 

~~~~!~~!~~(KD) Note 3 
100 SnA, max Cli TTL/CMOS 

3nA,max M TTL/CMOS 

AD7S11DlJN(JD) Quad SPST SnA,m3.l< CII CMOS 

AD7S11DlKN(KD) Note 3 100 SnA,max CII TTL/CMOS 

AD7S11DlSD 3nA,max M CMOS 

AD7507jN(jD) Dual 4S0 10 CII CMOS 
AD7507KN(KD) S-Channcl 4S0 10 C/I TTLICMOS 
AD7507SD (differential) 400 S M CMOS 
AD7507TD 400 S M TTL/CMOS 

NOTES 

AD7S1lDITD 3nA, max M TTL/CMOS 

AD7S12D1jN(JD) DuaISPDT UnA,max CII CMOS 

AD7S12D1KN(KD) Note 3 100 ISnA, max CII TTL/CMOS 

AD7512DISD 9nA, max M CMOS 

AD7S12D1TD 9nA,ma:'< M TTL/CMOS 

I Suffix "N", plastic DIP, Suffix "0", ceramic DIP AD7S90DlKN Quad SPST 90 SnA,max C TTL/CMOS 

'c, CommericoJ (0 to +7o"C) AD7S90DlBD with Data 90 SnA,max I TTL/CMOS 
I, IDdustrioJ (-2S'C to +85'C) AD7S91DIKN Latches 90 SnA,max C TTL/CMOS 
M, Military (-S5'C to +125'C) AD7S9lDIBD 90 SnA,max I TTL/CMOS 

AD7S92D1KN DuaISPDT 90 SnA, max C TTL/CMOS 
AD7592D!BD ... ~ ..... n ..... 'v JIIC'I., U.&A '''~/_AT1V..::r 

Latches 
NOTES 
I Suff'lXn' N - Pta.ic DIP 

P, D - Cenmic DIP 
A,H-To-l00 

'c, Commercial (0 to +70'C) 
I, IDdustriai (-25·C.to +8S'C) 
M, Military (-55'C to +12S·C) 

• DielecaicaUy isolated features latchup-free ovenoIuge proof opention. 
• VDD - VSS (supply w>ltages) = + 15V 
'VDD (supply vol~). 8V 
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INTEGRATED CIRCUIT REFERENCES 
The accuracy of all measurements is determined by the refer
ence employed. Analog Devices' references use buffered low 
TC precision zener diodes or patented laser wafer trimmed 
monolithic bandgap circuitry. Both include output operation
al amplifi~rs for optimum load regulation. 

The AD2720 precision hybrid reference provides the highest 
initial accuracy and lowest temperature coefficie~t. The 
proprietary temperature compensated design and active laser 
trimming result in ultra high precision performance previously 
available only in oven-regulated modules. 

SPECIFICATIONS 

Voltage References 

ADS84 VOUT = lO.OOOV or 7.S00V or S.OOOV or 2.S00V 
The ADS84 is a unique bandgap reference. Depending on user 
requirements it may be connected to provide anyone of four 
standard voltages without additional external paits. 

SPECIFICATIONS 
(typical @ VIN = +lSV and +2SoC unless otherwise noted) 

Temp 
Maximum Error in m V Stability 
for Nominal Output of, ppmfC Temp 

Model 2.SV SV 7.SV IOV max Rangel 

ADS84jH ±7.S ±15 ±22 ±30 30 C 
AD584KH ±3.5 ±6 ±8 ±10 15 C 
AD584LH ±2.5 ±3 ±4 ±5 5 C 
AD584SH ±7.S ±IS ±22 ±30 30 M 
AD584TH ±3.5 ±6 ±8 ±10 15 M 
NOTE 
1 C = 0 to +70°C, M = -SSoC to +l2SoC 

(min-max @ EIN = +lSV or -lSV and +2S
o
C unless otherwise noted) 

OuIpU, OUlput 
Oulput VoI"'!:e OulpUt Temp Oulput Voltage Output Temp 
Volt .. e ToIennce CUrKIll Stability Time Temp Vol,. Tolenmce Current Stability Time Temp 

Model Volts '!!.Enor mA ppmte Stability (typ) Rant:c' Model Volts "'Error mA ppmte Stability (typ) Rant:c' 
ADS80jH(KH)(LH)(MH) 2.5 3.0(1.0)(0.4)(0.4) 10 85(40)(25)(10) 2S"V/Month C AD2700J(S) 10.000 ±O.OS 10 10(3) looppm pcr 11M 

2S0"V Long AD27ooL(U) 10.000 ±0.02S 10 3 1000 Hours 11M 
Term ~+S5QC 

ADS80SH(TH)(UH) 2.5 1.0(0.4)(0.4) 10 55(25)(10) 2S"V/Month .\I AD2701)(S) -10.000 ±O.OS 10 10(3) looppm pcr 11M 
2S0"V l.on~ AD270IL(U) -10.000 W.025 10 3 1000 Hours 11M 
Term (al +SSoC 

ADS8IjH(KH)(LH) 10.000 ±0.3(0.1)(0.OS) 10 30(15)(5) 2Sppm pcr C AD2702)(S) ±IO.OOO ±O.OS 10 10(5) looppm per 11M 
1000 Hour.; AD2702L(U) ±1O.ooo ±0.025 10 5(3) 1000 Hours 11M 
Noncumulative @+5Soe 

AD58ISH(TH)(Um 10.000 to.3(0.1)(0.05) 10 30(15)(5) 25ppm per M 
AD27JOKN(1.N) +10.000 to.OI 10 2(J) e 1000 Hour.; 

Noncumulative AD2712KN(LN) ±IO.OOO ±0.01 10 2(1) e 

AD589JH(KH)(LH)(MH) 1.235 -2.8, +1.2 100(50)(25)( 10) c AD2720AH +10.000 ±0.02 25ppm per 
AD2720BH +10.000 ±0.01 1000 Hours 
AD2720CH +10.000 ±D.OI @+2Soe 

AD589SH(TH)(UH) \.235 -2.8, +1.2 IO()(SO)(2S) M AD2720SH +10.000 ±D.02 M 
typ AD2720TH +10.000 ±D.OI M 

NOTES 

Ie", 0 to +10"C, I ~-2S"C [0 +8S"C. Ma-SS~C to +12S"C 

FEATURE SELECT ION CHART 

/1:110!~~1 ~ ~ ... ~ ~ ~ ~ ~ 
~ ~ ~ ~ ~. ~ ~ ~ 

Output Voltage Range. 1.23SV • • 
2.SV • • • 
S.OV • 
7.SV • 
+lO.OOV I. • • • • 
-lO.OOV • 
±lO.OOV • • 

Output Voltage Tolerance <to.4% • • • • • • • 
~O.OS% • • • • • 
~O.02S% • • • 
<to.Ol2% • • 

Temperature Stability C;;;;2SppmtC • • • • • • • • 
C;;;;lOppmtC • • • • • • 
C;;;;SppintC' • • • • • 
C;;;;lppmtC • • 

Temperature Range o to +70°C • • • • • • • • 
-2SoC to +8SoC • • 
-SSoC to +12SoC • • • • • 

Package Style Hermetic Package • • • • • • • 
. Plastic Package • 

Diet Available • • • • 
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FEATURES 
Fast 2.5J1S Acquisition Time to ±0.01% 
Low Droop Rate: 0.5mV/ms 
Low Offset: 1 rriV 
Sample/Hold Offset Step: 1mV 
Aperture Jitter: 0.5ns 
Military Temperature Range: - 55°C to + 125°C 
Internal Hold Capacitor 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay & Storage 
Peak Amplitude Measurements 

PRODUCT DESCRIPTION 
The AD585 is a monolithic sample-and-hold circuit consisting 
of a high performance operational amplifier in series with an 
ultra-low -leakage analog switch and a FET input integrating 
amplifier. An internal holding capacitor and connections to the 
internal feedback resistors, completes the sample and hold. 

With the analog switch closed, the AD585 functions like a standard 
op amp; any feedback network may be connected around the 
device to control gain and frequency response. With the switch 
open, the capacitor holds the output at its previous level. 

The AD585 offers performance previously unavailable in 
monolithic sample-and-hold amplifiers. The combination of a 
fast acquisition time (2.5JLs to 0.01%) and low offset step (hnV) 
are suitable for high speed 12-bit data acquisition systems. 

The device is available in two versions: the''']'' specified for 
operation over the 0 to + 70°C cOInmercial temperature range 
and the "S" specified over the full extended temperatUre range 
- 55°C to + 125°C. 

PIN CONFIGURATION 

AD585 

High Speed 
Sample-and-Hold Amplifier 

AD585 I 
AD585 FUNCTIONAL BLOCK DIAGRAM 

TTL 
__ LOGIC REF 
HOLD REF OUT +Vs Rw RFB VOUT 

-Vs NULL 

PRODUCT HIGHLIGHTS 
1. The droop rate is'only 0.5IilV/ms so that it may be used in 

slower high accuracy systems without the loss of accuracy. 

2. The fast acquisition time and low aperture make it suitable 
for very high speed data acquisition systems. 

3. The AD585 has internal pretrimmed application resistors for 
applications versatility. 

4. The AD585 is complete with an internal hold capacitor for 
ease of use and capacitance can be added externally to achieve 
higher accuracy. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (1llID.). 

I:- 0.430 110.921--1 _ -

O~. "021t [ : : : ] : I OJ~f[[f·21 
- - ~ ~ 

0.095 (2.411 

ll.I" ':"U.IOl 
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FEATURES 
Aperture J,itter of 5ps 
Acquisition Time 10ns 
Output Current ± 40mA 
Slew Rate 300V I f.ls 

APPLICATIONS 
Data Acquisition Systems 
Radar Systems 
Instrumentation Systems 
Medical Electronics 

GENERAL DESCRIPTION 
The Analog Devices HTS-OOIO Track-and-Hold is another 
example of Analog's continuing efforts to advance.the state of 
the art in high-speed circuits. 

The HTS-OO 1 O' adds breadth to a line of devices which offers 
designers the industry's widest range of track-and-hold and 
sample-and-hold units. 

Its pinouts are similar to its predecessor HTS-002S Track-and
Hold, but it provides enchanced performance in many of the 
characteristics established by that device. Two pins which are 
unused on the HTS-002S are used on the HTS-OOIO, but with 
those exceptions, the two devices have identical pin assignments. 
This plug-in compatibility gives designers remarkable flexibility 
in selecting those parameters which are optimum for their 
applications. 

The HTS-OOIO Track-and-Hold (T/H) uses many of the proven 
design concepts which have made the HTS-002S T/H the standard 
of comparison for high-speed circuits of this type. A dc-coupled 
Schottky diode bridge is driven by a high impedance buffer 
amplifier and followed by a low impedance output amplifier to 
achieve the best possible combination of speed and drive 
capabilities. 

All models of the HTS-OO 1 0 are housed in a standard 24-pin 
metal DIP. The unit operating over a temperature range of 0 to 
+ 70°C is HTS-OOlOKD; the unit for a range of - 55°C to + 100°C 
is HTS-OOlOSD. 

HTS·OIOO FUNCTIONAL BLOCK DIAGRAM 

HOLD 
COMMAND 

Vee + PWR 
GND 

PWR 
GND 

Ultra High Speed Hybrid 
Track-and-Hold Amplifiers 

HTS-0010 I 
OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 

1

_ 0.780 MAX--, 
, (19.8) I 

0.175MAX-R 
(4.45) 

?62~ -.- 0.018 ±0.OO2 DIA 
. ), (0.46 ±0.05) 

0.090 
(2.29) 

L 

-( 12-

:-(1-

--

--

r-13 )-

24 < 

1 
1.280 
MAX 

T""BOTTOM I 
T VIEW-I 

[[" 
I -I 1-- 0.090 (2.29) 

I-- 0.1 (2.541 GRID 

DOT ON TOP AND CERAMIC BEAD ON . 
BOTTOM INDICATE POSITION OF PIN 1. 

PINS ARE GOLD PLATED. 

PIN DESIGNATIONS 

PIN FUNCTION 

1 Vcc + (+5VI 
2 Vcc-(-5VI 
3 V- (-15VI 
4 V£E(-5.2VI 
5 HOLD COMMAND 
6 DIGITAL GROUND 
7 POWER GROUND 
8 V+ (+15VI 
9 v':'c+ (+5VI 

10 v cc - (-5VI 
11 POWER GROUND 
12 V-(-15VI 
13 ANALOG INPUT 
14 N/A 
15 N/A 
16 N/A 
17 N/A 
18 ANALOG GROUND 
19 ANALOG GROUND 
20 AUXILIARY HOLD 
21 POWER GROUND 
22 V+(+15V1 
23 N/A 
24 ANALOG OUTPUT 

POWER GROUND (PINS 7, 11 AND 
211, ANALOG GROUND (PINS 18 
AND 191, AND DIGITAL GROUND 
(PIN 61 MUST BE CONNECTED TO· 
GETHER AND TO A LOW·IMPED· 
ANCE GROUND FOR PROPER OP· 
ERA TlON. MAKE CONNECTIONS 
AS CLOSE TO DEVICE AS POSSIBLE. 
HYBRID CASE IS CONNECTED TO 
ANALOG GROUND INTERNALLY. 
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FEATURES 
700ns Acquisition Time 
<750mW Power Dissipation 
14-Pin DIP 
0.01% Unearity 

APPLICATIONS 
Data Acquisition Systems 
Data Distribution Systems 
Analog Delay and Storage 
Peak Amplitude Measurements 

, GENERAL DESCRIPTION 
The Analog Devices HTC-0500 Track/Sample Hold is a remark
able combination of speed and low power dissipation in a 14-pin 
DIP. Its low cost makes it extremely attractive for a wide range 
of applications which were often uneconomical until now. 

Exceptional speed and minimum power in a small ~ cost-effective 
package are not the oniy characteristics which make this unit 
worth serious consideration for a variety of uses. The innovative 
design ideas which have been included make it possible for the 
user to vary the gain of this inverting amplifier. 

In many instances, Track/Sample-Hold devices may allow the 
user to decrease the gain, but increasing the gain is impossible. 
This is because the majority of these units close the feedback 
loop internally. 

The HTC-0500, however, gives the designer flexibility when it 
is incorporated into its system application because it can be 
varied around its normal unity gain. In fact, as shown in Figure 
1, the user must close the feedback loop externally with a strap 
to get proper operation. 

The HTC-0500 is a perfect choice for use with Arullog Devices' 
converters such as the HAS-1202, AD578, and AD579 in 
applications which dQ not require the speed of the model HTC-0300 
Track-and-Hold, but require higher speed than the ADSHC-85. 

The standard unit is housed in. a metal dual in-line package; its 
model number is HTC-0500AM. A temperature range of - 55°C 
to + 125°C is available with model HTC-0500SM. 

High Speed Hybrid 
Track-and-Hold Amplifiers 

HTe-0500 I 
HTC-OSOO FUNCTIONAL BLOCK DIAGRAM 

HTC-OSOO 

3k 

EXTERNAL 
STRAP BY 

~\ 
14 ADJUST] 

OUTPUT 

9 +15V ----, 

} 
----..., : 

12 I I 

:~~J 
?'2tcTO 

11 -----' 5k 

CASE IS GROUNDED 

NORMAL GAIN (-11 OPERATION 

MECHANICAL DIMENSIONS 
Dimensions shown in inches and (mm). 

I,~", I 
r 

0.186 
MA 1 

(5.84) 0.230 
MIN --- I--

0.018 D IA. 
TYP ~ ±0.002 

~ 

i! 

0.100 (2.54) ±0.DD2 
6 PlACES 
~ 

1, I 7 

-0-@-0-@-@-G-@-

f'!+1 

°L _@_@--@--@-@--@_@_ 
I 1'4 I I 8 

~_+----0.600 (15.24) ±0.002----l 

~--- 0.872 (22.151 MAX -------o~ 

BOTTOM VIEW 
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ADVANCED TECHNICAL DATA 
FEATURES 
Complete Data Acquisition System in 2-Package IC Form 
FuIlS- or 16-Bit Microprocessor Bus Interface 
16 Single-Ended or S Differential Channels with Switchable 

Mode Control 
True 12-Bit Operation: Nonlinearity ~±O.012% 
Guaranteed No Missing Codes Over Specified Temperature 

Range 
High Throughput Rate: 20kHz 
Fast Successive Approximation Conversion: 25IJs 
Buried Zener Reference for Long-Term Stability and 

Low'Gain TC 
Small Size: Requires Only 2.S Square Inches 
Short-Cycle Capability 
Low Power: 1.4 Watts 
ExteRded Temperature Range: -55°C to +125°C 

PRODUCT DESCRIPTION 
The AD364 is a complete 16 channel, microprocessor com
patible. 12-bit data acquisition system in integrated circuit 
form. The AD364 design is implemented with linear com
patible LSI chips, active laser trimming and hybrid technol
ogy resulting in maximum performance and flexibility. 

The AD364 consists of two separate functional blocks, each in 
a hermetically sealed dual-in-line package. The analog input 
section contains two eight-channel multiplexers, a differential 
amplifier, a sample-and-hold, a channel address register and 
control logic. The multiplexers may be connected to the dif
ferential amplifier in either an 8-channel differential or 16-
channel single-ended configuration. A unique feature of the 
AD364 is an internal user-controllable analog switch that 
connects the multiplexers in either a single-ended or differen
tial mode. This allows a single device to perform in either 
mode without hard-wire programming and permits a mixture 
of single-ended and differential sources to be interfaced to an 
AD364 by dynamically switching the input mode control. 

The ADC section contains a complete 12-bit successive ap
proximation ADC, including internal clock, precision 10 volt 
reference, comparator and bus interface. The ADC uses the 
newly-developed LCI (Linear-Compatible Integrated Injection 
Logic) process to provide the low power logic necessary to 
make a high speed 12-bit ADC and 3-state-output buffer 
circuitry for direct interface to an 8-, 12- or 16-bit micro
processor bus. 

AD364 ORDERING GUIDE 

Model linearity Temp. Range 

AD364JD ±O.O24% o to +70°C 
AD364KD ±O.O12% o to +70

O
C 

AD364SD ±O.O24% -55°C to +12S
o
C 

AD364TD ±O.O24% -55°C to +12S
o
C 

Fast, Complete, 16-Channel 
uP Compatible 12-Bit 

Data Acquisition System 
AD364 I 

AD364 FUNCTIONAL BLOCK DIAGRAM 

OUTLINE DIMENSIONS 
PACKAGE SPECIFICATIONS 

Dimensions shown in inches and (mm). 
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r.ANALOG a... DEVICES Sample /Track-Hold Amplifiers 

r 
IC SAMPLE-HOLD AMPLIFIERS 
The ADS82, ADS83 and ADS8S are monolithic sample-and
hold amplifiers with high performance internal amplifiers and 
a low leakage analog switch. An external hold capacitor is used 
with the ADS82 and ADS83, while the ADS8S includes an on
chip hold capacitor. 

The ADS 82 is the lowest cost SHAj yet it can replace many 
modular and hybrid units. For faster acquisition time or 
greater precision, the ADS83 and AD58S are recommended. 

SPECIFICATIONS (typical @ +2SoC unless o~herwise noted) 

Open Loop 
Gain Gain Acquisition 
RL=2kil Output Bandwidth Time 

Model kmin Vmin/mAmin MHz (0.1%)1 

AD582K 25 3 ±10/±10 1.5 6ps 

AD582S 25 3 ±10/±1O 1.5 6115 

AD583K 25 3 ±10/±1O 2 4ps 
AD585] 303 ±10/±IO 2.5 2. 5ps5 

AD585S 303 ±10/±1O 2.5 2. 5ps5 

ADSHC-85 +1 ±10/±106 0.2 4.5ps5 

ADSHC-85ET +1 ±10/±106 0.2 4.5ps5 

HTS-OOI0KD/SD 0.96 ±2/±40 60 15ns 
HTS-0025 0.92 ±21±50 30 30ns 
HTS-0025M 0.92 ±2/±50 20 30ns 
HTC-0300 -1 ±10/±50 8 170ns 
HTC-0300A -1 ±10/±sO 10 150ns 
HTC-0300AM -1 ±10/±50 10 ls0ns 
HTC-0300M -1 ±10/±50 8 170ns 
HTC-0500AM -1 ±121±15 2 700ns 
HTC-0500SM -1 ±12/±ls 2 700n5 

NOTES 

~ AV=l, RL =2k, CL =SOpF 
~C =0 to +70"C,I" -2S,oC to +8SoC, M = -SSoC to +12SoC, MR = -55°C to +l00°C 
JOpen-ioop gain - k min, RL = 2kn 
• Droop current; rate depends on external capaciunce 
'Acquisition Time to 0.01% 
6Typical outputs 

Greater speed is provided by the HTC-oSOO, with an acquisi
tion time of 700ns. The highest speed IC track-and-holds are 
the HTC-0300, HTC-0300A and HTS-002S. These units have 
acquisition times, respectively, of 170ns, lS0ns and 30ns. 

The HTC-oSOO, HTC-0300 and HTC-0300A are used with fast 
ADC's such as the HAS Series, the ADS78, or ADS79. The 
HTS-002S is optimized for use with "video" ADC's and is also 
an excellent choice for use as a·deglitcher at the output of 
high-speed current output DAC's. The ADSHC-8S is a second 
source Jor a generic industry-standard device. 

" 
Aperture Droop 
Time Aperture Rate Oper, 
ns Uncertainty mV/ms Temp2 Package 

150 15ns 100pA4 C 14-Pin DIP 
TO-IOO 

150 lSns lOOpA4 M 14-Pin DIP 
TO-IOO 

50 5ns 50pA4 C 14-Pin DIP 
10 Ins 0.5 C 14-Pin DIP 
10 Ins 0.5 M 14-Pin DIP 
25 0.5ns 0.2 C 14-Pin DIP 
25 0.5ns 0.2 M 14-Pin DIP 
-2 5ps 0.1 C/M 24-Pin DIP 
10 20ps 200 C 24-Pin DIP 
10 20ps 200 MR 24-Pin DIP 
10 lOOps 5 C 24-Pin DIP 
6 lOOps C 24-Pm DIP 
6 lOOps M 24-Pin DIP 
6 lOOps MR 24-Pin 011' 
30 60ps 0.5 14-Pin DIP 
30 60ps 0.5 M 14-Pin DIP 

ONE TECHNOLOGY WAY • P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 - '. 
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BURR-BROWN@ 

IElElI DATA CONVERSION 
ANALOG-TO-DIGITAL CONVERTERS 

Conversion Tempco Input 
Resolution Linearity Error Time Bipolar Range 

Description Model (Bits) (% of FSR) max (psec) max (ppm of FSRfO C) max (V) Package 

-55° C to +200° C ADC10HT 12 ±0.012 to ±0.048 50 ±34to ±63 ±5, ±10, +10, +20 Hermetic 
DIP 

High Speed ADC60 8 -12 ±0.195 to ±0.0244 0.88 - 3.5 ±15to ±20 ±2.5to +20 Module 

High Resolution ADC71 16 ±0.003 to ±O.OO6 50 ±15 ±2.5 to ±20 DIP 
ADC72 16 ±0.003 to ±0.006 50 ±12 to ±17 ±2.5to ±20 Hermetic 

DIP 
ADC73/731 16 ±0.0015 to ±0.OOO75 170 ±10 ±5, ±10, +10, +20 Module 

High Speed, ADC76 16 ±0.OO3 to ±0.006 15 ±15 ±2.5 to +20 DIP 
High Resolution 

Low Cost ADC80 10 -12 ±0.048 to ±0.012 21 - 25 ±23 ±2.5 to ±10 DIP 

High Speed, Low Cost ADC82 8 ±0.2 2.8 ±60 ±2.5 to +20 DIP 
ADC84 10 -12 ±0.012 to ±0.048 6 -10 ±21 ±2.5 to ±10 Hermetic 

" DIP 

High Speed, ADC85 10 - 12 ±0.012 to ±0.048 6 -10 ±13 to ±26 ±2.5 to ±10 Hermetic 
Low Drift DIP 

Ultr~-High Speed ADC803 12 ±0.015 to ±0.02 1.5 ±30 o to -10V, ±5V Hermetic 
DIP 

DIGITAL-TO-ANALOG CONVERTERS 

Tempco Settling 
Linearity Error (ppm of Output Time (FSR 

Description Model Resolution (% of FSR) max FSR/OC) max Range ±1/2LSB) Package 

-55°C to +200°C DAC10HT 12 Bits ±0.012 to ±0.048 ±20 to ±50 ±2.5, ±5, ±10, 200nsec Hermetic 
+5, +10 DIP 

Very High Speed DAC60 10 -12 Bits ±0.012 to ±0.048 ±15 -5 to ±2.5mA 40 -150nsec Module 

Ultra High Speed DAC63 12 Bits ±0.01 25 o to :-10, ±5mA 40nsec DIP 

High Resolution DAC70 16 Bits, . ±0.003 to ±0.OO5 ±12to ±24 Oto-2mA, 50psec Hermetic 
4 Digits ±1mA DIP 

DAC71 16 Bits, ±O.OO3 to ±0.005 ±15 to ±50 o to ±10V, 1 - 10psec DIP 
4 Digits -2 to ±1mA 

DAC72 16 Bits, ±0.OO3 to ±0.005 ±10 to ±40 o to ±10V, 1 - 10psec Hermetic 
4 Digits -2 to ±1mA DIP 

DAC73 16 Bits ±0.OOO75 to ±0.0015 ±24 ±2.5 to ±10V, 50psec Module 
-2to±1mA 

DAC736 16 Bits ±0.OOO75 to ±O.i~ '5 ±24 ±2.5 to ±10V, 50psec Module 
-2 to ±1mA 

High Resolution DAC7011 16 Bits ±0.003 ±18 to ±28 o to +10V, Bpsec Hermetic 
Monolithic 703 ±10V DIP 

DAC7001 16 Bits ±O.003 ±18 to ±28 Oto -2mA, 300nsec Hermetic 
702 ±1mA DIP 

High Resolution DAC74 16 Bits ±0.OO75 o after o to +10V, 50psec Module 
Self-Calibrating self-calibration ±10V 

+15°C to +45°C 

Low Cost DAC80 12 Bits, ±0.012 to ±0.025 ±25 ±2.5 to ±10V, 300nsec DIP 
3 Digits -2 to ±1mA to 5psec 

Voltage and DAC82 8 Bits ±0.16 ±50 ±2.5 to ±10V, 2.5psec Hermetic 
Current Output -1.6 to ±0.8mA DIP 

Low Drift DAC85 12 Bits, ±0.012 to ±0.025 ±5 to ±20 ±2.5 to ±10V, 300nsec Hermetic 
3 Digits -2 to ±1mA to 5psec DIP 

Monolithic DAC90 8 Bits ±0.2 ±50 -2 to ±1mA 200nsec Hermetic 
DIP 

DAC800 12 Bits ±0.012 ±25 -2.5 to ±1CV, 300nsec DIP 
-2.35 to ±1.175mA to 5psec 

Very Low Cost DAC800P 12 Bits ±0.012 ±25 ±2.5, ±5, ±10, 3psec Plastic 
Monolithic o to +5, 0 to +10 DIP 

Monolithic ·DAC850 12 Bits ±O.012 ±17 ±2.5 to ±10V, 300nsec Hermetic 
-2.35 to ±1.175mA to 5psec DIP 

DAC851 12 Bits ±0.012 ±30 ±2.5 to ±10V, 300nsec Hermetic 
-2.35 to ±1.175mA to 5psec DIP 

[This table continued on next page J 
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BURR~BROWN@ 

IElElI DATA CQNVERSION [cont] 
DIGITAL-AUDIO CONVERTERS 

Resolution Total Harmonic Conversion Input Range Dynamic 
Description Model (Bits) Distortion (max) Time (max) (V) Range 

PCM-Audio AID Converterl2J PCM75KG 16 0.02% at -15dB 17psecl1l ±2.5, ±5, ±10 90dB 
PCM75JG 14(3

) 0.05% at -15dB 15psecl1l ±2.5, ±5, ±10 90dB 

Resolution Total Harmonic Settling Output Dynamic 
Description Model (Bits) Distortion (max) TimelS

) Range (V) 

PCM-Audio D/A Converter PCMSOKG 16(4
) 0.02% at -15dB 5psec ±5, ±10 96dB 

Low Cost PCM-Audio PCM52JG-V/53JG-V 16 0.04% at -2OdB ~ ±5, ±10 96dB 
01 A Converter 

NOTES: (1) Can be reduced to 8psec. (2) With internal 16-bit DAC. (3) Can operate at 16 bits. (4) can operate at 14 bits. (5) 20V step. 

VOLTAGE-TO-FREQUENCY CONVERTERS 

VIN Range FOUT Range Linearity Temp,co (ppm of 
Description Model (V) (kHz) (% of FSR) max FSR/°C) max Pac.kage 

-
High Linearity VFC320 o to +10 o to 1000 ±O.005% at 10kHz ±20 to ±50 DIP& 
Monolithic ±0.03% at 100kHz TO-1oo 

, ±O.1% typ at 1MHz 

High Linearity VFC62 o to +10 o to 1000 ±O.005% at 10kHz ±20 to ±SO DIP& 
Monolithic ±O.03% at 100kHz TO-1oo 
Totem Pole Output ±O.1% typ at 1 MHz 

Low Cost, Monoiithic VFC32 Oto +10 Ot05OO ±O.01 at 10kHz ±75 to ±150 DIP& 
±O,05 at 100kHz TO-lOO 

Low Cost, VFC42 o to +10 o to 10 ±0.01 ±1oo DIP 
Complete Hybrid VFC52 Oto +10 a to 100 ±0.05 ±1SO DIP 

Low Drift, Complete VFC12 o to +10 o to 10 ±D.01 50 Module 
VFC15 Oto +20 Ot02O ±O.01 SO Module 

MICROPROCESSOR-INTERFACED ANALOG INPUT SYSTEMS 

Resolution Accuracy Accuracy Drift 
Compatible With Model Channels (Bits) (% of FSR) max (ppmrC) max 

I 
Packagei 

8080, SC/MP Compatible MP20 8 Differential, 16 Single-ended 8 ±D.8 at high gain, ±0.4 at low gain ±40 DIP 

6800, 6502 Compatible MP21 8 Differential, 16 Single-ended 8 ±0.8 at high gain, ±0.4 at low gain ±40 DIP 

Universal MP22 8 Differential, 16 Single-ended 12 ±0.4 at high gain, ±0.1 at low gain ±25 DIP 
MP32 8 Differential, 16 Single-ended 12 ±O.4 at high gain, ±0.05 at low gain ±25 DIP 

MICROPROCESSOR-INTERFACED ANALOG OUTPUT SYSTEMS 

8080, SC/MP Compatible MP10 2 i 8 ±0.4 ±80 DIP 

6800, 6502 Compatible MP11 2 I 8 ±O.4 ±80 DIP 

DATA ACQUISITION SYSTEMS 

Resolution Accuracy Throughput 
Description Model Channels (Bits) (%of FSR) Rate (kHz) Package 

Modular, Low Level SDM853 8 Differential, 16 Single-ended 12 ±O.025 30 Module 
Hybrid, ±10V Input SDM854 8 Differential, 16 Single-ended 12 ±0.024 to ±O.048 25 to 33 DIP 
Hybrid, ±5V Input SDM856 8 Differential, 16 Single-ended 12 ±0.024 to ±0.048 25 to 33 DIP 
Hybrid, Low Level SDM857 8 Differential, 16 Single-ended 12 ±O.024 to ±0.048 18 to 22 DIP 
Modular, Low Level SDM858 8 Differential, 16 Single-ended 12 ±0.025 (at G = tOO) 8 Module 

SAMPLE/HOLD CIRCUITS 

Gain Offset Error Charge Offset Droop Rate Tempco Acquisition 
Description Mode! Iot.\ IrnV\ 1 .... 1/1 (mV/msec) 1 __ .- _4 tln\II0r'\ T: __ I. ___ \ ~ __ L. ___ 

,'VI , .... , \111., \..,,.,IIIVI'-VY/ ~I Illllv",,""v"'"l ravl\a~c; 

Low Cost, Complete SHCSO ±O.Q1, ±2 max ±2max O.Smax ±3 10 max DIP 

High Speed, Complete SHC85 ±0.01, ±2 max ±2max 0.5 max ±3 4.5 max Herr,netic DIP 

Low Cost, Monolithic SHC298 ±0.01 max, ±7 max ±25 max 0.125 max ±4 10 max TO-99 

Very High Speed SHM60 ±O.01 max, ±1.5 ±1.5 0.005/0.001 ±2 1 max Module 

[This table continued on next page] 
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BURR-BROWN® 

I EEl EEl I DATA CONVERSION [cont] 

MULTIPLEXERS 

Input Range On Resistance Crosstalk (% of Off Settling Time 
Type Model Channels (V) (kp) max Channel Signal) (to 0.01%) (psec) ,Package 

CMOS MPCBS 8 Single-ended ±15 1.8 0.005 5 Hermetic DIP 
MPC4D 4 Differential ±15 1.B 0.005 5 Hermetic DIP 
MPC16S 16 Single-ended ±15 1.8 0.005 7 Hermetic DIP 
MPC8D B Differential ±15 1.8 0.005 7 Hermetic DIP 

CMOS MPC800 16 Single-ended, ±15 0.75 0.0005 0.8 Hermetic DIP 
(-55 to +125°C) 8 Differential 

MPC801 B Single-ended, ±15 0.75 0.0005 O.B Hermetic DIP 
4 Differential 

OPERATIONAL AMPLIFIERS 

LOW DRIFT 

Rated Offset Voltage Bias Current Frequency Response 
Output at 25°C Temp. Drift at 25°C Unity Gain Slew Rate 

Description Model ±V ±mA mV IlVfOC pA MHz V/llsec Package 

Low Power OPA21 13.5 1.3 0,1 - 0.5 1-5 50 - 100nA 0.6 0.25 TO-99, DIP 

Low Noise OPA27 12 11.5 0.025 - 0,1 0.6 -l.B 40- BOnA 5 1.7 TO-99, DIP 

Low Noise (AV = 5 min) OPA37 12 11.5 0.025 - 0.1 0.6 - 1.8 40- 80nA 40 11 TO-99, DIP 

Switchable-Input OPA201 ±10 ±5 0.1 - 0.5 1 - 5 25 - 50nA 0,$ 0.1 min DIP 
(SWOP-Amp) 

Chopper- 3291 10 5 0.02 - 0,10 0,10 - 1 ±50 to ±1oo 3 6 Module 
Stabilized 3354 10 5 0.03-0.10 0.10 -'1 ±20 to ±50 3 6 Module 

3271 50-110 20 0.05 1 ±BO 1 20 Module 

Bipolar 3500 10 10 0.5 - 5 1 - 20 ±15 to ±50nA 1,5 0.6 - 1 TO-99 
3501 10 5 2-5 5 - 20 ±3 to ±15nA 0.5 0,1 TO-99 
3510 10 10 0.06-0,15 0.5 - 2 ±15 to ±35nA 0.4 0.5 TO-99 

FET' 3521 10 10 0.25 - 0.50 1 - 10 -10 to -20 1,5 0.6 TO-99 
3527 10 10 0.25 - 0.50 2 - 10 -2 to-5 1 0.6 TO-99 

LOW BIAS CURRENT 

-550 C to +200° C OPA11HT 10 15 5 5 ±25nA 12 7 TO-99 

Low Bias, Low Drift, OPA100 10 5 0.25 - 1 5 -15 ±1 to ±3 1 2 TO-99, DIP 
Enhanced Bi FET 

Low Noise OPA101/102 12 12 0.25 - 0.5 5 - 10 -10 to -15 10 5 - 10 TO-99 

Low Bias OPA103 10 5 0.25 - 0.5 2 - 25 -1 to-2 1 0.9 TO-99 

Ultra-Low Bias OPA104 10 5 0.5 -1.0 10 - 25 -0.075 to -0.3 1 1.6 TO-99 

FET Ultra-Low Bias 352B 10 5 0.25 - 0.50 5 -15 ±0.075 to -0.30 0.7 0,3 TO-99 
Low Bias 3527 10 10 0.25 - 0.50 5 - 15 -2 to-5 1 0.6 TO-99 
Low Bias 3522 10 10 0.5 - 1 10 - 50 -1 to -10 1 0.6 TO-99 
Low Drift 3521 10 10 0.25 -0.50 1 - 10 -10 to -20 1.5 0.6 TO-99 
Low Cost 3542 10 10 20 50 -25 1 0.5 TO-99 

Varactor 3430 10 5 Adj. to 0 10 - 30 ±0.01 2kHz O.4V/msec Module 
3431 10 5 Adj. to 0 10 - 30 ±0.01 2kHz O.4V/msec Module 

HIGH VOLTAGE 

FET 3584 65 - 145 15 3 25 -20 7 150 TO-3 
3583 40 -140 75 3 25 -20 5 30 TO-3 
35BO 10 - 145 15 - 60 3 - 10 25 -30 -20 to -50 5 15 - 20 TO-3 

HIGH CURRENT 

High Power OPA501 32 lOA 5 - 10 40-65 20 - 40nA 1 1.5 TO-3 

FET 3573 20 2A 10 65 40nA 1 1.5 TO-3 
3572 30 2A 2 40 -100 0.5 3 TO-3 
3571 30 lA 2 40 -100 0.5 3 TO-3 

Buffer 3553 10 200 50 300 -200 32 2000 TO-3 
3329 10 100 50 - Bipolar 1 63 DIP 

[This table continued on next pagel 
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BURR-BROW'N@ 

IElElI OPERAtiONAL AMPLIFIERS [coni] 

WIDEBAND 

Rated Offset Voltage Frequency Response ts Com-
Output at 25°C Temp. Drift A-BW Slew Rate ±0.1% pensa-

Description Model ±V ±mA mV pvrc MHz V/psec nsec tion Package 

-55° to +200°C OPA12HT 10 10 10 30 20, A = 10 80 200 int. TO-99 

Fast Settling OPA605 10 30 0.5 -1.0 5 - 25 200, A = 1000 300 500 ext. DIP 

Differential 3554 10 100 1 - 2 15 - 50 1000, A = 1000 1000 120 ext. TO-3 
3551 10 10 1 50 50, A = 10 250 400 ext. TO-99 
3550 10 10 1 50 10-20,A=1 65 -100 400 int. TO-99 
3508 10 10 5 30 100, A = 100 20 - ext. TO-99 
3507 10 10 10 30 20, A = 10 80 200 ext. TO-99 

Buffer 3553 10 200 50 300 32111 2000 - - TO-3 

(1) Full power bandwidth 

INSTRUMENTATION AMPLIFIERS 
LOW DRIFT 

Gain Input Parameters Dynamic 
Non- Rated CMR, OCto Offset Voltage Response 

Linearity Output 60Hz, G = 10 vs. Temp. G=1oo 
Description Model Range (VN) G = 100, max VirnA 11<0 UnbaL max (PV/OC) ~"""D O\AI -L.,""uu. DYY Package 

MonolithiC, Low Cost INA101 1 - 1000 ±0.003% ±10/±5 96dB, min ±o.25 ±10/G 25kHz TO-100, 
Very High Accuracy DIP 

Low Drift, 3636 5 -1000 ±0.04% ±10/±5 80dB, min. ±(1 +5/G) 14kHz DIP 

Low Cost 3629 5 -1000 ±0.004% ±10/±10 SOdB, min. ±(0.75 + 5/G) 30kHz DIP 

General Purpose, 3660 1 -1000 ±0.03% ±10/±10 9OdB, min. ±(2+500/G) 72kHz TO-100 

Low Cost 3662 1 -1000 ±0.05% ±10/±10 84dB, min. ±(2+400/G) 74kHz DIP 

Buffer, Unity Gain, 3627 1 (fixed) ±0.OO1% ±10/±5 100dB, min. 20 800kHz TO-99 

Differential i G= 1 G= 1 

Very High Accuracy 3630 1 -1000 ±o.OO3% ±10/±5 96dB, min. ±(0.25 + 10/G) 25kHz DIP 

PROGRAMMABLE GAIN 

Digitally Controlled 3606111 1 - 1024 0.004% ±10/±5 100dB, min. ±(1 +20/G) 40kHz DIP 
(4-Bit TTL Input) (11 Gains) 

Digitally Controlled PGA100 1 -128 ±o.OO5% ±10/±2 - ±6 50kHz DIP 

Programmable Gain (8 Gains) 
Multiplexed Input 

4 to 20mA TRANSMITTER 

Description Model Input V Non-Linearity, max Output InputCMRR Input Vos vs Temp Input Vos Package 

Precision Self-Powered XTR100 0-1 0.01% 4-20mA 90dB min. ±0.5pV/oC ±25pV DIP 

Two-Wire Transmitter 

(1) 3606 offers software gain control with "G" set by 4-bit TTL inputs. 

ISOLATIO~ AMPLIFIERS 
TRANSFORMER COUPLED AMPLIFIERS 

I 
Input Input 

I I Voltage Impedance Isolation Isolation 
Leakage 

I com-I I Com-
I 

Voitage Mode 
Current 

Gain 
External I I 

mon Differ- Differ- Contin- Pulse! 
Rejection, min. 

at 
Nonlinearity . ±3dB mon Isolation 

Mode ential Mode ential uous Test DC 60Hz 240VAC Max Typ Freq. Power 
Description Model (V) (V) (n) (n) (V) Peak (V) Peai.: (dB) (dB) (pA) ('!O) ('!O) (kHz) Required Package 

Low Drift, 3450 ±10 ±15 5 X 109 107 ±500 ±2000 160 120 2.5 ±O.OO5 ±O.D015 1.5 No Module 
Bipolar 

Low Bias. 3451 ±10 ±15 10" 10" ±500 ±2000 160 120 2.5 ±O.025 ±O.OO5 2.5 No Module 
FET 3452 ±10 ±15 10" 10" ±2000 ±5000 160 120 2.5 ±O.025 ±D.D05 2.5 No'" Module 

3455 ±10 ±15 10" 10" '21 121 160 120 2 ±D.025 ±D.D05 2.5 No'" Module 

True 3-wire 3456 ±10 ±2O 5 X 109 107 ±2000 ±5000 160 130 2.5 ±O.02 ±D.01 2.5 No'" Module 
Inst. Amp. 

IC with 3656 ±8 ±8 108 10S ±3500 ±8000 160 125 1 ±O.OS to ±0.03 30 No'" DIP 
Power Supply ±O.15 

[This table continued on next pagel 
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BURR-BROWN@ 

IElElI ISOLATION AMPLIFIERS [cont] 

OPTICALLY COUPLED AMPLIFIERS 

Input Input 
Voltage Impedance Isolation Isolation 

Leakage 
Voltage Mode Gain 

Com- Com- Current External 
Rejection, min. Nonlinearity 

mon Differ- mon Differ- Contin- Pulse! at ±3dB Isolation 

Mode ential Mode entia I uous Test DC 60Hz 240VAC Max Typ Freq. Power 
Description Model (V) (V) (0) (0) (V) Peak (V) Peak (dB) (dB) (PA) (lib) (lib) (kHz) Required Package 

Miniature 180100 Current Input: ±750 ±2500 5pAJV 400pAJV 0.3 0.07 0.02 60 Yes'·' DIP 
Low Cost ±10pA or 0 - 20 IlA 

Balanced 3650 ±10 ±15 109 25'3' ±2000 ±5000 140 120 0.35 ±O.05to ±O.02to 15 Yes'·' DIP 
Current Input ±0.2 ±0.05 

Balanced 3652 ±10 '5, 10" 10" ±2000 ±500Q 140 120 0.35 ±O.1 to ±0.05 15 Yes'·' DIP 
FET Input ±0.2 

NOTES: (1) Isolated power available to power external circuitry. (2) Isolation voltage tested at both ±5000Vp pulse test and 2500V, rms, 60Hz; leakage 
current is 2pA max, at 240V, rms, 60Hz. (3) 3650 is a current input device: to reduce input errors, very low input impedance is desirable. (4) Models 
722 or 724 isolated DC/DC converters may be used to provide isolated power. (5) Protected up to ±6000V. 

VOLTAGE REFERENCE 

Minimum Maximum Power Supply 

Description Model Output (V) Output (mA) Drift (ppm/o C) (V) I (mA) Package 

Precision REF101 +10.000 ±0.005 10 1 - 6 +13.5 to +35 I 4.5 TO-99 

ANALOG CIRCUIT FUNCTIONS 
MULTIPLIER/DIVIDERS 

Model Accuracy at 25° C, max, No Trimming Required Specification Temp. Range (0 C) Package 

4214 0.50 - 1% -25 to +85, -55 to +125 DIP 
4203/05 1 - 2% o to +70, -55 to +125 TO-100 
4204 0.25 - 0.50% -25 to +85, -55 to +125 DIP 
4206 0.25% - 0.50% o to +70 DIP 
4213 0.50 - 1% -25 to +85, -55 to +125 TO-100 

SPECIAL FUNCTIONS 

Description Model Comments Package 

Logarithmic Amplifier 4127 0.50 - 1% accuracy, 2 current or 2 voltage input signals DIP 

Log Ratio Amplifier LOG100 0.1% - 0.37% accuracy, 2 current input log ratio function DIP 

Divider DIV100 Eo = 10 N/D, ±0.25 - 1% untrimmed accuracy DIP 

Multifunction Converters 4301 Eo = Vy(VzIV.)m, hermetically sealed metal package, compatible with 4302 DIP 

Multiply, divide, squ.are root, etc. 4302 Eo = Vy(VzlV.)m, plastic package 

Peak Detector 4085 Provide read-out of DC voltage equal to peak value of complex wave form DIP 

RMS-to-DC Converters 4340 Laser-trimmed, no external trimming, metal package, pin compatible with 4341 DIP 
4341 Externally trimmed, low cost in plastic package DIP 

Oscillators 4023/25 Fixed-frequency (10Hz to 20kHz) Module 
4423 Very-low cost, RC programmable, 0.OO2Hz to 20kHz DIP 

Comparators 4115/04' Provides window or dual limit for comparison Module 
4082/03 Drives lamps, relays or logic loads Module 

Fixed-Frequency Active Filters A TF76 Series Pre-tuned, multiple pole bandpass, low-pass, and notch filters Module 

Universal Active Filters UAF11/21131/41 Variable type, 4-resistor, programmable, 2-pole filters; Q and Fo can be DIP 
programmed; 3 outputs provide low-pass, high-pass and bandpass transfer 
functions; complex filter response by cascading. 

FOR ADDITIONAL DETAILS REFER TO THE BURR-BROWN PRODUCT DATA BOOK OR CONTACT YOUR NEAREST BURR-BROWN SALES OFFICE. 
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IElElI MILITARY PRODUCTS 
Burr-Brown's Military products meet the demand for high 
quality products for high reliability applications. They feature 
exceptional electrical performance from -55°C to +125°C, Hi
Rei manufacture, MIL-STD-883 class B screening, and reason
able prices. 

They are designed to conservative and stringent MIL-M-38510 
requirements, and are produced on a separate manufacturing 
line, which exceeds Burr-Brown's standard lines' quality. MIL
M-38510 and MIL-STD-8s3 processes and controls are used 
throlighout. 

ANALOG-TO-DIGITAL CONVERTERS 

Resolution Linearity Conversion Gain Drift 
Model Bits ±LSB, max Time psec, max ±ppm/o C, max Input Range V . Package 

ADC87/MIL,/883B 
12 1/2 8 15 ±2.5, ±5, ±10, 0 to +5, 0 to +10 32-pin DIP 

ADC87U/883~,· U 

DIGITAL-TO-ANALOG CONVERTERS 

Resolution Linearity Gain Drift Settling Time 
Model Bits ±LSB, max Monotonicity ±ppm/o C, max max Output Ranges Package 

DAC87-CBI-V/MIL, -CBI-VlB, 12 1/2 -55° C1+125° C 20 7psec 24-pin DIP 
-CBI-V { ±2.5, ±5, ±10, 

DAC87U-CBI-VlB, -CBI-V 12 1/2 -25° C/+85° C 20 7psec +5, +10V 24-pin DIP 

DAC87-CBI-I/B 12 1/2 -55°CI+125°C 20 400nsec 24-pin DIP 
DAC87-CBI-I 12 1/2 -55°C/+125°C 20 400nsec { Oto -2mA 24-pin DIP 
DAC87U-CBI-I/B 12 1/2 -25°C/+85°C 20 400nsec ±1mA 24-pinDIP 
DAC87U-CBI-I 12 1/2 -25° C1+85° C 20 400nsec 24-pin DIP 
DAC870VlMIL,/883B,/(none 12 1/2 -55° C/+125° C 25 7psec 24-pin DIP 

DAC870U/883B, (none) 12 1/2 -25°CI+85°C 20 7psec 24-pin DIP 

{ ±2.5, ±5, ±10, 
DAC870VUMIL, 883B, 12 1/2 -55°CI+125°C 25 7psec +5, +10V 28-terminal 

I(none) LCC 
DAC870UU883B,/(none) 12 '1/2 -25° C1+85° C 20 7psec 28-termirial 

LCC 
8300201 XC· 12 1/2 -55° C1+125° C 20 7psec ±2.5, ±5, ±10, 24-pin DIP 

+5, +10V 

• DESC Drawing 83002 to DAC87-CBI-VlMIL. 

MULTIPLIERS 

AcclIracy at 25° C Accuracy at 125°C Feedthrough Output Offset Output 
Model ±%, max ±%,max ±mV, max ±mV, max V, mA, min Package 

4213WM/883B, WM 1/2 4 50 25 ±10,±5 TO-100 

4213VM/MIL, VM/883B, VM 1 4 100 30 ±10, ±5 TO-100 

4213UM/883B, UM 1 2'11 100 50 ±10, ±5 TO-100 

VOLTAGE-TO-FREQUENCY CONVERTERS 

V'N Range FOUT Range Linearity Full Scale Drift 

Model V kHz, max % FSR, max ppm FSR/o C, max Package 

VFC32WM/883B, WM ±10 200 ±0.006 at 10kHz ±100 af10kHz TO-100 

VFC32VM/MIL, VM/883B, VM ±10 200 ±0.01 at 10kHz -400, +150 at 200kHz TO-100 

VFC32UM/883B, UM ±10 200 ±0.01 at 10kHz ±150 at 10kHz TO-l00 

OPERATIONAL AMPLIFIERS 

Offset Voltage 
Bias Bandwidth Slew ts 

at 25°C drift Current Unity Gain Rate ±O.Ol% Com pen-
Description Model ±mV, max ±pV;o:C max nA, max MHz, min VIps, min ns sation V,mA,min Package 

Wideband OPA600VM/MIL, VM/883B, VM 2 20 -loopA 500012
', 400 125 extemal ±10, ±200 16-pin 

A.= 1000 DIP 
nDAt;UV\J 1"./aa~o t 0..1 

I 5 I ao -l00pA I 
500(j!2!. 400 150 extemal I ±10, ±2001 16-pin "' ... r\VU\lVIVI/ UQ.,JICI, VIVI 

A = 1000 DIP 

General Pur- 35OOR/MIL, /883B 5 20 ±30 1 0.6 - internal ±10. ±10 TO-99 

pose Bipolar 3500U/8838 5 20(31 ±30 1 0.6 - internal ±10. ±10 TO-99 

Precision 3510VM/MIL. /883B 0.12 2 ±25 0.25 0.5 - internal ±10, ±10 TO-99 

Bipolar 

Low Drift. OPA105WM/MIL. WM/883B. WM .250 2 -1pA 1 0.9 - internal ±10. ±10 TO-99 

Low Bias OPA105VM/MIL. VM/883B. VM .250 5 -lpA 1 0.9 - internal ±10. ±10 TQ-99 

OPA10SUM/883B. UM .250 1S(3' -lpA 1 0.9 - internal ±1O. ±10 TO-99 

Ultra Low OPA106WM/MIL. WM/883B, WM .250 S -loofA 1 1.2 - internal ±10. ±S TO-99 

Bias OPA106VM/MIL. VM/883B. VM .250 10 -l5OfA 1 1.2 - internal ±1O. ±5 TO-99 

OPA106UM/883B. UM .250 20
13

' -3OOfA 1 1.2 - internal ±10. ±5 TQ-99 

NOTES: (1) At +85°C. (2) Gain-bandwidth product. (3) -25°C to +85°C. 

FOR ADDITIONAL DETAILS REFER TO THE BURR-BROWN PRODUCT DATA BOOK OR CONTACT YOUR NEAREST BURR-BROWN SALES OFt:lcE. 
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~~IC MASTER~~ 
BELONGS ON YOUR 

BOOKSHELF 
If you use IC MASTER frequently, you can obtain your own copy by ordering 
now. Use the order cards contained in this publication, or order by 
telephone as described below. 

IC MASTER is a two-volume set of technical data carefully organized to 
direct the engineer to the integrated circuits and related products that are 
closest to his specific needs. It is the surest way to find the optimum 
device to answer an engineering design requirement. By ordering now, you 
won't have to borrow or search for IC MASTER the next time you need it. 

Typical Use of Ie MASTER 
Can an engineer find out who makes a 64K dynamic RAM with an access 
time of 120 nanoseconds or faster in less than 30 seconds? 
He can if he turns to the ~emory section of Ie MASTER and looks for the 
64K organization (words and bits per word) that he needs. 
Because each device is listed in order of access time, he can easily 
·determine the devices that satisfy his speed requirements. 

In the United States only: 
You can order IC MASTER simply by charging it to your VISA or Master 
Card credit card. To place your order, call now:, (516) 222-2500. 
Ask for Extension 314. 

ORDER YOUR COpy 
~iiiiiiiiiiiiiiiiiiiiiiiiiiNOWiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 



Data Conversion 
Products 

Datel is located in· Mansfield, Massachusetts, 
approximately 35 miles from Boston. The modem, 
120,CXX>-square-foot facility houses our administrative 
offices, our components and systems engineering groups, 
modular and systems production facilities, and the most 
modem thin-film-hybrid production facility in the industry. 

Datel offers one of the broadest lines of data
conversion products in the industry. Included are AID and 
01 A converters, sampltLand-holds, operational and 
instrumentation amplifiers, and data-acquisition systems 
- all pac~.aged using t'1e latest in thi~film, hybr.d
microelectronic<irtuit manufacturing technologies. 

REQUEST OUR 
LATEST CATALOG 

Datel also offers fast delivery. On stan
dard products, delivery typically runs from stock to 
four weeks and from six to eight weeks for full 
military-grade products with Class 8838 screening. 

Datel is dedicated to maintaining its 
position as an international leader in data-conversion 
technology. '1bu can depend on Datel-lntersil for a steady 
flow of new products to meet the §rowing demand for 
high-performance data-acquisition products. 

BE AN EXPERT 
ON DATA ACQUISITION 

REQUEST ORDERING 
DETAILS 

11 CABOT BOULEVARD, MANSFIELD, MA 02048/TEL. (617)339-9341/1WX 710-346-1953/TLX 951340. Santa Ana, CA (714) 835-2751 
• Sunnyvale, CA (408)733-2424 • Los Angeles, CA (213)933-7256. OVERSEAS: DATEL (UNITED KINGDOM) TEL. BASINGSTOKE (256)69085 
• DATEL (FRANCE) TEL. 60257 11 • DATEL (~ERMANY) TEL. (89)530741 • DATEL (JAPAN) TOKYO-TEL. 793-1031 

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE 
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ADC-810, ADC-811 
Ultra-fast, 12-bit Hybrid Analog to Digital Converters 

The ADC-81 0 and ADC-811 are ultra-fast, hybrid, successive 
approximation, 12-bit analog to digital converters. The 
ADC-810 achieves a maximum conversion time of 2 J.lsec. 
Conversion time for the ADC-811 is 4 J.lSec maximum, which 
is the only difference between the two. Both models are pin
compatible with industry-standard ADC-85/87 converters, 
offering increased speed, high accuracy and reliability. 
Models are available subjected to 100% screening to MIL
STD-883B. 

ADC-S101 high speed, 8-bit AID offers high temperature 
operation at low cost 

The ADC-51 01 is a high speed, adjustment-free, 8-bit AID 
converter. Pin compatible with standard ADC-51 01 convert
ers, these devices offer high accuracy and high speed over 
the full military operating temperature range of - 55°C to 
+ 125OC. Designed for operation without extemal adjustment 
circuits, the ADC-5101 accomplishes an 8-bit conversion in 
only 900 ns maximum. Models are available subjected to 
100% screening to MIL-STD-883 Class B. 

ADC-S210 series adjustment-:free 12-bit AID features high 
accuracy over military temperature range 

The ADC-521 0 series are high performance, 12-bit succes
sive approximation AID converters. Completely pin and func
tion compatible with standard ADC-521 0 devices, these 
models offer significatly improved high-temperature opera
tion at lower cost. Full scale absolute accuracy error is a maxi
mum of ± 0.05% FSR at + 25°C and only ± 0.2% FSR over 
the full military operating temperature range of -55°C to + 
125°C; an improvement of 10 LSBs over the error specified 
on competing devices. MIL-STD-883 screening is available. 

DATEl11 CABOT BOULEVARD, MANSFIELD, MA 02048 I TEl. (617) 339-9341 I TWX 710-346-1953 ITLX 951340 
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ADC-830 microprocessor compatible 8-bit AID converter 

DATEL's ADC-830 is a low-cost, monolithic 8-bit AID con
verter designed to operate directly with the 8080A control bus 
via three-state outputs. The device appears as a memory 
location or I/O port to the microprocessor and thus does not 
require interfacing logic. Using the successive approximation 
technique and a modified potentiometric resistor ladder, the 
ADC-830 achieves an 8-bit conversion in 100 f.LS with a maxi
mum total adjusted error of only ± % LSB. Its combination of 
low cost, small size, and interface versatility make the AOC-830 
an ideal choice for many process control and instrumentation 
applications. . 

ADC-833 6-bit AID features video speed at low power 

The ADC-833 is a low-power, video-speed, 6-bit flash AID 
manufactured with CMOS/SOS technology. The device is 
capable of digitizing an analog inpulsignal at conversion rates 
up to 15MHz while its power consumption is only 200mW. 
The analog input voltage range is + 2.5V to + 10V, and typi
cal differential linearity error is only ± % LSB. Outputs are 
buffered three-state and include an overflow output which 
allows the user to cascade two units to achieve 7 -bit 
resolution. 

A0C-847 Microprocessor Compatible, 8-Bit AID 
Converter 

The ADC-84 7 is a low cost, monolithic, 8-bit AID converter 
designed to interface directly to a microprocessor via three
state outputs. Utilizing the successive approximation tech
nique"the ADC-847 completes an 8-bit conversion in 9 JLS 
with a maximum linearity error as low as ± % LSB. The 
ADC-847 includes, an internal clock generator, reference cir
cuit, successive approximation register, comparator, three
state buffers, 8 bit 0/ A converter and interfac~ and control 
logic, making it an ideal choice for many process control and 
instrumentation applications. The ADC-847 is available for 
operation over the commercial, O°C to + 70°C and military, 
~5OC to + 1250C temperature ranges and is packaged in 
either an 18 pin plastic or ceramic DIP. 

DAC-608/61 0/612 Low Cost, Double-Buffered 
Microprocessor Compatible 01 A Converters 

The DAC-608, DAC-610 and DAC-612 are low cost mono
lithic 8, 10 and 12 bit multip!ying Of A converters, designed to 
interface directly with most popular microprocessors. Double
Buffered inputs allow the converters to output an analog volt
age corresponding to one digital word while holding the next. 
The converters consist of an input register, a D/A register, 
control logic and D/A converter. Settling time is 1 JLS for the 
DAC-608 and DAC-612 and 500 nS for the DAC-61 O. The ref
erence input of these converters is selectable over a range of 
± 10V and may also be used as the analog input for four 
quadrant multiplication applications. 

DATEL 11 CABOT BOuLEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341/ TWX 710-346-1953 / TLX 951340 
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AM-551 Low Cost, Hybrid Programmable 
Instrumentation Amplifier 

DATEL's AM-551 is a low cost, hi~h performance, program
mable gain nstrumentation amplifier manufactured with hybrid 
thin-film technology. Gain range is 1 to 1000 and is set exter
nally by a single resistor and simple pin-strapping. Settling 
time is 2 j.Lsec for a 20V output step to 0.01 % accuracy, with a 
slew rate of 23V/ j.Lsec and a small signal bandwidth of 400 
kHz. Applications include remote amplification of low-level 
signals produced by thermocouples, strain gages and RTD's, 
high performance data acquisition systems and remote instru
mentation systems. 

AM-7650 new, low cost chopper stabilized operational 
amplifier features ultra-low offcost voltage and drift 

DATEL's AM-7650 is a low cost, high performance chopper 
stabilized amplifier featuring exceptionally low offset voltage 
and input bias specifications combined with excellent band
width and speed characteristics. Input offset voltage is typi., 
cally ± 0.7 j.L V with an input offset voltage drift as low as 
0.01 f,LVfC. The AM-7650 achieves its low offset by compar
ing the inverting and non-inverting input voltages in a nulling 
amplifier, which is nulled by alternate clock phases from the 
internal clock oscillator. The 14 pin DIP version also includes 
a provision for the use of an external clock if an application 
requires. These devices are internally compensated for unity
gain operation. 

AM-1435 Ultra High Speed, Wideband, Hybrid Oper
ational Amplifier 

DATEL's AM-1435 is an ultra-fast settling, wide-band oper
ational amplifier. The AM-1435 achieves a settling time of 
only 70 nsec for a 10V step to 0.01% accuracy. High speed 
performance is optimized with high open loop gain, flat fre
quency response beyond 1 0 kHl; and a roll-off of 6 dB/octave 
to beyond 100 MHz. Gain bandwidth product is typically 
1 GHz and slew rate is 300V / j.Lsec. All models are packaged 
in hermetically sealed ceramic cases, with full screening to 
MIL-STD-883 level B available. 

AM-427 Ultra-Low Noise Monolithic 
Operational Amplifier 

The AM-427 is a low cost, ultra-low noise operational ampli
fier which is designed for instrumentation grade signal condi
tioning where low noise, low offset Voltage and low offset volt
age drift are required. The AM-427 combines exceptional DC 
performance with ultra-low noise operation. Maximum input 
noise voltageJiensity and inpulnoise current density at 10 tiZ 
are 5.5 nv/VHz and 0.4 pAlVHz respectively. The AM-427 is 
available for operation over the industrial, - 25°C to + 85°C 
and military, - 55°C to + 125°C temperature ranges and is 
packaged in either an 8 pin TO-99 or an 8 pin ceramic DIP. 

DATEL 11 CABOT BOULEVARD, MANSFIELD, MA 02048 / TEL. (617) 339-9341 I TWX 710-346-1953/TLX 951340 
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Low cost functionally complete hybrid 
sample-hold features .01 % accuracy SHM-9 

The SHM-9 is a complete, self-contained sample-hold ampli
fier that combines high performance versatility with low cost. 
The SHM-9 includes a bipolar input amplifier, a low-leakage 
electronic switch, a FET output amplifier, a precision 1000 pF 
hold capacitor and logic control circuitry. The internal control 
circuitry allows the SHM-9 to be interfaced with virtually any 
AID converter using the converter's Start/Convert and E.O.C. 
(status) signals. Active laser trimming of highly stable thin-film 
resistor networks minimizes offset and sample-to=hold offset 
errors, eliminating the need for external adjustment circuits. 

SHM-20, Fast, High Performance Sample and 
Hold Features Internal Hold Capacitor. 

The SHM-20 is a complete monolithic sample and hold ampli
fier which includes an internal 1 00 pF MaS capacitor. Fea
tures include an acquisition time of typically 1.0 J-lS for a 10V 
input step to 0.01 %. Aperture uncertainty is typically 1 nS and 
droop rate is aslow as 0.08 J-lV/JJ.S. Primarily designed for 
high speed analog signal processing applications, the 
SHM-20 combines monolithic reliability and size with high 
performance versatility and low cost. The SHM-20 is available 
for operation over the commercial, O°C to + 700C and military, 
- 550C to + 1250C temperature ranges and is packaged in a 
14 pin ceramic DIP. 

SHM-4860 new 0.01 % Hybrid Sample-Hold features 
200 nsec acquisition time ' 

DATEL's SHM-4860 is a high-speed, high resolution sample
hold amplifier manufactured with modern hybrid technology. 
Designed mainly for precision, high speed analog signal proc
eSSing applications, the SHM-4860 acquires a 10V input 
change to ± 0.01 % in only 200 nsec max. Maximum sample
to-hold settling time is 100 nsec to ± 0.01 % with an aperture 
uncertainty of typically ± 50 psec. Feedthrough attenuation is 
typically 74 dB. The digital inputs of the SHM-4860 are TTL 
compatible. 

8 and 16 Channel Multiplexers Feature High Speed, 
High Accuracy, MX-1616, MX-818 

DATEL's MX-1616 and MX-81B are high speed, high 
performance analog multiplexers featuring transfer accura
cies of 0.01 % at sampling rates of up to 2.5 MHz over ± 10V 
single ranges. The MX-1616 is user programmable either as 
a single-ended 16-channel or as a differential 8 channel mul
tiplexerwhile the MX-818 is programmable as either a single
ended 8 channel or differential 4-channel multiplexer. All 
models feature an inhibit function, break-before-make switch
ing and a maximum ON resistance of only 750ft 

DATEL 11 CABOT BOULEVARD, MANSFIELD, MA 02048 I TEL. (617) 339-9341/ TWX 710-346-1953 ITLX 951340 
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Hybrid military products 
Datel is a rec~nized industry leader in the design and manufacture of 
thin film hybrid data conversion products which meet the most 
demanding reliability requirements for military and aerospace applica
tions per MIL-specifications. Datel data conversion products are cur· 
rently used in a wide number of military and aerospace flight systems 
and in high reliability ground support and test systems. Datel's modern 
120,000 square fOQt manufacturing facility in Mansfield, Massachu
setts includes the most automated and advanced manufacturing, test 
and calibration equipment available in the industry. This capability, 
supported by a Quality Assurance Program with full emphasis on prod
uct quality assurance and reliability, provipes an experienced and reli
able source for data converter products to the screening and quali
fication requirements of Methods 5004, ~005, and 5008 of MIL-STD-
883~ in compliance with MIL-M-3851Q (specified by Datel as "Q.L." 
devices). 

The Quality Assurance operation at Datel monitors all areas of manu
facturing and test, controls manufacturing and screening standards, 
maintains lot traceability procedures, and sets material standards to 
assure product quality. All purchased and internally manufactured 
components are procured or manufactured to precise specification 
control drawings. All components are 100% electrically tested and 
100% visually inspected either by the vendors or internally within Datel 
facilities. Assembly and test processes and work stations are carefully 
monitored by Quality Assurance using fully documented procedures to 
guarantee high standards of workmanship and quality in all of Datel's 
products. 

Datel products with the suffix "Q.L." are fully screened in accordance 
with Methods 5004 and 5008 of MIL-STD-8838 as amended by MIL
M-38510. The following list briefly summarizes Daters hybrid military 
products. 

ANALOG TO DIGITAL CONVERTERS 
CONVERSION OPERATING 

MODEL NO. RESOLUTION TIME LINEARITY TEMP. RANGE (OC) 
ADC-HC12BMM 12 bits 300 I-lsec ±%LSB - 55 to + 125 
ADC-HC12BMM-OL 12 bits 300 I-lsec ± %LSB -55to + 125 
ADC-HS 12BMM 12 bits 91-lsec ± %LSs -55to + 125 
ADC-HS 12BMM-OL 12 bits 91-lsec ± 1/2 LSB - 55 to + 100 
ADC-HX12BMM 12 bits 20 I-lsec ± %LSB -55to + 100 

ADC-HX12BMM-OL 12 bits 20 I-lsec ± %LSB - 55 to + 100 
ADC-HZ12BMM 12 bits SI-lsec ± %LSB - 55 to + 100 
ADC-HZ12BMM-OL 12 bits SI-lsec ± %LSB -55to + 100 

ADC-S10MM 12 bits 21-lsec ± %LSB -55 to + 125 
ADC-S10MM-OL 12 bits 21-lsec ± %LSB - 55 to + 125 

NEW ADC-S11MM 12 bits 41-lsec ± %LSB -55to + 125 
NEW ADC-S11MM-OL 12 bits 41-lsec ± %LSB -55to + 125 

ADC-S15MM S bits 700 nsec ± %LSB -55to + 125 
ADC-S15MM-OL S bits 700 nsec ± %LSB - 55 to + 125 
ADC-S16MM 10 bits SOO nsec ± %LSB - 55 to + 125 

ADC-S16MM-OL 10 bits SOO nsec ± %LSB - 55 to + 125 
ADC-817MM 12 bits 2J..tsec ± 1/2 LSB -55to + 125 
ADC-S17MM-OL 12 bits 21-lsec ± %LSB -55to + 125 
ADC-S25MM Sbits 11-lsec ± %LSB -55to + 125 
ADC-S25MM-OL S bits 1 I-lsec ± %LSB -55to + 125 

ADC-S26MM 10 bits 1.4l-lsec ± %LSB -55to + 125 
ADC-S26MM-OL 10 bits 1.4l-lsec ± %LSB - 55 to + 125 
ADC-S27MM 12 bits 31-lsec ± %LSB -55to + 125 
ADC-S27MM-OL 12 bits 31-lsec ± %LSB - 55 to + 125 
ADC-5101H S bits 900 nsec ± %LSB -55to + 125 

ADC-5101H-OL S bits 900 nsec ± %LSB - 55 to + 125 
ADC-5210H 12 bits 131-lsec ± %LSB - 55 to + 125 
ADC-5210H-OL 12 bits 13 J,lsec ± %LSB -55to + 125 
ADC-5211H 12 bits 13 J,lsec ± %LSB -55to + 125 
ADC-5211 H-OL 12 bits 13 J,lsec ± %LSB -55to + 125 

ADC-5212H 12 bits 13 J,lsec ± %LSB -55t6 +125 
ADC-5212H-OL 12 bits 13 J,lsec ± %LSB -55to + 125 
ADC-5213H 12 bits 13 J,lsec ± %LSB -55to + 125 
ADC-5213H-OL 12 bits 13 J,lsec ± %LSB -55to + 125 
ADC-5214H 12 bits 13 J,lsec ± %LSB -55to + 125 

ADC-5214H-OL 12 bits 13 J,lsec ± 1/2 LSB -55to + 125 
ADC-5215H 12 bits 13 J,lsec ± 1/2 LSB -55to + 125 
ADC-5215H-OL 12 bits 13 J,lsec ± %LSB -55 to + 125 
ADC-5216H 12 bits 13 J,lsec ± %LSB -55to + 125 
ADC-5216H-OL 12 bits 131-lsec ± %LSB -55to + 125 

DIGITAL·TO·ANALOG CONVERTERS 
OUTPUT OPERATING 

MODEL NO. RESOLUTION SETTLING LINEARITY TEMP. RANGE eC) 
TIME 

DAC-HA10BM 10 bits 1.3 J,lsec ±%LSB -55to + 125 
DAC-HA 1 OBM-OL 10 bits 1.3 J,lsec ± %LSB -55to + 125 
DAC-HA12BM 12 bits 51-lsec ±%LSB -55to + 125 
DAC-HA 12BM-OL 12 bits 5 J,lsec ±%LSB - 55 to + 125 
DAC-HA14BM 14 bits 7 J,lsec ± 1 LSB -55to + 125 

DAC-HA 14BM-OL 14 bits 7 J,lsec ± 1 LSB - 55 to + 125 
DAC-HFSBMM S bits 25 nsec ±%LSB -55 to + 125 
DAC-HFS8MM-OL S bits 25 nsec ±%LSB -55 to + 125 
DAC-HF10BMM 10 bits 25 nsec ±%LSB -55 to + 125 
DAC-HF10BMM-OL 10 bits 25 nsec ± 1/2LSB - 55to + 125 

DATI;L 11 CABOT BOULEVARD, MANSFIELD, MA 0204SITEL. (617) 339-9341/TWX 710-346-1953/TLX 951340 
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SAMPLE-HOLD AMPLIFIERS 

ACQUISITION HOLD-MODE OPERATING 
MODEL NO. ACCURACY TIME DROOP TEMP. RANGE eC) 

SHM-IC-1 0.01% 5IJ.sec 50IJ.V/msec Oto + 70 
SHM-IC-1M 0.01% 5IJ.sec 50IJ.V/msec - 55 to + 125 
SHM-LM-2 0.01% 6IJ.sec 200IJ.V/msec Oto + 70 
SHM-LM-2M 0.01% 6IJ.sec 200IJ.V/msec - 55 to + 125 
SHM-HUMC 0.1% 25 nsec 50IJ.V/lJ.sec Oto + 70 

SHM-HUMR 0.1% 25 nsec 50IJ.V/IJ.Sec -25to + 85 
SHM-6MC 0.01% 1 IJ.sec 1OIJ.V/IJ.sec Oto + 70 
SHM-6MR 0.01% 1IJ.sec 1 OIJ. V/lJ.sec - 25 to + 85 
SHM-7MC 0.1% 40 nsec 100IJ.VIIJ.sec Oto + 70 
SHM-7MR 0.1% 40 nsec 100IJ.V IJ.sec - 25 to + 8,5 

NEW SHM-9MC 0.01% 6IJ.sec 0.2mVmS Oto + 70 
NEW SHM-9MR 0.01% 6IJ.sec 0.2mV,mS -25to + 85 

'Q) NEW SHM-20C 0.01% 1 IJ.sec 0.081J.V IJ.S Oto + 70 
+-' NEW SHM-20M 0.01% 1 IJ.sec 0.081J.V 'IJ.S -- 55 to + 125 as 
C NEW SHM-4860MC 0.01% 200 nsec 0.5 IJ.V I IJ.S Oto+ 70 

NEW SHM-4860MR 0.01% 200 nsec 0.51J.V'IJ.S - 25 to T 85 

ANALOG MUL TIPLEXERS 

INPUT ACCESS CHANNEL OPERATING 
MODEL NO. CHANNELS TIME ON RESISTANCE TEMP. RANGE eC) 

MV-808 8 Single-Ended 350 nsec' 2500 Oto + 70 
MV-808M 8 Single-Ended 350 nsec 2500 - 55 to + 125 
MV-1606 16 Single-Ended 300 nsec 27012 Oto + 70 
MV-1606M 16 Single-Ended 300 nsec 27m! - 55 to -t 125 
MVD-409 4 Differential 350 nsec 2500 o to + 70 

MVD-409M 4 Differential 350nsec 25m! -55to + 125 
MVD-807 8 Differential 300 nsec 2701! Oto + 70 
MVD-807M 8 Differential 300 nsec 2VOO -55 to + 125 
MX-808 8 Single-Ended 500nsec 1.5kO Oto + 70 
MX-808M 8 Single-Ended 500 nsec 1.5kU - 55 to + 125 

MX-818C 8 Single-Ended or 125 nsec 7500 Oto + 70 
4 Differential 

MX-818M 8 Single-Ended or 125 nsec 75m! -55to + 125 
4 Differential 

MX-1606 16 Single-Ended 500 nsec 1.5kU Oto + 70 
MX-1606M 16 Single-Ended 500 nsec 1.5kH -55to + 125 

MX-1616C 16 Single-Ended 150 nsec 75012 Oto + 70 
8 Differential 

MX-1616M 16 Single-Ended 150 nsec 75012 - 55 to + 125 
8 Differential 

MXD-409 4 Diffentia! 500 nsec 1.5k!1 Oto + 70 

MXD-409M 4 Differential 500 nsec 1.5kU - 55 to + 125 
MXD-807 8 Differential 500 nsec 1.5kU Oto + 70 
MXD-807M 8 Differential 500 nsec 1.5kH - 55 to + 125 

OPERATIONAL AMPLIFIERS 

INPUT OFFSET OPERATING 
MODEL NO. VOLTAGE GAIN BANDWIDTH OUTPUT TEMP. RANGE (OC) 

AM-410-2C 1.5mV 18MHz ± 11V 0 8mA Oto + 70 
AM-410-2M 1 mV 18MHz ± 12V@10mA -55 to + 125 
AM-411-2C 1.5mV 50 MHz ± 11V@8mA Oto + 70 
AM-411-2M 1 mV 60 MHz ::::- 12V@10mA - 55 to + 125 
AM-427-A 100 IJ.V 5MHz ± 11V@ 18 mA -25 to + 85 
AM-427-B 25IJ.V 5MHz ± 11V-@ 18mA -25to + 85 
AM-427-M 100 IJ.V 5MHz ± 11V (i1: 18 mA - 55 to + 125 
AM-430A 75IJ.V 2.5 MHz ± 10V0 18mA o to + 70 
AM-430B 25IJ.V 2.5 MHz ± 10V0 18mA Oto + 70 
AM-430M 75IJ.V 2.5 MHz ± 10V@ 25mA -55to + 125 
AM-450-2 4mV 12MHz ± 1 OV (it 10 mA Oto + 70 
AM-450-2M 4mV 12MHz ± 10V@ 10mA -55to + 125 
AM-452-2 5mV 20 MHz ± 10V@10mA Oto + 70 
AM-452-2M 5mV 20 MHz ± 10V@ 10mA - 55 to + 125 
AM-453-2 4mV 10MHz ± 12V@20mA -55to + 125 
AM-453-2M 4mV 10MHz ± 12V@20mA -55 to + 125 
AM-460-2 3mV 12MHz ::::- 10V@10mA Oto + 70 
AM-460-2M 3mV 12MHz ± 10V@10mA -55to + 125 
AM-462-2 3mV 100 MHz ± 10V@ 10mA Oto + 70 
AM-462-2M 3mV 100 MHz ± 10V@10mA -55to + 125 
AM-464-2 6mV 4MHz ± 35V ra 10mA Oto + 70 

DATEL 11 CABOT BOULEVARD, MANSFIELD MA02048/TEL. (617) 339-9341/TWX 710-346-1953/TLX 951340 
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OPERATIONAL AMPLIFIERS 

INPUT OFFSET OPERATING 
MODEL NO. VOLTAGE GAIN BANDWIDTH OUTPUT TEMP. RANGE eC) 

AM-464-2M 4rnV 4MHz ± 35V «I 12 rnA -55to + 125 
AM-470-2C 5rnV 1 MHz ± 12V «I 10 rnA Oto + 70 
AM-470-2M 3rnV 1 MHz ± 12V ((I 10 rnA -55to + 125 
AM-490-2A 20/-LV 3MHz ± 10V((1 7 rnA Oto + 70 
AM-490-2B 20/-LV 3MHz ± 10V(a 7 rnA Oto + 70 
AM-490-2C 20 uV 3MHz ± 10V((1 7 rnA Oto + 70 
AM-490-2M 20'/-LV 3MHz ±10V((17rnA -55to + 125 
AM-500GC 3rnV 130 MHz ± 10V«( SOmA Oto + 70 
AM-500MC 3rnV 130MHz ± 10V((( 50 rnA Oto + 70 
AM-500MR 3rnV 130 MHz ± 10V ((( 50 rnA -25to + 85 

NEW AM-1435MC 5rnV 1000 MHz ± 7V(a'14rnA Oto + 70 
NEW AM-1435MR 5rnV 1000 MHz ± 7V (a 14 rnA -25to + 85 
NEW AM-7650-1 5/-LV 2MHz ± 4.7V Oto + 70 
NEW AM-7650-2 5/-LV 2MHz ± 4.7V Oto + 70 (]) -Cd 

Q 
DIGITALLY PROGRAMMABLE INSTRUMENTATION AMPLIFIERS 

SETILING OPERATING 
MODEL NO. GAIN RANGE TIME OUTPUT TEMP. RANGE (OC) 

AM-542MC 1 to 1024 150/-Lsec ± 10.5V (0 5 rnA Oto + 70 
AM-542MR 1 to 1024 150/-Lsec ± 10.5V (0 5 rnA -25to + 85 
AM-543MC 1 to 128 6/-Lsec ± 11V (a 1 rnA Oto + 70 
AM-543MR· 1 to 128 6/-Lsec ± 11V (a 1 rnA -25to + 85 

PROGRAMMABLE GAIN INSTRUMENTATION AMPLIFIERS 

SETILING OPERATING 
MODEL NO. GAIN RANGE TIME OUTPUT TEMP. RANGE eC) 

NEW AM-551MC 1 to 1000 2/-Lsec ± 11V (u 5 rnA Oto + 70 
NEW AM-551MR 1 to 1000 2/-Lsec ± 11V (u 5 rnA -25to + 85 
NEW AM-551MC 1 to 1000 2IJ.sec ± 11V (u 5 rnA Oto + 70 

DATA ACQUISITION SUBSYSTEMS 

THROUGHOUT OPERATING 
MODEL NO. RESOLUTION INPUT CHANNELS RATE TEMP. RANGE eC) 

DAS-952R 8 bits 16 Single-Ended 17kHZ -25 to + 85 
HDAS-8MC 12 bits 8 Differental 50kHZ Oto + 70 
HDAS-8MR 12 bits 8 Differential 50kHZ -25 to + 85 
HDAS-16MC 12 bits 16 Single-Ended 50kHZ Oto + 70 
HDAS-16MR 12 bits 16 Single-Ended 50kHZ -25to + 85 

VOLTAGE TO FREQUENCY CONVERTERS 

OUTPUT GAIN OPERATING 
MODEL NO. LINEARITY RANGE TEMPCO TEMP. RANGE (OC) 

VFQ-1C 0.05% 10 kHz to 100 kHz 40 pprn/oC Oto + 70 
VFQ-1R 0.05% 10kHz to 100 kHz 40 pprn/oC -25to + 85 
VFQ-2C 0.01% 10kHz to 1 00 kHz 40 pprn/oC Oto + 70 
VFQ-3C 0.25% 10kHz to 1 00 kHz 40 pprn/oC Oto + 70 

ACTIVE FILTERS 

FREQUENCY Fa t'\ OPERATING -MODEL NO. RANGE ACCURACY RANGE TEMP. RANGE COC) 

FLT-U2 0.01 Hz to 200 kHZ ±5% 0.1 to 1000 Oto -+- 70 
FLT-U2M 0.01 Hz to 200 kHZ ±5% 0.1 to 1000 -55 to + 125 

MONOLITHIC VOLTAGE CONVERTER 

INPUT INPUT OUTPUT OPERATING 
MODEL NO. VOLTAGE RANGE CURRENT VOLTAGE RANGE TEMP. RANGE (OC) 

NEW VI-7660 + 1.5V to + 10.0V 500/-LA - 1.5V to - 10.0V Oto + 70 

DATEL 11 CABOT BOULEVARD, MANSFIELD, MA 02048;TEL. (617) 339-9341. TWX 710-346-1953 TLX 951340 
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mHARRIS HI-200 
Dual SPST CMOS Analog Switch 

FEATURES 

• ANALOG VOLTAGE RANGE 

• ANALOG CURRENT RANGE 

• TURN-ON TIME 

• LOW RON 

• LOW POWER OISSIPATION 

• TTL/CMOS COMPATIBLE 

APPLICA TIONS 

±15V 

BOmA 

240ns 

55£2 

l5mW 

• HIGH FREQUENCY ANALOG SWITCHING 

• SAMPLE AND HOLD CIRCUITS 

• DIGITAL FILTERS 

• OP AMP GAIN SWITCHING NETWORKS 

PINOUT 
Section 11 for Packaging 

Top View 

V+ 
A2 

'~f" 
Al 

Ne 2 13 Ne 

GNO 3 12 V+ 8 OUT 

NC 4 II Ne 1 
I I vO" IN 2 :~rYI: IN I 

OUT 2 OUT 1 
6 V-

v- a VREF 
OUT 2 

2866 

DESCRIPTION 

HI-200 is a monolithic device comprising two independently 
selectable SPST switches which feature fast switching speeds 
(290ns) combined with low power dissipation (15mW at 250C). 
Each switch provides low "0 N" resistance operation for input 
signal voltages up to the supply rails and for signal currents 
up to BOmA. Employing Dielectric Isolation and CMOS process
ing, H 1-200 operates without any applications problems in
duced by latch-up or SCR mode phenomena. 

All devices provide break-before-make switching and are TTL 
and CMOS compatible for maximum application versatility. 
H 1-200 is an ideal component for use in high frequency analog 
switching. Typical applications include signal path switching, 
sample and hold circuit, digital filters,and op amp gain switching 
networks. 

HI-200 is available in DIP and metal (T0-100) cans. HI-200-2 
is specified from -550C to + 1250C while H 1-200-5 operates 
from OOC to +750C. HI-200 is functionally and pin compatible 
with other available "200 series" switches. 

FUNCTIONAL DIAGRAM 

IN 1 

Al 

OUT 1 

SWITCH OPEN 
FOR LOGIC HIGH 

IN 2 

A2 

OUT 2 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

VREF to Ground 
Digital Input Voltage: 

Analog Input Voltage (One Switch) 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified 

44V (±22) 
+20V, -5V 

+VSupply +4V 
-VSupply -4V 
+VSupply +2.0V 
-VSupply -2.0V 

Total Power Dissipation* 
Operating Temperature 

HI-200-2 
HI-200-4 
HI-200-5 

Storage Temperature 

450mW 

-550~ to + 1250C 
-200C to +850C 
OOC to +750 C 
-650 C to + 1500C 

*Derate 6mW/oC Above T A = 750C 

Supplies = +15V, -15V; VREF = Open; VAH(Logic Level High) =2.4V VAL{Logic Level Low} =+0.8V 
For Test Conditions, consult Performance Characteristics 

HI-200-2 HI-200-5 ** 
-55°C to +1250C ooc to +750C 

PARAMETER TEMP. MIN. 
ANALOG SWITCH CHARACTERISTICS 
VS, Analog Signal Range Full -15 

RON, On Resistance (Note 1) +250C I I Full 

IS(OFF), Off Input leakage Current +250C 
(Note 6) Full 

IO(OFF), Off Output leakage Current +250C 
(Note 6) Full 

'O(ON), On leakage Current (Note 6) +250C 
Full 

DIGITAL INPUT CHARACTERISTICS 
VAL, I nput low Threshold Full 
VAH, Input High Threshold Full 2.4 

lA, Input leakage Current (High or low) (Note 2) Full 

SWITCHING CHARACTERISTICS 

tOPEN, Break - Before Make Delay (Note 3) +250C 

ton' Switch on Time +250C 

toft' Switch off Time +250C 

"Off Isolation" (Note 4) +250C 

Cs (OFF), Input Switch Capacitance +250C 

Co (OFF), I +250C 
Output Switch Capacitance 

+250 C COWN), 

CA, Digital Input Capacitance +250C 

CDS (OFF). Orain-To-Source Capacitance +250C 

POWER REQUIREMENTS (Note 5) +250C 
PO, Power Dissipation Ft.!!! 

1+, Current 
+250C 
Fu" 

1-, Current +250 C 
Full 

NOTES: 1. V OUT = ±10V 'OUT = 1mA 
2. Digital Inputs Are MOS Gates - TyPical Leakage is 

Less Than 1 nA 

3. V AH = 4.0V 

TYP. MAX. MIN. TYP. MAX. UNITS 

+15 -15 +15 V 

55 I 70 55 I 80 I n 
80 100 72 100 n 
1 1 nA 

100 500 10 500 nA 

1 1 nA 
100 500 10 500 nA 

.02 .02 nA 
6 500 6 500 nA 

0.8 0.8 V 
2.4 V 

1.0 1.0 pA 

60 60 ns 

240 500 240 ns 

330 500 500 ns 

70 70 dB 

5.5 5.5 pF 

' 5.5 5.5 pF 

11 11 pF 

5 5 pF 

0.5 0.5 pF 

15 15 mW 

I 60 I 60 mW 
0.5 0.5 rnA 

2.0 2.0 rnA 
0.5 0.5 rnA 

2.0 2.0 rnA 

4. V A = +5V. AL = 1 Kn. cL = 10pF. Vs = 3VAMS. 

f = 100kHz 
5. V A = +3V or V A = OV For Both Switches 

6. Refer to leakage current measurement diagram 
on page (3-8) 

•• Note: H 1-200-4 has same specifications as H 1-200-5 over the temperature range -200 C to +850C. 
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II HARRIS 

FEATURES 

• ANALOG VOLTAGE RANGE 

• ANALOG CURRE~T ~ANGE 

• TURN-ON TIME 

• LOW fiON 

• LOW POWER DISSIPATION 

• TIL/CMOS COMPATIBLE 

APPLICATIONS 

• HIGH FREQUENCY ANALOG SWITCHING 

• SAMPLE AND HOLD CIRCUITS 

• DIGITAL FILTERS 

• OP AMP GAiN SWiTCHiNG NETWORKS 

PIN OUT 

±15V 

80mA 

185ns 

5512 

15mW 

Section 11 for Packaging 

Top View 

Al l-H>i 

H-o~ 
IN 1 3 

OUT 1 

v- 4- ~13 v+ 

GND 5- ~12 VREF 

IN 4 6 

~) l-
11 IN 3 

OUT4 7- ~10 OUT3 

A4 8-H:>J L<J> ~9 A3 

2868 

DESCRIPTION 

HI-201 
Quad SPST CMOS 

Analog Switch 

HI-201 is a monolithic device comprising four independently 
selectable SPST switches which feature fast switching speeds 
(185ns) combined with low power dissipation (15mW at 250 C). 
Each switch provides low "ON" resistance operation for input 
signal voltages up to the supply rails and for signal currents up 
to 80mA. Employing Dielectric Isolation and CMOS processing, 
HI-201 operates without any applications problems induced 
by latch-up or SCR-mode phenomena. 

All devices provide break-before-make switching and are TTL 
and CMOS compatible for maximum application versatility. 
HI-201 is an ideal component for use in high frequency analog 
switching. Typical applications include signal path switching, 
sample and hold circuit, digital filters/and op amp gain switching 
networks. 

HI-201 is available in a 16 lead dual-in-line package. HI-201-2 
is specified from -550 C to +1250 C while HI-201-5 operates 
from OOC to + 750 C. H 1-201 is functionally and pin compatible 
with other available "200 series" switches. 

FUNCTIONAL DIAGRAM 

TYPICAL SWITCH 

~ A 
I 0--0 N 

V I 

SWITCH OPEN 
FOR LOGIC HIGH 

.J. -

T 

.-

P 

IN 
{) 

OUT 
{) 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
VREF to Ground 
Digital Input Voltage: 

Analog Input Voltage (One Switch) 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified 

44V (±22) 
+20V, -5V 

+VSupply +4V 
-VSupply -4V 
+VSupply +2.0V 
-VSupply -2.0V 

Total Power Dissipation* 
Operating Temperature 

HI-200-2 
HI-200-4 
HI-200-5 

Storage Temperature 

450mW 

-550~ to + 1250C 
-200C to +850C 
DoC to +750 C 
-650C to +1500C 

*Derate 6mW/oC Ab()ve T A = 750C 

Supplies = +15V, -15V; VREF = Open; VAH(Logic Level High) =2.4V VAL(Logic Level Low) =+O.8V 
For Test Conditions, consult Performance Characteristics 

HI 200 2 - - HI 2005** - -
-55°C to +1250C OOC to +750C 

PARAMETER TEMP. MIN. 
ANALOG SWITCH CHARACTERISTICS 
VS, Analog Signal Range Full -15 

RON, On Resistance (Note 1) +250C 

I I Full 

IS (OFF), Off Input Leakage Current +250C 
(Note 6) Full 

ID(OFF), Off Output Leakage Current +250C 
(Note 6) Full 

ID(ON), On Leakage Current (Note 6) +250C 
Full 

DIGITAL INPUT CHARACTERISTICS 
VAL, I nput Low Threshold Full 
VAH, Input High Threshold Full 2.4 

lA, Input Leakage Current (High or LoiN) (Note 2) Full 

SWITCHING CHARACTERISTICS 

tOPEN, Break - Before Make Delay (Note 3) +250C' 

ton' Switch on Time +250C 

toft' Switch off Time +250C 

"Off Isolation" (Note 4) +250C 

Cs (OFF), Input Switch Capacitance +250C 

CD (DFF). I +250C 
Output Switch Capacitance 

+250C CD(ON), 

CA, Digital Input Capacitance +250C 

CDS (OFF). Drain-To-Source Capacitance +250C 

POWER REQUIREMENTS (Note 5) +250C 
PO. Power Dissipation Full 

+250C 
1+, Current Full 

1-, Current +25°1; 
Full 

NOTES: 1. V OUT = :t10V lOUT = 1mA 
2. Digital Inputs Are MOS Gates - Typical Leakage is 

Less Than 1 nA 

3. V AH = 4.0V 

TYP. MAX. MIN. TYP. MAX. UNITS 

I 

+15 -15 +15 V 

55 70 55 80 n 
80 100 72 100 n 
1 1 nA 

100 500 10 500 nA 

1 1 nA 
100 500 10 500 nA 

.02 .02 nA 
6 500 6 500 nA 

0.8 0.8 V 
2.4 V 

1.0 1.0 J.lA 

60 60 ns 

240 500 240 ns 

330 500 500 ns 

70 70 dB 

5.5 5.5 pF 

' 5.5 5.5 pF 

11 11 pF 

5 5 pF 

0.5 0.5 pF 

15 15 mW 
60 I I 60 I mW 

0.5 0.5 rnA 
2.0 2.0 rnA 

0.5 0.5 rnA 
2.0 2.0 rnA 

4. V A = +5V, RL = 1 Kn, c L = 10pF, Vs = 3VRMS, 

f = 100kHz 
5. V A = +3V or V A = OV For Both Switches 

6. Refer to leakage current measurement diagram 

on page (3-8) 

•• Note: H 1-200-4 has same specifications as H 1-200-5 over the temperature range -200C to +850 C. 

@) IC MASTER 1984 2867 

"-o ...., 
o 
::::J 

"C 
C 
o 
.2 
E 
Q) 

en 
en . .: 
"-as 
J: 



110-

o .... 
o 
:::s 

"C 
c: 
o 
.2 
E 
Q) 

en 
en . .:: 
110-
ta 
:I: 

m HARRIS 

FEATURES 

• ANALOG VOLTAGE RANGE 

• ANALOG CURRENT RANGE 

• TURN-ON TIME 

• LOW RON 

• LOW POWER DISSIPATION 

• TIL/CMOS COMPATIBLE 

APPLICA TIONS 

• HIGH FREQUENCY ANALOG SWITCHING 

• SAMPLE AND HOLD CIRCUITS 

• DIGITAL FILTERS 

• OP AMP GAIN SWiTCHiNG NETWORKS 

PIN OUT 

±15V 

80mA 

185ns 

55n 

15mW 

Section 11 for Packaging 

v-

GND 

IN 4 

OUT4 

A4 

2868 

Top View 

4-

5-

6 

7-f---4) 
s-fi>= 

r-<r~16 A2 

(-__ 15 OUll 

14 IN 2 

f-13 v+ 

f-12 VREF 

11 IN 3 

l---10 DUn 

'-<Jt-9 A3 

DESCRIPTION 

HI-201 
Quad SPST CMOS 

Analog Switch 

HI-201 is a monolithic device comprising four independently 
selectable SPST switches which feature fast switching speeds 
(185ns) combined with low power diSsipation (15mW at 250 C). 
Each switch provides low "ON" resistance operation for input 
signal voltages up to the supply rails and for signal currents up 
to 80mA. Employing Dielectric Isolation and CMOS processing, 
HI-201 operates without any applications problems induced 
by latch-up or SCR-mode phenomena. 

All devices provide break-before-make switching and are TTL 
and CMOS compatible for maximum application versatility. 
HI-201 is an ideal component for use in h!gh frequency analog 
switching. Typical applications include signal path switching, 
sample and hold circuit, digital filters,and op amp gain switching 
networks. 

HI-201 is available in a 16 lead dual-in-line package. HI-201-2 
is specified from -550 C to +1250 C while HI-201-5 operates 
from OOC to +750 C. HI-201 is functionally and pin compatible 
with other available "200 series" switches. 

FUNCTIONAL DIAGRAM 

TYPICAL SWITCH 

A ~ I 0----<J

V I N 

SWITCH OPEN 
FOR LOGIC HIGH 

. ..L -
-,. 

--

P 

IN 

OUT 
-0 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 4 and 13 

VREF to Ground 
Digital Input Voltage: 

Analog Input Voltage (One Switch) 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified 

44\1 (±22) 
+20V,-5V 

VSupply(+) +4V 

VSupplyH -4V 
+VSupply +2.0V 
-VSupply -2.0V 

Total Power Dissipation* 
Operating Temperature 

HI-201-2 
HI-201-4 
HI-201-5 

Storage Temperature 

150mW 

-550 C to + 1250 C 
-200C to +850C 
OOC to +75 0C 
-65 0 C to +1500C 

*Derate BmW/oCAbove T A = +750 C 

Supplies=+15V,-15V; VREF = Open; VAH (Logic Level High) =2.4V VAL (Logic Level Lowl =+O.8V 
For Test Conditions, consult Performance Characteristics 

PARAMETER TEMP. 
ANALOG SWITCH CHARACTERISTICS 
Vs, Analog Signal Range Full 

RON, On Resistance (Note 1) +2SoC 
Full 

IS (OFF), Off Input Leakage Current +250 C 
(Note 6) Full 

IO(OFF), Off Output Leakage Current +250C 
(Note 6) Full 

ID(oN), On Leakage Current (Note 6) +250C 
Full 

DIGITAL INPUT CHARACTERISTICS 
V AL, I nput Low Threshold Full 
VAH, Input High Threshold Full 

lA, Input Leakage Current (High or Low) (Note 21 Full 

SWITCHING CHARACTERISTICS 

tOPENt Break - Before Make Delay (Note 31 +250 C 

ton, Switch ON Time +250C 

toft. Switch OFF Time +250C 

"Off Isolation" (Note 4) +250 C 

Cs (OFF), Input Switch Capacitance +2SoC 

Co (oFF)'1 +250C 
Output Switch Capacitance 

+250 C Co (ON) 

CA, Digital I nput Capacitance +250C 

COS (OFF). Drain-To-Source Capacitance +250C 

POWER REOUIREMENTS (Note 5) +250 C 
PO. Power Oissipa'tion Full 

+250C 
1+, Current (Pin B) Full 

+250 C 
1- Current (Pin 4) Full 

NOTES: 1. VOUT= :!"10V 'OUT= 1m~ 
2. Oigital Inputs Are MaS ~ates - Tvpical Leakage is 

Less Than 1 nA 

3. V AH = 4.0V 

HI-201-2 HI-201~5 ** 

-55°C to + 125°C OOC to +750C 
MIN. 

-15 

2.4 

TYP. MAX. MIN. TYP. MAX. UNITS 

+15 -15 +15 V 

55 70 55 I 80 Q 

80 100 75 

I 
100 Q 

2 2 nA 
500 250 nA 

I 

2 2 nA 
500 250 nA 

2 2 nA 
500 250 nA 

0.8 0.8 V 
2.4 V 

1.0 1.0 JlA 

30 30 ns 

185 500 185 ns 

220 500 220 ns 

80 80 dB 

5.5 5.5 pF 

5.5 5.S pF 

11 11 pF 

5 5 pF 

0.5 0.5 -I: 
1" 

15 15 mW 
60 60 mW 

0.5 0.5 mA 
2.0 2.0 mA 

0.5 0.5 mA 
2.0 2.0 mA 

4. VA = 5V. RL = 1 KQ, C L = 10pF. Vs = 3VRMS,f = 100KHz 
5. V A = +3V or V A = OV For a/l Switches 

6. Refer to leakage current measurement diagram 

on page (3-14) 

Note: H 1-201-4 has same specifications as H 1-201-5 over the temperature range -200C to +850 C. 

@ Ie MASTER 1984 
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fi)HARRlS 

• HIGH FREQUENCY ANALOG SWITCHING 

• SAMPLE AND HOLD CIRCUITS 

• DIGITAL FILTERS 

• OP AMP GAIN SWITCHING NETWORKS 

PIN OUT 

2870 

Tpp View 

A11-~ 

OUT 1 1-f-<>~ 
IN 1 3-4-----J 

v- 4-

GND 5-

IN 4 6 

~) OUT 4 7-

A4 8-H>-l 

r-<}r--16 A2 

(~~" OUT1 

1..--4-14 IN 2 

r-13 v+ 

1-12 NC 

l-
11 IN 3 

1-100Ul3 

L<f 1-9 A3 

HI-201HS 
High Speed Quad SPST 

CMOS Analog Switch 

DESCRIPTION 

The Harris H 1-201 HS is a monolithic CMOS analog switch 
featuring very fast switching speeds and low ON resistance. 
The device consists of four independently selectable SPST 
switches and is identical in pinout to the H 1..:201 quad switch. 

Fabricated using the Harris dielectric isolation technology, this 

TTL compatible device offers improved performance over 
previously available CMOS analog switches. Featuring switching 
speeds of 50ns max., low ON resistance of 50n max., and wide 
analog signal range of ±15V, the HI-201HS is designed for any 
application where improved switching performance, particularly 
switching speed, is required. 

The HI-201HS is available in a 16 lead dual-in-line package. 
The HI-201HS-2 is specified for the temperature range of 
-550 C to +1250 C and the HI-201HS-5 operates from OOC to 
+750C. 

FUNCTIONAL DIAGRAM 

© Ie MASTER 1984 



SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage BetWeen Pins 4 and 13 

Digital Input Voltage: 

Analog Input Voltage (One Switch) 

+36V 

VSupply(+) +4V 
VSupplyH -4V 
+VSupply +2.0V 
-VSupply -2.0V 

Total Power Dissipation* . 750mW 
Operating Temperature 

HI-201HS-2 -550 e to +1250 e 
HI-201HS-4 -200 e to +850e 
HI-201HS-5 ooe to +75 0e 

Storage Temperature -650 e to + 1500C 

*Derate 8mW/oe Above TA = +750 e 

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified, Supplies = +15V, -15V; VAH (logic Level High) = 5.0V; 
VAL (logic level low) = +O.8V 

@) Ie MASTER 1984 

PARAMETER 

ANALOG SWITCH CHARACTERISTICS 

VS, Analog Signal Range 

R ON , On Resistance (Note 21 

S(OFFj, Off Input Leakage Current 

IO(OFF), Off Output Leakage Current 

IO(ON), On Leakage Current 

DIGITAL INPUT CHARACTERISTICS 

VAL Input Low Threshold 

VAH, Input High Threshold 

tAL Input Leakage Current (Low) 

IAH, Input Leakage Current (High) 

SWITCH.jNG CHARACTERISTICS 

tON, Switch ON Time (Note 3) 

tOFF, Switch OFF Time (Note 3) 

"Off Isolation" (Note 41 

Crosstalk (Note 5) 

Charge Injection (Note 6) 

CS(OFF), Input Switch Capacitance 

CO(OFF), Output Switch Capacitance 
COlON), 

CA, Digital Input Capacitance 

COS(OFF), Orain-to-Source Capacitance 

POWER REQUIREMENTS (Note 7) 

Po, Power Dissipation 

1+ r.llrrllnt IPin 1~1 I . ,-_ .. _ ... , ..... -, 
11-, Current (Pin 4) 

NOTES: 

TEMP. 

Full 

+250 C 
Full 

+250G 
Full 

+250C 
Full 

+250C 
Full 

Full 

+250C 
Full 

Full 

Full. 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 
Full 

1. Absolute maximum ratings are limiting values, 
applied individually, beyond which the service
ability of the circuit may be impaired. Functional 
operability under any of these conditions is not 
necessarily implied. 

2. VOUT = ±1QV, 'OUT = 1mA 

3. RL=lk!l,CL=35pF.VIN=+10V.VA=+5V 

MIN. 

-15 

2.0 
2.4 

HI-201HS-2 
HI-201HS-5 

TYP. 

30 

.3 

.1 

30 

40 

72 

86 

10 

10 

10 

30 

18 

.5 

120 

4.5 I' 

3.5 

MAX. 

+15 

50 
75 

100 

10 
100 

10 
100 

0.8 

500 

40 

50 

50 

240 

10.0 

6 

UNITS 

V 

n 

nA 
nA 

nA 
nA 

nA 
nA 

V 

V 
V 

pA 

JJA 

ns 

ns 

dB 

dB 

pC 

pF 

pF 

pF 

pF 

pF 

mW 
mW 

~~ I' mA 
rnA 

4. VA = 5V. RL = 1KSl. CL = lOpF. VS = 3 VRMS. 
f = 100kHz 

5. VA = 5V. RL = 1k!l. f = 100kHz, VIN = 2Vp-p 

6. CL = 1000pF, VIN = OV, RIN = Ofl 
LlQ = CL x LlVO 

7. VA = 5V or VA = 0 for all switches. 

2871 

~ 

o ....... 
o 
::l 

"'0 
C 
o 
.2 
E 
CD 

UJ 
CI'J 
'i: 
~ 

ttS 
:t: 



~ 

o .... 
o 
::J 
-c 
r::: 
o 
.2 
E 
Q) 

C/) 

en .;:: 
~ 

as 
J: 

m HARRIS 

FEATURES 
• ANALOG SIGNAL RANGE (±.15V SUPPLIES) 
• LOW LEAKAGE (TYP. @ 250 C) 
• LOW LEAKAGE (TYP.@ 1250 C) 
• LOW ON RESISTANCE (TYP.@ 250 C) 
• BREAK-BEFORE-MAKE DELAY (TYP.) 
• CHARGE INJECTION 
• TTL, CMOS COMPATIBLE 
• SYMETRICAL SWITCH ELEMENTS 
• LOW OPERATING POWER 

(TYP. FOR HI-300 - 303) 

FUNCTIONAL DIAGRAM 

± 15V. 
40pA 

lnA 
35n 
60ns 

30pC 

1.0mW 

~------OS 

IN 

o 

TYPICAL SWITCH 300 SERIES 

HI-300 thru HI-307 
CMOS Analog Switches 

APPllCA TloNS 
• SAMPLE AND HOLD i.e. LOW LEAKAGE SWITCHING 
• OP AMP GAIN SWITCHING i.e. LOW ON RESISTANCE 
• PORTABLE, BATTERY OPERATED CIRCUITS 
• LOW LEVEL SWITCHING CIRCUITS 
• DUAL OR SINGLE SUPPLY SYSTEMS 

DESCRIPTION 
The H 1-300 through H 1-307 series of switches are monolithic devices fab
ricated using CMOS technology and the Harris dielectric isolation process. 
These switches feature break-before-make switching, (HI-301, 303,305 
& 307 only) , low and nearly constant ON resistance over the full analog 
signal range, and low power dissipation, (a few m illiwatts for the H 1-300-
303, a few hundred microwatts for the HI-304-307). 

The H 1-300-303 are TTL compatible and have a logic "0" condition with 
an input less than 0.8V and a logic "1" condition with an input greater 
than 4.0V. The HI-304-307 switches are CMOS compatible and have a 
low state with an input less than 3.5V and a high state with an input 
greater than 11 V. (See pinouts for switch conditions with a logic "1" input.) 

All the devices are available in a 14 pin epoxy or ceramic DIP. The H 1-300, 
301, 304 and ,305 are also available in a 10 pin metal can. Each of the 
switch types are available in either the -550 C to + 1250C or OOC to +7 50C 
operating ranges. 

PINOUTS (SWITCH STATES ARE FOR A LOGIC "1" INPUT) Section 11 for Packaging 

DIP 

2872 

DUAL SPST HI-300 & HI-304 
(TOP VIEWS) 

14 v+ 

GND 

*The substrate and case are 
internally tied to V-. (The 
case Should not be used as 
the V- connection, however.) 

OUALOPST HI-302 & HI-306 
(TOP VIEW) 

r------. DIP 

GND 7 

NC 1 

SPOT HI-301 & HI-305 
(TOP VIEWS) 

8 v-

V+ 

GND 

*The substrate and case are 
internally tied to V-. (The 
case should not be used as 
the V- connection, however.) 

DUAL SPOT HI-303 & HI-307 
(TOP VIEW) 

14 V+ 

LOGIC 

0 
1 

SWl SW3 
SW2 SW4 

OFF ON 
ON OfF 

GND 7 8 v--" ___ ..r-
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SPECIFICATIONS HI-300 - HI-307 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between Supplies 

Digital Input Voltage 

Analog Input Voltage 

44V (:t22V) 

V++4.0V 
V--4.0V -

V+ 1.5V 
V- 1:5V 

Total Power Dissipation 
14 Pin Epoxy DIP 
14 Pin Ceramic DIP 
10 Pin Metal Can* 

*Derate 6.9mW/OoC Above TA = 700e 

Operating Temperature- H 1-3XX-2 
HI-3XX-5 

Storage Temperature 

526mW 
588mW 
435mW 

- 550C to +1250 C 
OOC to +750 C 

- 650 C to, +1500 C 

ELECTRICAL CHARACTERISTICS Unless otherwise specified; Supplies = +15V, -15V; V,N = Logic Input. 

PARAMETER 

ANALOG SWITCH CHARACTER)STICS 

Analog Signal Range 

RON ON Resistance (Note 2) 

iSOFF Off Input Leakage Current (Note 3) 

/DOFF OFF Output Leakage Current (Note 3) 

lOON ON Leakage Current (Note 4) 

DIGITAL INPUT CHARACTERISTICS 

VINL Input Low Level * 
VINH Input High Level * 
VINL Input Low Lewl "" 
VINH Input High Level ** 
IINL Input Leakage Current (Low) (Note 5) 

IINH Input Leakage Current (High) (Note 5) 

SWITCHING CHARACTERISTICS 

tOPEN Break-Before-Make Delay *** 
tON Switch On Time" 
tOFF Switch Off Time * 
tON Switch On Time ** 
tOFF Switch Off Time ** 
Off Isolation (Note 6) 
Charge Injection (Note 7) 

CSOFF Input Switch Capacitance 

CDOFF Output Switch Capacitance 

COON Output Switch Capacitance 

CIN (Highl Digital Input t:apacitance 
CIN (Low) Oigitallnput Capacitance 

POWER REQUIREMENTS 

1+ Current * (Note 81 

1- Current" (Note 81 

1+ Current * (Note 91 

1- Current * (Note 91 

1+ Current** (Note 101 

1- Current *" (Note 101 

1+ Current ** (Note 111 

1- Current ** (Note 111 

H 1-300-303: V, N - for Logic "1" = 4V, for Logic "0" = 0.8V 
H 1-304-307: V, N - for Logic "1" = l1V, for Logic"O" = 3.5V 

-550 C to +1250 C DOC to+750C 

TEMP MIN TYP MAX MIN TYP MAX 

I 
Full -15 +15 -15 +15 

+250 C 35 50 35 50 
Full 40 75 40 75 

- +250C 0.1)4 1 0.04 5 
Full 1 100 0.2 100 

+250 C 0.1)4 1 0.04 5 
Full 1 100 0.2 100 

+250C 0.03 1 0.03 5 
Full' 0.5 100 0.2 100 

Full 0.8 0.8 
Full 4 4 
Full 3.5 3.5 

Full 11 11 
Full 1 1 

Full 1 1 

+250 C 60 60 

+250C 210 300 210 300 
+250 C 160 250 160 250 
+250 C 160 250 160 250 
+250 C 100 150 100 150 

+250 C 60 60 

+250C 3 ' 3 
+250C 16 16 

+250C 14 14 

+250C 35 35 
+250(: 5 5 

+250C 5 5 

+250C 0.09 0.5 0.09 0.5 
Full 1 1 

+250C 0.01 10 0.01 100 
run I I I 100 I I +250C 0.01 10 0.01 100 
Full 100 

+250 C 0.01 10 0.01 100 
Full 100 

+250C 0.01 10 0.01 100 
Full 100 

+250C 0.01 10 0.01 100 
Full 100 

+250 C 0.01 10 0.01 100 
Full 100 

+250C 0.01 10 0.01 100 
Full 100 

* HI-3oo thru HI-303 Only; ** HI-304 thru HI-307 Only; *** HI-301, HI-303, HI-305, HI-307 Only 

@ Ie MASTER 1984 

UNITS 

V 

n 
n 
nA 
nA 
nA 
nA 

nA 
nA 

V 
V 
V 
V 

pA 

pA 

ns 

ns 
ns 
ns 
ns 

dB 
mV 
pF 

pF 

pF 

pF 

pF 

rnA 
rnA 

J-lA 

I J-lA I ;.tA 
J-lA 

J-lA 
J-lA 
J-lA 
J-lA 

J-lA 
J-lA 
J-lA 
J-lA 
J-lA 
J-lA 

m 
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ELECTRICAL CHARACTERISTICS NOTES: 

1. As with all semiconductors, stresses listed under "Absolute 
Maximum Ratings" may be applied to devices (one at a time) 
without resulting in permanent damage. This is a stress rating 
only. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. The conditions 
listed under "Electrical Characteristics" are the only conditions 
recommenoed for satisfactory operation. 

2. Vs = ± 10V, ·IOUT = -lOrnA On resistance derived from the 
voltage measured across the switch under the above conditions. 

3. Vs =± l4V, VD =+ 14V. 

4. Vs = VD =± 14V. 

5. The digital inputs are diode protected M as gates and typical 
leakages of 1 nA or less can be expected. 

'TEST CIRCUITS 

SWITCHING TEST CIRCUIT (tON, tOff) 

2874 

SWITCH TYPE 

HI-300 thru HI-303 
HI-304 thru HI-307 

?+15V 
v+ 

5 
V5=+3V'" ~ 

t>l -. 

~-LOGIC tNO r INPUT ":" 
-15V 

!? 

LOGIC "1" '" SWITCH ON 
LOGIC 

V
INH

t .... INPUT l5,", 
OV 

I 

V5 
I I 

i/:~ 
I 
I 
I 

OV I i I I 
I I SWITCH 

-itoNI--
I 

OUTPUT --I toFF 

4V 
15V 

Vo SWITCH 

:~RL ~c: 
OUTPUT 

"'~300 33pF 

~ ":" 

~ I 
i 

l-

6. Vs = 1VRMS, f = 500kHz, CL = 15pF, RL = lk. 
CL = CFIXTURE + CPROBE, "Off Isolation" = .201ogVSIVD. 

7. Vs = OV, CL = 10,000pF, Logic Drive = 5V pulse. (HI-300 
-303) Switches are symmetrical; Sand D may be interchanged. 
Logic Drive:: l5V (HI-304-307) 

8. VIN = 4V (one input) (all other inputs = OV) 

9. VIN = 0.8V (all inputs). 

10. VIN = l5V (all inputs). 

11. VIN = OV (all inputs). 

12. To drive from DTL/TTL circuits, pull-up resistors to +5V 
supply are recommended . 

BREAK-BEfORE-MAKE TEST CIRCUIT (tBBM) 

51 
vs,"'+':N ..... 
VS2-+':N 52 .... 

LOGIC 
INPUT 

":" 

LOGIC 
INPUT 

OV 

OV 

SWITCH 
OUTPUT 

SWITCH TYPE 

HI-301, HI-303 
H 1-305, H 1-307 

?+15V 
V+ 

~ ..... 
~I 

1_ 

H:>J 
~GNO !~;5V 

01 ... 
02 

LOGIC "1" = SWITCH ON 

VINHI I 

Jsur. 
I 
I 
I 

ov~l 
188M --i I 

'I r-

5V 
l5V 

OUT 1 

OUT 2 

... RL21CL2 RL1 CL1 

... '" :"'--... ~ I ... ~ I 
~ ":" -=: ":" 

RL 1 .. RL2 '" 300n 
CL1·CL2"'33pF 

~OUT' 
I 
I, 
I ;;;, OUT 2 I 
I 
I 
i 

I I 
~ I-taBM 1 
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TYPICAL PERFORMANCE CURVES 

c.J 

g~ 
;9 
"'w zc.J -z « 
a: ... co> 
~~ 
za: 
92 
ClIO 

~ 

10 

10 

ROS(ON) YS. Yo AND 
. TEMPERATURE 

I I I 
V+-+15V 
V---15V 

001--- .-" 

~ :::::::: :::::: ~ 12PC 

"lIiDC :--~ - --20 

O.~--~---+--~----~--~--~ 
-1& -10 ... 0 46 +10 +115 

Vo-DRAlM_'TAGE MILTS! 

DEVICE POWER DISSIPATION 
VS.SWITCHING FREQUENCY 

SINGLE LOGIC INPUT 

E~~;~:: 
r-- TA=2PC T >-- Vs-lIlY 

I I-- AL-2!< 

I 
10 

11 
/I 

I I 1/,/ 
1.0 

FHI~tlwuHl-3ll1 

I I I I 
" __ Hl-3117/ 

0.1 L-.-J,L--}IO:--.,J,1OO.,.--..,L'KI,-1OII~""_~-:!'. 
LOGICIIIIIT~F_CIIII 

_DUTYC'fCU 

'S(OFF) OR ID(OFF) 
VS. TEMPERATURE * 

10.0~~~ - V.-+11V r-- V---1SV 

~a'~-----~~-----,~a----~ 
,--..... TWlE-OC 

RDS(ON) VS. VD AND 
POWER SUPPL Y VOLTAGE 

20 A V ...... , .Y ..... _ 
• Y+-+1IV, V· .... .., 
C V+-.,,w. V·-·7. 

• D V ..... y.. • ...., 

-II -10 .. a .. VO- _ _.TAGEMlLTS! 

OFF ISOLATION 
VS.FREQUENCY 

f - JMmIINC'I '"'" 

+10 

ID(ON) VS. TEMPERATURE * 

''''~~ 
~ 
-IVDI-IV.'-Mv--.f...,--~ 

ama~---~~--~,a----J 
T - n.EIIATWlE fOCI 

• The net leakage into the source or drain is the n-channel leakage minus the p-channelleakage: This difference can be positive, 
negative, or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit. 

OUTPUT ON CAPACITANCE 
VS. DRAIN VOLTAGE 

: "I 1 1 1 1 I I I 
z 
~ _I-+-+-+-+-+-+-If-.-I 

§ .~f-+--+--I--+-+-I--I z o ... 
~ .~f-+--+--I--+-+-I--I 
o 
z 8 20. 2 • 1 1 10 12 M Ie 

VO- _ _.T,..MlLTI! 
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DIGITAL INPUT CAPACITANCE 
VS. INPUT VOLTAGE 

02.111012MII 
VJN-INPUTIIOLT,..MlLTI! 

Typical delay, rise, fall, settling times, and switching trans
ients in this circuit. 

+15Vy 

I v+ 

RGEN -0. S 
.I. 

D 
.A..I. .... ~ 

I 
t 

m 

J. ,.,.,. 
4> l. 1 VGEN 

I 
RL 4> CL I 

10.w-> I10pF IN I 
_.J 

~-=-
VLDGIC e~ rD Lv-
~ -15V 

If RGEN, Rl or Cl is increased, there will be proportional 
increases in rise and/or fall R C times. 

• I 
-~- I I I I . 

HI..1OO1hruHI'-
2 

0 

~ r+-1LjlCiiT 

0 
~ f ... 

I I I ~ 
~ 
c.J a g 

IS I I I I 
2 10 I I I I 
:> HI_1IuuHl~ 

5 

0 

-...:.... LjICtT 
f 

I I I 

I 
I I I I I 

+10 

+5 l I I ~ 'SEENOrE 

jYOEN-,IN " a 

I I I 

1111111 I III 

~-
0 

-6 ' \ -
-10 

, ( 
VGEN" -1OV i 

J 
0 0.4 0.8 1.2 1.6 

t-TlftWt.u •• 
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TYPICAL PERFORMANCE CURVES (Continued) 

2876 

SWITCHING TIME VS. 
TEMPERATURE 

HI-300 thru HI-303 

1001--+-.+-+--+--+--+-+-1---1 

'!a; -315 -,5 6 2& • • • 105 ,2& 
T - TE_RATURE lacl 

SWITCHING TIME AND BREAK 
BEFORE MAKE TIME VS. 

POSITIVE SUPPLY VOLTAGE 
HI-300 thru HI-303 

• 5 • • 
Y+ POIITIY£ ..... VM 

SWITCHING TIME VS. 
TEMPERATURE 

HI-304 thru HI-307 

V.-+1IV 
V---1SV 
YINH-+16V 

~ VlNL-av 
~ 100' _~ __ 

~ ---r-f 
~ ,~~~~~~+-~~~~ 
! r 

-55 -315 -'5 6 2& • • • 105 12& 
T _ TE_RATURE lacl 

SWITCHING TIME VS. 
POSITIVE SUPPLY VOLTAGE 

HI-304 thru HI-307 
1.1 

1---11\1 

"-
1.1 TA-"'" 

VINH- 'IV 
w 1A VINL-rN ::;: 
;:: 

1.2 

" Z 

~ 1.0 .. I 
~ \ ... .. 

~ ... 
0 OA ..: "-z 

0.2 'ON g 
~ 

0 5 10 '5 
Y+ POIITMIUPP1.VVOLTAGEM 

INPUT SWITCHING THRESHOLD 
VS. POSITIVE SUPPLY VOLTAGE 

HI-300 thru HI-307 

9 J I ...... tlwuHt~ 0 

~ • Y---,IY 
TA·"'" 1tJI?' 

~ 5 

~ 
~ 4 

'tI' I ~ 3 

! 2 .. -_ .. .-
~ , 

[ ! 
:z: G ; 1e ,f ... Y+ POIITM_VVOLTAGEIVO\.T1I 
> 

SWITCHING TIME VS. 
NEGATIVE SUPPLY VOLTAGE 

HI-300 thru HI-303 

w 
::;: 
>= 
~ 
:;:21101----+---+-----1 
~ 
~ 
... 
o 
~ 
g 

1OOr- V+-'5V 
TA-"'" 
v ... -., VINL-j 

'OFF 

5 10 
Y- NEGA TIYE SUPPI. V IYOI. TSI 

SWITCHING TIME VS. 
NEGATIVE SUPPL Y VOLTAGE 

HI-304 thru HI-307 

2110 ____ 

1OO!-_-+ ...... 'O ... FF-..j __ -I 

D " 10 16 
Y- IlEGATMSUPPl.VYOI.TAGEM 
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FEATURES 

• ANALO~ SIGNAL RANGE (±15V SUPPLIES) 
• LOW LEAKAGE (TYP. @ 250 C) 
• LOW LE,AKAGE <TYP @ 1250 C) 
• LOW ON RESISTANCE (TYP. @ 250 C) 
• BREAK":BEFORE-MAKE DELAY (TYPJ 
• CHARG~ INJECTION 
• TTL COMPATIBLE 
• SYMMETRICAL SWITCH ELEMENTS 
• lOW OPERATING POWER (TYP.) 

FUNCTIONALDJAGRAM 

±15V 
40pA 

lnA 
35n 
60ns 

30pC 

1.0mW 

~----------~~S 

IN 

~----"",-oD 

TYPJCAL SWITCH - 300 SERIES 

PINOUTS (SWITCH STATES ARE FOR A LOGIC "1" INPUT) 

SW1 
LOGIC SW2 

0 ON 
1 OFF 

@ Ie MASTER 1984 

DIP 

QUAL SPST HI-381 
(TOP VIEWS) 

NC 

. 
METAL 

CAN 

*The substrate and case are 
internally tied to V-. (The 
case should not be used as 
the V- connection, however.) 

DUAL DPST H 1-384 
(TOP VIEW) 

HI-381/384/ 
387/390 

CMOS Analog Switches 

APPLICATIONS 

• SAMPLE AND HOLD i.e. LOW LEAKAGE SWITCHING 
• OP AMP GAIN SWITCHING i.e. LOW ON RESISTANCE 
• PORTA~LE BATTERY OPERATED CIRCUITS 
• LOW LEVEL SWITCHING CIRCUITS 
• DUAL OR SINGLE SUPPLY SYSTEMS 

DESCRIPTION 
The H 1-381 through H 1-390 series of switches are monolithic 
devicf!s fabricated using CMOS technology and the Harris di
electric isolation process. These devices are TTL compatible and 
are available in four switching configurations. (See device pinout 
for particular switching function with a logic "1" input.) 

These switches feature low leakage and supply currents, low and 
nearly constant ON resistance over the analog srgnal range, break
before-make switching and low power dissipation. 

The HI-381 and HI-387 switches are available in a 14 pin epoxy 
or ceramic DIP orl0 pin metal can. The HI-384 and ijl-390 
are available in a 16 pin epoxy or ceramic DIP. Each of the 
individual switch types are· available in the -550 C to +1250 C 
and OOC to + 750 C operating ranges. 

DIP 

Section 11 for Packaging 

SPOT HI-387 
(TOP VIEWS) 

Ne 

*The substrate and case are 
internally tied to V-. (The 
case should not be used as 
the V- connection, however.) 

DUAL SPOT HI-390 
(TOP VIEW) 

SW1 SW3 
LOGIC SW2 SW4 

0 OFF ON 
1 ON OFF 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS· (Note 1) 

Voltage Between Supplies 

Digital Input Voltage 

Analog Input Voltage 

Storage Temperature Range 

44V (±22) 

V++4.0V 
V- -4.0V 

V+ +1.5V 
V- -1.5V 

-650 C to +1500 C 

Total Power Dissipation 
14 Pin Epoxy DIP 
14 Pin Ceramic DIP 
16 Pin Epoxy DIP 
16 Pin Ceramic DIP 
10 Pin Metal Can* 

526mW 
588mW. 
625mW 
685mW 
435mW 

*Derate 6.9mW/oC above T A = 700C 

Operating Temperature 
HI-3XX..;2 
HI-3XX-5 

.;.550 C to + 1250 C 
OOC to +750C 

o '0 ELECTRICAL CHARACTERISITICS Unless otherwise specified; Supplies = +15V, -15V; VIN = Logic Input, 
:::J VIN for logic "1" = 4V, for logic 0 = .8V 
'0 
c 
o 
.2 
E 
(J) 

en 
tn 
'i: 
L-
etS 
J: 
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PARAMETER 

ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range 

RON ON Resistance (Note 2) 

ISOFF OFF Input Leakage Current (Note 3) 

100FF OFF Output leakage Current 
(Note 3) 

lOON ON Leakage Current (Note 4) 

DIGITAL INPUT CHARACTERISTICS 

VINllnput low Level 

VINH Input High level 

IINH Input Leak. Current (High) (Note 5) 

IINllnput leak. Current (low) (Note 5) 

SWITCHING CHARACTERISTICS 
(HI-387/ 

tOPEN, Break-Before Make Delay 390 only) 

tON. Switch ON Time 

tOFF. Switch OFF Time 

OFF Isolation (Note 6) 

Charge Injection (Note 7) 

CSO FF I nput Switch Capacitance 

CDOFF Output Switch Capacitance 

COON Output Switch Capacitancei 

CIN (High) Digital Input Capacitance 

CIN(Low) Digital Input Capacitance 

POWER REQUIREMENTS 

1+ Cutrent (Note 8) 

1- Current (Note 8) 

1+ Current !Note 9) 

1- Current (Note 9) 

TEMP MIN 

FULL -15 

+250C 
FULL 

+250C 
FULL 

+250C 
FULL 

+250C 
FULL 

FULL 

FULL 4 

FULL 

FUll 

+250C 

+250 C 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 

+250 C 
FUll 

+250C 
FULL 

+250C 
FUll 

+250C 
FUll 

-550C to + 1250 C OOC to +750C 

TYP MAX MIN TYP 

+15 -15 

35 50 35 
40 75 40 

.04 1 .04 
1 100 0.2 

.04 1 .04 
1 100 0.2 

.03 1 .03 
0.5 100 0.2 

.8 

4 

1 

1 

60 60 

210 300 210 

160 250 160 

60 60 
3 3 

16 16 

14 14 

35 35 

5 5 

5 5 

.09 .5 .09 
1 

.01 10 .01 
100 

.01 10 .. 01 
100 

.01 10 .01 
100 

MAX UNITS 

+15 V 

50 n 
75 n 
5 nA 

100 nA 

5 nA 
100 nA 

5 nA. 
100 nA 

.8 V 

V 

1 JlA 

1 JlA 

ns 

300 ns 

250 ns 

dB 

mV 

pF 

pF 

pF 

pF 

pF 

.5 rnA 
1 rnA 

100 JlA 
JlA 

100 JlA 
JlA 

100 JlA 
JlA 
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ELECTRICAL CHARACTERISTICS NOTES: 

1. As with all semiconductors, stresses listed under "Absolute 
Maximum Ratings" may be applied to devices (one at a time) 
without resulting in permanent damage. This is a stress rating 
only. Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. The conditions 
listed under "Electrical Characteristics" are the only conditions 
recommended for satisfactory operation. 

2. vS. = ± i OV, lOUT = -10mA on resistance derived from the· 
voltage measured across the switch under the above conditions. 

3. VS=:t14V,VO="+14V. 

4. Vs = Vo =2: 14V. 

T{ST CIRCUITS 

SWITCHING TEST CIRCUIT (tON, tOff) 

SWITCH TYPE VINH 

HI-381 thru HI-390 5V 

1~15V 
V+ 

Vs = +3V ~ 1 -"" I I 0 
Vo SWITCH 

• RL ~CL .[1: I 
LOGIC V- • 300 33pF 

INPUT -: too Lv 
~ -= 

LOGIC "1" = SWITCH ON* 

LOGIC 
INPUT 

OV ~ 50%, t!-f 5....,0%,--__ _ 

;/:90%: ~ 
cm~~~~ ov --...."...... I : ' 

I I , ' 
-I toN I-- -I toFF I--

*Inverted logic for HI-381 

@ Ie MASTER 1984 

OUTPUT 

5. The digital inputs are diode protected MOS gates and typical 
leakages of lnA or less can be expected. 

6. Vs = lVRMS, f = 500kHz, CL = 15pF, RL = lk, 
CL = CFIXTU RE + CPROBE, "Qff isolation" = 2010g VSIVO. 

7. Vs = OV, CL = 10,000pF, Logic Orive = 5V pulse. Switches 
are symmetrical; Sand 0 may be interchanged. 

8. VIN = 4V. (one input) (all other inputs = 0) 

9. VIN = 0.8V. (all inputs) 

10. To drive from OTL/TTL circuits, pull-up resistors to +5V 
Supply are recommended. 

BREAK-BEfORE-MAKE TEST CIRCUIT (tBBM) 

VS1 =+3V 
VS2=+3V 

LOGIC 
JNPUT 

-= 

LOGIC 
INPUT 

OV 

SWITCH TYPE 

HI-387 and HI-390 5V 

j+15V 
v+ 

01 

I 
OUT 1 

I 02 t OUT 2 

-f>J . ~ RL2J..CL2 RL1~L1 
~~ ~ 

~GNO l:~v ~~ I ~ I 
-=E" -= -:: -= 

LOGIC "1" SWITCH ON 
RL1 = RL2 = lOOn 
CL 1 = CL2 = 33pF 

VINH I IL...-__ 

/.5f1*, ~ OUT 1 
OV-------' : : 

I : .c:::.: 50% OUT 2 
sWITCH 
OUTPUT OV \.5f1*,\-..J:"--_____ ' .... ' ,..J/I:IU7o 

!BBM ~ !- -l I--!BBM 
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TYPICAL PERFORMANCE CURVES 

2880 

RDS(ON) VS. VD AND 
TEMPERATURE 

~r---.----r--~----~---Ir-~ 

V+= +15V 
V-r-15V 

~~5-----~10~--~~~--~0----~+5~---+~10--~+1-5 

i 
E 
Z 
0 
j: 

: 
~ 
is 
II: 

~ 
l 

Vo - DRAIN VOLTAGE (VOLTS) 

DEVICE POWER DISSIPATION 
VS. SWITCHING FREQUENCY 

SINGLE LOGIC INPUT 

100 

f:= V+- +15V 
r-- V-=-15V 

.1. r-- TA-ZSOC 
I-- VS= 15V 1 

I--
RL' 2k I 

I 

10 

I 

L 

1.0 
i / 

- HI-3811hru HI-390 

1 10 100 lK 10K lOOK 1M 
LOGIC SWITCHING fREQUENCY (Hz) 

5010 DUTY CYCLE 

ISoFF OR IDOFF VS. TEMPERATURE· 

II: 
o ... 
l;! 
::::> 

~ 
... ... 
o 
!? 
II: o ... ... 
il 

10.o~~~ 
t:= ~~: ~:~ +--------+-------1 

i 
1'0~~/ ~ 

./ 

v 

0'1~~/~ 

0.0~'--------...J.75--------125'--------1 

T- TEMPERATURE - OC 

U 
II: 
::::> 

~ 
g 
z 

~ 
o 

RostON) VS. Vo AND 
POWER SUPPLY VOLTAGE 

~~A~V~+~=~+1~5V~.~V~---~-I~~~~---+----~---4 
B V+ = +10V. v- - -10V 
C V+' +7.5V. v- - -7.5V 
o V+=+5V. V---5V 

~~5----_~10~~~_5~---L0----~+5----~+ILO--~+15· 

... 
CI 

~ 
..J ... 
z 
z 

5 
z 

~ 

10.0 

1.0 

0.1 

Vo - DRAIN VOLTAGE (VOLTS) 

OFF ISOLATION 
VS. FREQUENCY 

1- FREOUENCY (Hz) 

lOON VS. TEMPERATURE· 

~ ~::!:~ 
r- IVol -IVsl ~ 14V 

/ 

/' 

/ i 

O.OI25~-------,75~-----O-I25~-------' 

T - TEMPERATURE IOC) 

* The net leakage into the source or drain is the n-channelleakage minus the p-channelleakage. This difference can be positive, 
negative, or zero depending on the analog voltage and temperature, and will vary greatly from unit to unit. 

~ 
w 
(J 
Z 

~ 

~ 
(J 

z o 

§ 
::::> 
o 

8 
(J 

OUTPUT ON CAPACITANCE 
VS. DRAIN VOLTAGE 

~0~~2~~4--~6~8~~10--1~2~1~4~16-
Vo - DRAIN VOLTAGE (VOLTS) 

DIGITAL INPUT-CAPACITANCE 
VS. INPUT VOLTAGE 

TRANSITION !INDETERMINATE 
8 r-- DUE TO ACTIVE INPUT) -

til I I I J HI-381 ttu-u HI-390 ---Z 4 i-+---t--i--i--i---i---i--l 

u I I I I I I I I I 
o 2 4 6 8 10 12 14 16 

VIN - INPUT VOLTAGE (VOLTS) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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,.. 
~ 
;: 
C> 
z 
i ::; 

~ ... 
l5 
.t:: z 
~ 

SWITCHING TIME VS. 
TEMPERATURE 

HI-3S1 thru HI-390 

1001-+-+-+-+-+-+-+-+---1 

~55 -36 -15 5 25 45 65 86 106 125 
T - TEMPERATURE lOCI 

SWITCf:lING TIME VS. 
POSITIVE SUPPLY VOLTAGE 

HI-381 thru HI-390 

1.8 

1.8 

1.4 

1.2 

1.0 

0.8 

0.8 

OA 

0.2 

I 

~ 
V- --15V 
TA-2SOC 
VINH-4V 

\ VINL-IN 

\ 
\. 

" tON 

tOFf' ~ 

5 10 15 
V+ - POSITIVE SUPPLY IV) 

SWITCHING TIME VS. 
NEGA TIVE SUPPLY VOLTAGE 

HI-3S1 thru HI-390 

-;;; 

w 
:Iii 
;: 
~ 

.~ 
! 
... 
0 

.t:: 
Z 
~ 

300 
~ 
~ t---

200 

tOFF 

100 - V+-+15V 
TA-2SOC 
VINH-+4·IN 
VINL-IN 

I 
10 15 

V- NEGATIVE SUPPLY VOLTAGE IVOL TSI 

INPUT SWITCHING THRESHOLD 
VS. POSITIVE SUPPL Y VOLTAGE 

HI-381 thru HI-390 

~ 
> 

71 
V---15V 
TA-2SOC 

HI-381 thru HI-390 

o 5 10 15 
V+ POSITIVE SUPPL Y VOLTAGE (VOL TSI 

Typical delay, rise, fall, settling times, and switching trans
ients in this circuit 

If RGEN, RL or CL is increased, there will be proportional 
increases in rise .and/or fall R C times. 

H,-lLL,~ 
HI-381 INVERTED 

LOGIC 

f-- _. LOGIC INPUT 
-, , , f 

z f 
> f 

~ 
oJ 
0 
~ 
w 
c:I 
<I: 
~ 
oJ 
0 
> 
~ 
;:) 
~ 
~ 
;:) 
0 

I 

0 
> 

+10 

1\ '- 'SEENOTE 

JVGEN -lOY ....... +5 

! I 
+5 

J .....;.-

VGEN-SV 

~J I I 

+6 

-6 f--t- VGEN· OY 

I , I 

.. 
I 
VGEN. -6V 

I 

-6 

-10 

\ ,I"'" 
1 t 
VGEN· -1IN 

0.4 0.8 1.2 1.6 
t-TIME Ills! 

.. NOTE: The turn-off time is primarily limited 
here by the RC time constant (lOOns) of the 
load. 
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FEATURES 

• WIDE ANALOG SIGNAL-RANGE 
• LOW "ON" RESISTANCE (TYP) 
• HIGH CURRENT CAPABILITY (TYP) 
• BREAK-BE FORE-MAKE SWITCHING 

TURN-ON TIME (TYP) 
TURN-OFF TIME (TYP) 

• NO LATCH-UP 

HI-5040 thru HI-5051 
H 1-5046A and 

HI-5047A 

±15V 
25r2 

80mA 

370ns 
280ns 

CMOS Analog Switches 

DESCRIPTION 

• INPUT MOS GATES ARE PROTECTED FROM ELEC
TROSTATIC DISCHARGE 

This family of CMOS analog switches offers low-resistance· 
switching performance for analog voltages up to the supply 
rails and for signal currents up to 80mA. "ON" resistance is low 
and stays reasonably constant over the full range of operating 
signal voltage and current. R ON remains exceptionally constant 
for input voltages between +5V and -5V and currents up to 
50mA. Switch impedance also changes very little over temp
erature, particularly between OOC and +750 C. RON is nomin
ally 25 ohms for HI-5048 through HI-5051 and HI-5046AI 
5047A and 50nfor HI-5040 through HI-5047. 

• DTL, TTL, CMOS, PMOS COMPATIBLE 

APPllCA TIONS 

• HIGH FREQUENCY SWITCHING 

• SAMPLE AND HOLD 

• DIGITAL FILTERS 

• OP AMP GAIN SWITCHING 

FUNCTIONAL DESCRIPTION 

Section 11 for Packaging 

PART NUMBER TYPE RON 

HI-S040 SPST 7sn 

HI-S041 DUAL SPST 7sn 

HI-S042 SPOT 7Sn 

HI-S043 DUAlSPDT 7Sn 

HI-S044 o PST 7Sn 

HI-S04S DUAlDPST 7Sn 

HI-S046 DPDT 7sn -

HI-S046A DPDT 30n 

HI-S047 4PST 75n 

HI-5047A 4PST 30n 

HI-5048 DUAL SPST 30n 

HI-5049 DUAL DPST 30n 

HI-SOSO SPOT 30n 

HI-50S1 DUAL SPOT 30n 

2882 

All de_vices provide break-before-make switching and are TTL 
and CMOS compatible for maximum application versatility. 
Performance is further enhanced by Dielectric Isolation pro
cessing which insures latch-free operation with very low input 
and output leakage currents {O.8nA at 250 C). This family of 
switches also features very low power operation (1.5mW at 
250 C). 

There are 14 devices in this switch series which are differentiated 
by type of switch action and value of RON (see Functional 
diagram). All devices are available in 16 pin D.I.P. packages. 
The H 1-5040/5050 switches can directly replace I H-5040 series 
devices and are functionally compatible with the DG 180/190 
family. Each switch type is available in the -550 C to + 1250 C 
and OOC to + 750 C performance grades. 

FUNCTIONAL DIAGRAM 

TYPICAL DIAGRAM 

~S 

Ao-"'-
I P~ N 

V 1 

1 
~D 

-
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (v+ -V-) 
VR to Ground 
Digital and Analo~ 

Input Voltage 

36V 
V+,V

V++4V 
V--4V 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified 

Analog Current (S to D) 
Total Power 0 issipation* 
Operating Temperature 

HI-50XX-2 
HI-5QXX-5 

Storage Temperature 

BOmA 
450mW 

-55°C to + 125°C 
DoC to +75 0 C 

-65°C to +1500 C 

*Derate 6mW/oC above T A = 75°C 

Supplies=+15V,-15V; VR = OV; VAH (logic level High) = 3.0V;VAl (logic level low) =+O.8V, Vl =+5V 
For Test Conditions, consult Performance Characteristics 

PARAMETER 
ANALOG SWITCH CHARACTERISTICS 

Analog Signal Range 

Ron,"ON" Resistance (Note la) 

Ron,"ON"Resistance (Note Ib) 

Ron, Channel·to·Channel Match (Note la) 

Ron, Channel·to·Channel Match (Note Ib) 

ISWFF) = IO(OFF), Off Input or Output 
leakage Current 

IOWN), On leakage Current 

DIGITAL INPUT CHARACTERISTICS 

VAl,lnput low Threshold 
V AH,lnput High Thnishold 
I A, I nput leakage Current (H igh or low) 

SWITCHING CHARACTERISTICS 

ton' Switch "ON" Time 
tott, Switch "OFF" Time 
Charge I njection (Note 2) 

"OFF Isolation" (Note 3) 
"Crosstalk" (Note 3) 

CS(OFF). Input Switch Capacitance 

CD(DFFI'j 
Output Switch Capacitance 

COlON). 

CA, Digital Input Capacitance 

COS (OFF), Orain·To·Source Capacitance· 

POWER REQUIREMENTS 

PO, Quiescent Power DiSSipation 
+ v n lIiAW"tlIInt "- .. rrAnt ! ,+~5. __ .w_w ... __ •• w". 

1-, -lSV Quiescent Current 

Il' +SV Quiescent Current 

I R. Gnd Quiescent Current 

NOTES: 1. V OUT = :t1 OV, lOUT = 1 rnA 
a) For HI-S040 thru HI-S047 

TEMP 

Full 
+250 C 

£: •• 11 
I un 

+2SoC 

Full 
+2SoC 

+2SoC 

+2SoC 

Full 
+2SoC 

Full 

Full 

Full 

Full 

+2SoC 
+2SoC 

+250 C 
+250C 
+2SoC 

+2SoC 

+2SoC 

+2SoC 

+2SoC 

+2SoC 

+2SoC 
ro •• 11 

Full 

Full 
Full 

b) For HI-5048 thru HI-SOS1, HI-S046A/S047A 
2. V IN = OV, CL = 10,ooOpF 
3. RL = 10051, f= 100 KHz, V IN =: 2 Vpp, CL =SpF 

@ Ie MASTER 1984 

-SSoC to +12SoC 

MIN TYP 

-15 
SO 

2S 

2 

1 
O.B 

100 

0.01 
2 

3.0 

.01 

370 
2BO 

5 
7S 80 

BO 8B 

11 

11 

22 

S 

O.S 

1.S 

MAX 

+15 

75 

SO 

10 
S 

500 

500 

O.B 

1.0 

tOOo 
SOO 

. 20 

~ " u.,) 

0.3 

0.3 

0.3 

oOC to +7SoC 

MIN TYP MAX UNITS 

-15 +lS 

I 
V 

50 n 
75 n 

25 n 
50 51 

2 10 n 
1 5 n 

O.B nA 
100 500 nA 
0.01 nA 

2 SOO nA 

O.B V 
3.0 V 

.01 1.0 J.lA 

370 1000 ns 
280 500 ns 
5 mV 

80 dB 

88 dB 

11 pF 
11 pF 

22 pF 

S pF 

O.S pF 

1.S rnW· 
~ ~ I U.!l I rnA 

I 
O.S I rnA 
O.S rnA 

O.S rnA 
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SWITCH FUNCTIONS SWITCH STATES'ARE FOR LOGIC "1" INPUT 

SPST DUAL SPST SPOT 
HI-5040 (75 n) HI-5041 (75n) HI-5042 (75n) 

Vl V+ Vl V+ Vl V+ 

11 11 

16 S, 
16 

16 S S, 0, 0 

Al 
S2 02 

, A2 
_.J A 

S2 

"- 14 
0 - VR V- VR V-

VR V-0 
::J 

"C 
c: 
0 DUAL SPOT OPST DUAL OPST .2 HI-5043 (75n) HI-5044 (75n) HI-5045 (75n) 
E 
Q) Vl V+ Vl V+ 

C/) Vl V+ 
11 11 

CJ) 11 

.~ 
S, 0, 16 S, 0, "- S, 0, as S3 03 S3 03 

J: A, 
S2 02 

Al 

A2 I A2 
S2 02 A _.J 

S2 02 
S4 04 S4 04 

14 
14 

VR V-
VR V- VR V-

OPOT 4PST DUAlSPST 
HI-5046 (75n) HI-5047 (75n) HI-5048 (30n) 
HI-5046A (30n) HI:...5047A (30n) 

Vl V+ Vl V+ Vl V+ 

1'2 ~D I" ~ slo.~1 ~+01 St 
i 1 

S2 
I 8 02 

.'~ S3 6 03 A2 10 _, 
S4 I 04 
A s,'~6D' 

VR V- VR V- "R v-

DUAL DPST SPOT DUAL SPOT 
HI-5049 (30n) HI-5050 (30n) HI-5051 (30n) 

Vl V+ 
Vl Vl v+ V+ 

11 11 

S, 0, 16 S, S, 0, 0, 
S3 03 S3 03 
A, 

S2 02 
Al 

A2 A2 
52 02 A 

52 02 
54 04 S4 04 

14 14 

VR V- VR V-
VR V-
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m HARRIS 

FEATURES 

• LOW ON RESISTANCE (TYPJ 

• WIDE ANALOG SIGNAL RANGE 

170n 

±15V 

• DIRECTLY TTL/CMOS 
COMPATIBLE 2.4V (LOGIC "1") 

• ACCESS TIME (TYPJ 

• HI(lH CURRENT CAPABILITY (TYPJ 

• BREAK-BEFORE-MAKE SWITCHING 

• NO LATCH-UP 

APPLICATIONS 

• DATA ACQUISITION SYSTEMS 

• PRECISION INSTRUMENTATION 

• DEMULTIPLEXING 

• SE LECTO R SWITCH 

PINOUT 

HI-506 

HI-507 

tV SUPPl Y I 
NC 1 

NC 3 

IN 16 4 

iN I~ S 
iN 146 

iN 13 1 
iN 118 
iN II 9 

iN 10 10 
iN 9 II 

GND 11 

NC 13 

ADDRESS AJ 14 

TOP VIEW 

TOP VIEW 

28 OUT 
21-V SUPPLY 
16 iN 8 
lS iN 1 

24 iN 6 
2J iN ~ 
21 iN 4 

21 iN J 

20 iN 2 
19 iN I 

18 ENABH 

11 ADQRESS AD 

16 ADDRESS Al 

IS ADDRESS A1 

tiiSUPPLY ~ 28 OUT A 
OUT B 27 -VSUPPl Y 

NC 3 26 IN 8A 
IN 88 25 IN 7A 
IN 7B 24 IH6A 
IN 68 6 23 IN 5A 
IN 5B 22 IN 4A 
IN 4B 21 IN 3A 
IN 3B 9 20 IN 2A 

IN 2B 10 
IN lB 11 
GNO 12 

Ne 13 
NC 14 

19 IN lA 
18 ENABLE 

17 A.OORESS AO 
16 ADDRESS Al 
15 AOO!lESS A2 

Copyright © Harris Corporation 1983 
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300ns 

50mA 

H 1-506/H 1-507 
Single 16/ Differential 

8 Channel CMOS 
Analog Multiplexers 

DESCRIPTION 

These monolithic CMOS multiplexers each include an array of eight analog 
switches, a digital decode circuit for channel selection, a voltage reference for 
logic thresholds, and an ENABLE input for device selection when several multi
plexers are present. 

The Dielectric Isolation (oil process used in fabrication of these devices elimin
ates the problem of latchup. Also, 01 offers much lower substrate leakage and 
parasitic capacitance than conventional junction-isolated CMOS (See Applica
tion Note 521). With the low ON resistance 080ntypical), this allows low static 
error, fast channel switching rates, and fast settling. . 

Switches are guaranteed to break-betore-make, so two channels are never shorted 
together. 

The switching threshold for each digital input is established by an internal +5V 
reference, providing a guaranteed minimum 2.4V for "1" and maximum 0.8V 
for "0". This allows direct interface without pullup resistors to signals from most 
logic families: CMOS, TIL, DTL and some PMOS. For protection against 
transient overvoltage, the digital inputs include a series 200nresistor and a diode 
clamp to each supply. 

The HI-50G is a sixteen channel single-ended multiplexer, and the HI-507 is an 
eight channel differential version. Each device is packaged in a 28 pin DIP. The 
recommended supply voltage is ±15V, and reasonable performance is available 
down to ±7V; however, a power-up reset routine may be required for operation 
below ±10V. For more information, request Harris Analog Tech Brief :# 20. 

The HI-50S/507 are specified for operation from OOC to +70oC. The "-2" 
versions are specified from -550C to + 1250 C. "Dash 8" (-8) designates -2 parts 
which have been screened per Mil-Std-883/Method 5004/Class B. 

FUNCTIONAL DIAGRAM 

HI-506 
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SPECIFICATIONS' 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 1 and 27 
VEN, VA, Digital Input Overvoltage: 

{ 
VSupply (+) +4V 

VA 
VSupply (-) -4V 

Analog Input Overvoltage: (Note 6) 

VD or Vs { VSupply (+) +2V 
VSupply (-) -2V 

40V Total Power D issipation* 
Operating Temperature: 

HI-506/HI-507-2 
H 1-506/H 1-507-5 

Storage Temperature 

*Derate 19.7mW/oC above TA = 1100C 

1200mW 

-550C to + 1250 C 
DoC to +750 C 
-650 C to + 1500C 

ELECTRICAL CHARACTERISTICS Unless Otherwise Specified: Supplies = +15V, -15V; VAH(Logic Level High) = +2.4V, 
VAL(Logic Level Low) = +0.8V. For Test Conditions, consult Performance Characteristics section. 

2886 

PARAMETER 

ANALOG CHANNEL CHARACTERISTICS' , 
• VS, Analog Signal Range 

" RON, On Resistance (Note 1) 

• ~RON, (Between Channels) 

• IS(OFF), Off Input Leakage Current 

• IO(OFF) Off Output Leakage Current 
, HI-50G 

HI-507 

" 10(ON), On Channel Leakage CUHent 
HI-50S 
HI-507 

OIGITAL INPUT CHARACTERISTICS 

VAL Input Low Threshold 

VAH, Input High Threshold 

" IA,lnput Leakage Current (High or LowllNote 2) 

SWITCHING CHARACTERISTICS 

tA, Access Time 

tOPEN, Break-Before Make Delay 

tON(EN). Enable Delay (ON) . 

tOFF(EN), Enable Delay (OFF) 

Settling Time 10.1%) 
10.025%1 

"Off Isolation" (Note 3) 

CS(OFF), Channel Input Capacitance 

CD(OFF), Channel Output Capacitance 
HI-50G 
HI-S07 

CA, Digital Input Capacitance 

CDS(OFF),lnput to Output Capacitance 

POWER REQUIREMENTS 

"1+, Current Pin 1 (Note 4) 

"1-, Current Pin 27 (Note 4) 

" 1+, Standby (Note 5) 

"1-, Standby (Note 5) 

NOTES: I. VOUT = ±IOV,IOUT = -lmA 

TEMP 

Full 

+2SoC 
Full 

+250 C 

+250 C 
Full 

+2SoC 
Full 
Full 

+2SoC 
Full 
Full 

Full 

Full 

Full 

+250C 

+250C 

+250C 

+250 C 

+250C 
+250C 

+250C 

+250C 

+250 C 
+250 C 

+250 C 

+25 0C 

Full 

Full 

Full 

Full 

2. Digital Inputs are Mos Gates, Typical Leakage 
Less Than InA. 

3, VEN = O.BV, RL = IK, CL = 28pF,VS = 7VRMS, 
f = 500kHz. 

HI-SOG/HI-S07-2 
-SSOC to + 1250 C 

HI-SOG/HI-S07-S 
OOC to +7SOC 

MIN TYP MAX MIN TYP MAX 

-IS 

170 

+IS 

300 
400 

-15 

270 

+IS 

400 
SOO 

G G 

0,03 0,03 
±SO ±SO 

0.3 1.0 
±SOO ±SOO 
±2S0 ±2S0 

0.3 1.0 
±500 ±SOO 
±2S0 ±2S0 

+O.B +O.B 

1.0 5,0 

300 1000 300 

BO 

300 

I BO 

300 

300 

1.2 
2.4 

75 

44 
22 

2.2 

O,OB 

1.7 

0.4 

1.7 

0,4 

1000 

1000 

3.0 

1.0 

3.0 

1.0 

300 

1.2 
2,4 

75 

44 
22 

2,2 

0.08 

3,4 

O.B 

3.4 

O.B 

5,0 

2.0 

5.0 

2.0 

4. VEN = 4,OV, All VA = 4.0V 
5. VEN = OV,AII VA = OV 
G, If Analog Input.()velVolt~ Conditions are Anticipated, 

UNITS 

V 

n 
n 
% 

nA 
nA 

nA 
nA 
nA 

nA 
nA 
nA 

v 

v 

ns 

ns 

ns 

ns 

IJ.s 
IJ.s 

dB 

pF 

pF 
pF 

pF 

pF 

mA 

mA 

mA 

mA 

Use of HI-50GA/507A Protected Multiplexers is Recommended. 
See HI-50GA/507A Data Sheet. 

* 100% Tested for Dash 8 at+250C and +1250C Only. 

TRUTH TABLES 

HI-506 

"ON" 
A3 A2 Al Ao EN CHANNEL 

X x x X l NONE 
l l l L H 1 
l l L H H 2 

l l H l H 3 
l l H H H 4 

L H L l H ~ 

l H l H H 6 
l 
l 
H 

H 

H 
H 

I ~ 
I : 

H H L 
H H H 

l l l 
l l II 
l H l 
l H H 
H l l 
H l H 

H H l 

H .H H 

H 

H 

H 

H 
H 
H 

H 
H 

H 
H 

HI-507 

1 
8 
9 
10 
11 
12 
13 
14 

1~ 

16 

ON 
SWITCH 

x X 
l L 
L l 

AO EN PAIR 
X l NONE 
l H 1 
H H 2 

l H l H 3 
l H H H 
H l l H 
H l H H 
H H l H 
H H H H 
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FEATURES 

• ANALOG/DIGITAL OVERVOLTAGE PROTECTION 

• FAIL SAFE WITH POWER LOSS (NO LATCH UP) 

• BREAK-BEFORE-MAKE SWITCHING 

• DTLlTTL AND CMOS COMPATIBLE 

• ANALOG SIGNAL RANGE 

• ACCESS TIME (TYPJ 

• SUPPLY CURRENT AT 1MHz 
ADDRESS TOGGLE (TYPJ 

• STANDBY POWER (TYPJ 

APPLICATIONS 

• DATA ACQUISITION 

• INDUSTRIAL CONTROLS 

• TELEMETRY 

PINOUT 

HI-506A 

HI-507A 

+ V SUPPl Y 1 

NC 2 

NC 3 

IN 16 4 

IN 15 5 

IN 14 6 

IN 13 7 

IN 17 8 

IN 11 9 

IN 10 10 

IN 9 11 

GND 17 

VREF 13 

ADDRESS A3 14 

TOP VIEW 

TOP VIEW 

28 ouT 
21-V SUPPLY 

76 IN 8 

75 IN 7 
14 IN 6 

23 IN 5 

n IN4 

11 IN 3 

20 IN 7 

19 IN 1 

18 ENABLE 

11 ADDRESS AO 

16 ADDRESS Al 

15 ADDRESS A] 

+itSUPPLY ~ 280UTA 
OUT B 27 -VSUPPl Y 

NC 3 26 IN 8A 
IN 88 25 IN 7A 
IN 7B 24 IN 6A 
IN 6B 6 23 IN 5A 
IN 58 22 IN 4A 
IN 4B 21 IN 3A 
IN 3B 9 20 IN 2A 
IN 2B 10 19 IN lA 
IN lB 11 18 ENABLE 
GNO 12 17 ADDRESS AO 

VREF 13 16 ADORESS Al 
NC 14 15 ADDRESS A] 
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±15V 

500ns 

4mA 

7.5mW 

HI-506A/HI-507A 
16 Channel CMOS 

Analog Multiplexer with 
~vervoltage Protection 

DESCRIPTION 

The H 1-50SA and lil-507A are dielectrically isolated CMOS 
analog mUltiplexers incorporating an important feature; they 
withstand analog input voltages much greater than the supplies. 
This is essential in any system where the analog inputs originate 
outside the equipment. They can withstand a continuous input 
up to 10 volts greater than either supply, which eliminates the 
possibility of damage when supplies are off, but inpl!t signals 
are present. Equally important they can withstand brief input 
transient spikes of several hundred volts; which otherwise 
would require complex external protection networks. Neces
sarily, ON resistance is somewhat higher than similar unpro
tected devices, but very low leakage currents combine to pro
duce low errors. Application Notes 520 and 521 further explain 
these features. 

The HI-50SA-2 and HI-507A-2 are specified over -550 C to 
+ 1250 C while the -5 versions are specified over OOC to + 750 C. 

FUNCTIONAL DIAGRAM 

HI-506A 
,..----, ,------, 

Ao ~.;;>--r-I ---7-r--... 
»--r---t".-II' 

DIGITAL 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Between Pins 1 and 27 
VREF to Ground V+ to Gro~nd 
VEN, VA, Digital Input Overvoltage: 

t 
VSupply (+) 

VA 
VSupply (-) 

Analog Overvoltage: 
V I VSupply (+1 

S l VSupply (...:.) 

40V 
+20V 

+4V 
-4V 

. +20V 

-20V 

Total Power Dissipation 
Operating Temperature 

HI-506A/507A-2 
HI-506A/507A-5 

Storage Temperature 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) 

1200mW 

-55°C to +1,250 C 
OOC to +750 C 

-65°C to + 150°C 

Supplies = +15V, -15V; VREF (Pin 13) = Open; VAH (Logic Level High) = +4.0V; VAL (Logic Level Low) = +O.BV 
For Test Conditions, consult Performance Characteristics section. 

PARAMETER 

ANALOG CHANNEL CHARACTERISTICS 
·VS. Analog Signal Range 

·RON. On Resistance (Note 1) 

·IS (OFF). Off Input leakage Current 

·10 (OFF). Off Output Leakage Current 

"10 (OFF) with Input Overvoltage Applied 
(Note 2) 

"10 (ON). On Channel leakage Current 

DIGITAL INPUT CHARACTERISTICS 
VAL. Input low Threshold I TTl Drive 
VAH. Input High Threshold (Note 7) 

VAll VAH MOS Drive (Note 3) 

"lA, Input Leakage Current (High or low) 

SWITCHING CHARACTERISTICS 
tAo Access Time 

tOPEN. Break-Before Make Delay 

tON (EN). Enable Delay (ON) 

tOFF (EN). Enable Delay (OFF) 

Settling Time (0.1%) 
(0.025%) 

"Ofllsolation" (Note 4) 

Cs (OFF), Channel Input Capacitance 

HI-SOSA 
HI-S07A 

HI-50SA 
HI-S07A 

CD (OFF). Channel Output Capacitance HI-50SA 

CA: Digital Input Capacitance 

CDS (OFF). Input to Output Capacitance 

POWER REQUIREMENTS 
PO. Power Dissipation 

"1+. Current Pin 1 (Note S) 

"1-. Current Pin 27 (Note 5) 

"1+. Standby (Note S) 

*1-, Standby (Note S) 

HI-S07A 

~OTES: 1. VOUT = .~ 10V. lOUT = - 100 !J.A. 
2. Analog Dvervoltage = ±33V. 
3. VREF = +IOV. 
4. VEN = O.BV. Rl = IK. Cl = 7pF, Vs = 

3VRMS. f = 500KHz. 

HI-SOSA/S07A-2 
-S50C to +12SOC 

HI-50SA/507A-5 
oOC to +7SOC 

TEMP. MIN. TYP. MAX. MIN. TYP. MAX. 

Full 

+2SoC 
Full 
·Full 

+250C 
Full 
Full 

Full 
Full 

Full 

Full 

Full 

Full 

Full 

Full 

-IS 

4.0 

6.0 

1.2 
1.S 

0.03 

1.0 

4.0 

0.1 

O.S 

BO 

300 

300 

1.3 
4.4 

S5 

SO 
25 
5 

D.l 

7.5 

0.5 

0.02 

0.5 

0.02 

+IS 

I.S 
2.0 

±SO 

±500 
:!:2S0 

2.0 

±SOO 
:!:250 

O.B 

0.8 

1.0 

1.0 

2.0 

1.0 

2.0 

1.0 

-15 

4.0 

6.0 

1.5 
1.B 

0.03 

1.0 

4.0 

0.1 

0.5 

80 

300 

$00 

1.3 
4.4 

65 

50 
25 
5 

0.1 

7.5 

0.5 

0.02 

0.5 

0.02 

+15 

1.B 
2.0 

±50 

±500 
:!:250 

±500 
±2S0 

O.B 

0.8 

5.0 

5.0 

2.0 

5.0 

2.0 

UNITS 

v 

nA 
nA 

nA 
nA 
nA 

nA 
!J.A 

nA 
nA 
nA 

V 
V 

V 
V 

jlA 

!J.s 

ns 

ns 

ns 

jls 

!J.s 

dB 

pF 

pF 
pF 
pF 

pF 

mW 

rnA 

rnA 

rnA 

rnA 

5. VEN = +4.0V. 
S. VEN=0.8V. 
7. To drive from DTUTTl circuits. I Knpull

up resistors to +5.0V supply are recom
mended. 

100% Tested for Dash 8 

at +250 C and + 125°C Only. 

TRUTH TABLES 

HI-S06A 

"ON" 
AO EN CHANNEL 

x x X X L NONE 

l l l l H I 

l l l H H 2 

l l H L H 3 
l l H H H 4 

l H l l H 5 
l H l H H 
l H H l H 

l H H H H 

H l l l H 
H' l l II H 

H l H l H 

H l H H H 

H H L l H 
H H L H H 

H H H L H 
H H H H H 

HI-S07A 

II I' I 
A2 I Al AO EN 

H H 
H I L 

L H H H 

H L L H 

L H H 

H L II H 
H I H H 

6 
1 
8 
9 
10 

" 12 
13 I. 
15 
16 

ON 
SWITCH 

PAIR 
NONE 

1 

2 
3 
4 

5 
6 
7 
8 

II 
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FEATURES 

• Analog Over voltage protection 

• Resettable Latches (RS) 

• TTUOTl and CMOS Compatible 

• Failsafe for conditions of Over voltage & Loss of Power 

• No SCR Latch-up 

• Break-before-make switching 

• Microprocessor Bus compatibie 

• Very low leakage - IO(oft) SanA (typ) over full temp range 

• Access time - tA = 500nS (typ) 

• Minimum write pulse width (WR) = 300 nS 

• OFF isolation = -100dB, typ @ 10kHz 

PINOUT 

HI-506L + VSUPPlY 28 
NC 27 
RS 26 

IN 16 25 
IN 15 5 24 
IN 14 6 23 
IN 13 7 22 
IN 12 8 21 
IN 11 9 20 
IN 10 10 19 
IN 9 11 18 
GND 12 17 
WR 13 16 

ADDRESS A3 14 15 

HI-507L 
+VSUPPlY '~~ OUT B 2 27 

RS 3 26 
IN 88 4 25 
IN 78 5 24 
IN 68 6 23 
IN 58 7 22 
IN 48 8 21 
IN 38 9 20 
IN 2B 10 19 
IN 18 11 18 

GND 12 17 
INR 13 16 
NC 14 15 

OUT 

-VSUPPlY 
IN 8 
IN 7 
IN 6 
IN 5 
IN 4 
IN 3 
IN 2 
IN 1 
ENABLE 
ADDRESS AO 
ADDRESS A1 
ADDRESS A2 

OUT A 

-VSUPPlY 
IN 8A 
IN 7A 
IN6A 
IN 5A 
IN 4A 
IN 3A 
IN 2A 
IN 1A 
ENABLE 
ADDRESS Ao 
ADDRESS A1 
ADDRESS A2 

HI-506L/HI-507L 
Single 16/Differential 8 Channel 
CMOS Analog Multiplexers With 

Latches And Overvoltage Protection 

DESCRIPTION 

These monolithic CMOS multiplexers feature on-board address latches, plus over
voltage protection for the analog inputs and the output as well. Each mode 
accomodates digital inputs for channel selection and an Enable input for device 
selection under program control. In addition, Write (WR) and Reset (RS) inputs 
allow the program to store or clear the channel address. 

The over voltage performance of these multiplexers is particularly useful in redun
dant systems, where the inputs and output should present a very high impedance 
wh~n power is off. This is achieved by a switch cell with three MOSFET's in series, 
rather than the conventional single transmission gate design. 

Each channel can withstand a DC overvoltage up to a magnitude of 10VDC greater 
than the power supply (or to ± 25VDC with power off). An OFF channel remains 
OFF for ihis condiiion. if ihe channel is ON, the output voltage is clamped below the 
supply rail, which protects the load circuit. 

. The HI-506L offers 16 single-ended channels, and the HI-507L is an 8 channel dif
ferential version. The recommended supply voltages are ± 15V, through operation 
at reduced levels or with a Single supply may also be implemented. The package is a 
28 pin ceramic or plastic DIP. 

Each product is specified for the commercial temperature range (O°C to + 75°C, 
- 5 suffix) and the military range (- 55°C to + 125°C, - 2 suffix). Military parts 
screened per MIL -STO-883 method 5004, Class B are offered with a " - 8' , suffix. 

FUNCTIONAL DIAGRAM 

HI-506L 

"of 00 Do LEVEL 
SHIfTER 

ADDRESS 0 

'3 ·3 ·3 

aESET 

iii 

is 

HI-507L 

~ JI 

'~f 
Do Do LEVEl 

SHIFTER 

ADDttBl : 

" ., ., 
iii 

iiS 

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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SPECIFICATIONS 

2890 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage Between Pins 1 and 27 
Digital Input Overvoltage, VA, VEN, VRS, VWR; 

Vsupply( +) 
V supply ( -) 

Analog Overvoltage 
Input to Ground 

Total Power Dissipation* (Package) 

44V 

+4V 
-4V 

±25VOC 
1200mW 

Operating Temperature 

HI-506L/507L-2 - 55DC to 125DC 
HI-506L1507L-5 DoC to 75°C 
Storage Temperature - 65°C to + 150°C 

*Derate-BmVv'/oC above TA = + 75°C 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) 
+V supply = 15V. -v supply = -15V. VAH (Logic High) = 2.0V. VAL (Logic Low) = O.BV 

PARAMETER TEMP 

ANALOG CHANNEL CHARACTERISTICS 
Vs Analog Signal Range Full 
RON, ON Resistance (Note 1 ) +25OC 

Full 
i:iRON' Change In RON (Note 2) +25°C 

between channels 
IS(Off), OFF input leakage current +25°C 

Full 
'O(off), OFF output leakage current +25°C 

HI-506L Full 
HI-507L Full 

10(On), ON Channel leakage current +25°C 
HI-506L Full 
HI-507L Full 

FAULT CHARACTERISTics 
IS(Off) , with Power OFF Full 
IS(Off), overvoltage (Note 3) Full 
'O(Off), with input over- +25°C 

voltage applied (Note 3) Full 

DIGITAL INPUT CHARACTERISTICS 
VAL, Input Low Threshold Full 
VAH, Input High Threshold Full 
IAH, Input High Current Full 
IAL' Input Low Current Full 

DYNAMIC SWITCHING CHARACTERISTICS 
ta, Access Time +25°C 
tOPEN, Break-Before-Make +25°C 

tON, (EN, WR), Enable Delay (ON) +25°C 
tOFF, (EN, RS), Enable and Reset +25°C 

Delay (OFF) 
Settling Time (±0.1%) + 25°C 

(±0.01%) +25°C 
a Charge Injection + 25°C 
OFF Isolation (Note 4) +25°C 
OFF Isolation POWER OFF (Note 5) +25°C 
CS(Off), Channel Input Cap. +25°C 
CO(Off), Channel Output Cap. 

HI-506L +25°C 
HI-507L +25°C 

CA, Digital Input CapaCitance +25°C 
COS(Off), Input to Output capacitance +25°C 

POWER REQUIREMENTS 
PO, Power Dissipation (Note 6) Full 
I +, Current Pin 1 (Note 6) Full 
I -, Current Pin 27 (Note 6) Full 

Notes: 1. VOUT = ±10V, lout = -100~ 

2. 6RON = RON(Max) - RuN(Min) VIN = ± 10V 
RON(Avg) 

3. Analog Overvoltage = ± 25V 
4. VEN = 0.8V, RL = 1KO,CL = 50pF 

HI-50SL/507L-2 
- 55°C to + 125°C 

MIN 

2.0 

.025 

TYP MAX MIN 

±10 
1.2 
1.8 

5 

10 
7 50 

10 
8 200 

100 
5 10 

10 200 
100 

10 1000 
10 750 
5 
10 750 

1.4 O.B 
1.4 2.0 
10 40 
40 200 

0.5 1.0 
0.1 0.25 

1.0 
0.5 1.0 

1.0 
1.75 
10 

-72 
-56 
5 

40 
20 
5 

0.1 

60 100 
3.7 6.0 
0.3 0.6 

Vs = 3Vrms, f = 500 kHz 

Off isolation = 20 log I ~~ : 
5. V+, v- = OV, RL = 1K!l 

H 1-50SL/507L-5 
O°C to + 75°C 
TYP MAX 

±10 
1.5 
1.B 

5 

10 
7 50 

10 
8 200 

100 
5 10 

10 200 
100 

10 5000 
10 2500 
5 
10 2500 

1.4 O.B 
1.4 
10 40 
40 200 

0.5 1.0 
0.1 

1.0 
0.5 1.0 

1.0 
1.75 

10 
-72 
-56 

5 

40 
20 
5 

0.1 

60 100 
3.7 6.0 
0.3 0.6 

CL = 50pF, Vs = 3Vrms, I = 500 kHz. 
6. See Test Circuit #8 lor high toggle Irequency applications. 

UNITS 

V 
Kf2 
Kf2 
% 

nA 
nA 
nA 
nA 
nA' 
nA 
nA 
nA 

nA 
nA 
nA 
nA 

V 
V 

p.A 
p.A 

p.S 
p.S 

p.S 
p.S 

p.S 
p.S 
pC 
dB 
dB 
pF 

pF 
pF 
pF 

mW 
rnA 
rnA 
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Minimum Timing Requirements 

MEASURED MIN LIMITS 
L PARAMETER TERMINAL I FULL TEMP RANGE UNITS 

I 

tww, Write Puise Width WR 

I 
300 nS 

tow, A, EN Data Valid To WRITE AO, A1, A2, A3, EN 225 nS 
(Stabilization Time) WR 

two, A, EN Data Valid To WRITE WR 100 nS 
(hold Time) AO, A1, A2, A3, EN 

tRS, RESET pulse width RS 400 nS 

Timing Requirements 

Address, AO-3 

r;:f -1 r- 4vD 

Write, WR -+--------~---., ,..I-------~ ...... - ....... I 
14 ~I ,-

Reset, AS 

90% 
+5V tOPEN 

tOPEN 
Output OV 

-5V 
90% 

1. Inputs to HI-506l (507l) : Channel 1 = - 5V; Channel 16, (8) = + 5V. 

2. +VSUPPLY = +15V; -VSUPPlY = -15V. 
3. Logic Levels: VAL = OV; VAH = +2.0V. 
4. Time intervals are measured between 50% levels unless otherwise noted. 
5. Minimum values for tRS' tDW' tww and two are guaranteed separately but not simultaneously. 

Figure 1 

SCHEMA TIC DIAGRAM 

Switch Cell 
-15V +15V -15V 

ANALOG Ii Ii t SIGNAL 0 o COMMON 

INPUT OUTPUT 

FROM DECODE 
FiQure 2 
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TRUTH TABLES 

506l 

A3 A2 A1 AD EN 
x x x X L 

X X X X X 

X X X X X 

L L L L H 

L L L H H 

L L H L H 

L L H H H 

L H L L H 

L H L H H 

L H H L H 

L H H H H 

H L L L H 

H L L H H 

H L H L H 

H L H H H 

H H L L H 

H H L H H 

H H H L H 

H H H H H 

507L 

A2 A1 AD EN 

X X X L 

X X X X 

X X X X 

L L I L I H 

L L H H 

L H L H 

L H H H 

H L L H 

H L H H 

H H L H 

H H H H 

DESCRIPTION AND APPLICATION 

The swrtch cell of the HI-506L/507L has a different structure than earlier Harris 
designs (HI-506, HI506A). The new switch (Figure 2) consists of an N-channel, 
P-channel and N-channel MOSFET in series, as opposed to the transmission gate 
configuration with an Nand P-channel device in parallel. The series N-P-N switch 
offers higher Off Isolation with power off, and better fault performance. Channel 
overvoltage protection is inherent since one of the three MOSFETs turn off in the 
presence of overvoltage. this turn-off process begins well below the supply rail so 
the VIN range is less than the power supply range. Electrical performance is 
guaranteed to ± 10V for each channel, and the usable range extends above ± 11 
Volts. 

2892 

WR 

L 

S 
X 

L 

L 

L 

L 

L 

L 

L 

L 

II 

WR AS OUTPUT - ON CHANNEL 

L H None 

I H Previous On Channel. 

X L None (latches cleared) 

L H Channel 1 

L H Channel 2 

L H Channel 3 

L H Channel 4 

L H Channel 5 

L H Channel 6 

L H Channel 7 

L H Channel 8 

L H Channel 9 

L H Channel 10 

L H Channel 11 

L H Channel 12 

L H Chclnnel 13 

L H Channel 14 

L H Channel 15 

L H Channel 16 

AS OUTPUT - ON CHANNEL PAIR 

H None 

H Previous On Channel. 

L None (latches cleared) 
H Channel 1 A and 1 B 

H Channel 2A and 2B 

H Channel 3A and 3B 

H Channel 4A and 4B 

H Channel 5A and 5B 

H Channel 6A and 6B 

H Channel 7A and 7B 

H Channel 8A and 8B 

The address inputs AO, A1, A2, A3, and ENABLE are latched into an internal buffer 
when WR goes high. Each latch output is level shifted into the d~code section, which 
activates the appropriate channel. The device may be reset (all channels OFF) by 
taking RS low. Usually, RS is tied to the system RESET line, to assure that all chan
nels are OFF following a turn-on of power. The reset function overrides all others, 
just as WR overrides the address inputs (AO-A3 and EN eire ignored when WR is 
high). With WR low and RS high, the switches respond immediately to a change in 
channel address; i.e. the latches are "transparent". Referto Figure 1. 
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II HARRIS HI-508/HI-509 
Single BIDifferential 

4 Channel CMOS Analog Multiplexer 

FEATURES 

• FAST ACCESS 

• FAST SETTLING (0.01%) 

• LOW RON 

• BREAK-BEFORE-MAKE SWITCHING 

• NO LATCH-UP 

220ns 

600ns 

lS0n 

• TTL/CMOS COMPATIBLE 2.4V (LOGIC "1") 

APPllCA TIONS 

• PRECISION INSTRUMENTS 

• DATA ACQUISITION SYSTEMS 

• TELEMETRY 

PINOUTS 

HI-50B TOP VIEW 

AO A1 

ENABLE A2 

-V SUPPLY GND 

IN 1 13 +V SUPPLY 

IN'2 12 IN 5 

IN 3 11 IN 6 

IN 4 10 IN 7 

OUT IN 8 

HI-509 TOP VIEW 

AO ~ Al 

ENABLE 15 GNO 

-V SUPPLY 14 +V SUPPLY 

IN 1A 4 13 IN 1B 

IN 2A 12 IN 2B 

IN 3A 11 IN 3B 

IN4A 10 IN 4B 

OUTA OUT B 

Copyright © Harris Corporation 1983 
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DESCRIPTION 

These monolithic CMOS multiplexers each include an array of eight analog 
switches, a digital decode circuit for channel selection, a voltage reference for 
logic thresholds, and an ENABLE input for device selection when several multi
plexers are present. 

The Dielectric ,Isolation (01)' process used in fabrication of these devices elim
inates the problem of latch-up. Also, 01 offers much lower substrate leakage and 
parasitic capacitance than conventional junction-isolated CMOS (see Application 
Note 5211. Combined with the low ON resistance (180n typical), these benefits 
allow low static error, fast channel switching rates, and fast settling. 

Switches are guaranteed to break-before-make, so two channeis are never shorted 
together. 

The switching threshold for each digital input is established by an iilternai +5V 
reference, providing a guaranteed min. 2.4V for "1" and max. 0.8V for "0". This 
allows direct interface without pull-up resistors to signals from most logic fam
ilies: CMOS, TTL, OTl, and some- PMOS. For protection against transient 
overvoltage,. the digital inputs include a series 200 n resistor and a diode clamp to 
each supply. 

The HI-508 is an eight channel single-ended multiplexer, and the H 1-509 is a four 
channel differential version. The recommended supply voltage is ± 15V; however, 
reasonable performance is available down to ±7V. Each device is packaged in a 
16 pin DIP. 

The HI-50Sf509-5 are specified for operation from OOC to 700 C. The "-2" 
versions are specified from -550 C to ±1250 C. "Dash S" (-8) designates -2 parts 
which have been screened per Mll-STO-883fMethod 5004{Class B. 

FUNCTIONAL DIAGRAMS 

HI-50B 
IN1 

l
Ao 

DIGITAL 
ADDRESS A1 

A2 
OUT 

I EN I 
,L ____ J L ______ • INS 

ADDRESS INPUT 
BUFFER AND 

LEVEL SHIFTER 

MULTIPLEX 
SWITCHES 

HI-509 ,..----.., ,..----, r---~--' 
I I : I I rfb:TIN1A 

r ~1 II I 

LiiGi'iAi.1

Ao 
: TV- ! ~I' P N!--.: DUTA 

ADDRESS I I (TO 3 

"'1 : oTHER 
I SWITCHES) 

I '---H-...--+-: 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EN-r----+-.... ~_/ I 
L ___ "_J L ____ J 

ADDRESS INPUT 
BUFFER AND 

LEVEL SHIFTER 

DECODERS 

I 
L ______ J 

MULTIPLEX 
SWITCH PAIRS 

DUTB 
(TO 3 
OTHER 
SWITCHES) 

IN4A 

IN 48 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

VSupply(+) to VSupply(-) 

VSupply(+) to GND 
VSupply(-) to GND 

Digital Input Overvoltage: 
• {VSUPPIY(+) 

VEN, VA VSupply (-) 

Analog Input Overvoltage (Note 6): 
{ VSupply i+) 

VD, Vs VSupply (-) 

ELECTRICAL CHARACTERISTICS 

PARAMETER TEMP 

ANALOG CHANNEL CHARACTERISTICS 

VS. Analog Signal Range Full 

RON. On Resistance +250 C 
Full 

~ RON. Any Two Channels +250 C 

IS(OFF). Off Input Leakage Current (Note 2) +250 C 
Full 

ID(OFF). Off Output Leakage Current +250 C 
HI-50S Full 
HI-509 Full 

ID(ON). On Channel Leakage Current +250C 
HI-50S Full 
HI-509 Full 

IDIFF. Differential Off Output Leakage Current +2SoC 
(HI-509 Only) Full 

DIGITAL INPUT CHARACTERISTICS 

VAH. High Threshold Full 

V A L. Low Threshold Full 

IA.lnput Leakage Current (High or Low) (Note 3) Full 

SWITCHING CHARACTERISTICS 

tA, Accsss {Tr;:t::t:or:} Time "'250C 
Full 

tOPEN. Break-Before-Make Interval +2SoC 

tON(EN). Enable Turn-On +250C 

tOFF(EN). Enable Turn-Off +25OC 

tS. Settling Tme to 0.1% +2SOC 
to 0.01% +2SoC 

Off Isolation (Note 4) +2SoC 

CS(OFF). Channel Input Capacitance +250 C 

CD(OFF). Channel Output Capacitance +250 C 

CA. Digital Input Capacitance +2SoC 

CDS(OFF). Input to Output Capacitance +250 C 

POWER REQUIREMENTS 

1+, Positive Supply Current (Note S) Full 

1-, Negative Supply Current (Note S) Full 

PD. Power Dissipation Full 

NOTES: 1. Absolute maximum ratings are limiting values. 
applied individually. beyond which the service-
ability of the circuit may be impaired. Functional 
operation under any of these conditions is not 
necessarily implied. 

2. Ten nanoamps is the practical limit for high 
speed measurement in the production test 
environment. Actually, IS (off) is below 100pA 
for most devices. at 250 C. 

3. Digital input leakage is primarily due to the clamp 
diodes (see Schematicl. Typical leakage is less 
than lnA at 250 C. 

2894 

m 
(Note 1) 

40V Power Dissipation * 750mW 

20V Operating Temperature Ranges: 
20V HI-508/509-2;-8 -550 e to + 1250 e 

H 1-508/509-5,-6 ooe to 700e 
H 1-508/509-1 -550 e to +2000e 

+4V 
-4V Storage Temperature Range -650e to + 1500e 

+2V 
-2V *Derate 9.6mW/oC above T A = 95°C 

Unless otherwise specified: Supplies = ± 15V, GND = OV 

HI-50S/HI-509-2 HI-50S/HI-509-5 
-550 C to +1250 C OOC to +700 C 

MIN TYP MAX MIN TYP MAIX UNITS TRUTH TABLES 

-15 +15 -15 +15 V 

lS0 300 lS0 400 n 
230 400 230 500 n HI-50S 
5 5 % 

10 10 nA 
"ON" 50 50 nA 

A2 Al AO EN CHANNEL 

10 200 10 200 nA X X X L NONE 
10 100 10 100 nA L L L H 1 

L L H H 2 
10 200 10 200 nA L H L H -3 
10 ,100 10 100 nA L H H H 4 
1 S 1 S nA H L L H 5 
S 50 5 50 nA 

H L H H 6 
H H L H 7 

2.4 2.4 V H H H H 8 
O.S O.S V 

1 1 IlA 

220 I 500 220 1000 n~ HI-S09 
1000 ns 

70 70 ns 
"ON" 

210 210 ns Al An EN CHANNEL 

lS0 lS0 ns X X L NONE 

360 360 ns L L H 1 
600 600 ns L H H 2 

6& 6S dB H l H 3 

S 5 pF H H H 4 

21 21 pF 

3 3 pF 

.OS .OS pF 

2 2 rnA 

1 1 rnA 

4S 45 mW 

4. VEN = O.SV. Rl = lK, C1 = lSpF, Vs = 7VRMS, 
f = 500kHz. Worst case isolation occurs on channel 
4 (HI-SOSI and channels 4. S (H I-S09I. due to 
proximity of the output pins. 

S. VEN=OVor5V. AIIVA=O. 
6. If an overvoltage condition is anticipated (analog 

input exceeds either power supply voltage). the 
HAR RIS HI-SOSA/S09A multiplexers are 
recommended. 
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II HARRIS HI-50aA!509A 
8 Channel CMOS Analog 

Multiplexers with Overvoltage Protection 

FEATURES 

• ANALOG/DIGITAL OVERVOLTAGE PROTECTION 

• FAIL SAFE WITH POWER LOSS (NO LATCHUP) 

• BREAK-BEFORE-MAKE SWITCHING 

• DTL/TTL AND CMOS COMPATIBLE 

• ANALOG SIGNAL RANGE 

• ACCESS TIME (TYPJ 

• SUPPLY CURRENT AT lMHz 
ADDRESS TOGllLE (TYP,) 

• STANDBY POWER (TYP.) 

APPllCA TIONS 

• DATA ACQUISITION 

• INDUSTRIAL CONTROLS 

• TELEMETRY 

PINOUT 

HI-50SA 
TOP VIEW 

AO lS A1 

EN 2 15 A2 

-Vsup GND 

IN1 +Vsup 

IN2 IN5 

IN3 INS 

IN4 IN7 

OUT INS 

HI-509A 
TOP VIEW 

AO~l 
EN-J2 

-Vsup 3 

IN1A 4 

IN2A 5 

IN3A 6 

IN4A 

OUTA S 

Copyright © Harris Corporation 1983 
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lS .... A1 

15 GND 

14 +Vsup 

IN1B 

IN2B 

IN3B 

IN4B 

9 OUTB 

±15V 

500ns 

4mA 

7.5mW 

DESCRIPTION 

The HI-508A and HI-509A are dielectrically isolated CMOS 
analog multiplexers incorporating an important feature; they 
withstand analog input voltages much greater than the supplies. 
This is essential in any system where the analog inputs originate 
outside the e.quipment. They can withstand a continuous input "
up to 10 .volts greater than either supply, which eliminates' the 
possibility of damage when supplies are off, but input signals 
are present. Equally important,' they can withstand brief input 
transient spikes of several hundred volts; which otherwise 
would require complex external protection networks. Neces
arily, ON resistance is somewhat higher than similar unpro
tected devices, but very low leakage currents combine to pro
duce low errors. Application Notes 520 and 521 further explain 
these features. 

The HI-508A-2 and HI-509A-2 are specified over -550 C to 
+ 1250 C while the -5 versions are specified OVer OOC to + 75 0 C. 

FUNCTIONAL DIAGRAM 

HI-50SA 

DIGITAL 
ADDRESS 

HI-509A 

DIGITAL 
_OE$$ 

AOOIIESS INPUT BUFFER 
AND LEVEl SHIFTER 

L ___ _ 

ADDRESS .WUT BuFFER 
AND LEVEl SHIFTtlll 

I 
I 

DECODERS MULTIPLEX 
SWITCHES 

L.:____ L.. ____ _ 

DECODERS 

OUT 

OUTI 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage between Supply Pins 

V+ to Ground 

VEN. VA. Digital Input Overvoltage: 

V A f VSupply(+) +4V 
VSupply (-) -4'{ 

Analog Input Overvoltage: 

40V 

20V 

Total Power Dissipation* 

Operating Temperature: 

H 1-50SA/H 1-509A-2 
HI-508A/HI-509A-5 
Storage Temperature 

725mW 

-55°C to +125 0C 
OOC to +75 0 C 

-65°C to +1500 C 

Vs f VSupply (+) +20V 
VSupply (-) -20V *Derate 9.6mW/oC above T A = 950 C 

ELECTRICAL CHARACTERISTICS (Unless Otherwise Specified) 
Supplies = +15V, -15V; V AH (logic level High) = +4.0V; VAL (logic level low) = +O.SV 
For Test Conditions, consult Performance Characterisitcs section. 

HI-50SA/50SA-2 

-55°C to +1250 C 

H 1-50SA/50SA-5 

OOC to +750 C 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP MAX. 

ANALOG CHANNEL CHARACTERISTICS 

*VS' Analog Signal Range Full -15 

* RON, On Resistance (Note 1) +250 C 1.2 
Full 1.5 

* IS(OFF). Off Input leakage Current +250C 0.03 
Full 

* IDIOFF). Off Output leakage Current +250 C 1.0 
HI-50SA Full 
HI-50SA ~ull 

* 10(0 FF) with Input Overvoltage Appl1ed (Note 2) +250 C 4.0 
Full 

*IDION). On Channel leakage Current +250 C 0.1 
HI-50SA Full 
HI-50SA 

DIGITAL INPUT CHARACTERISTICS 

+15 

1.5 
1.S 

~50 

±250 

I ±.125 

2.0 

:250 
I ±.125 

O.S 

-15 

VA L, I nput Low Threshold I 
V AH, Input High Threshold 

(Note 6) 
Full 
Full 4~ 4~ 

* IA. I nput Leakage Current (High or Low) Full 

SWITCHING CHARACTERISTICS 

tAo Access Time 

tOPEN, Break - Before Make Delay 

tON(EN). Enable Delay (ON) 

tOFF (EN). Enable Delay (OFF) 

Settling Time (0.1%) 
(0.025%) 

"OFF Isolation" (Note 3) 

Cs (OFF). Channel Input Capacitance 

CD (OFF). Channel Output Capacitance 

CA. Digital Input Capacitance 

HI-50SA 
HI-50SA 

CDS (OFF), Input to Output Capacitance 

. POWER REQUIREMENTS 

PD. Power Dissipation 

*1+. Current (Note 4) 

*1-, Current (Note 4) 

*1+. Standby (Note 5) 

*1-. Standby (Note 5) 

+250 C 

+250 C 

+250 C 

+250 C 

+250 C 
+250C 

+250 C 

+250 C 

+250 C 
+250 C 

+250 C 

+250 C 

Full 

Full 

Full 
Full 

Full 

NOTES: 1. VOUT =:: 10V, IOUT= -100J.lA 

2. Analog Overvoltage = : 33V 

1.0 

0.5 1.0 

SO 

300 

300 

1.2 
3.5 

65 

5 

25 
12 

5 

0.1 

7.5 

0.5 2.0 

0.02 1.0 
0.5 2.0 

0.02 1.0 

4. VEN = +4.0V 

5. VEN = O.SV 

+15 

1.5 1.S 
1.S 2.0 

0.03 

1.0 

4.0 

0.1 

0.5 

SO 

300 

300 

1.2 
3.5 

65 

5 

25 
12 

5 

0.1 

7.5 

~50 

:!'250 
±.125 

~250 

±.125 

O.S 

1.0 

0.5 5.0 

0.02 2.0 
0.5 5.0 

0.02 2.0 

UNITS 

v 
Kn 
Kn 
nA 

nA 

nA 

nA 
nA 

nA 
p.A 

nA 
nA 
nA 

V 
V 

p.A 

p.s 

ns 

ns 

ns 

p.s 

/Js 

dB 

pF 

pF 
pF 

pF 

pF 

mW 

mA 

mA 
mA 

mA 

3. VEN = o.av, RL = 1K, C L = 7pF, 

Vs =' 3V RMS. f = 500KHz 

6. To drive from DTL/TTL Circuits, 1 KS1 pull-up 

resistors to +5.0V supply are recommended 

* 100% Tested for Dash a at +250 C and +1250 C Only. 

2896 

TRUTH TABLES 

HI-50SA 

"ON" 
A2 Al . Ao EN CHANNEL 

X X X l NONE 

l l l H 1 
l l H H 2 
l H l H 3 

l H H H 4 
H l l H 5 

H l H H 6 

H H l H 7 

H H H H 8 

Hi-509A 

ON 
SWITCH 

A, AO EN PAIR 

X X l NONE 

l l H 1 

~ ~ H 2 

H l H 3 

H H H 4 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS II 
UNLESS OTHERWISE SPECIFIED: TA = 250 C, VSUPPL y-= +15V, VAH = +4V, VAL = O.8V 

~100PA 

R _ V2 
ON RESISTANCE VS. TEST CIRCUIT ON - 100PA 4 V2 • 

NO.1 INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 
'---0 

IN ,.. ,... ........ ..., 
OUT - --0 

V,N 

-
ON RESISTANCE NORMALIZED ON RESISTANCE 

VS. ANALOG INPUT VOLTAGE vs. SUPPLY VOLTAGE 
1.4 

I --- I I I 

1.3 TA +1250C ~ ~ 1.5 
+1250C ~TA ~-550C _ 

I 
V,N =+5V 

C; 1.2 ~~ 1.4' "'" :.: ."",.- "c;; +, "' "-~ 1.1 
TA = +250C 

~ -:;; 1.3 
~ .- c:: '" IiIo.. -, 

.~ 1.0 
TA = -55°C . 

i; 1.2 

"'-~ 0.9 ~.s 1.1 

c5 0.8 
E"CI ......... 

"""'-~ ~ 

~ ~ 1.0 

~ 0.9 

0.8 
-10 -B -6 -4 -2 0 2 4 6 8 10 ±5 ±6 ±7 ±B ±9 ±10 ±11 ±12 ±13 ±14 ±15 

V,N - Analog Input (Volts) Supply Voltage - Volts 

LEAKAGE CURRENT VS. TEMPERATURE 

100nA 
TEST CIRCUIT TEST CIRCUIT 

NO. 2* NO. 3* 
7' , 

I /" 
OFF OUTPUT ~7' ~ EN~+{).8V 

f-LEAKAGE CURREN~, J OUT 

~'O'FI± 
'0 (OFF) I'"\. OUT -

flDID'Fi 
0-IOnA I---

I 
I 

"\) ±10V-=.. ~ , -;, 
±10V-~ I EN~+O.8V 

1/ ON LEAKAGE ./~ -=- .. lOV 

./ 1// * T ~+10V 
CURRENT J. /' 10(ON~ / 

InA 

TEST CIRCUIT 
*Two measurements per channel: 

-' I NO. 4* ./ +10V/-10V and -10V/+10V • 
~ ./ 'OFF INPUT (Two measurements per device for IO(OFF): 

/' / LEAKAGE CURRENT +1OV/'-1OV and -10V/+1OV.) 
lOOpA 

IS (OFF) 

.i"\ 

I ~ OUT , 
1/ ~ 

- EN- A 'OION) 

+10V-:- .... ±10V 
IOpA 

~ 250 500 750 1000 1250 T ) 
Temperature _DC +4V 

ANALOG INPUT OVER\lOL TAGE CHARACTERISTICS ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 

_ i~1 I I I I I i i 

~ 18_~ :: E1 ~~ TEST CIRCUIT Ii 15 5· I!! 
~ 31 ANALOG INPUT ./ ~ / NO.5 "N 

~ 
'0 (OFF) 

~ 12 4';.:t --CURRENTII,N) " ./ 
A A ~ ~9 :/ 

~ 93'3E /"'" 
~ ~ 6 2,::: I --- _ ±V'N 

.:i ~ I ~~ OUTPUT OFF 

~ : ? -
Z 3 I, ~ ~ LEAKAGE CURRENT----
::: 0 c5 10(OFF) 

±15 ±IB ±21 ±24 ±21 ±30 ±33 ±36 
V,N - Analog Input Overvoltage (Volts! 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (continued) m 
ON CHANNEL CUR RENT VS, VOLTAGE TEST CIRcuiT 

±14 
/;. -55()C NO.6 ON CHANNEL CURRENT 

~ ±12 
~ ,/ +250 C vs. VOLTAGE 

:.. +10 
~ - ~ ~ """"""'+1250C . 
:; ±8 

t.J 

~ ~ "§ ±6 

~ V D~ 0-.~ 

±V*-
en ±4 , 

~ ~ ~ 
r. -

±2 
<7 / I I 

-==-0 ±6 ±8 ±10 ±12 -
VIN - Voltage Across Switch 

TEST CIRCUIT 

t""10 NO.7 
A tlSUPPLY 

SUPPLY CURRENT vs. TOGGLE FREQUENCY 
SUPPLY CURRENT vs. 

8 TOGGLE FREQUENCY 
q: A2 +V 

E I ~. INI ~+10It5 

~ G 
,.. 

VrUPPL'i '~15"'-.. ~ 
IN2 o ..., 

1 v~ ~ HI-508A 
THRU '", 

:::l IN7 "'-1.. t.J -$. AO -a 4 INS ~ -= I 

J I 
? !ion'--

Co 

VSUPPLY = ±10V" ~ OUT 
,.. 

:::l ..., 
en -= ~ +4V GNO -v , 

~ <I> 14 pI 
.±' 2 

i ?, 'OMO:: :;::: .--t?/ rAH = 4V 

0 
VA VAL = O.BV 

A -ISUPPLY -= 1K 10K lOOK 1M 10M 50"0 OlJTY CYCLE 

Toggle Frequency. Hz 'SIMILAR CONNECTION FOR HI-509A -151 -10 

TEST CIRCUIT ACCESS TIME vs. 
ACCESS TIME vs. LOGIC LEVEL (HIGH) NO.8 

LOGIC LEVEL(HIGH) 

900 A2 
~ IN 1 f--O ±10V 

-= 800 -- --<>--:J... E 

~ 
J A, 

IN 2 THRU IN 7 

i= 700 4~ 

\ AO HI-508A IN 8 :-O+lOV- "DnD" ... 600 ~OSl~ u 

\. r - ':':':':~- .., :;. 
OUT ~ 10Mfl I , 500 

'" -=- +VAH GNO I > I ~ r--.. ... 400 1 
I <II> :::r: 

<I> I 
300

3 

I <I 14pF I 
4 5 6 7 8 9 10 11 12 13 14 15 I I 

V AH -Logic Level (High), Volts I - I 
• SIMILAR CONNECTION FOR HI-S09A 

L ____ oJ 

SWITCHING WAVEFORMS 

ACCESS TIME 

ADDRESS V = 4.0 I 

~' VA INPUT 

V.VAH VAL =OV 2V/DIV. 

I -

'~UTPUTA 
I 7' I -BV -lOY , 

OUTPUT A j I I 5V/OIV. I 
---.I tA 1.....- I I , 

J '-
200ns/DIY. 
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m HARRIS· 

FEATURES 

• Analog Over voltage protection 

• 8esettable Latches (8S) 

• TTL/OTL and CMOS Compatible 

• Failsafe for conditions of Over voltage &, Loss of Power 

• No SCR Latch-up 

• Break-befors-make switching 

• Microprocessor Bus compatible 

• Very low leakage" 10(off) S 8nA (typ) over ful! temp range 

• Access time" fA = 500nS (typ) 

• Minimum write pulse width (WR) = 300 nS 

• OFF isolation = -100dB, typ @ 10kHz 

PINOUT 

HI-50BL 

WR 1 18 RS 
AO 2 11 A1 
EN 3 16 A2 

-VSUPPLV 4 15 GND 
IN 1 5 14 +VSUPPLY 
IN 2 6 13 IN 5 
IN 3 7 12 IN 6 
IN 4 8 11 IN 7 
OUT 9 10 IN 8 

HI-509L 

WR 1~4""" - 10 nil 

AO 2 11 A1 
EN 3 16 GND 

-VSUPPLY 4 15 +VSUPPLV 
IN 1A 5 14 IN 18 
IN 2A 6 13 IN 28 
IN3A 7 12 IN 38 
IN4A 8 11 IN 48 

DUTA 9 10 OUT 8 

HI-50BL/HI-509L 
Single 810ifferential4 Channel 

CMOS Analog Multiplexers With 
Latches And Overvoltage Protection· 

DESCRIPTION 

These monolithic CMOS multiplexers feature on-board address latches, plus over
voltage protection for the analog inputs and the output as well. Each mode 
accomodates digital inputs for channel selection and an Enable input for device 
selection under program control. In addition, Write (WR) and Reset (RS) inputs 
allow the program to store or clear the channel address. 

The overvoltage performance of these multiplexers is particularly useful in redun
dant systems, where the inputs and output should present a very high impedance 
when power is off. This is achieved by a switch cell with three MOSFET's in series, 
rather thant he conventional single transmission gate design. 

Each channel can withstand a DC overvoltage up to a magnitude of 10VDC greater 
than the power supply (or to ± 25VDC with power off). An OFF channel remains 
OFF ior this condition. if ihe channel is ON, the output voltage is clamped below the 
supply rail, which protects the load circuit. 

The HI-508L offers 8 single-ended channels, and the HI-509L is a 4 channel dif
ferential version. The recommended supply voltages afe ± 15V, through operation 
at reduced levels or with a single supply may also be implemented. The package is 
an 18 pin ceramic or epoxy DIP. 

Each product is specified for the commercial temperature range (O°C to + 75°C, 
- 5 suffix) and the military range (- 55°C to + 125°C, - 2 suffix). Military parts 
screened per MIL-STD-883 method 5004, Class.B are offered with a "-8" suffix. 

FUNCTIONAL DIAGRAM 

HI-50BL 

.'of DO 00 lEvEL 
SHIFTER 

,6.(IOMSS : 

A, D, 0, 
.ESET 

Wii 

jij 

HI-509L 

'"~~ 1/ 
LATCH 

.-{ Do DO 
lEVel 

SHIFTER 

400RES;; 

A, 0, ., 
iii! 

jij 

CAUTION: Electronic devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
> Supply Voltage Between Pins 4 and 14 

Digital Input Overvoltage, VA, VEN, VRS, VWR; 
V supply ( +) 
V supply ( -) 

Analog Overvoltage 
Input to Ground 

Tota!' Power Dissipation * (Package) 

44V 

+4V 
-4V 

±25VOC 
1200mW 

Operating Temperature 

HI-508L1509L-2 - 55°C to 125°C 
HI-50SL/509L-5 O°C to 75°C 
Storage Temperatute - 65°C to + 150°C 

*Oerate-8mW/OC above TA = + 75°C 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) 

2900 

+V supply = 15V, -V supply = -15V, VAH (Logic High) = 2,OV, VAL (Logic Low) = O,BV 

PARAMETER TEMP 

ANALOG CHANNEL CHARACTERISTICS 
Vs Analog Signal Range Full 
RON, ON Resistance (Note1) +25°C 

Full 
L':.RON, Change In RON (Note 2) + 25°C 

between channels 
IS(off), OFF input leakage current +25°C 

Full 
10(off), OFF output leakage current +25°C 

HI-50SL Full 
HI-509L Full 

10(On). ON Channel leakage current +25°C 
HI-508L Full 
HI-509L Full 

FAULT CHARACTERISTICS 
IS(Off), with Power OFF Full 
IS(Off), overvottage (Note 3) Full 
10(Off), with input over- +25°C 

voltage applied (Note 3) Full 

DIGITAL INPUT CHARACTERISTICS 
VAL, Input Low Threshold Full 
VAH, Input High Threshold Full 
IAH, Input High Current Full 
IAL, Input Low Current Full 

DYNAMIC SWITCHING CHARACTERISTICS 
ta, Access Time +25°C 
tOPEN, Break-Before-Make +25°C 
tON, (EN, WR), Enable Delay (ON) +25°C 
tOFF, (EN, RS), Enable and Reset +25°C 

Delay (OFF) 
Settling Time (±0.1%) +25°C 

(±0.01%) +25°C 
Q Charge Injection +25°C 
OFF Isolation (Note 4) +25°C 
OFF Isolation POWER OFF (Note 5) +25°C 
CS(Off), Channel Input Cap. +25°C 
CO(Off), Channel Output Cap. 

HI-508L +25°C 
HI-509L +25°C 

CA, Digital Input Capacitance +25°C 
CDS(Off), Input to Output capacitance +25°C 

POWER REQUIREMENTS 
PD. Power Dissipation (Note 6) Full 
I +, Current Pin 14 (Note 6) Full 
I -, Current Pin 4 (Note 6) Full 

Notes: 1. VOUT = ± 10V. lout = -1001-'<1 

2. 6RON = RON(Max) - RON(Min) VIN = ± 10V 
RON(Avg) 

3. Analog Overvoltage = ±25V 
4. VEN = 0.8V, RL = 1Kll,CL = 50pF 

H 1-50SL/509l-2 
- 55°C to + 125°C 

MIN 

2.0 

.025 

TYP MAX MIN 

±10 
1.2 
1.8 

5 

10 
7 50 

10 
5 100 

50 
5 10 
5 100 

50 

10 1000 
10 750 
5 
10 '750 

1.4 0.8 
1.4 2.0 
10 40 
40 200 

0.5 1.0 
0.1 0.25 

1.0 
0.5 1.0 

1.0 
1.75 
10 

-72 
-56 
5 

-20 
10 
5 

0.1 

60 100 
3.7 6.0 
0.3 0.6 

Vs = 3Vrms, f = 500 kHz 

011 isolation = 20 log \ ~~ \ 

5. V+, V- = OV, RL = 1Kll 

HI-50Sl/509l-5 
O°C to + 75°C 
TYP MAX 

±10 
1.5 
1.S 

5 

10 
7 50 

10 
5 100 

50 
10 

5 100 
50 

10 5000 
10 2500 
5 
10 2500 

1.4 0.8 
1.4 
10 40 
40 200 

0.5 1.0 
0.1 

1.0 
0.5 1.0 

1.0 
1.75 
10 

-72 
-56 
5 

20 
10 
5 

0.1 

60 100 
3.7 6.0 
0.3 0.6 

CL = 50pF, Vs = 3Vrms, f = 500 kHz. 
6. See Test Circuit #8 for high toggle frequency applications. 

UNITS 

V 
Kfl 
Kfl 
% 

nA 
nA 
nA 
nA 
nA 
nA 
nA 
nA 

nA 
nA 
nA 
nA 

V 
V 

p.A 
p.A 

p.S 
p.S 

p.S 
p.S 

p.S 
p.S 
pC 
dB 
dB 
pF 

pF 
pF 
pF 

mW 
mA 
mA 
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Minimum Timing Requirements 

MEASURED MIN LIMITS 
PARAMETER TERMINAL I FULL TEMP RANGE UNITS i 
tWW'- Write Pulse Width WR 300 nS 
tow, A. EN Data Valid To WRITE AO. Al,A2,A3, EN 225 nS I 

I (Stabilization Time) WR 
two, A EN Data Valid To WRITE WR 100 nS 

(hold Time) AO;Al, A2,A3, EN 
tRS, RESET pulse width RS 400 nS 

Timing Requirements 

Address, AD-2 ~ 
r;:i 

~--------------~ I~----------~ 

Write, WR 
I I 

I.. -, 
I tww 

Reset, RS 

90% 
+5V tOPEN 

tOPEN 
Output OV 

-5V 
90% 

1. Inputs to HI-508L (5091...) : Channel 1 = - 5V; Channel 8. (4) = + 5V. . 

2. +VSUPPLY = +15V; -VSUPPLY = -15V. 
3. Logic Levels: VAL = OV; VAH = +2.0V. 
4. Time intervals are measured between 50% levels unless otherwise noted. 
5. Minimum values for IRS' tOW. tww and two are guaranteed separately but not simultaneously. 

Figure 1 

SCHEMA TIC DIAGRAM 

Switch Cell 
-15V +15V -15V 

ANALOG Ii It It SIGNAL 0 o COMMON 

INPUT OUTPUT 

FROM DECODE 
Agure 2 
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TRUTH TABLES 

"5D8L 

A2 A1 AD EN 

x x X L 

X X X X 

X X X X 

L L L H 

L L H H 

L H L H 

L H H H 

H L L H 

H L H H 

H H L H 

H H H H 

507L 

A1 AD EN 

X x L 

X X X 

I X X X 
L L H 

L H H 

H L H 

H H H 

DESCRIPTION AND APPLICATION 

The switch cell of the HI-508L/509L has a different structure than earlier Harris 
designs (HI-508. H1508A). The new switch (Figure 3) consists of an N-channel. 
P-channel and N-channel MOSFET in series. as opposed to the transmission gate 
configuration with an Nand P-channel device in parallel. The series N-P-N switch 
offers higher Off Isolation with power off. and better fault performance. Channel 
overvoltage protection is inherent since one of the three MOSFETs turn off in the 
presence of overvoltage. this tum-off process begins well below the supply rail so 
the VIN range is less than the power supply range. Electrical performance is 
guaranteed to ± 10V for each channel. and the usable range extends above" ± 11 
Volts. 

2902 

WR 

L 

X 
L 

L 

L 

L 

m 

WR AS OUTPUT· ON CHANNEL 

L H None 

H Previous On Channel. 
X L None (latches cleared) 

L H Channel 1 

L H Channel 2 

L H Channel 3 

L H Channel 4 

L H Channel 5 

L H Channel 6 

L H Channel 7 

L H Channel 8 

RS OUTPUT· ON CHANNEL PAIR 

H None 

H Previous On Channel. 

L None (latches cleared) 

H Channei 1 A and i B 

H Channel 2A and 2B 

H Channel 3A and 3B 

H Channel 4A and 4B 

The address inputs Ao. Ai. A2. and ENABLE are latched into an internal buffer 
when WR goes high. Each latch output is level shifted into the pecode section. which 
activates the appropriate channel. The device may be reset (all channels OF.F) by 
taking RS low. Usually. RS is tied to the system RESET line. to assure that all chan
nels are OFF following a turn-on of power. The reset function overrides all others. 
just as WR overrides the address inputs (Ao-A2 and EN are ignored when WR is 
high). With WR low and RS high. the switches respond immediately to a change in 
channel address; i.e .• the latches are "transparent". Refer to Figure 1. 
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·m HARRIS HI-1818A/1828A 

FEATURES 

• SIGNAL RANGE 

• "ON" RESISTANCE (TYPJ 

• INPUT LEAKAGE AT +1250 C (TYP,) 

• ACCESS TIME (TYPJ 

• POWER CONSUMPTION (TYPJ 

• DTL/TTL COMPATIBLE ADDRESS 

• -550 C to +1250 C OPERATION 

A PPlICA TIONS 

• DATA ACQUISITION SYSTEMS 

• PRECISION INSTRUMENTATION 

• DEMULTIPLEXING 

• SElECTO R SWITCH 

PINOUT 

HI-1818A 
Top View 

ADDRESS Al 1 
+5.0V SUPPLY 2 

ENABLE 3 
ADDRESS A2 4 

IN 8 5 

IN 7 6 

IN 6 7 
IN 5 8 

HI-1828A 
Top View 

AOORESSAl 
+5.0V SUPPL Y 2 

ENABLE 
OUT 5 THRU 8 4 

IN 8 5 
IN 7 6 
IN 6 7 

IN 5 8 

Copyright © Harris Corporation 1983 
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low Resistance 
8 Channel CMOS Analog Multiplexers 

±15V 

250n 

20nA 

350ns 

5mW 

16 ADDRESS AO 
15 -15VSUPPLY 
14 +15V SUPPLY 
13 IN1 
12 OUT 

11 IN2 
10 IN 3 

9 IN 4 

16 ADDRESS Ao 
15 -15V SUPPLY 
14 +15V SUPPL Y 
13 IN 1 
12 OUT 1 THRU 4 

11 IN 2 

10 IN 3 

9 IN 4 

DESCRIPTION 

The HI-1818A/1828A are monolithic high performance CMOS 
analog multiplexers offering built-in channel selection decoding 
plus an inhibit (enable) input for disabling all channels. 
Dielectric Isolation (OJ) processing is used for enhanced 
reliability and performance (see Application Note 521). 
Substrate. leakage and parasitic capacitance are much lower, 
resulting in extremely low static errors and high throughput 
rates. low output leakage (typically. O.lnA) and low channel 
ON resistance (250 n) assure optimum performance in low level 
or current mode applications. 

The 1818A is a single-ended 8 channel multiplexer, while the 
HI-1828A is a differential 4 channel version. Either device 
is ideally suited for medical, instrumentation, telemetry systems, 
and microprocessor based data acquisition systems. 

The HI-1818A-2 and HI-1828A are specified over -550 C 
to +1250 C, while the-5 versions are specified over OOC to 
+750 C. 

FUNCTIONAL DIAGRAM 

HI-1818A 

ADDRESS { 
INPUT 

BUFFERS 

DIGITAL ADDRESS 

HI-1828A 

ADDM~ { 
INl'UT 

BUFFERS 
IN I 

OUT 1-4 

IN5 

OUTS-8 
INB 

IN 1 

OUT 

.IN 8 
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SPECIFICATIONS m 
ABSOLUTE MAXIMUM RATINGS (NOTE 1) 

Supply Voltage Between Pins 14 and 15 40.0V Digital Input Voltage V-Supply to V+ Supply 
Logic Supply Voltage, Pin 2 30.0V Total Power Dissipation (Note 2) 750mW 
Analog Input Voltage: VSupply +2V Storage Temperature Range -650 C to + 1500 C 

VSupply -2V 

ELECTRICAL CHARACTERISTICS 

Supplies = +15V. -15V. +5V H 1-1818A-2/1828A-2 HI-1818A-5/1828A-5 
-55°C to +1250C oOC to +750C TRUTH TABLES 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

ANALOG CHANNEL CHARACTERISTICS 

*'VIN. Analog Signal Range Full -15 +15 -15 +15 V 

"'RON. ON Resistance (Note 3) +250 C 250 400 250 400 n 
Full 300 500 300 500 n 

HI-1818A 
*IS(OFF)' Input Leakage Current Full 20 50 20 50 nA 

* lolON), On Channel Leakage Current ADDRESS "ON" 
(HI-1818A) Full 100 250 100 250 nA A2 Al AO EN CHANNEL 
(HI-1828A) Full 50 125 50 125 nA l l l l 1 

* IO(OFF) Output Leakage Current l l H l 2 
(HI-1818A) Full 100 250 100 250 nA l H l l 3 
(HI-1828A) Full 50 125 50 125 nA l H H l 4 

H l l l 5 
DIGITAL INPUT CHARACTERISTICS H l H l 6 

V A L. I nput Low Threshold Full 0.4 0.4 V H H l l 7 
VAH • Input High Threshold (Note 4) Full 4.0 4.0 V H H H l 8 

IA .• Input Leakage Current Full .01 1 .01 1 Il A X X X H NONE 

SWITCHING CHARACTERISTICS 

TS. Access Time (Note 5) +250C 350 350 ns 

Break-Before-Make Delay +250C 100 100 ns 
Settling Time (0.1%) +250C 1.08 1.08 Ils 

(0.025%) +250C 2.8 2.8 Ils 

CIN. Channel Input Capacitance +250C 4 4 pF 

COUTo Channei Output Capacitance H!-1828A 
(HI-1818A) +250C 20 20 pF 
(HI-1828A) +250C 10 10 pF ADDRESS "ON" 

CoSIOFF). Orain-To-Source Capacitance +250C O.S 0.6 pF Al AO EN CHANNELS 
Co. Digital Input Capacitance +250 C 5 5 pF l l l 1 and 5 

l H l 2 and 6 
POWER REQUIREMENTS H l l 3 and 7 
PO. Power Dissipation Full 5 5 mW H H l 4 and 8 
POS. Standby Power (Note 6) Full 5 5 mW X X H NONE 
* 1+. Current Pin 14 Full 0.1 0.5 0.1 1 mA 
* L. Current Pin 15 Full 0.3 1 0.3 2 mA 
*1 L. Current Pin 2 Full 0.3 1 0.3 2 mA 

NOTES: 1. Voltage ratings apply when voltages at all other pins are 4. To drive from OnmL circuits. lK pull-up resistors 
within their normal operating ranges. to + S.OV supply are recommended. 

2. Derate 12.3 mW/oC above llOoC. 5. Time measured to 90% of final output level; 
3. VOUT = ± 10V lOUT = - lmA. VOUT = - S.OV to +S.OV. Digital Inputs = OV to + 4.0V. 

6 . Voltage at Pin 3. ENABLE = + 4.0V. . 100% Tested for Dash 8 at +250 C and +1250 C Only. 
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PERFORMANCE CHARACTERISTICS 

ON RESISTANCE vs 
ANALOG SIGNAL LEVEL 

1 rnA 

.. V2 • 

IN 

OUT 

Test Circuit 

o 300 f----f---+---+---+----I---+---4----4.
:IE 
Z o 
~ ~c_~--~--_+--_+~_+_-~-=~~+_ 

U 
Z 

~ 200 r~:::::::=+=::t==+==::::t==~..."",T---r 
~ I 
a: 150 1===~--+---+--I--~==+==---l----J---+____J 
~ I 

~ 1001~--~~1--~-L--~1--~1--~~--~~ 
-10 -8 -6 -4 -2 0 +2 +4 +6 +8 +10 

VI - SIGNAL LEVEL (VOL TSI 

LEAKAGE CURRENTS vs TEMPERATURE 

OFF LEAKAGE 

1fJ1N 4V 

OUT 

! . A lolOFF) " 

±10V -=- -::--.:pOV 

* * 
±lOV-=-

l EN 
-=- ===:;:10V'" __ ...i 

~ 

4V 

l00nA 

: 

ON LEAKAGE 

- ±lOV· 

* O.4V 

--r.D~~per~: 

+1OV/-10\1'" -1DV/+1OV. 
fTwo_rementsper ..... for IDfOFFJ: 
+1OV/-IOV end -1OY/+1OV.l 

/" 7" 
./ / 

loIQN)=IOIOFF) /// 
lOnA HI-1818A 

HI-1828A 

I ./ / 

\\ ./ / / i 

1nA i \VA /. I" I 

./ ./ ./ 

\ IsIOFF): / /" ./ I 
//V (HI-1818AI1828Ai 

100pA 

./ 

./ 
l~A:~· ___ ~ __ ~I ___ ~I ____ ~i 

~ ~ ~ 100 1~ 

TEMPERATURE- DC 
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ON CHANNEL CURRENT 
vsVOLTAGE 

Test Circuit 

< ~0~-4---+--~--~--4---+---~~~-4-=~ 
:IE 

I 

~+20~-4---+--~--~--4---+-~~~~~~~ 
w 
a: 
a: 
B Or-~---+--~--~~~--+---r---r-~--~ 
e" z 
i -20r--4---+--~~~--4---+---r---~~--~ 
u 
l-

i 
o ~0~~~~--~--~--4---+---~~~-4--~ 

-sor-ssoc I l 
-10 -8 ~ -2 +2 +4 

VOLTAGE ACROSS SWITCH 

ACCESS TIME 

+5VDC cr-1_N1-+--__ o.. 

-5VDC o-'N_2-t-_-o o-_+O_U_T_ SCOPE 

-
III 

I 

+4V r---1 
OV--.J L 

I , 

: VAH =4V -
I 

-VAH12 
~INPLT 

2V!DIV. -

,II 
II " 1111 1111: "1111 '1111 11111 IIII 

_. ~5V: 'I' "J' "JT , , , 

: OUTPUT I 5V!DIV. 

-4V
I-l- -5V J -- TA 1'-
1 OOns/D IV . 

f--

IIII 

+8 +10 
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SCHEMATIC DIAGRAM 

ADDRESS INPUT BUFFER 

DECODER GATE 

A2 OR A2 

A 1 OR A 1 

P CHANNEL BODIES TO +V 
N CHANNEL BODIES TO -V 

A2 OR A2 NOT USED 
FOR HI-1828A 

MULTIPLEX SWITCH 

FROM DECODE 

FROM DECODE 

2906 

+V 

t-+-t---.... A 

-
~--+-+--+---"A 

:-----------, 
i 
I 

I 
I 

TO! 
P CHANNEL 
SW I 

I 

P16 TO I 
N CHANNEL 

N16 SW ! 
I 

i ~ 

~~WIT~~~~_~ 

-V 

ALL N-CHANNEL 
BODIES TO V-

ALL P-CHANNEL 
BODIES TO V+ 
UNLESS OTHERWISE 
INDICATED. 
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m HARRIS 

FEATURES 

• ACCESS TIME (TYP) lOOns 

• SETILING TIME (TYP TO 0.01%) 800ns 

• LOW LEAKAGE IS OFF 10pA 

10 OFF 35pA 

• LOW CAPACITANCE Cs OFF 2.5pF 

CD OFF 18pF 

• HIGH OFF ISOLATION AT lMHz 80dB 

• LOW CHARGE INJECTION 0.3pC 

• SINGLE ENDED TO DIFFERENTIAL 
SELECTABLE (SDS) 

• LOGIC LEVEL SELECTABLE ((lS) 

APPLICA TloNS 

• DATA ACQUISITION SYSTEMS 

• PRECISION INSTRUMENTATION 

• INDUSTRIAL CONTROL 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

v+ 28 OUT A 

OUT B 27 v-

NC 26 IN8/8A 

INI6/8B 4 25 IN717A 

IN15/7B 24 IN6/6A 

IN14/6B 6 23 IN5/5A 

INI3/5B 22 !N4!4A 

INI2/4B 8 21 IN3!3A 

INll/3B 20 IN2I2A 

IN 10/2B 10 19 IN1/1A 

IN9/1B 11 18 ENABLE 

GND 12 17 AO 

voo/us 13 16 Al 

A3/S0S 14 15 A2 

Copyright © Harris Corporation 1983 
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HI-516 
16 Channel/Differential 

8 Channel CMOS 'High Speed 
Analog Multiplexer 

, DESCRIPTION 

The HI-516 is a monolithic dielectrically isolated, high speed, high perfor

mance CMOS analog multiplexer. It offers unique built-in channel selec-
,tion decoding plus an inhibit input for disabling all channels. The dual 
function of address input A3 enables the HI-516 to be user programmed 
either as a single ended 16-channel multiplexer. by connecting 'out A' to 
'out B' and using A3 as a digital address input, or as ~n 8-channel diff
erential multiplexer by connecting A3 to the V- supply. The substrate leak
ages and parasitic capacitances are' reduced substantially using the Harris 
dielectric isolation process to achieve optimum performances in both high 
and low level signal applications. The low output leakage current (10 Off 
< 100pA @250 C) and fast settling (tSETTLE = 800ns to 0.01%) charact
eristics of the device make it an ideal choice for high speed data acquisition 
systems, precision instrumentation, and industrial process controls. 

The HI-516 is available in a 28 lead dual-:in-line package. HI-516-5 is 
specified for operation over OOC to + 750 C, and the H 1-516-2 over -550 C 
to +1250 C. Processing to MIL-STD-883A, Class B screening is available 
by selecting the HI-516-8. 

FUNCTIONAL DIAGRAM 

A3 0/01 
H H l 
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A3 

I 
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SPECIFICA TIONS 

ABSOLUTE,MAXIMUM RATINGS 
Oigital Input Overvoltage: 

{ 
-6V < V AH < +6V 

TTL A2 VSUPPL V (-) 

{ 
VSUPPL V(+) 

CMOS GNO 

Analog Input Voltage: 

{
. VSUPPL V(+) 

Vs VSUPPL vI-) 

-2V 

+2V 
-2V 

+2V 

-2V 

Voltage Between Supply Pins 

Total Power 0 issipation* 
Operating Temperature Ranges: 

HI-516-2 
HI-516-5 

Storage Temperature Range 

33V 

1200mW 

-550 C to +1250C 
OOC to 750 C 

-650C to 1500C 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) Supplies = +15V, -15V; VAH (Logic Level High) = +2.4V, o VAL (Logic Level Low) = +0.8V; VOO!LLS = Open (Note 6) ..... 
(,) 
::J 
"0 
c: 
o 
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CJ) 
.~ 
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PARAMETER 

ANALOG CHANNEL CHARACTERISTICS 

VS, Analog Signal Range 
RON, On Resistance (Note 1) 

IS (OFF)., Off Input Leakage Current 

IO(OFF), Off Output Leakage Current 

IO(ON), On Channel Leakage Current 

OIGITAL INPUT CHARACTERISTICS 

V AL Input Low Threshold (TTL) 
V AH Input High Threshold (TTL) 
VAH Input Low Threshold (CMOS) 
V AH Input High Threshold (CMOS) 
IAH Input Leakage Current (High) 
IAL Current (Low) 
SWITCHING CHARACTERISTICS 

tA, Access Time 

tOPEN, Break before make delay 
tON{EN), Enable Oelay (IN) 
tOFF(EN), Enable Oelay (OFF) 

Settling Time (O.l%) 
(0.01%) 

Charge Injection (Note 2) 
Off Isolation (Note 3) 
CS(O FF), Channel Input Capacitance 
CO(OFF), Channel Output Capacitance 
CA, Oigitallnput Capacitance 
COS(OFF), Input to Output Capacitance 
POWER REQUIREMENTS 

PO, Power Oissipation 
1+, Current (Note 4) 
1-, Current (Note 4) 
1+, Standby (Note 5) 
1-, Standby (Note 5) 

NOTES: 

1. VIN"''±'10V,IOUT=-100JiA 
2. VIN;: OV, CL = 100pF, Enable input 

pulse = 3V, f = 500k Hz 
3. VEN = O.8V, Vs = 3VAMS, f = 500kHz, 

CL = 40pF, AL = 1k, Pin 3 grounded 

TEMP 

Full 
+250C 

Full 
+250C 

Full 
+250C 

Full 
+250C 

Full 

Full 
Full 
Full 
Full 
Full 
Full 

+250C 
Full 

+250C 
+250C 
+250C 

+250C 
+250C 
+250C 
+250 C 
+250C 
+250C 
+250C 
+250C 

Full 
Full 
Full 
Full 
Full 

-550C to +1250C OOC to +750C 

MIN TVP MAX MIN TVP MAX UNITS 

-15 +15 -15 +15 V 
620 750 620 750 n 
770 ' 1,000 700 1,000 n 
0.01 0.01 nA 
0.38 50 0.38 50 nA 
0.035 0.035 nA 
0.48 100 0.48 100 nA 
0.04 0.04 nA 
0.56 100 0.56 100 nA 

0.8 0.8 V 
2.4 2.4 V 

0.3VOO 0.3V OO V 

O.7VOO 0.7VOO V 
0.05 1 0.05 1 IJA 
4 25 4 25 IJA 

100 150 100 150 ns 
120 200 120 200 ns 
20 20 ns 
100 150 100 ns 
80 125 80 ns 

250 250 ns 
800 800 ns 
0.33 0.33 pC 
90, 90 dB 
2.5 2.5 pF 
18 18 pF 
5 5 pF 

0.02 0.02 pF 

525 525 mW 
17.5 25 17.5 30 rnA 
17.5 25 17.5 30 rnA 
17.0 25 17.0 30 rnA 
17.0 25 17.0 30 rnA 

4. VEN = +2.4V 
5. VEN = O.8V 

6. VOO/LLS Pin = Open or Grounded for TTL Compatibiiity 
VOO/LLS .Pin = VOO for CMOS Compatibility 

© Ie MASTER 1984 



TRUTH TABLES 

HI-516 USED AS A 16-CHANNEl MULTIPLEXER OR 

8 CHANNEL DIFFERENTIAL MULTIPLEXER * 

USE A3 AS DIGITAL 
ADDRESS INPUT ON CHANNEL TO 

ENABLE A3 A2 Al AO OUT A OUT B 

l X X X X NONE NONE 

H l l l l lA NONE 

H l l l H 2A NONE 

H l l H l 3A NONE 

H l l H H 4A NONE 

H l H l l 5A NONE 

H l H l H 6A NONE 

H l H H l 7A NONE 

H l H H H 8A NONE 

H H l l l NONE 1B 

H H l l H NONE 28 

H H l H l NONE 3B 

H H l H H NONE 48 

H H H l l NONE 58 

H H H l H NONE 68 

H H H H I l NONE 78 

H H H H H NONE 88 

• For 16-Channel single-ended function, tie 'out A' to 

'out B', for dual a-channel function use the A3 address 

pin to select between MUX A and MUX B, where MUX A 

is selected with A3 low. 

© Ie MASTER 1984 

I 

HI-516 USED AS A DIFFERENTIAL 

8-CHANNEl MULTIPLEXER 

A3 CONNECT TO V- SUPPl Y ON CHANNEL TO 

ENA8lE A2 A1 AO OUT A OUT B 

l X X X NONE NONE 

H l l l 1A 18 

H l l H 2A 2B 

H l H l 3A 38 

H l H H 4A 4B 

H H l l 5A 58 

H H L H 6A 68 

H H H l 7A 78 

H H H H SA 88 

m 
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m HARRIS 

FEATURES 

• ACCESS TIME (TYP) 

• SETILING TIME (0.1%) 

• LOW LEAKAGE IS (OFF) 

10 (OFF) 

• LOW CAPACITANCE (TYP) Cs (OFF) 

Co (OFF) 

• HIGH OFF ISOLATION @ (lMHz) 

• SINGLE ENOEO TO 
OIFFERENTIAL MOOE SELECTABLE (SOS) 

• LOGIC LEVEL SELECTABLE (llS) 

• lOW CHARGE INJECTION 

APPLICATIONS 

• OATA ACQUISITION SYSTEMS 

• INOUSTRIAl CONTROLS 

• TELEMETRY 

PINOUT 

TOP VIEW 

+v aUT A 

aUT B -v 

IN8/4B IN 4/4A 

IN 7/3B IN 3/3A 

IN 6/2B IN 212A 

IN 5/1B IN lIlA 

GND ENABLE 

Voo/LLS AO 

A2/S0S A1 

Copyright © Harris Corporation 1983 
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80ns 

250ns 

50pA 

100pA 

2pF 

10pF 

75dB 

0.3pC 

HI-518 
8 Channel/Differential 

4 Channel CMOS High Speed 
~nalog Multiplexer 

DESCRIPTION 

The HI-518 is a monolithic, high performance, high speed Analog 
Multiplexer, constructed utilizing the Harris Oielectrically isolated 
CM OS process. 

This device has the added feature that it can be user programmed 
either as a single ended 8-channel multiplexer by connecting 'out A' 
to 'out B' and using A2 as a digital address input, or as a 4-
channel differential multiplexer by connecting A2 to the V- supply. 

TTL or CMOS compatibility is also selectable. Low leakage current, 
10 off < 100pA @ 250C, and fast settling, 250ns to O.1%,charac
teristics of this device make it an ideal choice for high speed data 
acquisiti~n systems, precision instrumentation and industrial process 
controls. 

The HI-518 is available in an 18 lead Oual-in-line Package. The 
H 1-518-5 is specified for operation over OOC to + 750 C, and the 
H 1-518-2 over -550 C to + 1250 C. Processing to M Il-ST0-883A 
Class B screening is available by selecting the H 1-518-8. 

FUNCTIONAL DIAGRAM 

VDDILlS 

r----
I 
I 
I 

EN >----+----_~ 

AI) >--+-----+-~ 

AI '>---'----__ '-+-'-I 

AZ 

A2DECODE Q 

H H l 

l l H 

V- L l 

DECODER 

DECODER 

IN lA 

I IN lB 

I 
I I 
I I L ___________ --L- ______ ~ 

INPUT BUFFER AND DECODERS MUl TlPLEXER SWITCHES 
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SPECIFICATIONS 

ABSOLUTE ,MAXIMUM RATINGS 
Digital Input Overvoltage: 

{ 
-6V < V AH < +6V 

TTL 
A2 VSUPPL y (-) 

{ 
VSUPPL Y(+) 

CMOS GND 

Analog Input Voltage: 

{ 
VSUPPL y(+) 

Vs VSUPPLY(~ 

ELECTRICAL CHARACTERISTICS 

PARAMETER 

ANALOG CHANNEL 
CHARACTERISTICS 

Vs Analog Signal Range 

RON On Resistance (Note 1) 

IS (OFF) Off Input 
Leakage CUiient 

10 (0 F F) Off Output 
Leakage Current 

10 (ON) On Channel 
Leakage Current 

DIGITAL INPUT 
CHARACTERISTICS 

V AL Input Low Threshold (TTL) 

VAH Input High Threshold (TTL! 

VAL Input Low Threshold (CMOS) 

VAH Input High Threshold (CMOS) 

IAH Input Leakage Current (High) 

IAH Input Leakage Current (Low) 

SWITCHING CHARACTERISTICS 

tA, Access Time 

tOPEN, Break before make Delay 

tON (EN), Enable Delay (ON) 

tOFF (EN), Enable Delay (OFF) 

Settling Time (0.1%) 

(0.01%) 

Charge Injection (Note 2) 

Off Isolation (Note 3) 

Cs (0 FF) Channel I nput Capacitance 

CD (0 FF) Channel 
Output Capacitance 

CA, Digital Input Capacitance 

COS (0 FF)lnput to Output 
Capacitance 

POWER REOUIREMENTS 

I 
PO, Power Dissipation 

1+, Current (Note 4) 

1-, Current (Note 4) 

1+, Standby (Note 5) 

1-, Standby (Note 5) 
NOTES: 

1. VIN = ± 10V, lOUT = -100J.l.A 
2. VIN = OV, CL = 100pF, Enable 

Input pulse = 3V, f = 500kHz. 

@ Ie MASTER 1984 

-2V 

+2V 

-2V 

+2V 

-2V 

Voltage Between Supply Pins 

Total Power Dissipation* 

Operating Temperature Ranges: 

HI-518-2 

HI-518-5 

Storage Temperature Range 

*Derate 13.6mW/oe above TA = 1200 e 

33V 

725mW 

-550 C to + 1250 e 

ooe to 750 e 

-650 e to 1500 e 

(Unless otherwise specified) Supplies = +15V, -15V; VAH (Logic Level High) = +2.4V, 
VAL (Logic Level Low) = +O.8V; VDD/LLS = Open (Note 6). 

-550C to +1250C OOC to +750C 

TEMP MIN TYP MAX MIN 

Full -15 

I 480 

+15 -15 

+250C 750 

1 

Full 

1

700 

1 

1000 

I 1 
+250C ~.~~ 

Fuii U.DU 50 

+250C 0.10 
Full 0.30 50 

+250C 0.10 
Full 0.30 50 

Full I 0.8 

I Full 2.4 I 2.4 

. Full 0.3V OO 

0.7VOO I Full O.7VOD 

Full 0.05 1 

Full 4 20 

+250C 80 125 
Full 110 150 

+250C 20 

+250C 80 150 

+250C 60 125 

+250C 250 . 

+250C 800 

+250C 0.3 

+250C 86 

+250C 1.9 

+250C 10 

+250C 3 

+250C 0.02 

I 360 I Full 450 

Full 12 15 

Full 12 15 

Full n.5 15 

Full 11.5 15 

3. VEN = O.8V, Vs =3VRMS, f = 500kHz, 
CL = 40pF, RL = 1k. Oue to the pin 
to pin capacitance between IN 8/48 
(Pin 3) and Out 8 (Pin 2) channel 
8/48 exhibits GOd8 of Off Isolation 
under the above test conditions. 

TYP MAX UNITS 

+15 V 

480 750 n 
700 

1 

1000 

1 

n 
1 0.05 nA 

0.60 50 nA 

0.10 nA 
0.30 50 nA 

0.10 nA 
0.30 50 nA 

0.8 V I 
V I 

I 
0.3VOO V 

I 
V 

0.05 1 p.A 

4 20 p.A 

80 125 
110 150 ns 

20 ns 

80 150 ns 

60 125 ns 

250 ns 

800 

0.3 pC 

86 dB 

1.9 pF 

10 pF 

3 pF 

0.02 pF 

I 360 540 mW 

12 18 mA 

12 18 mA 

11.5 18 mA 

11.5 18 mA 

4. VEN = +2.4V. 
5. VEN=O.8V. 
G. VOO/LLS Pin = Open or ground

ed for TTL compatibilitY. 
VOO/LLS Pin = VOO for CMOS 
compatibility. 
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TRUTH TABLES 

2912 

HI-518 USED AS 8 CHANNEL MULTIPLEXER OR 

4 CHANNEL DiffERENTIAL MULTIPLEXER 

USE A2 AS DIGITAL 
ADDRESS INPUT ON CHANNEL TO 

ENABLE. A2 A1 AO OUT A OUT B 

L X X X NONE NONE 

H L L L 1A NONE 

H L L H 2A NONE 

H L H L 3A NONE 

H L H H 4A NONE 

H H L L NONE 1B 

H H L H NONE 2B 

H H H L NONE 3B 

H H H H NONE 4B 

HI-518 USED AS DiffERENTIAL 
4 CHANNEL MULTIPLEXER 

A2 CONNECT TO 
V-SUPPLY ON CHANNEL TO 

ENABLE A1 AO OUT A OUTB 

L X X NONE NONE 
H . L L lA 1B 

H L H 2A 2B 

H H L 3A 38 

H H H 4A 48 

© Ie MASTER 1984 
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FEATURES 

• CROSSTALK (lOMHz) >SOdB 

• FAST ACCESS TIME 

• FAST SETTLING TIME (0.01%) 

lSOns 

SOOns 

• TTL COMPATIBLE 

APPllCA TloNS 

WIDEBAND SWITCHING 

• RADAR 

• TV VIDEO 

• ECM 

PINOUT 

TOP VIEW 

+V Cl 
OUT C 2 

SIG GND C 3 

SIG GND [4 

IN4 C S 

SIG GND [ S 

18 P FB (IN) 

17 P -V 

lS P FB (OUT) 

150 SIG GND 

14 P IN 2 
13 P SIG GNO 

IN 3 c: 7 i2 P iN 1 

PWR GND C 8 11 P EN 

A1 C 9 10 ~ AO 
"--------' 

COPYright © Hams Corporation 1983 
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DESCRIPTION 

4 Channel 
Video Multiplexer 

The HI-S24 is a four channel CMO.S analog multiplexer designed to 
process single-ended video signals with bandwidths up to 10MHz. The 
chip includes a 1 of 4 decoder for channel selection and an Enable 
input to inhibit all channels (chip select). 

Three CMOS transmission gates are used in each channel, as compared 
to the single gate in more conventional CMOS multiplexers. This pro
vides a double barrier to the unwanted coupling of signals from each 
input to the output. In addition, Dielectric Isoiation (OJ) processing 
helps to insure that Crosstalk exceed's SOdB at 10MHz. 

The HI-524 is designed to operate into a wideband buffer amplifier 
such as the HARRIS HA-S190. The multiplexer chip includes two 
"on" switches in series, for use as a feedback element with the amplifier. 
This feedback resistance matches and tracks the channel RON resis
tance, to minimize the amplifier VOS and its variation with temperature. 

The H I-S24 is well suited to the rapid switching Of video signals in 
telemetry, instrumentation, radar and video systems. It is packaged 
in an 18 pin ceramic DIP and operates on ± lSV supplies. 

The performance levels available are: HI1-S24-2, -SsoC to +1250 C 
operating range; Hll-S24-5, OOC to +750 C operating range and 
H 11-S24-8, -550 C to +1250 C operating range plus 100% screening 
per MIL-8TD-883/Method S004/Class B. Chips for hybrid applications 
are designated H 10-S24-S. 

FUNCTIONAL DIAGRAM 

.. 12 
INI, __ .... ~ 

13 y' 
SIG GND 

IN2~f...../o--

_~FBI1NI 
/) 

+ 
/) 

l~FBIDUTl 
TRUTH TABLE 

I Al IAn lEN I 
ON 

CHANNEl 

X X l NONE 
l l H 1· 
l H H 2 
H l H 3 
H H H 4 

• CHANNel 1 IS SHOWN 
SELECTED IN THE DIAGRAM 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Digital Input Overvoltage: 

-SV < VAH < +SV 

Analog Input (VS) or Output (VO) 
+VSUPPl Y +2V 
-VSUPPl y -2V 

Voltage Between Supply Pins 33V 

Either Supply to Ground 
Total Power Dissipation* 
Operating Temperature Range: 

HI-524-2,-S 
HI-524-5 

Storage Temperature Range 
*Derate 13.SmW/DC above T A = 120DC 

16.5V 
750mW 

-550 C to + 1250 C 
OOC to 750 C 

-S50 C to 1500 C 

ELECTRICAL CHARACTERISTICS (Unless otherwise specified) Supplies = +15V, -15V; VAH (Logic Level High) = +2.4V, 
VAL = (Logic Level Low) = +O.SV; VEN = +2.4V 

2914 

PARAMETER 

Analog Channel Characteristics 

VS, Analog Signal Range 
RON, On Resistance (Note 1) 

IS (OFF), Oft Input Leakage Current (Note 2) 

10 (OFF), Off Output Leakage Current (Note 2) 

10 (ON), On Channel Leakage Current (Note 2) 

3dB Bandwidth: (Note 3) 

Oigitallnput Characteristics 

VAL Input Low Threshold (TTL) 
VAH Input High Threshold (TTL) 
IAH Input Leakage Current (High) 
IAL Current (Low) 

Switch ing Characteristics 

tA, Access Time (Note 4) 

tOPEN. Break before make delay (Note 4) 
tON (EN), Enable Oelay (ON), RL = 500n 
tOFF (EN), Enable Oelay (OFF), Rl = 500n 
Settling Time (0.1%) (Note 4) 

(0.01%) 
Crosstalk (Note 5) 
CS (OFF), Channel Input Capacitance 
CO (OFF), Channel Output Capacitance 
CA, Oigitallnput Capacitance 

Power Requirements 

PO, Power 0 issipation 
1+, Current (VEN = 2.4V) (Note 6) 
1-, Current (VEN = 2.4V) (Note 6) 
1+, Standby (VEN = O.8V) (Note 6) 
1-, Standby (VEN = 0.8V) (Note 6) 

1. VIN = OV; lOUT = 100J,lA 
(See Test Circuit~ 1) 

2. VO='±'10V;VS=+10V 
(See Test Circuits =# 2,3, 4) 

3. MUX output is buffered with HA-5190 as 
shown in Applications section. 

4. (See Test CircuitH 5) 

TEMP 

Full 
+250C 

Full 
+250C 

Full 
+250C 

Full 
+250C 

Full 
Full 

Full 
Full 
Full 
Full 

+250C 
Full 

+250C 
+250C 
+250 C 
+250 C 
+250C 
+250C 
+250C 
+250C 
+250C 

Full 
Full 
Full 
Full 
Full 

HI-524-2, -8 HI-524-5 
,..550C to + 1250C OOC to +750C 

MIN TYP MAX MIN TYP MAX 

-10 +10 -10 +10 
700 700 

1.5K 1.5K 
0.2 0.2 

50 50 
0.2 0.2 

50 50 
0.7 0.7 

50 50 
20 20 

0.8 0.8 
2.4 2.4 

0.05 1 0.05 1 
4 25 4 25 

150 300 150 300 

20 20 
180 300 180 
180 250 180 
200 200 
600 600 
-65 -65 

6 6 
4 4 
5 I 5 

540 540 
i 

18 25 18 25 
18 25 18 25 
18 25 18 25 
18 25 18 25 

5,. VIN = 10MHz, 3Vp-p on one channel • ..with any 
other channel selected. (Worst case is channel 3 
selected with input on channel 4.) MUX output is 
buffered with HA-5190 as shown in Applications 
section. Terminate all channels with 75S1 . 

6. Supply currents vary less than O.5mA for switching 
rates from DC to 2MHz. 

UNITS 

V 
n 
n 
nA 
nA 
nA 
nA 
nA 
nA 
MHz 

V 
V 

JlA 
JlA 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
dB 
pF 
pF 
pF 

mW 
mA 
mA 
mA 
mA 

@ Ie MASTER 1984 



PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS 

(UNLESS OTHERWISE SPECIFIED TA = 250 C, VSUPPLY = ±15V, VAH = 2.4V, VAL = O.8V) 

ON RESISTANCE 

TEST CI RCUIT NO.1 

-lOUT l00$lA 

-V2--

--0 
IN OUT 

-~ --0 

-j~IN 
-:.: 

TEST CIRCUIT NO. 2* 

EN f---O i().8V 

TEST CIRCUIT NO. 3* 

"IOFfI~ 
±10V~ 

J ...... __ E ... N ~+O.8V 

J. +1W 

TEST CIRCUIT NO.4 * 

..... 

OUT -
..... EN "- A IOION) 

AD Al 

:j:l0V-:-

b b 
..... ±10V 

~ ) f 
+2.4V 

@ Ie MASTER 1984 

ON RESISTANCE VS. ANALOG 
INPUT VOLTAGE 

1,000 

~ 

RON(n) 

900 t-- TA=+125OC, 

800 ~ 700"-
TA = +25OC 

600 

~ 500 TAa-55OC 

~+-~~--~~~~--~~~~ 

-10V -8V -eV -4V -2V OV 2V 4V 6V 8V 10V 
VIN (VOLTS) 

ON RESISTANCE VS. SUPPLY VOLTAGE 

l'ooo~ I TA=+25OC 
VIN=OV 

Ra<In·-1 I 

],,"'~ 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 13.013.5 14.0 14.5 15.0 

LEAKAGE CURRENT 

*Two measurements per channel: 
+1OV/-1OV and -10V/+10V. 

(VOLTS) 

(Two measurements per device forlo(OFF): 
+1OV/-1OV and -10V/+10VJ 

LEAKAGE CURRENT 
VS. TEMPERATURE 

3~-+--~~+-~---+--"~~~ 
/,// 

2~+-~~~~--V-+V~ 

IDO~/ 1/ 
1~ I 
0.9 /' " 

LEAKAGE 0.8 V" / 
CURRENT ~.~ /' ' / 

(nAI 0:5 V ~ 

0.4/ / 

1 i ~V 
0.3I----+j ---;Vf---++----..;!---+ I, ---;1------\' 

0.2 YI'SOFf 'DT: i I i 

" IL-.-.L-:~~--=-~~~ o 25 50 75 100 125 150 

TEMP(OCI 
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PERFORMANCE CHARACTERISTICS AND TEST CIRCUITS (Continued) 

2916 

TEST CIRCUIT NO.5 

SETTLING TIME 
ACCESS TIME 

BREAK-BEfORE-MAKE DELAY 

HI-S24 

±3VO ~-o-

---- $ 

HA-S190 

""'" + 

+3V ~~-I---" - ~C---I---------I 
AO A1 EN 

SU Of'\--_ ... l---, 
VA 

L...-_-£)u+SV 

(USE DIFFERENTIAL COMPARATOR 
PLUG-IN ON SCOPE FOR SETTLING 
TIME MEASUREMENT.) 

OUTPUT 
-0 

~ 7Sn 
~ 

_---_---- - - - - VAH" 2.4V . F ADDRESS DRIVE (VA) 

1.6V 7"-
- - - - - - - - - - - - - VAL" OV 

+3V 

1 -- .--.-- ACCESS TIME, tA 

--
HA-5190 
OUTPUT 

I 
SETTLING TIME, ts 

OV- -

2.4V ~I-Ai t 
-3V 

II 

V 1 t ±O.1% OF F/S 
(OR ±O.01%) 

ACCESS TIME 

-fo J 
t---hlII--t~"'''''',,-_t-~-~ SV/cm -+--+----1 

-" 

... I. 

\ . j1v/cm 
,1. . -fo.. •• " 

TTTT TTT I' I' 'l "' '" I'" 'J"rT'TTT 
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m HARRIS HI-539 
Monolithic, Four Channel,. 

low level, Differential Multiplexer 

FEATURES 

• DIFFERENTIAL PERFORMANCE, TYP.: 
• LOW ARON, +1250 C 
• LOW AID(ON), +1250 C 
• LOW A(CHARGE INJECTION) 
• LOW CROSSTALK 

• SETTLING TIME, ±.0.01% 

5.5.Q 
0.6nA 
O.lpC 

-120dB 

900ns 

• WIDE SUPPLY RANGE ±5VTO±18V 

• BREAK-BEFORE-MAKE SWITCHING 

• NO LATCH-UP 

APPLICATIONS 

• LOW LEVEL DATA ACQUISITION 

• PRECISION INSTRUMENTATION 

• TEST SYSTEMS 

PINOUT 

TOP VIEW 

AO-1 \.rlsr-- Al 

EN-2 15 r-- GND 

-Vps- 3 14 - +Vps 

·IN1A-4 13 - IN1B 

IN2A- 5 12 -IN2B 

IN3A-6 11 -IN3B 

IN4A-7 10- IN4B 

OUTA--h 9~ OUTB 

Copyright © Harris Corporation 1983 
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DESCRIPTION 

The Harris H 1-539 is a monoJithic, four channel, differential multiplexer. 
Two digital inputs are provided for channel selection, plus an Enable input 
to disconnect all channels. 

Performance is guaranteed for each channel over the range ± 1 OV, but is op
timized for low level differential signals. Leakage current, for example, which 
varies slightly with input voltage, has its distribution centered at zero for 
zero input volts. 

Iii most monoiithic muitipiexers, the net differential offset due to thermal 
effects becomes significant for low level signals. This problem is minimized 
in the H 1-539 by symmetrical placement of critical circuitry with respect 
to the few heat producing devices. 

The H 1-539 will be offered in both' commercial and military temperature 
ranges, with screening available for MIL-STD-883, Class B. Supply voltages 
are ±. 15V and power consumption is only 2.5mW. The package is a 16 pin 
ceramic DIP. 

FUNCTIONAL DIAGRAM 

r----., ,...-----, r------, 
I I 

~~ 0 (ONOA 
I 
I I 

DOGlTAfir> 

I I I 
P NIl-: iJ 

1 
.1'1 

OUTA 
ADDRESS 0-trt> I I (TO 3 

A1 I I .J OTHER 

I ~ 
I SWITCHES) 
I 

I I OUTB 

I 4¢~ I ITD3 OTHER 
I P N : SWITCHES) 

, I 
-I I 1 fiN 1B 
I 

! I:) 
! 

I: I 
1 I SAME ~'N4A : , , AS 

EN I I ABOVE I IN4B 
L ____ J , I L ______ J 

""----- .... 
ADDRESS INPUT DECODERS ' MULTIPLEX 

BUFFER AND SWITCH PAIRS 
LEVel SHIFTER 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between Supply Pins (VPs+, VpsJ 40V 

Voltage from either Supply to Ground 20V 

Analog Input Voltage, Vs Vps- ~ Vs ~ Vps+ 

Digital Input Voltage,'VA Vps- ~ VA ~ Vps+ 

Storage Temperature Range -650 C to + 1500 C 

Internal Power Dissipation* 

Operating Temperature Range 
H 1-539-2,-S 
HI-539-4 
HI-539-5 

*Derate 9.SmW/oC above T A = 950 C 

725mW 

-550 C to +1250C 
-250 C to +S50 C 

OOC to +750 C 

E l ECTR ICAl CHARACT E R 1ST ICS (Unless otherwise specified) Supplies = ±. 15V, V EN = +4.OV, 

PARAMETER 

ANALOG CHANNEL CHARA'S 

VS. Analog Signal Range 

RON. On Resistance VIN = OV 
VIN = ± 10V 
VIN = OV 
VIN =± 10V 

~RON [Side A - Side B) 
VIN = OV 
VIN = ~ 10V 
VIN = OV 
VIN = ± 10V 

IS(oFF). Off Input Leakage Current 
{Note 1} 

Condition OV 
Condition! 10V 
Condition OV 
Condition! 10V 

. ~IS(OFF). [Side A -SideB) 
Condition OV 
Condition! 10V 
Condition OV 
Condition:!:' iOV 

IO(OFF). Off Output Leakage Current 
(Note 1) 

Condition OV 
Condition! 10V 
Condition OV 
Condition ± 10V 

~ IO(OFF). (Side A - Side QI 
Condition OV 
Condition ± 10V 
Condition OV 
Condition!' 10V 

IO(ON). On Channel Leakage Current 
(Note 1) 

Condition OV 
Condition ± 10V 
Condition OV 
Condition! 10V 

~ IOION) [Side A - Side B) 
Condition OV 
Condition:!:' 10V 
Condition OV 
Condition:!:' 10V 

~ Vas. Differential Offset Voltage 

2918 

VAH (Logic Level High) = +4.OV, VAL (Logic Level Low) = +O.SV. 
See the Performance Characteristics Section for test circuits and conditions. 
Selected parameters are defined in the Definitions Section. 

HI-539-2. -8 H 1-539-4. -5 

TEMP TYP MAX (MIN) TYP MAX (MIN) UNITS 

Full HO)/+lO (-10)/+10 V 

+250C 650 850 650 850 n 
+250C 700 900 700 900 n 

Full 950 1.3K 800 lK n 
Full 1.1k 1.4k 900 1.1k n 

+250C 4.0 24 4.0 24 n 
+250C 4.5 27 4.5 27 n 

Full 4.75 28 4.0 24 n 
Full 5.5 33 4.5 27 n 

+250C 30 200 30 200 pA 
+250C 100 100 pA 

Full 2 lG- 0.2 1 nA 
Full 5 25 0.5 2.5 nA 

+250C 3 100 3 100 pA 
+250C 10 10 pA 

Full 0.2 2 0.02 
I 

0.2 nA 
Fuii 0.5 5 0.05 0.5 nA 

+250C 30 200 30 ioo pA 
+250C 100 100 pA 

Full 2 ' 10 0.2 1 nA 
Full 5 25 0.5 2.5 nA 

+250 C 3 100 3 100 pA 
+250C 10 10 pA 

Full 0.2 2 0.02 0.2 nA 
Full 0,5 5 0.05 0.5 nA 

+250 C 50 200 50 200 pA 
+250C 150 150 pA 

Full 5 25 0.5 2.5 nA 
Full 6 40 0.8 4.0 • nA 

+250 C 10 100 10 100 pA 
+250 C 30 30 pA 

Full 0,5 5 0,05 0.5 nA 
Full 0.6 6 0.08 0.8 nA 

+250 C 0,02 0,04 0,02 0.04 /-IV 
Full 0.70 10 0.08 1.0 /-IV 
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SPECIFICATIONS (Continued) 
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[ 
PARAMETER I TEMP I 

OIGITAL INPUT CHARACTERISTICS 

V A L, I nput Low Threshold Full 

VAH, Input High Threshold Full 

IAH, Input Leakage Current (High) Full 

I IAL, Input Leakage Current (Low) Full 

SWITCHING CHARACTERISTICS 

T A, Access Time +250 C 

Full 

T open, Break-Before-Make Delay +25 0 C 

Full 

To.N(EN), Enable Delay o.n +250 C 

Full 

TOFF(EN), Enable Delay Off +250 C 
- Full 

I I Settling Time, to :to.Ol°/o +25 0C 

Charge Injection (o.utput) Full 

~ Charge Injection (Output) Full 

Charge Inlection (Input) Full 

Differential Crosstalk (Note 3) +250 C 

Single Ended Crosstalk (Note 3) +250 C 

I CS(o.FF), Channel Input Capacitance Full 

I CO(o.FF), Channel o.utput Capacitance Full 

I 
CO(ON), Channel o.n o.utput Capacitance Full 

COS, Input to Output Capacitance (Note 4) Full 

CA, Digital Input Capacitance Full 

POWER REQUIREMENTS 

PO, Power 0 issipation +250 C 
Full 

1+ Current +250 C 
Full 

1- Current +250 C 

Full 

:t V, Supply Voltage Range Full 

NOTES 

1. See Test Circuits :tt2, 3, 4. The condition ±. 10V means: 

IS(OFF) and IO(OFF): (VS = +lOV, Vo = -10V), then 
(VS = -10V, Vo = +10V) 

IOWN) . (+10V, then -IOV) 

2. ~ Vo.S (Exclusive of thermocouple effects) = 

Ro.N ~IO(ON) + IO(o.N) ~Ro.N. 

HI-539-2, -8 H 1-539-4, -5 
I 

TYP 

250 

450 

85 

250 

160 

0.9 I 
3 

0.1 

10 

124 

lii:1 

5 

7 

17 

0.08 

3 

2.5 

0.150 

0.001 

:t15 

MAX (MJN) 'TYP MAX (MIN) I UNITS 

0.8 0.8 I V 

(4.0) (4.0) V 

1 1 J.1A 

1 1 J.1A 
I 

750 250 750 
I 

ns 

1,000 450 1,000 ns 

(30) 85 (30) ns 
(30) (30) ns 

750 250 750 ns 

1,000 1,000 ns 

650 160 650 ns 

900 I 900 ns 
I 

0.9 I J.1s 

3 pC 

0.1 pC 

10 pC 

124 dB 

100 dB 

5 pF 

7 

I I 

pF 

17 pF 

I 0.08 pF 

3 pF 

2.5 mW 

45 45 mW 

0.150 rnA 

2.0 2.0 rnA 

0.001 rnA 

1.0 1.0 rnA 

(!. 5)1 :: 18 !. 15 (:!: 5)1 :!: 18 V 

See Applications section for discussion of additional Vo.S 

.error. 

3. VIN = 1kHz, 15Vp_p on all but the selected channel. See 
Test Circuit ..:ti9. 

4. Calculated from typical Single-Ended Crosstalk performance. 
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mHARRIS 

FEATURES 

• OUTPUT CURRENT 

• MONOLITHIC CONSTRUCTION 

• EXTREMELY FAST SETTLING 

• LOW GAIN DRIFT 

• EXCELLENT LINEARITY 

2mA, F.S. 

300ns TO 0.01% (TYP.) 

±10ppm/OC (MAX.) 

±1/2 LSB (MAX.) 

• DESIGNED FOR MINIMUM GLITCHES 

• MONOTONIC OVER TEMPERATURE 

• NOTE: HI-562A IS RECOMMENDED FOR NEW DESIGNS 

APPllCA TIONS 

• CRT DISPLAY GENERATION 

• HIGH SPEED AID CONVERTERS 

• VIDEO SIGNAL RECONSTRUCTION 

• WAVEFORM SYNTHESIZERS 

• HIGH SPEED DATA ACQUISITION 

• HIGH-REL APPLICATIONS 

• PRECISION INSTRUMENTS 

PINOUT 

HI-562A 
12 Bit High Speed Monolithic 

Digital-to-Analog Converter 

DESCRIPTION 

The Harris HI-562A is the first monolithic digital-to-analog con
verter to combine both ultra-high speed performance and 12-bit 
accuracy on the same chip. The H 1-562A's fast output current 
settling of 300ns to 0.01% is achieved using dielectric isolation 
processing to reduce internal parasitics for fast rise and fall times 
during switching. Output glitches are minimized in the HI-562A 
by incorporating equally weighted current sources switched into 
an R-2R ladder network for symmetrical turn-ON and turn-OFF 
switching times. This creates within the chip a very uniform 
constant thermal distribution for excellent linearity and also 
completely eliminates thermal transients during switching. High 
stability thin film resistor processing together with laser trimming 
provide the H 1-562A with guaranteed true 12-b~t linearity to 
within ±1/2 LSB maximum at +250 C for -4 and -5 parts, and to 
within ±1/4 LSB maximum at +250C for -2 and -S parts. The HI-
562A is recommended as a replacement for higher cost hybrid and 
modular units for increased reliability and accuracy in applications 
such as CRT displays, precision instruments and data acquisition 
systems requiring throughput rates as a high as 3.3 MHz for full 
range transitions. Its small size makes it an ideal choice as the 
heart of high speed AID converter designs or as a building block 
in high speed or high resolution industrial process control systems. 
The HI-562A is also ideally suited for aircraft and space instru
mentation where· operation over a wide temperature range is 
required. 

The HI-562A-5 is specified for operation over DoC to +750 C, 
the HI-562A-4 over -250 C to +S50 C and the HI-562A-2 and HI-
562A-S over -550 C to +1250 C. Processing MIL-STD-SS3A Class 
B screening is available by selecting the H 1-562A-S. All are 
available in a hermetically sealed 24-lead dual-in-Iine package. 

FUNCTIONAL DIAGRAM 
Section 11 for Packaging 

TOP VIEW 

Vps+ 1-~ ~24 BIT 1 (MSB} IN 

LOGf~~Es~~n 2 - -23 BIT 21N 

* VREF (LO IN} 3 - ~22 BIT 31N 

N/C 4 - ~21 BIT 4 IN 

VREF IHIIN} 5 - ~20 BIT SIN 

Vps - 6 - HI-562A ~19 BIT SIN 

BIPOLAR R IN 7 - r--18 BIT 7 IN 

BIPOLARROUT 8- r--17 BIT81N 

IOAC OUT 9 - r--16 BIT 9 IN 

10V SPAN R 10- ~ 15 BIT 10 IN 

20V SPAN R 11- r--14 BIT 11 IN 

* GND 12- ~ 13 BIT 12 (LSB} IN 
'------~ 

"Pin 3 connected to bottom case 
for high frequency shieldinQ. 

Copyright © Harris Corporation 1980 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground) 1 

Power Supply Inputs Vps+ +20V 
Vps- -20V 

Reference Inputs VREF (Hi) ±Vps 

Digital Inputs Bits 1-12 -lV,+12V 
CMOSITTl logic Select -lV, +12V 

Outputs Pins 7, 8, 10, 11 ±Vps 
Pin 9 +Vps, -5V 

Power Dissipation Pd, Package 

Operating Temperature Range 
HI-562A-2 
HI-562A-4 
HI-562A-5 
HI-562A-8 

Storage Temperature Range 

1000mW 

-550 C to +1250 C 
-250C to +850 C 

DoC to + 750 C 
-550 C to +1250 C 

-650 C to + 1500 C 

ELECTRICAL CHARACTERISTICS (@ +250 C, Vps+, = +5V, Vps- = ..;15V, VREF = +10V, pin 2 tied to pin 12 
unless otherwise noted) 

HI-562A-21HI-562A-8 HI-562A-4/HI-562A-5 

PARAMETER CONDITIONS MIN I TYP I MAX MIN I TYP r MAX UNITS 

-
INPUT CHARACTERISTICS 

Digital Inputs (31 Bit ON "logic I" 

I Bit OFF "logic 0" 

!~": ~;.'."'" '21 2.0 2.0 V 
logic "0" Over full 0.8 0.8 V 

TTL temp. range 
Input Current (21 Pin 2 tied to Pin 12 
logic "I" 20 !-500 20 .:!:.500 nA 
logic "0" -50 -100 -50 -100 IJA 

r",VOI~ logic ''1'' 0.7Vps+ 0.7Vps+ V 
logic "0" Connect pin 2 to pin 1 for 0.3Vps+ 0.3Vps+ V 

CMOS Vps+~ 9.5V. Otherwise 

Input Current (for CMOS levels below 8Vi, 

I 
logic ''1'' connect pin 2 to pin 12. 20 !. 500 20 !:..500 nA 
logic "0" -50 -100 -50 -100 IJA 

Reference Input 

Input Resistance 19.95K 19.95K n 
Input Voltage +10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Over full temp. range 12 12 Bib 

@+250C ±1/4 ±1/4 11/2 lSB Nonlinearity (31 Over full temp. range f1/2 11 11 

Differential @+25cC ±1/4 1114 ±112 lSB 
Nonlinearity (3) Over full temp. range MON-OTONICITY GUARANTEED 

Relative 'Accuracv (61 With 50H(1%1 Trim Resistors 

Gain Error 
~.--. 

All Bits ON ±.024 :0.25 '±.024 to.25 
Bipolar Offset Error ±.024 ±0.2!1 1.024 iO.25 % FSR (4) 
Unipolar Offset Error All Bits OFF ±.012 iO.05 i.012 ±0.05 

Adjustment Range See Operating Instructions 

Gain With lOOn Trim ±o.25 to.25 % FSR 
Sipolii Offset Potentiometers '±0.5 .to 5 

Temperature Stability Drift specified with internal 

I I span resistors for voltage output 
Gain Drift (3) Over full :.6 .:!:.10 ±IO ppm of 

Offset Drift (31 temp. range FSR/oC 

Unipolar Offset ±2 ±2 

Bipolar Offset 
All Bits OFF 14 ±4 

Differential Nonlinearitv Over full temp. range 11 ±2 ':'1 ±2 

Settling Time (31 All Bits ON-to-OFf or 

to ±ll2lSB OFF-to-ON 300 400 300 400 ns 

@ Ie MASTER 1984 2921 
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SPECIFICA TIONS (continued) 

PARAMETER CONDITIONS 

Major Carry Transient 
Peak Amplitude From 011 ... 1 to 100 ... 0 
Settling Time to or 100 ... 0 to 011 ... 1 

90% Complete 

Power SupplV Sensitivity (3) 

Unipolar Offset All Bits OFF 
Vps+@+5V 
Vps-@-15V 

Bipolar Offset 
Vps+@5V All Bits OFF. Bipolar mode 
Vps- @-15V 

Gain 
Vps+@+5V All Bits ON 
Vps-@-15V 

OUTPUl CHARACTERISTICS 

Output Current 

Unipolar 
Bipolar 

Resistance 

Capacitance 

Output Voltage Ranges 
Unipolar Using external op amp 

and internal scaling 
Bipolar resistors. See Figure 1 

and Table 1 for connections 

Compliance limit (3) 

Compliance Voltage (3) Over full temp. range 

0.1 to 10Hz (All Bits ON) 
Output Noise 0.1 to 5MHz (All Bits ON) 

POWER REQUIREMENTS 

Vps+ (7) Over full 
Vps- temp. range 

Ips+ (5) All Bits ON or OFF in 
Ips- (5) either TTL or CMOS mode (250 C) 

Ips+ (5) Same as above except 
Ips- (5) over full temp. range 

Power Dissipetilln +250 C 
Vps+ = +5V 

Vps-=-15V 

2922 

H 1-562A-2/HI-562A-8 HI-562A-4/HI-562A-5 

MIN TYP MAX MIN TYP MAX UNITS 

0.7 0.7 mA 

35 35 ns 

:to. 5 ±0.5 
±0.5 ±0.5 

ppm of 
±1.5 ±1.5 FSRI% Vps 
±1.5 ±1.5 

±3.5 ±3.5 
~7.5 ±7.5 

-1.6 -2.0 -2.4 -1.6 -2.0 -2.4 mA 
!..O.8 !1.0 ± 1.2 ':'0.8 ~1.0 ±-1.2 

2K 2K ohms 

20 20 pF 

o to +5 o to +5 
o to +10 o to +10 

±2.5 ±2.5 V 
±5 ±5 

110 110 

-3 +10 -3 +10 V 

±1.0 ±1.0 V 

30 30 
100 100 IJV (p-p) 

4.5 5 16.5 4.15 5 16.5 V 
-13.5 -15 -16.5 -13.5 -15 -16.5 

8 15 8 15 mA 
16 23 16 23 

11 20 11 20 'rnA 
20 30 20 30 

280 420 mW 
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II HARRIS 

FEATURES 

• DAC AND REFERENCE ON A SINGLE CHIP 

• PIN COMPATIBLE WITH AD565A 

• VERY HIGH SPEED: SEITLES TO 112 LSB IN 250ns, MAX. 
FULL SCALE SWITCHING TIME 30ns, TYP. 

• GUARANTEED FOR OPERATION WITH ±12V SUPPLIES 

• MONOTONICITY GUARANTEED OVER TEMPERATURE 

• 1/2 LSB MAX NONLINEARITY GUARANTEED OVER 
TEMPERATURE 

• LOW GAIN DRIFT (MAX, DAC PLUS 
REFERENCE) 

• LOW POWER DISSIPATION 

APPLICATIONS 

• CRT DISPLAYS 

• HIGH SPEED AID CONVERTERS 

• SIGNAL RECONSTRUCTION 

• WAVEFORM SYNTHESIS 

PINOUT 

TOP VIEW 

NC L 1 24 0 
NC [ 2 23 tJ 

VCC [ 3 22 tJ 
REF OUT (+lOV) [ 4 21 tJ 

REF GND [ 5 20 tJ 
REF IN [ 6 19 tJ 

-VEE [ 7 18 tJ 
BIPOLAR R IN [ 8 17D 

IDAC OUT [ 9 16 P 
10V SPAN R [ 10 15 tJ 
20V SPAN R [ 11 14 tJ 
POWE~ GND [ 12 13 tJ 

Copyright © Harris Corporation 1983 

© Ie MASTER 1984 

25ppm/oC 

250mW 

BIT 1 (MSB) IN 

BIT 21N 

BIT 31N 

BIT 41N 

BIT 51N 

BIT 61N 

BIT 71N 

BIT 81N 

BIT 91N 

BIT 10 IN 

BIT 11 IN 

BIT 12 (LSB) IN 

•• ~ 

HI-565A 
High Speed 1III0nolithic 

Digital to Analog 
Converter with Reference 

DESCRIPTION 

The H 1-565A is a fast, 12 bit current output, digital to analog 
converter. The monolithic chip includes a precision voltage refer
ence, thin-fil.m R-2R ladder, reference control amplifier and twelve 
high-speed bipolar current switches. 

The Harris Semiconductor dielectric isolation process provides latch
free operation while minimizing stray capacitance and leakage 
currents, to produce an excellent combination of speed and ac~ur
acy. Also, ground currents are minimized to produce a low and 
constant' current through the ground terminal, which reduces error 
due to code-dependent ground currents. 

HI-565A dice are laser trimmed for a maximum integral non
linearity error of ±1/4 LSB at +250 C. In addition, the low noise 
buried zener reference i.s trimmed both for absolute value and 
minimum temperature coefficient. 

The HI-565A is offered in both commercial and military grades. 
For high-reliability requirements, additional 100% screening per 
Mil-Std. 883, Method 5004, Class B is available. See Ordering 
Information. 

Package isa 24 pin side-brazed ceramic or plastic DIP. Power 
requirement is 250mW, typical with ±15V supplies. 

FUNCTIONAL DIAGRAM 

REF OUT vce 
11 

E' SIP. OFF. )8 r---O lOV SPAN 

: )10V 

HI-565A 5K 
10 

IREF ~10VSPAN 

REF 
O.5mA I OAC 9.95K 5K: 

IN 19.~K 
6 .AI>. .... 

~ 
9 

1,,= 
I~ _OUT 

3.5K (4X IREF 2.5K 5 XCOOEI 

REF 
I----. 

3K 
GNO 

·l~I" 7 12 
-:..!: 

c :> -= 
-VEE PWR MSB lSB 

GNO 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS* 

Vee to Power Ground 

VEE to Power Ground 

Voltage on OAe Output (Pin 9) 

Oigitallnputs (Pins 13-24) to Power Ground 

Ref In to Ref~rence Ground 

Bipolar Offset to Reference Ground 

OV to +18V 

OV to -18V 

'-3V to +12V 

-lV to +7.0V 

±12V 

±12V 

10V Span R to Reference Ground ±12V 

20V Span R to Reference Ground ±24V 

Ref Out Indefinite Short to Power Ground 
Momentary Short to VCC 

Package Power Dissipation 
Ceramic (D) 
Plastic (N) 

1000mW 
750mW 

"'Absolute maximum ratings are limiting values beyond which the serviceability of the circuit may be impaired. 

(3 ELECTRICAL CHARACTERISTICS (TA = +250 e, vee = +15V, VEE = -15V, Unless Otherwise Specified)' 
:J 
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MODEL 

DATA INPUTS.(Note 1) (Pins 13 to 24) 

TIL or 5V CMOS (TMIN to TMAX) 
Input Voltage 

Bit ON Logic "1" 
Bit Off Logic "0" 

Logic Current (Each Bit) 
Bit ON Logic "1" 
Bit OFF Logic "0" 

RESOLUTION 

OUTPUT 

Current Unipolar (All Bits On) 
Bipolar (All Bits on or Off) 

Resistance (Exclusive of Span Resistors) 
Offset Unipolar 

Bipolar (Figure 2, R3 = 
50nFixed) 

Capacitance 
Compliance Voltage, TMIN to TMAX 

ACCURACY (Eiior Ra!at:ve to 
Full Scale) 

+250 C 

TMIN toTMAX 

DIFFERENTIAL NONLINEARITY 

+250C 

TMIN to TMAX 

TEMPERATURE COEFFICIENTS 

With Internal Reference 
Unipolar Zero 
Bipolar Zero 
Gain (Full Scale) 
Differential Nonlinearity 

SETTLING TIME TO 1/2 LSB 

With High.Z External Load (Note 2) 
With 75 n External Load 

MIN 

+2.0 

-1.6 
±0.8 
1.8k 

-1.5 

HI-565AJ, HI-565AS HI-565AK. HI-565AT 

TYP MAX MIN TYP MAX UNITS 

I 

+5.5 +2.0 +5.5 V 
+0.8 +0.8 V 

.01 +1.0 .01 +1.0 J.l.A 
-2.G -20 -2.0 -20 J.l.A 

12 12 Bits 

-2.C' -2.4 -1.6 -2.0 -2.4 mA 
±1.0 ±1.2 ±0.8 i1.0 ±1.2 mA 
2.5k 3.2k 1.8k 2.5k 3.2k n 
0.01 0.05 0.01 0.05 % of F.S. 

0.05 0.15 0.05 0.1 % of F.S. 
20 20 pF 

+10 -1.5 +10 V 

±1/4 ±1/2 ±1/8 ±1/4 LSB 
(0.006) (0.012) (0.003) (0.006) % of F.S. 
±1/2 ±3/4 ±.1/4 ±1/2 LSB 

(0.012) (0.018) (0.006) (0.012) % OF F.S. 

±1/2 ±3/4 *114 il/2 LSB 

MONOTONICITY GUARANTEED 

1 2 1 2 ppm/oC 
5 10 5 10 ppm/oC 
15 40 10 25 ppm/oC 
2 2 ppm/oC 

350 500 350 500 ns 
150 250 150 250 ns 

© Ie MASTER 1984 



SPECIFICATIONS (Continued) 

HI-565AJ, HI-565AS HI-565AK, HI-565AT 

MODEl MIN TYP MAX MIN TYP 

FUll SCALE TRANSITION (From 
50% of logic Input to 90% of Analog 
Outp.ut) 

I 
Rise Time 15 30 15 
Fall Time 30 50 30 

TEMPERATURE RANGE I I 
Operating (H 1-565AJ/K) 0 +75 0 

(H 1-565AS/Tl ':'55 +125 -55 
Storage 

D Package (All) -65 +150 -65 
N Package (J, K) -25 +150 -25 

POWER REQUIREMENTS 

Vec, + 11.4 to +16.5V DC 7.0 10.5 7.0 
VEE, -11.4 to -16.5V DC -9.5 -14.5 -9.5. 

POWER SUPPLY GAIN SENSITIVITY 
(Note 3) 

I I I I I vee;: +11.4 to +16.5 VDC 3 10 3 

VEE ;: -11.4 to -16.5 VDe 15 25 15 

PROGRAMMABLE OUTPUT 
RANGES (See Table 1) o to +5 o to +5 

-2.5 to +2.5 -2.5 to +2.5 
o to +10 o to +10 
-5 to +5 -5 to +5 

-10to+l0 -10 to +10 

I 
EXTERNAL ADJUSTMENTS 

Gain Error with Fixed 50 n Resistor 
fo~ R2 (Figure 1) to.l iO.25 ±0.1 

Bipolar Zero Error with Fixed 50n 
Resistor for R3 (Figure 2) .to.05 ±0.15 ±0.05 

Gain Adjustment Range (Figure 1) to.25 ±0.25 
Bipolar Zero Adjustment Range to.15 ±0.15 

REFERENCE INPUT 

Input Impedance 15K 20K 25K 15K 20K 

REFERENCE OUTPUT 

Voltage 9.90 10.00 10.10 9.90 10.00 
Current (Available for External loads) 1.5 2.5 1.5 2.5 

POWER DISSIPATION 250 375 250 

NOTES: 
1. Guaranteed but not tested over the operating temperature range. 
2. See settling time discussion and Figure 3. 
3. The Power Suppiy Gain SenSitivitY is tested in reference to a Vee, VEE of ±15V. 

@ Ie MASTER 1984 

MAX 

30 
50 

+75 
+125 

+150 
+150 

.10.5 
-14.5 

10 I 
25 

to.25 

±0.1 

25K 

10.10 

375 

UNITS 

ns 
ns 

oe 
oe 

oe 
oe 

rnA 
rnA 

ppm 'of 
F.S./% 
ppm of 
F.S./% 

V 
V 
V 
V 
V 

% of F.S. 

% of F.S. 
% of F.S. 
% of F.S. 

V 
rnA 

mW 

I 
I 

2925 

~ 

o 
+-' 
(,) 
::::s 

"C 
c 
o 
.2 
E 
Q) 
rn 
en 
.~ 

~ 

ctS 
J: 



m HARRIS 

FEATURES 

• MONOLITHIC CONSTRUCTION 

HI-5610 
10 Bit High Speed Monolithic 

Digital-to-Analog Converter 

APPLICA TIONS 

• CRT DISPLAY GENERATION 

• EXTREMELY FAST SETTLING ............... 85ns TO Y2LSB TYP. • HIGH SPEED AID CONVERTERS 

• LOW GAIN DRIFT .......................... ±5ppm/oC TYP. • VIDEO SIGNAL RECONSTRUCTION 

• EXCELLENT LINEARITY OVER TEMPERATURE ....... ± Y2LSB MAX. • WAVEFORM SYNTHESIZERS 

• DESIGNED FOR MINIMUM GLITCHES 

• MONOTONIC OVER TEMPERATURE 

DESCRIPTION 

The HI-5610 is an ultra-high speed 10 bit monolithic current out
put digital-to-analog converter. The fast output current settling of 
85ns to %LSB of its final value is achieved using dielectric isolation 
processing to reduce internal parasitics for fast rise and fall times 
during switching. Output glitches are minimized in the HI-5610 by 
incorporating equally weighted current sources switched into an 
R-2R ladder network for symmetrical turn-on and turn-off switch
ing times. This creates within the chip a very uniform and constant 
thermal distribution for excellent linearity and also eliminates ther
mal transients during switching. High stability thin film resistor 
processing, together with laser trimming provide the HI-5610 with 
true 10 bit linearity to within ± Y2LSB maximum over operating 
temperature range. The HI-5610's low offset and gain drift over 
the operating temperature range assures that its absolute accuracy 
when referred to a fixed 10V reference will not deviate more than 
± 1 LSB for both unipolar and bipolar operation. 

• HIGH SPEED DATA ACQUISITION 
• HIGH RELIABILITY APPLICATIONS 
• PRECISION INSTRUMENTS 

The H 1-561 0 is recommended as a replacement for nigh cost hybrid 
and modular units for increased reliability and accuracy in applica
tions such as CRT Displays, precision instruments and data acquisi
tion system requiring through-put rates as high as 12MHz for full 
range transitions. Its small size makes it an ideal choice as the 
essential part of high speed AID converter designs or as a building 
block in high speed or high resolution industrial process control 
systems. The HI-5610 is also ideally suited for aircraft and space 
instrumentation where operation over a wide temperature range is 
required. . 

The HI-5610-5 is specified for operation over OOC to +750 C, the 
HI-5610,..2 and HI-5610-8 over -550 C to +1250 C. Processing to 
MI L-STD-883A class B screening is available by selecting the 
HI-5610-8. All are avaiiabie in a hermeticaiiy sealed 24 lead dual
in-line package. 

PINOUT FUNCTIONAL DIAGRAM 

TOP VIEW 
Vps+ 

CMOS/TTL 
24 BIT 1 (MSB) IN 

LOGIC SELECT 23 BIT 21N 

* VREF (LO IN) 3 22 BIT 31N 

NC 4 21 BIT 41N 

VREF (HI IN) 5 20 BIT 51N 

Vps- 6 19 BIT 6 IN 
BIPOLAR RIN 18 BIT 7 IN 

BIPOLAR ROUT 17 BIT 81N 

IOAC OUT 9 16 BIT 91N 
SPAN R 10 15 BIT 10 IN 
SPAN R 11 14 NC 
* GNO 12 13 COMPo CAP ** 

• Pin 3 connected to bottom case for high 
frequency shielding. 

•• For high speed operation, connect 0.01 J.J F 
between Pin 13 and GND. Otherwi!:e 
leave Pin 13 open. ' 

Copyright © Harris Corporation 1983 
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LOGIC 
LEVEL BIT 1 IN 

GNO V+ SELECT (MSB) 2 

lli~ 
VREF (HI IN) 

5 

7.975K 

~ 
~.' 
VREF 

(LO IN) 

BIT 10 IN 
(LSB) 

10 

15 

V-
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (R eferred to G rou nd) 1 

Power Supply Inputs Vps+ +20V 
Vps- -20V 

Reference Inputs VREF(Hi) ± Vps 
VREF(Lo) OV 

Digital Inputs Bitsl-12 -lV, +12V 
CMOS/TTL Logic Select -lV, +12V 

Outputs Pins 7. 8, 10. 11 ± Vps 
Pin 9 +Vps, -5V 

Power Dissipation Pd, Package 

Operating Temperature Range 
HI-5610-2 
HI-561O-5 
HI-5610-8 

Storage Temperature Range 

lOOOmW 

-550 C to +1250 C 
OOC to +750 C 

-550 C to +1250 C 

-650 C to +1500 C 

ELECTRICAL CHARACTERISTICS (@+250 C. Vps+. = +5V, Vps-= -15V, VREF = +10V, pin 2 ground 
unless otherwise noted) 

HI-5610-2 
HI-5610-8 HI-561O-5 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs (2) 

TTL Logic Input Voltage (3) 
Logic "1" Full 2.0 2.0 V 
Logic "0" Full 0.8 0.8 V 

Input .Current 
Logic "1" Full 20 500 20 500 nA 
Logic "0" Full -50 -100 -50 -100 }J.A 

CMOS Logic Input Voltage (4) 
Logic "1" Full 0.7 Vps+ 0.7Vps+ V 
Logic "0" Full 0.3 Vps+ 0.3Vps+ V 

Input Current 
logic "1" Full 20 500 20 5UO nA 
Logic "0" Full -50 -100 -50 -100 }J.A 

Refererice Input 
Input Resistance 8K 8K n 
Input Voltage (lOUT = 5mA + 20%) +10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Full 10 10 Bits 

Nonlinearity (5) 250 C 1.~ ±~ LSB 

250 C ±~ ±~ lSB 

Relative Accuracy (6) 
Gain Error (9) 

(Input Code 11....1) 1. 0.05 ±0.05 % FSR 
Unipolar Offset Error 

(Input Code 00 .... 0) :to.05 :to.05 % FSR 
Bipolar Offset Error 

(Input Code 00 .... 0) ±'0.05 ±'0.05 % FSR 
(Adjustable to zero, see Figure 4, 5) 

Adjustment Range 
Gain ':'0.25 1.0.25 % FSR 
Bipolar Offset ±0.25 1.0.25 % FSR 

I 
Temperature Stability 

I 
I I I I I ppm/DC I Gain Drift Full ±.5 is 

I Unipolar Offset Drift Full ±3 ±3 ppm/oC 
Bipolar Offset Drift Full ±3 ±3 ppm/oC 
Differential Nonlinearity Full ±2 ±'2 ppm/oC 

MONOTONICITY - GUARANTEED OVER FULL OPERATING TEMPERATURE RANGE 

Settling Time to ~lSB (5) 
From all O's to all l's 85 ns 
From all l's to all O's 85 ns 

Major Carry Switching to 90% Complete 40 40 ns 
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SPECIFICATIONS (continued) 

2928 

PARAMETER TEMP MIN 

Power Supply Sensitivity (5) 

Vps+ = +5V. Vps- = -13.5V to -16.5V 
Gain 

(I nput Code 11 .... 1) 

Unipolar Offset 
(Input Code 00 .... 0) 

Bipolar Offset 
(Input Code 00 .... 0) 

Vps- = -15V. Vps+ = 4.5V to 5.5V 
Gain 

(I nput Code 11.. .. 1) 
Unipolar Offset 

(Input Code 00 .... 0) 
Bipolar Offset 

(Input Code 00 .... 0) 

OUTPUT CHARACTERISTICS 

Output Current 
Unipolar -4.0 
Bipolar ± 2.0 

Output Resistance 

Output Capacitance 

Output Voltage Range (J) 

Unipolar 

Bipolar 

Output Compliance limit (5) -3 

Output Compliance Voltage (5) Full 

Output Noise Voltage (8) 
O.lHz to 100Hz 
O.lHz to 1MHz 

POWER REQUIREMENTS 

Vps+ (4) Full 4.5 

Vps- Full -13.5 

Ips+ (All 1'5 or all 0'5 in 250C 
(10) either TTL or CMOS Mode) Full 

Ips- (Same as above) 2,50C 
(10) Full 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individ
ually, beyond which the serviceability of the c-ircuit may be 
impaired. Functional operation under any of these conditions 
is not necessarily implied. 

2. The HI-5610 accepts digital input codes in binary format and 
may be user connected for anyone of three binary codes. 
Straight binary, offset binary, or two's complement binary. 
(See operating instructions). 

3. For TTL and DTl compatibility connect +5V to pin 1 and 
ground pin 2. The Vps+ tolerance is ±10% for HI-5610-2,-8. 
And ±5% for HI-5610-5. 

4. For CMOS compatibility based on V ps+ ~ +8V, (switching 
thresholds equal V ps+J2) , connect pins 1 and 2. For 'CMOS 
levels below +8V, connect pin 2 to ground only {this provides 
a threshold of approximately +1.4VI. 

TYP MAX MIN TYP MAX UNITS 

±"3.5 .±. 3.5 

.± 0.5 .±. 0.5 
ppm of 

.±. 1.5 ±.. 1.5 FSR/%Vps 

± 7.5 ± 7.5 

±0.5 .:!:. 0.5 

± 1.5 ±..1.5 

-5.0 -6.0 -4.0 -5.0 -6.0 m'A 
.±.2.5 '±'3.0 ±"2.0 .±. 2.5 ± 3.0 mA 

200 200 n 

20 20 pF 

+5 +5 V 
+2.5 +2.5 V 

'±'2.5 .±.2.5 V 
.±.1.25 .±.1.25 V 

+10 -3 +10 V 

.± 1.5 ± 1.5 V 

10 10 /J'Vp-p 
100 100 /JVp-p 

5 16.5 4.75 5 16.5 V 

-15 -16.5 -13.5 -15 -16.5 V 

9 9 mA 
20 20 mA 

25 25 mA 
30 30 mA 

5. See definitions. 

6. Using an external op amp with internal span resistors and 
24.9S2 ±1% external trim resistors in place of potentiometers 
Rl and R2. These errors are adjustable to zero using Rl and 
R2. (See operating instructions.) 

7. Using an external op amp and internal span resistors. (See 
operating instructions for connections.) 

8. Specified for digital input in all '1's or all 'O's. 

9. FSR is "Full Scale Range" and is 5V for ±2.5V range, 2.5V 
for ±1.25V range, etc., or 5mA (±20%) for current output. 

10. After 30 seconds warm-up. 
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m HARRIS 

FEATURES 

• VERY FAST SETTLING CURRENT OUTPUT 65ns 

• MINIMUM NONLINEARITY ERROR 
HI-5618A 
HI-5618B 

±. 1/4 LSB MAX 
±. 112 LSB MAX 

• LOW POWER OPERATION 

• ON-CHIP RESISTORS FOR GAIN AND 
BIPOLAR OFFSET 

• GUARANTEED MOi~OiONiC OVER 
TEMPERATURE 

• CMOS, TTL, OR DTL COMPATIBLE 

APPLICATIONS 

• HIGH SPEED PROCESS CONTROL 

• CRT DISPLAY GENERATION 

• HIGH SPEED AID CONVERSION 

• WAVEFORM SYNTHESIS 

• HIGH RELIABILITY APPLICATIONS 

• VIDEO SIGNAL RECONSTRUCTION 

PINOUT 

TOP VIEW 

340mW TYP 

+Vps BIT 1 MSB 

CMOSITTl BIT 2 

VREF HIGH BIT 3 

-Vps BIT 4 

BIPOLAR RIN BIT 5 

lOUT BIT 6 

10VOLTSPAN BIT 7 

20 VOLT SPAN BIT 8 LSB 

GNO VREFLOW 

Copyright © Harris Corporation 1983 
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HI-5618A/5618B 
8 Bit High Speed 

Digital-to-Analog Converters 

DESCRIPTION 

The HI-5618A1B are very high speed 8 bit current output D/A converters. 
These monolithic devices are fabricated with dielectrically isolated bipolar 
processing, which reduces internal parasitic capacitance to allow fast rise and 
fall times. This achieves a typical full scale settling time of 65ns to ± 1/2 LSB; 
Output glitches are minimized by incorporation of equally weighted current 
sources, switched to either an R-2R ladder network or ground for symmetrical 
turn ON and turn OFF times. High stability thin film resistors provide excel
lent accuracy without trimming. For example, the .H1-5618A has ± 114 lSB 
maximum nonlinearity error at +250 C, with ±3/8lSB guaranteed over the full 
operating temperature range. 

The HI-5618A1B are recommended fo~ any application requiring high speed 
and accurate conversions. They can be used in CRT dispiays and systems 
requiring throughput rates as high as 20MHz for full scale transitions. Other 
applications include high speed process control, defense systems, avionics, and 
space instrumentation. 

The HI-5618A-5 and H 1-5618B-5 are specified for operation from OOC to 
+750 C. The "-2" versions are specified from -550 C to +1250 C. "Dash 8" 
(-8) designates parts which have been screened per MIL-STD-883, 
Method 5004/Class B. 

Power requirements are +5V and -15V. Package is an 18 pin DIP, in plastic 
or ceramic. 

FUNCTIONAL DIAGRAM 

CMOSITTL BIT 
GNO Vps+ SELECT 

9 1 2 

VREF (HI IN) 

t'i\----. 
'.;;..I' 

VREF 
(LOIN) 

7.900K 

(LSB) 
8 
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SPEC IFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground) (1) 

Power Supply Inputs Vps+ 

Vps-

Reference Inputs 

Digital Inputs 

VREF(Hi) 
VREF (Lo) 

Bits 1 - 8 

CMOS/TTL Logic Select 

Outputs Pins 5, 7, 8 

Pin 6 

+20V 
-20V 

±'Vps 
OV 

-lV, +12V 

-lV, +12V 

±Vps 
+Vps, -2.5V 

Power Dissipation Pd, Package 

Operating Temperature Range 
H 1-56l8A/B-2 
HI-5618AiB-5 
H 1-56l8A!B-8 

Storage Temperature Range 

700mW 

-550 C to + l250 C 
OOC to +750 C 

... 550C to +1250 C 

-650 C to l500 C 

m 

ELECTRICAL CHARACTERISTICS (Vps+ = +5V; Vps- = -15V; VREF = +10V; Pin 2 to GND, unless otherwise noted) 

H 1-561SA/B-2 
H 1-561SA/B-S H 1-561SA/B-5 

PARAMETER TEMP MIN I TYP I MAX MIN I TYP I MAX UNITS 

INPUT CHARACTERISTICS 

Digital Inputs (2) 
TTL logic Input Voltage (3) Logic "1" Full 2.0 2.0 V 

Logic "0" Full O.S O.S V 

TTL Logic Input Current Logic "1" Full 20 500 20 500 nA 
Logic "0" Full -50 -100 -50 -100 J.lA 

CMOS Logic Input Voltage (4) Logic "1" Full 0.7Vps+ 0.7Vps+ V 
Logic "0" Full 0.3Vps+ 0.3Vps+ V 

CMOS Logic Input Current Logic "1" Full 20 500 20 500 nA 
Logic "0" Full -50 -100 -50 -100 J.lA 

Reference Input 
I nput Resistance +250C Sk 8k n 
Input Voltage (lOUT = 5mA:t 2(010) +250C +10 +10 V 

TRANSFER CHARACTERiSTiCS 

Resolution Full 8 S Bits 

Nonlinearity, Integral and HI-5618A 250C .i 1/4 .±. 1/4 LSB 
Differential Full ±3/S ±3/S . LSB 

HI-5618B 250C .± 1/2 .± 1/2 LSB 
Full .± 5/8 ±.5/8 LSB 

Initial Accuracy (6) 
(Relative to External + 1 OV Reference) 

Gain 250 C :t.2 ±2 LSB 
Unipolar Zero 250C ± 1/8 ± lIS LSB 
Bipolar Offset (Neg. Full Scale) 250C ±2 :t.2 LSB 

Temperature Stability 
Gain Drift Full ± 1/4 ±. 1/4 LSB 
Unipolar Zero Drift Full ±. 1/16 ±. 1/16 LSB 
Bipolar Zero Drift Full ± 1/4 ±. 1/4 LSB 

Settling Time (5) to 1/2 LSB 
High Impedance (11) (from all D's to all 1'5) +250C 65 75 65 75 ns 

or (from all l's to all D's) 
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SPECIFICATIONS (Continued) 

PARAMETER TEMP 

TRANSFER CHARACTERISTICS (Continued) 

Glitch (5) - Major Carry Transition 
Duration +250C 
Amplitude (See Fig. 4) +250C 
Area +250C 

Power Supply Sensitivity (5) 
.Vps+ = +5V, Vps- = -13V to -16.5V 

Gain (Input Code 11 ... 1) +250C 
Unipolar Zero (I nput Code 00 ... 0) +250C 
Bipolar Offset (Input Code 00 ... 0) +250C 

V ps- = -15V, V ps+ = 4.5V to 5.5V 
Gain (Input Code 11 ... 1) +250C 
Unipolar Zero (Input Code 00 ... 0) +250C 
Bipolar Offset (Input Code 00 ... 0) +250C 

OUTPUT CHARACTERISTICS 

Output Current Unipolar +250C 
Bipo!ar +25OC 

Output Resistance +250C 

Output Capacitance +250C 

Output Voltage Range (7) Unipolar +250C 
+250 C 

Bipolar +250C 
+250C 
+250C 

Output Compl,iance Voltage (5) +250C 

Output Noise Voltage (S) 0.1 Hz to 100Hz +250 C 
O.lHz to lMhz +250 C 

POWER REQUIREMENTS (4) 

Vps+ Full 

Vps- Full 

I ps+ (10) (All 1 's or all O's in either +250 C 
TTL or CMOS mode) (3, 4) Full 

I ps- (10) (All 1 's or all O's in either +250C 
TTL or CMOS mode) (3,4) Full 

1. Absolute maximum ratings are limiting values, applied indiv
idually, beyond which the serviceability of the circuit may be 
impaired. Functional operation under any of these conditions 
is not necessarily implied. 

2. The H I-S618 accepts digital input codes in binary format _ 
and may be user connected for anyone of three bin~r,! code!. 
Straight binary, offset binary, or two's complement binary. 
(See operating instructions) 

3. For TTL and DTL compatibility connect +SV to pin 1 and 
ground pin 2. The V ps+ tolerance is:t. 10% for HI-5618A/B 

-2, -8; and:t.S% for HI-S618A/B-S. 

4. For CMOS compatibility based on V ps+ ~ +8V, (switching 
thresholds equal V ps+/2), connect pins 1 and 2. For CMOS 
levels below +8V, connect pin 2 to ground only (this provides 
a threshold of approximately +1.4V). 

S. See definitions. 

© Ie MASTER 1984 

H 1-561SA/B-2 
HI-561SA/B-S H 1-561SA/B-5 

MIN I TYP I MAX MIN I TYP I MAX UNITS 

20 20 ns 
350 350 mV 

3500 3500 mV-ns 

:t5 :t5 
±. 0.5 :to.5 ppm of 
±. 1.5 ± 1.5 FSR/% Vps 

(9) 

±.5 :t5 
:to.5 :to.5. 
:t 1.5 ±..1.5 

-4 -5 -6 -4 -5 -6 mA 
~.O ±. 2.5 ±3.u :t2.0 ±"2.5 ±3.0 rnA 

500 500 n 
20 20 pF 

+10 +10 V 
+5 +5 V 

±10 il0 V 
.±..5 .±..5 V 

±2.5 '±"2.5 V 

.±. 1.5 ±..1.5 V 

30 30 J..lVp-p 
100 100 J..lVp-p 

4.5 5 16.5 4.75 5 16.5 V 

-13.5 -15 -16.5 -14.25 -15 -15.75 V 

9 9 mA 
12 12 rnA 

19 19 rnA 
26 26 rnA 

6. These errors may be aqjusted to zero using external potentio

meters R1, R2, R3' R1 and -A2 each provide more than :t 3 
LSB's adjustment. (See Operating Instructions). The specifi
cations listed under initial accuracy are based on use of an 

external op amp, internal span and offset resistors, and 100n 
.:!:. 1 % reSistors, in place of R 1 and R2' 

7. Using an external op amp with the internal span and offset 
resistors. See Operating Instructions. 

8. Specified for all "1's" or all "O's" digital input. 

9. FSA is "Full Scale Range", i.e., 20V for:t. 10V range; 10V 
for :t SV range, etc. Nominal full scale output current is SmA. 

10. After 30 seconds warm-up. 

11. See Test Circuit, Figure 3. 

12. See Test Circuit, Figure 4. 
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mHARRIS 

FEATURES 

• DAC 80 ALTERNATE SOURCE 

• MONOLITHIC CONSTRUCTION 
(SINGLE CHIP) 

• FAST SETTLING 

• GUARANTEED MONOTONIC OOC to 750C 

• WAFER LASER TRIMMED 

• APPLICATIONS RESISTORS ON-CHIP 

• ON-BOARO REFERENCE 

• DIELECTRIC ISOLATION (01) PROCESSING 

• ±12V POWER SUPPLY OPERATION 

APPLICATIONS 

• HIGH SPEED AID CONVERTERS 

• PRECISION INSTRUMENTATION 

• CRT DISPLAY GENERATION 

PINOUTS 

TOP VIEW 

(MSB) BIT 1 6.3V REF OUT 

BIT 2 GAIN ADJUST 
BIT 3 +VS 
BIT 4 COMMON 
BIT 5 X JUNCTION 
BIT 6 20VRANGE 
BIT 7 10V RANGE 
BIT 8 BIPOLAR OFFSET 
BIT 9 REF INPUT 

BIT 10 VOUT 
BIT 11 -VS 

(LSB) BIT 12 LOGIC SUPPLY 

HI·5680V 
VOLTAGE OUTPUT 
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HI-568'O 
12 Bit Low Cost Monolithic 
Digital-to-Analog Converter 

DESCRIPTION 

The H 1-5680 is a monolithic, direct replacement for the popular 
DAC80-CBI, DAC80Z-CBI, and DAC85C-CBI, incorporating 
the best features of each. Single chip construction, along with 
several design innovations, make the H 1-5680 the optimum 
choice for low cost, high reliability applications. 

Harris' unique Dielectric Isolation(DI) processing reduces inter
nal parasitics, resulting in fast switching limes and minimum 
glitch. On-board span resistors are provided for good tracking 
over temperature, and are laser trimmed to high accuracy. These 
may be used with the on-board op-amp (voltage output models; 
HI-5680V), orwith a usersupplied external amplifier (HI-56801). 

Internally, the H 1-5680 eliminates code dependent ground cur
rents by routing current from the positive supply to the internal 
ground node, as determined by an auxiliary R-2R ladder. This 
results in a cancellation of code dependent ground currents 
allowing virtually zero variation in current through the package 
common, pin 21. 

The H 1-5680 is available in both current and voltage output 
models which are guaranteed over the OOC to +750C temp
erature range. All models include a buried zener reference 
featuring low temperature coefficient. In addition, the voltage 
output models include an on-board output amplifier. Both 
versions operate with a +5V logic supply and a ±VS in the range 
of .:!:(11.4V to 16.5V). 

TOP VIEW 

(MSB) BIT 1 6.3V REF OUT 

BIT 2 GAIN ADJUST 

BIT 3 +VS 
BIT 4 COMMON 

BIT 5 SCALING NETWORK 

BIT 6 SCALING NETWORK 

BIT 7 SCALING NETWORK 

BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 
BIT 10 lOUT 
BIT 11 -VS 

(LSB) BIT 12 LOGIC SUPPLY 

HI·56801 
CURRENT OUTPUT 
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FUNCTIONAL DIAGRAM VOLTAGE OUTPUT 

17 16 24 21 

BIPOLAR REF 22 13 

ADJUST 
23 

HI-5680 V 

FUNCTIONAL DIAGRAM CURRENT OUTPUT 

17 16 24 21 22 13 
BIPOLAR REF 

ADJUST2i 

HI-5680 I 
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-Vs 

20 

-Vs 

lOY 

SCALING 
NETWORK 

SCALING 
NETWORK 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (1) 

Power Supply Inputs +Vs +20V 
-Vs -20V 

Power Dissipation Pd, Package 

+VLOGIC +20V Operating Temperature Range 
HI·56BOI/V·5 

Reference Input (pin 16) +Vs 
Output drain 2.5mA Storage Temperature Range 

Digital Inputs Bits 1 to 12 -lV to +12V 

ELECTRICAL SPECIFICATIONS 
~ .s (TA = +250 C, Vs = ±15V, VLOGIC = +5V, PIN 16 CONNECTED TO PIN 24 UNLESS OTHERWISE SPECIFIED.) 
o 
~ 

"C 
c: 
o 
.2 
E 
Q) 

en 
CJ) 
.i: 
~ 

as 
J: 
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PARAMETER 

DIGITAL INPUT (3) 

Resolution 
Logic Levels 

Logic "1" 
Logic "0" 

ACCURACY (3) 

Linearity Error 
Differential Lin. Error 
Gain Error (2) 
Offset Error (2) 
Monotonicitv 

DRIFT (3) 
Total Bipolar Drift 

(Includes gain, offset 
and linearity drifts.) 

Total Error 
Unipolar 
Bipolar 
Gain 

Unipolar Offset 
Bipolar Offset 

CONVERSION SPEED (3) 

Voltage Models 
Settling time (3) 

With 10Kn Feedback 
With 5Kn Feedback 
For 1 LSB change 

Slew Rate 

Current Mo dels 
Settling time (3) 

10 to lOOn load 
lKn load 

ANALOG OUTPUT 

Voltage Models 
Output current 
Output Resistance 
Short Circuit Duration 

HI·56BOX 

CONDITIONS MIN TYP MAX 

12 
TIL Compatible 
at +1 p.A +2 +5.5 
at -100 IJA 0 +O.B 

ooC to +750 C ±~ "±% 
ooC to +750 C ±% ±* :to. 1 :to.3 

±.05 ±D.15 
ooC to +750 C Guaranteed 

OoC to +150 C 

±20 
OoC to +750 C 

+.OB ±0.15 
±.06 ±.1 

Including internal 
reference ±15 ±30 

Exclusive of internal 
reference ±5 ±7 

j:l f3 
±5 ±10 

to ±O.Ol% of FSR for 
FSR Change 

3 
1.5 
1.5 

10 15 

to to.Ol% of FSR for 
FSR Change 

300 
1000 

±5 
.05 

to common continuous 

1000mW 

UNITS 

Bits 

Volts 
Volts 

LSB 
LSB 
%FSR 
%FSR 

PPM/oC 

%FSR 
%FSR 

PPMioC 

PPM/oC 
PPMfOC 
PPM/oC 

p.s 
p.s 
p.s 
V/p.s 

ns 
ns 

rnA 
n 
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SPECIFICATIONS (continued) 

PARAMETER CONDITIONS 

ANALOG OUTPUT 
Current Models 

Output Current 
Unipolar 
Bipolar 

Output I rnpedance 
Unipolar 
Bipol.ar 

Compliance (3) 

INTERNAL REFERENCE 
Output Voltage 
Output Impedance 
External Current 
Ternpco of Drift 

POWER SUPPLY 
SENSITIVITY (3) 

+15V supply 
-15V supply 
+5V supply 

POWER SUPfl Y 
REQUI REMENTS (5) 

Range 
+15V 
-15V 
+5V 

Current 
+15V 
·15V 
+5V 

NOTES: 

1. Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit 
may be impaired. Functional operation under any of these 
conditions is not necessarily implied. 

2. Adjustable to zero using external potentiometers. 

3. See definitions. 

@ Ie MASTER 1984 

HI·5680X 

MIN TYP MAX UNITS 

-1.6 -2 -2.4 rnA 
±0.8 ±1 ± 1.2 rnA 

2.0 KQ 
2.0 KQ 

±2.5 V 

+6.174 +6.3 +6.426 V 
1.5 Q 

+2.5 rnA 
20 PPM/oC 

.002 %FSR 

.002 -w;-

.002 

+11.4 +15 +16.5 V 
-11.4 -15 -16.5 V 
+ 4.5 + 5 +16.5 V 

8 11 rnA 
·12 -20 rnA 
4.5 8 rnA 

4. FSR is "full scale range" and is 20V for ±10Vrange, 10V 
for ;t5V range, etc., or 2mA (±.20%) for current output. 

5. The HI·5680 will operate with· supply voltages as low as 
±11.4V. It is recommended that output voltage range -lOV 
to +1 OV not be used if the supply voltages are less than 
±12.5V. 
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DEFINITIONS OF SPECIFICATIONS 

2936 

DIGITAL INPUTS 

The HI-5680 accepts digital input codes in complementary 
binary, complementary offset binary. and complementary 
two's complement binary. 

ANALOG OUTPUT 

DIGITAL Complementary Complementary Complementary 
Offset Two's 

INPUT Binary Binary Complement* 

MSB LSB 
000 ... 000 + Full Scale + Full Scale -LSB 
100 ... 000 Mid Scale -lLSB -1 LSB + Full Scale 
111...111 Zero - Full Scale Zero 
011...111 +Yz Full Scale Zero - Full ScalI! 

·Invert MSB with external inverter to obtain 
. CTC Coding 

SETILING TIME 

That interval between application of a digital step input, and 
final entry of the analog output within a specified window about 
the settled value. Harris Semicondutor usually specifies a 
unipolar 10V full scale step, to be measured from 50% of the 
input digital transition, and a window of ±% LSB about the 
final value. The device output is then rated according to the 
worst (longest settling) case: low to high, or high to low. 

DRIFT 

GAIN DRIFT - The change in full scale analog output over the 
specified temperature range expressed in parts per million of 
full scale per 0(: (ppm of FSRfC). Gain error is measured with 
respect to +25OC at high (TH) and low (TL) temperatures. 
Gain drift is calculated for both high (TH -25°C) and low 
ranges (+25OC-TU by dividing the gain error by the respective 
change in temperature. The specification is the larger of the 
two representing worst case drift. 

OFFSET DRIFT - The change in analog output with all bits 
OFF over the specified temperature range expressed in parts 
per million of full scale range per 0(: (ppm of FSRfC)' Offset 
error is measured with respect to +25OC at high (TH)and low 
(TL) temperatures. Offset Drift is calculated for both high 
(TH -250(:) and low (+25OC - TL) ranges by dividing the 
offset error by the respective change in temperature. The 
specification given is the larger of the two, representing worst
case drift. 

ACCURACY 

INTEGRAL NONLINEARITY - The maximum deviation of the 
actual transfer characteristic from an ideal straight line. The 
ideal line is positioned according to "end-point linearity" for 
D/A converter products fro.m Harris Semiconductor, i.e. the line 
is drawn between the end-points of the actual transfer charac
teristic (codes 00 ... 0 and 11 ... 1). 

DIFFERENTIAL NONLINEARITY - The difference between 
one LSB and the output voltage change corresponding to any 
two consecutive codes. A Differential Nonlinearity of.!l LSB or 
less guarantees monotonicity. 

MONOTONICITY - The property of a O/A converter's transfer 
function which guarantees that the output derivative will not 
change sign in response to a sequence of increasing (or de
creasing) input codes. That is, the only output response to a 
code change is to remain constant, increase for increasing code, 
or decrease for decreasing code . 

POWER SUPPLY SENSITIVITY 

Power Supply Sensitivity is a measure of the change in gain and 
offset of the D/A converter resulting from a change in -15V, 
or +15V supplies. It is specified under DC conditions and 
expressed as parts per million of full scale range per percent of 
change in power supply (ppm of FSR/%). 

COMPLIANCE 

Compliance voltage is the maximum output voltage range that 
can be tolerated and still maintain its specified accuracy. Com
pliance limit implies functional operation only and makes no 
claims to accuracy. 

GLITCH 

A glitch on the output of a 0/ A converter is a transient spike 
resulting from inequal internal ON-OFF switching times. Worst 
case glitches usually occur at half-scale or the major carry code 
transition from 011...1 to 100 ... 0 or vice versa. For example, 
if turn ON is greater than turn OFF for 011...1 to 100 ... 0, an 
intermediate state of 000 ... 0 exists, such. that, the output 
momentarily glitches toward zero output Matched switching 
times and fast switching will reduce glitches considerably. 
(Measured as one half the product of duration and amplitude.) 

© Ie MASTER 1984 



OPERATING INSTRUCTIONS 

DECOUPLING AND GROUNDING 

For best accuracy and high frequency performance, the ground· 
ing and decoupling scheme shown in Figure 1 should be used. 
Decoupling capacitors. should be connected close to the HI· 
5680 (preferrably to the device pins) and should be tantalum 
or electrolytic bypassed with ceramic types for best high fre
quency noise rejection. 

Z2 

¢' 
FIG U R E 1 AIIALOIiGROUID 

REFERENCE SUPPLY 

An internal 6.3Volt reference is provided on board a" HI-5680 
models. This voltage (pin 24) is accurate to ±2% and must be 
connected to the reference input (pin 16) for specified operation. 
This reference may be used externally, provided current drain 
is limited to 2.5mA. An external buffer amplifier is recommend· 
ed if this reference is to be used to drive other system compon· 
ents. Otherwise, variations in the load driven by the. reference 
will result in gain variations of the HI-568Q. A" gain adjustments 
should be made under constant load conditions. 
VOLTAGE OUTPUT HI-5680V 

FIGURE 2 

Unipolar 

Bipolar 

@) Ie MASTER 1984 

-VI 

l'k .. I.,,) 

r---+-~~:...o-"""",""~ 112 

RANGE CONNECTIONS 

Range Connect 

PIN PIN PIN 
15 17 19 

o to +5V 18 N.C. 20 
o to +10V 18 N.C. N.C 

± 2.5V 18 20 20 
.±5V 18 20 N.C 
.±lOV 19 20 15 

CURR.ENT OUTPUT HI-56801 

FIGURE 3 

EXTERNAL AMPLI FI ER CONNECTIONS 
To use the HI-56801 with an external amplifier, connect as follows: . 

Range Pin 17 Pin 18 Pin 19 Pin 20 
to to to to 

o to +10V N.C. B 18* 19* 
Oto +5V N.C. B 15 N.C. 
.±10V 15 N.C. B N.C. 
±5V 15 B 18* 19* 
±2.5V 15 B 15 N.C. 

-these ccnnsctions halp ieducw iuav capacitance in the feedback 
loop. 
tRB should equal the DAC's output resistance, which is 2Knll 
RFEEDBACK. 

GAIN AND OFFSET CALIBRATION 

(Applies to FidUre 2 and 3,) 

UNIPOLAR CALIBRATION 

Step 1: Offset 
Turn all bits OFF (11 ... 1) 
Adjust R2 for zero volts out 

Step 2: Gain 
Turn all bits 0 N (00 ... 0) 
Adjust Rl for FS·1LSB 
That Is: 

4.9988 for 0 to +5V range 
9.9976 for 0 to + 1 OV range 

BIPOLAR CALIBRATION 

Step 1: Offset 

Step 2: Gain 

Turn a" bits OFF (" ... 1) 
Adjust R2 for Negative FS 
That Is: 

-lOY for±lOV range 
-5V for ±5V range 
-2.5V for ±2.5 range 

Turn all bits ON (OO ... O) 
Adjust Rl for positive FS·1LSB 
That Is: 

+9.9951V for ±10V range 
+4.9976V for ±5V range 
+2.4988V for ±2.5V range 

This Bipolar procedure adjusts the output range end points. 
The maximum error at zero (half scale) will not exceed 
the linearity error. See the "Accuracy" specifications . 
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IJ HARRIS HI-5685 
High Performance Monolithic 

12 Bit Digital-to-Analog Converter 

FEATURES 

• DAC 85 ALTERNATE SOURCE 

• MONOLITHIC CONSTRUCTION 
(SING LE CHIP) 

• FAST SETTLING 

• GUARANTEED MONOTONIC -25OC TO +85OC 

• WAFER LASER TRIMMED 

• APPLICATIONS RESISTORS ON-CHIP 

• ON-BOARD REFERENCE 

• DIELECTRIC ISOLATION (01) PROCESSING 

• ±,2V POWER SUPPLY OP'ERATION 

APPLICATIONS 

• HIGH SPEED AID CONVERTERS 

• PRECISION INSTRUMENTATION 

• CRT DISPLAY GENERATION 

PINOUTS 

TOP VIEW 

(MSB) BIT 1 6.3V REF OUT 

BIT 2 GAIN ADJUST 

BIT 3 +VS 
BIT 4 COMMON 
BIT 5 E. JUNCTION 
BIT 6 20V RANGE 

. BIT 7 10V RANGE 
BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 
BIT 10 VOUT 
BIT 11 -Vs 

(LSB) BIT 12 LOGIC SUPPLY 

HI-5685V 
VOLTAGE OUTPUT 

Copyright © Harris Corporation 1983 
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DESCRIPTION 

The HI-5685 is a monolithic direct replacement for the popular 
DAC85-CBI and the ADDAC85LD-CBI. Single chip construction 
along with several design innovations make the HI-5685 the 
optimum choice for low cost, high reliability applications. 

Harris' unique Dielectric Isolation (01) processing reduces inter
nal parasitics resulting in fast switching times and minimum 
glitch. On board span resistors are provided for good tracking 
over temperature, and are laser trimmed to high accuracy. These 
may be used with the on-board op-amp (voltage output models; 
HI-5685V), or with a user supplied external amplifier (HI-5685U. 

Internally, the HI-5685 eliminates code dependent ground cur
rents by routing current from the positive supply to the internal 
ground node, as determined by an auxiliary R-2R ladder. This 
results in a cancellation of code dependent ground currents 
allowing virtually zero variation in current through the package 
common, pin 21. 

The HI·5685 and HI·5685A are available in both current and volt
age output models which are guaranteed over the -25OC to +85OC 
terpperature range. All models include a buried zener reference 
featuring low temperature coefficient. In addition, the voltage 
output models include an on-board output amplifier. Both ver
sions operate with a +5V logic supply and a ±VS in the range of 
±(11.4V to l6.5V). 

The HI-5685A offers exceptionally low drift over temperature. 
Gain drift is a maximum .±10ppmfC, over -25OC to +85OC. 

TOP VIEW 

(MSB) BIT 1 6.3V REF OUT 

BIT 2 GAIN ADJUST 

BIT 3 +VS 

BIT 4 COMMON 

BIT 5 SCALING NETWORK 

BIT 6 SCALING NETWORK 

BIT 7 SCALING NETWORK 

BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 

BIT 10 lOUT 
BIT 11 -Vs 

(LSB) BIT 12 LOGIC SUPPLY 

HI-56851 
CURRENT OUTPUT 
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FUNCTIONAL DIAGRAM VOLTAGE OUTPUT 

17 16 24 21 

BIPOLAR REF 22 13 

ADJUST 
23 

HI-5685 V 

FUNCTIONAL DIAGRAM CURRENT OUTPUT 

17 16 24 

BIPOLAR REF 

GAINo---J 

ADJUST 23 
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21 22 13 

HI-5685 I 

18 

-VS 

20 

-VS 

lOY 

SCALING 
NETWORK 

SCALING 
NETWORK 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (1; 

Power Supply Inputs +VS +20V 
-VS -20V 
+VLOGIC +20V 

Reference Input (pin 16) ..±'IS 
Output drain 2.5mA 

Digitallhputs. Bits 1 to 12 -IV to +12V 

~ 

o 
(3 ELECTRICAL SPECIFICATIONS 

Power Dissipation 
Pd, Package 

Operating Temperature Range 
HI-56851/V-4 
HI-5685AI/V-4 

Storage Temperature Range 

1000mW 

-;-250C to +850C 
-25OC to +85OC 

-650 to + 1500c 

-E (T A=+25OC, Vs = ±15V , VLOGIC = 5V, PIN 16 CONNECTED TO PIN 24 UNLESS OTHERWISE SPECIFIED) 
c: 
o 
.~ 
E 
Q) 

en 
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.~ 

~ 

as 
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PARAMETER 

DIGITAL INPUT (3) 

Resolution 
Logic Levels 

Logic "1" 
Logic "0" 

Accuracy (3) 
Linearity Error 

Differential Lin. Error 
I 

Gain Error (2) 
Offset Error (2) 
MonotonicitV 

D RI FT (3) HI·5685 
Gain 
Offset 

Unipolar 
Bipolar 

DRIFT (3) HI-5685A 
(low Drift) 

Gain 
Offset 

Unipolar 
Bipolar 

CONVERSION SPEED 
Voltage Models . 

Settling Time (3) 

With 10KnFeedback 
With 5KnFeedback 
For 1 LSB Change 

Slew Rate 

Current Models 
Settling Time (3) 

10tol00nload 
lKnload 

CONDITIONS 

TTL Compatible 
at +1 JlA 

at -100 pA 

at +250C 
-25°C to +850C 

-25°C to +850C 

-250C to +850C 

-25°C to +850C 

to ±0.01% of FSR for 
FSR Change 

to ±0.01% of FSR for 
FSR Change 

HI-5685 

MIN TYP MAX UNITS 

12 Bits 

+2 +5.5 V 
0 +0.8 V 

±Yz LSB 
±Yz LSB 

±Yz lSB 
±D. 1 %FSR (4) 
±0.05 %FSR 

GUARANTEED 

±20 

±1 ±3 PPMfOc 
±5 ±10 

±10 
PPMfOC 

±1 
±5 

3 ps 
1.5 ps 
1.5 ps 

15 VI ps 

300 ns 
1.0 ps 
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SPECIFICATIONS (continued) 

PARAMETER CONDITIONS 

ANALOG OUTPUT 

Voltage Models 
Output Current 
Output Impedance (DC) 

Current Models 
Output Current Full Scale 

Unipolar 
Sipolar 

Output Resistance 
Unipolar 
Bipolar 

Compliance (3) 

INTERNAL REFERENCE 

Output voltage 
Output Impedance 
External Current 
Tempco of Drift 

POWER SUPPLY SENSITIVITY (3) 

+lSV 

-15V 
+SV 

POWER SUPPLY REQUIREMENTS(S) 

Range 
+lSV 
-15V 
+5V 

Current 
+15V 
-lSV 

+SV 

NOTES: 

1. Absolute maximum ratings are limiting values, applied 
individually, beyonu whith the serviceabiiity of the circuit 
may be impaired. Functional operation under any of these 
conditions is not necessarily implied. 

2. Adjustable to zero using external potentiometers. 

3. See Definitions. 

@ Ie MASTER 1984 

HI-5685 

MIN TYP MAX UNITS 

±5 rnA 
0.05 n 

-1.6 -2 -2.4 rnA 
±0.8 ±1 ±1.2 rnA 

. 2.0 Kn 
2.0 Kn 

-2.S " +10 V 

+6.174 +6.3 +6.426 V 
1.5 n 

." r T£.::l rnA 
±10 ±20 PPM/oC 

.002 %FSR 
-;w;-

.002 

.002 

+11.4 +15 +16.S V 
-11.4 -15 -16.S V 
+4.S +S +16.S V 

8 11 rnA 
~ 12 -20 rnA 
4.S 8 rnA 

4. FSR is "full scale range" and is 20V for ±lOV range, 10V 
for ±SV range, etc., or 2mA (±20%) for current output. 

5. The HI·S685 will operate with supply voltages as low as 
± 11.4 V. It is recommended that output voltage range -10V 
to +10V not be used if the supply voltages are less than 
±12.5V. 

I 
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m HARRIS 

FEATURES 

• DAC 87 ALTERNATE SOU RCE 

• MONOLITHIC CONSTRUCTION 
(SINGLE CHIP) 

• FAST SETTLING 

• GUARANTEED SPECIFICATIONS -550 C to 1250 C 

• WAFER LASER TRIMMED 

• APPLICATIONS RESISTORS ON-CHIP 

• ON-BOARD REFERENCE 

• DIELECTRIC ISOLATION (01) PROCESSING 

• ±12V POWER SUPPLY OPERATION 

• MIL STD 883 PROCESSING AVAILABLE 

APPLICATIONS 

• HIGH SPEED AID CONVERTERS 

• PRECISION INSTRUMENTATION 

• CRT DISPLAY GENERATION 

PINOUTS 

TOP VIEW 

(MSB) BIT 1 6.3V REF OUT 

BIT 2 GAIN ADJUST 

BIT 3 +VS 

BIT 4 COMMON 

BIT 5 L JUNCTION 

BIT 6 20V RANGE 

BIT 7 10V RANGE 
BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 
BIT 10 VOUT 
BIT 11 -VS 

(LSB) BIT 12 LOGIC SUPPLY· 

HI-5687V 
VOLTAGE OUTPUT 

Copyright © Harris Corporation 1983 
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HI-5687 
Wide Temperature Range 

Monolithic 12 Bit 
Digital-to-Analog Converter 

DESCRIPTION 
The H 1-5687 is a monolithic direct replacement for the popular 
DAC87-C61 wide temperature range d-to-a converter. Single 
chip construction, along with several design innovations make 
the H 1-5687 the optimum choice for low cost, high reliability 
applications. 

Harris' unique Dielectric Isolation (0 I) processing reduces inter· 
nal parasitics reSUlting in fast switching times and minimum 
gl itch. 0 n board span resistors are provided for good tracking 
over temperature, and are laser trimmed to high accuracy.These 
may be used with the on-board op-amp (voltage output models; 
H 1-5687V), or with a user supplied external amplifier(H 1-56871). 

Interna"y, the HI-5687 eliminates code dependent ground cur
rents by routing current from the positive supply to the internal 
ground mode, as determined by an auxiliary R-2R ladder. This 
results in a cancellation of code dependent ground currents 
allowing virtually zero variation in current through the package 
common, pin 21. 

The H 1-5687 is available in both current and voltage out
put models which are 100% tested over the -550C to +1250C 
temperature range. A" models include a buried zener reference 
featuring low temperature coefficient. In addition, the voltage 
output models include an on-board output amplifier. Both 
versions operate with a +5V logic supply and a iVS in the range 
of :t(11.4V to 16.SVL 

Processing to MIL-STD-883A CLASS B is available. See Or
dering Information. 

TOP VIEW 

(MSB) BIT 1 6.3V REF OUT 

BIT 2 GAIN ADJUST 

BIT 3 +VS 

BIT 4 COMMON 

BIT 5 SCALING NETWORK 

BIT 6 SCALING NETWORK 

BIT 7 SCALING NETWORK 

BIT 8 BIPOLAR OFFSET 

BIT 9 REF INPUT 

BI1 10 lOUT 

BIT 11 -VS 
(LSB) BIT 12 LOGIC SUPPL Y 

HI-56871 

CURRENT OUTPUT 
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FUNCTIONAL DIAGRAM VOLTAGE OUTPUT 

17 16 24 21 

BIPOLAR REF 

GAIN 

AD.iUST 
23 

22 

HI-S687 V 

FUNCTIONAL DIAGRAM CURRENT OUTPUT 

17 16 24 

BIPOLAR REF 

GAIN~ 

ADJUST~ 
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21 22 13 

HI-5687 I 

18 

20 

-VS 

lOV 

SPANR 

SCALING 
NETWORK 

SCALING 
NETWORK 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (1) 

Power Supply Inputs +VS +20V 
-VS -20V 
+VLOGIC +20V 

Reference Input (pin 16) ± Vs 
Output drain 2.5mA 

Digital Inputs Bits 1 to 12 -lV to +12V 
ELECTRICAL SPECIFICATIONS 

Power Dissipation Pd, Package 

Operating Temperature Range 
HI-56871/V-2 
HI·56871/V·8 

Storage Temperature Range 

(TA =+250 C, Vs =±15V, VLOGIC = +5V, PIN 16 CONNECTED TO PIN 24 UNLESS OTHERWISE SPECIFIED.) 

HI-5687 

PARAMETER CONDITIONS MIN TYP 

DIGITAL INPUT (3) 

Resolution 
Logic Levels TIL Compatible 

Logic "1" at+lpA +2 
Logic "0" at-l00pA 0 

ACCURACY (3) 

linearity Error At +250C ±% 
-55°C to +1250C 

Differential lin. Error at+250C 
-550C to + 125°C ±% 

Gain Error (2) ±O.l 
Offset Erro'r (2) ±0.05 
Monotonicity -550C to +1250C GUARANTEED 

DRIFT (3) -55°C to +1250C 
Total Bipolar Drift 

(includes gain, offset 
and linearity drifts) ±15 

Total Error 
Unipolar ±0.13 
Bipolar .±D.12 

Gain 
including internal 
reference ±10 

excluding internal 
reference ±5 

Unipolar Offset ±1 

Bipolar Offset ±5 

CONVERSION SPEED 

Voltage Models 
Settling Time (3) to ± 0.01% of FSR for 

FSR Change 

With 10K n Feedback 3 
With 5KU Feedback 1.5 
For 1 LSB Change 1.5 

Slew Rate 15 

Current Models 
Settling Time (3) to ±0.0,1% of FSR for 

FSR Change 

10 to lOOn load 300 
lKn load 1.0 

2944 

1000mW 

-55OC to + 1250C 
-550C to +1250 C 

-65OC to + 1500c 

MAX UNITS 

12 Bits 

+5.5 V 
+0.8 V 

±% LSB 
+% LSB 

±% LSB 
±1 LSB (4) 
±0.2 %FSR 
±0.1 %FSR 

±30 PPM/oC 

±D.3 %FSR 
±O.24 %FSR 

±25 PPMfOC 

±10 PPM/oC 

±3 PPM/oC 

±10 PPM/oC 

ps 
IlS 
ps 
VIps 

ns 
lois 
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SPECIFICATIONS (continued) 

PARAMETER CONDITIONS 

ANALOG OUTPUT 

Voltage Models 
Output Current 
Output Impedance (DC) 

Current Models 
Output Current Full Scale 

Unipolar 
Bipolar 

Output Impedance 
Unipolar 
Bipolar 

Compliance (3) 

INTERNAL REFERENCE 

Output Voltage 
Output Impedance 
External Current 
Tempco of Drift 

POWER SUPPLY SENSITIVITY (3) 

+15V 

-15V 
+5V 

POWER SUPPLY REQUI REMENTS (5) 

Range 
+15V 
-15V 

+5V 

Current 
+15V 
-15V 
+5V 

NOTES: 

1. Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit 
may be impaired. Functional operation under any of these 
conditions is not necessarily implied, 

2. Adjustable to zero using external potentiometers. 

3. See Definitions. 

@ Ie MASTER 1984 

HI-5687 

MIN TYP MAX UNITS 

+5 rnA 
0.05 51 

-1.6 -2 -2.4 rnA 
±O.S ±1 .±1.2 rnA 

2.0 K51 
2.0 K51 

-1.5 + 10.5 V 

+6.174 +6.3 +6.426 V 
1.5 51 

+2.5 rnA 
±5 ±10 PPM/oC 

±.(i02 %FSR 
~ 

. ±.002 
±.OO2 

+11.4 +15 +16.5 V 
-11.4 -15 -16.5 V 
+4.5 +5 +16.5 V 

8 11 rnA 
-12 -20 rnA 
4.5 8 rnA 

4. FSR is a "full scale range" and is 20V for ±10V range, lOV 
for ±5V range, etc., or 2mA (±.20%) for current output. 

5. The HI-56B7 will operate with supply voltages as low as 
±11.4V.lt is recommended that output voltage ranges -10V 
to + 10V and not be used if the supply voltages are less than 
±12.5V. 

2945 

~ 

o ...... 
<.) 
::J 

"C 
c: 
o 
.2 
E 
Q) 

CJ) 

U) 
";:: 
~ 

ttl 
:z: 



"-o .-o 
::J 

"C 
c: 
o 
o 
E 
Q) 

CIJ 
(J) 
0i: 
"-as 
:r: 

m HARRIS 

FEATURES 

• 16 BIT RESOLUTION 

• MONOLITHIC 01 BIPOLAR CONSTRUCTION 

• FAST SETTLING TIME 1 Jls TO .003%FS 

• LOW DIFF. NONLIN. DRIFT ±0.3ppm/oC 

• LOW GAIN DRIFT ± lppm/oC 

• ON-CHIP SPAN & OFFSET RESISTORS 

• TTl/5V-CMOS COMPATIBLE 

• LOW-UNIPOLAR OFFSET ~1/2LSB@+250C 

• LOW UNIPOLAR OFFSETT.C. ±0.2ppm/oC 

• EXCELLENT STABILITY 

APPllCA TIONS 

• HIGH RESOLUTION CONTROL SYSTEMS 

• HIGH FIDELITY AUDIO RECONSTRUCTION 

• PRECISION FUNCTION GENERATION 
AND INSTRUMENTATION 

PINOUT 

-Vps- 1 
CONTROL AMP, -IN - 2 
CONTROL AMP, +IN - 3 

10V SPAN R - 4 
BIPOLAR O/S - 5 

10UT- 6 
N.C.- 7 
N.C. ___ 8 

20VSPAN R - 9 
N.C.- 10 

VREF IN- 11 
ANALOG GND - 12 

N.C. - 13 
N.C. - 14 
N.C.- 15 
N.C.- 16 

GNDTERM- 17 
±5V TERM R - 18 

±10V TERM R - 19 
N.C.- 20 

TOP VIEW 

Copyright © Harris Corporation 1983 
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40 I-P.s. GND 
39~+\(PS 
38 I-Bltr 1 (MSB) 
37 f-BIT 2 
36I-BIT 3 
35I-BIT 4 
34 ~BIT 5 
33 ~BIT6 
32 I-BIT 7 
31 I-BIT 8 
30 I-BIT9 

29 f-BIT 10 
28 I-BIT 11 
27 I-BIT 12 
26 f-BIT 13 
25 f-BIT 14 
24 f- BIT 15 
23 I- BIT 16 (lSB) 
22I-N.C. 
21 f-N.C. 

HI-DAC16B/C 
16-Bit 0 to A Converter 

DESCRIPTION 

The HARRIS HI-DAC16 isa 16-bit, current output D/A converter. 
Single chip construction includes thin-film application resistors 
for use with an external op amp. These permit standard output 

. voltage ranges of 0 to +5V, 0 to +10V, ±2.5V, ±5V and ±10V. 

Reference and span resistors have adjacent placement on the chip 
for optimum match and thermal tracking. Futhermore, this layout 
feature helps minimize the superposition error caused by self
heating of the span resistor, reducing it to less than 1/10LSB. 
This and other design innovations have produced exceptionally 
stable operation over temperature. Typical temperature coefficients 
are ± 1 ppm/OC for gain error and 0.3ppm/oC for differential non
linearity error. 

\ . 

The internal architecture is an extension of the earlier HI-562 
with several major improvements. All code dependent ground 
currents are steered to a separate non-critical path, namely, power 
supply ground. This feature allows the precision ground of the 
converter to be sensed with virtually zero voltage drop referred to 
system ground. The result is the complete elimination of non
linearities due to code dependent ground currents while yielding an 
extremely low unipolar offset of less than 1/2LSB. Because of this 
separation, the user may route the precision ground some distance 
to the system ground without degrading converter accuracy. 

The HARRIS HI-DAC 16 delivers a stable, accurate output with
out sacrifice in speed. Settling time to within ±0.00:J01o is one 
microsecond. Overall performance of this monolithic device should 
be attractive for applications such as high fidelity audio and high
resolution control systems. 

Typical power requirement is 450 MW, from the +15V and -15V 
supplies combined. The package is a 40 pin ceramic DIP. Two 
accuracy grades are offered. 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground) 

Power Supply Inputs 

Reference Inputs 

Oigitallnputs 

Outputs 

Vps+ 
Vps-
VREF (Hi) 

Bits 1 to 16 

+20V 
-20V 
±,vps 
-1V,+12V. 

Power Dissipation Pd, Package 
Operating Temperature Range 

HI-OAC 16BfC 

Storage Temperature Range 

1000 mW 

OOC to +75OC 

-6St to + 15(fC 

.9 ELECTRICAL CHARACTERISTICS (T A = +25OC, Vps = ±'5V, Vref = +10V, unless otherwise specified) 
(.) 
:::J 
"0 
C 
o 

.52 
E 
(J) 

PARAMETER 

(J) INPUT CHARACTERISTICS 

en 
"i:: 
~ 

ctS 
:c 
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Digital Inputs 

Input Voltage 
logic "1" 
logic "0" 

Input Current 
logic "1" 
logic "0" 

Reference Input 
Input Resistance 
Input Voltage 

TRANSFER CHARACTERISTICS 

Resolution 

Noniinearity 

Differential 
Nonlinearity 

Relative Accuracy (5) 
Unipolar Gain Error 
Bipolar Offset Error 
Unipolar Offset Error 

Adjustment Range 
Gain 
Bipolar Offset 

Temperat~re Stability 

Gain Drift (2) 
Offset Drift (2) 

Unipolar Offset 
Bipolar Offset 

Differential Nonlinearity 

Settling Time (2) 
to ±.003%FS 

CONDITIONS MIN 

Bit ON "logic 1" 
Bit OFF "logic 0" 

2.0 
Over full 

temp. range 

-SO 

Over full temp. range 

@t2S'C 
Over full temp. range 

@t25"C 
Over full temp. range 

With 100 n (1%) Trim Resistors 

All Bits ON 

All Bits OFF 

See Operating Instructions 

Using trim potentiometers 
as shown in Figure 1 

Drift specified with internal 
span resistors for voltage output 

Over full temp. range 

All Bits OFF 

Over full temp. range 

All Bits DN·to·OFF or 
OFF·to-ON 

HI-OAC 1GB , HI-OAC 1GC 

I TYP J MAX MIN I TYP I MAX UNITS 

2.0 V 

0.8 0.8 V 

20 500 20 5DO nA 
-50 JlA 

10 10 Kn 
10 10 V 

16 16 Bits 

±.0023 i.0045 
%FSR(3) 1..0045 i.ODS 

±..OO15 ±.003 

±.O03 ±.DOG 
%FSR 

±.1 ±.25 i.l ±.25 

i.15 ±.15 ±.42 %FSR 

i.D02 i.002 :t.05 

±3 ±3 %FSR 
±·43 ±.43 

±1 15 ±1 is ppm of . 
FSRf'C 

±.2 ±.2 

±.5 ±.5 

±0.3 ±0.3 

1.0 1.0 lIS 
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SPECIFICATIONS (continued) 

PARAMETER CONDITIONS MIN 

Glitch (2; 
From 011 ___ 1 to 100. __ 0 

or 100 ... 0 to 011... 1 

Power Supply (2) 
Rejection Ratio, PSRR (3) 

Vps+ 
Vps-

~ 

OUTPUT CHARACTERISTICS 

Output Current 
Unipolar -1.6 
Bipolar to.S 

Resistance 

Capacitance 

Output Voltage Ranges 
Using external op amp Unipolar 

and internal scaling 

Bipolar resistors. See Figure 1 
and Table 1 for connections 

Compliance limit (2) -3 

Compliance Voltage (2) Over full temp. range 

Output Noise 0.1 to 5MHz (All Bits ON) 

POWER REQUIREMENTS 

Vps+ (7) Over full 13.5 
Vps- temp. range -13.5 

Ips+(4) All Bits ON or OFF 
Ips-(4) full temp. range 

Power Dissipation 

NOTES: 

1. Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the circuit 
may be impared. Functional operation under any of these 
conditions is not necessarily implied. 

2. See Definitions. 

3. FSR is "full scale range" and is 20V for ±10V range, mv 
for ±5V range, etc., or 2mA (±20%) for current output 

@ Ie MASTER 1984 

-25 

HI-DAC 16B HI-DAC 16C 

TYP MAX MIN TYP MAX UNITS 

1300 1300 mV-ns 

1.5 1.5 ppm of 

1.5 1.5 
FSR/% Vps 

-2 -2.4 -1.6 -2 -2.4 rnA 
:tl ,±1.2 -±-0.8 ±1 .±t2 

2.5K 2.SK ohms 

10 10 pF 

Oto +5 0)0 +5 

o to+10 o to +10 
V 

.±2.5 :!.2.5 

±S :!.5 

±.10 ±.10 

+10 -3 +10 V 

.±t i1 V 

30 30 JlVRMS 

+15 16.5 13.5 +15 16.5 V 
-15 -16.5 -13.5 -15 -16.5 

+13 +18 +13 +18 
rnA 

-18 -25 -18 

465 465 mW 

4. A~ter 30 seconds warm-up. 

5. Using an external op amp with internal span resistors and 
specified external trim resistors in place of potentiometers 
Rl and R2. Errors are adjustable to zero using Rl and R2 
potentiometers. (See Operating Instructions Figure 2.) 
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FEATURES 

• MONOLITHIC CONSTRUCTION 

• FAST SETTLING (TO ±1/2 LSB) 350ns' 

• ±1/2 LSB MAX. NONLINEARITY GUARANTEED OVER 
TEMPERATURE 

• INTERNAL CANCELLATION OF GROUND CURRENT 

• EXCELLENT POWER SUPPLY REJECTION lppm/%PS 

• LOW COST 

APPLICATIONS 

• HIGH SPEED A/D CONVERTERS 

• CRT DISPLAYS 

• WAVEFORM SYNTHESIS 

PINOUT 

VCC 

N. C. 

ANALOG GNO 
AMP SUMMING 

JUNCTION 

VREF (HI IN) 

VEE 

BIPOLAR R IN 

N.C. 

IOAC OUT 

10V SPAN R 

20V SPAN R 

OIGITALGNO 

TOP VIEW 
24 LEAD DIP 

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

. Copyright © Harris Corporation 1982 
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BIT 1 (MSB) IN 

BIT 21N 

BIT31N 

BIT 41N 

BIT 51N 

BIT 6 ~N 

BIT 71N 

BIT 81N 

BIT 9 IN 

BIT 10 IN 

BIT 111N 

BIT 12 (LSB) IN 

HI-5660 
High Speed Monolithic 

Digital-to-Analog Converter 

DESCRIPTION 

The H 1-5660 is a current output, 12 bit monolithic digital-to
analog converter. It offers high speed plus enhanced accuracy, 
through internal cancellation of ground currents. 

Electrical performance is similar to that of the A0566A. Pinouts 
are identical except for pin 1, which requires a +5V supply (versus 
no connection on the AD566A). 

Fabrication of the H 1-5660 features the Harris bipolar dielectric 
isolation process, which eliminates latchup and minimizes parasitic 
capacitance and leakage currents. The chip includes nichrome 
thin-film resistors, laser trimmed at the wafer level to a maximum 
linearity error of ±1/4 LSB at +250 C. 

Near zero current in the Analog Ground terminal simplifies use of 
the HI-5660 by minimizing noise and offsets between the package 
and the system analog ground. This is accomplished by adding a 
complement current to the internal ground from an auxiliary 
R-2R ladder, and then supplying the resultant DC current from the 
positive power supply. 

The Harris HA-1608 +10V precision reference is recommended for 
use with the H 1-5660 in non-multiplying applications. 

The H 1-5660 is offered in two accuracy grades each for the com
mercial and military temperature ranges. Package is a 24 pin plastic 
or ceramic DIP, and power requirements are +15V, -15V. 

FUNCTIONAL DIAGRAM 

Vee BIPOLAR R IN 

7 2f1V 
11 SPAN R 

AMP 
SUMMING 4 
JUNCTION 

9.95K 

IHIINI 

ANALOG 3 
GND 

13 

VEE DIGITAL MS8 LSB 
GND IN IN 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS· 

Vcc to Power Ground 

VEE to Power Ground 

Voltage on DAC Output (Pin 9) 

Digital Inputs (Pins 13-24) to Power Ground 

Ref In to Reference Ground 

Bipolar Offset to Reference Ground 

OV to +18V 

OV to -18V 

-3V to +12V 

-lV to +7.0V 

±12V 

±12V 

10V Span R to Reference Ground 

20V Span R to Reference Ground 
Package Power Dissipation 

Ceramic 
Plastic 

±12V 

±24V 

1000mW 
750mW 

*Absolute maximum ratings are limiting values beyond which the serviceability of the circuit may be impaired. 

ELECTRICAL CHARACTERISTICS (TA = +250e, Vec = +15V,VEE = -15V, Unless Otherwise Specified) 

HI-56S0-5 HI-5660A-5 

MODEL MIN TYP MAX MIN TYP MAX UNITS 

I DATA INPUTS (Note 1) (Pins 13 to 24) 

TTL or 5V CMOS (TMIN to Trv1AX) I Input Voltage 
Bit ON Logic "1" 2.0 5.5 2.0 5.5 V 
Bit OFF Logic "0" 0.0 O.S 0.0 O.S V 

Logic Current (Each Bit) 
Bit ON Logic "1" 2 10 . 2 10 J..l.A 
Bit OFF Logic "0" -10 -50 -10 -50 J..l.A 

RESOLUTION 12 12 Bits 

OUTPUT 

I 

I 

Current Unipolar (All Bits On) -1.S -2.0 . -2.4 -1.S 

I 
-2.0 -2.4 mA 

Bipolar (All Bits on or Ott) to.S ±1.0 ±1.2 ±o.8 ±1.0 ±1.2 mA 
Resistance (Exclusive of Span Resistors) 2.0K 2.5K 3.0K 2.0K 2.5K 3.0K n 
Offset Unipolar .01 .05 .01 .05 % of FS 

Bipolar (Figure 2, R3 = 
50n Fixed) .05 .15 .05 .15 % of FS 

Capacitance 25 25 pF 
Compliance Voltage, TMIN to TMAX -3 +12 -3 +12 V 

ACCURACY (Error Relative to 
Full Scale) 

+250 C ±1/4 ±1/2 il/S ±1/4 LSB 
(0.006) (0.012) (0.003) (O.OOS) % of FS 

TMIN to TMAX ±1/2 ±3/4 ±1/4 ±1/2 LSB 
(0.012) (0.018) (O.OOS) (0.012) % of FS 

DIFFERENTIAL NONLINEARITY 

+250 C i1/2 i3/4 ±1/4 .±112 LSB 

TMIN to TMAX MONOTONICITY GUARANTEED (il LSB MAX) 

TEMPERATURE COEFFICIENTS I I I I I I I I 
Unipolar Zero 

I 
1 

I 
2 

I 
1 2 I ppm/oC 

Bipolar Zero 5 10 5 10 ppm/OC 
Gain (Full Scale) 7 10 1 10 ppm/OC 
Differential Nonlinearity 2 6 2 2 ppm/ac 

SETTLING TIME TO 1/2 LSB 

With High Z External Load (Note 2) 500 500 ns 
With 15n External Load 250 250 ns 

© IC MASTER 1984 2951 
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SPECIFICA TIONS (continued) 

HI-5660-5 HI-5660A-5 

MODEL MIN TYP MAX MIN TYP 

TEMPERATURE RANGE 

Operating 0 +75 0 
Storage ',-25 +150 -25 

POWER REQUIREMENTS 

Vee, +4.5V to +16.5VDC 7 12 7 
VEE, -11.4 to -16.5VDC -13 -17 -13 

POWER SUPPLY GAIN SENSITIVITY 

Vec = +4.5 to +16.5VDC: VEE = -15V 1 10 1 
VEE = -11.4 to -16.5VDC: VCC = +15V 1 10 1 

PROGRAMMABLE OUTPUT o to +5 o to +5 
RANGES (See Table 1) -2.5 to +2.5 -2.5 to +2.5 

o to +10 o to +10 
-5 to +5 -5 to +5 

-10 to +10 -10 to +10 

EXTERNAL ADJUSTMENTS 

Gain Error with Fixed 50n Resistor 
for R2 (Figure 1) ±0.1 to.25 to.l 

Bipolar Offset Error with Fixed 50n 
Resistor for R3 (Figure 2) ±0.05 iO.15 to.05 

Gain Adjustment Range (Figure 1) ±0.25 ±0.25 
Bipolar Offset Adjustment Range (F ig. 2) iO.15 to.15 

REFERENCE INPUT 

Input Impedance 16K 20K 24K 16K 20K 

POWER DISSIPATION 230 330 230 

MULTIPLYING MODE PERFORMANCE 
(All Models) 

Quadrants Two (2): Bipolar Operation at Digital Input Only. 
Reference Voltage Unipolar: +10V Max, +2V Min. 
Accuracy 10 Bits (±0.05% of Reduced F .S.) for 2VDC Reference Voltage. 
Reference Feedthrough (Unipolar Mode, 

All Bits OFF, and +2V to +10V (p-pl, 
Sinewave Frequency for 1/2 LSB 
(p-p) Feedthrough) 22kHz Typical 

Output Slew Rate 10%-90010 1.3mA/~s 
90%-10% 1.3mA/~s 

Output Settling Time (All Bits ON and a 
+2V to +10V Step Change in Reference 
Voltage) 1.5~ to 0.01% F.S. 

CONTROL AMPLIFIER 

Full Power Bandwidth (+10V to +3V) 200 200 
Small Signal Closed-Loop Bandwidth 2.4 2.4 

NOTES: 
1. The Digital Input Levels are Guaranteed but not Tested Over the Temperature Range. 
2. See Settling Time Section. 

MAX UNITS 

+75 oC 
+150 oC 

12 rnA 
-17 rnA 

10 ppm of FS/% 
10 ppm of FS/% 

V 
V 
V 
V 
V 

to.25 % of FS 

±0.1 % of FS 
% of FS 
% of FS 

24K n 

330 mW 

kHz 
MHz 
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II HARRIS 

FEATURES 

• FULL FOUR QUADRANT MULTIPLICATION 

• .01% RELATIVE ACCURACY OVER TEMPERATURE 

• LOW OUTPUT CAPACITANCE 100pF MAX 

• TTL/CMOS COMPATIBLE 

• MONOLITHIC CONSTRUCTION 

• VERY LOW OUTPUT LEAKAGE CURRENT ±100nA MAX 

• LOW-GAIN ERROR 

APPLICA TloNS 

• PROGRAMMABLE GAIN AMPLIFIERS 

• PROGRAMMABLE FUNCTION GENERATION 

PINOUT 

TOP 

IOUT1 C r'-' 
IOUT2e 2 

GNDC 3 

(MSB) BIT 1 C 4 

BIT 2 C 5 HI-7541 

BIT 3C6 

BIT4C 7 

BIT5 C 8 

BIT6 [ 9 , 

Copyright © Harris Corporation 1983 
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18 0 RFEEDBACK 

17 P VREF IN 

16 P VDD+. 
15 P BIT 12 (LSB) 

14 P BIT 11 

13 ::J BIT 10 

12 JBIT9 

11 ::J BIT 8 

10 ] BIT7 , 

0.1% 

HI-7541 
12 Bit MUltiplying 

Monolithic Digital-to
Analog Converter 

DESCRIPTION 

The Harris HI-7541 is a 12-Bit Monolithic Digital to Analog 
converter, offering full four quadrant multiplying capability. 
The chip features dielectrically isolated CMOS technology 
to assure fas~ settling time and freedom from latch-up. Inclu
ded are thin film ladder and applications resistors, laser trimmed 
for accuracy over the full operating temperature range. 

The HI-7541 is recommended as a high performance direct 
replacement for the AD7541 device. It operates on a single 
+15V supply and is available in an 18-pin ceramic package 
as well as in dice form. Screening to MIL-STD-883 method 
5004 class B is available. 

FUNCTIONAL DIAGRAM 

R R R 
VREF ~ ....... ..... -» 

""" "" 
:~ 2R 

. 
2R .. 2R ~~ .. 2R 

.. 

.. 2R 

( 

) Sl o S2 OSl1 )S12 0 

( 

i l (~S (~1 
I I 

: I I 

0:7 
'---+--+--il---t-'----+-+-: ----0:; 'OUT2 

I 

I 

~ 
BIT 1 
(MSBI 

I I 
I 

I 
I • 

BIT2 

: 
I 
I 

~ 
BIT 11 

..i" L.() IOUT1 . 

(LSBI 

RFEED8ACK 

i'i 

DIGITAL INPUTS IOTl, TTl, CMOS COMPATIBLE) 
LOGIC: A SWITCH IS CLOSED TO lOUT! FOR ITS 
DIGITAL INPUT IN A HIGH (LOGIC 11 STATE. 
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SPECIFIC A 110MS 

ABSOLUTE MAXIMUM RATINGS (Referred to Ground) 1 

Power Supply Inputs Voo 
Reference Inputs VREF (Hi) 
Digital Input Range Bits 1-12 

Output Voltage (Pins 1 and 2) 

+17V 
:t25V 

Voo to GNo 

-400mV to Voo 

Power Dissipation (Package) up to +750C 
Derate above +750C by BmW/oC. 

450mW 

Operating Temperature Range 
HI-7541SoIT0/SO 
HI-7541Ao/Bo 
HI-7541JN/KN/JO 
HI-7541So/883 AND To/883. 

Storage Tempenture Range 

-550C to + 1250 C 
-250 C to +850C 

OOC to +750C 
-550 C to +1250 C 
-B50 C to +1500 C 

ELECTRICAL CHARACTERISTICS (@250C, Voo = +15V, VREF = +10V Unless otherwise noted) 

PARAMETER CONDITIONS 

INPUT CHARACTERISTICS 

Digital Inputs . Bit ON = "Logic 1" 
Bit OFF = "logic 0" 

I nput Voltage 

logic 1, VAH 2.4 2.4 V 
logic 0, VAL 0.8 0.8 V 

Input Current 
logic 1 VIN=15V 1 1 pA 
logic 0 VIN=OV -1 -1 pA 

Reference Input 
Input Resistance 7 9 12 7 9 12 Kn 
Input Voltage -10 +10 -10 +10 V 

TRANSFER CHARACTERISTICS 

Resolution Over Full Temp. Range 12 12 Bits 
Integral (2) @+250C 
Nonlinearity Over Full Temp Range ±.01 ±.02 %FSR 
Differential (2) @+250C I I Nonliiiiiiiiity Ovai Fun Tamp Ran;! !.O1 :!:,02 %FSR 
Gain Error (2) @+250C fO.l ±0.2 

Over Full Temp. Range ±0.15 :to.25 %FSR 
Gain Tempco (2)(5) Over Full Temp. Range ±5 ±5 PPM/OC 
Settling Time (2) (5) 
to 11/2 LSB 1 1 ps 
PSRR (2) 14.5V~VOO~15.5V;250C Z.Ol .!.01 %FSRI 

Over Full Temp. Range :!:.02 .:t.02 %AVOO 

OUTPUT CHARACTERISTICS 

VREF = :t10V ±50 ±50 nA 
Output (2) @+250C 
leakage Current Over Full Temp. Range ±100 ±100 nA 
Capacitance (2) (5) 100 100 pF 
Feed Through (2) (5) VREF = 20 Vpp @ 10kHz ±1 ±1 mVpp 

POWER REQUIREMENTS 

VOO ( See Fig. B, 8, & 9 ) +5 +15 +16 +5 +15 +16 V 
100 (3) 2 2 rnA 
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FEATURES 

• LOW [}ROOP RATE (CH = 1000pF) 5/.N/ms 

• FAST ACQUISITION TIME (10V STEP TO .01%) 5ps 

• HIGH SLEW RATE 7 VIps 

• BANDWIDTH 2.5MHz 

• LOW EFFECTIVE APERTURE DELAY TIME . 30ns 

• TTL COMPATIBLE CONTR'OllNPUT 

APPLICA TIONS 

• A TO 0 CONVERSION SYSTEMS 

• 0 TO A OEGLITCHER 

• AUTOZEROSYSTEMS 

• PEAK DETECTOR 

• GATED OP AMP 

PINOUT 

TOP VIEW 

~. 

IN- fJ" "j41 SAMPlEiHOlO 
.~ ..!!.JCONTROl 

IN+ u:: JTIGND 

OFFSET r.:-3 "'ji'1 N C 
ADJ. L.:!... ..!!.J .. 

OF~~G:u: ~~;D 
N.C. 6 9 V+ 

OUT 7 8 N.C. 

14 PIN 01 .. 
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(lCC) PACKAGE 

HA-242012425 
Fast Sample and Hold 

DESCRIPTION 

The HA-242012425 is a monolithic circuit consisting of a high 
performance operational amplifier with its output in series with 
an ultra-low leakage analog switch and a MOSFET input unity 
gain amplifier. 

With an external holding capacitor connected to the switch 
output, a versatile, high performance sample-and-hold or 
track-and-hold circuit is formed. When the switch is closed, 
the device behaves as an operational amplifier, and any of the 
standClrd .op amp feedback networks may be connected around 
the device to control gain, frequency response, etc. When the 
switch is opened the output will remain at its last level. 

Performance as a sample-and-hold compares very favorably 
with other monolithic, hybrid, modular,and discrete circuits. 
Accuracy to better than 0.01% is achievable over the tempera
ture range. Fast acquisition is coupled with superior droop 
characteristics, even at high temperatures. High slew rate, 
wide bandwidth, and low acquisition time produce excellent 
dynamic characteristics. The ability to operate at gains greater 
than 1 frequently eliminates the need for external scaling 
amplifiers. 

The device may also be used as a versatile operational amplifier 
with a gated output for applications such as analog switches, 
peak holding circuits, etc. 

FUNCTIONAL DIAGRAM 

OFFSET 
ADJ 

SAMPLE! 
HOLD HOLD 
CONTROL CAP. 

~~ ~~--~--rl-----, IN- I : I 
1 _ L ~ lOUT 

I~+ L-1----J----f--~--!j 7 

HIGH LOW HIGH 
GAIN LEAKAGE IMPEDANCE 
AMP SWITCH MOSFET 

FOLLOWER 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Difterentiallnput Voltage 

40V 
:J:24V 

+8V, -15V Digital Input Voltage (Pin 14) 
Output Current 
Internal Power Dissipation 

Short Circuit Protected 
300mW (N ote 7) 

Operating Temperature -Range 
HA-2420-2/8 
HA-2425-5 

Storage Temperature Range 

-550C ~ TA ~+1250C 
OOC~ TA ~ +750C 

-650C ~ TA ~ +150oC 

ELECTRICAL CHARACTERISTICS Test Conditions (Unless otherwise specified) VSUPPLY = ±15.0V; CH = 1000pF; 
Digital Input (Pin 14), VIL = +O.8V (Sample), VIH = +2.0V (Hold) 

PARAMETER TEMP 

INPUT CHARACTERISTICS 

*Offset Voltage +250C 
Full 

*Bias Current +250C 
Full 

*Offset Current +250C 
Full 

Input Resistance +250C 

Common Mode Range Full 

TRANSFER CHARACTERISTICS 

*Large Signal Voltage Gai~ (Note 1,4) Full 

*Common Mode Rejection (Note 2) Full 

Hold Mode Feedthrough Attenuation (Note 9) Full 

Gain Bandwidth Product (Note 3) +250 C 

OUTPUT CHARACTERISTICS 

*Output Voltage Swing (Note 1) Full 

Output Current +250C 

Full Power Bandwidth (Note 3, 4) +250 C 

Output Resistance (D.C') +250C 

TRANSIENT RESPONSE 

Rise Time (Note 3, 5) +250C 

Overshoot (Note 3, 5) +250C 

Slew Rate (Note 3, 6) +250C 

DIGITAL INPUT CHARACTERISTICS 

Digital Input Current (VIN = OV) Full 

Digital Input Current (VIN = +5.0V) Full 

Digital Input Voltage (Low) Full 

Digital Input Voltage iHigh) Full 

SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time to .1% 10V Step (Note 3) +250C 

Acquisition Time to .01% 10V Step (Note 3) +250 C 

Aperture time (Note lOJ +250C 

Effective Aperture Delay Time +250C 

Aperture Uncertainty +250C 

*Drift Current (Note 3, 8) +250C 
Full 

*Charge Transfer (Note 8) +250C 

POWER SUPPLY CHARACTERISTICS 

'''Supply Current (+) +250C 
*Supply Current (-) +250C 

*Power Supply Rejection Full 

NOTES: 1. RL = 2kn 
2. VCM = ±1 OVDC 
3. AV = +1, RL = 2kn, CL = SOpF 
4. VOUT = 20V peak-to-peak· 
5. VOUT = 200mV peak-to-peak 

HA-2420-2 HA-2425-5 

MIN TYP MAX MIN TYP MAX UNITS 

2 4 3 6 mV 
3 6 4 8 mV 

40 200 40 200 nA 
400 400 nA 

10 50 10 50 nA 
100 100 nA 

5 10 5 10 Mn 
±10 ±10 V 

25K 50K 25K 50K V/V 

80 90 74 90 dB 

-76 -76 dB 

2.5 2.5 MHz 

±10 ±10 V 

±15 ±15 rnA 

100 100 kHz 

.15 .15 n 

50 75 50 75 ns 

25 40 25 40 % 

5 7 3 7 V/J.lS 

0.8 0.8 rnA 

20 20 JJ.A 
0.8 0.8 V 

2.0 2.0 V 

4 4 J.ls 

5 5 J.ls 

30 30 ns 

30 30 ns 

5 5 ns 

5 50 5 50 pA 
0.5 4.0 0.5 1.0 nA 

5 10 5 10 pC 

3.5 5.5 3.5 5.5 rnA 

2.5 3.5 2.5 3.5 rnA 

-80 -90 -74 -90 dB 

6. VOUT = 10.0V peak-to-peak' 8. VIN = OV 
7. Derate Power Dissipation by 

4.3mW/oC above +1050 C 
Ambient Temperature 

9. tiN ~ 100kHz 
10. Derived from computer 

simulation only; not tested. 
* 1 00% Tested for DASH 8 
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PERFORMANCE CURVES 

VSUPPLY = ±15VDC, TA = +250 C, CH = 1,OOOpF Unless Otherwise Specified 

. TYPICAL SAMPLE AND HOLD PERFORMANCE 
AS A FUNCTION OF HOLDING CAPACITOR 

1000 

100 

10 

1.0 

0.1 

.01 

MINIMUM SAMPLE TIME 
FOR 0.1% ACCURACY 
10V SWINGS -Iolsec ~ 

~~DRIFT DURING HOLD@- I 
~ 250C MILLIVOLTS/SEC L 

~ 

lOpF 

"-
UNITY GAIN PHASE ~ 7' 

""'- MARGIN: DEGREES ./ 

""'- V 

~ ""'-
UNITY~AIN ~ "-
BANDWIDTH: 
MHz 

I " "' SLEW RATE/CHARGE 
RATE: VOLTS/ 
MlfROSECON? 

/ 

SAMPLE TO HOLD 
OR OFFSET ERR 

MILLIVOLTS 

.............. 
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...... 
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...-
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E -70 _ :./ 

4{ -80 -----... 

-9OL----1 ~~~~ 
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BROADBAND NOISE CHARACTERISTICS 
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FEATURES 

• GAIN, dc 2 x 106 VIV 

• ACQUISITION TIME 1.0 liS (0.01%) 

• DROOP RATE 0.0811V/lIs (250 C) 

17 lIV/lIS (FULL TEMP) 

• APERTURE TIME 25ns 

• PEDESTAL ERROR 1.0 mV 

• INTERNAL HOLD CAPACITOR 

• FULL Y DIFFERENTIAL INPUT 

• TIL COMPATIBLE 

APPLICATIONS 

• PRECISION DATA ACQUISITION SYSTEMS 

• D/A CONVERTER DEG LlTCHING 

• AUTO-ZERO CIRCUITS 

• PEAK DETECTO RS 

PINOUT 

TOP VIEW 

~ 
-INPUT [ 1 14 J S/H CONTROL 

+INPUT [ 2 13 ]SUPPL Y GND 

OFFSET ADJ. [ 3 12 ] N.C. 

OFFSET ADJ. [ 4 11 ] EXTERNAL 
HOLD CAPACITOR 

v- [ 5 10 ] N.C. 

REFGND[ 6 9 Jv+ 

OUTPUT [ 7 8 ] INTEGRATOR 
.... ____ ..... BANDWIDTH 
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HA-5320 
High Speed 

Precision Monolithic 
Sample and Hold Amplifier 

DESCRIPTION 

The HA-5320 was designed for use in precision, high speed data 
acquisition systems. 

The circuit consists of an input transconductance amplifier capable of 
providing large amounts of charging current, a low leakage analog switch, 
and an output integrating amplifier. The analog switch sees virtual 
ground as its load; therefore, charge injection on the hold capacitor is 
constant over the entire input/output voltage range. The pedestal 
voltage resulting from this charge injection can be adjusted to zero by 
use of the offset adjust inputs. The device includes a hold capacitor. 
However, if improved droop rate is required at the expense of acquisi
tion time, additional hold capacitance may be added externally. 

This monolithic device is manufactured using ,the Harris dielectric 
isolation process, minimizing stray capacitance and eliminating SCR's. 
This allows higher speed and latch-free operation. The HA-5320 requires 
±15V, and is available in a ceramic or plastic 14-pin DIP. 

FUNCTIONAL DIAGRAM 

OFFSET 
ADJUST 
~ 

00 
3 4 

-INPUT 0-~1-f----f~""'" 
+INPUT ~ 2 I 

v+ 

HA-6320~I~ 
1- - '- 1 7 I + >-----;--O~OUTPUT 

I 
I 

StH 14 I 
CONTROL 0-~-f----t .J---' 

~3 6/ 
SUPPLY v

GND 

11 (6 08 

REF INTEGRATOR 
GND BANDWIDTH 

( 
EXTERNAL 

HOLD 
CAPACITOR 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS Internal Power Dissipation 450mW (Note 2) 
Voltage between V+ and V- terminals 40V Operating Temperature Range 
Differential Input Voltage ±24V HA-5320-2/S -550C ~ TA ~ +1250C 
Digital Input Voltage (Pin 14) +SV, -15V HA-5320-5 OOC~ TA ~ +750C 
Output Current, continuous ±20mA (Note 1) Storage Temperature Range -65°C ~ TA ~ +1500 C 

ELECTR ICAl CHARACTER ISTICS Test Conditions (unless otherwise specified) 
V Supply = ±15V; CH - Internal; Digital Input (Pin 14), VAL = +O.BV (sample), VAH = +2.0V (hold). 

HA-532D-2/8 HA-5320-5 

PARAMETER TEMP MIN· 1 TYP 1 MAX MINt TYP IM~X UNITS 

INPUT CHARACTERISTICS 

Input Voltage Range Full ±10 ±10 V 
Input Resistance 25°C 1 5 1 5 Mil 
I nput Capacitance 25°C 31 3 pF 
Offset Voltage 25°C 0.2 0.5 0.5 1.0 mV 

Full 2.0 1.5 mV 
Bias Current 25°C 70 200 100 300 nA 

Full 200 300 nA 
Offset Current 25°C 30 100 30 300 nA 

Full 100 300 nA 
Common Mode Range Full ±10 ±10 V 
CMRR (Note 3) 25°C SO 90 72 90 dB 
Offset Voltage T.C. Full 5 15 5 20 JJV/oC 

TRANSFER CHARACTERISTICS 

Gain, dC 25°C lOS 2xl0S 3xl05 2xl0S VN 
Gain Accuracy, Av = +1 25°C .5xl0-4 .5xl0-4 %FSR 
Gain Accuracy, T.C. Full ±.S ±.S ppm/DC 

Gain Bandwidth Product 25°C 
(Note 4,5) CH = 100pF 2.0 2.0 MHz 

CH = 1000pF .18 .1S MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Full ±1O ±10 V 
Output Current 25°C HO ±10 rnA 
Full Power Bandwidth 25°C SOO SOO KHz 

(Note 4, S) 
Output Resistance 25°C 1.0 1.0 n 

(Hold mode) 
Total Output Noise, DC to 10 MHz 

I 125 I I I 1251 200 Sample I 25°C 200 JJV RMS 
Hold 25°C 1251 200 1251 200 JJV RMS 
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SPECIFICATIONS (continued) 

PARAMETER 

TRANSIENT RESPONSE 

Rise Time (Note 5) 
Overshoot (Note 5) 
Slew Rate (Note 7) 

"- DIGITAL INPUT CHARACTERISTICS 
o ..... 
o 
::3 
'U 
c: 
o 
o 
E 

Input Voltage (High), VAH 
Input Vortage (Low), V A L 
Input Current (VAL = OV) 
Input Current (VAW +5V) 

Q) SAMPLE/HOLD CHARACTERISTICS en 
CJ) 
.~ 

"-
CO 
:c 

Acquisition Time (.1 %) 
(Note 7) 

Acquisition Time (.01%) 
(Note 7) 

Aperture Time (Note 8) 
Effective Aperture Delay Time (See Glossary) 
Aperture Uncertainty 
Droop Rate 
Droop Rate ~ 

Drift Current (Note 9) 
Drift Current (Note 9) 
Charge Transfer (Note 9) 
Hold Mode Settling Time (.01%) 
Hold Mode Feedthrough 

10Vp-p,100KHz 

POWER SUPPLY CHARACTERISTICS 

Positive Supply Voltage 
Negative Supply Voltage 
Positive Supply Current (Note 10) 
Negative Supply Current (Note 10) 
Power Supply Rejection v+ 

(Note II) V-

I NOTES: 

TEMP 

25°C 
25°C· 
25°C 

Full 
Full 
Full 
Full 

25°C 

25°C 

25°C 
25°C 
25°C 
25°C 
Full 
25°C 
Full 
25°C 
Full 
Full 

Full 
Full 
25°C 
25°C 
Full 
Full 

1. Internal Power Dissipation may limit Output Current below 
+20mA. 

2960 

2. Derate power dissipation by 4.3 mW/oCabove 
105°C ambient. 

3. Vern = +5V DC 

4. Av = +1; RL = 1KO; CL = 50pF 

5. Vo = 200mVpp; RL = 2KO; CL = 50pF 

6. Vo = 20Vpp. 

HA-5320-21S HA-5320-5 

MIN I TYP I MAX MIN I TYP I MAX UNITS 

100 100 nS 
15 15 % 
45 45 V/ jJS 

2.0 2.0 V 
0.8 O.S V 

4 4 jJA 
0.1 0.1 jJA 

.8 1.2 .8 uS 

1.0 1.0 jJS 

25 25 nS 
-25 -25 nS 

1 1 nS 
.08 .08 jJV/us 
17 1.2 jJV/us 
8 8 pA 

1.7 .12 nA 
0.1 0.1 pC 
185 185 nS 
2 2 mV 

! 
+14.5 +15 +16 +14.51 +15 +16 V 
-14.5 -15 -16 -14.5 -15 -16 V 

80 
65 

11 13 11 13 rnA 
-11 -13 -11 -13 rnA 

80 dB 
65 dB 

7. Vo = 10V step; RL = 2KO; CL = 50pF 

8. Derived from computer simulation only; not tested. 

9. V1N = OV, VAH = +3.5V, tr < 50ns (VAL to VAH). 

10. Specified for a zero differential input voltage between pins 1 and 
2. Supply current will increase with differential input (as may 
occur in the Hold mode) to approximately ± 28mA at 20V. 

11. Based on a one volt delta in each supply, ie: 15V ± 0.5 VDC. 
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FEATURES 

• MICROPROCESSOR COMPATIBLE 
• CONVERSION TIME 10psec MAX 

OVER TEMP. 
• NO MISSING CODES OVER TEMPERATURE 
• INTERNAL +10V REFERENCE 
• INTERNAL CLOCK WITH EXTERNAL 

OVERRIDE CAPABILITY 

• SERIAL OUTPUT 
• TTL/CMOS COMPATiBLE 
• TRISTATE PARALLEL OUTPUTS 

• 40 PiN DiP 
• MIL-STD-883 PROCESSING AVAILABLE 

APPLICATIONS 

• MULTI-CHANNEL DATA ACQUISITION 
SYSTEMS 

• STATUS MONITORING SYSTEMS 

• PROCESS CONTROL SYSTEMS 

ct INSTRUMENTATION 

• HIGH RELIABILITY OAS's 

piNOUT 

BIPOLAR 4 
OFFSET 

ZERO 
ADJ 

CHIP 
ENABLE 

ANALOG 
PWRGND 

ENABLE 
BIT 9~12 

ENABLE 
BIT 1-3 

SERIAL 

32 STATUS 

OUT 

OIGITAl 
GND 
~----~ 

Copyright © Harris Corporation 1983 

@ Ie MASTER 1984 

START 
CONV 
MSBJMSa 
SELECT 

CLOCK 
IN 

BIT1 
1MS81 

DESCRIPTION 

HI-5712/5712A 
H igb Performance 

12 Bit Analog to 
Digital Converter 

The HI-571215712A is a 12-bit successive approximation analog-to-digital 
converter (ADC) intended for high-speed, high-performance data conversion 
applications. An 8J.ls conversion time for an accurate 12 bit conversion with 
low gain and offset temperature coefficients are among its many features. 
Numerous functions can be software controlled to meet a variety of ADC 
requirements. 

The highly flexible input design accepts user programmed unipolar and bipolar 
inputs of: 0 to +10V, 0 to +20V, ±5V and ±10V full scale signal levels. The 
internal precision + 1 OV reference delivers up to 10mA of output current with 
ultra high temperature stability. This reference is intended for biasing the 
ADC reference input, althQugh othei configurations can be impiemented. 
A remote sense line is provided for applications requiring usage of the precision 
reference elsewhere in the system. 

The output code select line and the short cycle control inputs are latched inter
nally for microprocessor compatibility and provide selection of either binary 
or 2's complement output code, and resolution of 6, 8, 10 or 12 bits, respec
tively. A flexible interface is provided for 8, 12 and 16 bit systems via the chip 
select line and the word length control 'pins. The latter allows independent 
tri~state enabling of parallel output bits 1-8 and 9-12. A serial data output line 
is provided for applications requiring remote data transmission. 

The Ht-5712/5712A is manufactured with hermetically sealed leadless chip 
carriers (LCC's) mounted to both sides of a multi-layer ceramic substrate 
which results in a compact 40.pin dual-in-line package. The HI-5712A is 
intended for military , industrial and instrumentation applications. M IL-STO-
883 class B and high reliability commercial grades are both available as standard 
products. 

FUNCTIONAL DIAGRAM 

CHIP ENABLE 

START CONY. 

CLOCK IN 

CLOCK OUT 

SERIAL OUT 

MSBIMSBSEl 

SHORTCY A 

SHORTCY B 

20V 
FS 

lOV BIPOLAR VREF 
FS OFFSET IN 

VREF VREF 
OUT SENSE 

Vps' 

Vps

L--~N'--\-+-----t';;'+ RLS 
'-+.IV'-'-<_'-+--+ ANALOG GND 

DIGITAL GND 

VLOGIC 

ZERO ADJ. 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (NOTE 1i 

Power Supply Inputs Power Dissipation (Pd) 2 Watts 
Vps+ +20V Operating Temperature Range 
Vps- -20V HI-5712-2, HI-S712A-2 SsoC to + 1250C 

VLOGIC +10V HI-5712-S,HI-5712A-S OOC to +7SoC 
VREF IN (Pin 37) OV, Vps+ HI-5712-7,HI-S712A-7 OOC to +7SoC (Hi ReI) 

VREF SENSE (Pin 39) OV, Vps+ HI-S712-8, HI-S712A-8 -5SoC to +12SoC (Hi ReI) 
Digital Inputs -lV, VLOGIC Storage Temperature Range 650C to + 1500C 

~ 

o -o 
:J 
-C 
§ ELECTRICAL CHARACTERISTICS 
o (T A = +2SoC, Vps = +15V, Vps- = -lSV, VLOGIC = +5V, VREF In = Internal VREF, 
E Full Scale = +10V, Conversion-Speed = 9/ls TYP (Internal Clock), 12-BIT Conversion, Unless 
£, otherwise noted) 

en 
.~ 

~ 

as 
:r: I PARAMETER 

RESOLUTION 
NONLINEARITY HI-5712A 

HI-5712 

DIFFERENTIAL 
HI-57l2A 

NONLINEARITY 

HI-5712 

INHERENT QUANTIZATION 

ERROR 
UNIPOLAR OFFSET ERROR (Note 2) 

(Adjustable to Zero) 

BIPOLAR OFFSET ERROR (Note 2) 

(Adjustable to Zero) 

GAIN ERROR (note 2) 

(Adjustable to Zero) 

ADJUSTMENT RANGE 

UNIPOLAR OFFSET 
BIPOLAR OFFSET 
GAIN 

TEMPERATURE STABILITY 

(With I nternal V REF) 
UNIPOLAR OFFSET HI-5712A 

DRIFT HI-5712 

BIPOLAR OFFSET HI-S712A 

DRIFT HI-57l2 

GAIN DRIFT HI-5712A 

HI-5712 

I TEMP 

Full 

+250C 
Full 

+250C 
Full 

+250C 
Full 

+250C 
Full 

Full 

+250C 

+250C 

+250C 

+250C 

+250C 

+250C 

Full 

Full 
Full 

Full 
Full 

Full 

HI-S712A-2 HI-5712-2 HI-5712A-5 HI-S712-S 

HI-5712A-8 HI-5712-8 HI-5712A-7 HI-5712-7 

MIN I TYP I MAX MIN I TYP I MAX UNITS 

12 12 BITS 

±1/4 ±112 :t1/4 :t112 LSB 

~1/4 ~1/2 :!:.1/4 :!:.1/2 LSB 

~1/4 ~1/2 :!:.1/4 :!:.112 . LSB 

:!:1/2 ±1 :!:.112 ±l LSB 

:!:1/4 ±1/2 :!:1/4 :!:.112 LSB 

~1/4 ~112 ±1/4 ±1/2 LSB 

~1/4 ~112 :!:.1/4 ~112 LSB 

!1/2 ±1 :!:.1/2 ±1 LSB 

NO MISSING CODES GUARANTEED OVER TEMPERATURE 

±1/2 ±.1/2 LSB 

.3 .6 .3 .6 %FSR 

.3 .6 .3 .6 %FSR 

.1 .3 .1 .3 %FSR 

±1 ±2 ±1 ±2 %FSR 

±1 :t2 ±1 ±2 %FSR 

.3 .3 %FSR 

±2 15 ±2 ±5 ppm FSR/oC 
±4 ±15 ±4' ±15 ppm FSR/oC 
±4 ±10 ±4 ±10 ppm FSR/OC 

~8 :!:25 ±8 :!:25 ppm FSR/OC 

.±5 ±10 2:S ±10 ppm FSR/oC 

!10 ±20 .±10 ±20 ppm FSR/oC 
NO MISSING CODES GUARANTEED OVER TEMPERATURE 

I 
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SPECIFICATIONS (Continued) 

PARAMETER 

CONVERSION SPEED (Internal Clock) 

12 BIT 

10 BIT 

8 BIT 

6 BIT' 

MAXIMUM CONVERSION SPEED AT 

12 BITS WITH EXTERNAL CLOCK 

(Note 3) 

ANALOG INPUT CHARACTERISTICS 

INPUT VOLTAGE RANGE 
UNIPOLAR 

BIPOLAR 

I 20V FS (PIN 5) 

VREF IN (PIN 37) 

ANALOG OUTPUT CHARACTERISTICS 
VREF OUTPUT VOLTAGE 

VREF OUTPUT CURRENT 
VREF OUTPUT HI-5712A 

TC HI-5712 

DIGITAL INPUT CHARACTERISTICS 
INPUT VOLTAGE (Note 8) 

LOGIC 1 

LOGIC 0 
INPUT CURRENT (Note 8) 

LOGIC 1 (VCC) 

LOGIC 0 (GND) 

EXTERNAL CLOCK (Note 3) 

DIGITAL OUTPUT CHARACTERISTICS 
OUTPUT VOLTAGE 

LOGIC 1 IOH = -800 A 

LOGIC 0 IOL=+3.2mA 

OUTPUT CURAENT 

LOGIC 1 VO = 3.5V 

LOGIC 0 VO = .4V 

DIGITAL INPUT TIMING CHARACTERISTICS 

CHIP ENABLE TO START CONVERT ted 

START CONVERT PULSE LOW tscl 

START CONVERT PULSE HIGH tsch 

CONTROL SETUPTIME ts 

CONTROL HOLD TIME th 

CLOCK INPUT LOW tpwl 

CLOCK INPUT HIGH tpwh 

CLOCK INPUT PERIOD tel 
ENABLE 1-8,9-12 PULSE WIDTH tern 

@ Ie MASTER 1984 

TEMP 

+250 C 

" 
" 
" 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

+250 C 

Full 
. Full 

Full 

Full 

Ful! 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

Full 

HI-5712A-2/-8 
HI-5712-2/-8 

MIN TYP 

9.0 

6.8 

5.6 

4.4 

6.5 

10 

20 

±5 ±5 

±lQ ±.10 

1.6 2 

3.2 4 

6.4 8 

9.970 10.000 

10 

±10 
±10 

3.3 2.7 

1.2 

-25 0 
-200 

3.5 4.0 

.2 

-800 -1000 

3.2 4.0 

50 

100 
50 

100 

100 

125 

150 

400 

100 

MAX 

10.0 

8.5 

7.0 

5.4 

2.4 

4.8 

9.6 

10.030 

±15 
±15 

.8 

+25 

-400 

2.5 

.4 

MIN 

10 

20 

±5 

.±10 

1.6 
'3.2 

6.4 

9.970 

10 

3.3 

-25 

3.5 

-800 

3.2 

50 

100 
50 

100 

100 

125 

150 

400 

100 

HI-5712A-5/-7 
HI-5712-5/-7 

TYP 

9.0 

6.8 

5.6 

4.4 

6.5 

±5 

±10 

2 

4 

8 

10.000 

±10 
±10 

2.7 

1.2 

0 

-200 

4.0 

.i 

-1000 

4.0 

MAX 

10.0 

8.5 

7.0 
5.4 

7.4 

4.8 

9.6 

10.030 

±15 
.:!:15 

.8 

+25 
-400 

2.5 

.4 

UNITS 

J1S 

J1S 
J1s 

J1S 

J1s 

v 
V 

v 
V' 

KD 

V 

rnA 
ppm FSR/OC . 

ppm FSR/oC 

V 
V' 

J1A 

J1A 

MHz 

V 

V 

J1A 
rnA 

nsec 
nt!'ol" II.,,,,, 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 

nsec 
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SPECIFICATIONS (Continued) 

HI-5712A-2/-8 H 1-5712A-5/-7 
HI-5712-2/-8 HI-5712-5/-7 

I PARAMETER I TEMP MIN I TYP I MAX MIN I TYP I MAX UNITS I 
DIGITAL OUTPUT TIMING CHARACTERISTICS (See Figure 6) 

~ 

o ..... 
o 
:J 
'C 
c:: 
o 
o 
E 
Q) 

en 
en 
";: 
~ 

THREE STATE ENABLE DELAY , toe 

THREE STATE DISABLE DELAY tod 

START CONVERT TO STATUS DELAYtsd 
START CONVERT TO CLOCK OUT DELAY 

tscd 
CLOCK TO SERIAL OUT DELAY tpsd 
LASTCLOCKTOSTATUSDELAY tscdt 
PARALLEL DATA TO 

STATUS DELAY tds 

LAST SERIAL BIT TO 

STATUS DELAY tda 
CLOCK INPUT TO CLOCK 

OUT DELAY tdcl 
~ PARALLEL DATA OUTPUT CODES 

UNIPOLAR (Note 4) 

BIPOLAR (Note 4) 

SERIAL DATA OUTPUT CODE 

POWER SUPPLY REQUIREMENTS (Note 5) 

Vps+ 
Vps-

VLOGIC 
Ips+ 
Ips-

ILOGIC 
POWER SUPPLY SENSITIVITY (Note 6) 

I Vps+ = +13.5V to +lS.5V 

Vps- = -15V, VLOGIC = +5V 
UNIPOLAR OFFSET 

BIPOLAR OFFSET 
GAIN 

Vps-= -13.5V to -16.5V 

Vps+ = +15V, V LOGIC = +5V 

UNIPOLAR OFFSET 

BIPOLAR OFFSET 

GAIN 

VLOGIC = +4.5V to +5.5V 
Vps+=+15V, Vps-= -15V 

CONVERSION SPEED (12 Bit with 
Internal Clock) 

2964 

Full 
Full 
Full 

Full 100 

Full 50 

Full 50 

Full 50 

Full 

Full +13.5 
Full -13.5 

Full +4.5 
Full 
Full 

Full 

40 50 40 50 nsec 
60 lQO 60 100 nsec 
70 100 70 100 nsec 

200 500 200 500 nsec 
150 200 100 150 200 nsec 

75 100 50 75 100 nsec 

75 50 75 .nsec 

75 50 75 nsec 

25 50 25 50 nsec 

Positive True Binary 
Positive True Offset Binary 

Positive True Two's Complement Binary 
Positive True NRZ Code 

+15 +16.5 +13.5 +15 +16.5 V 

-15 -16.5 -13.5 -15 -16.5 V 

+5 +5.5 +4.75 +5 +5.25 V 

27 35 27 35 mA 

42 50 42 50 rnA 

4.5 15 4.5 15 rnA 

2 5 2 5 ppm of . 

2 4 2 4 FSRI 

1 3 1 3 %ap.s. 

2 5 2 5 

2 4 2 4 

1 3 1 3 

±5 ±10 ±5 ±10 % 
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NOTES: 1. Absolute maximum ratings are limiting va!ues, applied individually, beyond which the serviceability of the 
circuit may be impaired. Functional operation under any of these conditions is not necessarily implied. 

2. See FiQure 2 for connections. The initial errors are adjustable to zero by using external trim potentiometers 
as shown in Figure 3, and 4. 

3. The HI-5712A will operate at these speeds (tor 12 bit conversion), but parametric performance is not guaranteed. 
4. See operating instructions for details. 
5. After SO seconds warm-up. 
S. See definitions. 
7. Thes"e terminals will be used in the future for additional functions. Do not make connections to these pins in 

your system. 
8. TTL compatibility guaranteed. 

PIN FUNCTIONS AND DESCRIPTIONS 

PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION 

1 Vps- -15V Power Supply Terminal 13 CLOCK SA R Clock Output. Used for 
2 NC No Connection See Note 7 OUT Decoding Serial Out Data 

14 BIT 12 Output Data Bit (LSBI 
11::: DIT 11 Output Data Bit '" UII II 

3 NC 

I 
No Connection See Note 7 

4 BIPOLAR Connectto VREF for Bipolar Input 
OFFSET Mode. See Operating Instructions 

for Details. 16 BIT 10 Output Data Bit 

17 BIT 9 Output Data Bit 

5 20V FS 20V Full Scale Analog Input 18 BIT 8 Output Data Bit 
S 10V FS 10V Full Scale Analog Input 19 BIT 7 Output Data Bit 
7 ANALOG Analog Power Supply Return 20 DIGITAL Digital Power Supply Return 

GND 

21 VLOGIC +5V Power Supply Terminal 

22 BIT 6 Output Data Bit 

23 BIT 5 Output Data Bit 

24 BIT 4 Output Data Bit 

25 BIT 3 Output Data Bit 

26 BIT 2 Output Data Bit 

27 BIT 1 Output Data Bit (MSB) 

GND 

I 
8 ENABLE Output "Three State" Control. An 

BIT9-12 Input "0" Enables Bits 9 through 

I 
12, whereas a "1" Switches these 
Bits to a High Impedance State. 

9 ENABLI: Output "Three State" Control. An 
BIT 1-8 Input "0" Enables Bits 1 through 

8, whereas a "1" Switches these 
Bits to a High Impedance State. 

28 NC No Connection. See Note 7. 
29 CLOCKIN An External Clock Signal Applied 

10 SERIAL NRZ Serial Data Output. 
OUT To be used in Conjunction with 

Clock Out for Remote Data 
Transmission to this Input Overrides the 

Internal Clock. 
30 MSB/MSB Digital Input Pin. A"l" Applied 

11 SHORT See Description for Pin 12 
CY B 

12 SHORT Digital Inputs Applied to short SEL to this Terminal Selects a Straight 

CY A cycle A and B selects a conversion Binary or Offset Binary Output 

of S, 8, 10, or 12-bits: Code. A "0" Inverts the MSB to 
Yield a 2's Complement Binary 
Output Code. BITS SHORT CY A SHORT CY B 

11 START CONV 
I 

Digital Input Pin. A High to Loyy I ~. 
Transition Initiates the ADC 

S n n 

I I 
u u 

8 0 1 
10 1 0 Conversion Cycle. 

12 1 1 32 STATUS Digital Output Pin. A "1" 
Indicates that the ADC is Busy, 
While a "0" Denotes that Con-
version is Completed and Data is 
Ready for Retrieval. 
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PIN FUNCTIONS AND DESCRIPTIONS 

PIN SYMBOL DESCRIPTION 

33 CHIP Digital Input Pin. A "1" Forces 
ENA~LE the Output Data, Serial Out and 

Status Terminals to a High Im-
pedance State and the ADC is 
Disabled. A "0" Enables these 
ADC Functions. 

34 RLS Reference Low Sense. 

35 ZERO ADJ External Zero Adjustment Pin, 
See Operating Instructions for 
Details. 

8 APPLYING THEHI-5712/5712A 
E 
~ OPERATING INSTRUCTIONS 

2966 

Conventional ADC systems provide maximum performance 
when the analog and digital ground lines are tied together 
at the ADC terminals. This minimizes analog interference 
due to digital switching noise. For optimum performance, 
this external grounding procedure should be followed in 
HI-5712/5712A installations to reinforce the unit's internal 
analog-to-digital ground connections. Under no circum
stances should the Reference Low Sense (R LS) term inal 
(Pin 34) be connected to system ground. 

In practice, the Reference Low Sense (RLS) terminal (Pin 
34) normally is connected to zero adjust (or error amplifier) 
input terminal (Pin 35), either directly or through an appro
priate resistor network. See figures 3 and 4. 

On the HI-5712/5712A substrate, the power supply lines 
to each active component are bypassed to ground 
with 0.01 J.l F chip capacitors for high frequency noise rejec-

CONTROL AND INTERFACE 
The HI-5712/5712A features a versatile set of controlling 
functions which allows a wide variety of applications, in
cluding microprocessor bus interfacing. 

When the chip enable is set to low, the. internal registers 
are enabled, and the output data lines can be enabled via 
the output enable control lines. The conversion cycle 
is initiated at the falling edge of the start conversion pulse. 
At this time, the MSB/MSB Select, Short Cycle A, and 
Short Cycle B control information is latched into the internal 
registers. The status line is also forced into an active high 
state indicating that a conversion is taking place. At the 

II 

PIN SYMBOL DESCRIPTION 

36 NC No Connection. See Note 7; 

37 VREF IN +10V Reference Input to ADC. 
38 VREF OUT Internal +10V Reference Output, 

Normally Connected to VREF IN 
(Pin 37). 

39 VREF SENSE Internal +10V Reference Sensing 
Terminal, Normally connected to 
VREF Out (Pin 38). See Oper-
ating I nstructions for Details. 

40 Vps+ +15V Power Supply Terminal. 

tion. For best accuracy, the grounding and decoupling 
schemes shown in Figures 3 and 4 are recommended. The 
10J.l F bypass capacitors shown should be connected as 
close as possible to the HI-5712/5712A, preferably at the 
device pin. 

For applications where usage of potentiometers is highly 
undesirable, the trim pots shown in Figures 3 and 4 can 
either be deleted or replaced by precision fixed resistors. 
(Delete R3 and R4; replace R 1 with 25 ohms). When 
precision fixed resistors are used, the initial offset error 
and gain error contributions are as specified in page 2. 

NOTE: The HI-5712/5712A may latch up if the device 
is enabled before applying power. Disabling the device 
following power turn on will remedy this situation. Care 
supplies do not excessively overshoot their final value during 
turn on. 

end of the conversion cycle the status line will be set to low 
to signify that the data is ready at the tri-state buffers. The, 
var~ous timing relationships are shown in Figure 1. 

There are two distinct modes of operation, namely, contin
uous conversion and single step conversion. Continuous 
conversion can be easily achieved by connectirig the Status 
line to the Start Convert pin. In this application, an in
decision state may occur during the initial power-on con
ditions. Normal operation is restored by pulsing the chip 
enable pin to logic high for a period greater than 100 ns. 
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APPLYING THE HI-571215712A 

CHIP ENABLE 
t------------- CONVERSION TIME ----------i .. ~1 r---

~----------------~------------------~I ~ 

START CONVERT 

STATUS 

CLOCK 

OUTPUT 

SERIAL OUT 

ENABLE 1~ 
ENABLE 9-12 

DATA OUT 

MSB/MSB 
SHORTey A,B ~ ) 

~ r-tpWI 

EXTERNAL 
CLOCK INPUT 

(IF USED) 

FIGURE 1. HI-571215712A TIMING DIAGRAM 

REMOTE DATA TRANSMISSION 

The Serial Data Out is mainly used for remote data trans
mission, where only a limited number of wires are available. 

Serial Output is bit by bit (MSB first, .lSB last) in a N RZ 
(nonreturn-to-zero) format. It changes state only at the 
positive going edges of the Clock Out, and remains valid 
during the whole clock period. Parallel data can be con
structed by clocking the seria~ data into a receiving shift 
register. 

In order to minimize transmission error, the negative-going 
edge of the clock should be used to clock data into the remote 
shift register. The parallel data. will be valid once the status 
line returns to low. The clocking scheme is shown in 
Figure 1, 

SIGNALS 
TO/FROM 

HJ7~~2/ 

+5V 

4.7k 

-

"SERIAL OUT , 

,-CLOCK OUT 

II' ... STATUS , .. ........... 
74LSOO 

2 
B 

1 
-A 

6 BIT1 
74LSl64 

BIT2 
8 

5 -. 4 BIT3 

CLEAR 3 B1T4 

y9 

b9 
131 BIT5 2 

B 12 BIT6 

11 BIT7 

1 
A 

10 BITS 

6 BIT9 
74LSl64 

S 
5 BIT 10 

4 BIT 11 

CLEAR 
3 BIT 12 

m 

(MSB) 

PARALLEL 
DATA 
OUT 

eLSB) 

STARTCONV. y9 
...... STARTCO NV. L...I"' 

FIGURE 2. DECODING SERIAL DATA OUT 
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INPUT CONNECTIONS AND CALIBRA TION PROCEDURES 

HI-5712/5712A CALIBRATION CHART 

ANALOG MSB/MSB OFFSET ADJUST ADJUST R3 FOR GAIN ADJUST ADJUST Rl FOR 
OPERATING INPUT R2 BIAS SELECT ANALOG INPUT DITHER BETWEEN ANALOG INPUT DITHER BETWEEN 

MODE CONNECTION RESISTOR PIN 30 VOLTAGE CODES VOLTAGE CODES 

UNIPOLAR STRAIGHT 10VFS 667n HIGH +1.22mV 0000 0000 0000 +9.9963V 111111111110 
BINARY PIN 6 0000 0000 0001 1111 1111 1111 
OV to +10V 

UNIPOLAR STRAIGHT 20VFS 800n HIGH +2.44mV 0000 0000 0000 +19.9927V 111111111110 
BINARY PIN 5 0000 0000 0001 1111 1111 1111 
OV to +20V 

BIPOLAR OFFSET 10VFS 580n HIGH -4.9988V 0000 0000 0000 +4.9963V 111111111110 
BINARY PIN 6 000000000001 0111 1111 1111 
-5V to +5V 

BIPOLAR OFFSET 20V FS 667H HIGH -9.9976V 0000 0000 0000 +9.992,7V 111111111110 
BINARY PIN 5 0000 0000 0001 1111 1111 1111 
-10V to +10V 

BIPOLAR 2's lOV FS 580n LOW -4.9988V 1000 0000 0000 +4.9963V 011111111110 
COMPLEMENT PIN 5 1000 0000 0001 011111111111 
-5V to +5V 

BIPOLAR 2's 20V FS 667n LOW -9.9976V 1 000 0000 0000 !9.9927V 011111111110 
COMPLEMENT PIN 6 1000 0000 0001 011111111111 
10V to +10V 

CALIBRATION PROCEDURE- Refer to Calibration Chart and to Figures 3 and 4 for appropriate analog input 
connections, value. of bias resistor, and MSB/MSB select. 

STEP 1 OFFSET ADJUSTMENT 
• Set analog input to th-e appropriate value for offset adjustment. 
• Adjust R3 for dither between codes shown in calibration chart. 

STEP 2 GA!N ADJUSTMENT 
• Set analog input to the appropriate value for gain adjustment. 
• Adjust R 1 for dither between codes shown in calibration chart. 

NOTE: This calibration procedure insures that the transfer characteristic produced by connecting the midpoints 
of all quantization intervals passes through the origin. 

OV TO+2OV 
5~ 

A:'~ o-0.:.,.V_TO.:.,.+....;10..;,.V ~ 6 ~~V 

9 r- 4 BIPOLAR 
V V OFFSET 

: r:E 39 ~:::E 
GAIN 36 VREF 

ADJ Rl OUT 

+15V 5O!l '¥1 VREF 

r R4 IN 
lOOK!! 

OFFSET 35 ZERO 

ADJ I R3 ~2 ADJ 
20kll BIAS 

34 RLS 
-15V 

+15V 

EN;:~: 33 r-< 
":'~ 30 r--< +5V 

CL~~ 13~ 

SE'g~~ 10~ 

STATUS 32~ 

S~~:~ 31 H 
ENABLE 
BIT 1-8 9 r---< 

BIT 1-8 > 

_-10V TO +10V 5 ~V 

-5V TO +5V 6 10V 
FS 

HI-6712 

r--- 4 BIPOLAR 
R5 OFFSET 

~ 39~:,UE 
GAIN

1 
C ~ 36 VREF 

ADJ Rl OUT 

+15V 5Ol! 

! 
R4 I.-- 37 ~NREF 

OFFSET lOOk!! 35 ZERO 

ADJ ~ ~2_ _ ADJ 

~!! ~ 34RLS 
-15V 

,..----;+15V 
~-__ ~ 40 VPS+ 

10"F .l 

EN;:~: 33~ 
M::~~~30~ 
CL~~ 13~ 

SE'g~~ 10h 

STATUS 32 f----+ 
S~~:~ 31 f--< 

ENABLE 
BIT 1-8 

ENABLE 
BIT 9-12 

BIT 1-8 ) 

8~ 

BIT 9-12 

LSB 
WEIGHT 

2.44mV 

4.88mV 

2.44mV 

4.88mV 

2.44mV 

4.88mV 

ANALOG 
POWER 
SUPPLY 

1~.J.. 40 Vps+ BIT 9--12 ) 

V I VPS- VLOGIC 21 *' J DIGITAL 
1~....... 10!5 POWER 

-15V ~ +5V I I 
'---4f~~ 7 ANALOG DIGITAL 20 SUPPLY 

l.-__ ....J 1.', PWRGND GND " I V I (~ l.-__ .... 

ANALOG 
POWER 
SUPPLY 

-15V . .,.... 1 VPS- VLOGIC 21 +5V I DIGITAL I 
10 f ~ I ::!: l~f I POWER 

~ ~J2'. 7 ANALOG DIGITAL 20 I----+-t__ SUPPLY 

1', PWR GND GND 7r l 
I (.,;, L..-__ ....j 

~ ________________ J 

FIGURE 3. UNIPOLAR INPUT CONNECTIONS 
-STRAIGHT BINARY OUTPUT CODE 

~ ________________ J 

FIGURE 4. BIPOLAR INPUT CONNECTIONS 
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II HARRIS 

FEATURES 

• COMPLETE 12 BIT AID CONVERTER WITH REFERENCE ANO CLOCK. 
• FULLS-, 12- or 16- BIT MICROPROCESSOR BUS INTERFACE. 
.150 nS BUS ACCESS TIME 
• NO MISSING CODES OVER TEMPERATURE 
• MINIMAL SETUP TIME FOR- CONTROL SIGNALS 
• 25 liS MAXIMUM CONVERSION TIME 
• LOW NOISE, VIA CURRENT-MODE SIGNAL TRANSMISSION 

BETWEEN CHIPS 

• BYTE ENABLE/SHORT CYCLE (AeINPUT) 
• GUARANTEES BREAK- BEFORE- MAKE ACTlDN, EUMINATING 

BUS CONTENTION DURING READ OPERATION. LATCHED BY THE 
START CONVERT INPUT (TO SET THE CONVERSION LENGTH) .. 

• IMPROVED SECOND SOURCE FOR AD574A AND HS574 
• ± 12V TO ± 15V OPERATION 

APPUCATIONS 

• MIUTARY AND INDUSTRIAL DATA ACQUISITION SYSTEMS 
• ELECTRONIC TEST AND SCIENTIFIC INSTRUMENTATIDN. 

• PROCESS CONTROL SYSTEMS. 

PINOUT 
TOP VIEW 

+5V SUPPlY VUIIIC - 1 
DATA MODE SElE~ 

1 1-2 

CHIP SELECT, CS - 3 
BYTE ADDRESSISHORT 

CYClE, At - 4 

READ/CONVERT, RIC - 5 HI-574A 
CHIP ENABLE, CE - 6 

+ 15V SUPPlY, Vee - 7 
+1OV REFERENCE 

REFOUT- 8 

ANALOG COMMON, At - 9 
REFEREIICE INPUT 

REF IN - 10 

-15V SUPPlY, Vu - 11 
BIPOLAR OFFSET 

BlPOFF- 12 

10V SPM INPUT, 10V IN - 13 

20V SPM INPUT, 20V IN - 14 

HI-574A 
Fast, Complete 12-8it AID Converter 

with Microprocessor Interface 

DESCRIPTION 

The HI-574A is a complete 12 bit Analog-to-Digital Converter, 
including a + 1 OV reference, clock, three~state outputs and a digital 
interface for microprocessor control. Successive approximation 
conversion is performed by two monolithic dice housed in a 28-pin 
package. Th-e bipolar analog die features the Harris Dielectric 
Isolation process, which provides enhanced AC performance and 
freedom from latch-up. 

Custom design of each IC (bipolar analog and CMOS digital) has 
yielded improved performance over existing versions of this 
converter. The voltage comparator features high PSRR plus a high 
speed current-mode latch, and provides precise decisions down to 
0.1 LSB of input overdrive. More than 2X reduction in noise has been 
achieved by using current inst~ad of voltage for transmission of all 
signals between the analog and digitaIIC's. Also, the clock oscillator 
is current-controlled for excellent stability over temperature. The 
oscillator is trimmed for a nominal conversion time of 20 ± 1 j.Ls. 

The HI-574A offers standard unipolar and bipolar input ranges, laser 
trimmed for specified linearity, gain and offset accuracy. The buried 
zener reference circuit is trimmed for minimum temperature 
coefficient. 

Power requirements are +5V and ± 12V to ± 15V, with typical dissipation of 
515 mW. Three electrical grades each are offered for the commercial and 
military temperature ranges. All models are packaged in a 28 pin side
brazed, ceramic DIP. In addition, parts are available with screening per 
MIL-STD-883 Method 5004, Class B. 

28 f- STATUS, STS 

'£1 -0811 MSB -...... 
26 -0810 

25 -089 

24 r-DB8 

23 ~DB7 DiGITAl 

22 r- DB6 ~ om 
21 I-- DB5 OUTPUTS 

20 ~ DB4 

19 r- DB3 

18 f- DB2 

17f-DB1 

16 r-DBOLSB _~ 
DIGITAL COMMON 

15 I- DC 

CAUTION: These devices are sensitive to electronic discharge. Proper I.C. handling procedures should be followed. 

Copyright © Harris Corporation 1983 
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1218 0 2 
fS ;:: 3 
A. ;:: 4 CONTROL 

LOGIC 

BIT OUTPUTS 
,-----____________ -J~, __________________ ~ 

( MSB LSB, 

Q Q o 0 0 Q o 0 
27 26 25 24 23 22 21 20 19 18 17 16 

NIBBLE' A NIBBLE' B NIBBLE' C 
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SPECIFICATIONS 

(Typical @ +25°C with Vcc = +1SV or +12V, VLOGIC = +SV, VEE = -1SVor -12V unless otherwise specified) 

DC AND TRANSFER ACCURACY SPECIFICATIONS 

MODEL HI-574AJ HI-574AK HI-574AL 

Temperature Range o TO +7S 

Resolution (max) 12 12 12 
Linearity Error 

2SoC (max) ±1 ±1/2 ±112 
O°C to + 7SoC (max) ±1 ±1/2 ±1/2 

. Differential linearity Error 
(Maximum resolution for which no missing codes is guaranteed) 
2SoC 11 12 12 
Tmin to Tmax 11 12 12 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±2 ±2 

Bipolar Offset (max) 
(Adjustable to zero) ±10 ±4 ±4 

Full Scale Calibration Error 
2SoC (max), with fixed SO n resistor from 

I REF OUT to REF IN (Adjustable to zero) 0.3 0.3 0.3 
Tmin to Tmax 

(No adjustment at + 2S°C) O.S 0.4 0.3S 
(With adjustment to zero at +2S°C) 0.22 0.12 O.OS 

Temperature Coefficients 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 

(10) (S) (S) 
Bipolar Offset ±2 ±1 ±1 

(10) (S) (S) 
Full Scale Calibration ±9 ±S ±2 

(45) (25) (10) 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.SV<Vcc<+16.SVor +11.4V<Vcc<+12.6V ±2 ±1 ±1 
+4.SV<VLOGlC< +S.SV ±1/2 ±1/2 ±1!2 
-16.SV<VEE<-13.SVor -12.6V<VEE<-11.4V ±2 ±1 ±1 

Analog Inputs 
Input Ranges 

Bipolar -5 to +S 
-10 to +10 

Unipolar o to +10 
o to +20 

Input Impedance ... _ .. 

10 Volt Span 5K, ± 2S% 
20 Volt Span 10K, ± 2S% 

Power Supplies 
Operating Voltage Range 

VLOGIC +4.S to +5.S 
Vcc + 11 .4 to + 16.5 
VEE -11.4to -16.5 

Operating Current 
I ILOGIC 7 TYP, 15 MAX 

Icc 11 TYP, 15 MAX 
lEE 21 TYP, 28 MAX 

Power Dissipation 515 TYP, 720 MAX 

Internal Reference Voltage + 10.00 ± 0.1 MAX 
Output current,l 2.0 MAX 

available for external loads (External load 
should not change during conversion). 

1 When supplying an external load and operating on ::!: 12V supplies, a buffer amplifier must be provided for the Reference Output. 
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UNITS 

°C 

Bits 

lSB 
lSB 

Bits 
Bits 

lSB 

lSB 

% of ES. 

% of ES. 
% of ES. 

lSB 
(ppmrC) 
lSB. 
(ppm/OC) 
LSB 
(ppm/°C) 

lSB 
LSB 
LSB 

Volts 
Volts 
Volts 
Volts 

Ohms 
Ohms 

Volts 
Volts 
Volts 

I rnA 

I mA 
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mW 
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SPECIFICATIONS II 

(Typical @ + 25°C with Vcc = + 15V or + 12V, VLOGIC = + 5V, VEE = -15V or -12V unless otherwise specified) 

DC AND TRANSFER ACCURACY SPECIFICATIONS 

MODEL (Applicable to 18838 versions also) HI-574AS HI-574AT HI-574AU UNITS 

Temperature Range -55 TO +125 °C 

Resolution (max) 12 12 12 Bits 

Linearity Error 
25°C (max) . ±1 ±1!2 ±1/2 LSB 
- 55°C to + 125°C (max) ±1 ±1 ±1 LSB 

Differential Linearity Error 
(Maximum resolution for which no missing codes is guaranteed) 
25°C 11 12 12 Bits 
Tmin to Tm;x 11 12 12 Bits 

Unipolar Offset (max) 
(Adjustable to zero) ±2 ±2 ±2 LSB 

Bipolar Offset (max) 
(Adjustable to zero) ±10 ±4 ±4 LSB 

Full Scale Calibration Error 
25°C (max), with fixed 50 n resistor from 
REF OUT to REF IN (Adjustable to zero) 0.3 0.3 0.3 % of F.S. 
Tmin to Tmax 

(No adjustment at +25°C) 0.6 0.6 0.4 ' % of F.S. 
(With adjustment to zero at +25°C) 0.5 0.25 0.12 % of F.S. 

Temperature Coefficients 
Guaranteed max change, Tmin to Tmax (Using internal reference) 
Unipolar Offset ±2 ±1 ±1 LSB 

(5) (2.5) (2.5) (ppmJOC) 
Bipolar Offset ±4 ±2 . ±1 LSB 

(10) (5) (2.5) (ppmJOC) 
Full Scale Calibration ±20 ±10 ±5 LSB 

(50) (25) (12.5) (ppmJOC) 

Power Supply Rejection 
Max change in Full Scale Calibration 
+13.5V<Vcc<+16.5Vor +11.4V<Vcc<+12.6V ±2 ±1 ±1 LSB 
+4.5V<VLOGlC< +5.5V ±1/2 ±1/2 ±1/2 LSB 
-16.5V<VEE<-13.5Vor -12.6V<VEE<-11.4V ±2 ±1 ±1 LSB 

Analog Inputs 
Input Ranges 

Bipolar -5 to +5 Volts 
-10 to +10 Volts 

Unipolar o to +10 Volts 
o to +20 Volts 

Input Impedance 
Ohms 10 Volt Span 5K fl, ± 25% 

20 Volt Span 10K fl, ± 25% Ohms 

Power Supplies 
Operating Voltage Range 

VLOGIC +4.5 to +5.5 Volts 
Vce +11.4 to +16.5 Volts 
VEE -11.4 to -16.5 Volts 

Operating Current 
ILOGIC 7 TYP, 15 MAX rnA 
Icc 11 TYP, 15 MAX rnA 
lEE 21 TYP, 28 MAX rnA 

Power Dissipation 515 TYP, 720 MAX mW 
Internal Reference Voltage + 1 0.00 ± 0.1 (MAX) Volts 

Output current,1 2.0 MAX rnA 
available for external loads (External load 
should not change during conversion). 

1 When supplying an external load and operating on ± 12V supplies, a buffer amplifier must be provided for the Reference Output. 
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DIGITAL CHARACTERISTICSl 
(ALL MODELS. OVER FULL TEMP. RANGE) 

MIN TYP MAX 

Logic Inputs (CE, CS, RIC, AO, 12/8) 
Logic "1" +2.4V2 +5.5V 
Logic "0" -0.5V +0.8V 
Current -5J.LA O.lJ.LA +5J.LA 
Capacitance 5pF 

Logic Outputs (DB11-DBO, STS) 
Logic "0" (ISINK -1.6mA) +0.4V 
Logic" 1" (ISOURCE - 500J.LA) +2.4V 
Leakage (High - Z State, DB11-DBO ONLY) -5J.LA O.lJ.LA +5J.LA 
Capacitance 5pF 

1 See "HI·574A Timing Specifications" for a detailed listing of digital timing parameters. 

2 Although this guaranteed threshold is higher than standard TTL ( + 2.DV), bus loading is much less, i.e.,typical input current is only 0.25% of a TTL load. 

ABSOLUTE MAXIMUM RATINGS 
(Specifications apply to a" grades, except where noted) 20VIN to Analog Common ....................•...... ±24V 
Vcc to Digital Common ........................ 0 to +16.5V REF OUT ....................... Indefinite short to common 
VEE to Digital Common ........................ 0 to -16.5V Momentary short to Vcc 
VLOGIC to Digital Common ......................... 0 to + 7V Chip Temperature (J, K, L grades) .................... 100°C 
Analog Common to Qigital Com.!!1on ~ ................... ± 1V 
Control Inputs (CE, CS, Ao, 1218, RIC) to 

(S, T, U grades) .................... 150°C 
Power Dissipation ........ : ...................... 1000mW 

Digital Common ........ -0.5V to VLOGIC +0.5V . Lead Temperature, Soldering ................. 300°C, 10 sec. 
Analog Inputs (REF IN, BIP OFF, 10VIN) to Storage Temperature ..................... - 65°C to + 150°C 

Analog Common .................... ±16.5V Thermal Resistance, 8JA ........................... 60°C/W 

HI-574A ORDERING GUIDE 

LINEARITY ERROR MAX RESOLUTION (NO MISSING FULL SCALE TC 
MODEL TEMP. RANGE (TMIN to TMAX) CODES. TMiN to TMAx) (PPMJOC MAX) 

H11-574AJD o to 75°C ±1 LSB 11 Bits 50.0 
H11-574AKD o to 75°C ±1!2 LSB 12 Bits 27.0 
HIl-574ALD o to 75°C ±1/2 LSB 12 Bits 10.0 
HIl-574ASD - 55 to + 125°C ±1 LSB 11 Bits 50.0 
Hll .. 574ASD/883B - 55 to + 125°C ±1 LSB 11 Bits 50.0 
HIl-574ATD - 55 to + 125°C ±1 LSB 12 Bits 25.0 
H11-574ATD/883B -55 to +125°C ±1 LSB 12 Bits 25.0 
H11-574AUD - 55 to + 125°C ±1 LSB 12 Bits 12.5 
HI 1-57 4AUD/883B ~55 to + 125°C ±1 LSB 12 Bits 12.5 

DEFINITIONS OF SPECIFICATIONS 

LINEARITY ERROR 
Linearity error refers to the deviation of each individual code fiom a 
line drawn from "zero" through "full scale". The pOint used as 
"zero" occurs V2LSB (1.22mV for 10 volt span) before the first code 
transition (all zeros to only the lSB "on"). "Full scale" is defined as a 
level 1V2LSB beyond the last code transition (to all ones). The 
deviation of a code from the true straight line is measured from the 
middle of each particular code. 

The H1-574AK, AL, AT, and AU grades are guaranteed for maximum 
nonlinearity of ± V2LSB. For these grades, this means that an analog 
value which falls exactly in the center of a given code width will result 
in the correct digital output code. Values nearer the upper or lower 
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transition of the code width may produce the next upper or lower 
digital output code. The H!-574AJ and AS grades are guaranteed to 
± 1 LSB max error. For these grades, an analog value which falls 
within a given code width will result in either the correct code for that 
region or either adiacent one. 
Note that the linearity error is not user-adjustable. 

DIFFERENTIAL LINEARITY ERROR 
(NO MISSING CODES) 
A specification which guarantees no missing codes requires that 
every code combination appear in a monotonic increasing sequence 
as the analog input level is increased. Thus every code must have a 

. finite width. For the HI-574AK, AL, AT, and AU grades, which 
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guarantee no missing codes to 12-bit resolution, all 4096 codes must 
be present over the entire operating temperature ranges. The 
HI-574AJ and AS grades guarantee no missing codes to 11-bit 
resolution over temperature; this means that all code combinations 
of the upper 11 bits must be present; in practice very few of the 12-bit 
codes are missing. 

UNIPOLAR OFFSET 
The first transition should occur at a level V2LSB above analog 
common. Unipolar offset is defined as the deviation of the actual 
transition from that point. This offset can be adjusted as discussed 
on the following pages. The unipolar offset temperature coefficient 
specifies the maximum change of the transition point over tempera
ture, with or without external adjustment. 

BIPOLAR OFFSET 
Similarly, in the bipolar mode, the major carry transition (01111111 
1111 to 1000 0000 0000) should occur for an analog value 112LSB 
below analog common. The bipolar offset error and temperature 
coefficient specify the initial deviation and maximum change in the 
error over temperature. 

FULL SCALE CALIBRATION ERROR 
The last transition (from 111111111110 to 111111111111) should 
occur for an analog value 1 V2LSB below the nominal full scale 
(9.9963 volts for 10.000 volts full scale). The full scale calibration 
error is the deviation of the actual level at the last transition from the 
ideal level. This error, which is typically 0.05 to 0.,1% of full scale, can 
be trimmed out as shown in Figure 5. The full scale calibration error 
over temperature is given with and without the initial error trimmed 
out. The temperature coefficients for each grade indicate the 
maximum change in the full scale gain from the initial value using the 
internal 10 volt reference. 

TEMPERATURE COEFFICIENTS 
The temperature coefficients for full-scale caUbration, unipolar 
offset, and bipolar offset specify the maximum change from the 
initial (25°C) value to the value at T min or T max. 

POWER SUPPLY REJECTION 
The standard specifications for the HI-574A assume use of + 5.00 and 
±15.00 or ±12.00 volt supplies. The only effect of power supply 
error on the performance of the device will be a small change in the 
full scale calibration. This will result in a linear change in all lower 
order codes. The specifications show the maximum change in 
calibration from the initial value with the supplies at the various 
limits . 

CODE WIDTH 
A fundamental quantity for AID converter speCifications is the code 
width. This is defined as the range of analog input values for which a 
given digital output code will occur. The nominal value of a code 
width is equivalent to 1 least significant bit (LSB) of the full scale 
range or 2. 44mV out of 10 volts for a 12-bit ADC. 

QUANTIZATION UNCERTAINTY 
Analog-to-digital converters exhibit an inherent quantization 
uncertainty of ± V2LSB. This uncertainty is a fundamental charac
teristic of the quantization process and cannot be reduced for a 
converter of given resolution. 

LEFT-JUSTIFIED DATA 
The data format used in the HI-574A is left-justified. This means that 
the data represents the analog input as a fraction of full-scale, 
ranging from 0 to :~~~ . This implies a binary point to the left of the 
MSB. 

APPLYING THE HI-574A 

For each application of this converter, the ground connections, power 
supply bypassing, analog signal source, digital timing and signal 
routing on the circuit board must be optimized to assure maximum 
performance. These areas are reviewed in the following sections, 
along with basic operating modes and calibration requirements. 

PHYSICAL MOUNTING AND IJ\YOUT CONSIDERATIONS 
Layout-
Unwanted, parasitic circuit components, (L, R, and C) can make 12 
bit accuracy impossible, even with a perfect AID converter. The best 
policy is to eliminate or minimize these parasitics through proper 
circuit layout, rather than try to quantify their effects. 

The recommended construction is a double-sided printed circuit 
board with a ground plane on the component side. Other techniques, 
such as wire-wrapping or point-to-point wiring on vectorboard, will 
have an unpredictable effect on accuracy. 

In general, sensitive analog signals should be routed between ground 
traces and kept well away from digital lines. If analog and digital lines 
must cross, they should do so at right angles. 

Power Supplies 
Supply voltages to the HI-574A ( + 15V, -15V and + 5V) must be 
"quiet" and well regulated. Voltage spikes on these lines can affect 
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the converter's accuracy, causing several LSB's to flicker when a 
constant input is applied. Digital noise and spikes from a switching 
power supply are especially troublesome. If switching supplies must 
be used, outputs should be carefully filtered to assure "quiet" DC 
voltage at the converter terminals. 

Further, a bypass capacitor pair on each supply voltage terminal is 
necessary to counter the effect of variations in supply current. 
Connect one pair from pin 1 to 15 (VLOGIC supply), one from pin 7 to 9 
(Vcc to Analog Common) and one from pin 11 to 9 (VEE to Analog 
Common). For each capacitor pair, a 10p,F tantalum type in parallel 
with a 0.1/LF ceramic type is recommended. 

Ground Connections 
The typical HI-574A ground currents are 5.5mADC into pin 9 (Analog , 
Ground) and 7mADC out of pin 15 (Digital Common). These pins should be 
tied together at the package to guarantee specified performance for the 
converter. In addition, a wide PC trace should run directly from pin 9 to 
(usually) 15V common, and from pin 15 to (usually) the +5V logic Common. 
If the converter is located some distance from the system's "single point" 
ground, make only these connections to pins 9 and 15: lie them together at 
the package, and back to the system ground with a single path. This path 
should have low resistance since it will carry about 1.5mA of DC current. 
(Code dependent currents flow in the Vee, VEE and VLOGIC terminals, but not 
through the HI-574A's Analog Common or Digital Common). 
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m HARRIS 

FEATURES 

• INPUT OVERVOLTAGE PROTECTION 

• 50kHz TH ROUGHPUT 

.• 12-BIT ACCURACY 

• OUTPUT TRACK/HOLD AMPLIFIER 

• ZERO OFFSET ADJUSTMENT 
1 

• DIFFERENTIAL INPUT CHANNELS 

• SOFTWARE CONTROLLED GAIN AND 
CHANNEL SELECT 

• 85dB CMRR 

• COMPACT 32 PIN DIP 

• MIL-STD-883 SCREENING AVAILABLE 

APPLICATIONS 

• HIGH PERFORMANCE DATA ACQUISITION 

• MILITARY SYSTEMS 

PINOUT 

TOP VIEW 

11,2 32 AI 
NIC 1,0 

GND EN 
18 IA 
28 2A 

38 Yo 
48 4A 
58 SA 
68 SA 

78 10 7A 
88 SA 
+v -v 

OUTA 13 Go 
OUT8 14 GI 

VREF lOW 15 T/H OUT 
T/H CONTROL 16 CH 

Copyright © Harris Corporation 1983 
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HI-5900 
Analog Data Acquisition 

Signal Processor 

DESCRIPTION 

The H 1-5900 comprises "front end" components of a data acquisition system 
including an eight channel differential multiplexer, programmable gain instru
mentation amplifier (PGA), and Track and Hold amplifier. Adding a timing 
circuit and one A to 0 converter yields a complete data acquisition system. A 
50kHz channel-to-channel throughput rate is achieved when the H 1-5900 
is used with a fast 12 bit A to 0 converter such as HARRIS HI-5712. 

Each output line of the input multiplexer is buffered by a high-quality non
inverting amplifier. This isolates each line from source resistances external to 
the 5900, preserving the high eM R R of the instrumentation amplifier block. 
Also, the buffers provide a high input impedance for each channel. 

The PGA, which includes an op amp, a monolithic resistor network and a four 
channel differential multiplexeF, offers precision inverting gain values of -1, -2, 
-4, and -8. The voltage gain is selected by a two bit digital word. The output 
of the PGA drives the Track and Hold amplifier, and the ground side of the PGA 
is isolated by a buffer amplifier to maintain a high CM R R. 

The output Track/Hold amplifier is a monolithic device, internally connected 
for non-inverting unity gain. In the sample mode is operates as a high per
formance buffer amplifier. With an external holding capacitor, it may be 
switched to HOLD with an effective aperture delay time of 30ns. 

The packaging technique involves monolithic chips mounted in leadless chip 
carriers (L CC's) and soldered to both sides of a multilayer ceram ic substrate. 
Each LCC may undergo reliability screening such as MIL-STD-883, Method 
5004/Class B, before assembly on the substrate. The resulting package is a 
compact 32 pin DIP. 

The HI-5900 is offered as a high performance front-end section for military 
and industrial data acquisition systems. It is designed for interface with. com
puters and is well suited for high-rei applications. 

FUNCTIONAL DIAGRAM 

CHAN 1 

CHAN 2 

CHAN 8 

OUT 

OUT 
CHAN 

SELECT EN. A 

B o---~ 

+V~ 

GND~ 

-V~ 

GAIN 
SELECT 

,------------, 
I I 

: r--~~ ~TIH 
INSTR AMP I : ~ CONTROL 

: : I CH 
I'-. : 

I : T/H 
OUT 

1--=0=:::--------0 VREF LOW 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 
Digital Input Overvoltage (Multiplexers) 

Analog Input Overvoltage 

VSupply (+) 
VSupply (-) 

40V 

+4V 
-4V 

Output Current Short Circuit Protected 
Opl!rating Temperature Range 

HA-5900-5 OOC ~ T A ~ + 75 0 C 
HA-5900-2 -550 C < TA < +1250 C 

Storage Temperature Range -650 C <: T A < + 1500 C 
VSupply (+) +20V Internal Power Dissipation - - 650mW 
VSupply H -20V T /H Control Input +8, -15V 

ELECTRICAL CHARACTERISTICS Unless otherwise specified: Vs = ±15V; CH = 1000pF; VIH = 4.0V; Vil = O.8V 
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HI-5900-2 HI-5900-5 
-550C to +1250C OOC to +700C 

PARAMETER TEMP MIN TYP. MAX. MIN. TYP. MAX. UNITS 

ANALOG INPUT CHAR. 
EACH CHANNEL 

Offset Vo Itage +250C 2 7 3 10 mV 
Full 9 . 12 mV 

Bias Current +250C 80 300 80 300 nA 
Full 90 600 80 600 nA 

Offset Current +250C 15 150 20 150 nA 
Fun 30 300 30 300 nA 

Common Mode Range Fun :!:10 :!:10 V 

Common Mode Rejection Ratio Full 80 85 74 85 dB 
(VCM = :!:10V) Any Gain 

DIGITAL lNPUT CHAR. 

Multiplexer Digital Input Current Full 0.5 1 0.5 1 SJ.A 
(High or Low) 

Track/Hold Digital Input Current 
VIN~0.8V Full 0.8 0.8 mA 

VIN ~4.0V Full 20 20 pA 

TRANSFER CHARACTERISTICS 

Sman Signal Bandwidth (Gain = 11 +250 C 2 2 MHz 

Full Power Bandwidth (Gain = I, +250 C 70 70 kHz 
Vo = !10V) 

Crosstalk (Sample Mode, Gain = 8, +250 C -80 -90 -80 -90 dB 
1kHz 20VP -P Input on all but 
Selected Channel) 

"Off Isolation (Hold Mode, Gain = 1, +250C -76 -76 dB 
1kHz 20V P-P Input) 

Acquisition Time(Note 21. to 0.01% +25OC 9 9 J.lS 

I Gain - Ailsoiute Error 
I I I I I Inverting Gain Of -I, - 2, Full 0.01 0.1 0.01 0.2 % 

I Inverting Gain Of-4.-8 I Full I 0.01 I 0.2 I 0.01 0.2 % I 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full !.10 2:10 V 

Output Current +250C :10 !.10 mA 

Output Resistance +250C 5 5 n 

DYNAMIC CHARACTERISTICS 

tON, Enable (MUX) +250C 300 300 ns 

tOFF. Enable (MUX) +250C 300 300 ns 

Slew Rate +250C i4 :4 V/J.lS 

Droop Rate (T/H) +250C 5 5 nV/p.s 
Fun 20 5 J.lV/J-ls 

Charge Transfer (T /H) 250C 10 10 pC 

I Effective Aperture Delay Time (T/H) +250C 30 30 ns 

Aperture Uncertainty (T /H) +250C 5 5 ns 

POWER SUPPL Y CHARACTERISTICS 

1+ +250C 13 13 mA 
Full 8.5 15 8.0 15 mA 

'- +250C 13 

I 

13 mA 
Full 6.5 15 6.0 15 mA 

Power Supply Rejection Ratio, V+ Fun 76 90 70 90 dB 

Power Supply Rejection Ratio, V- Full 80 100 80 100 dB 

NOTES: 1. Absolute maximum ratings are limiting values, applied individually beyond which the serviceability of the 
circuit may be impaired. Functional operability under any of thes~ conditions is not necessarily implied. 

2. Acquisition Time is defined for a change of channel (+10V on chan. 1 to OV on chan. 8) with simultaneous 
change from HOLD to TRACK mode. Gain = -1. 

I 
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m HARRIS 

FEATURES 

• INPUT OVERVOL TAGE PROTECTION 

• SOFlWARE CONTROLLED GAIN AND 
INPUT CHANNEL SELECTION 

• 16 PSEUDO-DIFFERENTIAL/SINGLE 
ENDED INPUT CHANNELS 

• INVERTING GAINS OF -1, -2, -4 AND -8 

• -90dB CROSSTALK 

• O.Ol%GA!N ERROR 

• 9ps ACQUISITION TIME 

• DROOP RATE: 5nV/psec 

• LOW POWER DISSIPATION 250mW 

• COMPACT 32 PIN DIP 

• MIL-STD-883 SCREENING AVAILABLE 

APPllCA TIONS 

• MULTI-CHANNEL DATA ACQUISITION 
SYSTEMS 

• STATUS MONITORING SYSTEMS' 

• PROCESS CONTROL SYSTEMS 

• INSTRUMENTATION 

• HIGH RELIABILITY DAS's 

PINOUT 
TOP VIEW 

A2 32 

A3 
GNO 

INS 
IN10 
INll 

IN12 
INn 25 

INI. 24 

IN15 10 l.l 

IH16 11 22 

+V 12 21 

MUX OUT 13 20 

SENSE 14 IS 

VREF lOW 15 18 

T/H CONTROL 16 17 
T/H OUT 
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HI-5901 
Analog Data Acquisition 

Signa/Processor 

DESCRIPTION 

The H 1-5901 is a data acquisiton front end subsystem intended for multisensor 
based high-level applications, requiring conversion of analog input data "to digital 
form for computer processin,g. It provides sixteen single-ended or pseudo
differential channels of fault-protected multiplexed inputs, programmable gains 
of-1,-2,-4;8 and a buffered track and hold output block compatible with any 
commercially' available AID converter. All these functions are digitally selectable 
through appropriate coding of seven control terminals. Input channel expansion 
can be easily implemented through addition of external multiplexers and proper 
utilization of the enable-command pin. 

Being self-contained units except for the holding capacitor, they facilitate user 
applications and eliminate the need for selection of high-priced precision resistors 
or labor intensive adjustments to achieve the accuracy levels specified. 

This product provides channel to channel throughput rates of 50kH z at ±1 0 volt 
signal range when used in connection with a fast 12 bit A/D converter such as 
the HI-5712. In addition, it offers excellent input characteristics such as low 
input offset voltage with offset nulling capability; low input currents, very high 
input impedance, and very low crosstalk. Typical acquisition time and gain error 
are 9 microseconds and '±0.01%, respectively. The internal track and hold 
amplifier features an effective aperture delay time of 30ns and a droop rate of 
5nV/psec. Total power dissipation is only 250mW. 

A complete high-speed and high precision data acquisition system with 15 bits of 
dynamic range can be easily implemented with only three components: the 
HI-5901, the HI-5712, and an offset nulling DAC. Board space required is 3 
square inches and total weight is less than 25 grams. 

The manufacturing technique adopted for the HI-5901 involves monolithic 
dice packaged in leadless chip carriers (LCC's) and soldered to both sides of a 
multilayer ceramic substrate. The resulting product is a compact and easy-to-use 
32 pin DIP. 

The HI-5901 is intended for military, aerospace, industrial and instrumentation 
applications. MIL-STD-883 Class B and high reliability commercial grades are 
both available as standard products. 

FUNCTIONAL DIAGRAM 

CHAN MUX 

SENSE 0------
+VO--

GNOO--
-v 0---

TIH 
OUT 

~-------o VREF LOW 
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SPECIFICA TIONS 

2978 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 40V 
Digital Input Overvoltage (Multiplexers) 

Analog Input Overvoltage 

VSupply (+) +4V 
VSupply H -4V 

VSupply (+) +20V 
VSupply H -2.0V 

Output Current 
Operating Temperature Range 

HA-5901-5, -7 
HA-5901-2, -8 

Storage Temperature Range 
Internal Power Dissipation 

T /H Control Input 

Short Circuit Protected 

OOC S TA ~ +75 0 C 
-550 C < TA < +1250 C 
-650 C < TA < +150oC 

- - 650mW 

+8,-15V 

ELECTRICAL CHARACTERISTICS Unless otherwise specified: Vs = ±15V; CH = 1000pF; VIH = 4.0V; VIL = O.8V 

HI-5901-2, -8 HI-5901-:-5, -7 
-550 C to + 1250C OOC to +700C 

PARAMETER TEMP MIN TYP. MAX. MIN. TYP. MAX. UNITS 

ANALOG INPUT CHAR. 
EACH CHANNEL 

Offset Voltage +250C 2 7.5 3 10.5 mV 
Full 9.5 13 mV 

Bias Current +250C SO 300 SO 300 nA 
Full 90 600 SO SOO nA 

Offset Current +250C 15 150 20 150 nA 
Full 30 300 30 300 nA 

Common Mode Range Full !.10 !.10 V 

Common Mode Rejection Ratio Full SO S5· 74 S5 dB 
(VCM = !.10V) Any Gain 

DIGITAL INPUT CHAR. 

Multiplexer Digital Input Current Full 0.5 1 0.5 1 JJ.A 
(High or Low) 

Track/Hold Digital Input Current 
VIN~O.SV Full O.S .O.S rnA 
VIN ~ 4.0V Full 20 20 p.A 

TRANSFER CHARACTERISTICS 

Small Signal Bandwidth (Gain = 1) +250 C 2 2 MHz 

Full Power Bandwidth (Gain = I, +250 C 70 70 kHz 
Vo = :!:10V) 

Crosstalk (Sample Mode, Gam ~ S, +25 0 C -80 -90 -80 -90 dB 
1kHz 20VP -P Input on ali but 
Selected Channel) 

"Off Isolation (Hold Mode, Gain = I, +250C -76 -76 dB 
11kHz 20V P-P Input) 

t"lcnr !! 9 I A"""i,,",, T,,,,<iNote 21, \0 0.01% 

I 
J.1s 

Gam - Absolute Error 
Inverting Gain Of-I, - 2, Full I 0.01 0.1 0.01 0.2 % 

I 
Inverting Gain Of-4,-8 i 0.01 0.2 0.01 0.2 % 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full :tl0 !10 V 

Output Current +250C :!:10 !.10 rnA 

Output Resistance +250C 5 5 n 

DYNAMIC CHARACTERISTICS 

tON, Enable (MUX) +250 C 300 300 ns 

tOFF, Enable (MUX) +250C 300 300 ns 

Slew Rate +250C ±4 :t4 Vips 

i 

I 
Droop Rate (l/H) +250 C 5 5 nV/{i.s 

Full 20 ! 5 PV/Ps 

Charge Transfer (T/H) 250 C 10 10 pC 

Effective Aperture Delay Time (TfH) +250 C 30 30 ns 

Aperture Uncertainty (T IH) +250C 5 5 ns 

POWER SUPPL Y CHARACTERISTICS 

1+ +250 C 13 13 rnA 
Full 8.5 15 8.0 15 rnA 

'- +250 C 13 13 rnA 
Full I 6.5 15 6.0 I 15 rnA 

Power Supply Rejection Ratio, V+ Full 76 I . 90 70 90 I dB I 
I 

100 80 I dB Power Supply Rejection Ratio, V- Full 80 I 100 

NOTES: 1. Absolute maximum rat.ings are limiting values, applied individually beyond which the serviceability of the 
Circuit may be impaired. Functional operability under any of these conditions is not necessarily implied. 

2. AcquiSition Time is defined for a change of channel (+10V on chan. 1 to OV on chan.16) With simultaneous 
change from HOLD to TRACK mode. Gain = -1. 

I 

I 
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m HARRIS 

FEATURES 

• STROBE OUTPUT 

• KEY ROLLOVER OUTPUT 

• EXPANDABLE: 2 PACKAGES REQUIRED FOR FULL 
TELETYPEWRITER, EIGHT-BIT ENCODING 

• SINGLE +5.0V SUPPLY REQUI REO 

• DTl/TTL OUTPUTS 

• MONOLITHIC RELIABILITY 

APPLICATIONS 

• MICROPROCESSOR DATA ENTRY (16 KEY TO 
HEX CODE) 

• BCD DATA ENTRY 

• TYPEWRITER TYPE KEYBOARDS 

• CONTROL PANELS 

PINOUT 

Vee 
PARALLel {OUT 3 

BINARY OUT 4 
STROBE 

#16 INPUT 
15 " 
14 .. 
13 .. 
12 " 
11 .. 
10 .. 

:# 9 " 

1-
2-
3-
4_ 
5-
6-
7-
8-
9-
lO
ll-
12-

Top View 

Copyright © Harris Corporation 1983 
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~24 

~23 

f- 22 
~21 
I- 20 
1-19 
- 18 
-17 
-16 
1-15 
-14 
-13 

KRO 
GND 
OUT '} PARALLEL 
OUT 2 BINARY 

# 1 INPUT 
2 
3 
4 
5 
6 
7 

#8 

HO-0165 
Keyboard Encoder 

DESCRIPTION 

The H 0-0165 Keyboard Encoder is a 16 line to four-bit parallel 
encoder intended for use with manual data entry devices such as 
calculator or typewriter keyboards. In addition to the encoding 
function, there is a Strobe output and a Key Rollover output 
which energizes whenever two or more inputs are energized 
simultaneously. Any four-bit code can be implemented by 
proper wiring of the input lines. Inputs are normally wired 
through the key switches to the +5.0V power supply. Full 
typewriter keyboard encoding up to eight bits can be accomp
lished with two Encoder circuits by the use of double pole key 
switches or single pole switches with two isolation diodes per 
key. Outputs will interface with all popular DTL and TTL logic 
families. The circuit is packaged in a hermetic 24-pin duaJ-in
line package and operates over the temperature range of OOC 
to +750 C. 

EQUIVALENT CIRCUITS 

INPUT 

OUTPUT 

+S.OV 610' 

!"~. .. ..... 

IN 1 I .. 
I 400" 
I ." i'KQ ~ 
o...a..~AA 

A __ .J 

-== ~UTPUT 
~ 

460' 

~ -~-'"''''''' v-' ........ 
~ I ~ 

IN 16 1400 :: 

1./ I ~ 
~_~ __ .J -= 

KEYBOARD 

• EQUIVALENT RESISTORS FOR OTHER 
INPUTS ARE BETWEEN THESE TWO VALUES 

1 
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SPECIFICA 110NS m 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage +7.0V Output Current 30mA 
Input Voltage +5.5V Storage Temperature -65° to +1500 C 
Output Voltage +5.5V Operating Temperature (Case) OoC to +750 C 

ELECTRICAL CHARACTERISTICS 

Test Conditions: VCC = +5.0V ± 5% 
T Case = OoC to + 75°C 
Unless otherwise specified 

PARAMETER SYM. 
LIMITS 

UNITS TEST CONDITIONS 
MIN TYP. MAX 

Input Current "1" IIH 17 mA VIN = +5.0V 

"0" VOL +0.2 +0.4 VIH = +4.5V IOl = lOmA 
D.C. Output Voltage +0.4 

V 
VIH = +3.75V IOl = 3.2mA 

"1" VOH +2.4 +4.0 VIL = Open Circuit,loH = -240jJA 

Operating ICC 52 mA One Input at +5.25V 
Power Supply Current 

Maximum tCCM 88 mA All Inputs a-t +5.25V 

TCase = 25°C 
A.C. Skew Time (Note 1) TSK 80 200 ns VCC = VIN = +5.0V 

CL < 50pF 

NOTE: (1) Skew time is the maximum ti.!:!llt£fifferential between propagation delay times of any 
outputs including strobe and K RO' 

TRUTH TABLE 
INPUTS OUTPUTS 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2 3 4 St. KRO 

l l l l l l l l l l l l l l l l H H H H H H 
H l l l l l L l l r l l l l l l H H H H l H 
l H l l l l l l l I.- l l l l l l l H H H l H 
l l H l l l l l l l l l l l L l H l H H L H 
l l l H l l l l l l l 'l l l l l l l H H l H 
l l l l H l l l l l l l l l l l H H l H l H 
l l l l l H l l l l l l l l l l l H l H l H 
l l l l l l H l l l l l l l l l H l L H l H 
l l l l l L l H l l l l l l l l l l l H l H 
l l L l l l L l H l l l l l l l H H H l l H 
l l l l l l l l l H l l l l l l l H H l l H 
l l l l l l l l l l H l l l l l H l H l l H 
l l l l l l l l l l l H l L l l l l H L L H 
l l L l l l L l l l l l H l L l H H l l l H 
l l L L l l l l l l l l l H l l l H l l l H 
l l l l l l l l l l l l l l H l H l l l l H 
l l l L l l l L l l l l l l l H l l l l l H 
ANY TWO OR MORE HIGH X X X X l l 

INPUTS: L ~ Open Circuit or < +1.0V H : > +4.5V Current Source 
OUTPUTS: L = < +O.4V H: > +2.4V X ~ Erroneous Data 
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AID at DIA CONVERTERS 
DATA·ACQUISITION SYSTEMS 

8 Channel, 12 Bit DAS 
with",.P Interface S99 (IOO's) 
HS 9410 Series 

FEATURES 
• Complete 8 Channel, 12-Bit Data Acquisition System with MUX, S/H, 

REF, Clock and three-state outputs 
• Full 8- or 16-Blt Microprocessor Bus Interface 
• Guaranteed linearity Over Temperature 
• High Throughput Rate: 30kHz 
• Hermetic 28-pln Metal or low Cost Epoxy DIP 
• low Power: 900mW 

SPECIFICATIONS 
Resolution 
Number of Channels 
Throughput Rate 
Power Supply 
Package 

12 Bits 
8 Single Ended 
30 kHz 
±1SV, +SV 
28-pin D!P 

. Other Specifications See Ordering Guide 

ORDERING GUIDE 
SYSTEM FULL SCALE 

~t?~g~R1 INPUT ACCURACY T.C. TEMP. 
RANGE (% FSR) (PPM/°C) RANGE 

HS 94XXJ ±0.025 50.0 O°C to +70°C 
HS94XXK ±Q.012 20.0 O°C to +70°C 
HS94XXS SEE ±0.025 50.0 -55°C to +85°C 
HS94XXT NOTE 1 ±0.O12 20.0 -55°C to +85°C 
HS94XXS/B ±0.025 50.0 -55°C to +85°C 
HS94XXTfB ±O.012 20.0 -55°C to +85°C 

FUNCTIONAL DIAGRAM GAIN OFFSET 

I 
ail " 
CH. 

12 

.. 
A.NAlOG CH_ ,. 
INPUTS CHS 

L 
'7 

CH7 
16 

CHS 
15 

r .... 
IIUX .... , 

ADDRESS O!A. L 

PRICE 
SCREENING (1-9) 

0.4% AQl* 5115.00 
0.4% AQL* 125.00 
0.4% AQL* 215.00 
0.4% AQL* 265.00 

Mll-STD,883B 370.00 
MIL-SID-883B 450.00 . 

8CHANN£L 
MULTIPlEXER 

HS 9410 SERIES 

NOTES: 
1 MODEL HS 94XX 

MODEL INPUT 
SUFFIX RANGE 

10 o to +10V 

11 ±5V 

12 ±10V 

DII,,(MSIIJiDII3 

""""""" DIIoIDB1 
""""",,(LSI) 

r---"t---_=.n DB7 

""" DBs 

""" 

*OA'I. AQL All units have full burn-in 
at + 85°C. Acceptable quality level 
(AQL) of 0.4% means that Hybrid 
Systems ~uarantees that there will 
be no rejects in a sample lot of 100 
pieces. That's more than twice as 
tough as it has to be - even for 
military applications. 
Specifications subject to change 
without notice. 

Add letter suffix as required above. 

Technical knockouts from the Contenders! 

Industry Standard 574 
12-Bit, 30~sec Hybrid ADC 

S34.so 
(lOO's) 

FEATURES 
• Complete 12-Bit AID Converter 
• 30jolSec Conversion Time 
• Power 400mW 
• No Missing Codes 
• liP BUS Compatible 

~PI=~II=I(, A Tln~ C! -- _~ ••• ~. 1l.'~."V 
Resolution 
linearity Error 

Differential 
Integral 

End Point Error 
Offset Bipolar 

Unipolar 
Full Scale 

Conversion Time 
Temperature Stability 

linearity 
Offset 
Full Scale 

Power 
Package 

• Commercial and 
Mll·STD-883B Processing 

• Hermetic, 28-pln DIP, 
Metal Package 

12 Bits 

No Missing Codes 
±0.013% F.S.R. 

±0.1% F.S.R. 
±0.05% F.S.R. 
±0.3% F.S.R. 
30jolsec 

±O.SppmIOC F.S.R. 
±SppmloC F.S.R. 
± 10ppmloC F.S.R. 
± 1SV, + SV/600mW 
28-pin DIP 

FUNCTIONAL 
DIAGRAM 

r-----------~~~--~~~~~~~~~ 
RESISTORS ARE THIN 
FILM ON CERAMIC 
SUBSTRATE 

~~~~UT 0--'+-----'-1 

ORDERiNG GUiDE 
RESOLUTION 
NO MISSING 

MODEL CODES 
NUMBER (T min to T max) 

HS 574J 11 Bits 
HS574K 12 Bits 
HS 574L 12 Bits 
HS 5745 11 Bits 
HS574T 12 Bits 
HS574U 12 Bits 
HS 57451B 11 Bits 
HS 574T/B 12 Bits 
HS 574U1B 12 Bits 

LINEARITY 
ERROR 

±1lSB 
±%lSB 
±%LSB 
±1LSB 
±1LSB' 
±1lSB' 
±1LSB' 
±1LSB' 
±1lSB' 

DIGITAL 
GND 

TEMP. 
RANGE 

O°C to +70°C 
O°C to +70°C 
O°Cto +70°C 

-55°C to + 125°C 
-55°C to + 125°C 
-55°C to + 125°C 
-55°C to + 125°C 
-55°C to + 125°C 
-55°C to + 125°C 

'Note: ±% LSB max arror from -25°C to -85°C 

SCREENING 

0.4% AQl' 
0.4%AQl* 
0.4%AQL* 
0.4% AQl* 
0.4%AQL* 
0.4% AQL' 

883B 
883B 
883B 

PRICE 
(1-9) 

49.50 
61.50 
89.00 

136.00 
183.00 
265.00 
164.00 
220.00 
315.00 

Hybrid ~~ 22 Linnell Circle. Billerica. MA 01821 (617)667·8700. TWX 710·347 1575 
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Complete· o.00080Ja1a-Bit ADC 
HS 9516 Series 
FEATURES 
• True 16-bit (±0.0008t) Linearity Error 
• Full 16-bit Resolution (1 part in 65,536) 
• No Missing Codes (16-bits) O°C to + 70°C 
• Six User Selectable Input Ranges 
• 100",sec Conversion Time 
• low Full Scale Drift 10ppm/oC (Max) 
• low Power· 900mW Typical 

SPECIFICATIONS 
Resolution 16 Bits 
Analog Inputs 

o to +5V, 0 to +10V, Unipolar 
o to +20V 

Bipolar ±2.5V, ±5V, ±10V 
Outputs Parallel, OBIN, 2's Comp 
Accuracy 

Scale Factor Error ±O.1"1o max (Adj. to Zero) 
Zero Error 

(Unipolar or Bipolar) ±O.1"1o FSR max (Adj. to Zero) 
Differential linearity Error 

HS9516-6 ± 0.0015"10 FSR (± 1 LSB) max 
HS9516-5 ± 0.003"10 FSR (± 2 LSB) max 
HS 9516-4 ±0.006"1o FSR (±4 LSB) max 

No Missing Codes O°C to +70°C 
Integral Linearity Error 

HS9516-6 ± 0.0008"10 FSR (± 112 LSB) max 
HS9516-5 ±0.OO15% FSR (± 1 LSB) max 
HS 9516-4 ± 0.003"10 FSR (± 2 LSB) max 

Stability 
± 10ppmloC max Scale Factor Tempco 

Zero Tempco 
Unipolar ±2ppm FSRloC 
Bipolar ±5ppm FSRloC 

Integral linearity Tempco ± 1 ppm FSRloC max 
Differential linearity ± 0.5ppm FSRloC max 

Power ±15V, +5V 
Package 32·pin Triple DIP 
Temperature Range O°C to +70°C 

S23I.00 (I-I) 

FUNCTIONAL DIAGRAM CLOCK RATE 

.. 15V2'1 

AMAGNO 20 

lOV,,, 

BIPOLAR 13 

su ..... NG JUNCTION 16 

>-----
>-----
>-----
>-----
>-----

~ 

~ 
1 

STAn: OUT ~~HOL 

I I 
CLOCK &SolR 

1GaiTO/A 

1 I COMPARATOR 

ORDERING GUIDE 
MODEL DESCRIPTION 

HS 9516-4 16-Bit ADC with 14-Bit Integral & Differential Linearity 

HS 9516-5 16-Bit ADC with 15-Blt Integral & Differential Linearity 

HS 9516-6 16-Bit ADC with 16-Bit Integral & Differential linearity 

~ '" .,' · " · " 7 ,. · ,. 
5 " · ,. 
292' 
282 '° 272'1 
262 '2 

~: ~ ~! 
232''5 
227 16 

PRICE 

$239.00 

249.00 

299.00 

Technical knockouts from the Contenders! 

12-Bit Adjustment Free ADC's 
HS 5200 Series FUNCTIONAL DIAGRAM 

MSB LSB 

FEATURES 
• 12-Bit Conversion in 10",Sec (Typical) 
• Adjustment-Free (± 0.0125%) Linearity 
• low Power 670mW (Typical) 
• Hermetic, 24-pin DIP, Metal Package 
• MIL·STD·883B Processing 
• Pin Compatible to MN5200 

SPECIFICATIONS 
Resolution 
linearity 
Absolute Accuracy1 
Conversion Time 
Temperature Range 

C-versions 
B-versions 

Power 
Package 

12 Bits 
±1hLSB 
±0.4"1o 
13,.,sec 

O°C to +70°C 
-55°C to +125°C 
+ 15V, + 5VI870mW 
24-pin DIP, Metal 

, Includes all errors. gain. zero. and linearity over temperature. 

0.4% A.Q.L.· All units have full power burn·in at +85°C. 
Acceptable quality level (AQL) of 0.4"10 means that Hybrid 
Systems guarantees that there will be no rejects in a sample 
lot of 100 pieces. That's more than twice as tough as It has 
to be-even 'or military applications. 

BIT 1 2 3 4 , 6 I 8 9 10 Ii il 

$160.00(1-9) 
ORDERING GUIDE 

RESOLUTION I 
MODEL CONVERSION TIME 

HS 521OC-12 12 Bits. 131'Sec 
HS 5211G12 12 Bits, 13~ 
HS 5212G12 12 Bits. 131'Sec 
HS 5213G12 12Blts.13~ 
HS 5214C-12 12 Bits, 13~ec 
HS 5215C-12 12 Bits. 131'Sec 
HS 5216C-12 12 Bits. 131'Sec 
HS 5210B·~2 12 Bits. 131'Sec 
HS 5211B-12 12 Bits. 131'Sec 
HS 5212B-12 12Bits.13~ 
HS 5213B-12 12 Bits, 131'Sec 
HS 5214B-12 12 Bils, 131'Sec 
HS 5215B-12 12 Bits. 131'Sec 
HS 5216B-12 12 Bits, 131'Sec 

'15V 

15V 

'5V 
DIG 

GND 

9 8 

~ 
o-!l 

~ 
NIC 

ANA 
GND 
ANA 

0-!.2. 
11 L 0-;; 

IN 

INPUT 
RANGE 

o to -10V 
± 5V 
±10V 

o to -10V 
± 5V 
±10V 

Oto +10V 
Oto -10V 

± 5V 
±10V 

Oto -10V 
± 5V 
±10V 

Oto +10V 

, 10V external reference user supplied 

1 6 5 4 2120 19 18 17 16 

;-

SAR 

1-1 
DAC 

CDMP 

TEMP RANGE PROCESSING 

O°C to +70°C 0.4% AQL' 
O°C to +70°C 0.4% AQL' 
O°C to +70°C 0.4% AQL o 

O°C to +70°C 0.4% AQLo 

O°C to +70°C 0.4%AQLo 
O°C to +70°C 0.4% AQLo 
O°C to +70°C 0.4% AQL' 

-55°C to + 125°C MIL-STD-883B 
-55°C to + 125°C MIL-STD-883B 
-55°C 10 + 125°C MIL-STD-883B 
-55°C to + 125°C MIL-STD-883B 
-55°C to + 125°C MIL-S~D-883B 
-55°C to + 125°C MIL-STD-883B 
-55°C to +125°C MIL-STD-883B 

~. 

~ 
STATUS 

IEOC) 

..1.0 

.!10 

START 

CLOCK 
IN 

SERIAL 
OUT 

NOTE 1 

PRICE (1-9) 

516000 
516000 
5160.00 
5160.00' 
5160.00' 
5160.00' 
5160.00 
519000 
5190.00 
S190.00 
519000' 
5190.00' 
5190.00' 
5190 00 

Hybrid~!!!! 22 Linnell Circle. BdlencQ, MA 01821 [617J667-8700. TWX 710-347-1575 
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12-Bit 10 J'Sec Hi Bel ADC 
ADC85 Series 

FEATURES 
• -55°C to+125°C Operation 
• No Missing Codes 
• Replaces ADC84/85. HX12B, HZ12B 
• Low Power 1.2W (maximum) 

SPECIFICATIONS 
Resolution 
Analog Inputs 

Unipolar 
Bipolar 

Outputs 
Coding 
Linearity 
Conversion Time I 

Sca I~ Factor Drift 
Linearity Drift 
Temperature Range 
Power 
Package 

12 Bits 

o to +5V, 0 to +10V 
±2.5V, ±5V, ±10V 
Parallel, Serial/TIL 
CBIN/COBIN 
±O.012% F.S.R. (maximum) 
8.8,..Sec, 10,..Sec (maximum) 
15ppm/oC (maximum) 
2ppm/oC (maximum) 
-55°C to + 125°C 
±15V, +5V/1.2W (maximum) 
32-pin DIP 

8134.00 (1-9) 

FUNCTIONAL DIAGRAM 
. LSB MSB MSl'i 

1 2 3 4 5 6 7 8 910111213 

~~ffi~~iii~~~~~~12~0 STATUS 

- 32 SERIAL OUT 

14 SHORT CYCLE 

1--------1-;;2::-01 START 

...--__............,1;..,,7 ~i~~ONTROL 
'-----r--,1~9 CLOCK OUT 

22 
GAIN 10V 20V BIPOLAR COMPARATOR IN 
ADJ RANGE OFFSET 

ORDERING GUIDE 
MODEL RESOLUTION ACCURACY TEMP RANGE PROCESSING PRIQ 

HS AOC85B I 12 Bils 1 12 Bils I-SSoc to + 125°C IMIL'SID-883B 1$205.00 
HS ADC85C 12 Bils 12 Bils O°C to +70°C 0.4% AQL' $134.00 

Technical knockouts from the Contenders! 

Complete p.P Compatible 
12 Bit DAC 
DAC338, HS 9338 Series 

FEATURES 
• ,..p BUS Compatible 
• 0 to + 10V, 0 to + 5V, ± 10V, ± 5V Output Ranges 
• Binary Coding 
• Linearity ±O.01% 
• 2.S,..Sec Settling Time 

SPECIFICATIONS 
Resolution 
Coding 
Logic 
Output 
LineQiity 

-0 
-1 
-:2 

Settl ing Time 
Scale Factor Drift 
Temperature Range 
Power 
Package 

12 Bits 
BIN,OBIN 
CMOS, TIL 
o to +10V, ±10V, ±5V 

±O.05% F.S.R. 
±O.02% F.S.R. 
±O.01% F.S.R. 
20,..Sec 
15ppm/oC 
O°C to + 70°C 
+ 15V/450mW 
28-pin DIP 

FUNCTIONAL DIAGRAM 

HBE 

MBE 

LBE 

LDAC 

CONTROL 
LOGIC 

MSB 

+5V -15V +15V GND 

ORDERING GUIDE 
MODEL RESOLUTION UNEARITY 

D<\C338B-12-0 12 Bils 10Bils 
D<\C338B-12-1 12 Bils 11 Bils 
D<\C338B-12-2 12 Bils 12 Bils 
HS 9338-0 12 Bils. 10 Bils 
HS 9338-1 12 Bils 11 Bils 
HS 9338-2 12Bils 12 Bils 

GAIN 

TEMP RANGE 

-SSoc to + 125°C 
-SSoc to +125°C 
-SSoc to + 125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 

SUM 5V 
LSB JCT RANGE 

>-~-+l-:al V
OUT 

BIPOLAR 

rnCx::ESSING PRICE (1-9) 

MIL-STD-883B $118.00 
MIL-STD-883B $126.00 
MIL-STD-883B $137.00 
0.4% AQL' $ 39.00 
0.4%AQL' $ 44.00 
0.4%AQL' $ 49.00 

Hybrid ¥.~~ 22 Linnell Circle, B,:lenca MA 01821 [617)667,8700, TWX 710,347"575 
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14,15 and 18 Bit Linearity 
Latched .BAC's 
DAC9331-16 Series 

FEATURES 
\ 

• up to 16-Bif (0.0008%) Linearity 
• Two-Chip Construction 
• Input Registers 
• 24-pin DIP, Metal Package 
• 2 and 4-Quadrant Multiplication 
• Single Supply Operation 
• Low Power 60mW 

SPECIFICATIONS 
Resolution 
Coding 
Logic 
Reference Input 
Output 
Linearity 

DAC9331-16-4 
DAC9331-16-5 
DAC9331-16-6 

Settling Time 

16 Bits 
BIN,OBIN 
CMOS, TTL 
o to ±25V 
200llAIVREF 

FUNCTIONAL DIAGRAM 

REF 
INPUT 

MSB 
LATCH 
CONTROL 

---1 INPUT REGISTERS 

ORDERING GUIDE 

$69.00(1-9) 

FEEDBACK 

Scale Factor Drift 
Temperature Range 
Pow~r 

±0.003% F.S.R. 
±0.0015% F.S.R. 
±0.0008% F.S.R. 
2ilSec 
2ppm/oC MODEL r~SOLUTIOI\j LINEARITY TEMP RANGE PRCX::ESSING PRICE (1-9) 

Package 

O°C to + 70°C 
+ 15V/60mW 
24-pin DIP 

lJAC933116-4 
OAC9331·160 
lJAC9331·16-6 

. 59900 (1C)()"s) 

5 6900 
5109.00 
516900' 

Technical knockouts Irom the Contenders! 

Complete Buffered 
16 and 18 Bit BAC's 
DAC9377, 377 Series 
FEATURES 
• True 16-Bit (0.0008%) Linearity 

FUNCTIONAL DIAGRAM 
• j..IP Compatible 
• Complete DAC 
• 24-pin DIP, Metal Package 
• Low Power 450mW 

SPECIFICATIONS 
Resolution 
Coding 
Logic 
Output 
Linearity 

DAC377-18 
DAC9337-16-6 
DAC9337-16-5 
DAC9337-16-4 
DAC9377-4D 

Settling Time 
Scale Factor Drift 
Temperature Range 
Power 
Package 

16 Bits, 18 Bits 
BIN,OBIN 
CMOS, TTL 
Oto + 10V, ± 10V 

±0.0008% F.S.R. 
±0.0008% F.S.R. 
±0.0015% F.S.R. 
±0.003% F.S.R. 
±0.002% F.S.R. 
20llSec 
5ppmloC 
O°C to + 70°C 
+ 15V/450mW 
24-pin DIP (9377) 
28-pin DIP, Metal (377) 

(MSB) DIGITAL INPUTS (LSB) 
BIT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

GAIN + 15V -15V GND 
ADJUST 

ORDERING GUIDE 
MODEL RESOLUTION LINEARITY 

DAC9377-4D 4 BCD ±0002% 
DAC9377-16-4 16 Bits 14 Bits 
DAC9377-16-o 16 Bits 16 Bits 
DAC9377-16-6 16 Bits 16 Bits 
DAC377B-18 18 Bits 16 Bits 
DAC377C-18 18 Bits 16 Bits 

$89.00(1-9) 

10 >-__ -+--o VOUT 

BIPOLAR SUMMING 
JUNCTION 

TEMP RANGE PROCESSING PRICE (1-9) 

DOC to +70°C 0.4% AQL o S 99.00 
O°C to +70°C 0.4% AQL o 5 89.00 
O°C to +70°C 0.4% AQL o S129.oo 
O°C to +70°C 0.4% AQL o 5199.00 

-55°C to + 125°C MIL-STD-883B S39500 
QOC 10 + 70°C 0.4% AQL o S205.oo 

Hybrid ~~ 22 Llnneli Circle, B<llencQ, MA 01821 (617)667-8700, TWX 710-347-1575 
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DATA ACQUISITION 

Integrating Analog·to-Digital Converters for Display 
Maximum Electrical Specification at 25°C unless otherwise noted. 

Model ICL7136 ICL7137 ICL7135 ICL7129 ICL7106/1CL7116 

Resolution ±3V2 Digit ±3V2 Digit ±4V2 Digit ±4V2 Digit ±3112 Digit 

Accuraty 
±1 Count Non-Linearity ± 1 Count ±1 Count ± 1 Count ± 1 Count 

Zero Input Reading ±O.OOO ±O.OOO ±O.OOO ±.O.OOO ±O.OOO 
Ratiometric Reading ±1.000 ± 1.000 ±1.000 ±0.9997 ±1.000 

~~~lo~erV~~ror ±1 Count ± 1 Count ± 1 Count ±3 Counts ±1 Count 
. ±1 Count ±1 Count ± 1 Count ± 1 Count ±1 Count 

Stability 
Offset vs. 
Temperature 

Gain vs. 
1p.V/oC lp.V/oC 1p.V/oC lp.V/oC 1p.V/oC 

Temperature 5 ppm/oC 5 ppm/oC 5 ppm/oC 5 ppm/oC 5 ppm/oC 

Conversion 0.1 to 3 0.1 to 3 0.1 to 15 0.1 to 6 0.1 to 15 
Time cony/sec conY/sec conY/sec cony/sec conv/sec 

Analog Input 
Voltage Range ± 200mV to ± 2V ± 200mV to ± 2V ±2V ± 200mV to ± 2V ± 200mV to ± 2V 
Impedance 10'2fi 10.20 10120 10.20 10.20 
Leakage Current 2pA 2pA 3pA lpA 2pA 
Noise (peak-to-peak) 15p.V typo 15p.V typo 15p.V typo 7p.V typo 15p.V typo 

Digital Input Decimal Points 
Continuity Display Hold (7116) 
Hold, Range Select 

Digital Outputs 
Direct 7 Segment Direct 7 Segment Format Multiplex 4 V2 Digit Triplexed Direct 
LCD Display LCD Display BCD LCD Display Drive 7 Segment 

w/Decimal Points, LCD Display 
Logic Level AC:4.5V AC:4.5V TIL/CMOS Low Battery and AC:4.5V 

Down from V+ Down from V+ Continuity Indicators Down from V+ 

Power Supply 
Voltage +9V ±5V ±5V +9V +9V 
Current 100p.A 200p.A 1.8mA 1.8mA 1.8mA 
Package 40 pin DIP 40 pin DIP 28 pin DIP 40 pin DIP 40 pin DIP 

'AIsO CMIiIabIe LD110/lJ 1/114 (noIlICOIIIIIIIndIC 'or 11M dIIigns). and 1Cl7126 (1ICOIMIIIIdId useICl7.136). 

Integrating Analog-to-Digital Converters for Data Acquisition 
TyPl Single Cllip I TWo &llip S" ..... • 

ICL805ZA/8068 ICL8052A/8068 
..... ICL7I09 1CL711J4.14 ICL7I1J4.16 

.... UliDII 

Accuracy 

llicrepnclllll' 
Cellpatibit 

c.trDl UIIIS 

CHVlniMl 
n. 

IJART C. .... IIII. 

l1li11. ITypica11 
_ Currllll _VII .... ..... 

±12-Bit Binary. 

:tl Count 

Yes 

Programmable' 
1 Latched parallel 

3 state Binary 

Controlled 
2-8 bit bytes 

Programmable: 
1 latched parallel 

3 state Binary 

±14·Bit 

±1 Count 

Yes 

Controlled 2-8 BIt Byte for ICl7104-12/14 
3-8 Bit Byte for ICl71Q4-16 

Run/Hold. Busy. Byte Enables. Mode. load. Send Enable. Out of Range 

lOms 80ms 

Yes Yes 

1511V 211 V (80681 

lOpA 30pA (8052) 

t400mV to +l00mV to 
+4.1V -+10V 

±l6-Bit .. .. 

:!:.1 Count 

Yes 

330ms 

Yes 

211V (8068\ 

JOpA (8052) 

"'2OOmV to 
-10V 

ICL7107lICL7117 

±3V2 Digit 

± 1 Count 
±O.OOO 
±1.000 
± 1 Count 
±1 Count 

lp.V/oC 

5 ppm/oC 

O.lto 15 
conv/sec 

± 200mV to ± 2V 
10.20 
3pA 
15p.V typo 

Display Hold (7117) 

Direct 
7 Segment 
LED Display 
Comm Anode 
DTL/TIL/CMOS 

±5V 
1.8mA 
40 pin DIP 

···'CL8052I8068 and 1CL8053 can be combined as analog portion 01 dual-slope AID converter under ,..p control. See ICL8052J8068 and ICL 7104-16 
for performance characteristics. 
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Digltal·to-Analog Converters * 
Maximum Electrical Specification at 25°C unless otherwise noted. 

-.... ICL7134U/B 7145 7146 AD7523 AD7533 AD7520 (75301 AD7520 (7531) AD7541 

IIeuIItieI 14 bit 16 bit 12 bit'. 8 bit 10 bit 10 bit 12 bit 12 bit 

AccIIrICy J/K/l J/K J/K J/K/l J/K/l J/K/l J/K/l J/K/l 
linearity 0.01/0.006/0.003% 0.006/0.003% 0.01% 0.2%/0.1 %/0.05% 0.2%/0.1%/0.05%. 0.02%/0.01 %/0.05% 0.2%/0.1 %/O.S% 0.02%/0.01%/0.01% 
Zero Offset 10 nA 10mV 120 ,.V SO-"" 200 nA 200 nA (300 nAI 200 nA (300 nAt SO nA 
Full Scale· Reading 0.003% 0.04/0.02% FSR 0.04/0.02% FSR I.S% max 1.4% 0.3% typ 0.3% typ 0.3% 

SIabiIIIy 
Gain vs. 
Temperature 5 ppm/oC 1 ppm/oC typ S ppm/oC typ 10 ppm/oC 10 ppm/oC 10 ppm/oC 10 ppm/oC 10 ppm/oC 

lineanty vs. 
Temperature 1 ppm/oC 1 ppm/oC typ 1 ppm/oC typ 2 ppm/oC 2 ppm/oC 2 ppm/oC 2 ppm/oC 2 ppm/oC 

SetlilltT-
To 1/2 lSB 0.9,.s typ 3,.s 10" ISO ns' 600 ns typ 500 ns typ 500 ns typ l,.s 

I_CadI oTl/TTl/CMOS oTl/TTl/CMOS OTl/TTl/CMOS oTl/TTl/CMOS OTl/TTl/CMOS OTl/TTl/CMOS OTl/TTl/CMOS oTl/TTl/CMOS 
logiC Compatibility Binary (U) Binary or Binary Binary Binary Binary Binary 
option 2' s Com!IIement (8) 2's Complement 2"s Complement Offset Binary Offset Binary Offset Binary Offset Binary Offset Binary 

....... $apply 
Voltage +3.S to +6.0V 4.5 10 5.SV :!:4.5to S.5V +6 to +16V +510+1SV +Sto +ISV +Sto + ISV +Sto+16V 
Current 2mA 1.2mA SmA 100 -"" 2mA 2mA 2mA 2mA 

I'Ickitl 28 pin DIP. 28 pin DIP 28 pin DIP i6 pin DIP 16 pin DIP 16 pin DIP 18 pin DIP 18 pin DIP 

"R2R Ladder Multiplying Type 

Successive Approximation Analog-to-Dlgftal Converters 
Model ADC0801-4 ICL7115 

Resolution 8 bit 14 bit binary 

~ ±~/V2IV2/1 LSB ±Y2 LSB 

Microprocessor . 
Compatible Yes Yes 

Output Programmable: Programmable: 
1. Latched parallel 3' 

state Binary 
1. Two latched bytes 

2. One 8 bit byte 2. 15 bit parallel 

Control Unts CS, RD, WR CS, RD, WR, AD, BUS 

Conversion 
Time 1oo"s 40"S 

UART Compatible Yes No 

Input Voltlgt· 
Ringe 5V span 0- 5V 

Quad Current Switches ICL8018/8019/8020 
High speed precision current switches for use in turrent summing D/A converters. Can be purchased individually or in matched sets with accuracies of 0.01% 
(lCl8018). 0.1". (lCl8019). or 1.0% (lCl8020) 

Sample and Hold 
Vanalog lacq·· V,"",el .. Vos Drift 

T". (V,,-,,) (/A') (IIV) (IIV) ..... (IIV/-l 

IHSll0 ~7.5 6 5 40 5 
IHS111 !10 6 5 40 5 
IH5112 !7.5 6 5 to 5 
IHS113 !to 6 5 10 5 
'HS114 !75 6 5 5 5 
'HS115 !to 6 5 5 5 

··CSTO = O.Ol/AF 

Monolithic Voltage Converter-The ICL 7660 
Converts POSitive voltage into negative over a range of 1- I.SV through + 10V. MiY be cascaded lor higher negitive output voltages. paralleled for greater output current. used 
as a positive voltage multiplier. or any combinatiOn of tile above. Typical supply current is 170 II- A. and output source resIstance is S5I: I at T A = 2S-C and 10 .. 20 mA 
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ANALOG SWITCHES & MULTIPLEXERS .D~Dlb 
Analog Switches with Driver 

ItItIrIII 'OSIOn) IO~II) Ion 10ff 
lille_ r.. .... , Device Iwltcll II ", ,.., .. ...... 

T,,, cu-Ia ... T ....... 1Ul(\) ... ... IUl LIIIC Llvll TJPI(2) .w 
1H5021 P·JFET 100 0.2 0.5 0.5 TTL High Level 10 
IH5022 P·JFET 150 0.2 0.5 0.5 TTL Low Level 10 

SPST 1H5023 P·JFET 100 0.2 0.5 0.5 TTL High Level 10 

IH5024 P·JFET 150 0.2 0.5 0.5 TTL low Level 10 
IH5037 P·JFET 100 0.5 0.2 0.2 TTL High Level 10 

'0 IH5038 P·JFET 150 0.5 0.2 0.2 TTL High Level 10 
~ IH5040 CMOS 75 1.0 0.5 0.25 OTL. TTL. RTL. CMOS. PMOS hi .035 
Q) IH5140 CMOS SO 0.1 0.1 0.075 TTL. CMOS hi .035 
+"" 
c:: 

OGl80 N·JFET 10 10.0 0.3 il.25 OlL. TTL. RTL 10 120 
OG181 N·JFET 30 1.0 0.15 0.13 OTL. TTL. RTL 10 120 
OGI82 N·JFET 75 1.0 0.25 0.13 OlL. TTL. RTL 10 120 

OGMl82 CMOS 75 0.1 0.25 013 Oll. TTL. RTL 10 .035 
OG200 CMOS 70 10 0.7 0.5 OlL. TTL. RTL. CMOS. TTL High Level 10 3.0 

IHS017 P·JFET 100 0.2 0.5 0.5 TTL. High Level 10 
IH5018 P·JFET 150 0.2 0.5 0.5 TTL. Low Level 10 
1H5019 P·JFET 100 0.2 0.5 0.5 TTL. High Level 10 

SPST IH5020 P·JFET ISO 0.2 0.5 0.5 TTL. Low Level 10 
IH5033 P·JFET 100 0.5 0.2 0.2 TTL. High Level 10 
1H5034 P·JFET ISO 0.5 0.2 0.2 TTL. High Level 10 
IH5035 P·JFET 100 0.5 0.2 0.2 TTL. High Level 10 
1H5036 P·JFET lSO 0.5 0.2 0.2 TTL. High Level 10 
1H5041 CMOS 75 10 0.5 0.25 OTL. TTL. RTL. CMOS. PMOS hi .035 
IH5048 CMOS 35 10 0.25 0.15 OTL. TTL. RTL. CMOS. PMOS hi .035 
1H5141 CMOS 50 0.1 0.1 0.075 TTL. CMOS hi .035 
IH5341 CMOS 75 0.1 0.3 0.15 TTL. CMOS hi .035 

IHS013 P·JFET 100 0.2 0.5 0.5 TT,L. High Level 10 
IHS01<1 P·JFET lSO 0.2 0.5 0.5 TTL. low Level 10 
IHS015 P·JFET 100 0.2 0.5 0.5 TTL. High Level 10 
IH5016 P·JFET . lSO 0.2 0.5 0.5 TTL. low level 10 

SPST 1H5029 P·JFET 100 0.5 0.2 0.2 TTL. High Level 10 

IH5030 P·JFET 150 0.5 0.2 0.2 TTL. High level 10 
IH5031 P·JFET 100 0.5 0.2 0.2 TTL. High Level 10 
IH5032 P·JFET ISO 0.5 0.2 0.2 TTL. High level 10 

nr .. 1O ~ !!OSfET . ~5!! ~.~ ~.~ V) !Hl. TTL RTt 10 133 
DG201 CMOS 75 1.0 0.5 0.25 on TTL, RTl. CMOS 10 .350 

SPST 
IH5009 P,JFET 100 0.2 0.5 0.5 . TTL. High Level 10 
IH5010 P·JFET ISO 0.2 0.5 0.5 TTL. Low Level 10 
1H5011 P·JFET 100 0.2 0.5 0.5 TTL. High Level 10 
IH5011 P·JFET 1SO 0.2 0.5 0.5 TTL. Low Level 10 
iH5025 P·JFET 100 0.5 0.2 0.2 TTL High level 10 
1H5026 P·JFET iSO 0.5 0.2 0.2 TTL High level 

fo 
1H5027 P·JFET 100 0.5 0.2 0.2 TTL High level 
1H5028 P·JFET 150 0.5 0.2 0.2 TTL High level 
1H5052 CMOS 75 to 0.5 0.25 OTL. TTL. RTL. CMOS. PMOS 10 .350 
1H5053 CMOS 75 1.0 0.5 0.25 OlL. TTL. RlL'. CMOS. PMOS hi .350 

OG123 P·MOSFET 450 -4.0 0.3 1.0 OlL. TTL. Rll hi 133 
OGI25 P·MOSFET 450 ..... 0 0.3 1.0 . OlL. TTL. Rll 10 133 
OGI43A N·JFET 80 1.0 0.4 0.8 OTL. TTL.Rll (3) 84 
00l44A N·JFET 30 1.0 0.4 0.8 OlL. TTL. Rll (3) 84 

SPSl DGI46A N·JFEl 10 10.0 0.5 1.25 OlL. TTL. Rll (3) 84 

DG161A N·JFET 15 10.0 0.5 1.25 OlL. TTL. Rll (3) 90 
00162A N-JFET SO 2.0 0.4 0.8 OlL. TTL. Rl~ (3) 90 
00186 N-JFEl 10 10.0 0.3 0.25 OlL. TTL. Rll (3) 73 
OG187 N-JFEl 30 1.0 0.15 0.13 OlL. TTL. Rll (3) 73 
00188 N·JFET 75 to 0.25 0.13 Oll. TTL. RTl (3) 73 
OGMI88 CMOS 75 01 0.25 0.13 OlL. TTL. RTl (3) .035 

SPOl IHs042 CMOS 75 1.0 0.05 0.025 OlL. TTL. Rll PMOS. CMOS (3) .035 
IH5050 CMOS 35 1.0 0.25 0.15 Oll. TTl. RlL PMOS. CMOS (3) .035 
IH5142 CMOS 50 0.1 0.175 .0.125 TTl. CMOS (3) .035 
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Analog Switches with Driver continued 

rOSIOnl 10101f1 Ion lOll lealc Inpul PowII' .... , ~ICI S.HeIl II ItA "I jll Inpul Centumpllen 
TYIII CllIIIIIIII It. T......., 1111(1) l1li. mil l1li. Logic lnll Typt(2) IIIW 

OGI89 N-JFET 10 10.0 0.3 025 OTl. Tll. RTL (3) 120 
OGI90 N-JFET 30 1.0 0.15 0.13 Oll. Tll. Rll (3) 120 
OG191 N-JFET 75 10 0.25 0.13 Oll. TTl. RTL (3) 120 
OGM191 CMOS 75 0.1 0.25 . 0.13 OTl. Tll Rll (3) .035 

SPOT IH5043 CMOS 75 10 05 0:25 OTl. TTl. Rll. PMOS. CMOS (3) .035 

IH5051 CMOS 35 1.0 025 015 OTl. TTl. Rll. PMOS. CMOS (3) .035 
IH5143 CMOS 50 0.1 0.175 0.125 TTl. CMOS (3) .035 

OPST IH5044 CMOS 75 10 0.5 0.25 OTL TTl. RTl. CMOS. PMOS hi .035 
en 
~ 

1H5144 CMOS 50 0.1 0175 0125 TTl. CMOS hi 035 CD 
+-' 
C 

OGI83 N-JFET 10 100 03 025 OTl. TTL. RTL hi 84 
OG184 N-JFET 30 10 015 013 OTl. TTL. Rll hi 84 
OG185 N-JFET 75 10 025 013 OIL. TTL RTL hi 84 

OPST OGM185 CMOS 75 01 0.25 0.13 OTl. TTl. RTL hi .035 
IH5045 CMOS 75 1.0 0.5 0.25 OTl. TTl. RTL. PMOS. CMOS hi .035 
IH5049 CMOS 35 10 0.25 0.15 OTl. TTl. RTl. PMOS. CMOS hi .035 
IH5145 CMOS' 50 0.1 0175 0.125 TTL. CMOS hi .035 

OGI39A N-JFEI 30 10 0.4 0.8 OIL. TTL. RTL (3) 84 
OG142A N-JFET 80 1.0 0.4 08 OTl. TTL. RIL (3) 84 

OPOT OG145A N-JFET 10 10.0 0.5 1.25 on TTL RTL (''' .. , 84 
OGI63A N-JFET 15 10.0 0.5 125 Oll. TTl. RTL (3) 90 
OGl64A N-JFEI 50 2.0 0.4 0.8 OIl. TTl. RIL (3) 90 

IH5046 CMOS 75 10 0.5 0.25 OTL. TTL. RTL CMOS. PMOS (3) .035 

4PST IH5047 CMOS 75 10 0.5 0.25 Oll. TTl. Rll CMOS. PMOS ·hi .035 

Multiplexers 
rOSIOn) 10(011) Ion \,,11 !:!lie!!!!!!! "'wer .... , Device 8wiII:tI II III pi pi Input ~ 

T", CUIIIIII ... T......, -.x(I) -.x ... ... litle Lnel TrPI(2) .w 
CMOS 1 of 8 1H6108 CMOS 300 0.1 15 10 OTL. TTL. RTL. CMOS hi 4.5 
CMOS 1 of 16 1H6116 CMOS 600 0.2 1.5 1.0 OTl. TTL. RTl. CMOS hi 4.5 
CMOS 2018 1H6208 CMOS 300 '0.1 1.5 1.0 OTl. TTL. RTl. CMOS hi 4.5 
CMOS 20f 16 1H6216 CMOS 600 0.2 1.5 1.0 OTL. TTL. RTl. CMOS hi 4.5 
CMOS Fault 1 of 8 IH5108 CMOS 700 0.1 1.5 10 OTL. TTL. RTL. CMOS hi 4.5 
Protected 2018 IH5208 CMOS 700 0.1 1.5 1.0 OTl. TTl. RTL. CMOS hi 4.5 

Drivers for FET Switches 
Electrical Characteristics @ .25°C-Military Temperature Devices 

VOUT ton t,," I'IwIr 
Device I'lllUw ........ na na ~Nl 'Nt! LlliCInpaI ....... 

II. IfCltllnll ... VIllI VIlla .. I ... jlA (l1li1) _C-.x) lIVII (_W) 

1H6201 ·'4.0 -14.0 200 300 1.0 1.0 TTL 350 
0129 Vsupply -.19.3 250 1000 200 o 25jlA TTL/Oll 55 
0123 VsupPIy -19.7 250 600 1.0 10jlA TTl/OTl 20 
0125 Vsupply -19.7 250 600 1.0 15jlA TTL 50 

RF/VIDEO SWITCH 

rOS (ON) Power 
No. 01 Device n Off logic Consumption 

Type Channels No. Max. Isolation Input (mW) 

CMOS !H5341 7r:. >60d8 @' 10 MHz TTL. CMOS 0.030 

Moen: 
1. Switch ReSIstance under worst case analog VOltage. 
2. Positive logic LO ("0") or HI ("1") voltage at driver inpul necessary to turn SWItch on. 
3. LogIC "0" or "1" can be arbttrarily assigned for double-throw sWItches 
4. Switch rellstance under best case analog voltage. 
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Count.ra,Tlmera and Display Drive,. 
'-1 ..... CIrellI ..... ,.... CryItIt FftIIIIIIICY 0utiIuI 

ICM7207 Frequency counter time base. 14-Pin DIP 6.5536 MHz 0.01.0.1. or 1-second count window plus 
ICM7207A 14-Pin QlP 5.2488 MHz store. reset and MUX. 

ICM7208 7-digit unit counter. With addition of 7207 the 28-Pin DIP LED display drive 
circuit becomes a complete timer-frequency 
counter. 

ICM7211 Four-digit display decoder drivers: ICM72ll is 4O-Pin DIP (plastic) Four-digit. seven-segment direct display 

en ICM7212 LCD: ICM7212 is LED: Non-multiplexed for low drive: LED or LCD 

"- noise. BCD input. decoded display drive output. 
(J) ICM7216 Eight-digit universal counter measures frequency. 28-Pin DIP 1 or 10 MHz Eight-digit-common anode or common ..... ICM7226 period. frequency ratio. time interval. units: 4O-Pin DIP cathode direct LED drive: BCD output 
C on-board time base. (Cerdip or plastic) 

ICM7217 Four~digit CMOS up/down counter: presettable 28-Pin Cerdip Four-digit. seven-segment common anode 
ICM7227 start/count and compare register: for hard- or plastic or common cathode direct LED display 

wired or microprocessor control applications: drive: equal. zero. carry/borrow 
cascadable. 

ICM7218A/D LED display driver system with 8x8 memory: 28-Pin DIP Eight-digit. seven-segment plus decimal 
ICM7218E numeric or dot (1 0164) decoding: 4O-Pin DIP point: common cathode or common 

microprocessor compatible. (Cerdip or plastic) anode 

ICM7224 4'h-digit high speed counter/decoder/driver. 4O-Pin DIP 4~'~digit seven-segment direct display 
ICM7225 25 MHz typ: ICM7224 is LCD. ICM7225 is LED: (plastic) driver: LED or LCD 

direct display drive. cascadable. 

ICM7231 8-digit CMOS multiplexed LCD driver 4O-Pin DIP (plastic) Eight-digit. seven-segment plus two flags 
Parallel input. per digit 

ICM7232 10'/~digit CMOS multiplexed LCD driver. 4O-Pin DIP (plastic) 10ll,-digit. seven-segment plus two flags 
Serial input. per digit 

ICM7233 4-character CMOS multiplexed LCD driver. 4O-Pin DIP (plaStic) Four-character. 16-segment plus colon 
Parallel alphanumeric (6-bit ASCII) input. 

ICM7234 5-character CMOS multiplexed LCD driver. 4O-Pin DIP (plastic) Five-character. 16-segment plus colon 
Serial alphanumeric (6-bit ASCII) input. 

ICM7235/A 4-digit CMOS decoder/driver for direct drive 4O-Pin DIP (plastiC) Four-digit. seven-segment. vacuum 
vacuum fluorescent displays. BCD input. fluorescent display drive: either HEX 

ICM7235M/ AM Same as above but microprocessor compatible . or CODE B 

ICM7236 • '''-digit high speed CMOS counter I decoder I driver 4O-Pin DIP (plastic) 4'17-digit. seven-segment. vacuum 
lor vacuum fluorescent displays: 25 MHz typo fluorescent display drive 
counting speed. 

ICM7236A Same as above but counting to 15959. 4O-Pin DIP (plastic) 4'!,-digit. seven-segment. vacuum 
fluorescent display drive 

1CY7240 Programmable CMOS counter/limers using External Timed output 
ICM725Q external RC time base. Programmable from 16-Pin DIP 
If.M1?fiO "s to lIears. 
;CM7242 Fixed CMOS counter /timer. Uses external Rt 8-Pin DIP External Timed output 

time base: sequence liming Irom ,,5 to minutes. 

ICM7243 8-c~aracter multiplexed LED display driver with 4O-Pin Cerdip Eight-character. 141 16-segment common 
alphanumeric (6-bit ASCII) input. cathode alphanumeric LEO display drive 

ICM72Sl LCD Dot Matrix Column Driver 40-Pin DIP Up to 256 x 256 dots 

ICM7555 Single or dual CMOS version of industry-standard 8-Pin DIP 
ICM7556 555 timer: 80 ,.A typo supply current: 500 kHz 14-Pin DIP 

guaranteed: 2-1SV power supply. 
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FEATURES 

ADC0801-ADC0804 
8-Bit Microprocessor 

Compatible AID Converters 

GENERAL DESCRIPTION 

• MC5-48 and MCS·80/85 bus compatible-no inter· The ADC0801 family are CMOS 8-bit successive approxi
mation AID converters which use a modified potentiometric 
ladder, and are designed to operate with the 8080A control 
bus via three-state outputs. These converters appear to the 
processor as memory locations or 110 ports, hence no inter
facing logic is required. 

facing logic required 
• Conversion time <100~s 
• Easy interface to all microprocessors 
• Will operate "stand alone" 
• Differential analog voltage inputs 
• Works with bandgap voltage references 
• TTL compatible inputs and outputs 
• On·chip clock generator 
• OV to 5V analog voltage input range (single +5V 

supply) 

The differential analog voltage input has good common
mode-rejection, and permits offsetting the analog zero-input
voltage value. In addition, the voltage reference input can be 
adjusted to allow encoding any smaller analog voltage span 
to the full 8 bits of resolution. 

• No zero-adjust required 

TYPICAL APPLICATION 

1 cs v+ 
2 AD ClKR 

WR 
INTR ClKIN 

11 
DB7 

12 AID 
13 

Oils \Iw(+) 
DBs 

14 \Iw(-) 
15 

Os. 

16 
DB3 AGND 

t7 
082 

VAEFI2 

18 
DBl 
DBo DGND 

ORDERING INFORMATION 

PART ERROR 

ADCOS01 ± 1/4 bit adjusted full-scale 

A DCOS02 ± 1/2 bit no adjust 

ADCOS03 ± 112 bit adjusted full-scale 

ADC0804 ± 1 bit no adjust 
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The ADC0801 family is available in the industry standard 20 
pin CERDIP package. 

PIN CONFIGURATION 

} {.,IT '<SOLUnCH DIFF OVER ANY DESIRED 
INPUTS ANALOG INPUT 

VOLTAGE RANGE 

~ 

TOP VIEW 

(Outline dwg. JP) 

TEMPERATURE 
PACKAGE ORDER 

RANGE NUMBER 

O·C to + 70·C 20 pin CERPIP ADC0801LCN 
- 40·C to + S5°C 20 pin CERDIP 0 ADCOS01LCD 
- 55·C to + 125°C 20 pin CERDIP ADCOS01LD 

O°C to .:.. 70°C 20 pin CERDIP ADCOS02LCN 
- 40°C to + S5·C 20 pin CERDIP ADC0802LCD 
- 55·C to + 125·C 20 pin CERDIP A DC0802LD 

O°C to + 70·C 20 pin CERDIP ADCOS03LCN 
- 40·C to + S5·C 20 pin CERDIP ADCOS03LCD 
- 55°C to + 125°C 20 piil CEROiP A DCOB03 LD 

O°C to + 70.C 0 20 pin CERD!P ADC0804LCN 
-40·C to +S5°C 20 pin CERDIP ADC0804LCD 
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ADC0801-ADC0804 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .................................. 6.5V 

OPERATING RATINGS 
Temperature Range 

VoltageatAnylnput ................ -0.3Vto(V+ +0.3V) ADCOS01/02/03LD .................. -55°Cto +125°C 
Storage Temperature Range ............ - 65°C to + 150°C ADCOS01/02/03/04LCD ............... - 40°C to +85°C 
Package Dissipation atTA = + 25°C .............. S75mW ADC0801/02/03/04LCN ................. ~ O°C to + 70°C 
Lead Temperature (Soldering, 10 seconds) .......... 300°C Supply Voltage Range ...................... 4.5V to 6.3V 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

SYSTEM ELECTRICAL CHARACTERISTICS (Notes 1 and 7) 

Converter Specifications: V + = 5V, VREF/2 = 2.500V, T MIN S TA S T MAX and fCLK = 640kHz unless otherwise stated. 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

ADC0801: 
Total Adjusted Error With Full Scale Adjust ±1/4 LSB 

ADCOS02: 
.,. 

Total Unadjusted Error Completely Unadjusted ±112 LSB 

ADCOS03: 
Total Adjusted Error With Full Scale Adjust ±112 LSB 

ADC0804: 
Total Unadjusted Error Completely Unadjusted ±1 LSB 

VREF12 Input Resistance Input Resistance at Pin 9 1.0 1.3 kG 

Analog Input Voltage Range (Note 2) GND-0.05 V++0.05 V 

DC Common-Mode Rejection Over Analog Input Voltage Range ±1116 ±1/S LSB 

Power Supply Sensitivity V + = 5V ±10% Over Allowed ±1116 ±1/B LSB 
Input Voltage Range 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNIT 

Clock Frequency fcLK V+ = 6V (Note-3) - 100 640 1280 kHz 
V+ =5V 100 640 SOO kHz 

Clock Periods per Conversion (Note 4) teonv 66 73 

Conversion Rate In Free-Running Mode CR -INTR tied to WR with 8888 conv/s 
CS = OV, fCLK = 640kHz 

Width of WR Input (Start Pulse Width) tW(WR)1 CS = OV (Note 5) 100 ns 

Access Time (Delay from Falling Edge of tace CL = 100pF (Use Bus Driver IC 135 200 ns 
AD to Output Data Valid) for Larger Cd 

3-State Control (Delay from Rising Edge tlh. tOh CL = 10 pF, RL = 10k 125 250 ns 
of J!fI5 to Hi-Z State) (See 3-State Test Circuits) 

Delay fro!!.!.£!lIing Edge of WR to tWh tRI 300 450 ns 
Reset of INTR 

Input Capacitance of Logic CIN -5 7.5 pF 
Control Inputs 

3-State Output Capacitance (Data Buffers) COUT 5 7.5 pF 
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FEATURES 

leL 7106/7107 
31J2-Digit Single Chip 

AID Converter 

GENERAL DESCRIPTION 
• Guaranteed zero reading for 0 .volts Input on all The Intersil ICL7106 and 7107 are high performance, low 

power 3%-digit AID cpnverters containing all the necessary 
active devices on a single CMOS I.C. Included are seven
segment decoders, display drivers, reference, and a clock. 
The 7106 is designed to interface with a liquid crystal display 
(LCD) and includes a backplane drive; the 7107 will directly 
drive an instrument-size light emitting diode (LED) display. 

scales. 
• True polarity at zero for precise null detection. 
• 1 pA typical input current. 
• True differential input and reference. 
• Direct display drive - no external components 

required. - LCD ICL7106 
- LED ICL7107 

• Low noise -less than 1SJ.N p-p. 
• On-chlp clock and reference. 
• Low power dissipation - typically less than 10mW. 

The 7106 and 7107 bring together an unprecedented 
combination of high accuracy. versatility. and true economy. 
High accuracy like auto-zero to less than 1O}LV. zero drift of 
less than 1}LV/o C, input bias current of 10 pA max., and roll
over error of less than one count. The versatility of true differ
ential input and reference is useful in all systems, but gives 
the designer an uncommon advantage when measuring load 
cells, strain gauges and other bridge-type transducsiS. And 
finally the true economy of single power supply operation 
(7106), enabling a high performance panel meter to be built 
with the addition of only 7 passive components and a display. 

• No additional active circuits required. 
• Evaluation Kit available. 

ICL7106 with Liquid Crystal Display 

ORDERING INFORMATION 

Part Package Temp. Range Order Part #I 

7106 40 pin ceramic DIP O·C to + 70·C ICL7106CDL 
7106 40 pin plastic DIP O·C to +70·C ICL7106CPL 
7106 40 pin CERDIP O·C to + 70·C ICL7106CJL 
7107 40 pin CERDIP O·C to + 70·C ICL7107CJL 
7107 40 pin ceramic DIP O·C to +70·C ICL7107CDL 
7107 40 pin plastic D!P O·C to + 70·e !CL7107CPL 

7106 Kit Evaluation kits contain IC, display. circuit ICL7106EV!Kit 
7107 Kit board, passive components and hardware, ICL7107EV/Kit 
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ICL7107 with LED Display 
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37 
36 
35 

ICL7106 (LCD) 34 
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ICL 7109 12 Bit Binary 
A/D Converter for 

Microprocessor Interfaces 

FEATURES 
• 12 bit binary (plus polarity and overrange) dual 

slope integrating analog-tQ-ciigital converter. 
• Byte-organized TTL-compatible three-state outputs 

and UART handshake mode for simple parallel or 
serial interfacing to microprocessor systems. 

• RUN/HOLD input and STATUS output can be used 
to monitor and control conversion timing. 

• True differential Input and differential reference. 
• Low noise - typically 15J.LV p-p. 
• 1 pA typical .. iput current. 
• Operates at up to 30 conversions per second. 
• On-chlp oscillator operates with inexpensive 

3.58MHz TV crystal giving 7.5 conversions per 
second for 60Hz rejection. May also be operated as 
RC oscillator for other clock frequencies. 

• Fabricated using MAX-CMOSTII technology 
combining analog and digital functions on a single 
low power LSI CMOS chip. 

• All Inputs fully protected against static discharge; 
no special handling precautions necessary. 

PIN CONFIGURATION AND TEST CIRCUIT: 

GENERAL DESCRIPTION 

The ICL7109 is a high performance, low power integrating 
AID converter designed to easily interface with micro
processors. 

The output data (12 bits, polarity and overrange) may be 
directly accessed under control of two byte enable inputs 
and a chip select input for a simple parallel bus interface. A 
UART handshake mode is provided to allow the ICL7109 to 
work, with industry-standard UARTs in providing serial data 
transmission" ideal for remote data logging applications. The 
RUN/HOLD input and STATUS output allow monitoring and 
control of conversion timing. 

The ICL7109 provides the user with the high accuracy, low 
noise, .Iow drift, versatility and economy of the dual-slope 
integrating AID converter. Features like true differential 
input .and reference, drift of less than 1 p.V;o C, maximum 
input bias current of 10pA, and typical power consumption 
of 20mW make the ICL7109 an attractive per-channel 
alternative to analog multiplexing for many data acquisition 
appl ications. 

(See Figure 1 for typical connection to a UART or Microcomputer) 

GND 1 GND 
2 STATUS 

... _ .. r: 3POL 
ORDER 1 -{J 4 OR 
"VT~ -l-ll 5 B12 

OUTPUTS l 6 B 11 
7810 
889 

f 
988 
1087 

LOW 11 B6 
ORDER 12 B5 

BYTE 13 B4 
OUTPUTS 1483 

I. 1582 
l.: 1681 

"5Y 17 TEST 

CONTROL 19 RftN 

TOP VIEW 

y+ 40 

AE=~A':- :U--.-.~---~DIFFERENTIAl 
REF CAP t 37~ .... Ri:ftR£HCE 

REF INt 36 (!---"""'U"""o'-. -. -. --00" 

I': l~ : .01"F :~~~ ~~~ 
COMMON 33 GND 

ICU109 INT 321J---:--..r ..... --, 
AZ 31 G--tM:r...~'-----. 

8UF 3Oo-~=ir--w'\N\r-' 
REF OUT 29 REF IN 

Y-28 
SEND 21 

RuN/HOi]) 21 
BUF OSC OUT 25 

OSC SEl24 GND 
OSC OUT 23n----, 

y+ 
24kll 

8YTE{ 18~ 

INPUTS 20~ 
OSC IN 22 
MODE 21 

3.5795 MHz 
TV CRYSTAL 

·RINT = 2Ok1l FOR 0.2V REF 
"~ 200k1l FOR 2.0Y REF 

(OUTLINE DWGS DL. JL, PL) 

ORDERING INFORMATION 

Part Temp. Range Package Order Number 
7109 -55°C to +125"C 4O-Pln Ceramic DIP ICL7109MDL 
7109 -20"C to +85°C 4O-Pln Ceramic DIP ICL71091DL 
7109 -20"C to +85"C 4O-Pln CERDIP ICL71091JL 
7109 O°C to 70"C 4O-Pln Plastic DIP ICL7109CPL 
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FEATURES 

• 14-bit linearity 'and resolution (0.003%) 
• No missing codes 
• Microprocessor compatible byte-organized 

buffered outputs 
• Fast conversion (401&8) 
• Auto-zeroed comparator for low offset voltage 
• Low linearity and gain tempco (1ppmJOC, 4pp1ftlOC) 
• Low power consumption (60mW) 
• No gain or offset adjustment necessary (0.006% FS) 
• Provides 3% useable overrange 
• FORCE/SENSE and separate digital and analog 

ground pins for increased system accuracy 

PIN CONFIGURATION (outline dwg JL) 

j' 
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Monolithic 

14·Bit AID Converter 

GENERAL DESCRIPTION 
, . 

The ICL7115 is the first monolithic 14-bit accurate, fast suc
cessive approximation AID converter. It uses thin film 
resistors and CMOS circuitry with an on-chip PROM calibra
tion table circuit to achieve 14-bit linearity without laser trim
ming. Special design techniques used in the DAC and com
parator result in high speed, while the fully static silicon-gate 
CMOS circuitry keeps the power dissipation very low. 

Microprocessor bus interfaCing is made easy by the use of 
standard WRite and ReaD cycle timing and control signals, 
combined with Chip Select and Address pins. The digital out
put pins are byte-organized and three-state gated for bus in
terface to 8, 12, and 16-bit systems. 

, The.ICL7115 provides separate Analog and Digital grounds. 
Analog ground, voltage reference and input voltage pins are 

. separated into force and sense lines for increased system ac
curacy. Operating with ± 5V supplies, the ICL7115 accepts OV 
to + 5V input with a - 5V reference orOV to - 5V input with a' 
+ 5V reference. 

The ICL7115 is available in several versions with different ac
curacies, temperature ranges and packages. A Leadless 
Chip Carrier (LCC) package is also available; consult factory. 

ORDERING INFORMATION 

ACCURACY PACKAGE TEMPERATURE PART 
NUMBER 

0.01% 4O-Pin CERDIP O"C to + 70"C ICL7115JCJL 

0.01% 4O-Pin CERDIP -25"C to +85"C ICL7115JIJL 

0.01% LCC - -
0.006% 40;Pin CERDIP . O"C to + 70"C ICL7115KCJL 

0.006% 4O-Pin CERDIP. - 25"C to + 85"C ICL7115KIJL 

0_006% LCC - -
0.003% 4O-Pin CERDIP O"Cto + 70"C ICL7115LCJL 

0.003% 4O-Pin CERDIP - 25"C to + 85"C ICL7115L1JL 

0.003% LCC - -
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ICL7115 IIO~OlL 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

SupplyVoltageV+ toDGND ............. -0.3Vto +6.5V Operating Temperature Range 
Supply Voltage V- toDGND ............. + 0.3V to -6.5V ICL7115XCXX ... '" .....•........ , .... O·C to + 70·C 

VREFs• VREFf• V1Ns. V1Nf to DGND ........... + 25V to - 25V ICL7115XIXX ....................... -25·C to +85·C 

AGNDs• AGNDf to DGND ................... + 1V to -1V Storage Temperature Range ........... - 65·e to'+ 150·e 

Current in FORCE and SENSE Lines ............... 25mA Power Dissipation ............................ 500mW 
derate above 70De @ 100mW/oe 

DigitallJO Pin Voltages .............. - 0.3V to V + + 0.3V 

PROG to DGN D Voltage ................. V - to V + + 0.3V 
Lead Temperature (Soldering. 10 sec) .... '.' ......... 300oe 

Note 1: All voltages with respect to DGND, unless otherwise noted. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC ELECTRICAL CHARACTERISTICS v+ = + 5.0V, v- = - 5.0V, VREFS = + 5.0V, TA = + 25°C unless otherwise noted. 

PARAMETER SYMBOL CONDITIONS 

Resolution SC= High 

SC=Low 

Total Unadjusted Error 

Differential Non-Linearity Full Operating Temperature Range 

Overall Accuracy (Note 3) ICL7115J 

ICL7115K 

ICL7115L 

Full-Scale Error TA = + 25°C 
Operating Temperature Range (Note 2) 

Zero Error TA = + 25°C 

Operating Temperature Range (Note 2) 

Power Supply Rejection PSRR TA = +25°C 

Full Operating Temperature Range 

":Ng, "REfS Resistance ~N.~E" (Note 4) 

I Operating Temperature Range 
--"-

Low State Input Vo!tage Vii ! Operating Temperature Range 

High State Input Voltage Vih Operating Temperature Range 

Logic Input Current Ilih 0< VIN < V+ 

Low State Output Voltage VOl lOUT = 3.2mA 
Operatiny Temperature Range 

High State Output Voltage Voh lOUT = - 200pA 
Operating Temperature Range 

Three-State Output Current lox 0< VOUT < V+ 

Logic Input Capacitance Cin (Note 2) 

Logic Output CapaCitance COUI Three-State (Note 2) 

Supply Voltage Range V+ Functional Operation 
V-

Supply Current 1+ Excluding Ladder Current 

I FCLK = 1kHz 

Note 2: Assumes all leads soldered or welded to printed circuit board. 

Note 3: Full-scale range (FSR) is 10V ( + 5V to - 5V). 

Note 4: Guaranteed by design, not 100% tested in production. 

I 

MIN TYP MAX UNIT 

14 

12 
Bits 

1 
LSB 

1/2 

0.01 

0.006 % FSR 

0~003 

1/2 1 LSB 

1 4 ppm/oC 

1/S LSB 

4 ppm/oC 

1116 1/S 
LSB 

3 I 5 I 7 kQ 

I -300 I ppml"C I 
I ! O.S I V 

2.4 V 

1 10 p.A 

0.4 
V 

2.S 
V 

1 pA 

15 
pF 

15 

4.5 6.0 
-4.5 -6.0 

V 

5 

5 
mA 
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• % 19,999 count AID converter accurate to % 1 count 
• 10"V resolution on 200mV scale 
• 110dB CMRR 
• Direct LCD display drive 
• True differential input and reference 
• Low power consumption 
• Decimal point drive outputs 
• Qverrange and underrange outputs 
• Low battery detection and indication 
• 10:1 range change input 

ORDERING INFORMATION 

PART PACKAGE TEMPERATURE ORDER NUMBER 

7129 40-Pin CERDIP O·C to + 70·C ICL7129CJL 

7129 40-Pin Plastic O·C to + 70·C ICL7129CPL 

7129 40-Pin Plastic O·C to + 70·C ICL7129RCPL 

7129 Dice O·C to + 70·C ICL7129C/D 

7129 Flat Pack I I 

TYPICAL APPLICATION 
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lOW 8MTERY CONTINUITY 

_'OCIOC' I.LI.LI.LI.LI 

The Intersil ICL7129 is a very high-performance 41f2-digit 
analog-to-digital converter that directly drives a multiplexed 
liquid crystal display_ This single-chip CMOS integrated cir
cuit requires only a few passive components and a reference 
to operate_ And it is ideal for high-resolution hand-held digital 
multimeter applications_ 

The performance of the ICl7129 has not been equaled before 
in a single-chip AID converter. The successive. integration· 
technique used in the ICl7129 results in accuracy better than 
0.005% of full-scale and resol.ution down t010/LV/count. 

The ICL7129, drawing only 1 rnA from a 9V battery, is well 
suited for battery powered instruments. Provision has been 
made for the detection and indication of a "LOW BATTERY" 
condition. Autoranging instruments can be made with the 
ICL7129 which provides overrange and underrange outputs 
and 10:1 range changing input. The ICL7129 instantly checks 
for continuity,..giving both a visual indication and a logic level 
output which can enable an external audible signal. These 
features and the high performance of the ICL7129 make it an 
extremely versatile and accurate instrument-on-a-chip. 

T
10pF 

Y+ 

PIN CONFIGURATION (outline dwg JL, PL) 

DISPLAY 
OUTPUT 

LINES 

TOPYIEW 
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ICL7129 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltages (V + toV-) ........................ 15V 

Reference Voltage (REF H lor REF LO) ........... V + to V-
Input Voltage (Note 1) 

(IN HlorlN LO) ................. '" " '" .. , V+ toV-

VOISP ......•..••..••••..•...•.••.. V + to DGND - O.3V 
Digital Input Pins 

1,2,19,20,21,22,27, 
37,38,39,40 ........................... DGNDtoV+ 

1I0~DIL 

Power Dissipation (Note 2) 
CERDIP package ........................... 1000mW 
Plastic package ............................ 800mW 

Operating Temperature ................... O°C to + 70°C 

Storage Temperature ................. - 65°C to + 160°C 

Lead Soldering Temperature ..................... 300°C 

Note1: Input voltages may exceed the supply voltages provided that input current is limited to ± 4oo"A. Currents above this value may result In 
invalid display readings but will not destroy the device if limited to ± 1mA. 

Note 2: Dissipation ratings assume device is mounted with all leads soldered to printed circuit board. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica· 
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS v+ to v- :: 9V, VREF :: 1.ooV. TA = + 25·C, fClK :: 120kHz, unless otherwise noted. 

CHARACTERISTICS CONDITIONS MIN TYP MAX UNIT 

Zero Input Reading V1N=OV -0000 0000 +0000 Reading 

200mV Scale 

Zero Reading Drift VIN=OV ±0.5 IJV/·C 

O·C < TA < +70·C 

Ratiometric Reading V1N :: VREF = 1000mV 9998 9999 10000 Reading 

RANGE::2V 

Range Change Accuracy V1N ::0.10000Von Low 0.9999 1.0000 1.0001 Ratio 

Range -;. 

V1N = 1.0000V on High Range , 

Rollover Error - V1N :: + V1N = 199mV 0.5 1.0 
Counts 

Linearity Error 200mV Scale 0.5 

Input Common-Mode VCM = 1.0V, V1N =OV 110 dB 

Rejection Ratio 200mV Scale 

Input Common-Mode V1N=OV (V -) + 1.5 (V+) - 0.5 V 

Voltage Range 200mV Scale 

V OV 70 " ," ......... IN= I IJV I 
Exceeding 95% of Time) 200mV Scale 

Input Leakage Current V1N =OV, Pin 32, 33 1 10 pA 

Scale Factor Tempco V1N = 199mV 2 5 ppm/oC 

O·C < T A < + 70·C / 

External VREF = Oppm/·C 

COMMON Voltage V+ to Pin 28 2.8 3.2 3.5 V 

COMMON Sink Current ACommon = + 0.1V 0.6 mA 

COMMON Source Current ACommon = - 0.1 V 12 IJA 

DGND Voltage V+ to Pin 36 4.5 5.3 5.8 V 

V+ to V- =9V 

DGND Sink Current ADGND = + 0.5V 1.2 mA 

Supply Voltage Range V+ to V- 6 9 14 V 

Supply Current Excluding V+ to V- =9V 1.0 1.4 mA 

COMMON Current 

Clock Frequency 120 360 kHz 

Display Multiplex Rate fClK = 120kHz 100 Hz 

V01SP Resistance V01SP toV+ 50 kfl 
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FEATURES 

• 14-blt linearity (0.003% FSR) 
• No gain adjustment necessary 
• Mlcroprocessor-compatlble with double buffered 

Inputs 
• Bipolar application requires no extra adjustments 

or external resistors 
• Output current settllng·tlme 31'1 max (0.91'1 typ) 
• Low linearity and gain temperature coefficients 
• Low power dissipation 
• Full four-quadrant multiplication 
• Full temperature range operation 

ICL7134 
14-Bit J,tP-Compatible 

Multiplying D/A Converter 

GENERAL DESCRIPTION 
The ICL7134 combines'a four-quadrant multiplying DAC 
using thin film resistors and CMOS circuitry with an on-chip 
PROM-controlled correction circuit to achieve true 14-bit 
linearity without laser trimming. 

Microprocessor bus interfacing is eased by standard 
memory WRite cycle timing and control signal use. Two input 
buffer registers are separately loaded with the 8 least signifi
cant bits (LS register) and the 6 most significant bits (MS 
register). Their contents are then transferred to the 14-bit 
DAC register, which controls the output switches. The DAC 
register can also be loaded directly from the data inputs, in 
which case the registers are transparent. 

The ICL7134 is supplied in two versions. The ICL7134U is pro
grammed for unipolar operation while the ICL7134Bis pro
grammed for bipolar applications. The VREF input to the most 
significant bit of the DAC is separated from the reference in
put to the remainder of the ladder. For unipolar use, the two 
reference inputs are tied together, while for bipolar operation, 
the polarity of the MSB reference is reversed, giving the DAC 
a true 2's complement input transfer function. Two resistors 
which facilitate the reference inversion are included on the 
chip, so only an external op-amp is needed. The PROM is 
coded to correct for errors in these resistors as well as the in
version of the MSB. 

PIN CONFIGURATION ORDERING INFORMATION 

NON-LINEARITY 
TEMPERATURE RANGE 

O"C to + 10"C - 25°C to + 85°C - 55°C to + 125°C 

Bipolar Versions 

0.01 % (12-bit) ICL7134BJCJ I ICL7134BJIJI ICL7134BJMJI 
0.006% (13-bit) ICL7134BKCJI ICL7134BKIJI ICL7134BKMJ I 
0.003% (14-bit) ICL7134BLCJI ICL7134BLlJI ICL7134BLMJI 

Unipolar Versions 

0.01 % (12o bit) ICL7134UJCJI ICL7134UJIJI ICL7134UJMJI 
0.006% (13-bit) ICL7134UKCJI ICL7134UKIJI ICL7134UKMJI 
0.003% (14-bit) ICL7134ULCJI ICL7134ULlJI ICL7134ULMJI 

Package: 28-pin CERDIP only 

(outline dwg JI) 
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ICL7134 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

SupplyVoltage(V+ toDGND) ............. -O.3Vto7.5V Storage Temperature Range ........... - 65°C to + 150GC 

VRFL, VRFM, R1NV, RFB to DGND .... : .............. ± 25V Power Dissipation (Note 2) .................... '. 500mW 

IOUT,AGNDF,AGNDs ..................... -O.1VtoV+ Derate Linearly Above 70°C @ 10mW/oC 

Current in AGNDs, AGNDF ....................... 25mA Lead Temperature (Soldering, 10 seconds) .......... 300°C 

An, On, WR, CS, PROG . . . . . . . . . . . . .. - 0.3V to V + + 0.3V 

Operating Temperature Range 
ICL7134XXC .......................... OGC to + 70GC Note 1: All voltages with respect to DGND. 

ICL7134XXI ....................... - 20GC to + 85GC 
ICL7134XXM ..................... - 55°C to + 125GC 

Note 2: Assumes all leads soldered or welded to printed circuit 
board. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

OPERATING CHARACTERISTICS (v+ ;:: 5V, VREF ;:: lOY, TA ;:: + 25°C unless otherwise specified.) 

I 

. PARAMETER SYMBOL TEST CONDITIONS 

Resolution 

Non-linearity J Test Figure 1 

K (Notes 1 and 2) 

L 

Non-linearity Temperature Coefficient Operating Temperature Range 

Gain Error J Test Figure 1 

K (Notes 1 and 2) 

L 

Gain Error Temperature Coefficient 

Monotonicity J 

K 

L 

lOUT Leakage Current 10LK TA= +25°C 

Operating Temperature Range 

Power Supply Rejection PSRR TA = + 25°C, .1 V 7 ;:: ± 10% 

Opera!~!":g Te~pe!'atu!''? R;tngl? 

Output Current Settling Time 

Feedthrough Error ICL7134U VREF = ± lOY, 2kHz Sinewave 

ICL7134B ...... ... 

Reference Input Resistance 4lEF VRFL ;:: VRFM (Unipolar Mode) 

Output Capacitance GoUT DAC Register;:: All O's 

DAC Register;:: All l's 

Output Noise Equivalent Johnson Res. 

Low State Input VINL Operating Temperature Range 

High State Input VINH Operating TemperC\ture Range 

Logic Input Current Ilin OSVINSV+ 

Logic Input Capacitance Clin (Note 3) 

Supply Voltage Range V+ Functional Operation 

Supply Current 1+ (Excluding Ladder) 

Long Term Stability 1000 Hours, + 125°C (Note 3) 

Nole 1: Full-Scale Range (FSR) is 10V for unipolar mode, 20V (± 10V) for bipolar mode. 

Note 2: Using internal feedback and reference inverting resistors. 

Note 3: Guaranteed by design, not 100% tested in production. 

LIMITS 

MIN TYP 

14 

1 

2 

14 

14 

14 

50 

1 

0.9 

250 

500 

4.0 

160 

235 

7 

2.4 

15 

3.5 

0.06 

10 

UNIT 
MAX 

Bits 

0.010 % FSR 

0.006 % FSR 

0.003 % FSR 

2 ppm/DC 

0.020 % FSR 

0.012 % FSR 

0.006 % FSR 

8 ppm/DC 

Bits 

Bits 

Bits 

10 
nA 

50 

100 
ppmIV 

3 !LS 

!LVp-p 

10 kl1 

pF 

kl1 

0.8 V 

V 

1.0 !LA 

pF 

6.0 V 

0.5 mA 

ppml.Jmonth 

I 
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FEATURES 
• Accuracy guaranteed to ±1 count over entire 

±2O,OOO counts (2~OOOO volts full scale) 
• Guaranteed zero reading for 0 volts Input 
• 1 pA typical Input current 
• True differential input 
• True polarity at zero count for precise null detection 
• Single reference voltage required 
• Over-range and under-range signals available for 

auto-ranging capability 
". All outputs TTL compatible 
• Blinking display gives visual Indication of over

range 
• Six auxiliary Inputs/outputs are available for 

Interfacing to UARTs, microprocessors or other 
complex Circuitry . 

, • Multiplexed SCD output versatility 

SIGNAL 
INPUT 

ICL7135 
Precision 4112 Digit Single Chip 

A/D Converter 

GENERAL DESCRIPTION 
The I ntersi I ICL7135 precision AID converter, with its 
multiplexed BCD output and digit drivers, combines dual
slope conversion reliability with ±1 in 20,000 count accuracy 
and is ideally suited for the visual display DVM/DPM market. 
The 2.0000V full scale capability, auto-zero and auto-polarity 
are combined with true ratiometric operation, almost ideal 
differential linearity and true differential input. All necessary 
active devices are contained on a single CMOS I.C., with the 
exception of display drivers, reference, and a clock. 

The Intersi! ICL7135 brings together an unprecedented 
combination of high accuracy, versatility, and true economy. 
High accuracy like auto-zero to less than 10#,V, zero drift of 
less than 1#'v/°C, input bias current of 10 pA max., and 
rollover error of less than one count The versatility of 
multiplexed BCD outputs is increased by the addition of 
several pins which allow it to operate in more sophisticated 
systems. These include STRnSE, OVERRANGE, UNDER
RANGE, RUN/HOLD and BUSY lines, making it possible'to 
interface the circuit to a microprocessor or UART. 

SEVEN 
SEG. 

DECODE 

ICL7135 with LED DllPIey 

ORDERING INFORMATION 

Part 

7135 
7135 

EVI 

@ IC MASTER 1984 

Package Temp. Range 

28-Pin CERDIP O°C to +70°C 
28-Pin Plastic DIP O°C to +70°C 

Evaluation Kit 
'PC Soard \ , 
active, passive 
components) 

Order Part # 

ICL7135CJI 
ICL7135CPI 

...... ~---v· IvLl"Or: 
I I I 
I 

KIT 

PIN CONFIGURATION (Outline dwgs JI, PI) 

REFERENCE 
ANALOG COIIMON 3 

BUFF OUT 6 

REF. CAP-:=- 7 
REF. CAP. + 8 

UNDERRANGE 

AlH 
24 DIGITAL GND 

POL 

3003 



ICL7135 1I0~OlL 
ABSOLUTE MAXIMUM RATINGS 
Power Dissipation (Note 2) 

Ceramic Package ........ .'................. 1000 mW 
Supply Voltage V+ ................................ +6V 

V- ............................... -9V 
Plastic Package ............................ 800 mW Analog Input Voltage (either input) (Note 1) ..... V+ to V-

Operating Temperature .................. O°C to +70°C Reference Input Voltage (either input) .......... V+ to V-
Storage Temperature ................ -65°C to +160°C Clock Input ................................. Gnd to V+ 
Lead Temperature (Soldering, 10 sec) ............ 300°C 
Note 1: Input voltages may exceed the supply voltages provided the input current is limited to +100IlA. 
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board .. 
'COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the devices. This is a stress 
rating only and functional operation of the devices at these or any other conditions above those indicated in the operational sections of the . 
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

ICL7135 ELECTRICAL CHARACTERISTICS (Note 1) 
V+ = + 5V, V- = -5V, TA=25°C, Clock Frequency Set for 3 Reading/Sec 

CHARACTERISTICS SYMBOL CONDITIONS MIN TYP MAX UNITS 

A Zero Input Reading VIN = O.OV -0.0000 ±O.oooo +0.0000 Digital 
N Full Scale = 2.000V Reading 

A Ratiometric Reading (2) VIN == VREF +0.9998 +0.9999 +1.0000 Digital 
L Full Scale = 2.0OOV Reading 

0 Linearity over ± Full Scale Digital 
G (error of reading from -2V ::; VIN ::; +2V 0.5 1 Count 

best straight line) Error 

Differential Linearity 
(difference between worse -2V ::; VIN ::; +2V .01 LSB 
case step of adjacent counts 
and ideal step) 

Rollover error !Difference in Digital 
reading for equal positive & -VIN == +VIN "" 2V 0.5 1 Count 
negative voltage near full scale) Error 

(Note 1) Noise (P-P value not en VIN =OV 
(Note 2) exceeded 95% of time) Full scale = 2.000V 15 p.V 

Leakage Current at Input hLK VIN = OV 1 10 pA 

Zero Reading Drift VIN = OV 0.5 2 p.V/oC 
0° ::; TA::; 70°C 

Scale Factor Temperature TC VIN = +2V .. - ..... -: I CoeffiCient (3) 2 I ppmrl,; I 
{ext. re1 w Q ppm! C' 

VINH 2.8 2.2 V 

-- VINL 1.6 0.8 
NPUTS Clock In, Run/Hold, See Fig. 2 hNL VIN = 0 0.02 0.1 rnA 

hNH VIN = +5V 0.1 10 p.A 
0 All Outputs VOL IOL = 1.6ma 0.25 0.40 V 

0 
U B1, 82, 84, Be VOH iOH =-1mA 2.4 4.2 V 
T 01, 02, 03, 04, 05 

I P BUSY, STROBE, VOH IOH = -10p.A 4.9 4.99 V 
G 
I 

U OVER-RANGE, UNDER-RANGE 
T POLARITY 

T S 
A 

S +5V Supply Range V+ +4 +5 +6 V l. 
U -5V Supply Range V -3 -5 -8 V 
P +5V Supply Current I fc = 0 1.1 3.0 rnA 
P -5V Supply Current I fc = 0 0.8 3.0 
L 

Y Power Dissipation Capacitance Cpo vs. Clock Freq 40 pF 
Clock Clock Freq. (Note 4) DC 2000 1200 kHz 

. . 
Note 1: Tested In 4-1/2 digit (20,000 count) CirCUit shown in Fig. 1, clOCk frequency 120kHz . 
Note 2: Tested with a low dielectric absorption integrating capacitor. See Component Selection Section. 
Note 3: The temperature range can be extended to +70°C and beyond as long as the auto-zero and reference capacitors are increased to 

absorb the higher leakage of the ICL7135. 
Note 4: This specification relates to the clock frequency range over which the ICL7135 will correctly perform its various functions. See "Max 

Clock Frequency" below for limitations on the clock frequency range in a system. 

3004 @) Ie MASTER 1984 



FEATURES 

• Flrst·reading recovery from owerrange gives 
Immediate "OHMS" measurement 

• Guaranteed zero reading for OV Input 
• True polarity at zero for precise null detection 
• 1 pA typical input current 
• True dille.rential input and reference 
• Direct LCD display drive - no external components 

required 
• Pin compatible with the ICL7106, ICL7126 
• Low nolse-15I'Vp-p without hysteresis or 

overrange hangover 
• On-chip clock and reference 
• Low power disSipation, guaranteed less than 

1mW-gives 8,000 hours typlcal9V battery life 
• No additional active circuits required 
• Evaluation Kit available (ICL7138EV/KIt) 

ORDERING INFORMATION 

PART PACKAGE 
TEMPERATURE ORDER PART 

RANGE NUMBER 

7136 40-pin CERDIP O·C to + 70·C ICL7136CJL 

7136 4O-pin Ceramic DIP O·C to + 70·C ICL7136CDL 

7136 4O-pin PlastiC DIP O°C to + 70·C ICL7136CPL 

7136 Kit Evaluation Kits ICL7136EVlKIT 

PIN CONFIGURATION (Outline dwgs. OL, JL PL) 

V' ~--r-,....-..... OSC 1 

I 
D1 31 OSC2 
C1 OSC3 

iii" B1 TEST 
!: A1 REf HI 
~ F1 REFLO 
- G1 C·REF 

E1 C-AEF 

f ~ 1CL11. :: ~~ I 
D2 COMMON 

~ ~ : ~ 
- E2 14 27 tNT 

~ {~ ~~ 21 v-
B ~ .... S'.. a~ CO2 (TENS) 

c t: !! :22Fit=:~}-_~. 
(10001 A84 11 Ei'" 
(~Y_Ulagil-__ ....,j21w.-'BP 

@ Ie MASTER 1984 

ICL7136 
3 112-Digit 

Low Power AID Converter 

GENERAL DESCRIPTION 

The Intersil ICL7136 is a high performance, very low power 
3%-digit AID converter. All the necessary active devices are 
contained on a single CMOS IC, including seven-segment 
decoders, display drivers, reference, and clock. The 7136 is 
designed to interface with a liquid crystal display (LCD) and 
includes a backplane drive. The supply current is under 
100uA, ideally suited for 9V battery operation. 

The 7136 brings together an unprecedented combination of 
high accuracy, versatility, and true economy_ High accuracy, 
like auto-zero to less than 10",V, zero drift of less than 1",V/oC, 
input bias current of 10pA max., and rollover error of less than 
one count. The versatility of true differential input and 
reference is useful in all systems, but gives the designer an 
uncommon advantage when measuring ioad ceUs, strain 
gauges and other bridge-type transducers. And finally the . 
true economy of single power supply operation allows a high 
performance panel meter to be built with the addition of only 
7 passive components and a display. 

The ICL7136 is an improved version of the ICL7126, 
eliminating the overrange hangover and hysteresis effects, 
and should be used in its place in all applications. It can also 
be used as a plug-in replacement for the ICL7106 in a wide 
variety of applications, changing only the passive 
components. 

DISPLAY 

" ,L-.--_--=~----' • DISPLAY 

ICL7136 with Liquid Crystal Display 
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ICL7136 

TYPICAL APPLICATIONS (Continued) 
., 

Topn 1 
40 

'-' 
~:~ :'1= AA1801dl 1 
OSC3 

v v 1 Set Yre' = 1.000Y 

TEST ~ sOPF / 
RREE:L~ F= X A 

~ 
v 

C REF ~O.l"F 240kIl 
C REF 

y+ 

COM:O~ = 1M!! + AA 

'NLO 
*O.OlpF 

8': = 
O.lQpF __ I 

•• 1.8M!!j 

'NT 
v.: J 

Y- .. O.047"F 

IN 

G2 = 
}TO DISPLAY 

C3 = 
:= 
BP r--- TO BACKPLANE 

21 

Figure 11. Recommended Component Values for 2.000V Full· 
Scale, 3 Readings/Sec. For 1 reading/sec, change CINT , Rose to 
values of Figure 10. 

figure ;3. 7;36 Operated from Singie + SV Supply. An external 
reference must be used in this application, since the voltage 
between V + and V - is insufficient for correct operation of the in
ternal reference. 

Silicon NPH 
MPS 3T04 or 
limilar 

Figure 15.' 7136 used as a Digital Centigrade Thermometer. A 
silicon diode-connected transistor has a temperature coefficient 
of about - 2mVloC. Calibration is achieved by placing the sensing 
transistor in ice water and adjusting the zeroing potentiometer for 
a 000.0 reading. The sensor should then be placed in boiling water 
and 'the scale-factor potentiometer adjusted for a 100.0 reading. 
See ICL8073/4 and AD590 data sheets for alternative circuits. 

To pin 1 
40 

OSCl 

OSC 2 ~ -1 Set Yre' = l00.OmY 
OSC3rt----~~--~ \ 
TEST sOPF 

REF HI r=t----------, ~ 
REFLO = 1 A AI'.. .sy 

~:~: =~o.1,.FI 1or.o /,;'ii ~~6.8Y 
COMMON 1M!! 

I~ L~ r=t-----i,.....--±-=.IO:-::.O"..l~-:F'\.vl\l\r A-+--O\N 

O.33"F'1I 
A·Z A" 1801dll 

B~:~::: v,': v 1 
Y- * .. 
G2::: } 
C3 = 
A3 TO DISPLAY 

G3 ::: 

BP = f-'-- TO BACKPLANE 
---~~2"1 

-sy 

Figure 12. 7136 with Zener Diode Reference. Since low TC zeners 
have breakdown voltages -S.8V, diode must be placed across the 
total supply (10V). As in the case of Figure 11, IN LO may be tied to 
COMMON. 

~~~--------------~Y+ 

Figure 14. 7135 Mees!.!r!ng R!lt!o~tr!e V,,!ues of Quad Load Cell. 
The resistor values within-the bridge are determined by the desired 
sensitivity. 

or 74Cl0 CD4077 

Figure 16. Circuit for Developing Underrange and Overrange 
Signals from 7136 Outputs. 

*Values depend on clock frequency. See Figures 9, 10, 11. 
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FEATURES 

• 16·bit resolution 
• High Iinearity-0.OO3% FSR 
• Microprocessor compatible with buffered inputs 
• Bipolar application requires no external resistors 
• Output current settling time 3#-,s max (1.0#-,s typ) 
• Low linearity and gain temperature coefficients 

(1ppm/OC typ) 
• Low power dissipation 
• Full four·quadrant multiplication 
• Full temperature range operation 

ORDERING INFORMATION 

NON·LlNEARITY 
TEMPERATURE RANGE 

O"C TO + 70°C I - 25°C TO + 85°C 
0.006% ICL7145JCJI I ICL7145JlJI 

0.003% ICL7145KCJI I ICL7145KIJI 

Package: 28-pin CERDIP only 

CHIP TOPOGRAPHY 

mm 

@ IC MASTER 1984 

ICL7145 

GENERAL DESCRIPTION 

The ICL7145 combines a four-quadrant multiplying DAC us
ing thin film resistors and CMOS circuitry with an on-chip 
PROM-controlled correction circuit to achieve 0.003% 
linearity without laser trimming. 

Microprocessor bus interfacing is eased by standard 
memory WRite cycle timing and control signal use. The input 
buffer register is loaded with the 16-bit input, and directly 
controls the output switches. The register is transparent if 
WR and CS are held low. 

The ICL7145 is designed and programmed for bipolar opera
tion. There is an offset resistor to the output with a reference 
input which should be connected to - VREF , giving the DAC a 
true 2's complement input transfer function .. Two extra 
resistors to facilitate the reference inversion are included on 
the chip, so that only an external op amp is needed. 

PIN CONFIGURATION (outline dwg JI) 

3007 
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ICL7145 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage V + to DGND ............... - 0.3V to 7.5V StorageTemperature ................. -65·Cto + 150·C 

VREF• ROFS, RINV, RFB to DGND ................... ± 25V Power Dissipation (Note 2) ..................... 500mW 

Current in AGNDF, AGNDs ....................... 25mA derate above 70·C@ 10mW/·C 

ON, WR, CS, PROG, lOUT, Lead Temperature (soldering, 10 seconds) .......... 300·C 

AGNDF, AGNDs .................. - 0.3V to V + + 0.3V 

Operat:ng Temperature Note 1: All voltages with respect to DGND. 
ICL7145C ............................ O·Cto + 70·C 

ICL71451 .......................... - 25·C to + 85·C 
Note 2: Assumes all leads soldered or welded to printed circuit 

board. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability . 

DC ELECTRICAL CHARACTERISTICS v+ = + 5V, VREF = + 5V, TA = + 25°C unless otherwise specified. 

LIMITS 
PARAMETER SYMBOL CONDITIONS UNIT 

MIN TYP MAX 

Resolution 16 Bits 

Non·Linearity I J 0.006 

I K 
(Notes 3 and 4) 

0.003 
% FSR 

Differential Non·Linearity (Notes 3 and 4) 0.003 % FSR 

Non-Linearity Temperature Coefficient Operating Temperature Range 1 ppm/·C 

Gain Error I J 0.04 

I K 
(Notes 3 and 4) 

0.02 
% FSR 

Gain Error Temperature Coefficient Operating Temperature Range 1 ppml"C 

Zero Output Offset 
VOl 

TA= + 25°C 10 
mV 

Operating Temperature Range 10 

Power Supply Rejection Ratio PSRR TA = + 25°C, V+ = 5V ± 10% 1 20 ppmIV 

Output Current Settling Time 1 3 itS 

Reference Input Resistance ZREF VREF 3 6 kfl 

Output Capacitance 
GOUT 

~ = All Os 110 
pF 

= 
~~~ I ~ AII1s 

Output Noise I I Equivalent Jonnson Resistance 7 o,n 

Low State Input V1N1 Operating Temperature Range 0.8 
V 

High State Input V1Nh Operating Temperature Range 2.4 

Logic Input Current IUN o !£ V1N !£ V+ -1.0 1.0 itA 

Logic Input Capacitance CUN 15 pF 

Supply Voltage Range V+ Functional Operation 4.5 5.5 V 

Supply Current 1+ Excluding Ladder 0.5 1.2 rnA 

Note 3: Full·Scale Range (FSR) is 10V ( ± 5V). 

Note 4: USing internal feedback and reference inverting resistors. 

AC ELECTRICAL CHARACTERISTICS v+ = + 5V, TA = + 25°C, see Timing Diagram. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 

Chip Select·WRite Set-Up Time tcws 0 

Chip Select-WRite Hold Time tCWh 0 

Write Pulse Width Low tWA 200 ns 

Data-WRite Set·Up Time tows 200 

Data-\iimite Hold Time tOWh 0 

@ Ie MASTER 1984 
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VREF IN ----....., 

DATA 
INPUTS 

18 19 20 

VREF RINV RoFS V+ 
RINVl RINV2 

16 
D1S(MSB) 

21 
RFB 

25 
lOUT 

ICL7145 

o 1;~ Do(LSB) 
+5V PROG 

27 

Figure 2. Bipolar Operation, Four·Quadrant 

Figure 3. Operation with Forced Ground 

t 
VOUT 

l 
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3010 

f FEATURES 

• Low Impedance Voltage Output 

• Double-Buffered Processor Interface 

• Easy-Ta-Use Bipolar Offset 

• Multiplying Capability 

• On-Chip Trimmed Reference 

• 7 pS Settling Time 

• No External Gain or Offset Adjustment 
Required 

• Low Power Dissipation SOmW 

• No Critical External Components 

ORDERING INFORMATION 

Part Number Linearity 

ICL7146LCJI 
0.01% 

ICL7146L1JI 

ICL7146KCJI 
0.02% 

ICL7146KIJI 

ICL7146JCJI 
0.05% 

ICL7146JIJI 

REF 

T 

ALE 

Temperature 
Range Package 

o to + 70°C 

- 40°C to + 85°C 

o to + 70°C 
CERDIP 

-40°C to +85°C 

o to + 70°C 

- 40°C to + 85°C 

BLOCK DIAGRAM 

V+ v- AGNO 

D7. os 03 01 
DflD4D2DO 

ROS 

ICL 7146 Complete 
12·Bit Processor 

Compatible CMOS DAC 

GENERAL DESCRIPTION 

The ICL7146 is the first of a series of complete 12-Bit 
CMOSDAC's. These DAC's feature all of the needed 
support Circuitry to interface to processors and give a 
voltage output. Contained on the chip are two levels 
of latches for double buffers, a trimmed reference, a 
latch controller, and an output buffer amplifier. All 
devices are accurately trimmed for both gain and off
set so that no external trimming is required. 

CMOS circuitry is used to keep the power dissipation 
low, and with all devices contained on a single chip, 
significant board size reductions are possible. As an 
alternative to this, many more analog channels could 
be added to a board and still decrease power con
sumption. Intersil's patented autostabilized op amp 
construction eliminates drifts in the zero offset and 
provides a fast (7 I1S) settling time. 

Processor interface is double-buffered with all 12-bits 
being brought out. The first level of latches is divided 
into 4 and 8 bit bytes with a 12 bit wide second buffer. 
Data can be directly entered into any of the three buf
fers or the buffers can be operated separately. 

PIN CONFIGURATION 
I 
I 

~I 

RFB 

Vour 

CEXTA 

---oCEXTB 

..-oDGND 
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ICL7146 

its output value. Neither of these conditions are ac
ceptable in a wide variety of applications. Hence the 
need for double buffering. 

TYPICAL APPLICATIONS 
Bipolar Output 

Offset Binary Code Table 

Binary Number In 
DAC Register Analog Output, YOUT 

MSB LSB 

1111 1111 1111 + VREF (2047) 2048 
1000 0000 0001 +VREF (~) 

1000 0000 0000 OV 

0111 1111 1111 -VREF (2~) 
0000 0000 0000 -VREF <::) 

± 4V BIPOLAR OUTPUT: 

+Sy -Sy 

NOTE 1: Al should be selected or trimmed for low 
offset voltage; Rl & R2 are 10kO resistors 
trimmed to a matching of 0.1 % or better. 

± 10V BIPOLAR OUTPUT: 

NOTEi: Ai shouid be selected or trimmed for low 
offset voltage; Rl & R2 are 10kO resistors 
trimmed to a matching of 0.1 % or better. 

NOTE 2: A2 needs not to have a low offset voltage but it 
must be fast (>8MHz) to insure stability .. 

@) IC MASTER 1984 

Buffer control is handled by a decoder to ease pro
cessor interface requirements. Operation of the 
decoder is shown in the truth table. 

TYPICAL APPLICATIONS 
~nipolar Output 

Code Table 

Binary Number In 
DAC Register Analog Output, YOUT 

MSB LSB 

1111 1111 1111 -VREF(::) 

1000 0000 0000 -VREF(::)= -1I2VREF 

0000 0000 0001 
-VREF (4~) 

0000 0000 0001 OV 

+ 4V UNIPOLAR OUTPUT: 

+ 10V UNIPOLAR OUTPUT: 

NOTE 1: A2 needs not to have a low offset voltage but it 
must be fast (>8MHz) to insure stability. 
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ICL7146 

Absolute Maximum Ratings (Note 1) 

REFIN, RFB, ROS ......................... ± 25V 

Stresses above those listed under "Absolute Max
imum Ratings" may cause permanent damage to the 
device. These are stress ratings only and functional 
operation of the device at these or any other condi
tions above those indicated in the operational sec
tions of the specifications is not implied; Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

V+ ...................................... 6.2V 
V- .................................... -9.0V 

REFOUT, VOUT, CEXT, 
AGND .................. V- -0.3VtoV+ + 0.3V 
Digital Inputs .......... V + + 0.3V to DGND - 0.3V 
Storage Temperature Range .... , - 65°C to + 150°C NOTE 1: All Voltages with Respect to DGND 

Operating Characteristics 
V+ = 5V, V- = -5V, Vref = 4.00V, TA = 25°C, Rl =20k, Cl = 50pF 

Limits 

Parameter Symbol Test Conditions Min. Typ. Max. Unit 

Resolution 12 Bits 

Non Linearity J .05 % FSR 
K .02 % FSR 
l .01 % FSR 

Differential Linearity lSB 
J ±314 ±2 
K ± 1/2 ±1 
l Guaranteed Monotonic ± 1/2 ±1 

Gain Error 0.1 0.2 % FSR 

Unipolar Zero Error 60 120 p.V 

Bipolar Zero Code Error '"" RFB Connected to VOUT 0.025 0.05 % FSR 
RoS Connected to 

-VREF 

Positive Power Supply V+ = 4.5 to 5.5V ±0.001 0.005 % FSRJ 
c' ... RejectIon RatIo I External Reference I 70 v+ 

Negative Power Supply I I V- = -4.5 to -5.5V I I 0 I ± 0.001 I <>/0 FSAI 
Rejection Ratio External Reference % V+ 

Voltage Setting Time (Note 1) " To 1/2 lSB 7 10 p's 

Feedthrough Error VREF = 8V p.p, 1 mV p.p 
10 kHz Sine Wave 

Reference Input Resistance - 55°C to 125°C 5 10 20 KG 

Internal Reference Voltage -4.04 -4.00 -3.96 V 

Internal Reference Tempco 25 50 PPM of 
\ FSR per 

°C 

Positive Supply Voltage Range V+ Functional Operation, 4.5 5.0 5.5 V 
Internal or External 
Reference 

Negative Supply Voltage V- Functional Operation, -4.5 -5.0 -7.5 V 
Range External Reference 

Functional Operation, -4.75 -5.0 -7.5 V 
Internal Reference 

Output Voltage Range RFB connected to VOUT ±4 V 

Output Drive Current ±2 rnA 

I 
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FEATURES 

• 1.SA Peak Output Current 
• Fast Rise and Fall Times 

-4Ons with 1000pF load 
• Wide Supply Voltage Range . 

- Vee = 4.5 to 20V 
• Low Power Consumption 

- 4mW with inputs low 
-120mW with inputs high 

• TTUCMOS Input Compatible Power Driver 
-RoUT=6Q 

• Direct Interface with Common Switching 
Regulators 

• Pin Equivalent to DSOO26IDS0056 

TYPICAL APPLICATIONS 

• Switching Power Supplies 
• DClDC Converters 
• Motor Controllers 

ORDERING INFORMATION 
Temperature Order 

R8. P8ck8ge Number 

-55°C to + 125°C 
T()'99 Can ICL7667MTV 

8-Pin Cerdip 1CL7667MJA 

8-Pin Plastic ICL1667CPA 

o to +700C 8-Pin Cerdip ICL1667CJA 

T()'99Can ICL1667CJA 

o to +700C Dice ICL1667C1D 

(pin configuration for TV and PA packages also on this page) 

BLOCK DIAGRAM 

~C----4-----'-----

.-.----li~)---I'>O-- OUT 

IN-1 

ICL7667 
1 Power MOS Dri¥er 

GENERAL DESCRIPTION 

The ICL7667 is a dual monolithic high-speed driver de
signed to convert TTL level signals into high current 
outputs at voltages up to 2OV. Its high speed and 1.SA 
peak current output enable it to drive large capacitive 
loads with high slew rates and low propagation delays. 
With an output voltage swing only millivolts less than 
the supply voltage and a maximum supply voltage of 
20 V, the ICL7667 is well suited for driving power 
MOSFETs in high frequency switching regulators. The 
ICL7667's high current (1.SA peak) outputs minimize 
power losses in the power MOSFETs by rapidly charg
ing and discharging the gate capacitances, while the 
ICL7667's inputs are TTL compatible and can be direct
ly driven by common switching regulator IC's. 

PIN CONFIGURATION 

Y+ 

Y-

TOP VIEW 
T().99 , 
(TV) 

N.C. OUT OUT 
A V+ B 

8 7 8 7 

1 234 
N.C. IN Y- IN 

A B 

I I I TOP VIEW 

I I I &-PIN DIP 

~. --------~ ~----~-~--~ 
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ICL7667 ~OIL 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ............................. 22V Lead Temperature (Soldering, 10 seconds) ...... 3Q(fC 
Input Voltage ................... 22Vto (V- -0.3V) Operating Temperature Range 
Peak Output Current ........................ 1.SA C Series ........................... 0 to + 7rrC 
Package Dissipation, TA = 25°C ............. SOOmW M Series .......................... 55°C to + 125°C 

Unear Derating Factors 
To-99 Plastic Cerdip 

6.7mWfC S.6mWfC 6.7mWfC 
above SOOC above 3EfC above SOOC 

Storage Temperature .............. - 65°C to + 1SOOC 

'stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC OPERATING CHARACTERISTICS 
Test Conditions: Vec = 4.5 to 20 V, TA = + 25°C unless otherwise noted. 

PARAMETER SYMBOL 

logic 1 Input Voltage VIH 

logic 0 Input Voltage VIL 

Input Current IlL 

Output Voltage High VOH 

" 

Output Voltage low VOL 

Output Resistance RoUT 

Output Resistance RoUT 

PcW9!" Supp!y Current Icc 

Power Supply Current 

AC OPERATING CHARACTERISTICS 

TEST CONDITIONS 

0< VIN< Vce 

No load 

No load 

VIN=VIL 
IOUT= -10mA 

Vce=20V 

VIN=VIH 
lOUT = 10mA 
Vc.c=2OV 

VIN=3V 
(both Inputs) 

VIN=OV 
(both inputs) 

Test Conditions: Vce = 20 V, TA = +25°C, unless otherwise noted. 

PARAMETER SYMBOL TEST CONDITIONS 

Delay Time T02 Figure 1 

Delay Time T02 Figure 2 
Rise Time TR Figure 1 

Rise Time TR Figure 2 

Fall Time TF Figure 1 

Fall Time TF Figure 2 

Delay Time T01 Figure 1 

Delay Time T01 Figure 2 

LIMITS 
UNITS 

MIN TYP MAX 

2.4 2.0 V 

1.5 0.8 V 

-1 0 1 !lA 
Vec Vee V 

-0.05 

0 0.05 V 

6 20 Q 

6 20 Q 

I 
I 4 6 -~AI 

LIMITS 
UNITS 

MIN TYP MAX 

50 75 ns 

50 75 ns 

25 35 ns 

35 50 ns 

30 40 ns 

40 55 ns 

20 35 ns 

20 35 ns 
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FEATURES 
.' High frequency operation - 10MHz guaranteed 
• Easy to use oscillator - requires only a quartz 

crystal and two capacitors 
• Bipolar, MOS and CMOS compatibility 
• High output drive capability - 5 x TTL fanout with 

10ns rise and fall times 
• Low power - 50mW at 10MHz 
• Choice of two output frequencies - osc., and osc. 

+8 frequencies 
• Disable control for both outputs 
• Wide industrial temperature range - -20° Cto 

+85°C 
• All inputs fully protected - circuits may be handled 

without any special precautions 

SCHEMATIC DIAGRAM 

DYNAMIC 
DIVIDE BY8 

*4

i
V+ 

8-: 

OSCOUT 6 

~T+8 

DISAB~""'E-----------~-D---;UT 1 

*ZENER VOLTAGE IS TYPICALLY 6.3 VOLTS 

ORDERING INFORMATION 

ICM7209 I PA 

L:=PaCk age 
(See Outitne DriiWing) 

Tempe".ture Range 
(industrial: 
-20 to +85' C) 

'---------- TYPE 

Order Devices by FollOWing Part Number ICM1209 I PA 

Order Dice by Following Part Number ICMI209/D 

@ Ie MASTER 1984 

ICM7209 
CMOS Clock Generator 

GENERAL DESCRIPTION 
The Intersil ICM7209 is a versatile CMOS clock generator 
capable of driving a number of 5 volt systems with a variety of 
input requirements. When used to drive up to 5 TTL gates. the 
typical rise and fall times are 10ns. 

The ICM7209 consists of an oscillator, a buffered output 
equal to the oscillator frequency and a second buffered 
output having an output frequency one-eighth that of the 
oscillator. The guaranteed maximum oscillator frequency is 
10MHz. Connecting the DISABLE terminal to the negative 
supply forces the +8 output into the '0' state and the output 1 
into the '1' state. 

CHIP TOPOGRAPHY 

G 

+8 
OUT OUT 1 v+ 

'"=~~ 

OSC OUT 
53 MILS 

f------(1.36 mm)-----...: 

50MtLS 
(1.27 mm) 

I 
I 

PIN CONFIGURATION (OUTLINE DRAWING PA) 

TOi'ViEW 

Pin 1 is designated by either a dot or a notch, 
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ICM7209 

ABSOLUTE MAXIMUM RATINGS 
Power Dissipation (25°C) ............................................... 300mW 
Supply Voltage ............................................................. 6 V 
Output Voltages .................................. Equal to or less than supply 
Input Voltages .......................... :......... Equal to or less than supply 
Storage Temp ................................................. -55°C to +125°C 
Operating Temp. Range ......................................... -20°C to +85°C 

Lead Temp. (Soldering, 10 seconds) ..................................... 300°C 

NOTE: Stresses above those listed under Absolute Maximum Ratings may cause permanent damage 
to the device. These are stress rati ngs only, and functional operation of the device at these or any 
other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

TYPICAL OPERATING CHARACTERISTICS 
TEST CONDITIONS: V" = 5V ±10%, test circuit, fosc = 10MHz, TA = 25°C unless otherwise specified. 

PARAMETER SYMBOL CONDITIONS MIN TYP. MAX 
Supply Current !+ Note 1 11 20 

No Load 
Disable Input Capacitance CD 5 
Disable Input Leakage hLK Either '1' or '0' state ±10 
Output Low State VOL Either OUT 1 or OUT ..;-8 

simulated 5 x TTL loads 0.4 
Output High State VOH Either OUT 1 or OUT ..;-8 

simulated 5 x TTL loads 4.0 4.9 
Output Rise Time (Note 3) tr Either OUT 1 or OUT ..;-8 

simulated 5 x TTL loads 10 25 
Output Fall Time (Note 3) tf Either OUT 1 or OUT ..;-8 

simulated 5 x TTL loads 10 25 
Minimum OSC Frequency fose Note 2 2 
for ..;-8 Output 
Output ..;-8 duty cycle Any operating frequency 7:9 

Low state: High state 

Oscillator Transconductance gm 80 200 

UNITS 
mA 

pF 

!J.A 

V 

ns 

MHz 

"mho 

NOTE -;: The power diSSipation is a function of the osc~'ator frequency (1 st ORDER EFFECT see curve) but is also effected to a small extent by 
the oscillator tank components. 

NOTE:i: Tne +8 circuitry U5tl:> i:t uYlliafl-.ic i>Ch~'-iie. As .. ith ;i;;y dy;;:::micsystem, !nfo~!!!:!t!on or Ij~.~ is Rtored on very small nodal capacitances 
instead of iatches (static systems; and there is a lower cutoff frequency of operation. Dynamic dividers are used in the ICM7209 to 
significantly improve high frequency performance and to decrease power consumption. 

NOTE 3: Rise and fall times are defined between the output levels of 0.5 and 2.4 volts. 

TEST CIRCUIT 

CRYSTAL PARAMETERS: 

CM'"'6mpF 
RS = 15 ohms 
Co = 3pF 
CL = 10pF 

f= 10 MHz 

+5V 

.-------4t--~ OSC OUT v+ 

ICM7209 18pF

1 18pFI 

OSC IN V-

- -- -

400Q 

OUT 1 

4-~~~~~~. SIMULATED 
5x TTL LOAOS 

OUT+s 
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IID~DlL" ICM7243 
a·Character 14·116·Segment 

Alphanumeric LED Display Driver 

FEATURES 

• 14- and 16-segment 'fonts with decimal point 
• Mask programmable for other font-sets up to 64 

characters 
• Microprocessor compatible 
• Directly drives small common cathode displays 
• Cascadable without additional hardware 
• Standby feature turns display off; puts chip in low 

power mode 
• Serial entry or random entry of data into display 
• Single + 5V operation 
• Character and segment drivers, all MUX scan cir

cuitry, 8 x 6 static memory and 64-character ASCII 
font generator included on-chip 

GENERAL DESCRIPTiON 

The ICM7243 is an 8-character alphanumeric display driver 
and controller which provides all the circuitry required to in
terface a microprocessor or digital system to a 14- or 
16-segment display. It is primarily intendE!d for use in 
microprocessor systems, where it off loads the processor 
and minimizes hardware and software overhead. Incorpor
ated on-chip are a 64-character ASCII decoder, an 8 x 6 
memory, the high power character and segment drivers, and 
the multiplex scan circuitry. 

PIN CONFIGURATIONS 

SEGg1 4 

~AA'i I~' CHAR 7 19 22 aROUND 

CHAR 6 20 21 CHAR 5 

TOP VIEW 

@ Ie MASTER 1984 

Six-bit ASCII data to be displayed is written into the memory 
directly from the microprocessor data bus. Data location 
depends upon the selection of either Serial (MODE = 1) or 
Random (MODE = 0). In the Serial Access mode the first entry 
is stored in the lowest location and displayed in the "left
most" character position. Each subsequent entry is automat· 
ically stored in the next higher location and displayed to the 
immediate "right" of the previous entry. A DISPlay FULL 
signal is provided after 8 entries; this signal can be used for 
cascading. A CLeaR pin is provided to clear the memory and 
reset the location counter. The Random Access mode allows 
the processor to select the memory address and display digit 
for each input word. 

The character multiplex scan runs whenever data is not being 
entered. It scans the memory and CHARacter drivers, and 
ensures that the decoding from memory to display is done in 
the proper sequence. Intercharacter blanking is provided to 
avoid display ghosting. 

ORDERING INFORMATION 

Part Display 
Package Order 

Number Segments Number 
ICM7243A 16+d.p.. 40 Pin CERDIP ICM7243AIJ L 

ICM7243B 14+d.p. 40 Pin CERDIP ICM7243BIJL 

ICM7243B EVIKIT I Kit with Display I ICM7243B EVIKIT 

CHAR 8 U8 23 CHAR4 

CHAR 7 19 . 22 GROUteD 

CHAR 6 20 21 CHAR 5 

TOP VIEW 
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ICM7243 1I0lMlJlmOlL 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ................................... 6V Power Dissipation ................................ 1W 
CHARacter Output Current ...................... 300mA Operating Temperature Range ........... -20°C to +85°C 
SEGment Output Current ........................ 30mA Storage Temperature Range ............ -55°C to + 125°C 
Input Voltage (Any Terminal) .......... (V + +O.3V) to -O.3V 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions abolle those indicated in the operational sections of the specifica
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

OPERATING CHARACTERISTICS 

SYMBOL TEST CONDITIONS 
LIMITS 

UNIT PARAMETER 
MIN TYP MAX 

Supply Voltage V+ 4.75 5.0 5.25 V 

Operating Supply Current I+op V+ = 5.25V, 10 Segments ON, All 8 Characters 180 mA 

Quiescent Supply Current 10+ V + = 5.25V, OSCIOFF Pin < 1V 30 250 p.A 

Input High Voltage VIH 2 V 

Input Low Voltage Vil 0.8 V 

liN 
V+ = 5.25V, VIH = 5V +1 

p.A Input Current 
Vll=OV -1 

CHARacter Drive Current ICHAR V+ =5V, Vour= 1V 140 190 mA 

CHARacter Leakage Current ICHlK p.A 

SEGment Drive Current ISEG V+ =5V, Vour=2.5V 14 19 mA 

SEGment Leakage Current ISlK 0.01 p.A 

DISPlay FULL Output Low VOL IOl= 1.SmA 0.4 V 

DISPlay FULL Output High VOH IIH = l00p.A 2.4 V 

Display Scan Rate fdS 400 Hz 

AC CHARACTERISTICS (Drive levels O.4V and 2.4V, timing measured at 0.8V and 2.0V) 

I PARAiviETER I SYiiiiiOi. I TeST COnuiTiOnS Min Ii;: iiiAX urn. 

WR, CLeaR Pulse Width Low tWPI 250 

WR, CLeaR Pulse Width High tWPh 250 

Data Hold Time tDh 0' -20 
Data Setup Time lOs 250 150 

ns 
Address, SEN, MODE Hold Time tAh 125 80 

Address, SEN, MODE Setup Time tAs -20 

CS, CS Setup Time tCs 0 

Pulse Transition Time tt 100 

CAPACITANCE 

SYMBOL TEST MIN TYP MAX 'UNIT 

CIN Input Capacitance pF 

Co Output Capacitance pF 
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'ICM7243 
APPLICATIONS (Continued) 

RBR8 
--+ RRI 

RBR7 
ETC. 

1M6403 
UART 

RBR1-6 
DRR DR 

+5V 

20k 
OUT V+ 

TR 

ICL7555 
ETC. DELAY 

TH 

200pF 

Figure 2. Driving Two Rows of Characters from a Serial Input. UAAT converts data stream to parallel by~es. Bit 7 of each word sets which row 
data will be entered into. Bit 8 will blank and reset whole display if low. Each MODE pin should be tied high. ICM7243A can also be 
used, with inverter on ABA7 for one row. 

I ICMn.- I ~72A3Am ICM7243A1B ICM7243A1B 

CS A2 A1 Ao Ds-o WR CS A2 A1 Ao Ds-o WR CS A2 A1 Ao Ds-o WR 
-

CS A2 A1 Ao Os-o WR 

P22 L £~ I ..:;~ 1 ..:;~ --.J I~ 
P21 1 --- --.J 

IM80C35 P20 h-£>c IM80C48 
8048. 

DB7 8050, 
ETC. D8t 

DBs-o 6-BIT BUS 
WR 

I 

Figure 3. Random Access 32·Character Display in MC8-48 system. One port line controls A2 , other two are CS lines. a-bit data bus drives 6 
data and 2 address lines. MODE should be GrouNDed on each part. 
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FEATURES 

• LCD Dot Matrix Column Driver 

• 40 High Voltage LCD Column Drive 
Outputs For Up to 8 SxN Characters per IC 

• Easy Interface 
-Serial Input Shift Register 

With parallel latch and carry outputs 

• Directly Compatible with ICM7280 Row Driver 
-Up to 10 ICM7281's can be driven by an 

ICM7280 with no external components 

• Low Resistance Outputs 
-Can drive both columns and rows of 

LCD graphics displays 

• Will Drive 1.SV Threshold LCDs with Only 
Single SV Supply 
-Can drive up to 4.SV threshold LCDs with 

1SV VOISP 

GENERAL DESCRIPTION 
The ICM7281 LCD Dot Matrix Column Driver is 
designed to convert a serial data stream into drive 
signals for a multiplexed dot matrix LCD. Easily 
cascadable, up to 10 ICM7281's can be driven by one 
ICM7280 Intelligent Row Driver to make an 80 
character dot matrix display. The ICM7281 also 
serves as both a Row Driver and Column Driver in 
LCD dot matrix araphics displays. The low output 
resistance and the 1"5V drive capability make it well 
suited for graphics dispiays with up to 256 x 256 dOls 
(with 10pF/dot capacitance). 

The ICM7281 consists of a 40 bit shift register, a 40 
bit latch and 40Ievel·shifters/drivers; The 4 display 
drive voltages are generated externally, usually by a 
Row Driver. A serial data interface is used to 
minimize the number of pins needed for digital inter· 
facing. Two data Carry Outputs are included for 
cascading several ICM7281 's to drive large LCD 
displays. 

ORDERING INFORMATION 

No. Of Columns Package Order Number 

30 40 Pin Plastic ICM72811PL 

40 Dice ICM7281liD 

40 52·64 Pin Plastic -
Flatpack 

ICM7281 
LCD Column Driver 

TYPICAL APPLICATIONS 

• Column Drivers for Dot Matrix Alpha
numeric Displays using ICM7280 Row Driver 

• Rowand Column Drivers for LCD Dot 
Matrix Graphics Displays 

• Segment Driver for LCD 8argraphs and 
Annunciators 

• Serial Input 110 Expander 

PIN CONFIGURATIONS 
(Outline dwg. PL) 

DATA INPUT 5 

PACKAGE 

40 DISPLAY CONTROL 
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FEATURES 
• Switches Greater Than 20Vpp Signals With ±15V Supplies 

• OJiescent Current Less Than lIlA 
• Overvoltage Protection to ±25V 
• Break-Before-~ake Switching toft 200 nsec, 'ton 300 nsec 

Typical . 
• T2 L, DTL, CMOS, PMOS Compatible 
• Non-Latching With Supply Turn-Off 
• Low rDS{onl - 350 

• New DPDT & 4PST Configurations 
• Complete Monolithic Construction 

IH5040through IH5047 

FUNCTIONAL DIAGRAM 
v+ 
<;> 

v-

FIGURE 1. TYPICAL DRIVER, GATE - IH5042 

ORDERING INFORMATION 

IH5040 M. JE 

I [
Package 
DE - l6-Pin Ceramic DIP (Special Order Only) 
FD·2 - l4-Pin Flatpak 

. JE - l6-Pin CERDIP 
PE - H'·Pin Plastic DIP 
TW - TO·l00 Metal Can (lH504112. IH5044. 

IH5048, IH5050 Only) . 

Temperature Ran9f! 

1
M - Military _55°C to +125°C 
C - Commercial O°C to +70°C 

1L...-____ Basic Part Number 

IH5040~IH5051. Family 
High Level CMOS 

Analog Gates 

GENERAL DESCRIPTION 
The IH5040 family of solid state analog gates are designed 
using an improved, high voltage CMOS monolithic tech
nology. These devices provide ease-of-use and perform
ance advantages not previously available from solid state 
switches. This improved CMOS technology provides input 
overvoltage capability to ±25 volts without damage to the 
device, and destructive latch-up of solid state analog gates 
has been eliminated. Early CMOS gates were destroyed when 
power supplies were removed with an input signal present. 
The1H5040 CMOS technology has eliminated this serious 
systems problem. 
Key performance advantages of the 5040 series are TTL 
compatibility. and ultra low-power operation. The quies
cent current requirement is less than lilA. Also designed 
into the 5040 is guaranteed Break-Before-Make switching, 
which is accomplished by extending the ton time (300 nsec 
TYP.) so that it exceeds toff time (200 nsec TYP.). This 
insures that an ON channel will be turned OFF before an 
OFF channel can tum ON. This eliminates the need for ex
ternal logic required to avoid channel to channel shorting 
during switching, 
Many of the 5040 series improve upon and are pin-for-pin 
and electrical replacements for other solid state switches. 

FUNCTION~L DESCRIPTION 

PIN/FUNCTIONAL 
INTERSIL EQUIVALENT 
PART NO. TYPE rOS(on) (Note 11 

I HS040 SPST 7Sn 
I HS041 Dual SPST 75n 
I HS042 SPOT 7Sn DG 188AA/BA 
I HS043 Dual SPOT 75n DG 191AP/BP 
IH5044 DPST 700 
IH5045 Dual DPST 7sn DG 185AP/BP 
IH5046 DPDT 7Sn 
IH5047 4PST 75n 
IH5048 Dual SPST 3Sn 
IH5049 Dual DPST 3Sn DG 184AP/BP 
IH5050 SPOT 3Sn DG 187AA/BA 
IH50S1 Dual SPOT 3Sn DG 190AP/BP 

NO.TE 1. See Switching State diagrams for applicable package 
equivalency . 

Pin and functional equivalent monolithic versions of the DG1S1, 
DG1S2, DG187 and DG188 are available. See data sheet for 
this and also IH 181 to IH 191. 

l 
--------------------------------------~~---------------------------------------
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IH5040-IH5051 Family 

ABSOLUTE MAXIMUM RATINGS 
Current (Any Terminal) . . . . . . . . . . . . . . . .. < 30mA 

Storage Temperature. . . . . . . . . . . .. _65°C to +150°C 

Operating Temperature ......... " _55°C to +125°C 

Power Dissipation . . . . . . . . . . . . . . . . . . . . . . 450mW 

(All Leads Soldered to a P.C. Board) 
Derate 6mWtC AboVe 70°C 

Lead Temperature (Soldering, 10 sec) .......... 300°C 

1I0~OIL 

V+-V- <33V 

V+-VD <30V 

VD-V- <30V 

VD-VS <±22V 

VL-V- <33V 

VL-VIN <30V 

VL-GND <20V 

VIN-GND <20V 
Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress 
ratings only, and functional operation of the device at these or any other conditions above those indicated in the operational 
sections of the specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect 
device reliability. 

ELECTRICAL CHARACTERISTICS (@ 25°C, V+ = +15 V, V- = -15 V, VL = +5 V) 

MIN./MAX. LIMITS 
PER CHANNEL 

MILITARY COMMERCIAL 

SYMBOL CHARACTERISTIC ·55'C +25'C +125'C +25'C +70·C 

IIN(ON) Input Logic Current 

IIN(OFF) Input Logic Current 

rOS(on) Drain-Source On 75(35) 75(35) 150(60) 80(45) 80(45) 130 (45) 

Resistance 

A'OSlON) OIannel to OIannei 25 (15) 30(15) 

rOS(ON) Ma.ch (typ) (typ) 

VANALOG Min. Analog SIgnal .llbl0) !lObl0) 
Handling Capability 

IO(OFF) Switch OF F Leakage 1111 1(1) 100(100) 5(51 5(51 100(1001 

Current 

IO(ON) Sw •• ch On Leakage 2(21 2(21 200(2001 10(10) 10(10) 100(2001 

+IS(ON) Current 

ton Switch "ON" Time 500(2501 500(300) 

toff Switch "OFF"' Time 250(1501 250(1501 

QIINJ.) OIarge Injection 15 (10) 20 (10) 

OIRR Min. Off Isolation 54 50 

1+0 
I Relectlon Ra"o 

+ Power Supply 10 10 10 100 

I-
I Quiescenl Current 

0 - Po-. Supply 10 10 10 100 

Quiescent Current 

I-La +5 v Supply 10 10 10 100 

Quiescent Current 

IGND Gnd Supply 
Quiescent Current 

10 10. 10 100 

CCRR Min. Channel to 54 50 

Olannel Cross 
Coupling Rt!)8Ction 
Ratio 

Note 1: Not tested In productIon. 

TEST CIRCUITS 
FIG. A FIG. B 

ANALOG .NPUT 
'IOV ANALOG ''''PUT 

n o---{»-) n .o---{»---f 
lOG'C h lOG.C ~ 
'NPUT VOUT .NPUT L~"~ VOUT 

1()pF 1 ":' 1.1l I1o.ooo1lF 

UNITS TEST CONDITIONS 

.A V IN = 2.4 V No.e 1 

pA V IN =O.8V No.el 

!l UH5048 Thru IH5051) IS = 10 mA 
VANALOG =-10 V '0 +10 V 

l! liH5048 thru IH50S11 

nA V ANALOG = -10 V '0 +10 V 
ilH5048 .h,u IHS051 

nA V O =VS '-10V.o+l0V 

mV 

dB 

.A 

pA 

.A 

..I'A 

dB 

IIH5048 .hru IH50S 11 

RL = 1 kll. V ANALOG = -10 V 

to .10 V See FIg. A 

RL = 1 kH. V ANALOG = -10 V 
'0 +10 V See F.g. A 

liH5048 Ihru IH50S1I 
See Fog. B 

(JHS048 .hru IH5051) 

1= 1 MHz. RL = 10011. CL "5 pF I See Fig. C, iiliote i i 

I V+ = '15 V. V =-15 V. V L ='5 V 
V L = +5V 

One Channel Off; Any O.her 
O1annel Switches _ per Fig. E 
(Note 11 

FIG. C 

NOTE 1: Some channels are turned on by high "1" logic inputs and other channels are turned on by low "0" inputs; however O.SV to 2.4V 
describes the min. range for switching properly. Refer to logic diagrams to see absolute value. of logic input required to produce 
"ON" or "OFF" state. 
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IH5040·IHS051 Family 

SWITCHING· STATE DIAGRAMS 
SWITCH STATES 
ARE FOR LOGIC "1" INPUT 

SPST 
IH5040 (roS(on)< 75n) 

DUAL SPST 
IH5041 (rOS(on) < 75n) 

SPOT 
IH5042 (rOS(on) < 75n) 

DUAL SPOT 
IH5~ (ros(on) < 75m 

DPST 
IH5044 (roS(on) < 75n) 

DUAL OPST 
IH5045 (ros(on) < 750) 

@) IC MASTER 1984 

s, 

S, 

S, 

S3 

'N, 

5, 

S, 

(OUTLINE DWG 
FD-2) 

GNO 

YL 
v, 

GND 

VL v, 

GNo ", 

v, v' 

YL v' 

0, 

0, 

0, 

0, 

03 

0, 
O. 

0, 

0, 

1'0 ~~~ !~~';I Il _ 

'.'~~ IN2 8 _ .. 

S, , • 0, s.. S .. 04 

If 12 

GNO 

5, 

'"' 
"" 
5, 

5, 

5, 

(OUTLINE DWGS 
DE, JE, PEl 

V L v+ 

v, v' 

'0, 

0, 

"l y' 

0, 

0, 

(DG191 EQUIVALENn 
VL v, 

5, 0, 

53 OJ 

'N, 
,~, 

5, 0, 

5. O. 

v , v' 

5, 0, 

5, 0, 

GNO 

(DG1S5 EQUIVALENT) 
VL Y' 

5, 0, 

53 0, 

'N, 

'N, 
5, 0, 

So 0. 

(OUTLINE DWG TO-l00) 

", v' 

'5, 
, 

0, 

'N, 
'N, 
5, . 

0, 

(OG18S EQUIVALENT) 
v, v, 

5, 0, 

5} o} 

V, y' 

5, 0, 

5, 0, 

GNO 
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IH5040·IH5051 Family IIO~DIL 

SWITCHING STATE DIAGRAMS (ContJ 
SWITCH STATES 
ARE FOR LOGIC "1" INPUT FLAT PACKAGE (FO-2l DIP (DEl PACKAGE T0-1oo 

Vl v' 

DPDT s, 0, 

IH5046 (ros (ONI <75111 s, '0, 
S, 02 

S, 0, 

S:! OJ SJ OJ 

50 o. 
50 o. 

Ow 
"-
CD 
+-' 
C 4PST 

IHS047 (ros (ON) <7Sn) 
V l v' 

S, 0, 

S, 0, 

S, 02 
S2 02 

SJ OJ SJ OJ 

S. O. 
S. O. 

Vl v+ 
Vl v, Vl v' DUALSPST 

IH5048 (ros (ON) <35n) 

S, 0, S, 0, 
S, 

2 
0, 

'N, IN, IN, 

IN, IN, 'N, 5, 9 0, 
S, S, 0, 

GNO 
GNO 

(00184 EQUIVALENT) 

a
Vl"v~, 

~, 16 , IJ, 

'~:~~ 1'1)' 

DUAL DPST 
IHS049 (ros (ON) <35n) 

'."g S, 9 .. H u., 
~ !J f) 114 

13 10:1 

GNO 

(00187 EQUIVALENTl 
SPOT v' \/, v+ 

IH5050 (ros (ON) <35n1 

5, o-+----o--ro--t-O 0, S, o-t----o-r ........ -<l 0, 
5, O-+---<l'"!""---"t---"-O 0, 

5, O-+----O"'i ..... t-O 0, 5,C>-t----o....L Op s, 0-'11----0..; 0, 

GNO 

(DG190 EQUIVALENT) 
DUAL SPOT Vl v+ 

IH50S1 (ros (ON) <3Sn) 
0, s, 0, 
,?J SJ OJ 

IN, 

0, IN, 

O. 57 0, 

50 O. 

GNO 

GNO 
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IH5040·IH5051 Family 

I 

APPLICATIONS 
IMPROVED SAMPLE $ HOLD 

USI NG I H504~ 

IH5043 +3V • > SAMPl E MODE 
IN = > HOLD MODE 

'USING THE CMOS SWITCH TO DRIVE 
AN R/2R LADDER NETWORK (2 LEGS) 

OUTPUT 

.------11-----"l'-O--+-- +V ANALOG 

EXAMPLE: If -v ANALOG: -10VDC and +V ANALOG ~ +10VDC 
then Ladder Legs are switched between ± 10VDC, depending upon state 
of Logic Strobe. 

2R 2R 

DIGITALLY TUNED 

+15V 

"---t-----'"'<>-+- tV ANALOG 

LOW POWER ACTIVE FILTER 

Constant gain, constant Q, variable frequency filter which 
provides simultaneous Lowpass, Bandpass, and Highpass 
outputs. With the component values shown, center frequency 
will be 235Hz and 23.5Hz for high and low logic inputs 
respectively, Q z 100, and Gain';' 100. ' 

l00kU 

..rL 
T2L 

LOGIC 
STROBE 

..rL 
T2L 

LOGIC 
STROBE 

I 
fn .. Center Frequency = _1_ 

.~ _________ 2~_RC ________________ ~ 
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FEATURES 

• U.ltra low leakage-ID(OH)s100pA 
• Power supply quiescent current less than 1 mA 
• ::t 13V analog signal range 
• No SCR latchup 
• Break·before-make switching 
• Pin compatible with DG508, HI508 and AD7508 
• All channels OFF (lILKs 100nA) when power OFF, for 

analog signals up to ::t 25V 
• Any channel tums OFF (lILKs 100nA) if input exc,"s 

supply rails by up to ::t 25V. Throughput always 
< ::t 14V ( ::t 15V supplies) 

• TTL and CMOS compatible binary Address and 
ENable inputs 

FUNCTIONAL DIAGRAM 

Sl~ 

S:!~ 

S3~ 

S4~ 

S5~ 

Se~ 
Sl~~ 
Se~o---J 

I ADDRESS DECODE I 

VOUT D 

___ .... -.... -·- .... r= ___ ="". ?F6fffgiili;t·~n~"-",- .. -~.-.~ .. ~ '0' 

Ao At A2 EN (ENABLE INPUT) 

3 LINE BINARY ADDRESS INPUTS 
(10')ANDENHI 
ABOVE EXAMPLE SHOWS CHANNEL 8 TURNED ON 

ORDERING INFORMATION 

IH5108 
a·Channel Fault Protected 
CMOS Analog Multiplexer 

GENERAL DESCRIPTION 

The IH5108 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug·in replacement for the 
DG508 and' similar devices, but adding fault protection to the 
standard performance. A unique serial MOSFET switch en· 
sures that an OFF channel will remain OFF when the input 
exceeds the supply rails by up to ± 25V, even with the supply 
voltage at zero. Further, an ON channel will be limited to a 
throughput of about 1.5V less than the supply rails, thus 
affording grotectlon to any following circuitry such as op 
amps, D/A converters, etc. Cross talk onto "good" channels 
Is also prevented. 

A binary 3·bit address code together with the ENable input 
allows selection of anyone channel or none at all. These 4 
Inputs are all TTL compatible for easy logic interface; the 
ENable input also facilitates MUX expansion and cascading. 

DECODE TRUTH TABLE 

A2 A, Ao EN ON SWITCH 
X X X 0 
0 0 0 1 
0 0 1 1 
0 1 0 1 
0 1 1 1 
1 0 0 1 
1 0 1 1 
1 1 0 1 
1 1 1 1 

Ao, A" A2, EN 
Logic "1" = VAH~2.4V 
Logic "0" = VAL sO.8V 

NONE 
1 
2 
3 
4 
S 
6 
7 
8 

PIN CONFIGURATION (outline dwg JE, PEl 

Ao~Al 

TOP VIEW 

PART NUMBER . TEMPERATURE RANGE PACKAGE 
IHS108MJE - SS"C to + 125·C 16 pin CERDIP 

IHS108IJE -20"C to +8S·C 16 pin CERDIP 

IHS108CPE O°C to 70·C 16 pin plastic DIP 

© Ie MASTER 1984 



IH5108, 

ABSOLUTE MAXIMUM RATINGS 

V,N(A, EN)toGround ....•• _ .• _ . __ •.. _ •....• -15Vt015V 

VSorVDtoV+ . __ .•• __ . ___ . _. _. _ .......... + 25V, -40V 

VSorVDtoV-' .••..•..................... -25V, +40V 

V + to Ground ••••••. _ ...•....•.••.•.....•....... 16V 

V - toGround •..••••••.. : _ •......•..•••..... _. -16V 

Current (Any Terminal) ...•... _ • _ .•••.••.•...•...• 20mA 

Operating Temperature _ ••••• _ .• _ ••••••.•. - 55 to 125°C 

Storage Temperature _ ...•• _ • _ ••• _ ••••..•. - 65 to 150°C 

Power Dissipaton (P~ckage)· ••.••••. _ •.••.•••• 1200mW 

• All leads soldered or welded to PC board. Derate 10mW/oC above 
70°C. 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional opera
tion of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute max
imum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS V + = 15V, V - = -15V, V EN = 2.4V, unless otherwise specified. 

NO MAX LIMITS 

CHARACTERISTIC 
MEASURED T.fSTS TYP M SUFFIX IICSUFFIX 

UNIT 
TERMINAL PER 25°C -20°CI 85°CI 

TEST CONDITIONS 
-55°C 25°C 125°C 25°C 

TEMP O°C 10°C 

rDS(on) 

I 
SloD 8 700 900 900 1200 1200 1200 1800 VD=10V, Sequence each 

fl 
Is= -1.0mA switch on 

8 500 900 900 1200 1200 1200 1800 VD = -10V VAL =0.8V, 

I J Is= -1.0mA VAH=2.4V 

S ~rDS(on) 5 10 10 % rDS(on)max-rDS(on)min Vs = :!: 10V 
W ~rDS(on) 

I rOS(on)avg. 

T 
IS(oll) S 8 0.002 0.05 SO 0.1 50 Vs= 10V, Vo= -10V C 

H 8 0.002 0.05 SO 0.1 SO Vs= -10V, Vo=10V 

ID(OII) D 1 0.03 0.1 100 0.2 100 Vo=10V, Vs= -10V VEN=O 
1 0.03 0.1 100 0.2 100 

nA 
VD= -10V, Vs=10V 

IO(on) D 8 0.1 

I 
0.2 100 0.4 100 VS(AII) = V D = 10V Sequence each 

switch on 

8 0.1 0.2 100 0.4 100 VSiAII)=VO= -10V VAL =0.8V, VAH =2.4V 

F Is with Power OFF S 8 1 100 1000 50 SO 5000 V+ =V- =OV, Vs= :!:25V, 
A VEN =Vo"=OV, Ao. A1, A2 =OV or5V 
U nA 
L IS(oll) with S 8 1 2000 5000 5000 5000 Vs = :!: 25V, VD = =+= 10V I~equence each 
T Overvoltage (Note 1) switch 

'EN (on) tAlon) AO. A1• EN 4 .01 -10 -30 -10 -30 VA = 2.4V or OV 
I 
N 

or p.A 

IEN(OII) IA(OII) 4 .01 10 30 10 30 VA =15VorOV 

ttransition D 0.3 1 See Figure 1 

topen D 0.2 See Figure 2 

tOn(EN) D 0.6 1.5 
I'S 

See Figure 3 

tOII(EN) D 0.4 1 

D 
ton-toft Break· D 8 50 25 10 VEN = + 5V. Ao. A1• A2 Strobed Y ns 

N Before·Make Y,N = :!: 10V, Figure 4 
A Delay Settling 
M 

Time I 
C "OFF" Isolation D 60 dB VEN=O, Rl =2000, Cl "=3pF. Vs=3 VRMS. 

f=5OO KHz 

CS(oll) S 5 Vs=O VEN=OV, 

CD(oll) D 25 pF VD=O I f=l40KHz 

CDS(OII) DtoS 1 Vs=O, Vo=O tol MHz 

S Supply I + V+ 1 500 900 750 600 1000 All VA, VEN=O or 5V 
U 

Current I 
p.A I P - V 1 SOO 900 7SO 600 1000 

I I I I I I I , I 

Nete 1. Readings taken 400ms after the overvoltage occurs. 

@.C MASTER 1984 
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FEATURES 
• Super fast break before make switching 

ton 80ns typ, toff SOns typ (SPST switches) 
• Power supply currents less than 1 p.A 

• OFF leakages less than 100pA @ 25°C 
guaranteed 

• Non-latching with supply turn-off 

• Single monolithic CMOS chip 
• Plug-in replacements for IH5040 family and part of 

the DG180 family to upgrade speed and leakage 

• Greater than 1MHz toggle rate 
• Switches greater than 20Yp-psignals with 

±15Y supplies 
• T2L, CMOS cUrect compatibility 

ORDERING INFORMATION 
Ontll' TlIIIl*'lIIIn 

Part IUllber FURetlan PICkage R!!!U! 
IH5140 MJE SPST 16 Pin CERDIP -55°C to 125°C 
IH.5140r.JE SPST 16 Pin CERDIP OOC to 7O"C 
IH5140 CPE SPST 16 flin Plastic DIP OOC to 70°C 
IH!i1M1 MFn SPST 14 Pin Flat Pack -55°C to 125°C 

IH5141 MJE Dual SPST 16 Pin CERDIP -55°C to 12S"C 
IH5141 CJE Dual SPST 16 Pin CERDIP OOC to 7O"C 
1H5141 CPE Dual SPST 16 Pin Plastic DIP O°C to 70°C 
IH5141 MFD Dual SPST 14 Pin Flat Pack _55° C to 125° C 
IH5141 CTW Dual SPST TO-l00 ooC to 7O"C 
IH5141 MTW Dual SPST TO-l00 _55° C to 125° C 

IH5142 MJE SPOT 16 Pin CERDIP -55°C to 125°C 
IH5142 CJE SPOT 16 Pin CERDIP OOC to 70°C 
IH5142 CPE SPOT 16 Pin PlastiC DIP OOC to 70°C 
1H5142 MFD SPOT 14 Pin Flat Pack -55° C to 125° C 
IH5142 CTW SPOT TO-l00 OOC to 700C 
IH5142 MTW SPOT TO-l00 -55°C to 125°C 
IH5143 MJE Dual SPOT 16 Pin CERDIP -SSoC to 125°C 
IH5143 CJE Dual SPOT 16 Pin CERDIP Il"C to 7O"C 
IH5143 CPE Dual SPOT 16 Pin Plastic DIP Il"C to 71l"C 
1H5143 MFD Dual SPOT 14 Pin Flat Pack -55°C to 125°C 

IH5144 MJE DPST 16 Pin CERDIP -ssoC to 125°C 
IH5144 CJE DPST 16 Pili CERDIP DoC to 70°C 
IH5144 CPE DPST 16 Pin Plastic DIP DoC to 70°C 
IH5144 MFD DPST 14 Pin Flat Pack -sso C to 125° C 
1H5144 CTW DPST TO-l00 OOC to 70°C 
IH5144 MTW DPST TO-l00 -sso C to 125° C 

IH5145 MJE Dual DPST 16 Pin CERDIP -ssoC to 125°C 
IH5145 CJE DualDPST 16 Pin CERDIP OOC to 70°C 
IH5145 CPE DualDPST 16 Pin Plastic DIP OOC to 7O"C 
IH5145 MFO DualDPST 14 Pin Flat Pack -ssoC to 125°C 
Note: 
1. Ceramic (side braze) devices also available; consult factory. 
2. MIL temp range parts also available with MtL-STO-883 processing. 

IH5140 Family 
High Level CMOS 

Analog Gates 
GENERAL DESCRIPTION 
The IH5140 Family of CMOS monolithic switches util
izes Intersil's latch-free junction isolated processing to 
build the fastest switches now available. These switches 
can be toggled at a rate of greater than 1 MHz with super 
fast ton times (SOns typical) and faster toff times (50ns 
typical), guaranteeing break before make switching . 
This family of switches therefore combines the speed 
of the hybrid FET DG 180 Family with the reliability and 
low power consumption of a monolithic CMOS con
struction. 

OFF leakages are guaranteed to be less than 100pA at 
25° C. No quiescent power is dissipated in either the ON 
or the OFF state of the switch. Maximum power supply 
current is 1p.A from any supply and typical quiescent 
currents are in the 10nA range which makes these 
devices ideal for portable equipment and military 
applications. 

The IH5140 Family is completely compatible with TTL 
(5\1) logic, TTL open collector logic and CMOS logic 
gates. It is pin compatible with Intersil's IH5040 Family 
and part of the DG1SO/190 FamilY as snown In the 
switching state diagrams. 

FUNCTIONAL DIAGRAM 

v+ 

* ~~ --' . I I t!J 

ljf~ 
~ 

~ 
loon 

T2L 
INPUT 

vL v-

FIGURE 1. Typical Driver/Gate - IH5142 
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IH5040-IH5051 Family 

APPLICATIONS 
IMPROVED SAMPLE & HOLD 

USING IH5043 

IH5043 +3V • > SAMPl E MODE 
fN = > HOLD MODE 

-USING THE CMOS SWITCH TO DRIVE 
AN R/2R LADDER NETWORK (2 LEGS) 

13 

OUTPUT 

+VANALOG 

-15\1 

12 -: 

I 

EXAMPLE: If -V ANALOG Z -10VDC and +V ANALOG z +10VDC 
then Ladder Legs are switched between ± 10VDC, depending upon state 
of Logic Strobe. 

2R 

DIGITALLY TUNED 
LOW POWER ACTIVE FILTER 

Constant gain, constant Q, variable frequency filter which 
provides simultaneous Lowpass, Bandpass, and Highpass 
outputs. With the component values shown, center frequency 
will be 235Hz and 23.5Hz for high and low logic inputs 
respectively. Q a 100. and Gain';' 100. -

lOOkll 

+5\1 

+15V 

10 

+VANALOG 

s-L 
T2L 

LOGtC 
STROBE 

SL.. 
T2L 

LOGIC 
STROBE 

·1~ ____________________ fn_* __ Om __ a_r_F_re_q_u_en_~ __ =_-2_;~R~C _____________________________ ~_L~_oo_~ ______________________________ ~ 
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FEATURES 

• Vltra low leakage-IO(off)S 100pA 
• Power supply quiescent current less than 1 mA 
• ± 13V analog signal range 
• No SCR latchup 
• Break·bafora-make switching 
• Pin compatible with DG508, HI508 and AD7508 
• All channels OFF (IILKS 100nA) when power OFF, for 

analog Signals up to ± 25V 
• Any channel turns OFF (IILKS 100nA) if Input exceeds 

supply rails by up to ± 25V. Throughput always 
< ± 14V (± 15V supplies) 

• TTL and CMOS compatible binary Address and 
ENable inputs 

FUNCTIONAL DIAGRAM 

Sl~ 

S:z~ 

S3~ 

S4~ 

S5~ 

Sa 0----0---+0----
S7 0---0-......... o-----i 
S8~~ 

6 

Vour D 

EN (ENABLE INPUT) 

3 LINE BINARY ADDRESS INPUTS 
(1 0 1)ANDEN HI 
ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON 

ORDERING INFORMATION 

IH5108 
a·Channel Fault Protected 
CMOS Analog Multiplexer 

GENERAL DESCRIPTION 

The IH5108 is a dielectrically isolated CMOS monolithic 
analog multiplexer, designed as a plug·in replacement for the 
DG508 and similar devices, but adding fault protection to the 
standard performance. A unique serial MOSFET switch en· 
sures that an OFF channel will remain OFF when the input 
exceeds the supply rails by up to ± 25V, even with the supply 
voltage at zero. Further, an ON channel will be limited to a 
throughput of about 1.5V less than the supply rails, thus 
affording 9rotectlon to any following circuitry such as op 
amps, D/A converters, etc. Cross talk onto "good" channels 
is also prevented. 

A binary 3·blt address code together with the ENable input 
allows selection of anyone channel or none at all. These 4 
inputs are all TTL compatible for easy logic interface; the 
ENable input also facilitates MUX expansion and cascading. 

DECODE TRUTH TABLE 

~ At Ao EN ON SWITCH 

X X X 0 
0 0 0 1 
0 0 1 1 
0 1 0 1 
0 1 1 1 
1 0 0 1 
1 0 1 1 
1 1 0 1 
1 1 1 1 

AQ, Ah A2, EN 
Logic "1" = VAH ~ 2.4V 
Logic "0" = VAL~O.8V 

NONE 
1 
2 
3 
4 
5 
6 
7 
8 

PIN CONFIGURATION (outline dwg JE, PEl 

TOPVlEW 

PART NUMBER TEMPERATURE RANGE PACKAGE 

IH5108MJE - 55°C to + 125°C 16 pin CERDIP 

IH5108IJE - 20°C to + 85°C 16 pin CERDIP 

IH5108CPE O°C to 70'C 16 pin plastic DIP 
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IH5140-IH5145 Family 
ABSOLUTE MAXIMUM RATINGS 

Current (Any Terminal) ............ < 30 mA 
Storage Temperature ...... -65°C to +150°C 
Operating Temperature .... -55°C to +125°C 
Power Dissipation .................. 450 mW 
(All Leads Soldered to a P.C. Board) 
Derate 6 mW/oC Above 70°C 
Lead Temperature (~Oldering 1U sec.) ., 300°C 

V+~V-

V~Vo 
Vo-V-
Vo-Vs 
Vl-V-
Vl-VIN 
Vl 
VIN 

<33V 
<30V 
<30V 

<±22V 
<33V 
<30V 
<20V 
<20V 

NOTE: Stresses above those listed under 
Absolute Maximum Ratings may cause 
permanent damage to the device. 
These are stress ratings only. and func
tional operation of the device at these 
or any other conditions above those 
indicated inthe operational sections of 
the specifications is not implied. Expo
sure to absolute maximum rating con
ditions for extended periods may affect 
device reliability. 

ELECTRICAL CHARACTERISTICS (@ 25°C, V+ = +15V, V- = -15V, VL = +5V) 

MINJMAX. LIMITS 
PER CHANNEL 

MILITARY COMMERCIAL 

SYMBOL CHARACTERISTIC _55°C +25°C +125°C 0 +25°C +70°C UNITS TEST CONDITIONS 

IINH Input Logic Current .. 1 1 1 1 1 1 /-LA' VIN = 2.4 V Note 1 

IINL Input Logic Current 1 1 1 1 1 1 /-LA VIN = 0.8 V Note 1 

rOS(on) Drain-Source On 50 50 75 75 75 100 0 Is = -10 mA 
Resistance VANALOG = -10 V to +10 V 

~rOS(On) Channel to Channel 
I 

25 30 
I n , 

rOS(On) Match (typ) (typ) 

VANALOG Min. Analog Signal ±11 ±10 V 
Handling Capability 

10(oft)+ Switch OFF Leakage 0.1 0.1 20 0.5 0.5 20 nA Vo=+10V, Vs=-10V. 

IS(oft) Current 0.1 0.1 20 0.5 0.5 20 Vo = -10V, Vs = +10 V 

10(00)+ 
I Switch On Leakage 0.2 0.2 40 1 1 40 

I 
nA Vo = Vs = -10 V to +10 V 

! Current IS(on) I 
ton ! Switch "ON" Time : See switching time specifications and timing diagrams. 

toft Switch "OFF" Time 

Q(INJ.) Charge Injection 100 150 pC See Fig. 4, Note 2 

OIRR Min. Off Isolation 54 50 dB f = 1 MHz, RL = 1000, CL :::; 5 pF 
Rejection Ratio See Fig. 5, Note 2 

I" + Power Supply 1.0 1.0 10.0 10 10 100 /-LA 
Quiescent Current' 

1- - Power Supply ~O 1.0 10.0 10 10 100 /-LA V' = +15 V. V- = -15 V, 
Quiescent Current VL = +5 V 

IL +5 V Supply 1.0 1.0 10.0 10 10 100 /-LA 
Quiescent Current See Fig. 6 

IGNO Gnd Supply 1.0 1.0 10.0 10 10 100 /-LA 
Quiescent Current 

CCRR Min. Channel to 

I 

54 50 dB One Channel Off; Any Other 
Channel Cross Channel Switches 
Coupling Rejection See Fig. 7~ Note 2 
Ratio 

I 

Note: 1. Some channels are turned on by high (1) logic inputs and other channels are turned on by low (0) inputs; however O.BV to 
2.4V describes the min. range for switching properly. Refer to logic diagrams to find logical value of logic input required 
to produce ON or OFF state. 

2. Charge injection, OFF isolation, and Channel to Channel isolation are only sample tested in production. 

@ IC MASTER 1984 
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IH5140·IH5145 Family IIO~OIL 
SWITCHING STATE DIAGRAMS SWITCH STATES ARE FOR LOGIC "1" INPUT 

FLATPACK (FD-21 DIP (JE, PEl FLATPACK IFD-2) 

v' 

.'o-t----o-r""L-t--o 0, 

SPST 
IH5140 (rOSlon) < 75n) 

FLATPACK (FD-2) DIP (JE, PEl TO-100 

(DG188 EQUIVALENT) 

v' 

" o-t_---O-r""L-f-<) 0, " o-t----o-1"-4_+-o D, 

~o-t_---<l...i ~v--r__-~ 
III o-+--~~--\--oD, 

~o---i:---::---<J....l 

SPOT 
IH5142 (rOS(on) < 75 n) 

FLATPACK (FD-2) DIP (JE, PEl TO-1oo 

v' 

" o-t----o-f:L.t--<> 0, " o-l---o-r~-o 0, 

" o-=-t----o-~t--o 0, ~o-t----~-n..--t-oo, 

DPST 
IH5144 Ir!:!,s!::::!< 75nl 

DIP IJE. PEl 
VL v' 

OUALSPST 
IH5141 (rOSlon) < 75n) 

FLATPACK IFD-2) 

" O--::-r----o-T~~ 
'3 O:7r-::_:_--O"': 

IN> 
~o-.:-t_--_<l""~-O 

.. 0...::.+----0....; 

~ 
0 3 

0, 

D. 

TO-100 

" <>-'-+-----o--;-L+-=-OD, 
IN, 

IN2 

~<>-"'-'r--o""""'-+--<>~ 

DIP (JE, PEl 

(DG191 EQUIVALENT) 

" 0, 

'3 0 3 
IN, 

IN • 

" ~ 

" D. 

DUAL SPOT 
IH5143 (rOSlon) < 75n) 

FLATPACK IFD-2) 

., 0--::-+----0-.-....+-::-0 
'3 ~t--:=---o-f'Lt"-O 

IN, 

IN • .....-;;]..-"'~,...-
~O-:-f.--"::::....---o-...... +-"'O 
.. o...::.t_---o--.....+-"'O 

0, 
0, 

~ 

D. 

DIP (JE, PEl 

(DG185 EQUIVALENT) 

" 
" IN, 

IN2 

" .. 

0:.=.1----0-1"'14-'-0 0, 

e>-=-f----Q1"L1'-"<> 0, 

O-=-"---o-f'~..::.o ~ 
O-=-"---<Y"~..::.o D. 

DUAL DrST 
IH5145 (rOS.Qnl < 75n) 
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FEATURES 
• Switches Greater Than 28Vpp Signals With ± 15V· 

Supplies . 
• Break·Before-Make Switching toff 250 nsec, ton 

700nsec Typical 
• T2L, OTL, CMOS, PMOS Compatible 
• Non·Latching With Supply Tum·Off 
• Complete Monolithic Construction 
• Industry Standard (OG200) 
• Improved Performance Version (IH5200) 

SCHEMATIC DIAGRAM (Y2 DG200/IH5200) 

ORDERING INFORMATION 

INDUSTRY IMPROVED TEMPERATURE 
RANGE STANDARD SPEC PACKAGE 

PART DEVICE 

DG200AA IH5200MTW 10-Pln -55 to + 125 °C 
Metal Can 

DG200AK IH5200MJD 14-Pln CERDIP -55 to +l25°C 
DG200AL IH5200MFD 14-Pln Flat Pak -55 to + 125°C 

DG200BA IH5200llW 10-Pin -25 to +85 °C 
Metal Can 

DG200BK !H5200IJD 14-Plii CERDIP -25 to +85 "C 
DG200BL IH5200IFD 14-Pin Flat Pak -25 to +8.5°C 

DG200CJ IH5200CPD 14-Pin 0 to +70°C 
Epoxy DIP 

@ Ie MASTER 1984 

DG200/lH5200 
CMOS Dual ·SPST 
Analog Switches 

GENERAL DESCRIPTION 
The DG2OOIIH5200 solid state analog gates are designed us
ing an improved, high voltage CMOS monolithic technology. 
They provide ease-of-use and performance advantages not 
previously available from solid state switches. Destructive 
latch-up of solid state analog gates has been eliminated by 
INTERSIL's CMOS technology. 

The DG200 is completely spec and pin-out compatible with 
the industry standard device, while the IH5200 offers 
significantly enhancea specifications with respect to ON 
and OFF leakage currents, switching times, and supply cur
rent. 

PIN CONFIGURATIONS 

CERDIP " EPOXY 

DUAL·IN·L1NE PACKAGE 
(outline dwgs JO, PO) 

TOP VIEW 

NC 
y+ 
(SUBSTRATE) 

METAL CAN PACKAGE 
loutlinedwg TO·100) 

y + (SUBSTRATE AND CASE) 

TOP VIEW 

FLAT PACKAGE 

(outline dwgFD-2) 
14 

1M2 INl 

NC NC 

GND 
12 y+ 

(SUBSTRATE) 

NC HIe 
S2 5, 

0, 0, 

y- VREF 
7 8 

TOP VIEW 

SWITCH STATES ARE FOR LOGIC 
"1" INPUT (poSITIVE LOGIC) 
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FEATURES 

• Ultra low leakage-IO(ofl)s100pA 
• Power supply quiescent current less than 1pA 
• :!: 13V analog signal range 
• No SCR latchup 
• Break·before-make switching 
• TTL and CMOS compatible strobe control 
• Pin compatible with HI509, DG509 and AD7509 
• All channels OFF (lILKs 100nA) when power OFF, for 

analog signals up to :!: 25V 
• Any channel tums OFF (IILKS 100nA) if input exceeds 

supply rails by up to :!: 25V. Throughput always 
< :!: 14V (:!: 15V supplies) 

• TTL and CMOS compatible binary Address and 
ENable inputs 

FUNCTIONAL DIAGRAM 

S3b ~o---J 

S4b~~ 
l· ADDRESS DECoDE J 

10F4 

6 6 ~ 
Ao AI EN 

2 LINE BINARY ADDRESS INPUTS 
(0 0) AND EN=l 
ABOVE EXAMPLE SHOWS CHANNELS 18 AND 1b ON 

ORDERING INFORMATION 

IH5208 
4·Channel Differential 

Fault Protected 
CMOS Analog Multiplexer 

GENERAL DESCRIPTION 

The IH5208 is a dlelectrically Isolated CMOS monolithic 
analog multiplexer, designed as a plug-In replacement for the 
DG509 and similar devices, but adding fault protection to the 
standard performance. A unique serial MOSFET switch en· 
sures that an OFF channel will remain OFF when the input 
exceeds the supply rails by up to ± 25V, even with the supply 
voltage at zero. Further, an ON channel will be limited to a 
throughput of about 1.5V less than the supply ralls, thus 
affording protection to any following circuitry such as op 
amps, D/A converters, etc. Cross talk onto "good" channels 
Is also prevented. 

A binary 2-bit address code together with the ENable input 
allows selection of any channel pair or none at all. These 3 
inputs are all TTL compatible for easy logic interface; the 
ENable input also facilitates MUX expansion and cascading. 

DECODE TRUTH TABLE 

ON 
A1 Ao EN SWITCH 

PAIR 

X X 0 NONE 
0 0 1 1a,1b 
0 1 1 2a,2b 
1 0 1 3a,3b 
1 1 1 4a,4b 

Ao, A1, EN 
Loaic "1" = VAH 2! 2.4V 
Logic "0" = VAL SO.8V 

PIN CONFIGURATION (outline dwg JE, PE) 

~~A1 
EN 2 15 GND 

v- [I 14 V+ 

51. [I ~ S1b 

S2. ~ ~ Sa. 

S3I [! :ill Sa 

S4a IT ~ S4b 

D. [! t!:l Db 

TOP VIEW 

PART NUMBER TEMPERATURE RANGE PACKAGE 

IH5208MJE - 55°C to + 125·C 16 pin CERDIP 

IH52081JE - 20·C to + 85"C ~ 16 pin CERDIP 

IH5208CPE O·C to 70·C 16 pin plastic DIP 
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FEATURES 

• r ds(on) < 750, flat from DC to 100M Hz « 3dB) 
• "OFF" isolation>6OdB @ 10M Hz 
• Cross coupling isolation>60dB @ 10MHz 
• Directly compatible with TTL, CMOS 
• Wide operating power supply range 
• Power supply current < 1 #LA 
• "Break·before-Make" switching 
• Fast switching (8Ons/15Ons typ) 

ORDERING INFORMATION 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

IH5341CPD o to +70"C 14·Pin DIP 
IH5341ITW - 20"C to + 85°C TO·100 
IH5341MTW - 55°C to + 125°C TO-100 

FUNCTIONAL DIAGRAM 

Circuit of Switch Channel 

SWITCH /~ SWITCH SOURCEo-------<r'"' C 0--0 DRAIN 
(IN) L _ _ _ J (OUT) 

I 
CONTROL~o
IN~ 

DRIVER 
TRANSLATOR "=' 

Note: Only one side shown. 

@ Ie MASTER 1984 

IH5341 
CMOS Monolithic 
RF/Video Switch 

GENERAL DESCRIPTION 

The IH5341 is a dual SPST, CMOS monolithic switch which 
uses a "Series/Shunt" ("T" switch) configuration to obtain 
high· "OFF" isolation while maintaining good frequency 
response in the "ON" condition. 

Construction of remote and portable video equipment with 
extended battery life is facilitated by the extremely low 
current requirements. Switching speeds are typical 
ton = 150ns and tofi = BOns, and guaranteed "Break-before
Make" switching. 

Switch "ON" resistance is typically 400-500 with ± 15V 
power supplies, increasing to typically 1750 for ± 5V sup
plies. The devices are available in TO-100 and 14-pin epoxy 
DIP packages. 

PIN CONFIGURATIONS 

PO 

TOP VIEW 

TO·100 

GND 

TOP VIEW 
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IH5341 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltages V + and V - .................... : ± 17V Storage Temperature ..... '" . '" ..... -65·Cto + 160·C 
Current in any Terminal ......................... SOmA Power Dissipation ............................ 2SOmW 
Analog Input Voltage ., ...................... V + to V- Derate above 25·C @ ....... '" ............ 7.5mW/·C . 
Operating Temperature Logic Control Voltage ........................ V + to V-

(M Version) ...................... - 55·C to + 125·C Voltage on Pin 10 ............................ V + to V-
(I Version) ...................... " - 20·C to + 85·C Lead Temperature (soldering, 10 seconds) .......... 3OO·C 
(C Version) ............................ 0 to + 70 ·C 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica
tions is not implied. Exposure to absolute maximum rating conditions' for extended periods may affect device reliability 

DC ELECTRICAL CHARACTERISTICSv+ = + 15V, VL= +5V, v- = -15V, TA =25°C unless otherwise specified. 

M GRADE DEVICE IIC GRADE DEVICE 
PARAMETER SYMBOL CONDITIONS TYP 

-55°C + 25°C 
UNITS 

+ 125°C -2OI0"C + 25°C +j~ 
Supply Vo.ltage 

Ranges 

Po.sitive Supply V+ 4.5>16 5to. 15 5 to. 15 

Lo.gic Supply VL (No.te3) 4.5>V+ 5to.V+ 5to.V+ 

Negative Supply V- ;-4> -16 -5 to. -15 -5 to. -15 

Switch "ON" Vo-5V to. +5V 75 75 100 75 75 

Resistance rds(on) Is =,10mA, V,N = 2.4V 

(No.te4) Vo -15Vto. +15V 125 125 175 150 150 

Switch "ON" rds«:m) V+=VL=5V, V,N =3V 250 250 350 300 300 

Resistance V-=5V, Vo= ±5V 

On Resistance Is = lOrnA, Vo = ± 5V 5 

Match 

Switch "OFF" lD(off) VSIO= +5V to. -5V 0.1 0.1 20 0.5 0.5 

Leakage o.r V,N =O.BV 

(No.tes 2 and 4) I5(Off) VSJo = + 14 V to. -14 V 0.2 0.2 50 1.0 1.0 

Switch "ON" lD(onl V[)= +5Vo.r -5V 0.3 0.3 50 I 1.0 1.0 

I Leakage + IVIN =2.4V 

I l5(on) IVo= +14Vto. -14V I I O.S I 0.5 I iOO I Lv 
I 

LO 

Input Lo.gic liN V'N>2.4Vo.r<0 1 1 10 1 1 

Current 

Positive Supply 1+ V,N =OV o.r +5V 1 1 10 1 .1 

Quiescent Current 

Negative Supply 1- V,N =OVo.r +5V 1 1 10 1 1 

Quiescent Current 

Lo.gic Supply IL V,N =OVo.r +5V 1 1 10 1 1 

Quiescent Current 

Note 1: Typical values are no.t tested in production. They are given as a design aid o.nly. 

Note 2: Po.sitive and negative vo.ltages applied to. o.PPo.site sides o.f switch, in bo.th directio.ns successively. 

Note 3: These are the o.perating vo.ltages at which the o.ther parameters are tested, and are no.t directly tested. 

Note 4: The Io.gic inputs are either greater than o.r equal to. 2.4V o.r less than o.r equal to. O.BV, as required, fo.r this test. 

V 

100 

175 

350 {} 

20 

100 
nA 

40 

'81 10 

10 ... ~ .. 

10 

10 
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FEATURES 
• Ultra Low Leakage - IO(off):S 100pA 
• rOS(on) < 400 ohms over full signal and temperature 

range 
• Power supply quiescent current less than 100,uA 
• ±14V analog signal range 
• No SCR latch up 
• Break·before-make switching 
• Binary Address control (3 Address inputs control 8 

channels) 
• TTL and CMOS compatible strobe control 
• Pin compatible with DG508, HI·50S & AD750S 

FUNCTIONAL DIAGRAM 

Vour 
.---<>-.0----00 

"3 LINE BINARY ADDRESS INPUTS 
(101)ANDEN@5V 

EN 
SWITCH 

EN (ENABLE INPUT) 

ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON 

ORDERING INFORMATION 

Ceramic package available as 
special order only (IH6108MDE/CDE) 

© Ie MASTER 1984 
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PART NUMBER 

IH6108MJE 

IH6108CJE 
IH610SCPE 

IH6108 
a-Channel CMOS 

Analog Multiplexer 

GENERAL DESCRIPTION 

The IH610B is a CMOS monOlithic, one of B multiplexer. The 
part is a plug-in replacement for the DG50B. Three line binary 
decoding is used so that the B channels can be controlled by 
3 Address inputs; additionally a fourth input is provided to 
use as a system enable. When the ENable input is high (5V) 
the channels are sequenced by the 3 line Address inputs, and 
when low (OV) all channels are off. The 3 Address inputs are 
controlled by TTL logic or CMOS logic elements, a "0" cor
responding to any voltage greater than 2.4V. Note that the 
ENable input (EN) must be taken to 5V to enable the system 
and less than O.BV to disable the system. 

DECODE TRUtH TABLE 

A2 Al Ao EN ON SWITCH 

x x x 0 NONE 
0 0 0 1 1 
0 0 1 1 2 
0 1 0 1 3 
0 1 1 1 4 
1 0 0 1 5 
1 0 1 1 6 
1 1 0 1 7 
1 1 1 1 8 

Ao. Al. A2 
Logic "1" = VAH 2: 2.4V VENH 2: 4.5V 
Logic "0" = VAL::S O.SV 

PIN CONFIGURATION 

TEMPERATURE RANGE PACKAGE 

-55°C to +125°C i 16 pin CERDIP 
aoe to 70Q C I 16 pin CERDiP 

O°C to 70°C I 16 pin plastic DIP 
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1H6108 
ABSOLUTE MAXIMUM RATINGS 
VIN (A, EN) to Ground ...................... -15V to 15V 
Vs or Vo to V+ ...•.........•................... 0, -32V 
Vs or Vo to V- .................................. 0, 32V 
V+to Ground ..................................... 16V 
V- to Ground .................................... -16V 
Current (Any Terminal! .......................... 30 mA 

Current (Analog Source or Drain) . . . . . . . . . . . . . . . .. 20 mA 
Operating Temperature .................. -55 to 125"C 
Storage Temperature .................... -65 to 150°C 
Lead Temp (Soldering, 10 sec) ................... 300°C 
Power Dissipation (Package)' ................. 1200 mW 
• AI/leads soldered or welded to PC board. Derate 10 mW/o C above 

7Q°C. 
Stresses above those li'sted under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum 
rating conditions for extended periods mav affect device reliability. 

ELECTRICAL CHARACTERISTICS V + -15V V - :::: -15V VEN :::: + 5V (Note 1) Ground:::: OV unless otherwise specified. -
NO MAX LIMITS TEST CONDITIONS 

CHARACTERISTIC MEASURED TESTS TYP UNIl 

TERMINAL PER 25°C M SUFFIX C SUFFIX 

TEMP 55°C 25°C 125°C O°C 25°C 70°C 

8 180 300 300 400 350 350 450 Vo = 10V, Is = -1.0mA Sequence each switch on 

rOS(ON) Sto D 8 150 300 300 400 350 350 450 n Vo = -10V, IS = -1.0mA VAL = 0.8V, VAH = 2.4V 

S ..\rOS(ON) 20 % rOS(on)max - rOS(on)mln 
Vs =±10V 

W 
..\rOS(On) = rOS(an)avg. 

I 8 0.002 0.05 50 0.1 50 Vs - 10V, Vo - -10V 

T IS(OFF) S 8 0.002 0.05 50 0.1 50 Vs = -10V, Vo = 10V 

C 1 0.03 0.1 100 0.2 100 nA Vo = 10V, Vs = -10V VEN = 0 

H IO(OFF) D 1 0.03 0.1 100 0.2 100 Vo = -10V, Vs = 10V 

8 0.1 0.2 100 0.4 100 VSiAII) = Vo = 10V Sequence each switch on 

IOiON) D 8 0.1 0.2 100 0.4 100 VS(AII) = Vo = -10V VAL = 0.8V, VAH = 2.4V 

I IAN(ON) or IA(an) Ao, Al or A2 3 .01 -10 -30 -10 -30 VA = 2.4VorOV 

N IAN (OFF) IA(aff) Inputs 3 .01 10 30 10 30 VA = 15VorOV 
p Ao A1 p.A 

U IA A2 3 -10 -30 -10 -30 VEN = 5V All VA = 0 (Address pins) 
T EN 1 -10 -30 -10 -30 VEN = 0 

ttransition D 0.3 1 See Fig. 1 

D tapen D 0.2 See Fig. 2 

Y tan(EN) D 0.6 1.5 p's See Fig. 3 

N off(EN) D 0.4 1 

A 'OFF" Isolation D 60 dB VEN = 0, RL = 2000, CL = 3pf, Vs - 3 VRMS, 

M f = 500kHz 

I Cs(aff) S 5 Vs =0 
C Cd(aff) D 25 pF Vo = 0 VEN = Ov. f = 140 kHz to 

1 MHz 

. COS(afl) DtoS 1 Vs = O. Vo = 0 

I SISUPPIY I + I V+ I 1 I 40 I I 200 I I I 
1000 

I I I I 1~'Cu'~~ - i v- 1 ? 100 1000 VEN = 5V 

L Standby 1+ V ..... i i 100 1000 p.A '1 AIIV,.,=Oor5V 
y Current I - V- 1 1 100 1000 VEN = 0 

NOTE 1: See Enable Input Strobing Levels, Section 1. 

'E;3 

PROBE IMPEDANCE 
Rp 2: 1M!! 
Cp 5: 30pF 

VA 
Ir < 100ns 
If < 100ns O.8V......,.---50%--~i---

----II+10V 

Your 
VSl = +10V 
VS8 = -10V 

11-----.1 
Itran5(8-1) 

Ilran5(1-8) 

1~;;;;;;;;,;;;-9i1.lV:""_'" -10V 

t-- S8 ON...-j t--S1 ON---t 

+9V 

Your 
VSl = -10V 
VS8 = +10V 

--_ .... -10V 
Ilrans (8-1) 

Figure 1. Itransition SWitching Test 
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FEATURES 
• Pin compatible with DG506, HI-50s & AD7506 
• Ultra Low Leakage - 10(off) :::; 100pA 
• ±11analog signal range 
• ros(on) <700 ohms over full signal and temperature 

range 
• Break·before·make switching 
• TTL and CMOS compatible Address control 
• Binary Address control (4 Address inputs control 16 

channels) 
• Two tier submultiplexing to facilitate expandabillty 
• Power supply quiescent current less than 100J.LA 
• No SCR latch up 

FUNCTIONAL DIAGRAM 

:~ :::tlO--. 
S3~ 

s.~ 

::::~ 
~:=: C==:~ ,"""" 
59 0--+0>---, 

51O~O--U ~:-J 
511~o-

S12~o--

513~o--

514~o-

S15~o--~ 
S16~o--

TO DECODE LOGIC 
CONTROLLING BOTH 
TIERS OF MUXING 

I ADDRESS DECODE 
1 of 16 I 

4 LINE BINARY ADDRESS INPUTS 
(0 0 0 l)ANDEN «, 5Y 

ENABLE I 1 of 4 

ABOYE EXAMPLE SHOWS CHANNEL 9 TURNED ON 

ORDERING INFORMATION PART NUMBER 
IH6116MJI I Ceramic package available as l special oroe,,;ol; (IH6116MDI!CDI) IH6116CJI 
IH6116CPI 

© IC MASTER 1984 

IH6116 
i6·Channel 

CMOS Analog Multiplexer 

GENERAL DESCRIPTION 

The IH6116 is a CMOS monolithic, one of 16 multiplexer. The 
part is a plug-in replacement for the DG506. Four fine binary 
decodin'g is used so that the 16 channels can be controlled by 
4 Address inputs; additionally a fifth input is provided to use 
as system enable. When the ENable input is high (5V) the 
channels are sequenced by the 4 line Address inputs, and 
when low (OV), all channels are off. The 4 Address inputs are 
controlled by TTL logic or CMOS logic elements with a "0" 
corresponding to any voltage less than 0.8V and a "1" cor
responding to any voltage greater than 3.0V. Note that the 
ENable input must be taken to 5V to enable the system and 
less than Or8V to disable the system. 

DECODe TRUTH TABLE 

/1&3 A2 A1 Ao EN ON SWITCH 
x x x x a NONE 
a 0 0 a 1 
a a 0 1 1 
0 a 1 0 1 
0 0 1 1 1 
0 1 0 0 1 
a 1 0 1 1 
0 1 1 a 1 
0 1 1 1 1 
1 0 0 0 1 
1 a a 1 1 
1 0 1 a 1 
1 0 1 1 1 
1 1 0 0 1 
1 1 0 1 1 
1 1 1 0 1 
1 1 1 1 1 

Logic "1" = VAH ~ 3.aV VENH ~ 4.5V 
LOQic "0" = VAL::; a.sv 

PIN CONFIGURATION 

y+ ~ ~ ~ D(YouT) 

NC ~ ~ or 
NCQ; 2658 
S16~ 25 S7 

SlS~ ~ S6
SS S14~ .:::: 

S13 ~ 22 54 

~~~* ~ ~ 
S10~ " Sl 
S9'11 ,!! EN 

GND~ 17 Ao 
NC [g To AI 
A3~ 15 A2 

TOP VIEW 
v+COMMON TO SUBSTRATE 

TEMPERATURE RANGE PACKAGE 
-55 0 C to +1250 C 28 pin CERDIP 

aOc to 70e C 28 pin CEROIP 
-aOc to 70°C 28 pin Plastic DIP 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

I 
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IH6116 
ABSOLUTE MAXIMUM RATINGS 
VIN (A, EN) to Ground ........................ -15V to 15V 

ClJrrent (Analog Source or Drain) . . . . . . . . . . . . . . . .. 20 mA 

Operating Temperature ..•••.••.••••••..•.• -55 to 1250 C 
Storage Temperature ..••.••....•......•... -65 to 1500 C Vs or Vo to V+ •••••••••••••••••••••••••.••••••• 0, -32V 

Vs or Vo to V- •••••••••••••.•••••.•••••••••.•••• 0, 32V 

v+ to Ground •••••••••••••••••••••••••••.••••••••• 16\1 

V- to Ground •••••••••••••••••••••••••••••••••••• -16V 

Lead Temperature(Soldering, 10 sees) ............. 300°C 

Power Dissipation (Package)* ••••••••.••••••••.• 1200 mW 

• All leads soldered or welded to PC board. Derate 10 mW /0 C above 
70°C. Current(AnyTerminaU ........................... 30mA 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and functional operation of 
the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to absolute maximum 
rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS v+ -15V v- - -15V VEN - + 5V (Note 1) Ground - OV unless otherwise specified - - - -
NO 

CHARACTERISTIC MEASURED TESTS TYP 

TERMINAL PER 25°C M SUFFIX 

TEMP -55°C 25°C 

16 480 600 600 

rOS(ON) Sto D 16 300 600 600 

S IlrOS(ON) 20 
W 
I 16 0.01 0.1 
T IS(OFF) S 16 0,01 0.1 
C 1 0.1 0.2 

.!:! IO(OFF) D 1 0.1 0.2 

16 0.1 0.2 

IO(ON) 0 16 0.1 0.2 

I IA(on) or 4 .01 10 

N 11'.(011) 4 .01 10 

P Iv:! Al 
U )1'. A2A3 4 -10 

IT EN 1 -10 

ttrans 0 0.6 1 

o topen 0 0.2 

Y tEN(on) D 0.8 1.5 

N tEN(OI!) 0 0.3 1 

A "OFF" Isolation 0 60 

M 
S I Cs(OFFl 5 

C Cd(OFF) D 40 

Cds(OFF) DtoS 1 

S Su I + V'" 1 :>:> 200 

S1 
s~ 
53 
54 
55 
56 

All S7 
A, 58 

59 ':' 

A2 510 
VA A:J 511 

512 
513 

':' ':' 514 
515 

EN 516 

,,~ 

Rp"Cl> ::t:CP 
.,. I 

~-.J":-~OBE IMPEDANCE 
- Rp 2: lMIl . 

Cp" 30pF 

MAX LIMITS TeST CONDITIONS 

UNIT 
C SUFFIX 

125°C O°C 25°C 70°C 

700 650 650 750 Vo = 1 OV, Is = -lOrnA Sequence each switch on 

700 650 650 750 f1 Vo = -10V, Is = lOrnA VAL = O.BV, VAH = 3V 

% 
j. ros(on)max - rOS(on)min 

rOS(on) = rOS(on)avg Vs = ±10V 

50 0.2 50 Vs = 10V, Vo = -10V 

50 0.2 50 Vs = -10V, Vo = 10V 
100 0.4 100 nA Vo = 10V, Vs '= -10V VEN = 0 
100 0.4 100 Vo = -10V, Vs = 10V 

100 0.4 100 VS(AII) = Vo = 10V Sequence each switch on 
100 0.4 100 VS(AII) = Vo = -10V VAL = 0.8V, VAH = 3V 

30 10 30 VA - 3.0V 
30 10 30 VA = 15V 

/J.A 
-30 -10 -30 VEN = 5V All VA = 0 

-30 -10 -30 V~N = 0 
See Fig. 1 

See Fig. 2 

/J.s See Fig. 3 

dB VEN - 0, RL - 2000, Q - 3pF, Vs - 3 VRMS. 
f = 500 kHz 

Vs =0 
pF Vo = 0 VEN = 0, f = 140 kHz to 

1 MHz 

Vs = 0, Vo = 0 

1000 

~'::":""---II ..... - _ .. 
1-\11 vA=u VI';)Y 

VEN = 0 

v. 3V 

Itlt : ~= ___ ....,jJ j r-
O.BV ---',1--

1

-- 5O'It --_-4\~:.:.:.-=----..I1 . . 
',.,",,,<-,, I l---

---........ 10V 

VOUT 
Vs, ; +10V 
YS'6; -lOY 

YOUT 
Ys, ; -10V 
VS16; +lOY 

Figure 1 
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FEATURES 

• Ultra low leakage - ID(off) $100pA 
• rDS(on) < 400 ohms over full signal and temperature 

range 
• Power supply quiescent current less than 1ooJ,tA 
• ±14V analog signal range 
• No SCR latch up 
• Break·before-make switching 
• Binary Address control (2 Address inputs control 2 

out of 8 channels) 
• TTL and CMOS compatible Address control 
• Pin compatible with HI509, DG509 & AD7509 

FUNCTIONAL DIAGRAM 

S1ao----t.c~---, 

S2a~o---", 

S3a~ 

I EN S~ITCH 

~Dl 
i 
I 

S1b o-----.c:)-----, 
,---o--:~o-----~-D2 

S2b~0----4 

S3b~ 

S4b~ 

2 LINE BINARY ADDRESS INPUTS 

I 
I 

(0 0) AND EN = SV (EN = "1" FOR + SV, "0" FOR Oil, 
ABOVE EXAMPLE SHOWS CHANNELS 18 & 1b ON. 

ORDERING INFORMATION 
Ceramic package availab!e as 
special order only (lH6208MDE/CDE) 

@ IC MASTER 1984 

PART NUMBER 
IH620BMJE 

IH6208CjE 

IH620BCPE 

IH6208 
4·Channel Differential· 

CMOS Analog Multiplexer 

GENERAL DESCRIPTION 

The IH620B is a monolithic 2 of B CMOS multiplexer. The part 
is a plug-in replacement for the DG509. Two line binary decod
ing is used so that the B channels can be controlled in pairs 
by the binary inputs; additionally a third input is provided to 
use as a system enable. When the ENable input is high (5V) 
the channels are sequenced by the 2 line binary inputs, and 
when low (OV) all channels are off. The 2 Address inputs are 
controlled by TTL logic or CMOS logic elements with a "0" 
corresponding to any voltage less than O.BV and a "1" corre
sponding to any voltage greater than 2.4V. Note that the 
ENable input must be taken to 5V to enable the system, and 
less than 0.8V to disable the system. 

DECODE TRUTH TABLE 

ON 
Al AIJ EN SWITCH 

PAIR 

X X 0 NONE 
0 0 1 1a,1b 
0 1 1 2a,2b 
1 0 1 3a,3b 
1 1 1 4a,4b 

Ao, Al 

LOGIC "1" = VAH 2: 2.4V VENH? 4.5V 
LOGIC "0" = VAL $ O.BV 

PIN CONFIGURATION 

TSMPERATURERANGE PACKAGE 
--55°C to +125°C 16 pin CERDIP 

Dec to 70c C 16 pin CERDIP 

O°C to 70°C 16 pin Plastic DIP 

3039 
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FEATURES 
• Pin compatible with HI507. DGS07 Be AD7507 
• :t 11V analog signal range 
• rOS(on) < 700 ohms over full signal and temperature 

range 
• Break·before-make switching 
• TTL and CMOS compatible Address control 
• Binary Address control (3 Address inputs control 2 

out of 16 channels) 
• Two tier submultiple xing to facilitate expandability 
• Power supply quiescent current less than 100#-'A 
• No SCR latch up 
• Very low leakage IO(off) $ 100pA 

FUNCTIONAL DIAGRAM 

TO DIECODIE LOGIC 
CONTAOLLIitG BOTH 

TIlERS OF MUXING 

Ao A, A2 EN (ENABLE INPUT) 

3 LINE BINARY ADDRESS INPUTS 
(0 0 0) AND EN =5V 
ABOVE EXAMPLE SHOWS CHANNELS 1a • 1b ON. 

ORDERING INFORMATION 

Ceramic package available as 
special order only (IH6216MOI/COI) 

PART NUMBER 
IH6216MJI 

IH6216CJI 

IH6216CPI 

IH6216 
a·Channel Differential 

CMOS Analog Multiplexer 

GENERAL DESCRIPTION 

The IH6216 is a CMOS monolithic 2 of 16 multiplexer. The part 
is a plug-in replacement for· the DG507. Three line binary 
decoding is used so that the 16 channels can be controlled in 
pairs by the binary inputs; additionally a fourth input is pro
vided to use as a system enable. When the ENable input is 
high (5V) the channels are sequenced by the 3 line binary in
puts, and when low (OV) all channels are off. The 3 Address in
puts are controlled by TTL logiC or CMOS logiC elements with 
a "0" corresponding to any voltage less than 0.8V and a "1" 
corresponding to any voltage greater than 3.0V. Note that the 
ENable input must be taken to 5V to enable the system and 
less than 0.8V to disable the system. 

DECODE TRUTH TABLE 

ON 
A2 A1 AtJ EN SWITCH 

PAIR 
X X X a NONE 
a a a 1 1 
a a 1 1 2 
a 1 a 1 3 
a 1 1 1 4 
1 a a 1 5 
1 a 1 1 6 
1 1 0 1 7 
1 1 1 1 8 

LOGIC "1" = VAH > 3V VENH > 4.5V 
LOGIC "0" = VAL < O.8V 

PIN CONFIGURATiON 

TOPVlIEW 
y+ COMMON TO SUBSTRATIE 

TEMPERATURE RANGE PACKAGE 
-55°C to +125°C 28 pin CERDIP 

O°C to 10°C 28 pin CERDIP 

O°C to 70°C 28 pin Plastic DIP 

© IC MASTER 1984 



FEATURES 
• Low Power - Less Than 1 OmW Typ. at 2MHz 

• Operation Up to 4MHz Clock (lM6402A) 

• Programmable Word Length, Stop Bits and Parity 

• Automatic Data Formatting and Status Generation 

• Compatible with Industry Standard UART's 
(IM6402) 

• On-Chip Oscillator with External Crystal 
(lM6403) 

• Operating Voltage -
IM6402-1 103-1: 5V 
IM6402A/03A: 4-11V 
IM6402/03: 5V 

PIN CONFIGURATION (outline dwgDL, PL) 
Vcc 

EPE 
GND CLSl 
RRD CLS2 

RBRB SBS TABLE 1 
RBR7 6 PI 
RBR6 CRL PIN IM6402 IM6403 w/XTAL IM6403 w/EXT CLOCK 
RBRS TBRS 
RBR4 TBR7 2 N/C Divide Control Divide Control 

RBR3 TBR6 17 RRC XTAL External Clock Input 
RBR2 '1 TBRS 19 Tri-State Always Active Always Active 
RBRl TBR4 

22 Tri-State Always Active Always Active PE TBR3 
FE TBR2 40 TRC XTAL GND 
OE TBRl 

TRO 
TRE 
TBR'[ 

-See Table 1 

FUNCTIONAL BLOCK DIAGRAM 
TRE4+----..., 

* TBRE 

IM6402/1M6403 
Universal Asynchronous 

Receiver Transmitter 
(UART) 

GENERAL DESCRIPTION 
The IM6402, and IM6403 are CMOS/LSI UART's for 
interfacing computers or microprocessors to asynchronous 
serial data channels. The receiver converts serial start, data, 
parity and stop bits to parallel data verifying proper code 
transmission, parity, and stop bits. The transmitter converts 
parallel data into serial form and automatically adds start, 
parity, and stop bits. 

The data word length can be 5, 6, 7 or 8 bits. Parity may be odd 
or even, and parity checking and generation can be inhibited. 
The stop bits may be one or two (or one and one-half when 
transmitting 5 bit code), Serial data format is shown in 
Figure 6. 

The IM6402 and IM6403 can be used in a wide range of 
applications including modems, printers, peripherals and 
remote data acquisition systems. CMOS/LSI technology 
permits clock frequencies up to 4.0MHz (250K Baud), an 
improvement of 10 to 1 over previous PMOS UART designs. 
Power requirements, by comparison, are reduced from 
670mW to 10mW.· Status logic increases flexibility and 
simplifies the user interface. 

The IM6402 differs from the IM6403 in the use of five device 
pins as indicated in Table 1 and Figure 1. 

ORDERING INFORMATION 
ORDER CODE 1M8402·1103-1 III8402AI03A IMI402I03 

PLASTIC PKG IM6402·1103-1IPL 1M6402I03-AIPL IM6402I03-IPL 

CERAMIC PKG IM6402·1103-1IDL 1M6402I03-AIDL IM6402/03IDL 

MILITARY TEMP. 1M6402·1103-1MDL IM6402I03-AMDL 

MILITARY TEMP. 1M6402·1103-1 IM6402f03.AMDU 
WITH 883B MDU883B 883B 

TBR1 (LSB) ------l 
~~~~~L-~~~ I 

I 
I 

TRC . _--J--~---{~::::=:::==::~~~~::::==::~~'II _ r MULTIPLEXER 

L.... __________ ...,... TRO 

CLS1-+--L---------------------~~C:O:N:T:RO:l--~-------~------~---------+-S~ 
ClS2 EPE 
CRL REGISTER PI 
MR 

RRC 1 ~~~~~EltRRI r;;,; MULTIPLEXER 

I . I ' ,eo""""",, RE.""" I 1 : 
L---oJ--------"~---"*:.,..,;~~:~~ ... ,;:;,,,--J 

* DR 

SFO RRD 

* These outpUts .. e th ___ (iM6402) or llwaysllttive IIM64031 
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REGIONAL SALES OFFICE 

324 CLARK STREET 
WORCESTER, MA 01606 
PHONE (617) 852-5400 
TWX 710-340-0067 TLX 951808 

Suite 460 
13999 Goldmark 
Dallas, Texas 75240 
Phone (214) 231-1340 
TWX 910-867-4738 

15011 Park Way Loop 
Suite F 
Tustin, California 92680 
Phone (714) 730-8021 
TWX 910-595-1999 

EUROPEAN OFFICE 

Unitrode S.R.L. 
Via Dei Carracci 5 
20149 Milano Italy 
Phone 39-2-434604 
TLX 310085 UNITRD I 

• Analog to Digital Converters 

• Digital to Analog Converters 

• Track and Hold Amplifiers 

• Data Acquisition Systems 

• Instrumentation Amplifiers 

The Micro Networks Division of Unitrode Cor
poration is an established world leader in the 
design, development and manufacturing of 
high-performance, thin and thick-film, hybrid 
microcircuits for data acquisition/conversion 
applications. We are the largest supplier of 
such devices for military/aerospace applica
tions, and are rapidly developing new process
ing technologies that will enable us to extend 
our reputation for quality and reliability to the 
high volume commercial/industrial marketplace. 
In the first half of 1984, for example, we will 
introduce the MN565A 12-bit D/A - our first 
monolithic data converter. 

• Programmable-Gain Amplifiers 

Data Acquisition System Selection Guide 

RESOLU- DESCRIPTION MODEll INPUT ACDUISI- CONYER- THROUGH· MAXIMUM POWER PKG. SPECIAED MIL·STO· 
TlON CHANNELS noN TIME SIOM TIME PUT UNEARITY (mW) TEMP 883 HI-REL 

to :t:'hLSB (pS8C) (Channels I ERROR RANGE OPTION 
(pS8C) sec) (%FSR) (OC) 

8 Bfts I Complete 8 bit DAS, MN1120 8 5 6 90,000 ±0.2 680 32 Pin o to +70 Yes i 8-Channel Mux, T IH, I (Expand- 1 -55 to +125 
AID, 3-State Buffer able) 

i£ Diiit I i~-C:tcliiiie: M~:tip;6i\~r, I ~:rn~ I 1<: 5.5 - - +OOO? I 900 32 Pin o to +70 Yes 
,""rume""',,,, Amp I {Expand- 1 1 1 1 1 1-5510+1251 1 and T IH in DIP Package able) 

(Use with 12-Bit AID 10 
confi~re a Low-Cost 

2 ckage DAS 

Complete 12-Bit DAS, MN7140 8 8 40 20,000 ±0.012 900 .... 40 Pin o to +70 Yes 
I ndustry Standard (Expand- -2510 +85 

40-Pin DIP, for able) -55 to +125 
Military I Aerospace 

Applications 

Complete 8 or 16-Chan' MN7150-8 8 9 9 50,000 ±0.012 1875 62 Pin o to +70 Yes 
nel DAS, Instru. Amp, MN7150-1& 16 ...,.25 to +85 

T IH, AID, 3-Stale (Expand- -55 to +125 
Buffers, HDAS-8/16 able) 

Compatible 

,., = New Product 

Instrumentation and Programmable-Gain Amplifier Selection Guide 

GAIN DESCRIPTION MODELl MAX GAIN OFFSET OFFSET SMALL POWER SPECIFIED PKG. MIL-STD-
RANGES ERRDR (%) VOLTAGE DRIFT SIGNAL BW (mW) TEMP 883 HI-REL 

(RTI, "V) ("V 1°C) (kHz) RANGE (OC) OPTION 
1, 10, 100, PreCision Amp with MN2200 ±O.01 to ±0.1 ±100 ±0.6 750 240 -25 to +85 18 Pin Yes 

1000 Internal, Internal Gain Depending (G= 100) (G=100) (G=1) -55 to +125 
1 to 1000 Scaling Resistors, on Range" 

with External Excellent Gain 
Resistor Accuracy Over Temp. 

1,2,4,8, 16, Digitally·Controlled MN2020 ±0.005 to ±0.2 ±100 ±5 5000 275 o to +70 18 Pin Yes 
32, 64, 128 Programmable-Gain Depending (G=1) -55 to +125 

Digitally Amplifier. Binary on Range 
Programmed Weighted Gains Are Set 

wiih a 3-Bil Digitai WOrd I 
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AID Converter Selection Guide 

RESOLU- DESCRIPTION MODELl MAXIMUM INTERNAL SPECIRED 
TIOH CONYER- CLOCK TEMP 

SION TIME 
(p.SIC) (1) 

RANGE (OC) 

16 Bits High Performance MN5290 40 Yes o to +70 
Guaranteed Over MN5291 -25 to +85 

Extended Temperatures -55 to +125 
General Purpose, MN5280 100 

Yes o to +70 Fast, Low Cost MN5282 50 
Ultra Low Power, .MN5284 50 Yes o to + 70 

15-8it Performance, -25 to +85 
± 12V .Supplies 

14 Bits Ultra Low Power, TIL MN5260 250 No o to +70 
and CMOS Compatible, 

24-Pin DIP 
12 Bits Serial-Parallel Technique, MN5247 

0.5 (5) o to + 70 
Fastest 12-8it DIP AID MN5248 -55 to +125 
Available, TTL, 3-State 

Serial-Parallel Technique, MN5245 1 (5) 
Oto +70 

Extremely Fast, .TTL MN5246 -25 to +85 
Compatible -55 to +125 

Low-Cost, ADC85 MN5243 2 Yes o to + 70 
Pin-Compatible, MN5244 No -25 to +85 

I nternal or External -55 to +125 
Clock 

Fast, Internal Clock, No MN5240 5 Yes o to +70 
Missing Codes, ADC85 -25 to +85 

Pin-Compatible 
Fast, I nternal Clock, ADC84 8 Yes Oto +70 
Industry Standard for ADC85 -25 to +85 
IndlJstrial Applications 

ADC85 Pin-Compatible, AOC87 10 Yes -25 to +85 
Guaranteed -55°C to -55 to +125 

+ 125°C Operation 
Most Widely Used 12-8it MN5210 13 No o to +70 
A/D for Military/Aero- Series I -55 to +125 

space Applications, Fast 
Industry-Standard MN5610 13 No o to +70 

Military AID in Series -55 to +125 
Leadless Package 

Industry Standard, AOCao 25 Yes o to +70 
Low Cost, Complete AID 

/LP-Compatible, MN574A 35 Yes o to +70 
Address Decoding, 
3-State, Low Cost 

-55 to +125 

Lower Cost Version MN5200 50 No o to +70 
of Industry Standard Series -55 to +125 

MN5210 Series 
Extremely Low Power, MN5250 175 No o to +70 

Widely Used in satellite Series -55 to +125 
and Battery Applications 

Fully Guaranteed MN5700 250 No -55 to +200 
Performance 

-55°C to +2OO°C 
8 Bits Succ. Approx. AID MN5815 0.7 Yes o to + 70 

High Speed, Low Cost MN5825 1 -55 to +125 
Very Fast, Widely MN5101 0.9 No o to + 70 
Used in Avionics MN5100 1.5 -55 to +125 

Applications 
Fast, Low Cost MN5130 2.5 No o to + 70 

Popular, 18-Pin DIP Series -55 to +125 
± 12V Supplies for MN5140 2.5 No o to + 70 
Microprocessor arid Series -55 to +125 
CMOS Applications 

Internal 3-State MN5150 2.5 No Oto +70 
Output Buffer for -55 to +125 

Data Bus Applications 
Most Popular 8-Bit AID MN5120 6 No o to + 70 

for Industrial and Series -55 to +125 
Military Applications 

Ultra Low Power, MN5065 100 No Oto +70 
Single + 12V Supply, MN5066 -55 to +125 

TTL and CMOS 
Compatible 

,.... = New Product-

1. Fot units with an external clock, the table shows the minimum con
version time that will result in specified accuracy. For units with 
internal clock, maximum conversion time is given. 

2. No Missing Codes for 14 bits guaranteed over temperature. 
3. No Missing Codes for 14 bits guaranteed at +25°C. 

No Missing Codes for 13 bits guaranteed over temperature. 
4. No Missing Codes for 15 bits guaranteed over temperature. 
5. The serial-parallel conversion technique does not require a clock. 
6. No Missing Codes for 10 bits guaranteed at + 200 ·C. 

@ Ie MASTER 1984 

MAXIMUM NO MISSING INPUT POWER PKG. MIL-STD-
UNEARITY CDDES RAHG~S (mW) 883 HI-REL 

ERROR OVER TEMP' (ViIIts) OPTION 
(%FSR) 

±0.003 Yes (2) 6 Ranges 830 32 Pin Yes Yes (3) 

±0.003 Yes (3) 6 Ranges 1400 32 Pin No 

±0.OO3 Yes(4) 4 Ranges 150 40 Pin Yes 

±0.OO3 Yes (3) ±10 215 24 Pin No 

±0.012 Yes o to +5 2055 40 Pin Yes ±2.5 

±0.012 Yes 
. 0 to +5 

2055 40 Pin Yes ±2.5 

±0.012 Yes 6 Ranges 2000 32 Pin Yes 

±0.012 Yes 5 Ranges 1400 32 Pin Yes 

±0.012 Yes 5 Ranges 1400 32 Pin Yes 

±0.012 Yes 5 Ranges 

I 
1075 32 Pin Yes 

±0.O12 I Yes I 4 Range:; I 695 I 24 pin I Yes 

±0.012 Yes 4 Ranges 695 24 Pin Yes 
Leadless 

±0.012 Yes 5 Ranges 950 32 Pin No 

±0.012 Yes 4 Ranges 450 28 Pin Yes 

±0.012 Yes 4 Ranges 695 24 Pin Yes 

±0.012 Yes 4 Ranges 56 24 Pin Yes 

±0.012 Yes (6) 4 Ranges 311 32 Pin Yes 

±0.2 Yes 6 Ranges 925 24 Pin Yes 

±0.2 Yes 9 Ranges 1125 24 Pin Yes 

±0.2 Yes 4 Ranges 680 18 Pin Yes 

±0.2 Yes 4 Ranges 680 18 Pin Yes 

±0.2 Yes 7 Ranges 680 24 Pin Yes 

±0.2 Yes 4 Ranges 680 18 Pin Yes 

±0.2 Yes ·±5 53 18 Pin Yes o to + 10 

&NJ 
Micro Networks 

A DIVISION OF UNITRODE CORPORATION 
324 Clark Street, Worcester, MA 01606 • Tel: (617) 852-5400 
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D/A Converter Selection Guide 

RESOLU· DESCRIPJION MODEll MAXIMUM INTERNAL SPECIAED 
TION smUNG REF. AND TEMP 

TIME OUTPUT RANGE (OC) 
(pille) (1) OPAMP 

16 Bill Industry Standard for DAC71 
Industrial Applications 

10 Yes (2) o to +70 

12 BIts Industry-Standard MN565A 0.25 Yes (2) o to +70 
Monolithic O/A, -55 to +125 

Current Output, On-Chip 
Reference 

Industry Standard, DAC80 3 Yes o to +70 
low Cost (Typ) 

Industry Standard, DAC85- 3 Yes o to + 70 
Binary Codin8' CBI (Typ) -25 to +85 

Voltage/Current utput 
Industry Standard, DAC85- 3 Yes o to +70 

3 Decade BCD, CCD (Typ) -25 to +85 
Voltage/Current Output 

Industry-Standard DAC87 4 Yes -25 to +85 
12-Bit O/A for -55 to +125 

Military 1 Aerospace 
Applications 

1~-Bit D/A With DAC HK 4 Yes o to +70 
Fast Input Register (4) (Typ) -55 to +125 
Military-Standard MN3660 10 Yes o to +70 
Latched D/A in (5) -55 to +125 

leadless Package 
For Military 1 Aerospace MN3850 7 Yes o to +70 

and Other High -55 to +125 
Reliability Applications 

Fast Input Register, MN3860 7 Yes o to +70 
For Military 1 Aerospace (5) -55 to +125 

Hi-Rei Applications 
low-Cost, low-Power, MN3349 10 Yes o to +70 

Superior Second 
Source for the DAC349 

-55 to +125 

low Cost, low Power, MN3348 8 Yes o to +70 
DAC349 Compatible -55 to +125 

12-Bit O/A Converter DAC88 10 Yes o to +70 
with Fast Input (5) -55 to +125 

Register. Hi· Rei anQ 
Industrial Applications 

4 Quadrant Multiplying, MN3412 20 (Note 7) o to +70 
Voltage Output, -55 to +125 
High Accuracy 

industry-Standard MN370 60 Yes o to + 70 
low-Power 01 A, MN371 35 -55to +125 
Voltage Output 

10 Bits Fast Input latch for Hi- MN3040 10 Yes o to +70 
Rei pP Applications (5) -55 to +125 
Excellent for Servo MN3003 30 Yes o to +70 
Applications, Very Series -55 to +125 

Accurate Zero 

8 Bits Produces Composite MN0805 Snsec I Yes (2) 1-25to +S5 I 
\/iti"" <::inn:>t Inr 

I Rasier~scan'Di'sPlays I I I I 
Fast Settling, MN300B 1 Yes o to +70 

30 V / psec Slew Rate MN3009 -55 to +125 
Fast Input Latch, Popular MN3020 3 Yes o to +70 
in Avionics AppUcations, (5) -55 to +125 
Complete in 18-Pin DIP 

Popular. low Cost. MN3013 30 Yes o to +70 
General Purpose, MN3014 2.5 -55 to +125 

Multirange 
Excellent for Servo MN3000 30 Yes o to +70 
Applications, Very Series -55 to +125 

Accurate Zero, Small 
14-Pin DIP 

6 Bits Composite Video lor MN0605 6nsec Yes (2) -25 to +85 
Raster-Scan Displays 

4 Bits Composite Video for MN0405 4nsec Yes (2) -25 to +S5 
Raster-Scan Displays 

V' = New Product 

1_ Full scale change settling to ± V2 LSB. 
2. Current-output devices have no output op amps 
3. Monotonicity for 14 bits suaranteed over temperature. 
4. Latch tirriing parameters: minimum setup time 5Onsec, maximum hold time 

Onsec, minimum latch enable pulse width 60nsec. 

5. Latch timing parameters: minimum setup time 40nsec, maximum hold time 
Onsec, minimum latch enable pulse width 60·nsec. 

6. Monotonicity guaranteed at 25°C. 
7. Internal outputop amp. 
8. Produces standard 1 Vp-p video signal when driving 7512 load. 

I 

MAXIMUM MONOTONIC OUTPUT POWER PKG. MIL·STO· 
LINEARITY OVER RANGES (mW) 883 HI-RR 

ERROR TEMP (VeIls) OPTION 
(%FSR) 
±0.003 (Note 3) 2V Ranges 

21 Ranges 
850 24 Pin No 

±0.012 Yes Oto -2mA 
225 24 Pin Yes ±1mA 

±0.012 Yes 5V Ranges 
21 Ranges 

850 24 Pin No 

±0.012 Yes 5V Ranges 
21 Ranges 

850 24 Pin Yes 

±0.012 Yes o to +9.99 850 24 Pin Yes 
o to -1.25mA 

±0.012 Yes 5 Ranges 900 24 Pin Yes 

±0.0012 Yes 5 Ranges 975 24 Pin Yes 

±0.012 Yes o to +10 495 24 Pin Yes 
±5, ±10 leadless 

±0.012 Yes 5 Ranges 525 24 Pin Yes 

±0.012 Yes o to +10 675 24 Pin Yes 
±5, ±10 

±0.012 (Note 6) 5 Ranges 195 24 Pin Yes 

±0.012 (Note 6) 5 Ranges 195 24 Pin Yes 

±0.012 Yes o to +10 495 24 Pin Yes 
±5, ±10 

±0.012 Yes ± 10 335 32 Pin Yes 
Module 

±0012 Yes ··10 to + 10 60 18 Pin Yes o to + 10 

±0.05 Yes o to -10 450 18 Pin Yes 
±10 

±0.05 Yes 4 Ranges 450 16 Pin Yes 

±O.2 
1 

Yes 10 to -17mA I 1660 I 24 Pin 
1 

Yes I lSI 
I I I I I I 

±0.2 Yes o to +4 495 16 Pin Yes 
±2 

±0.2 Yes 4 Ranges 505 IS Pin Yes 

±O.2 Yes 4 Ranges 420 ~5 Pin Yes 

±0.2 Yes 4 Ranges 450 l4 Pin Yes 

±O.S Yes o to -17mA 1350 24 Pin Yes 
(8) 

±3.2 Yes o to -17mA 1040 24 Pin Yes 
(8) 

lB.YI 
Micro Networks 

A DIVISION OF UNITRODE CORPORATION 
324 Clark Street, Worcester, MA 01606 • Tel: (617)852-5400 
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Track-Hold Amplifier Selection Guide 

1·9 Bit Applications 

MAXIMUM ACOUISI· GAIN AND DESCRIPTIDN MODEL' SPECIFIED 
UNEARITY TION VOLTAGE TEMP 

ERROR (%) TIME RANGE RANGE (OC) 

±O.i 35nsec + 1, ±2.5V Ultra Fast, Designed to MN379 o to +70 
5V Step _ Drive Flash Converters, -55 to +125 

to ±0.1% 500pF Cap Loading 

10-12 Bit Applications 
MAXIMUM ACOUISI· GAIN AND DESCRIPTION MODEL' SPECIFIED 
UNEARITY TION VOLTAGE TEMP 
ERROR (%) TIME RANGE RANGE (OC) 

±0.01 100nsec -1, ±5V Package Contains MND5D 'Oto +70 
5V Step User-Optional -55 to +125 

to ±0.1% Pin-Programmable 
Input Buffer 

12-Bit Applications 

MAXIMUM ACOUlSI· GAIN AND DESCRIPTION MODEL' SPECIFIED 
UNEARITY TION VOLTAGE TEMP 
ERROR {%) TIME RANGE RANGE (OC) 

±O:Ol 90nsec -1, ±lOV Fastest' ± 0.01 % MN3n o to + 70 
lOV Step T IH Available, -55 to + 125 

to ±0.01% TTL Compatible 

±0.01 160nsec -1, ±10V Second Fastest MN376 o to + 70 
10V Step ±0.01% T/H -55to +125 

to ±0.01% Available, TTL 
Compatible 

±0.01 250nsec -1, ±10V Third Fastest MN0300A o to + 70 
10V Step ±0.01% T/H, -55 to + 125 

to ±0.01% HTC-03OOA 
Compatible 

±0.005 500nsec -1, ±5V PreciSion T IH Suitable MN375 o to + 70 
10V Step for High-Speed 12-14 - 25 to + 85 

to ±0.01% Bit Applications 

±0.01 l,..sec -1, ±10V Fast, Low Cost. Internal MN346 o to + 70 
10V Step Hold Capacitor, - 55 to + 125 

to ±0.01% 14-Pin DIP 

±0.01 l,..sec -1, ±10V Fast. Low Cost, Internal MN347 o to + 70 
10V Step Hold capacitor, -55 to + 125 

to ± 0.05% 14-Pin DIP I I 

±0.01 6.5/Lsec -1, ±10V 16-Channel Mux. Instru. MN7130 o to + 70 
20V Step Amp and T IH in a Single -55 to + 125 

to ±0.01% DIP (Use with AID to 
Make 2 Package DAS) 

::i:O.Ol 7.5!JSec -1, ±10V Moderate Speed, Very MN343 o to + 70 
10V Step Low Droop, Internal - 55 to + 125 

to ±0.01% Hold Capacitor 

±0.01 7.5,..sec -1, ±10V Low Cost, Low Droop MN344 Oto +70 
10V Step Internal Hold Capacitor -55 to + 125 

to ±0.05% 

APERTURE DROOP POWER PKG. MIL·STD· 
JITTER RATE (mW) 883 HI·REL 

(psac, max) (/NI!JS) OPTION 

2 ±500 1575 24 Pin Yes 

APERTURE DROOP POWER PKG. MIL·STD· 
JITTER RATE (mW) 883 HI·REL 

(psac, max) (/LV/!JS) OPTION 
100 ±0.1 1400 24 Pin Yes 

APERTURE DROOP POWER PKG. MIL·STD· 
JITTER RATE (mW) 883 HI·REL 

(psac, max) (/LV/!JS) OPTION 
50 ±2 875 24 Pin Yes 

100 ±0.5 730 24 Pin Yes 

I 
100 ±5 730 24 Pin Yes 

100 ±0.5 1325 24 Pin Yes 

30 (1) ±0.1 640 14 Pin Yes 

30 (1) ±0.5 I 640 14 Pin Yes 

60 (1) ±4 900 32 Pin Yes 

60 (1) ±0.1 345 14 Pin Yes 

60 (1) ±0.4 345 14 Pin Yes 

(1) Listed Specification is Aperture Delay Time 

13-16 Bit Applications 

MAXIMUM ACOUlSI· GAIN AND DESCRIPTION MODEL. 
UNEARITY TION VOLTAGE 

ERROR (%) TIME RANGE 

±0.005 700nsec -1, ±5V Precision T IH Suitable MN375 
10V Step for 12-14 Bit Applications 

to +0.005% 

± 0.003 8.5/Lsec -1, ±10V Precision T IH Compatible MN373 
10V Step with MN5290, 

to ±0.003o/c MN5291 , MN5282 
and other 16-Bit 

DIP AID's 

,; - New Product 

@ IC MASTER 1984 

SPECIFIED APERTURE DROOP POWER PKG. MIL·STD· 
TEMP JITTER RATE (mW) 883 HI·REL 

RANGE (OC) (psac, max) (I'V/!JS) OPTION 

o to + 70 100 ±0.5 1325 24 Pin Yes 
-25 to +85 

Oto +70 1000 ±0.5 300 14 Pin Yes 
-55 to +125 

liN! 
Micro Networks 

A DIVISION OF UNITRODE CORPORATION 
324 Clark Street, Worcester, MA 01606 • Tel: (617) 852·5400 
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A MICRO 
PO\NER DI A and AID Converters 
SVSTEMS ________ ----:....-----; _____________ _ 

Note: See other MPS parts in Linear and Military Sections. 

Digital-to-Analog Converters 
o Second source to Analog Devices and PMI o .5 ppm gain tempco for MP7621 
o Improved temperature dri~t characteristics 
o Superior stability - no laser trimming on monolithic DAC's 

Settling 
Gain Time Power 

Model Type Resolution Accuracy Tempeo Ityp) Output Dissipation Replaces 

MP370 CMOS, High Resolution 18 Bit ±.()()()8% 2ppm 2pS8C Current 60mW (typ) DAC-37Q-18 
MP377-18 CMOS, Buffered, Complete 18 Bit ±.0008% 5ppm 20pSec Voltage 500 rrNY (max) DAC-377-18 
MP562 Bipolar, Low Power 12 Bit ±.006% 5ppm 1.5ps8C Current 200mW (typ) AD562 
MPl208 CMOS, JlP Compatible 12 Bit· ±.012% 2ppm 1 psec Current 20mW (typ) DAC1208 
MP1230 CMOS, JlP Compatible 12 Bit ±.012% 2ppm 1 JJS8C Current 20mW (typ) DAC1230 
MP3140 CMOS, Multiplying 14 Bit ±.006% 2ppm 2pS8C Current 30mW (max) HS3140 

MP5520 CMOS and Bipolar, Internal amp and reference 6 Bit ±.2% ±80ppm 3pS8C Voltage 250 rrNY (max) DACOl 
MP7520 CMOS, Multiplying 10 Bit ±.05% 2ppm SOOns8C Current 20mW (typ) AD7520 
MP7521 CMOS, Multiplying 12 Bit ±.05% 2ppm 5OOns8C Current 20mW (typ) AD7521 

MP7522 CMOS, JlP Compatible, Double buffered input 10 Bit ±.05% 10ppm 500ns8C Current 20mW(typ) AD7522 
MP7523 CMOS, Multiplying. Low Cost 8 Bit ±.05% 10ppm 150ns8C Current 10mW (typ) AD7523 
MP7524 CMOS, JlP Compatible, Latched input 8 Bit ±.05% 10ppm 100nsec Current 10mW (typ) AD7524 

MP7528 CMOS. Buffered Multiplying 8 Bit ±.02% 10ppm 80nsec Current 15mW (max) AD7528 
MP7530 CMOS, Multiplying, Low Cost 10 Bit ±.O5% 2ppm 5OOns8C Current 20mW (typ) AD7530 
MP7531 CMOS, Multiplying, Low Cost 12 Bit ±.05% 2ppm 500nsec Current 20mW (typ) AD7531 
MP7533 CMOS. Multiplying, Low Cost 10 Bit ±.O5% 2ppm 600nsec Current 30mW (typ) AD7533 

. MP7541 CMOS, Multiplying 12 Bit ±.012% 2ppm 1ps8C Current 20mW (typ) AD7541 

MP7542 CMOS, JlP Compatible 12 Bit ±.012% 2ppm 1 pS8C Current 20mW (typ) AD7542 
MP7543 CMOS, Serial I nput 12 Bit ±.O12% 2ppm 1pS8C Current 20mW (typ) AD7543 
MP7645 CMOS, Buffered Multiplying 12 Bit ±.012% 2ppm 1 PS8C Current 20mW (typ) AD7545 
MP7614 CMOS, Multiplying 14 Bit ±.006% 10ppm 2ps8C Current 40mW (typ) 
MP7616 CMOS, Multiplying 16 Bit ±.006% 10ppm 2ps8C Current 40mW (typ) 
MP7621 CMOS. Untrimmed, Multiplying 12 Bit ±.012% .5 ppm 1JJS8C Current 20mW (typ) AD7541 
MP7622 CMOS, Multiplying, Double Buffered 12 Bit ±.O12% 2ppm 1JJS8C Current 40mW (typ) HS3120 
P./iP76;2J CiviOS, iviuitipiying .. ,.. n: .. -L n-t"tJi_ 

C:"' __ 
1 ,~ft,.. C!!!"rg~t 2fJrr!W (typ) AD?541./>, " ..,,, -L-.V" IV .,,"' ...... ,' -,.,...,..,-

MP9331 CMOS, High Resolution 16 Bit ±.0008% 2 ppm 2jiS8C Current 50mW (typ) DAC-9331-1S 
MP9377-16 CMOS, Buffered. Complete 16 Bit ±.0008% 5ppm 20ps8C Voltage 500mW (max) DAC-9377-16 
MP8526 Complete Bipolar DAC 13 Bit ±.006% 10ppm 5ps8C Voltage 300 rrNY 

Analog-to-Digital Converters 
o Second source to Analog Devices o Microprocessor compatible 
o Bright display digital panel meter 

Conversion Power 
Model Type Resolution Accuracy Time Outputs Dissipation Replaces 

MP574 CMOS, Complete, JlP Interface 12 Bit ±.O12 25J1sec Parallel. 600mW AD574 
Tristate 

MP7138 CMOS 3% Digit Panel Meter 100pV ±.05% 100 msec BCD 10 mW (typ) 

MP7550 CMOS, Quads·lope, 2's Complement 13 Bit ±1 LSB 40 msec Parallel 9mW AD7550 

MP7570 CMOS. Successive Approximation 10 Bit ±.05% 40 psec Tristate. 40mW .AD7570 
Serial & 
Parallel 

MP7574 CMOS. Successive Approximation 8 Bit ±3/4 LSB 15psec Tristate. 25mW A07574 
Binary 

MP7581 CMOS, 8 Channel, 8 Bit 8 Bit ± 1/2 LSB Tristate. 40 mW (max) AD7581 
Binary 

All Micro Power Systems' Ie's are available with 883B 
processing, in dice form, or to customer's specifications. 

INA MICRO 3100 Alfred Street 
IfI\J\1::POWER Santa Clara, CA 95050 

SYSTEMS (408) 727-5350 
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Analog Multiplexers & Switches a MICRO 
PO\NER 
SYSTEMS 

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

Note: See other -MPS parts in Linear and Military Sections. 

Analog Multiplexers 
o Second source to Harris and Siliconix o 25 volt over-voltage protection 
o Low leakage; dielectric isolation o Low ON resistance 

NOTE: Oielectrically isolated switches are indicated by "01" suffix. 

- Temperature RON 
Off Output 
Leakage Access Time 

Model Type Ranges Packages (max, full temp) (max, full temp) (typ, 25°C) Replaces 

MP7S01 8 Channel All All 375 ohm 250 nA 800 nsec AD7S01 

MP7S02 4 Channel Diff. All All 375 ohm 125 nA 800 nsec AD7502 

MP7503 8 Channel (lnv. Enable) All AI! 375 ohm 250 nA 800 nsec AD7503 

MP7S06 16 Channel All All 500 ohm SOO nA 800 nsec AD7506 
DG506 

MP7S07 8 Channel Ditt. All All 500 ohm 250 nA 800 nsec AD7507 
DG507 

MP7S08DI 8 Channel All All 350 ohm 500 nA 500 nsec HI508A 
DG508 

MP7S09DI 4 Channel Diff. All All 350 ohm 500 nA 500 nsec HI509A 
DG509 

Analog Switches 
o Second source to Analog Devices, Harris and Siliconix 
o Low ON resistance 

NOTE: Oielectrically isolated switches are indicated by "01" suffix. 

Off Output Switch Power 
Temperature Leakage RON ON Time Dissipation 

Model Type Ranges Packages (max, full temp) (max, full temp) (typ, 25°C) (typ, 25°C) Replaces 

MP200DI Dual, SPST All All SOO nA 100 ohm 240 nsec 15mW DG200 
H1200 
MP7513 

MP201DI Quad, SPST All All 500 nA 125 ohm 185 nsec 15mW DG201 
H!201 
MP7516 

MP7510DI Quad,SPST All All 500 nA 175 ohm 180 nsec 3mW AD7510DI 

MP7511DI Quad, SPST All All 500 nA 175 ohm 180 nsec 3mW AD7511 DI 

MP7512DI Dual, SPDT All All SOD nA 175 ohm 180 nsec 3mW AD7512DI 

All Micro Power Systems' Ie's are available with 883B 
processing, in dice form, or to customer's specifications. 

.. MICRO 3100 Alfred Street 
.u\!I\1:POWER Santa Clara, CA 95050 

SYSTEMS (408) 727-5350 
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.@MITEL MD54/74HCT138R 
1 of 8 Octal Oecoder/Demu Itiplexer 

Prelimina Information 

Features 

• High latch-up immunity 

• High current outputs can drive 15 LSTTL loads 

• Low power ISO-CMOS technology 

• Meets or exceeds all proposed j EDEC 40.2 
specifications 

• Fully TTL compatible inputs and outputs 

• Pi n compati bl.e with 54n 4LS 138 types 

Descri ption 

This ISO-CMOS, MSI circuit is designed for use in high 
speed memory and peripheral address decoding systems. 

I The MD54/74HCT138 will decode 3 binary inputs (Ao, 
A"A2) to select one of eight mutually exclusive outputs 
(00 - 07)· Three enable inputs, two active LOW (E" E2) 

and one active HIGH (E3), reduce the need for external 
gates in an expanded system. A 1 of 32 decoder requires 
only four of these devices and one external inverter. The 
enable inputs can be used as the data input for 
demultiplexing applications. 

ENABLE 
INPUTS 

{~3 ::: 
E1----<l 
E2 (5) 

DATA 
OUTPUTS 

rr~=========-==~oo 

October '83 

CONNECTION DIAGRAM 

DIP (TOP VIEW) 

AO 

A1 

A2 

f, 
[2 

E3 

07 

GND 

Or~ering Information 

MD54HCT138RCB, Cerdip 
-55°C to 125°C 

with MIL 883B option 

MD74HCT138RE, Plastic Dip 
-40°C to 85°( 

FUNCTION TABLE 

INPUTS OUTPUTS 

ENABLE SELECT 

E3 f, E2 A2 A1 AO 00 01 02 03 04 Os 06 

X H X X X X H H H H H H H H 

X X H X X X H H H H H H H H 

L X X X X X H H H H H H H H 

H L L L L L L H H H H H H H 

H L L L L H H L H H H H H H 

H L L L H L H H L H H H H H 

H L L L H H H H H L H H H H 

H L L H L L H H H H L H H H 

H L L H L H H H H H H L H H 

H L L H H L 

I 
H H H H H H L H 

H L L H H H H H H H H H H L 

07 H = logic II 1", L = logic "0", x = don't care 
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@MITEL MD54/74HCT139R 
Dual 1 of 4 Decoder/Demultiplexer 

Prelimina Information 

Features 

• High latch-up immunity 

• High current outputs can drive 15 LSTIL loads 

• Low power ISO-CMOS technology 

• ,Meets or exceeds all proposed J EDEC 40.2 
speci fi cati 0 n s 

• Fully TTL compatible inputs and outputs 

• Pin compatible with 54/74LS139 types 

Description 

This ISO-CMOS, MSI circuit is designed for use in high 
speed memory and peripheral, address decoding 
systems. The MD54/74HCT139 will decode 2 binary 
inputs (Ao, A,) to select one of four mutually exclusive 
outputs (00 - 03). The enable inputs, active lOW (Eat Eb) 

i ndependantly control the two separate 1 of 4 
decoder/demultiplexers. 

, f (2) 
SELEG . ADa 

INPUTS 1 (3) 
lAla 

ENABLE Eb 

'f (14 .SELEG AOb , 
INPUTS L 

\.Al b 13 

@ Ie MASTER 1984 

October'83 

CONNECTION DIAGRAM 

DIP (TOP VIEW) 

~ 16 Vee 
AOa 2 15 Eb 

Ala 3 14 A09 

°Oa 4 13 Alb 

O'a 5 '2 COb 

°2a 
6 11 

°lb 

°3a 7 10 °2b 

GND 8 9 °3b 

Ordering Information 

MD54HCT139RCB, Cerdip 
-55°C to 125°C 

with MIL8838 option 

MD74HCT139RE, Plastic Dip 
-40°C to 85°C 

FUNCTION TABLE 
(each decoder/demultiplexer) 

INPUTS OUTPUTS 

ENABLE SELECT 

E Al Ao 00 0, 02 03 

H X X H H H H 

l l l L H H H 

l l H H l H H 

l H l H H L H 

L I H H H H H L 

H = logic"'" I L = logic "0" I X = don't care 
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@MITEL MD54/74HCT240R 
In.verting Octal Line Driver/Buffer 

Prelimina Information 

Features 

• High latch-up immunity 

• High current outputs can drive 30 LSTTL loads 

.• Low power ISO-CMOS technology 

• Bus oriented 3-state outputs 

• Meets or exceeds all proposed JEDEC 40.2 
specifications 

• Fully TIL compatible inputs and outputs 

• Pin compatible with 54n4LS240 types 

Description 

These ISO-CMOS Octal line driver/buffers are designed to 
improve P.e. board density and performance in three
state. memory address drivers, clock drivers, and bus 
oriented receivers/transmitters. The MD54/74HCT240R 
offers inverting three-state buffers controlled by two 
active low enable pins. 

Vcc 

Eb 

OOa 

lOb 

01a 

11b 

02a 

12b 

03a 

GND 

3050 

October '83 

CONNECTION DIAGRAM 

DIP (TOP VIEW) 

fa 20 Vee 
lOa 2 19 Eb 

COb 3 18 °Oa 
11a 4 17 lOb 

°1b 5 16 °la 
12a 6 15 11 b 

°2b 7 14 °2a 
13a 8 13 12b 

°3b 9 12 °3a 
GND 10 11 13b 

Ordering Information 

MD54HCT240RCB, Cerdip 
-55°C to 125°C 

with MIL 883B option 

MD74HCT240RE, Plastic Dip 
I -400( to 85°C 
I 

PIN DESCRIPTION 

Ea, Eb Data Output Enable 

lOa to 13a Data Inputs (a) 

lOb to 13b Data Inputs ( b) 

OOa to 03a Data Outputs ( a ) 

OOb to 03b Data Outputs ( b ) 

Vee Supply Voltage 

GND System Ground 

TRUTH TABLE (A or B buffers) 

INPUTS OUTPUTS 

E 10-3 00-3 

L L H 

L H L 

H X Z 

H = logic"1", L = logic "0", x = don't care, 
Z = high impedance 

® Ie MASTER 1984 



@MITEL MD54/74HCT373R 
Octal D-Type Transparent Latch 

" Prelimina Information 

Features 

• High latch-up immunity 

'- • High current outputs can drive 30 LSTTL loads" 
o g • Low power ISO-CMOS technology 

-g • Bus oriented 3-state outputs 
o 
.2 • Meets or exceeds all proposed JEDEC 40.2 
E specification"s 
CD 
W • Fully TTL compatible inputs and outputs. 

~ • Pin compatible with 54/74LS373 types 
~ 

Description 

This 8-bit latch features 3-state operation and is 
designed for use in high speed, bus oriented, systems. 
The MD54/74HCT373R appears transparent to data 
(outputs change asynchronously) when Latch Enable (LE) 
is HIGH. When LE is LOW, data meeting the set up times 
becomes latched. The state of the latches is unaffected 
by the active low Output Enable (OE) pin, but when OE is 
HIGH the outputs are put into high impedance. Data 
may thus be latched even when the device is deseiected. 

Q Q Q 

G G G 

LATCH 
ENABLE 

~ OE 
OUTPUT (2) 

ENABLE 
0 0 

3054 

G 

(6) 

02 

(9) 

03 

Q 
G 

Q Q Q 
G G G 

15) 16) (19) 

October '83 

CONNECTION DIAGRAM 

DIP (TOP VIEW) 

OE 20 Vee 
00 2 19 

°7 
DO 3 18 D7 

D1 4 17 D6 

01 5 16 06 

02 6 15 
°5 

D2 7 14 D5 

D3 8 13 D4 

03 9 12 
°4 

GND 10 11 LE 

Ordering Information 

MD54HCT373RCB, Cerdip 
-55°C to 125°C 

with MIL 883B option 

MD74HCT373RE, Plastic Dip 
-40°C to 85°( 

PIN FUNCTION 

PIN DESCRIPTION 

Do to D7 Data Inputs 

00 to07 Data Outputs 

LE Latch Enable 

OE Output Enable 

Vec Supply Voltage 

GND System Ground 

© Ie MASTER 1984 



.@MITEL 

Features 

• High latch-up immunity 

• High current outputs can drive 30 LSTIL loads 

• Low power ISO-CMOS technology 

• Bus oriented 3-state outputs 

• Meets or exceeds all proposed JEDEC 40.2 
specifications 

• Fully TTL compatible inputs and outputs 

• Pin compatible with 54/74LS374 types 

Description 

This 8-bit latch features 3-state operation and is 
designed for use in high speed, bus oriented, systems. 
The latches hold their indivual data when meeting set up 
times with the clock (CK) lOW to HIGH transition. The 
state of the latches is uneffected by the active low 
Output Enable (dE) pin, but when OE is HIGH the 
outputs are put into high impedance. Data may thus be 
latched even when the device is deselected. 

OUTPUT 
ENABLE 

o DO ODD 0 0 

Q Q Q Q Q Q Q Q 

@ Ie MASTER 1984 

MD54/7 4HCT37 4R 
Octal 0-Type Flip Flop 

Prelimina Information 

October '83 

CONNECTION DIAG.RAM 

DIP (TOP VIEW) 

OE 20 Vee 

00 2 19 07 

DO 3 18 D7 

Dl 4 17 06 

0, 5 16 06 

02 6 15 Os 

D2 7 14 D5 

03 8 13 D4 

03 9 12 °4 
GND 10 11 eK 

Ordering Informatiori 

MD54HCT374R(B, Cerdip 
-55°( to 125°( 

with MIL 883B option 

MD74HCT374RE, Plastic Dip 
-400( to 85°C 

PIN FUNCTION 

PIN DESCRIPTION 

Do to D7 Data Inputs 

Ooto 07 Data Outputs 

CK Clock Input 

OE Output Enable 

Vee Supply Voltage 

r In -
~ystem Ground 

3055 
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@MITEL MD54/74HCT540R 
Inverting Octal Line Driver/Buffer 

Prelimina Information 

Features 

• High latch-up immunity 

·'High current outputs can drive 30 LSTTL loads 

• Low power ISO-CMOS technology 

• Bus oriented 3-state outputs 

• Meets or exceeds all proposed JEDEC 40.2 
specifications 

• Fully TTL cpmpatible inputs and outputs 

• Pin compatible with 54/74LS540 types 

Description 

These ISO-CMOS Octal line driver/buffers are designed to 
improve P.e. board density and performance in three
state memory address' drivers, clock drivers, and bus 
oriented receivers/transmitters. The MD54/74HCT540R 
offers inverting three-state buffers controlled by two 
active low enable pins. 

V' 

Vcc 

Ea 

00 

01 

02 

03 

04 

05 

06 

GND 

3056 

October '83 

CONNECTION DIAGRAM 

DIP (TOP VIEW) 

fA 20 Vee 

10 2 19 fa 
11 3 18 00 

12 4 17 01 

13 5 16 
°2 

14 6 15 03 

15 7 14 04 

16 8 13 Os 

17 9 12 06 

GND 10 11 
°7 

Ordering Information 

MD54HCT540RCB, Cerdip 
-55°C to 125°C 

with MIL 883B option 

I MD74HCT540RE i Plastic Dip 
I -40°C to 85°C 
I 

PIN DESCRIPTION 

EA, Ea Data Output Enable 

loto 17 Data Inputs 

00 to 07 Data Outputs 

Vee Supply Voltage 

GND System Ground 

TRUTH TABLE 

INPUTS OUTPUTS 

EA EB loto 17 00 to 07 

L L L H 

L L H L 

H X X Z 
X H X Z 

H = logic" 1", L = logic "0" I X = don't care, 

, Z = high impedance 

© Ie MASTER 1984 



@MITEL 

Features 

• High latch-up immunity 

• High current outputs can drive 30 LSTTL loads 

• Low power ISO-CMOS technology 

, • Busoriented 3-state outputs 

• Meets or exceeds all proposed JEDEC 40.2 
specifications 

• Fully TTL compatible inputs and outputs 

• Pin compatible with 54n4LS541 types 

Des(ription 

These ISO-CMOS Octal line driver/buffers are designed to 
improve P.e. board density and performance in three
state memory address drivers, clock drivers, and bus 
oriented receivers/transmitters. The MD54174HCT541 R 
offers non..:inverting three-state buffers controlled by 
two active low enable pins. 

Vcc 

Es 

00 

0, 

02 

03 

0 4 

05 

06 

GND 

© Ie MASTER 1984 

MD54/74HCT541 R 
Octal Line Driver/Buffer 

Prelimina Information 

October '83 

CONNECTION DIAGRAM 

DIP (TOP VIEW) 

EA 20 Vee 

10 2 19 fa 
11 3 18 00 

'2 4 17 01 

13 5 16 02 

14 6 15 03 

15 7 14 04 

16 8 13 05 

17 9 12 06 

GND 10 11 07 

Ordering Information 

MD54HCT541 RCB, Cerdip 
-55°C to 125°C 

with MIL 883B option 

MD74HCT541RE, Plastic Dip 
-40°C to 85°C 

PIN DESCRIPTION 

EA,Es Data Output Enable 

loto 17 Data Inputs 

00 to 07 Data Outputs 

Vee Supply Voltage 

GND System Ground 

TRUTH TABLE 

INPUTS OUTPUTS 

EA Es loto 17 00 to 0 7 

L L L L 

L L H H 

H X X Z 

X H X Z 

H = logic H 1 H, L = logic "0H, X = don't care, 

Z = high impedance 
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@MITEL MD54/74HCT573R 
Octal D-Type Transparent Latch 

Prelimina nformation 

Features 

• High latch-up immunity 

• High current outputs can drive 30 LSTTL loads 

• Low power ISO-CMOS technology 

• Bus oriented 3-state- outputs 

• Meets or exceeds all proposed J EDEC 40.2 
specifications 

• Fully TTL compatible inputs and outputs 

• Pin compatible with 54/74LS573 types 

Description 

This 8-bit latch features 3-state operation and is 
designed for use in high speed, bus oriented, systems. 
The MD54/74HCT573R appears transparent to data 
(outputs change asynchronously) when Latch Enable (LE) 
is HIGH. When LE is LOW, data meeting the set up times 
becomes latched. The state of the latches is unaffected 
by the active low Output Enable (OE) pin, but when OE is 
HIGH the outputs are put into high impedance. Data 
may thus be latched even when the device is deselected. 
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October '83 

CONNECTION DIAGRAM 

DIP (TOP VIEW) 

OE Vee 

DO 00 

D1 01 

D2 °2 
D3 03 

D4 04 

DS Os 

D6 06 

D7 °7 
GND LE 

Ordering Information 

MD54HCT573RCB, Cerdip 
-55°C to 125°C 

with MIL 883B option 

MD74HCT573RE, Plastic Dip 
I . -40°C to 85°C 
I 

PIN FUNCTION 

PIN DESCRIPTION 

Do to 07 Data Inputs 

Ooto 07 Data Outputs 

LE Latch Enable 

OE Output Enable 

Vee Supply Voltage 

GND System Ground 

© Ie MASTER 1984 



@MITEL 

Features 

• High latch-up immunity 

• High current outputs can drive 3~ LSTTL loads 

• Low power ISO-CMOS technology 

• Bus oriented 3-state outpu.ts 

• Meets or exceeds all proposed JEDEC 40.2 
specifications 

• Fully TTL compatible inputs and outputs 

• Pin compatible with 54/74LS574 types 

Descri ption 

This 8-bit latch features 3-state operation and is 
designed for use in high speed, bus oriented, systems. 
The latches hold their indivual data when meeting set up 
times with the clock (CK) LOW to HIGH transition. The 
state of the latches is uneffected by the active low 
Output Enable (dE) pin, but when OE is HIGH the 
outputs are put into high impedance.Data may thus be 
latched even when the device is'deselected. 

Do D, 

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

© ICMASTER 1984 

MD54/74H'CT574R 
Octal 0-Type. Flip Flop 

Prelimina Information 

October '83 

CONNECTION DIAGRAM 

DIP (TOP VIEW) 

OE 20 Vee 
00 2 19 00 . 

01 3 18 01 

02 4 17 
°2 

D3 5 16 03 

04 6 15 04 

05 7 14 Os 
06 8 13 06 

07 9 12 () .... 
~I 

GNO 10 11 eK 

Ordering Information 

MD54HCT574RCB, Cerdip 
-55°C to 125°C 

with MIL 883B option 

MD74HCT574RE, Plastic Dip 
-40°C to 85°C 

PIN FUNCTION 

PIN DESCRIPTION 

Do to D7 Data Inputs 

00 to 07 Data Outputs 

CK Clock Input 

OE Output Enable 

Vee Supply Voltage _ .. -
{JNU System Ground 
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® MOTOROLA 

SEMICONDUCTORS 
P.O. BOX 20912 • PHOENIX, ARIZONA 85036 

Advance Information 

ELECTRONIC TELEPHONE CIRCUIT 

• Provides All B.asic Telephone Station Apparatus Functions in 
a Single IC, Including DTMF Dialer, Tone Ringer, Speech Net
work and Line Voltage Regulator 

• DTMF Generator Uses Low-Cost Ceramic Resonator with Ac
curate Frequency Synthesis Technique 

• Tone Ringer Drives Piezoelectric Transducer and Satisfies EIA 
RS-470 Impedance Signature Requirements 

• Speech Network Provides Two-Four Wire Conversion with Ad
justable Sidetone Utilizing an Electret Transmitter 

• On-Chip Regulator Insures Stable Operation Over Wide Range 
of Loop Lengths 

• 12L Technology Provides Low 1.4 Volt Operation and High Static 
Discharge Immunity 

• MC34010P Provides Microprocessor Interface Port for Auto
matic Dialing Features 

St~th:m ~t Produ~t~ 

MC34011 
MC34010 
MC34012 
MC34017 
MC34013 

Switching Products 
MC3419 Series 
MC3416 

3060 

TELECOM SELECTOR GUIDE 

Electronic Telephone Circuit 
Electronic Telephone Circuit with MPU Interface 
Tone Ringer 
Tone Ringer with Push-Pull Output 
DTMF Generator with Speech Network 

Subscriber Loop Interface Circuit 
4 x 4 x 2 Crosspoint Switch 

MC34010P 
MC34011P 

ELECTRONIC 
TELEPHONE· 

CIRCUIT 

BIPOLAR LlNEAR/12L 

PLASTIC PACKAGE 
CASE 711-03 

© Ie MASTER 1984 
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SEMICONDUCTORS 
PO. BOX 20912 • PHOENIX, ARIZONA 85036 

Specifications and 
Applications InforIllation 

FLOPPY DISK READ AMPLIFIER 

The MC3470 is a monolithic READ Amplifier System for obtaining 
digital information from floppy disk storage. It is designed to accept 
the differential ac signal produced by the magnetic head and pro
duce a digital output pulse that corresponds to each peak of the input 
signal. The gain stage amplifies the input waveform and applies it 
to an external filter network, enabling the active differentiator and 
time domain filter to produce the desired output. 

• Combines All the Active Circuitry To Perform the Floppy Disk Read 
Amplifier Function in One Circuit 

• Guaranteed Maximum Peak Shift of 2.0% - MC3470A 

• Improved (Positive) Gain TC and Tolerance 

• Improved Input Common Mode 

TYPICAL APPLICATION 

Analog Inputs 

@ Ie MASTER 1984 

Filter Network 

Gain Stage I 

I ____ ..J 

Gain Select 

Active 
D ifferentiator 

Mono #1 

Digital 

Mono #2 

FLOPPY DISK SUPPORT 

MC3470P 
MC3470AP 

FLOPPY DISK 
READ AMPLIFIER SYSTEM 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

Amplifier 
Inputs 

Offset 

{ 

3 

Decoupling 4 

Gnd 

One-Shot {6 
Components 7 

{ 

8 
One-Shot 

Components 9 

P SUFFIX 
PLASTIC PACKAGE 

CASE701-01 

17} 
1 

Amplifier 
Outputs 

15}Active 
Differentiator 

14 Inputs 

13} 
12 

Differentiator 
Components 

Data 
Output 

© MOTOROLA INC, 1982 059588 
(Replaces AOI-512) 
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3062 

SEMICONDUCTORS 
P.O. BOX 20912 • PHOENIX, ARIZONA 85036 

Specifications and 
Applications Information 

FLOPPY DISK WRITE CONTROLLER 
The MC3469 and MC3471 are monolithic WRITE Current Control

lers de$igned to provide the entire interface between floppy disk heads 
and the head control and write data signals for straddle-erase or tunnel
erase heads. 

Provisions are made for selecting a range of accurately controlled 
write currents and for head selection during both read and write op
eration. Additionally, provisions are included for externally adjusting 
degauss period and inner/outer trace compensation. 

The MC3471 provides the erase dt;tlay and inhibit functions required 
to interfac~ wjth tunpel-erase heads. 

• Head Selection - Current Steering Through Write Head and Erase 
Coil in Write Mode 

• Provides High Impedance (Read Data Enable) during Read Mode 

• Head Current (Write) Guaranteed Using Laser Trimmed Internal 
Resistor (3.0 mA using Rext = 10 kfl) 

• IRW Select Input Provides for Inner/Outer Track Compensation 

• Degauss PEtriod Externally Adjustable 
• Minimizes External Components 

• MC3471 Provides On-Chip Adjustable Erase Delays 

FLOPPY DISK SUPPORT 

MC3469P 
MC3471P 

FLOPPY DISK 
WRITE CONTROLLERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

-1 

MC3469 only 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

© MOTOROLA INC., 1982 

MC3471 only 

P SUFFIX 
PLASTIC PACKAGE 

CASE 738 

OS9577 

© Ie MASTER 1984 
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SEMICONDUCTORS 
po. BOX 20912 • PHOENIX, ARIZONA 85036 

OCTAL THREE-STATE BUFFER/LATCH 

This series of devices combines four features usually found 

desirable in bus-oriented systems: 1) High impedance logic inputs 

insure that these devices do not seriously load the 

bus; 2) Three-state logic configuration allows buffers not being 

utilized to be effectively removed from the bus; 3) Schottky 

technology allows for high-speed operation; 4) 48 rnA drive 

capability. 

• Inverting and Non-Inverting Options of Data 

• SN74S373 Function Pinouts 

• Eight Transparent Latches/Buffers in a Single Package 

• Full Parallel-Access for Loading and Reloading 

• Buffered Control Inputs 

• All I nputs Have Hysteresis to I mprove Noise Rejection 

• High Speed - 8.0 ns (Typ) 

• Three-State Logic Configuration 

• Single +5 V Power Supply Requirement 

• Compatible with 745 Logic or M6800 Microprocessor Systems 

• High Impedance PNP Inputs Assure Minimal Loading of the Bus 

MICROPROCESSOR BUS EXTENDER APPLICATION 

Octal 
Buffer/Latch 

Address 
and 

Control 

Bus 

@) IC MASTER 1984 

(Clock) 

Gnd + 5 V (,'.>1 ~~2 

Data 

Bus 

MC3482A/MC6882A. 
MC3482B/MC6882B· 

This device may be ordered under 
either of the above type numbers. 

OCTAL THREE-STATE 
BUFFER/LATCH 

L SUFFIX 
CASE 732 

INPUT EQUIVALENT 
CIRCUIT 

OUTPUT EQUIVALENT 
CIRCUIT 

vcc 

ORDERING INFORMATION 

(Temperature Range for the following 
devices = 0 to + 750C.l 

Device Alternate Package 

MC6882AL MC3482AL Ceramic DIP 

MC6882BL MC3482BL Ceramic DIP 

© MOTOROLA INC., 1979 
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3064 

MOTOROLA BROADLINE 

BUS STANDARD LINE DRIVERS 
& RECEIVERS 

STANDARD INTRODUCED 

RS232C MC1488 DR 
MC1489 REC 

RS422 . MC3486 REC 
MC3487 DR 
AM26LS31 DR 

RS423 MC3487 DR 

RS-485 SN75172 REC 
(PARTY LINE) SN75174 REC 

SN75173 DR 
SN75175 DR 

IEEE 488-1978 MC3440-43A 
MC3446A 
IMC3448A 
MC3447 

IBM GA-22-6974-3 MC3481 
MC3485 
MC75125-9 

PERIPHERAL DRIVERS 
PART 

----1 

NUMBER 

MC1411 P (ULN2001A) 
MC1412P (ULN2002A) 
MC1413P (ULN2003A) 
MC1416P (ULN2004A) 
MC1472U1P1 

. ULN2801A 
ULN2802A 
ULN2803A 
ULN2804A 
ULN2068B 
ULN2074B 

(1) PNP Bufferer for TTUMOS Compatibility 
(2) Open collector - Diode Clamped 
(3) Open Collector - Open Emitter 

DESCRIPTION 

~ Seven Element 
Darlington 
Array (0.5 A Max) ) 
Dual Positive NAND 

} Octal Darlington 
Array (0.5 A Max) 

Quad 1.5 A Darlington(2) 
Quad 1.5 A Darlington(3) 

1983 INTRODUCTION 

AM26LS32REC 

/LA9636A (MC3488A) 

SN75176-8 

INPUT 
COMPATIBILITY 

General 
PMOS 
TTUCMOS 
NMOS 
H1 Z(l) 

General 
PMOS 
TTUCMOS 
CMOS/PMOS 
TTUCMOS/DTL 
General 

@ Ie MASTER 1984 
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,SEMICONDUCTORS 
P.O. BOX 20912 • PHOENIX, ARIZONA 85036 

QUAD SINGLE-ENDED LINE DRIVER 

The MC3481 and MC3485 are quad single-ended line drivers 
specifically designed to meet the IBM 360/370 I/O specification 
(GA22-6974-3). 

Output levels are guaranteed over the full range of output load 
and fault conditions. Compliance with the IBM,requirements for 
fault protection, flagging, and power .up/power down protection for 
the bus make this an ideal line driver for party line operations. 

• Separate Enable and Fault Flags - MC3481 

• Common Enable and Fault Flag - MC3485 

• Power Up/Down Does Not Disturb Bus 

• Schottky Circuitry for High-Speed - PNP Inputs 

• Internal Bootstraps for Faster Rise Times 

• Driver Output Current Foldback Protection 

• MC3485 has LS Totem Pole Driver Output 

MC3481 
DUAL ENABLE 

INDIVIDUAL FAULT FLAG 

Driver Output A VCC Driver Output A 

Fault Flag A Driver Output 0 Driver Output A 

Input A Fault Flag 0 Input A 

Enable AB " Input 0 Enable ABCD 

Input B Enable CD Input B 

Fault Flag B '" Input C Driver Output B 

Driver Output B Fault Flag C Driver Output B 

'" Driver Output C 

MICROPROCESSOR/COMPUTER 
INTERFACE 

MC3481 
MC3485 

IBM 360/370 
QUAD LINE DRIVER 

SILICON MONOLITHIC 

INTEGRATED CIRCUIT 

P SUFFIX 

PLASTIC PACKAGE 

CASE 648 

L SUFFIX 

CERAMIC PACKAGE 

CASE 620 

MC3485 
COMMON ENABLE 

COMMON FAULT FLAG 

VCC 

Driver Output 0 

Driver Output 0 

Input 0 

Fault Flag 

(Open Collector) 

Input C 

~ Driver Output C 

'" Driver Output C 

SUPPORTiNG iBM 360/370 LINE RECEIVERS 

Input 
I'H(R) tpLH Device ~o. of Resistance 

Number Channels kn @V'H=3.11 V @CL =50 pF 

MIniMax 
mAMax ns Max 

MC75125/75127 Seven 7.4/20 0.42 25 
MC75128/75129 Eight 7.4/20 0.42 25 

© MOTOROLA INC .. 1980 
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SEMICONDUCTORS 
PO. BOX 20912. PHOENIX, ARIZONA 85036 

BIDIRECTIONAL INSTRUMENTATION 
BUS (GPIB) TRANSCEIVER 

This bidirectional bus transceiver is intended as the interface 
between TTL or MOS logic and the IEEE Standard Instrumentation 
Bus (488-1978, often referred to as GPI B). The required bus termi
nation is internally provided. 

Low power consumption has been achieved by trading a minimum 
of speed for low current drain on non-critical channels. A fast 

channel is provided for critical A TN and EOI paths. 
Each driver/receiver pair forms the complete interface between 

the bus and an instrument. Either the driver or the receiver of each 
channel is enabled by a Send/Receive input with the disabled output 
of the pair forced to a high impedance state. The receivers have 
input hysteresis to improve noise margin, and their input loading 

follows the bus standard specifications. 

• Low Power - Average Power Supply Current = 30 mA Listening 
75 mATalking 

• Eight Driver/Receiver Pairs 
• Three-State Outputs 
• High Impedance Inputs 
• Receiver Hysteresis - 600 mV (Typ) 
• Fast Propagation Times - 15-20 ns (Typ) 
• TTL Compatible Receiver Outputs 
• Single +5 Volt Supply 
• Open Collector Driver Output with Terminations 
• Power Up/Power Down Protection (No Invalid 

Information Transmitted to Bus) 

• No Bus Loading When Power is Removed From Device 
• Required Termination Characteristics Provided 

MAXIMUM RATINGS (T A = 25°C unless otherwise noted) 

Rating 

Power Supply Voltage 

Input Voltage 

Driver Output Current 

Junction Temperature 

Operating Ambient Temperature Range 

Storage Temperature Range 

- - - -
Instrument I 

A I 
, , , , 

(With GPIB) I 

, ", 
, 

Instrument I 

B I 
, ... , , 

(With GPIB) I 

----

Symbol Value Unit 

VCC 7.0 Vdc 

VI 5.5 Vdc 

10(0) 150 mA 

TJ 150 °c 

TA o to +70 °c 

Tstg -65 to +150 °c 

TYPICAL MEASUREM ENT 
ON SYSTEM APPLICATI 

Programmable 

Calculator 

(With GPIB) 

16 Lines Total 

3066 

GPIB 
INSTRUMENTATION 

BUS INTERFACE 
MC3447 

OCTAL BIDIRECTIONAL 
BUS TRANSCEIVER 

WITH 
TERMINATION NETWORKS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

.,.' " '( 

......

.. ;:' L ' 
! ,' ...... 

~ ,- .. 

P3 SUFFIX 
PLASTIC PACKAGE 

CASE 724 

l SUFFIX 
CERAMIC PACKAGE 

CASE 623 

PIN ASSIGNMENTS 

SR'O'~ ~vcc 

I I D". ow---T 
.... -~ 8,,, 0 

I I 
Bus i 

Bus 2 

Bus 4 

Bus 5 

Vee 

Gnd 

© MOTOROLA INC .. 1980 
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PO. BOX 20912 • PHOENIX, ARIZONA 85036 

Advance InforIllation 

COMPLETE 12-811 
HIGH-SPEED MONOLITHIC D/A CONVERTER 

The MC3412/3512 is a monolithic 12-bit resolution D/A con
verter. It contains a high stability bandgap reference capable of 
supplying 1.5 mA externally, trimmed to :t 0.25% maximum error. 
Active laser trimming of thin film ladder network, reference, span, 
bipolar offset, and bandgap resistors at wafer level pr~vide ac
curacy and linearity of better than :t % LSB. An innovative bit 
switching scheme provide fast settling time yet enables selection 
of CMOS or TTL thresholds. TTL threshold levels are retained 
over a wide VCC range from 13.5 to 16.5 volts. Precision internal 
span iesistOis allow output voitage options of 0 to 5.0 V, 0 to 10 
V, :t 2.5 V, :t 5.0 V, and :t 10 V. 12-bit accuracy and a fast settling 
time of typically 200 ns (to :t % LSB) make this converter ideal 
for applications such as a fast AID building block or display driver. 

• True 12-Bit Linearity: :t % LSB Max 

• Fast Settling Time: :t % LSB in 200 ns Typ 

• Fully Monotonic Over Temperature Range 

• High-Stability Bandgap Voltage Reference On Chip 

• Linearity Guaranteed Over Temperature 

• Low Power Consumption: 210 mW 

• Pinout Compatible with AD563 and AD565 

• Selectable Digital Thresholds 
• Internal Span Resistors for Generating Output Voltage 

VCC 

3 

BLOCK DIAGRAM 

CMOS/TTL 

Threshold Bipolar 

2 242322212019181716151413 Offset 

MSB LSB 8' 

DAC 
Out 

Reference 

Out 10 Volt 
4 D--if-----t Reference 

Reference 
In 

6 n-+~V'V' __ ...... 

Analog 
Com 

5~""""'fVV'-.....I 

20 k 

Current Switches 

R2R Ladder 

5.0 k 

12 
Digital Com 

this is advance information and specifications are subject to change without notice. 

@ Ie MASTER 1984 

9 

20 V 
Span 

DATA CONVERSION 
MC3412 
MC3512 

LASER TRIMMED 
HIGH-SPEED 

12-81T D/A CONVERTER 

NC 

CMOS/TTL 
Threshold 

VCC 

Ref Out 

Ana Com 

Ref In 

VEE 
Bipolar 
Offset 

DAC Out 

10 V Span 

20 V Span 
Dig Com 

(Gnd) 

Device 

MC3412L 

MC3512L 

SILICON MONOLITHIC 
INTEGRATED' CIRCUIT 

L SUFFIX 
CERAMIC PACKAGE 

CASE 623 

PIN CONNECTIONS 

Bit 1 (MSB) 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

Bit 8 

Bit 9 

Bit 10 

Bit 11 

12 13 Bit 12 (LSB) 

ORDERING INFORMATION 

Temperature Range Package 

O°C to + 70°C Ceramic DIP 

- 55°C to + 125°C Ceramic DIP 

,t'MOTOROLA INC., 1980 
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® MOTOROLA 

SEMICONDUCTORS 
P.O. BOX 20912 • PHOENIX, ARIZONA 85036 

Advance InforlDatio·n 

MPU-BUS-COMPATIBLE 
8-BIT D~ TO-A CONVERTER 

The Me6890 is a self-contained, bus-compatible, 8 bit (±0.19% 
accuracy) D-to-A converter system capable of interfacing directly 
with 8-bit microprocessors. 
Available in both commercial and military temperature ranges, this 

monolithic converter contains master/slave registers to prevent 
transparency to data transitions duri ng active enable; a laser
trimmed, low-Te, 2.5 V precision bandgap reference; and high 
stability, laser-trimmed, thin-film resistors for both reference input 
and output span and bipolar offset control. 
A reset pin provides for overriding stored data and forcing lout 

to zero. 

• Direct Data Bus Link with All Popular TTL Level MPU's 

• ±1/2 LSB Nonlinearity Over Temperature 

• Fast Settling Time: 200 ns Typ 

• Internal 2.5-V Precision Laser-Trimmed Voltage Reference (May 
Also Be Used Externally) 

• Minimum Enable Pulse Width: 70 ns 

• Fast Enable: 10 ns Maximum Data Hold Time 

• Reset Pin to Override Data 

• Output Voltage Ranges: +5, +10, +20, or ±2.5, ±5, ±10 Volts 

• Low Power: 90 mW Typ 

• +5 V and -5 V to -15 V Supplies 

OPERATION WITH AN MPU 

Clock, 
Control, 

and 
Address 

Bus 

Decode 
Circuitry 

Microprocessor 

Data Bus 

Data 
Bus 

REFOUT 

REFIN Me6890 

'-------I Eiiibie 

Reset 

Reset 
Circuitry 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 

3068 

Vout 

DATA CONVERSION 

MC6890 

8-BIT / 
MPU-BUS-COMPATIBLE 

DAC· 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

L SUFFIX 
CASE 732 

PIN CONNECTIONS 

(LSB) DO I 

(MSB) 07 

Digital Gnd 10 

17 Analog Gnd 

13 Bipolar 
Offset 

12 E'iiibi8 

ORDERING INFORMATION 

Device Temperature Range Package 

MC6890L 0° to +700 C Ceramic DIP 

MC6890AL -55 0 to +125°C Ceramic DIP 

© MOTOROLA INC. 1982 ADI-592R2 
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·ADDITIONAL D-A CONVERTERS 

General Purpose 

Vref(+) 

Vref(-) 

~ ~B;:O-." ==-:;-j, I 
6-Bit ----1 I I 

Al A2 A3 A4 A5 A6 A7 AS A9 Al0 

Current Switches 

Ladder Terminators 
and 

Trimming Networks 

Reference 
Current 

Amplifier 

Bias 
Circuitry 

Gnd' 

--- 10 

VCC 

Device 
Number 

DAC-08A 
DAC-08* 
DAC-08H 
DAC-08E 
DAC-08C 

MC1508L8* 
MC1408L8 

MC1408L7 
MC1408L6 
MC3408 

10-Bit 

12-Bit 

AD562SD* 
AD562AD# 
AD562KD 

AD563TD* 
AD563S0* 
AD563KD 
AD583JO 

Error 
(%Max) 

±0.1 
±0.19 
±0.1 

±0.19 
±0.39 

±0.19 

±0.39 
±0.78 
±0.5 

±0.1 

~ 
±0.01 

±0.006 

±o:of"" 

Po 
@VEE= 

-5 V tSettiing 10 
(mWMax) (ns Typ) (mA) Suffix Case 

2.984 to Q 620 
2.880 

48 85 1.940 
to P,Q 648,620 

2.040 

L 620 

170 300 1.9 to 2.1 L, P 620,648 

L 620 

L, P I 690, 648 

210 200 1.6 to 2.4 0 716 

210 200 1.6 to 2.4 0 716 

'r A = -55 to +125°e #T A = -25 to +850 e Devices without symbol: TA = 0 to + 700 e 

Bold Part Numbers Indicate New Products. 

D-A CONVERTERS - HIGH SPEED 

MC1 0318 series - A high speed 8-bit 01 A converter capable 
of data conversion rates in excess of 25,MHz. It is intended 
for applications in high speed instrumentation and commu
nication equipment, graphics displays, storage oscilloscopes, 
radar processing, and TV broadcast systems. The inputs are 
compatible with MECL 10,000 series logic, while the com
plementary current outputs have 51 mA full scale capability. 
Monotonic over the full temperature range, the outputs typ
ically settle in 1 0 ns. 

TA = 0 to 700C 

Packages: 
L Suffix - Case 620/690 

Device Error Po 

Number % Max 
@ VEE = -5.2 V 

mWMax 

MC10318CL6 ±0.78 675 
MC10318CL7 ±0.39 675 

MC10318L ±0.19 675 
MC10318L9 ±0.10 675 

Bold Part Numbers Indicate New Products. 

@) Ie MASTER 1984 

B5 4 

B4 5 

B3 6 

B2 7 

MSB B1 8 

tSettling 
nsTyp 

(to % LSB) 

10 
10 

10 
10 

10 & 10 
@VRef = 10.56 V 

mATyp 

51 
51 

51 
51 

3069 
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Advance Information 

SEVEN-BIT PARALLEL 
HIGH SPEED AID CONVERTER 

(WITH OVERRANGE) 

The MC10315L1MC10317l is a 7-bit high speed parallel A/D 
converter which employs ECl processing. The device consists of 128 
parallel latched comparators across a high quality input reference 
network. The 128 comparator outputs are then fed to a 128-to-7 
encoder and latched to the outputs which are ECl compatible. An over
range bit is provided to allow overrange sensing, or to facilitate the 
connection of an MC10315L and MC10317L in parallel to produce an 
8-bit AID converter. The MC10315L and MC10317L are identical 
devices except for the m,ethod of overranging used, which simplifies the 
utilization of two 7-bit converters to produce an 8-bit conversion. (See 
ordering information and technical description.) 

Applications include video display and radar signal processing, high 
speed instrumentation, and TV broadcast video encoding. 

• 7-Bit Resolution/8-Bit Accuracy Plus Overrange 

• Direct Interconnection for 8-Bit Conversion 

• 15 MHz Sampling Rate 

• Wide Range of Input Voltage: ± 2.0 Volts 

• Low Input Capacitance: :S70 pF 

• 1.2 Watt Power DIssipation 

• No Sample and Hold Required for Video Bandwidth Signals 

• Standard 24-Pin Package 

MC10315l1MC10317l DEVICE/APPLICATION CONFIGURATION 

(S) VRT r 

(11) 

Ain 

---, 

(9) 

CLK 

r----' 

(10,24) 

VCC 

r----., 
I I I OVA (14) , I 

(3) VRTac I I , , OVR (lS) , 
128 

b (6) VAM t) to Output 
06 (16) 

7 Latches 
Encode 

, 
I 

I 
(8) VRBac 

I I , 
I I 

I DO (22) 

(7) VAB 
L ____ .J ____ .J 

Gnd2 Gnd1 VEE 
(1,13) (23) (2,12) 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. © MOTOROLA INC. 1982 
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DATA CONVERSION 

MC10315L 
MC10317L 

HIGH SPEED 
7-BIT ANALOG-TO-DIGITAL 

FLASH CONVERTER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 

l SUFFIX 
CEAAMIC PACKAGE 

CASE 623 

PIN DIAGRAM 

v I Vee· 
23 Gnd1 

~ M"ca, 
~ ~v ,LvU, 

LI Ul . 

02 

03 

04 

05 

06 (MSB) 

OVR 

OVR 

Gnd2* 

·VCC, VEE and Gnd2 are each available on two 
pins. Interconnections for the respective 
function are made on chip. To minimize I-A 
drops on chip and in the bonding wires, 
utilization of both pins for each function is 
recommended. 

ORDERING INFORMATION ** 

Overrange Function 

Analog Input I-_L_o..:g_icr--Le_v_e_ls_~ 
Device Condition OVR Bit 00-06 Bits 

MC10315L Overranged High 

High 

High 

Low MC10317L Overranged 

**For information regarding an evaluation board, contact 
Linear Marketing. 

ADI-654Rl 
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SP9770 
TEN BIT HIGH SPEED D TO A CONVERTER 

The Plessey SP9770 1 Q-bit 01 A conv~rter is 
capable of converting a digital signal into a 
analog voltage at a rate of over 75 mega-bits per 
second (MBPS). An inherently low glitch 
desing is used and the complementary cu'rrent 
outputs are suitable for direct transmission line 
drive. Included on the chip is a high 
performance voltage reference and reference . 

, amplifier. 

FEATURES 

• 12ns Settling time 

• 10 bits to ±1/2 lSB absolute and differential 
non linearity 

• 75 MBPS Update rate 

• Current output 

• ECl standard inputs 

• Complementary outputs, 20 rnA full scale 

• Reference tempco. typically 40 ppm/o C 

• DAC usable in multiplying mode to 25MHz 

• 24 lead, 0.6 pitch package 

ABSOLUTE MAXIMUM RATINGS 

Postitive supply voltage 

Negative supply voltage 

+ 5.5V 

-S.7V 

Operating temperature range -30°C to 85°C 

Storage temperature -55°C to 125°C 

lead temperature (soldering 60 sec) 300°C 

Digital input voltage 0 to VEE 

Min current set resistance 

Output reference supply 

@) Ie MASTER 1984 

R SET 1500 

o to +1V 

29 1 
24 

Current 
source 

28 2 23 Comp 

27 3 22 Ref In 

28 4 21 Ref out 

~ 5 20 OVanalog 

~ e 19 lout 

23 18 lout 

22 8 17 OV 

21 16 OV 

~ 10 15 +5V 

-5.2 11 14 N/C 

N/C 12 13 OV 

Fig. 1 SP9770 pin connections 

OPERATING NOTES 

The pinout of the device is shown in Fig. 1. 
External components are limited to the current 
setting resistor and decoupling capacitors. 
The DAC has current outputs, with a nominal 
full scale of 20mA, corresponding with a 1 volt 
drop across a 50 ohm load. 
The actual output current is determined by the 
on-chip reference voltage and an off-chip 
current setting resistor. Output current, lout, is 
given by 

lOUT = 4 x V REF 

R SET 

A complementary lOUT is also provided. The 
setting resistor, RSET, is typically 240 ohms, 
giving a full scale output current of 20.75mA, 
and should have a temperature coefficient 
similar to that of the output load resistor. 
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liP 

5V 
CI) 10n 
~ GND 0 ...... ANALOG 0 
:J 

GND -C 
c:: 
0 
0 

E -5.2 
Q) 

CJ) 

~ 
Q) 
CI) 
en 
Q) 
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~ 

15 

20 

16 

13 

11 
1 

MSB 

o TO 1V 
-5.2V 

RIN NC 

23 24 22 

SP9770 

2 3 4 5 6 7 

LSB 

Figure 4. Multiplying Mode operation 

LJ C' nl 111.1 
I I.v ...... v,,'-

COMPARATOR 

+ 1/2 L.S.B.----t 

D.A.C. UNDER TEST 

+ 1/2 L.S.B.---I 

DATA INPUT TIMING SIGNAL 

RL 

SP9687 

FAST SCOPE 

Figure 5. Window detection of D.A.C. output settling 

© Ie MASTER 1984 



0V 

BANDCAP 
REFERENCE 

V 

EXTERNAL 
REF. OPTION 

0 1 
VEE 

VREF 

+5 15 22 10n 
GND 20 
ANALOG 

GND 13 

16 

-5.2V 11 
1 2 

I I 
MSB 

V SWITCH = INPUT 
V REF = MID ECL 

V = IxRset 

o REFERENCE 0 
CURRENT 1 GENERATOR 1 

Figure 2. Basic Current Switched DA C 

OV 

10n1 
2n RSET 

21 23 

SP9770 

17 

3 4 5 6 7 8 9 10 

I I I I I I I 
LSB 

OT01V 

lOUT 

lOUT 

NOTE: 

lOUT 

lOUT 

V 
SWITCH 

1 

n 
I 

RL 

RSET TYPICALLY 240 n METAL FILM 

RL TYPICALLY 50 n METAL FILM 

Figure 3. Conventional D/A operation using on-chip reference 

@ Ie MASTER 1984 3073 

rn 
~ 

0 
+-' 
0 
:J 
'0 
c: 
0 
.2 
E 
CD en 
~ 
CD rn 
,,1 
CD 
a:: 



en 
'-o 
+-' o 
::J 
'0 
c: 
o 
o 
E 
Q) 

UJ 
>-. 
Q) 
en en 
Q) 

0.. 

The SP9770 has been designed to meet the dc specification shown in the test table below. 

Test Limits 
Parameter Symbol Unit Comments 

Min. Typ. Max. 

Power Supply ICC 7 12 17 rnA dc 
Current lEE 45 56 70 

Digital Input liN H - 115 200 ~Amps All Inputs 
Currents High 

Reference Voltage VREF -1.250 -1.280 -1.300 Volts 

Reference Voltage 
~VREF/ .IT - 40 80 PPM/oC Temp Coefficient 

Resolution - 0.098 - % 
10 - Bits 

Non-Li nearity Differential - - ±0.05 % 
Absolute - - ±O.05 % 

Bit Size 19 21 23 ~Amps 
0.9 1 1.1 mVolt RL = 50n 

Fullscale Settling ts - 12 20 nSec To 1 LSB 
Time 

Multiplying BM - 25 - MHz Current 
Bandwidth (3dB) Mode 

RECOMMENDED OPERATING CONDITIONS 

Test Limits 

Parameter Symbol Unit Comment 
Min. Typ. Max. 

. Power Supply VEE -4.85 -5.3 -5.45 VOLTS dc 
Voltage VCC +4.75 +5.0 +5.25 
Input Logic VIH -0.960 -- -0.810 VOLTS ECL. 10k 
Levels VIL -1.850 -- -1.650 VOLTS Compatible 
Fullscale olp 

lout 2 20 30 mAmps 4 REF 
Current lout = RSet 

Output 
Compliance Voltage Vc -0.7 -- +1 VOLTS at 85°C 
(at Pin Under Test) 
(See Note 1.) -1 -- +1 VOLTS at 25°C 

Ambient Operating 
Temperature T -30 -- +85 °C 

Note 1 

Pin 17 should be connected to a reference supply at the most positive voltages required. with the load 
and Rset pin 24 returned similarly to this reference. Conveniently the reference is ground. but this limits 
the output to negative excursions only. Refer to figure 3. 
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The reference voltage source is nominally -
1.28 volts and is of a modified bandgap type. 
Sam pie s s how 'a v era get e m per a t u r e 
coefficients of 40ppm/o C over the range 
- 55°C to 125°C. 
The reference supply is internally 
compensated; however, to redu~e t~e 
possibility of instability or noise generation, pm 
21 shouls be decoupled to pin 23 with 2nF 
ceramic chip capacitor. The current loop 
technique (Fig 2) has been used with a. high 
performance loop amplifier. The c~rrent IS set 
by an external resistor as descr! bed above. 
Stabilization of the loop amplifier is achieved by 
a single capaci"tor from pin 23 to groun? 
Minimum-value is 3900pF, although a20nF chip 
ceramic is recommended. 
Multiplying operation of the DAC. is ~vailable in 
two modes, either a voltage applied In place of 

- the reference, or a current supplied via the -
current source pin. I n the former case the 3dB 
bandwidth os 250kHz, while in the latter, 
operational use is typically 25M Hz. A suggested 
circuit is shown ib Fig. 4. 

ELECTRICAL CHARACTERISTICS 

Test conditions (unless otherwise stated) 

T = 25°C, Aset = 2400 

VIH MAX VIL MIN VEE VCC 

-0.81 -1.85 -5.2 +5.0 

© Ie MASTER 1984 

Measurement of Settling Time 

Oscilloscopes, whether real time or sampling 
do not have sufficiently low input VSWR or on-

- screen resolution for precise settling time 
measurements. A measurement technique has 
been devised, shown diagrammatically in Fig. 4, 
in which the DAC can settle into nearly ideal 50 
ohm load, with minimal interconnection paths; f! 
this also very closely related to the practical use .8 
of the device. Precision settling time g 
measurements can- be performed with a high -g 
speed comparator, conveniently a dual de~ice, 0 
such as the SP9687, with a- minimal delay time, (.) 
in this case about 2ns. Two refe-rences are set ~ 
up to detect the DAC output settling within a en 
window, conveniently defined as the settling to ~ 
ground of the output. _ _ _ ~ 
The lower comparator detects when the OAC ~ 
output has settled within 112 LSB of the final a. 
settling point, while the upper device when 
switched in checks that there is no overshoot. In 
fact, the settling is very well behaved, and after 
correction for comparator delay, the results 
consistently show a DAC settling time of 12ns, 
defined from the 50% pOint of the DAC input 
switching waveform. No correction has been 
made for the excess loading capacitance at the 
output node, so these results are considered to 
be conservative. 
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Analog Switch Product Information 
Drivers and Gates 

Basic Analog Opt. surv> Voltage 
Part rOS(on) Voltage Switching Logic 
No. Max. Ran~ Time Input Logic Levels (+ ) (- ) Logic 

(Notes Switch (Q) (p-p (,.ts) for ON M Sup. Sup. Sup. 
1 I. 2) 

I Type I (Note 3) I (Note 3) I tON tOFF I Switch I V'NL VINH I V1 V2 VI I Comments 

---1"'_ 
~ 

One Channel SPST 
-

One Channel SPST 
DG5040 I CMOS I 50 

\ 

30 \1.0 0.5 
I Plus-40 

1 
I 

0.8 2.0 
I 

15 -15 5 
I 

---1_ ---1_ 
~ o-Qt>J 

Two Channel SPST 

Two Channel SPST I DGM111I PMOS I 75-200 I 20 10.3 1.0 I 0 I 0.5 4.6 I 10 -20 5 I 
DG133 N·JFET 30 20 0.6 1.6 1 0.8 2.5 12 -18 - Se~ DG181 For New Design 
DG134 N·JFET 80 20 0.6 1.6 1 0.8 2.5 12 -18 - See DG182 For New Design 
DG141 N·JFET 10 20 1.0 2.5 1 0.8 2.5 12 -18 - See DG180For New Design 
DG151 N·JFET 15 15 1.0 2.5 1 0.8 2.5 15 -15 - See DG180 For New Design 
DG152 N·JFET 50 15 0.8 1.6 1 0.8 2.5 15 -15 - See DG181 For New Design 
DG'i80 N·JFET 10 20 0.3 0.25 0 0.8 2.0 10 -20 5 Break·Before·Make 

10 15 0.3 0.25 0 0.8 2.0 15 -15 5 15 V Supplies 
*OG181 N·JFET I 30 20 0.15 0.13 0 0.8 2.0 10 -20 5 Break·Before·Make 

30 15 1 0.15 0.13 0 0.8 2.0 15 -15 5 15V Supplies 
*OG182 N-JFET I 75 I 20 10.25 0.13 

I 

0 0.8 2.0 10 -20 5 Break-Before-Make 
I 

75 

I 
20 

1
0

.
25 0.13 0 0.8 2.0 15 -t5 5 15V Supplies 

*OG200A CMOS 70 30 1.0 0.5 0 0.8 2.0 15 -15 -
Plus-40 

DG281 N-JFET 300 20 0.15 0.13 0 0.8 2.0 15 -15 5 Br~ak-Before-Make 
*OG300A CMOS 50 30 0.300 0.250 1 0.8 4.0 15 -15 -
*OG381 A CMOS 50 30 0.300 0.250 0 0.8 4.0 15 -15 -
*DG304A CMOS 50 30 0.250 0.150 1 3.5 11.0 15 -15 - CMOS compatible 
*OG5041 CMOS 50 30 1.0 0.5 1 0.8 2.0 15 -15 5 Break -Before-Make 

Plus-40 

-----r_ -----r_ 
~ ~ 
----..-(- ----.......1_ 
~ ~ 

Four Channel SPST Four Channel SPST 

*OG172 PMOS 150-450 20 0.3 0.75 0 0.8 2.0 10 -20 5 
*OG201A CMOS 175 30 0.6 0.45 0 0.8 2.0 15 -15 -

Plus-40 
*DG201HS' CMOS 50 

I 

30 ,os .04 0 0.8 2.0 15 -15 Super Fast Switch 
Plus-40 

*DG221 CMOS 100 30 0 0.8 2A 15 -15 

I 
with input latches 

Plus-40 I I I 
*OG202 CMOS 175 30 0.6 0.45 1 0.8 2.0 15 -15 -

Plus-40 
*DG211 CMOS 175 30 1.0 0.5 0 0.8 2.0 15 -15 5 

Plus-40 
*DG212 CMOS 175 30 1.0 0.5 1 0.8 2.0 15 -15 5 

Plus-40 
*DG308A CMOS 100 30 0.2 0.15 1 3.5 11.0 15 -1q - Single Supply Operation 

Plus-40 
*OG309 CMOS 100 30 0.2 0.15 0 3.5 11.0 15 -15 - Single Supply Operation 

Plus-40 

*Devices recommended for new designs are indicated in bold face type. 
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Analog SWitch Product Information (Confd) 

DrIvers and Gates (Cont'd) 
a •• lc 

'OS(on) 
An.log 

Switching 
Opt. sur\i) Voltage 

P.rt Voltage Logic 
No. Max. R.n~ Time Input Logic Leyels (+) (-) LogiC 

(Not •• Switch (2) (p-p (,ls) for ON (V) Sup. Sup. Sup. 
1.2) Type (Note 3) (Note 3) tON tOFF Switch VINL VINH V1 V2 VI Comments 

==---1~ o ; : A'. 

J:ii~~ 
______ J: 
~ ______ . J 

Five Channel SPST 

Five Channel- SPST 
DG125 I PMOS I 100-450 1 20 1 0.3 2.0 1 0 1 0.5 4.61 10 -20 5 I 

---f~ 
---rt-

~ 

One Channel SPDT 
One Channel SPDT 
OG143 N-JFET 80 20 0.8 1.6 (Note 4) 2.0 3.0 12 -18 - See OG188 For New Design 
OG144 N-JFET 30 20 0.8 1.6 (Note 4) 2.0 3.0 12 -18 - See OG187 For New Design 
OG146 N-JFET 10 20 1.0 2.5 (Note 4) 2.0 3.0 12 -18 - See OG186 For New Design 
DG161 N-JFET 15 15 1.0 2.5 (Note 4) 2.0 3.0 15 -15 - See OG186 For New Design 
OG162 N-JFET 50 15 0.8 1.6 (Note 4) 2.0 3.0 15 -15 - See DG187 For New Design 
OG186 N-JFET 10 20 0.3 0.25 (Note 5) 0.8 2.0 10 -20 5 Break-Before-Make 

N-JEFT 10 15 0.3 0.25 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 
*OG181 N-JFET 30 20 0.15 0.13 (Note 5) 0.8 2.0 10 -20 5 Break-Before-Make 

N-JFET 30 15 0.15 0.13 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 
*OG188 I N-JFET 75 20· 0.25 0.13 (Note 5) 0.8 2.0 10 -20 5 Break-Before-Make I N-JFET I 75 -I 20 I 0.25 5 !15V Supplies 0.13 I (Note 5)! 0.8 2.0! 15 -15 
OG287 ! N-JFET I 300 20 I 0.15 0.13 I (Note 5) I 0.8 2.0 I 15 -15 5 I BreaK-Before-MaKe 

*00301 A CMOS 50 30 0.300 0.250 (Note 5) 0.8 4.0 15 -15 -
* 00381 A CMOS 50 30 0.300 0.250 (Note 5) 0.8 4.0 15 -15 -
*OO305A CMOS 50 30 0.250 0.150 (Note 5) 3.5 11.0 15 -15 - CMOS compatible 
$13002 PMOS 100-400 20 1.0 1.5 (Note 5) 0.8 2.0 10 -20 -

* DO 5042 CMOS 50 30 1.0 0.5 
Plus-40 

(Note 5) 0.8 2.0 15 -15 5 Break-Before-Make 

Two Channel SPDT 
Two Channel SPDT 

00189 N-JFET 10 20 0.3 0.25 (Note 5) 0.8 2.0 10 -20 5 Break-Before-Make 
N-JFET 10 15 0.3 0.25 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 

*00190 N-JFET. 30 20 0.15 0.13 (Note 5) 0.8 2.0 10 -20 5 Break-Before-Make 
N-JFET 30 15 0.15 0.13 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 

*00191 N-JFET 75 20 0.25 0.13 (Note 5) 0.8 2.0 10 -20 5 Break-Before-Make 
N-JFET 75 20 0.25 0.13 (Note 5) 0.8 2.0 15 -15 5 15V Supplies 

*00243 CMOS 50 30 1.0 0.5 
Plus-40 

(Note 5) 0.8 2.0 15 -15 5 Make-Before-Break 

OG290 N-JFET 300 20 0.15 0.13 (Note 5) 0.8 2.0 15 -15 5 Break·Before-Make 
* DG303 A CMOS 50 30 0.300 0.250 (Note 5) 0.8 4.0 15 -15 -
*DG390A CMOS 50 30 0.300 0.250 (Note 5) 0.8 4.0 15 -15 -
*DG301A CMOS 50 30 0.250 0.150 (Note 5) 3.5 11.0 15 -15 - CMOS compatible 
*005043 CMOS 50 30 1.0 0.5 (Note 5) 0.8 2.0 15 -15 5 Break-Before-Make 

Plus-40 

-Devices recommended for new designs are indicated in bold face type. 
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Analog Multiplexer Product Information 

An.log 
rOS(on) Volt.O. 

. ".Ic 
Part 
No. 

.(Note. 
1 "2) 

Switch 
Type 

M.x. A.nv~ 
(Q) (p-pV) 

Switching 
Time 
~.) 

Logic 
Input 

for ON 
Switch 

Opt. Surv' Volt.O. 

Logic Lev.l. ( + ) ( - ) Logic 
(V) Sup. Sup. Sup. 

(Note 3) (Note 3) tON tOFF VINL VINH V1 V2 VI Comments 

One Channel DPST 
* 005044 CMOS 50 

Plus-40 

Two Channel DPST 
DG126 
DG129 
DG140 
DG153 
DG154 
DG183 

*OG184 

*OG185 

DG284 
*OG302 A 
*OG384A 
* OG306 A 
*005045 

N-JFET 
N·JFET 
N-JFET 
N-JFET 
N-JFET 
N-JFET 
N-JFET 
N-JFET 
N-JFET 

I N-JFET 
N-JFET 
N-JFET 
CMOS 
CMOS 
CMOS 
CMOS 
Plus-40 

80 
30 
10 
15 
50 
10 
10 
30 
30 
75 
75 

300 
50 
50 
50 
50 

One Channel DPDT 
DG139 
DG142 
DG145 
DG163 
DG164 

NOTES: 

N-JFET 
N-JFET 
N-JFET 
N-JFET 
N-JFET 

30 
80 
10 
15 
50 

30 

20 
20 
20 
15 
15 
'20 
15 
20 
15 
20 
20 
20 
30 
30 
30 
30 

20 
20 
20 
15 
15 

1.0 

0.6 
0.6 
1.0 
1.0 
0.6 
0.3 
0.3 
0.15 
0.15 
0.25 
0.25 
0.15 
0.300 
0.300 
0.250 
1.0 

0.8 
0.8 
1.0 
1.0 
0.8 

0.5 

1.6 
1.6 
2.5 
2.5 
1.6 
0.25 
0.25 
0.13 
0.13 
0.13 
0.13 

. 0.13 

0.250 
0.250 
0.150 
0.5 

1.6 
1.6 
2.5 
2.5 
1.6 

(Note 5) 0.8 

(Note 9) 
(Note 9) 

(Note 9) 
(Note 9) 
(Note 9) 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
0.8 
3.5 
0.8 

(Note 4) 2.0 
(Note 4) 2.0 
(Note 4) 2.0 
(Note 4) 2.0 
(Note 4) 2.0 

(1) * Devices recommended for new designs are indicated in bold face type. 
(2) See individual data sheets for package and temperature designations. 

2.0 

2.5 
2.5 
2.5 
2.5 
2.5 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 . 
2.0 
4.0 
4.0 

11.0 
2.0 

3.0 
3.0 
3.0 
3.0 
3.0 

One Channel DPST 

15 -15 5 Break-Betore-Make 

Two Channel DPST 

12 
12 
12 
15 
15 
10 
15 
10 
15 
10 
15 
15 
15 
15 
15 
15 

~18 

-18 
-18 
-15 
-15 
-20 
-15 
-20 
-15 
-20 
-15 
-15 
-15 
-15 
-15 
-15 

- Sse DG 185 Fo; New Design 
- See DG 184 For New Design 
- See DG 183 For New Design 
- See DG183 For New Design 
- See DG 185 For New DeSign 
5 Break-Betore-Make 
5 15V Supplies 
5 Break-Betore-Make 
5 15V Supplies 
5 I Break-Betore-Make 

5 115V Supplies 
5 Break-Before-Make 
-

- CMOS compatible 
5 Break-Before-Make 

---{"-. 
---1""-. 
~~ 
~ 
~ 

One Channel DPDT 

12 
12 
12 
15 
15 

-18 
-18 
-18 
-15 
-15 

- See DG191 For New Design 
- See DG190 For New Design 
- See DG189 For New Design 
- See DG189 For New Design 
- See OG191 For New DeSign 

(3) Analog voltage range is a function of supply voltages. Where a FET switch is P~OS or CMOS, rDS is also a function of 
Supply VOltage and Analog Voltage. See individual data sheets for more detail. 

(4) Input reference voltage of 2.5 V is required (see data sheets). 
(5) See data sheet for switch state of differential switches. 
(S) Current Driven Device IINH = 1 mAo 
(7) For truth table see data sheet. 
(8) The appropriate switching characteristic for multiplexers is ttransition, not tON, tOFF. 
(9) Device normally operates with resistor to .+1 OV. 
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Drivers for MOSFET SWitches 
These drivers were designed to function as a level shifter and buffer between low level logic and the control gate of F ET 
analog switches. Output voltage ratings are as high as 50V. 

OFF Level 
V(OUT)OFF 

at Optimum Supply Rated Corrent Input 
Basic or Logic VINH Voltage 

Part Function at I(OUT)OFF for (V) (V) Switching 

Number and Rated at VOUT VINL (IINH) Time.(/Js) 

(Note 2) Uses Current(s) Rated Voltage (low) (V) (mA) Vl V2 VL VR tON tOFF 

0125 6 6 Six Separate 0.4V@5mA 0.1/JA@10V 0 0.5 4.6 (Note 9) -20 5 - 0.5 1.2 
MOSFET 
Drivers 

0129 7 4 Four Channel 0.7V@10mA 0.1/JA@10V 1 0.7 2.2 (Note 9) -20 - - 0.25 0.8 
(BV = 50) 
MOSFET 
Driver with 
Decode 

td+ td-
*0169 2 4 Dual High- 1.2V@lmA 1.1V@lmA Output & 0.8 2.0 15 -15 5 0 0_17 0.20 

Speed Drivers 3.0V@40mA 2.5V@40mA Comple- 0.8 2.0 15 -15 5 0 0.17 0.20 
with Comple- ment 

mentary Out- Available 

puts designed 
to drive high-
capacity loads. 

VOH VOL 

*0469 4 4 Cuad High VDD -2.0V 2.0V@200mA 1 0.8 2.0 +12V.GND 0.045 
Speed Driver @200mA 0.2V@10mA 

VDD -0.2V 
@10mA 

Si7250 4 8 Cuad High VDD-2.0V 2.0V@200mA Output & 0.8 2.0 +12V. GND 0.150 

Speed Driver @200mA 0.2V@10mA Comple-

VDD -0.2V ment 
@10mA Available 

Ii - :- -Militinl~ I=I=T ~\Allt~nAS ............... ~ . -- -- .... _ .. _-
Siliconix P-Channel MOSFET & OMOS Switches are available for such applications as sequential switching (com
mutation), signal processing, modulation, and A-to-O conversion. The MOSFET is normally OFF. These devices are 
also available with Siliconix drivers in a single package.--

Circuit Function 
5 
0 D 
U R 0 

aa.le R A A 
Cga Cda 'art C I T 

rDSMax.M l8(off) VGS(th) 
Cab 

Number E N E Pull Up I:~ I:~ I:~ (Note 2) S S S Switch Type O"O.te @VS= +10V @VS= -10V BVDSS (nA) Min. Max. 

G115 6 6 SPST Yes 100 450 -30 0.5 -1.5 -4.0 0.9 0.4 2 
G118 6 1 8 SP6T No 100 450 -30 0.5 -1.5 -4.0 0.9 0.4 2 
G119 6 2 3 OP3T Yes 100 450 -30 0.5 -1.5 -4.0 1.8 0.4 2 
G122 4 2 2 OPOT Yes 100 450 -30 0.5 -1.5 -4.0 1.8 0.4 2 
G123 4 2 4 2 x SPOT Yes 100 450 -30 0.5 -1.5 -4.0 1.8 0.4 2 

·SD5000 4 4 4 4xSPST No 50 20 10.0 0.1 2.0 3.5 0.5 4 
·5D5OO1 4 4 4 4xSPST No 50 10 10.0 0.1 2.0 3.5 0.5 4 
·SD5002 4 4 4 4xSPST No 50 15 10.0 0.1 2.0 3.5 0.5 4 
·SD52OO ' 4 4 4 4xSPST No 80 30 1000 0.5 2.0 3.5 0.5 4 

NOTES: 

(1) *Devices recommended for new designs are indicated in bold face type. 
(2) See individual data sheets for package and temperature designations. 
(9) Device normally operates with resistor to+10V. 
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Pulse Width Modulators 

Basic 
Part Function 

Number . and VOL VOH 
(Note 21 Uses Operating Freq. @ Rated Current @ Rated Current 

*PWM25 Pulse Width 10Hz-400kHz O.4V@ 20mA V+ -2V@20mA 
Modulator for with Dead Time 2.5V @ 100mA V+ -3V@100mA 
SMPS to drive Adjust 
NPN or N channel 
MOSPOWER 
Devices 

*PVVM27 Pulse Width 10Hz-400kHz 0.4V @ 20mA V+ -2V@20mA 
Modulator for S with Dead Time 2.5V@ 100mA V+ -3V@100mA 
SMPS to drive 
PNP or P channel 
MOSPQWER 
Devices 

*PVVM125 Pulse Width 10Hz - SookHz 0.4V@20mA V+ -2V@20mA 
Modulator for with lOOns Dead 2.5V@ 100mA V+ -3V@100mA 
SMPS to drive Time 
N channel MOS-
POWER Devices 

*PWM127 Pulse Width 10Hz - SOOkHz 0.4V @ 20mA V+ -2V@20mA 
Modulators for with lOOns Dead 2.5V @ 100mA v:t -3V@100mA 
SMPS to drive 
P channel MOS-
POWER Devices 

Voltage Converters 

Basic 
Part Function 

Number and Input quiescent 
(Note 2) Uses Voltage Range Current Output Voltage 

Si7661 Voltage +4.5V to +20V 2mA Max -20V to +20V 
Doubler / Inverter 

Si7660 Voltage +1.5V to +10.0V See Data Sheet -1.5V to -10.0V 
Converter / Inverter 

NOTES: 

(1) * Devices recommended for new designs are indicated in bold face type. 
(2) See individual data sheets for package and temperature designations. 

Supply Voltage 

+8.5V to +35V 

+8.5V,to +35V 

+S.5V to +35V 

+S.5V to +35V 

Output Voltage @ 
Output Current 

-1SVto +18V 
@20mA 

See Data Sheet 

(3) Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rDS is also a function of 
Supply Voltage and Analog Voltage. See individual data sheets for more detail. 

(4) Input reference voltage of 2.5 V is required (see data sheets!. 
(5) See data sheet for switch state of differential switches. 
(81 Current Driven Device ilNH = i mAo 
(7) For truth table see data sheet. 
(S) The appropriate switching characteristic for multiplexers is ttransition, not tON, tOFF. 
(9) Device normally operates with resistor to +10V. 

Siliconix 
@ Ie MASTER 1984 3081 

.~ 
c: 
o 
.~ 

UJ 



.~ 
c::: 
o 
.2 
en 

Analog Multiplexer Product Information 

Ba.lc 
tOS(on) 

Analog Opt. surv> Voltage 
Part Voltage Switching Logie 

Ran~ No. Max. Time Input Logic Levels (+) 
(Note. Switch (Q) {p-p (fl.) for ON (V) Sup. 
1 a 2) Type (Note 3) (Note 3) tON tOFF Switch VINL VINH V1 

Eight Channel M UX + Enable 
OG501 PMOS 150-250 10 1.5 (Note 8) (Note 7) 0.6 3.5 5 
OG503 PMOS 150-800 20 1.5 (Note 8) (Note 7) 0.6 8.5 10 

*OG508A CMOS 400 30 1.0 (Note 8) (Note 7) 0.8 2.0 15 
Plus-40 

*OG528 CMOS 400 30 1.0 (t\0te 8) (Note 7) 0.8 2.4 15 
Plus-40 

SI3705 PMOS 150-400 10 1.5 (Note 8) (Note 7) 0.6 3.5 5 

Sixteen Channel MUX + Enable t 

*OG508A 400 30 1.0 (Note 8) (Note 7) 0.8 2.0 15 
CMOS· 
Plus-40 

*DG526 400 30 1.0 (Note 8) (Note 7) 0.8 2.4 15 

Four Channel Differential M UX 

*OG509A CMOS 400 30 1.0 (Note 8) (Note 7) 0.8 2.0 15 
Plus-40 

*OG529 CMOS 400 30 1.0 (Note 8) (Note 7) 0.8 2.4 15 
Plus-40 

Eight Channel Differential MUX + Enable 

*OG507A 400 30 1.0 (Note 8) (Note 7) 0.8 2.0 15 
CMOS 

*DG527 
Plus-40 

400 30 1.0 (Note 8) (Note 7) 0.8 2.4 15 

Four Channel SPOT D/A Converter Summing Node Switches 
- - I .. I _ I I ~ ... - - __ I .• . ,I ... I " I OG::>1::> I NMOS I ~:_ I O .• .lU u.1lu I \NoteS, I 0.5 1.51 0.0 

I I I ~~·~ts I I I I I 
I I I I I I I 

Ten Channel spot D/A Converter Summing Node Switches 
OG516 0.120 0.170 

ments 

NOTES: 

(1) * Devices recommended for new designs are indicated in bold face type. 
(2) See individual data sheets for package and temperature designations. 

8.0 

(-) Logic 
Sup. Sup. 
V2 VI 

-20 -
-20 -
-15 -

-15 -

-20 -

-15 -

-15 -

-15 -

-15 -

-15 -

-15 -

,.. 
U 

o 

Comments 

Logic Pullup Resistors 
Note 9 

With Input Latches 

See DG501/No Pullup 
Resistors 

Break-Before-Make 

Break-Before-Make 

Break-Before-Make 

With Input Latches 

Break-Before-Make 

Wi th I nput Latches 

I ,... - "~'"" n - .. " r,-... n1 - 6.£~~, n2 - I£.~~, 

R3 = 25Q; R~ = 50Q 

R1 = 100Q, R2 = 200Q 
. R3=400Q, R4 =800Q 

A5= 1600Q 
R6-10 = 3200Q 

(3) Analog voltage range is a function of supply voltages. Where a F ET switch is PMOS or CMOS. rDS is also a function of 
Supply Voltage and Analog Voltage. See individual data sheets for more detail. 

(4) Input reference voltage of 2.5 V is required (see data sheets). 
(5) See data sheet for switch state of differential switches. 
(6) Current Driven Device IINH = 1 mAo 
(7) For truth table see data sheet. 
(8) The appropriate switching characteristic for multiplexers is ttransition. not tON. tOFF. 
(9) Device normally operates with resistor to +1 OV. 
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Data Conversion 
Product Information 

AID and' Of A Converters 
3 1/2-0igit LD110/LD111A ±3 1/2-0igit Resolution Three voltage ranges: 1.999V, 
High 16-pin Accurac:y 0.02% ±1 count 199.9mV & 19.99mV 
Performance plastic DIPs Auto zero Sampling rate up to 40 samples/s 
Integrating Auto polarity Differential input capability 
AID Converter 10JjV resolution Over-range & under-range 

Typical TC of 5 ppm/o C signals 
A usable 20mV scale TTL compatible 

4 1/2-Digit LD120/121A ±4 1/2-0igit Resolution Two voltage ranges': 2.0V & 
Integrating 16-pin & 18-pin Accuracy 0.005% ±1 count 200.00mV 
AID plastic DIP Auto zero 1 to 5 samples/s 
Converter respectively Auto polarity 25% inter-digit blanking 

TTL compatible MUX BCD outputs 
I nternal clock 0.5 count stability on 2.0V range 
Linear to 28,500 counts Monolithic design 

4 1/2-Digit 

I 
LD122/121A ::4 1/2-0igit Resolution Same as LD120/121A but 

Integrating 16-pin & 18-pin Accuracy 0.005% ±1 count does not have internal input 
AID plastic DIP 1/,N resolution for 20 mV FS buffer amplifier 
Converter respectively Auto zero 

Auto polarity 
TTL compatibility 
Internal clock 
Linear to 28,500 counts 

41/2-Digit Si7135 ±4 1/2-Digit Resolution Monolithic Construction 
Integrating Accuracy ±.005% ±1 count Six Auxiliary I/O's are available for 
AID 2 Volts full scale interfacing Micro-processors and UARTS 
Converter Auto-zero 28 lead plastic pkg. 

TTL Compatible 

12 bit Si7622 12 bit Multiplying D/A Monolithic Construction 
D/A 12 bit Linearity 28 pin Plastic & Cerdip 
Converter Guaranteed Monotonic Micro-processor compatible 

Single Supply 
Double Buffered Input Registers 

8 bit Si520 8 bit by 8 Channel 28 pin Plastic Pkg. 
Data Data Acquisition System Latched 3 state outputs 
Acquisition Ratiometric Conversion Latched Address Inputs 
System No Missing Codes Single 5V Supply 

Built-in 8-input Analog Multiplexer 

Micropower Linear IC's 
Triple L144 ±1.5 to ±18V supply BOdB gain with 20kn'load 
Op Amp 14-pin plastic, Programmable supply current Drive large capacitive loads 

ceramic, Ilat- Internally compensated ±30V differential input 
pack & Dice 0.4V/Jjs slew. rate Monolithic construction 

Quad L161 ±1.5 to ±18V supply Gain greater than 20V/mV I 
Comparator 16-pin plastic. Single supply operation Sensing near ground 

ceramic, flat- Programmable supply current ±30V differential input 
pack & Dice 3V/Jjs slew rate CMOS Logic compatible 

Siliconix 
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Analog Switches and Multiplexers JAN38510 
Several Siliconix Analog Switches and Multiplexers are available fully certified on the QPL (Qualified Parts List) 
published monthly by Defense Electronics Supply Center (DESC). The QPL numbers follow this format: 
JM38510/XXXXX. Refer to the current Siliconix Price List for available part types and order numbers. 

JAN Part Numbering System 

J M3851 0 1111 07 B E C 

~ 
.-r---

I U JAN" Certification Mark 

-~- -~ 

Military Designator 
I Lead Finish 

---- A-Solder dip 

Detail Specification (Slash Sheet) B-Bright tin plate 
C-Gold Plate 

1111-0G181 Series 
1116-0G300 Series 
1123-0G200 A Series 
1190-0G506 A Series Case Outline 

, ----'--
C-14-Lead side braze 

. Device Type 

01-0G181 05-0G187 

E-16-Lead side braze 
1-10-Lead can 

1111 
02-0G182 06-0G188 
03-0G184 07-0G190 
04-0G185 08-0G191 Device Class 

01-0G300 05-0G304 S-Class S 

1116 
02-0G301 06-0G305 
03-0G302 07-0G306 

B-Class B 
C-Class C 

04-0G303 08-0G307 
, 

1123 01-0G200A 02-0G201A 

Part Number Order Part Number Generic Part Number 

JM38510/11101 BCC SJM181BCC OG181AP/883 
jivi385iOii i iOi 8iG SJivii8i8iC DG181AAi883 
JM38510/11102BCC SJM182BCC DG182AP/883 
JM38510/11102BIC SJM182BIC DG182AA/883 
JM38510/11103BEC SJM183BEC OG184AP/883 

JM38510/11104BEC SJM185BEC OG185AP/883 
JM38510/11105BCC SJM187BCC DG187AP/883 
JM38510/11105BIC SJM187BIC OG187AA/883 
JM38510/11106BCC SJM188BCC OG188AP/883 
JM38510/11106BIC SJM188BIC OG188AA/883 

JM38510/11107BEC SJM190BEC OG 190AP/883 
JM38510/11108BEC SJM191BEC OG191AP/883 
JM38510/11601 BCC SJM300BCC DG300AP/883 
JM38510/11601 BIC SJM300BIC DG300AA/883 
JM38510/11602BCC SJM301BCC DG301 AP/883 
JM38510/11602BIC SJM301BIC OG301 AA/883 
JM38510/11603BCC SJM302BCC OG302AP/883 
JM38510/11604BCC SJM303BCC DG303AP/883 
JM38510/11605BCC SJM304BCC OG304AP/883 
JM38510/11605BIC SJM304BIC OG304AA/883 

JM38510/11606BCC SJM305BCC OG305AP/883 
JM38510/11606BIC SJM305BIC DG305AA/883 
JM38510/11607BCC SJM306BCC OG306AP/883 
JM38510/11608BCC SJM307BCC OG307AP/883 
JM38510/12303BCC SJM200BCC OG200A AP/883 
JM38510/12303BIC SJM200BIC DG200A AA/883 
JM38510/12304BEC SJM201BEC DG201 A AP/883 

Siliconix 
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Fast CMOS Gate Arrays 

The Siliconix family of CMOS gate arrays has been 
specifically designed to offer a fast and easy way to design 
your own custom integrated circuits. These FAST CMOS 
gate arrays offer virtually all the benefits of a full custom 
design at a fraction of the cost and time usually associated 
with full custom development programs. 

Desigriing with our "State-of-the Art" silicon gate 
process is as easy as designing with standard "Off-the-Shelf" 
components. All the information necessary for you to begin 
your custom IC is contained in our design manual. 

No Previous IC Design 

Family of Arrays 
Typical Gate Delays (ns) F.o. = 2 

150-5 150-3 
GATE TYPE Tr Td Tpd GATE TYPE Tr 

INVERTER 4.3 1.7 3.0 INVERTER 1.35 

2-INPUT NAND 4.5 3.5 4.0 2-INPUT NAND 1.5 

2-INPUT NOR 9.5 2.1 5.8 2-1NPUT NOR 2.85 

3-INPUT NAND 4.8 6.0 5.4 3-INPUT NAND 1.6 

3-INPUT NOR 13 2.5 7.8 3-INPUT NOR 4.4 

.... INPUT NAND 5.0 1.0 6.0 +-INPUT NAND 1.7 

TABLE 2 

Td Tpd 

0.45 0.9 

1.0 1.25 

0.55 1:7 

1.7 1.65 

0.6 2:5 

2.3 2.0 

Experience Necessary Mac rocell s 
Our design manual walks you through the complete 

design process. All the information necessary to take your 
conceptual design through the breadboard stage to the final 
prototype evaluation is discussed, with numerous examples 

I given. Over 100 macro,cells are included in the manual to 
assist in converting your logic diagrams to the gate level. 
Our applications engineers are always available to answer 
any questions you may have concerning the design and 

integration of your gate array. Included in the design 
manual are 200X layout sheets, macrocell planning sheets, 
test planning sheets, and other tools developed by Ie 
design experts. 

A Wide SeleCtion of Arrays to 
Choose From 

Siliconix currently offers two families of oxide-isolated, 
silicon-gate arrays. Each family consists of seven different 
chips ranging in size from 360 to 1500 gates. A complete 
table of the arrays is shown in Table 1. The array family is 
determined by the process that is employed to fabricate 
the chips. The ISO-3 and ISO-5 refer to the design rules used 
for the gate masking step. Typical gate delays for each series' 
are shown in Table 2 for VDD of 5 volts. 

Chip Total Gate 1/0 Bonding 
Designation Size Cells Equivalent Buffers Pads 

ISOSA/IS03A 118x140 240 360 36 46 

IS058/1S038 132x167 360 540 48 58 

IS05C11S03C 159x167 I 480 720 54 64 

15050/15030 161x208 640 960 62 12 

IS05E/IS03E 188x208 800 1200 68 78 

IS05F/lS03F 188x244 1000 1500 76 86 

ISOSG/IS03G 214x244 1200 1800 84 92 

TABLE 1 

Our design manual contains over 100 characterized, pre
designed macrocells for virtually all SSI functions. When 
these macrocells are used, all contact opening and metal 
routing within the cell is done automatically, eliminating 
the possibility of error when the function is implemented. 
The following example of the implementation of an exclu
sive-OR gate should help illustrate this point. The schematic 
is shown for reference only and is not necessary for the 
implementation of the function. The macrocell for an exclu
sive-OR gate is found in the design manual listing for exclu
sive-OR gates. Note that several different versions can be 
implemented. The macrocell chosen for this example is 
X01A, as illustrated in Figure 3. 

EXCLUSIVE-oR 

X01A 

Agure 3 

Input/Output Buffers 
The ISO series has very powerful I/O buffers designed to 

be direct TTL-compatible, capable of sinking 6mA at O.4V 
or 24mA at 2.5V (VDD = 5.0V). Each p-buffer can source 
2mA at 4.6V or 10mA at 2.5V. There (ire three transisiors 
(one single and one double) in each buffer device which can 

be connected as desired for any particular application. All 
the output devices are fully guardbanded. 

Siliconix 
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Siliconix MOSPOWER 
Prime Products Selector Guide 

• 2OQ°C RATING 

1\ 
)-~ 

m ~ tfJ Packages: ~ , M ~ /1 il" 
uH 

BVoss TO-3 
(Volts) 

TO-220 TO-39 TO-231 TO-92 TO-202 Qu.d Qud 
Side Braze PI •• tlc 

600-650 VNTOOSA VNTOOSD 
6A. 1.SIl. 6S0V 6A. 1.SIl. 6S0V 

VNP006A IRF840 

.~ 20A. 0.31l. SOOV 8A. 0.8S11. SOOV 

c: IRF450 VNSOO1D/IRF830 
0 13A. 0.41l. SOOV 4.SA. 1.S!l. soov 

.2 
IRF440 IRF820 

C/') 450-500 
8A, 0.8S11. SOOV 2.SA. 3n. SOOV 

VNPOO2A' 
6.SA. 1.sn. soov 

VNSOO1A/IRF430 
4.SA. 1.sn. SOOV 

IRF420 
2.SA. 311. SOOV 

VNMOOSA IRF140 
2SA. 0.2n. 400V 10A, o.ssn. 400V 

IRF350 VN4000D/IRF730 
1SA. 0.3n. 400V S.SA. 1.0n. 400V 

350-400 
IRF340 IRF720 
10A. o.ssn. 400V 3A. 1.8n. 400V 

VNMOO1A' 
8A. 1.0n. 400V 

VN4000A/IRF330 
S.SA, 1.0n, 400V 

IRF320 
3.0A, 1.Bn, 400V 

VNJOO4A VN2406D VN2406B VN2406M VN2406L 
4SA. 0.060. 200V 1.4A. sn 240V 0.8A. 611. 240V 0.3A. sn. 240V 0.21 A, 6n. 240V 

IRF2S0 IRF640 VN241 OM VN2410L 
30A. o.ossn, 200V 1BA. 0.1sn. 200V O.25A. 10n, 240V 0.16A. 10n, 240V 

120-240 IRF240 IRF630 B5107 

lSA. 0.1sn. 200V SA. 0.4n. 200V .1A, 28n, 200V 

IRF230 lRF620 
SA. 0.411. 200V SA. O.SH. 200V 

IRF220 
SA. o.sn. 200V 

VNEOO3A IRFS40 IRFF130 VN88AF V01006P V01006J 
60A. 0.03sn. 100V 27A. o.ossn. l00V SA. 0.1S11. 100V 1.SA. 4n, 80V 0.40A. 4.sn. 90V 0.40A, 4.sn. 90V 

IRF1S0 VN1000D/IRFS30 IRFF120 VNSOAF 
40A. o.ossn. 100V 12A. O.lsn, 100V 6A. 0.30n. 100V 1.3A. SIl. 80V 

IRF140 IRFS20 VN0610LL VN66AF 

60-100 
27A. o.ossn. 100V SA. 0.30n. l00V 0.2A. sn, 60V 1.7A. 3n. 60V 

VN1000A/IRF130 VN88AD B5170 VN67AF 
12A. O.lsn. l00V 1.7A, 4n. 80V .2A. sn,60V 1.6A, 3.SIl. 60V 

IRF120 VN0600D 2N6661 ** VN10LM VN2222L . 
SA. 0.31l. l00V lSA. 0.12n. 60V O.SA. 4n. 90V O.3A, sn, 60V 0.1SA. 7.sn. 60V 

VN0600A VN66AD 2N6660 VN2222LM VN2222LL 
1SA. 0.12n. 60V 1.SA, 3n. 60V 1.lA. 3n, 60V 0.2SA. 7.sn, 60V O.1SA, 7.s51. 60V 

VN0400A VN0400D VN46AF 
l6A 0.12n. 40V 16A. 0.12!l. 40V 1.6A. 3n. 40V 

30-50 
2N66S6 VN0300D VN40AF 
2A. l.sn. 3SV 2.SA. 1.S!}. 30V 1.3A. SIl. 40V 

V03001P V03001J 
Specialty Products ± 30V. 3n Total ± 3OV. 311 Total 
(N- and P-Channel 

Quad Array.) V07254P V07254J 
± 20V. 311 Total ± 20V. 31l Total 

• Zener Protected Gate •• JAN/JANTX/JANTXV QPL 
?\\ P·CHANNEL 

Siliconix 
3086 @) Ie MASTER 1984 



LED 

vi 
vi 
vi 

vi 
vi 

vi 
vi 
vi 

vi 
vi 

PERIPHERAL/DISPLAY DRIVER 
IC REFERENCE 

Sink or Source in order of (1) output current rating, (2) output voltage rating, (3) number of drivers 

TYPICAL DRIVING APPLICATIONS 
EXTENDED TEMP. 

DISPLAYS .l INDUCTIVE I . PRINTERS OUTPUTS· SPRAGUE MILITARY HERM. 
V. FLUOR. GAS DIS. INCAND. SOLENOID MOTOR THERMAL ELECTRO. SENS. mA V # PART NUMBER AVAILABLE 

SINK DRIVERS 

SOURCE DRIVERS 
vi -25 ±40 8 UDN-6138/48A 
vi DECODER/DRIVERS 60 8t UCN-4805A 
vi vi vi 60 20§ UCN-5812A vi 
vi vi vi 60 32§ UC:N-5818A vi 

vi vi vi 80 8t UCN-4815A vi 
y/ vi vi 80 10§ UCN-4810A vi 
vi vi vi 80 10§ UCN-5810A vi 
vi vi 115 6 UDN-6116A vi 

vi vi 115 8 UDN-6118A vi 
vi vi 140 8 UDN-6514A 

vi 200 8 UDN-6510A 

vi vi vi vi vi -350 50 8 UDN-2981/82A vi 
vi vi vi vi vi 50 8§ UCN-5890A vi 

v v" v" vi v' vi 80 8 UDN-2983/84A vi 

vi 
vi vi vi vi 

vi vi vi 

·Current is maximum tested condition, voltage is alJSQ/ut2 maximum TBting. t l8tched DrivelS. §Serial-input, latched paTBHel-outputs. ~ SatuTBt2d non-Darlington outputs for low-voltage applications. 

For application engineering assistance, write or call Semiconduc
tor Division, Sprague Electric Company, 115 Northeast Cutoff, Wor
cester, Mass. 01606. Tel. 617/853-5000. 

@ Ie MASTER 1984 

For the name of your nearest Sprague Semiconductor Distributor, 
write or call Sprague Products Division,Sprague Electric Company, 
North Adams, Mass. 01247. Tel. 413/664-4481. 4SS-2159Rl 
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UDN-2878W AND UDN-2879W 
QUAD HIGH-CURRENT DARLINGTON SWITCHES 

FEATURES 

• Output Currents to 4 A 
• Output Voltages to 80 V 
• Loads to 1280 W 
• TIL, DTL, or CMOS Compatible Inputs 
• Internal Clamp Diodes 
• Plastic Single In-Line Package 
• Heat-Sink Tab 

THESE QUAD DARLINGTON ARRAYS are 
designed to serve as interface between low

level logic and peripheral power devices such as 
solenoids, motors, incandescent displays, heaters, 
and similar loads of up to 320 W per channel. Both 
integrated circuits include transient-suppression 
diodes that enable use with inductive loads. The 
input logic is compatihle with most TTL. DTL. LS 
TTL, and 5 V CMOS iogic. 

For maximum power-handling capability, all driv
ers are supplied in a 12-pin single in-line power-tab 
package. The tab is at ground potential and needs no 
insulation. External heat sinks are usually required 
for proper operation of these devices. 

Similar integrated circuits (Types UDN-2068B 
and UDN-2069B) are available in 16-pin dual in-line 
packages for operation with load currents of up to 
1.5 A per channel. They are described in the most 
recent issue of Sprague Engineering Bulletin 29305. 

Sustaining Output Output 
Device Voltage Voltage Current 

UDN-2878W 35 V 50V 4A 
UDN-2878W-2 35 V 50V 3A 
UDN-2879W 50V 80V 4A 

. UDN-2879W-2 50V 80V 3A 

o o 

2 3 4 5 6· 7 a 9 10 " 12 

PARTIAL SCHEMATIC 
One of 4 Drivers 

DWG. NO. A-ll.974 
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DWG. NO. A-12,037 

Write tor Engineering Bulletin 29305.10 to Technical Literature Service, Sprague Electric Company, 647 Marshall St, North Adams, Mass. 01247 

For application engineering assistance, write or call Semiconduc
tor Division, Sprague Electric Company, 115 Northeast Cutoff, wo~ 
cester, Mass. 01606. Tel. 617/853-5000. 
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For the name of your nearest Sprague Semiconductor Distributor, 
write or call Sprague Products Division,Sprague Electric Company, 
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UDN-2952B AND UDN-2952W 
FULL-BRIDGE MOTOR DRIVERS 

FEATURES 

• Output Currents tD ± 3.5A 
• Output Voltages to 40 V 
• Adjustable Short-Circuit Protection 
• Thermal Protection 
• Internal Clamp Diodes 
• TIL, DTL, PMOS, CMOS Compatible 
• DIP or SIP Packaging 

PULL-BRIDGE MOTOR-DRIVER integrated 
circuits, Types UDN-2952B and UDN-2952W 

combine low-level logic circuitry and Darlington 
output power drivers for bidirectional control of d-c 
motors or solenoids operating with continuous load 
currents of up to 2A and peak start-up currents as 
high as 3.5A. 

These monolithic integrated circuits have exten
sive circuit protection. Both drivers have thermal 
shutdown networks that disable motor drive if the 
package power dissipation ratings are exceeded. In
ternal diode transient suppression is provided on
chip. Output-current limiting is determined by the 
user's selection of a sensing resistor. 

The Type UDN-2952B full-bridge power driver is 
suppiied in a .i 6-pin duai in-iine piastic package with' 
copper heat-sink contact tabs. The lead configura
tion enables easy attachment of a heat sink while 
fitting a standard integrated circuit socket or printed 
wiring board layout. Type UDN-2952W, for higher 
power requirements, is in a 12-pin single in-line 
power tab package. The tab is at ground potential 
and needs no insulation. 

FUNCTIONAL BLOCK DIAGRAM 

PHASE 

ENABLE 

4.5V to 15V 
9 
: vDD 
I 

~. 

(I~A:I) 
: SUBST~ATE 
I 
I 

~ 

~ 
: GROUND 
I 
I 

~ 

o UDN-2952B (DIP) o = UDN-2952W (SIP) Dwg. No. A-ll,367C 

Wrim for Engineering Bulletin 29319 to Technical Umrature Service, Sprague Electric Company, 647 Marshall Street, North Adams, Mass. 01247 

For application engineering assistance, wrim or call Semiconduc
tor Division, Sprague Electric Company, 115 Northeast CutoH, Wo~ 
cesmr, Mass. 01606. Tel. 617/853-5000. 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohio Sci Ohio Scientic 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY Panasonic Panasonic 
Pico Design Pico Design 
Polycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic Design Inc. 
Pro-Log Pro-Log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 

GI General Instrument RCA RCA Solid State Division 
Action Ins Action Instruments RCI Data RCI Data 
AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems 
ADT Advanced Digital Technology Reticon Reticon 
Advent Advent Products, Inc. 

Harris Harris Semiconductor RIFA RIFA Alphatron Alphatron Rockwell Rockwell, Microelectronic Devices 
AMA American Automation Heurikon Heurikon Corp. RTC Riehl Time Corporation 
AMD Advanced Micro Devices Hilevel Hilevel Technology, Inc. 
AMI American Microsystems, Inc. Hitachi Hitachi America, Ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Analogic Analogic HP HeWlett-Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si-Fab Si-Fab 
Appl Sys Applied Systems Corp. Signetics Signetics 
APT Applied Microtechnology 

International Cybernetics 
SGS SGS Semiconductor 

Aptek Aptek Microsystems ICC Sharp Sharp 
Array Tech Array Technology lOT Integrated Device Technology Silicon G Silicon General 
AWl AWl Electronics IMI International Microcircuits, Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Siltronics Siltronics 

Barvon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. 
Bedford Bedford Computer Systems Inc. Infosphere Infosphere S MOS S MOS Systems 
Burr-Brown Burr-Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solitron Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE tntCompSys Integrated Computer Systems SSM Solid State Micro Technology Cal Devices California Devices Int Tech Integrated TechnolagyCorp. for Music Cermetek Cermetek Intech Intech Microcircuits Div. SSS Solid State Scientific CGRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cheny Cherry Semiconductor Interdesign Interdesign STC Storage Technology Corp. CIC Custom Integrated Circuits Intersi! Intersil STD S10 Microsystems , CirTech Circuit Technology Intronics Intronics Struc Des Structured Design Inc. Citel Citel In In Semiconductors Stynetic Stvnetic SYstems Com linear Comlinear Corporation Sunrise Sunrise Electronics CMA Custom MOS Arravs Cllnehina ~"nc:hinp ~pmi,.nntfll,.tnr 
Comark Comark Corp. Kinetic Sys Kinetic Systems iiijiertex Super'iii; Inc:--------- --' 
Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. Camp Auto Computer Automation Synertek Synertek Compas Com pas Microsystems Sys Innoy Systems Innovations Cant Logic Control Logic Inc. Lambda Lambda Semiconductor 
Control Sys Control Systems Microsystems Div. Linear Tech . Linear Technology-

Tau Zero Inc. CreMicro Creative Micro Systems LSI Camp LSI Computer Systems Tau Zero 
Cromemco Cromemco. Inc. LSI logic LSI logic Corporation Technitrol Technitroi 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybe rsystem s Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics TI Texas Instruments 
Data I/O Data I/O Micrel Micrel Third Domain Third Domain 
Data Trans Data Translation Micro Innov Micro Innovators Thomson·CSF Thomson-CSF Components Corp. 
Datel Datel Micropac Micropac Industries Toshiba Toshiba America Datricon Datricon Corporation Micro Net Micro Networks Trans·Data Trans-Data DOC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW lSI Products DEC Digital Equipment Corporation Micro Sci Micro Scienc.es Corp. Die-Tech Die-Tech Micro Tech Microcircuits Technology Unitrode Unitrode Digelec Digelec Corp. 
Digitek Digitek, Inc. Micro·Link Micro-link Corporation Universal Universal Semiconductor, Inc. Micron Micron Technology Dionics Dionics Inc. MilerTrtn MilerTronics Dist Comp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Mitel Mitel Semiconductor VLSI Design VLSI Design Associates 

Mitsubishi Mitsubishi Electronics YTI VLSI Technology, Inc. 
E·HI E-H International. Inc. MMI Monolithic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. Mostek Monolithic Systems Corp. Elind Elind Elettronica Industriale Weitek Weitek Corporation EMM·SESCO EEM-SESCO Motorola Mostek 

MRC Motorola Semiconductor western Western Digital Emulogic Emulogic Inc. Murray MRC Systems Wintek Wintek Corp. Ell Micro Ell Micro 
Exar Exar Integrate4 Systems Monosil Murray Consulting 
Exel Exel Microelectronics Xicor Xicor, Inc. 

National National Semiconductor 
Xycom Xycom 

Fairchild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex. Zendex Corp. 
Force Force Computers DiviSion Zilog Zilog 
Fujitsu A Fujitsu America NEe NEC Electronics ZyMOS ZyMOS Corporation 
Fujitsu Fujitsu Microelectronics, Inc. Mitron Nitron lytrex Zytrex Corp. 
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...,~ TELEDYNE CJflI ~ ~o TSC426/427 /~28 
SEMICONDUCTOR ,f b~~~ Dual Power MOS~ET Driver 

~ ~o~o • 1.5 Amp Peak Drive Current 
- . ~~ ,~ • 50 ns Rise Time 

General Description 
The TSC426/427/428 are dual high speed power MOSFET 
drivers. Each device converts CMOS/TTL input levels to a 
high voltage level drive signal. Switching times of 50 ns are 
typical with 1000 pf loads. Peak output drive current is 1.5 amp. 
Delay times have been matched for both inverting .and non
inverting stages. 
The TSC428 contains an inverting and non-inverting driver. 
The TSC426 is inverting and TSC427 non-inverting. 

Preliminary Ordering Information 

Ordering Operating 
Package 

Part No. Temp. Range 

TSC426CPA Oo.C to 70°C 8-Pin Plastic· Dip 

TSC4261JA -25° C to 85° C 8-Pin CerDIP 

TSC426MJA -55°C to 125°C 8-Pin CerDIP 

TSC427CPA O°C to 70°C 8-Pin Plastic Dip 

TSC4271JA -25° C to 85° C 8-Pin CerDIP 

TSC427MJA -55° C to 125° C 8-Pin CerDIP 

TSC428CPA O°C to 70°C 8-Pin Plastic Dip 

TSC4281JA -25° C to 85° C 8-Pin CerDrp 

TSC428MJA -55°C to 125°C 8-Pin CerDIP 

Pin Configuration 

Features 
• CMOS Construction for Low Current Drain ..... 6 mA 
• High Output Voltage ...................... Vs -0.05 V 
• High Peak Current Drive ....................... 1.5 A 
• High Speed Switching (CH = 1000 pF) .......... 50 ns 
• Available as Inverting/Non-Inverting Driver 
• Wide Supply Voltage Operation ............ 4.5 to 20 V 
• TTL/CMOS Compatible Input Drive 
• Pin-Out Equivalent to DS0026 

Peak 
Rise Time Configuration Output 

Current 
. eCl = 1000 pF) 

Inverting 1.5 A 50 ns 

Inverting 1.5 A 50 ns 

Inverting 1.5 A 50 ns 

Non-Inverting 1.5 A 50 ns 

Non-Inverting 1.5 A 50 ns 

Non-Inverting 1.5 A ' 50 ns 

Non-Inv. & Inv. 1.5 A 50 ns 

Non-Inv. & Inv. 1.5 A 50 ns 

Non-Inv. & Inv. 1.5 A 50 ns 

NC " NO CONNECTION 

~ -4/-
INVERTING NON-INVERTING 

~ TELEDYNE SEMICONDUCTOR 
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~~TELEDYNE 
SEMICONDUCTOR 

General Description 
The TSC700Adrives common anode LED displays with 28 
high current, open-drain N channel output transistors. Four 
seven segment LED displays may be driven. Drive current is 
guaranteed to be 11 mA minimum. This is twice the minimum 
drive current available from comparable devices and will 
provide high LED luminance. High luminous intensity is an 
important factor when a dark contrasting background is 
unavailable or the LED is viewed at a distance. The TSC700A 
current capability makes it an ideal large character LED driver. 

Four data bit inputs and four digit se~ect signals permit inter
facing to multiplexed BCD or binary output devices. The four 
bit data input is decoded into the seven segment alpha
numeric code known as "Code B". A 0 to 9, -, E, H, L, P or 
"blank" reading may be displayed. 

An added feature includes a brightness control input that 
adjusts segment drive current. The control pin may also be 
used as a digital display enable. The TSC700A is an improved 
pin compatible and functional equivalent to the ICM7212A 
and TSC7212A. 

Ordering Information 
LED 

Temp. Segment Output 
Part No. Package A.nge Current Code 

TSC700AMJL 
40 Pin 

-55°Cto+125°C 14 rnA CodeS CerDIP 

TSC700AIJL 
40 Pin 

-25°Cto+85°C 14 rnA Code B CerDIP 

TSC700 40 Pin 
-55° C to +125° C 14mA Code B AMJl/883 CerDIP 

TSC700A/Y CHIP 25°C 14 rnA Code B 

Functional Diagram 

TSC700A 
Four Digit LED Display 

Decoder and Driver 
High Segment Drive Current 

Features 
• High Drive Current for High Luminance LED Display 
• Guaranteed High LED Segment Current 11 mA Minimum 
• 28 Common Anode LED Drivers (4 Digits) 
• Code B Output Format '" 0 to 9, -, E, H, L, P, "blank" 
• BCD/Binary Input to Seven Segment LED Code 
• Four Separate Digit Selects for Multiplexed Input 
• Digital or Analog Brightness Control 
• Digital Display Enable 
• Low Thermal Resistance Package 
• Military Temperature Range Devices Available 
• Pin Compatible With TSC7212A, ICM7212A 

Pin Configuration 

34 04 )MSD 
03 DIGIT 

SELECT 
02 ''''PUTS 

0' LSD 

30 B3) MSB 
82 DATA 

INPUTS 
B, 

BO LS8 

~ro 
125j G4 

2' 8'1 

If Brightness Control is not needed, connect BAT (pin 5) to Vs. 

DIGIT 4 DIGIT 3 DIGIT 2 DIGIT 1 

r--.t:..-, r---.l.2-, r---.t2-. 
L-..! !---1 I t---------I I 1 I I 

~--~--~ I I I ~ I 
1 I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

SEGMENT OUTPUTS 

CONTROL 

J L _ ...J L .J 

~~~~ {~----~~r-----~----+-~+--~-~~--~~ 
DIGIT { 
SELECT 

OIGIl SELECT 
LOGIC AND 
ONE SHOT STROBE 

I DIGIT LATCH 

LI 

+5V 

~~~~N ·R O '" 2.5 II 
LEOS 

1983 

TO TSC700A 
OuTPUTS 

'LimitS Peckage Po_ Dissipation 

©1982 ~~ TELEDYNE SEMICONDUCTOR 
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~~TELEDYNE 
SEMICONDUCTOR 

General Description 
The TSC701AM is a CMOS direct drive, four digit, seven 
segment LED display decoder and driver. The device is bus 
compatible making microprocessor controlled displays 
possible. Two chip select signals control data and digit 
select code latching prior to decoding and display. External 
data latches are unnecessary. 

The TSC701 AM drives common anode LED displays with 28 
high current, open-drain N channel output transistors. Four 
seven segment LED displays may be driven. Drive current is 
guaranteed to be 11 mA minimum (18 mA TYP). This is twice 
the minimum drive current available from comparable de
vices and will provide high LED luminance. High iuminous 
intensity is an important factor when a dark contrasting 
backgiOund is unavailable Oi the LED is viewed at a distance. 
The TSC701 AM current capability makes it an ideal large 
character LED driver. 

Four data bit inputs and four digit select signals permit inter
facing to multiplexed BCD or binary output devices. The four 
bit data input is decoded into the seven segment alpha
numeric code known as "Code B". A 0 to 9, -, E, H, L, P or 
"blank" reading may be displayed. 

An added feature is the brightness control input that adjusts 
segment drive current. The control pin may also be used as a 
digital display enable. The TSC701AM is an improved pin 
compatible and functional equivalent to the ICM7212AM. 

Functional Diagram 
+5V 

TSC701AM 
Bus Compatible Four Digit 

LED Display Driver 
• High Segment Drive Current 

• Input Data Latches 

Features 

• 28 Current Limited Outputs Drive Common-Anode LEOs 
at 18 mA Per Segment. 

• Input and Digit Select Data Latches. 

• Brightness Input Allows Potentiometer Control of 
LED Segment"Current. Pin Also Serves as Digital 
Display Enable. 

• Input and' Digit Select Data Latches. 

• Pin Compatible and Functionally Equivalent to 
ICM7212AM. 

• Input Decoded to Seven Segment Code B Output (0 to 9; 
-, E, H, L, P, "Blank") 

Ordering Information 

Part No. 

TSC701AMIJL 

Package 
40-Pin 
CerDIP 

Temp. 
Range 

LED 
Segment 

Current 

18 rnA 

Output 
Code 

Code B 

COMMON 
ANODE 
LEDS 

TSC701AM , 
,-

TO TSC701AM 
OUTPUTS 

'limits Package Power Dissipation 

DATA I INPUT 

DIGIT {' 
SELECT 
INPUT 

CHIP SElECT' 

CHIP SELECT 2 ...---'"-----_ 

© 1983 
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1 
V+~ 

GND~ 

D4 
SEGMENT OUTPUTS 

D3 
SEGMENT OUTPUTS 

D2 
SEGMENT OUTPUTS 

'HIGH CURRENT DRIVE: 11 mA MINIMUM 

D1 
SEGMENT OUTPUTS 

BRIGHTNESS 

..,"" TELEDYNE SEMICONDUCTOR 
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~~TELEDYNE 
SEMICONDUCTOR 

TSC7109 
12-Bit Plus Sign 

Integr.ating AID Converter 
• BUS Compatible 

• Serial Data Transmission w/UART 

General Description 
The TSC7109 is a 12-bit plus sign CMOS low power AID 
Converter. The single CMOS IC contains all the necessary 
active devices to interface with microprocessors. 

o In direct mode, Chip Select and HighlLow Byte Enables con
t) trol parallel bus interface. In the handshake mode the 
::::s TSC7109 will operate with industry standard UART's in 
-g controlling serial data transmission, ideal for remote data 
o . logging. Control and monitoring of conversion timing is 
o provided by the RUNIHOLD and STATUS outputs. The 
E TSC7109 requires only the addition of eight passive 
iX components plus a crystal to operate as a dual slope 

integrating AID converter. The TSC7109 has features that 
make it an attractive per-channel alternative to analog 
multiplexing for many data acquisition applications. These 
features include typical input bias current of 1 pA, drift of less 
than 1 ,.,.V/o C, input noise typically 15,.,.V p-p, and auto-zero. 
True differential input and reference allows the measurement 

(]) 
c 
~ 
"0 
(]) 

(]) 
I-

of bridge-type transducers such as load cells, strain gauges 
and temperature transducers. 

For applications requiring more resolution see the TSC800, 
15-bit plus sign data sheet. 

Ordering Information 

Part No. P8Ickage Temp. 
Range 

TSC7109CPL 40-Pin Plastic Dip O°C to + 70°C 

TSC7109BCPL 40-Pin Plastic Dip O°C to +700 C 

TSC71091JL 40-Pin CerDIP -25° C to +85° C 

TSC7109BIJL 40-Pin CerDIP ..;.25° C to +85° C 

TSC7109MJL 40-Pin CerDIP -55° C to +125° C 

Features 
• 12-Bit Plus Sign Integrating AID Converter with 

Overrange Indication 
• Sign Magnitude Coding Format 
• True Differential Signal Input and Differential Reference 

Input 
• Low Noise - Typically 15 ,.,.Vp-p 
• High Normal Mode Noise and Line Frequency Rejection 
• 1 pA Typical Input Current 
• No Zero Adjustment 
• TTL Compatible Byte Organized Tri-State Outputs 
• UART Handshake Mode for Simple Serial Data 

Transmission 
• Direct Bus Connection for 8 or 16-Bit Bus - 3.58 mHz 

Crystal Provides 7.5 Conversions Per Second for 60 Hz 
Rejection - External RC Network Provides up to 30 
Conversions Per Second 

• Power Dissipation Typically Less Than 20 mW 
• Internal Voltage Reference 

Part No. Package Temp. 
Range 

60-Pin Plastic 
TSC7109CBQ Flat Package: O°C to +70°C 

Formed Leads 

60-Pi n Plastic 
TSC7109CSQ Flat Package: O°C to +70°C 

Unformed Leads 

Devices Available with 160 Hour, +125°C Burn-In 

TSC7109CPU81 40-Pin Plastic Dip O°C to +70°C 

TSC71091JUBI 40-Pin CerDIP -25°C to +85°C 

Devices with MIL-STD-883 Processing· 

TSC7109MJU883 40-Pin CerD!P 

Test Circuit (See Figure 1 for typical connection to A UART or Microcomputer) 

© 1983 
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GND 

HIGH 
ORDER 

BYTE 
OUTPUTS 

LOW 
ORDER 

BYTE 
OUTPUTS 

BYTE 
CONTROL 

INPUTS 
OR FLAG 
OUTPUTS 

{ 
{ 
{ 

1 GND 

2 STATUS 

3 POL 

4 OR 

5 B12 

6 Bll 

7 Bl0 

8 B9 

9 B8 

10 B7 

11 B6 

12 B5 

13 B4 

14 B3 

15 B2 

16 Bl 

17 TEST 

18 LBEN 

19 HBEN 

20 CE/LOAD 

V.,. 40 

REF IN- 39 

REF CAP - 38 

REF CAP+ 37 

REF IN+ 36 

IN HI 35 

IN LO 34 

'A .... 
COMMON 33 

INT 32 
TSC7109 

AZ 31 

BUF 30 

REF OUT 29 

V- 28 

SEND 27 

RUN/HOLD 26 

BUF OSC OUT 25 

OSC SEL 24 
OSC OUT 23 

OSC IN 22 

MODE 21 

J"<+5V 

:;:1 pF 

-"'-

0 
R 

IFFERENTIAL 
EFERENCE 

lM!1 
+ 

.01 pF:;: 

I 
CINTII 

JICAZ .15 pF11 

11.33 pF 

RINT* • 

-6V 

r---- 2Kll 
f-- . 
r-

GND 

~3.5195MHZ 
f-- TV CRYSTAL 

2:.Kn 

I NPUT HIGH 

NPUT LOW 

GND 

~I 

1 
r 

REF IN-

REF IN+ 

*RINT ; 2 OKS! FOR 0.2V REF 
OOKn FOR 2.OV REF ; 2 
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~~TElEDYNE 
SEMICONDUCTOR 

General Description 
The TSC7135 ~ 1/2 digit analog converter offers 50 ppm 
(1 part in 20,000) resolution with a maximum linearityerrorof 
1 count. An auto-zero cycle reduces the zero error to below 
10 J.l.V and zero drift to 0.5 J.l.V/oC. Source impedance error 
sources are minimized by a 10 pA maximum input current. 
Rollover error is limited to ± 1 count. 

By combining the TSC7135 with a TSC7211A (LCD), 
TSC7212A (LED) 0 r TSC700A (High LED Segment Current) 
driver a 4 1/2 digit display DVM or DPM can be constructed. 
Overrange and underrange signals support automatic range 
switching and special display blanking/flashing applications. 

Micro-processor basecf measurement systems are supported 
by the TSC7135 Busy, Strobe and Run/R"5ID control signals. 
Remote data'acquisition systems with data transfer via UARTs 
are also possible. The additional control pins and multiplexed 
BCD outputs make the TSC7135 the ideal converter for dis
play or wprocessor based measurement systems. 

Ordering Information 

Part No. Package Temperature 
Range 

TSC7135CJI 28-Pin CerDIP O°C to +70°C 

TSC7135CPI 28-Pin Plastic O°C to +70°C 

60-Pin Plastic 
TSC7135CBQ Flat Package wi O°C to +70°C 

Formed Leads 

60-Pin Plastic 
TSC7135CSQ Flat Package wi O°C to +70°C 

Unformed Leads 

Typical 4 1/2 Digit DVM with LCD Display 

TSC7135 
4 1/2 Digit Precision 

Analog-to-Digital Converter 

Features 
• Low Rollover Error .............. ± 1 Count Maximum 
• Guaranteed ± 1 Count Maximum Error 
• Guaranteed Zero Reading for 0 V Input 
• True Polarity Indication at Zero for Null Detection 
• Multiplexed BCD Data Output 
• TTL Compatible Outputs 
• Differential Input 
• Control Signals Permit Interface to UARTS and 

J.I.-Processors 
• Auto-ranging Supported with- Over and Underrange 

Signals 
• Blinking Display Visually Indicates Overrange Condition 
• Low Input Current ............................. 1 pA 
• Low Zero Reading Drift ..................... 2 J.l.V/o C 
• Interface to TSC7211 A, TSC7212A, and TSC700A 

Display Drivers 
• Available in Compact Flat Package 

Pin Configuration 

REF IN 2 

ANALOG COMMON 3 

INTOUT 4 

BUFF OUT 6 

REF CAP- 7 

27 OVERANGE 

25 RUN/Hcili) 

24 DIGITAL GROUND 

SEE PAGE 5 FOR COMPACT FLAT PACKAGE 

6_8 ki! +5Vo--_ ........... 

.,'" TSC9491 

,.--."..,...r---o +5 V 
-5V 1 V-

lOOkS! 

ANALOG 
GND 

AZIN 

1,0"F 6 BUF OUT 

UR 28 

OR 27 

STROBE 26 

RUN/HOLD 25 

DIG, GND 1-"2-,-4 -+-+--+-' 

POL 1-"2",-3 -1--+--..... 

SEGMENT 

0 
R 
I 
V 
E 

"'--- BACKPLANE 

120kHz ~ 3 READING/SEC +5V 

lOOkS) 7 REF CAP- CLOCK t"'2.;;..2 --+--;-;;-==-i-t-I----< CLOCK IN 
11 

l"F""T"" 8 REF CAP+ 

.---_----'9=-t - INPUT 

o---,lI\;OOk",!,-! .-1--_----'1-=-t0 + INPUT 

INPUT 0_11'F 
+5V 11 V+ 

12 
.,'" 

D5 TSC7135 
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04
17 

B8 16 

B4 15 

SP 
V+ 

31 01 ..,'" 
32 02 TSC7211A 

33 
03 

34 
t-+--,------404 

SEG 
OUT 

I I 
2,3,4 
6 - 26 
37 - 40 

OPTIONAL 
CAPACITOR 

~--~-J ~ ~ 
OSC ~-~~- +5V 

29 B2 

28 Bl 

27 BO 

GNO 35 

II 
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General Description 
The TSC7650 CMOS chopper-stabilized operational ampli
fier practically removes offset voltage error terms from sys
tem error calculations. The 51lV maximum Vos specification, 
for example, represents a fifteen times improvement over the 
industry standard OP07E. The 50 nVlo C offset drift speci
fication is over twenty-five times lower than the OP07E. The 
increased performance eliminates Vos trim procedures, 
periodic potentiol)1eter adjustment and the reliability prob
lems caused by damaged trimmers. 

The TSC7650 performance advantages are achieved without 
the additional manufacturing complexity and cost incurred 
with laser or "zener zap" Vos trim techniques. The TSC7650 
is one of the lowest cost precision operational amplifiers 
available. 

The TSC7650 nulling scheme corrects both dc Vos errors 
and Vos drift errors with temperature. A nulling amplifier al
ternately corrects its own Vos errors and the main amplifier 
Vos error. Offset nulling voltages are stored on two user 
supplied external capacitors. The capacitors connect to the 
internal amplifier Vos null points. The main amplifier input 
signal is never switched. Switching spikes are not present at 
the TSC7650 output. The null scheme keeps Vos errors low 
throughout the operating temperature range. Laser and 
"zener zap" trimming can correct for Vos at only one tem
p6iatuie. 

The nuiiing circuit o5ciiiaio( and cOiltroi circuits Ciie iiite
grated on chip. Only two external Vos error storage capaci
tors are required. The TSC7650 operates as a conventional 
operational amplifier with vasUyJmproved input specifica- .. 
tions. The low Vos and Vos drift errors make the TSC7650 
ideal for thermocouple, thermistor, and strain gauge applica-

-tions. Low dc errors and high open loop gain make the 
TSC7650 an excellent preamplifier for preCision analog to 
digital converters like the TSC7135 and TSCaoO. 

The 14-pin dual in line package (DIP) has an external 
oscillator input to drive ttie nulling circuitry for optimum 
noise performance. Both the a and 14-pin DIP have an output 
voltage clamp circuit to minimize overload recovery time. 

Pin Configuration 

Ca 

NC(GUARD) 3 

NC (GUARD) 6 

3096 

14 INT/EXT 

13 ~:P1JTRNAL CLOCK 

12 ~UT{p~'fL CLOCK 

11 VS 
10 OUTPUT 

9 OUTPUT CLAMP 

NC = NO INTERNAL CONNECTION 

TSC7650 
Precision Chopper-Stabilized 

Operational Amplifier 
• 0.7 MV Offset Voltage 

• 50 nV/oe Offset Voltage Drift 

Features 
• Low Input Offset Voltage ...................... 0.7 IlV 
• Low Input Offset Voltage Drift ....... 0.05 IlVlo C Max. 
• Low Input Bias Current . ~ ................ 10 pA Max. 
• High Impedance Differential CMOS Inputs ..... 1012 n 
• High Open Loop Voltage Gain. . .. . . . . . .. 120 dB Min. 
• Low Input Noise Voltage ....... ; ........... 2.0 IlVp-p 
• High Slew Rate ............................. 2.5 V/Jl.s 
• Low Power Operation ........................ 20 mW 
• Output Clamp Speeds Recovery Time 
• Compensated Internally for Stable Unity Gain Operation 
• Direct Replacement for ICL7650 
• Available in a-Pin Dip 

Ordering Information 

Part No. Package 

TSC7650CPA 
a-Pin 
Plastic Dip 

TSC7650lJA 
a-Pin 
CerDIP 

TSC7650CPD 
14-Pin 
Plastic Dip 

TSC7650lJD 
14-Pin 
CerDIP 

Functional Diagram 

OUTPUT 
CLAMP 

Temp. Max. 
Offset Range Voltage 

O°C to + 70°C 5 Jl.V 

-25° C to +85° C 5 IlV 

O°C to +70°C 5 Jl.V 

-25° C to +850 C 5 Jl.V 

a i14;INDIPONLYi 

I INTiEXr : 

osc : EXT ClK IN I 
ClK OUT I 

I I L _______ J 

INPUTS 
A B 

>------+---~-----o OUTPUT 

A CEXT 

CRETN 
I 

• FOR 8 PIN DIP CONNECT TO Vs I 
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General Description 
The TSC7660 DC to DC converter will generate a negative 
voltage from a positive source. With two external capacitors 
the TSC7660 will convert a 1.S V to 10.0 V input signal to -1.S V 
to -10.0 V level. The TSC7660 easily generates -S V in +S V 
digital systems. 

Many analog to digital converters, digital to analog conver
ters, operational amplifiers, and multiplexers require nega
tive supply voltages. The TSC7660 allows +S V digital logic 
systems to incorporate these analog components without 
adding an additional main power source. The TSC7660 can 
lower total system cost, ease engineering development and 
save space, power and weight. 

The TSC7660 charges a capacitor to the applied supply vol
tage. Internal analog gates connect the capacitor across the 
output. Charge is transferred to an output storage capacitor 
completing the voltage conversion. Operation requires only 
two external capacitors for supply voltage <6.S V. 

Contained on-chip are a series DC power supply regulator, . 
RC oscillator, voltage level translator, four output power 
MOS switches, and a unique logic element which senses the 
most negative voltage in the device and ensures that the out
put N-channel switches are not forward biased. This assures 
latch-up free operation. 

The oscillator, when unloaded, oscillates at a nominal fre
quencyof 10kHz for an input supply voltage of S.O volts. This 
frequency can be lowered by the addition of an external 
capacitor to the "OSC" terminal, or the oscillator may be 
overdriven by an external clock. 

The "LV" terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) opera
tion. At medium to high voltages (+3.S to +1 0.0 volts), the LV 
pin is left floating to prevent device latchup. 

Block Diagram 

BLOCK DIAGRAM 

~~ 
TSC7660 

.\lASTER 1984 

Features 

TSC7660 
DC to DC 

Voltage Converter 

• Converts +S V Logie Supply to ±S V System 
• Wide Input Voltage Range ............. 1.S V to 10.0 V 
• Efficient Voltage Conversion .................. 99.9% 
• Excellent Power Efficiency ...................... 98% 
• Low Supply Current .................... 500 IJ.A Max. 
• Cascade for Output Voltage Multiplication 
• Low Cost and Easy to Use 

- Only 2 External Capacitors Required 

Ordering Information 
Part No. Package Temperature Range 

TSC7660CPA 8-Pin Plastic Dip 

TSC7660IJA 8-Pin CerDIP -40° C to +8So C 

TSC7660MJA 8-Pin CerD!P 

TSC7660/Y Chip 25°C 

Devices with MIL-ST0-883 Processing 

TSC7660MJAl883 8-Pin CerOIP -55°C to +125°C 

The TSC7660 open circuit output voltage is equal to the input 
voltage to within 0.1%. The TSC7660 has a 98% power con
version efficiency for a 2 -5 mA load currents. 

Pin Configuration 

GND 

I 
VOUT 

W TELEDYNE SEMICONDUCTOR 
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General Description 
The TSC800 is a 15-bit plus sign integrating analog to digital 
converter. The TSC800 improves the conventional two cycle 
dual slope conversion cycle by incorporating system zero 
and integrator output zero phases. Offset error sources are 
automatically zeroed and overrange recovery time is reduced . 
The integrating conversion technique is immune to the noise 
spikes that introduce conversion errors in successive approxi
mation converters. 

The externally adjustable clock allows integration periods 
which are integral multiples of 50 Hz or 60 Hz for maximum 
power-line .noise rejection. By using the 2.4576 MHz crystal 
oscillator mode (2.5 CONV!SEC) 50, 60 and 400 Hz signals 
are rejected. 

Micro-processor interface signals support single byte (16-
bit) or two byte (8-bit) parallel data transfers. A "handshake" 
operating mode supports serial data transmission via a 
UART. A serial count output is derivable by gating the clock 
signal with data valid (DVD). The count output pulses may be 
used in serial fiber optic transmission systems. 

The high impedance differential inputs,S pA input leakage. 
current, 16-bit dynamic range and interface control signals 
make the high resolution TSC800 the ideal analog to digital 
converter for process control, data logging and "intelligent" 
measurement systems. 

Funciionai D iagr8m 

35 29 34 13 32 31 

TSC800 
1S-Bit Plus Sign Integrating 
Analog to Digital Converter 

• BUS Compatible 
• UART Interface 

Fe~tures 
• 15 Bit Resolution, Plus Sign Bit 

- 96 dB Dynamic Range 
• Integrating Dual Slope Converter 

- Monotonic 
- Eliminate 50/60 Hz "Line" Interference 
- High Noise Immunity 
- Auto Zero Cycle Eliminates Trimming 
- Incorporates Integrator Zero Cycle for Fast Overload 

Recovery , 
• Three State Data Bit/Sign Outputs 

- 8 or 16 Bit Para!lel Data Transfer to ~-Processor Bus 
• UART Control Sig nals 

- Serial Data Transmission 
- "Handshake" Data Transfer 
- Distributed Control Systems 
- Fiber Optic Transmission Systems 

• Easy Conversion Cycle Monitoring and Control 
- Data Valid Output Signal 
- Continuous or Convert on Command Operation 

• High Impedance Differential Input 
- 15 pA Maximum Input Current 

• Low Input Noise 
- 15 ~ ~p-p 

• On Chip Crystal Oscillator for 2.5 Conversions/Sec. 
- fxtal = 2.4576 MHz ' 
- 100 mSEC Integration Period Rejects 50, 60, 400 Hz 

Interference Signals 
• Convenient ± 5 V Supply Operation 

- Low Power Dissipation ..................... 20 mW 
• Static Discharge Protected Inputs 
• Avai!ab!e i!"! 50-Pi!"! F!at Package 

SWITCH LOGIC 
(sz. 51, RI, IZl 

15,BIT COUNTER 

LBEN/LBFLG 

.--------f DATA 18 
TRANSFER HBEN/HBFLG 
CONTROL 1--++19:..0 

BUS/HAND 
21 

'---__ +-"27:.0 DROST 

20 

PIN NUMBERS FOR 40-PIN DIP 
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~~ TELEDYNE TSC805 
SEMIOONDUCTOR Auto-Ra~ging In$trument~tioon 

. . ~ Analog-to-Digital Converter 
~Ge ~G\ ~fJ.\\o • 3 1/2 Digit Resolution 

6-~'I} flOli- ~o( • Tri-PlexLCD Drive 
~ ,~, \(\ • AC & DC Measurements 

General Description 
The TSC805 is a 31/2 digit integrating analog-to-digital con .. 
verter with tri-pi'ex LCD display drive and automatic ranging. 
The CMOS TSC805 contains all the logic and analog 
switches needed to manufacture an auto-ranging instrument 
for ohms and voltage measurements. 

The auto-ranging feature automatically selects the, proper 
display decimal point iocation. Auto-ranging is available 
during ohms (high and low voltage) and voltage (AC & PC) 
measurements. Auto-ranging eliminates expensive range 
switches' in hand-held DMM designs and makes compact 
meters easier and le$s costly to design. Auto-ranging iflstru
ments are easy to operate and are ideal for non-technical end 
users. The auto-range feature may be bypassed allowing 
decimal paint selection and input attenuator selection con
trol through a single line input. 

The TSC805 includes an AC to DC converter for AC audio 
frequency range measurements. Only inexpensive external 
diodes/resistors/capacitors are required. 

A complete LCD annunciator set visually describes the 
TSC805 meter fUnction and measurement range during 
ohms, voltage and current operation. AC or DC measure
ments are ingicated. A low battery qelection circuit also sets 
a low pattery warning display annunciator. 

Func1ion",1 Diagram 

F~atures 
• Auto-Ranging on volts (AC & DC) and Ohms Scale 
• Automatic Sign, Function and Unit Display 
• AC to DC Voltage Converter on Chip 
• Low Voltage Ohms Range Option 
• Continuity Detection & "Buzzer" Drive Output 
• 3 1/2 Digit Resolution on 200 mV Full-Scale Range 
• Low Noise Input Stage ...................... 15 j.LVp-p 
• Precision Internal Reference. . . . . . . .. 50 ppm/o C Max. 
• Triplex LCD Drivers On Chip 
• Low Battery Detection & LCD Annunciator 
~ Convenient 9 V Battery Operation 
• Low Power Consumption. . . . . . . . . . . . . . . . . . . .. 10 mW 
• Compact 60-Pin Fla~ Package 

The "low ohms" measurement option allows in circuit resis
tance measurements by preventing semiconductor junctions 
from being forward biased. A zero ohms ~djust is included to 
compensate for lead resistance. 
A continuity buzzer output is activated with inputs less than 
5% of full-scale. An overrange input also enables the buzzer 
and flashes the MSD display. Offering ~ingle 9 V battery 
operation, 10 mW power consumption. a precision internal 
voltage reference (SO ppmfO C max. TC) and available in a 
compact 60-pin flat package the TSC805 is ideal for portable 
instruments. - . 

TRI-PLEX LCD DISPLAY 

J 
CONTINUITY -1.999 

n 

OLTS V 

IN PUT 

C O~ 

RESISTOR 
NETWORK 

MASTER 1984 

I 

'--

I 
I 
I 

I---
I---
r---
1---

RESISTOR 
NETWORK 

OHMS 
DIVIDER 
SWITCH 

VOLTAGE REFERENCE 

W 
TSC805 

I 
VOLTAGE 
DIVIDER 
SWITCHES 

"BUZZER" 
OUTPUT 

i 
CONTINUITY 
DETECTION & 
OUTPUT DRIVE 

I 
3% DIGIT 
INTEGRATING ADC 

AC TO DC 
INPUT 
CONVERTER 

DATAl r~ r i' ~I . ANNUNCIATOR BACKPLANE 
DRIVE . 

TRI-PLEX LCD 
DISPLAY & BACKPLANE 

r-- DRIVE 

I =.LLAWR I -::L. 

• ....::r 

f----
fiAiliGEiHiNCTiOili 1 CONTROL ~ 

LOGIC 

I 

I 

LOW 
BATTERY -
DETECTION 

I 

MANUAL RANGE 
SELECT 

I FUNCTION 
SELECT 
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..,~ TELEDYNE TSC826 
SEMICONDUCTOR . ~ LCD Ba~ ~raph Display 

(je ~ ~o Analog-to-Dlgltal Converter 
~ ~(J ~ • 2.50/0 Resolution 

~'lj o~~O<. 1 mW Power Dissipation 
~ ~~ ,~ • Direct LCD Drive 

General Description 
The TSC826 is a CMOS analog-to-digital converter that 
directly drives liquid crystal bar graph displays. LCD drivers 
are on-chip for forty data segment, zero, polarity, and over
range annunciators. A backplane oscillator and driver are 
included. All active components are on-chip for a 2.5% reso
lution bar graph display. Up to 16 conversions per second 
are possible. 

An auto-zero cycle guarantees a zero display for zero volt 
input. No adjustment potentiometers are needed. The preci
sion internal reference with a 35 ppm/o C temperature coeffi
cient virtually eliminates full scale errors over temperature. 

The CMOS TSC826 draws less than 100 J.l.A from a 9 V battery 
guaranteeing long life in portable applications. Available in a 
60-pin flat package compact portable designs with multiple 
bar graph indicators are possible. 

Preliminary Ordering Information. 

Part No. Package 

TSC8261BQ 60-Pin Plastic Flat 
Package (Formed Leads) 

Typical Application 

9V + 

Temperature 
Range 

-40°C to +85°C 

Features 
• Bar Graph Data Display ... 40 Segments plus zero 

• Overrange Plus Polarity Indication 

• Precision On-Chip Reference ... 35 ppm/o C 

• Auto-Zero Cycle Eliminates Zero Adjust Potentiometer 

• Low Power Consumption ... 1 mW 

• Differential Analog Input 

• LCD Drivers and Backplane Oscillator 

• 9 V Battery Operation 

• 20 mV Furl-Scale Operation 

• Compact Flat Package 

LCD BAR GRAPH 

LCD DRIVE 
V

REF 
,..-------..tOVERRANGE 40CJ 

39c:::J 

3100 

10 mV 
I r-----~~POLARITY 

+~V~+----R~IN-T------CA~Z------C-I·NT---O·R--P~O--L 

ANALOG 
INPUT 

vREF 

+O--4--~VtN 

V 1N 

20 mV FULL-SCALE 

..,~ TSC826 

(SO-PIN FLAT PACKAGE) 

BP 

o 
A 
T 
A 

BACKPLANE 

2c::::J 

1c:::J 
oc:::J 
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~~TELEDYNE 
SEMICONDUCTOR 

TSC9403 
TSC9404 

Serial Input/16-Bit Parallel 
Output Peripheral Driver 

• High Voltage, High Current Outputs 

General Description 
The Teledyne Semiconductor TSC9403 and TSC9404are 
s~rial inpu·t, 16-bit parallel output shift registers. High output 
power MOS switching transistors make the TSC9403 and 
T&C9404 ideal interface circuits between microprocessor 
1/0 ports and high currentlvoltage peripherals. The CMOS 
construction limits quiescent power dissipation to 20 mW. 

The TSC9403 common source, open drain MOS outputs sus
tain 20 V in the OFF state and maintain leakage currents 
under'100 p.A. The TSC9404 outputs are rated at 15 V. The 16 
parallel outputs will continuously sink 60 mAo (VSAT $ 0.5 V). 

Successive connection of serial data outputs to serial data 
inputs make longer length serial to parallel conversions 
possible. Device cascading makes the TSC9403 and TSC9404 
ideal thermal printhead or high resolution LED bar graph 
drivers. 

Ordering Information 
Temperature 

Part Package Range 

TSC9403CJ 
24-Pin O°C to 7poC 
Epoxy Dip 

TSC94031L 
24-Pin 

-25°C to 85°C CerDIP 

TSC9404CJ 
24-Pin 

O°C to 70°C Epoxy Dip 

TSC9404IL 
24-Pin 

-25° C to 85° C CerDIP 

TSC9404ML 
24-Pin 

-55° C to 125° C CerDIP 

Devlcel Available with MIL-STO-883 Prpceiling 

TSC9404MU883 
24-Pin 
CerDIP 

Simplified Schematic 

SERIAL 
DATA 
!!I!PUT 

v+ LOGIC GROUND 

2 

3 

Output 
Voltage 

20 V 

20 V 

15 V 

15 V 

15 V 

15 V 

Features 
• High Voltage Outputs: 20 V (TSC9403), 15 V (TSC9404) 
• High Output Current Sink Capability: 60 mA 
• Low Standby Power: 20 mW 
• High Speed Operation: 3.0 MHz 
• 16 Parallel Outputs 
• Cascading Possible for Longer Data Words 

Applications. 
• Incandescent i..amp Driver 
• Thermal Printhead Driver 
• LED Bar Graph Driver 
• High Current, Microprocessor Serial Port Expander 
• Relay/Solenoid Driver 
• Tungsten Lamp Driver 
• SCA Gate Driver 

Pin Configuration 

SERIAL DATA INPUT 

LOGIC GROUND 

01 

02 

03 

04 

OUTPUT GROUND 

Os 
06 

07 

Os 
OUTPUT GROUND 

v+ 

CLOCK 

SERIAL DATA OUTPUT 

016 

015 

014 

013 

OUTPUT GROUND 

012 

011 

010 

09 

SERIAL 
DATA 
OUTPUT 

_A.:V'\- -~) VB 

RLOAD 

NOTE: LOGIC 1 SERIAL DATA INPUT BIT TURNS OUTPUT NMOSorJ. 
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DATA 
ACQU,SITION 
CIRCUITS 

• LinCMOSTM Technology 

• 8-Bit _ Resolution· A/D Converter 

• On-Chip 12-Channel Analog Multiplexer 

• Built-In Self-Test Mode 

• Software-Controllable Sample and Hold 

• Total Unadjusted Error ... ± 0.5 lSB Max 

• Direct Replacement for Motorola MC 145040 

TYPICAL PERFORMANCE: Tl540 Tl541 
Channel Acquisition Time 2 p.S 7 p's 

Conversion Time 10 p's 19 p's 

Sampling Rate 71 x 103 29 x 103 
Power Dissipation 6mW 6mW 

description 

The TLC540 and TLC541 are LinCMOSTM AID 
peripherals built around an 8-bit switched
capacitor successive-approximation A/D 
converter. They are designed for serial interface 
to a microprocessor or peripheral via a three
state output with up to four control inputs 
[including independent System Clock, 110 Clock, 
Chip Select (CS), and Address "nputL A 
4-megahertz system clock for the TLC540 and 
a 2.1-megahertz system clock for the TLC541 
with a design that includes simultaneous 
read/write operation allow high-speed data 
transfers and sample rates of up to 71,910 
samples per second for tne TLC540 and 29, 144 
samples per second for the TLC541. In addition 
to the high-speed converter and versatile control 
logic, there is an on-chip 12-channel analog 
multiplexer that can be used to sample anyone 
of 11 inputs or an internal "self-test" voltage, 
and a sample-and-hold that can operate 
automatically or under processor control. 

TYPES TLC540M, TLC5401, TLC541 M, TLC5411 
8·BIT ANALOG· TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

02799, OCTOBER 1983 

J OR N DUAL-IN-liNE PACKAGE 

(TOP VIEW) 

INPUT Ao VCC 
INPUT A1 SYSTEM CLOCK 
INPUT A2 I/O. CLOCK 
INPUT A3 ADDRESS INPUT 
INPUT A4 DATA OUT 
INPUT A5 CS 
INPUT A6 REF+ 
INPUT A7 REF-
INPUT A8 INPUT A10 

GND INPUJ A9 

FK OR FN PACKAGE 

(TOP VIEW) 

INPUT A3 
INPUT A4 
INPUT A5 
INPUT A6 
INPUT A7 

roomol 
<2<:;u... 
I-(!)I- ..... w 
:::> :::>1-0::: 
0- 0-:::> 
2 20-
- -2 

I/O CLOCK 

ADDRESS INPUT 
DATA OUT 
CS 
REF+ 

The converters incorporated in the TLC540 ano TLC541 feature differential high-impedance reference inputs 
that facilitate ratiometric conversion, scaling, and analog circuitry isolation from logic and· supply noises. 
A totally switched-capacitor design allows guaranteed low-error ( ± 0.5 LSB) conversion in 10 microseconds 
for the TLC540 and 19 microseconds for the TLC541 over the full operating tempeiatUie iange. 

The TLC540M and the TLC541 M are characterized for operation over the full military temperature range 
of - 55°C to 125°C. The TLC5401 and the TLC541I are characterized for operation from - 40°C to 85 °C. 

ADVANCE INFORMATION 
This document containa information on • new product. 
Specffications are subject to chenge without notice. 
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TYPES TLC540M, TLC5401, TLC541 M, TLC5411 
8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

functional block diagram 

,,-

ANALOG 
INPUTS 

-
-
-
-
-
-
-
-
--,--

ss ADORE 
INPU T 

I/O 
CLO CK 

es 

EM SYST 
CLOCK 

.. 

12-CHANNEL 
ANALOG 

MUL TIPLEXER 

4 
~ .. , 

I SELF-TEST I ...oL I REFERENCE 

.. .. 

.. 

.. 

.. 

SAMPLE .. 
AND 

. HOLD -

INPUT 
ADDRESS 
REGISTER 

~ 

4)' 

I INPUT I 
I MULTIPLEXER. I , 

REF+ REF-

+ + 
8-BIT 

ANALOG-TO-DIGITAL 
CONVERTER 

(SWITCHED-CAPACITORS) 

8 

OUTPUT 8 
DATA ~ , .. 

REGISTER 

~ , 
..... 

CONTROL LOGIC 
AND I/O 

COUNTERS 
2 .. 

i 
. ~ 

... 

a-TOol DATA 
SE LECTOR AND 

DRIVER 

~ .. 
4~'" 

r-~ 
DATA 

OUTPUT 

operating sequence 

111 2 1 3 14 1516171a 11121314151617 la 
C~~~K-{s---fl1l-I1-fl n n nJlI DON'T~:CARE I n nJ1.JlJ"lIlSlJ1C 

*-ACCESS-Jot ~ SAMPLE I .:. teonv ------.: H-'t+-'-tCCESS-+l :+--SAMPLE-+l 
- I CYCLE B I I CYCLE B I (See Note AI" I I CYCLE C I I CYCLE C I 
CS..., . 1_ ,. -----...I. r--

L_f,' .. lwH(CS) .. ......,/ I 

DON'T CARE 

A7 
~PREVIOUSCONVERSION DATA A---. 
MSB LSB MSB 

DON'T CARE 

.4---CONVERSION DATA B---. 
MSB 

NOTE A: The conversion cycle, which requires 40 system clock periods, is initiated with the 8th 110 clocki-aft'er CS '" for the channel whose address exists 

in memory at that time. 
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TYPES TLC540M, TLC5401, TLC541 M, TLC5411 
8·BIT ANALOG· TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

absolute maximum r~tings over operating free-air temperaure range (unless otherwise noted) 

Supply voltage, VCC (see Note 1) ..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6.5 V 
Input voltage range (any input) . . . . - 0.3 V to VCC + 0.3 V 
Output voltage range. . . . . . . . . . . - 0.3 V to VCC + 0.3 V 
Peak input current range (any input) .. . . . . . . . . ± 10 rnA 
Peak total input current (all inputs) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ± 30 rnA 
Continuous total dissipation at 25°C (see Note 2) . . . . . . .. . 875 mW 
Operating free-air temperature range: TLC5401, TLC541' . . . . - 40°C to 85 °C 

TLC540M, TLC541M. . . . -55°C to 125°C 
Storage temperature range ............................ - 65°C to 150 °C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package. . . . . 300°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: FK, FN, or N package 260°C 

NOTES: 1. All voltage values are with respect to digital ground with REF - and GND wired together (unless otherwise noted). 
2. For operation above 25°C free-air temperature, see Dissipation Derating Curves, Section 2. In the J package, TLC540M and TLC541 M chips 

are alloy mounted, TLC5401 and TLC5411 chips are glass mounted. 

recommended operating conditions 

I TLC540 TLC541 
UNIT 

MIN NOM MAX MIN NOM MAX 

Supply voltage, VCC 4.75 5 5.5 4.75 5 5.5 V 

Positive reference voltage. VREF + (see Note 3) 1.25 VCC VCC+O.l 1.25 VCC VCC+O.l V 

Negative reference voltage, VREF _ (see Note 3) -0.1 0 VCC-l.25 0.1 0 VCC-1.25 V 

Differential reference voltage, 
1 VCC VCC+0.2 1 VCC VCC +0.2 V 

VREF + - VREF - (see Note 3) 

Analog input voltage (see Note 3) 0 VCC 0 VCC V 

High-level control input voltage, VIH 2 2 V 

Low-level control input voltage, VIL 0.8 0.8 V 

Setup time, address bits at data input 
200 400 ns 

before 1/0 CLKf, tsu(A) 

Setup time, CS low before clocking in first 
System 

2 2 clock 
address bit, tsu(CS) (see Note 4) 

cycles 

Input/Output clock frequency, fCLK(liO) 0.005 2.048 0 0.525 MHz 

System clock frequency, fCLK(SYS) fCLK(I!O) fCLK(I/O) MHz 

System clock high, twH(SYS) 110 210 ns 

System clock low, twLlSYS) 100 190 ns 

Input/Output clock high, twH(I/O) 200 808 ns 

Input/Output clock low, twL(I/O) 200 808 ns 

fCLK(SYS) $ 1048 kHz 30 30 
System ns 

Clock transition time fCLK(SYS) > 1048 kHz 20 20 

(see Note 5) fCLK(I/O) $ 525 kHz 100 100 
I/O ns 

fCLK(I/O) > 525 kHz 40 40 

Operating free-air TLC540M, TLC541 M -55 125 -55 125 
°c 

temperature, T A TLC5401, TLC5411 -40 85 -40 85 

NOTES: 3. Analog input voltages greater than that applied to REF + convert as at! "1 "5 (11111111). while input voltages less than that applied to REF
convert as all "O"s (00000000). For proper operation, REF + voltage must be at least 1 volt higher than REF - voltage. Also, adjusted errors 
may increase as this differential reference voltage falls below 4.75 volts. 

4. To minimize errors caused by noise at the Chip Select input, the internal circuitry waits for two system clock cycles (or less) after a chip select 
falling edge is detected before responding to control input signals. Therefore, no attempt should be made to clock-in address data until the chip 
select setup time has elapsed. 

5. This is the time required for the clock input signal to fall from VIH min to VIL max or to rise from VIL max to V!H min. 
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TYPES TLC540M, TLC5401, TLC541 M, TLC5411 
8·BIT ANALOG· TO· DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

electrical characteristics over recommended operating temperature range, 
Vee = VREF + = 4.75 V to 5.5 V (unless otherwise noted), fClK(l/O) 2.028 MHz for 
TlC540 or fClK(l/O) = 0.525 MHz for TlC541 

PARAMETER TEST CONDITIONS MIN Typt 

VOH High-level output voltage (pin 16) Vee = 4.75 V. 10H = 360 p.A 2.4 

VOL Low-level output voltage Vee = 4.75 V, 10 = 3.2 mA 

Off-state (high-impedance state) Vo = Vee, es at Vee 
10Z 

output current Vo = 0, es at Vee 

IIH High-level input curr~nt VI = Vce + 0.3 V 0.005 

IlL Low-level input current VI = 0 -0.005 

lee Operating supply current CS at 0 V 1.2 

Selected channel at Vee, 
0.4 

Selected channel leakage current 
Unselected channel at 0 V 

Selected channel at 0 V, 
-0.4 

Unselected channel at Vee 

lee + IREF Supply and reference current VREF + = Vee. es at 0 V 1.3 

I Analog inputs 7 
ei Input capacitance 1 ~ontf(ll inputs 5 

t All typical values are at T A = 25°e. 

operating characteristics over recommended operating free-air temperature range, 
VCC = VREF + = 4.75 V to 5.5 V, fClK(l/O) = 2.048 MHz for TlC540 or 

MAX 

0.4 

10 

-10 

2.5 

-2.5 

2 

1 

-1 

3 

55 

15 

0.525 MHz for TlC541, fClK(SYS) = 4 MHz for TLC540 or 2.097 MHz for TlC541. 

TLC540 TLC541 
PARAMETER TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

Linearity error See Note 6 ±0.5 ±0.5 
Zero error See Note 7 ±0.5 ±0.5 
Full-scale error See Note 7 ±0.5 ±0.5 
Total unadjusted error See Note B :t:O.5 ±O.5 

Self-test output code 
I input address = i Oi i ,Ai i I OiiiiiOi 1CCCCC11 101111101 10000011 

(See Note 9) (125) (13H (125) (131 ) 

tconv eonversion time 10 19 

tacQ Channel acquisition time 4 4 

Time output data 

tv remains valid after 10 10 

1/0 clock,l. 

td 
Delay time, 1/0 clock"-

200 400 
to data output valid 

Output access time 

tacc (delay to valid output See Parameter 1 3 1 3 
after chip select"-) Measurement 

ten Output enable time Information 150 150 

tdis Output disable time 150 150 

tr(bus) Data bus rise time 300 300 

tf(bus) Data bus fall time 300 300 

NOTES: 6. Linearity error is the maximum deviation from the best straight line through the AID transfer characteristics. 

UNIT 

V 

V 

p.A 

p.A 

p.A 

mA 

p.A 

mA 

pF 

UNIT 

LSB 

LSB 

LSB 

LSB 

ILS 

1/0. 

clock 

cycles 

ns 

ns 

System 

clock 

cycles 

ns 

ns 

ns 

ns 

7. Zero Error is the difference between the output of an ideal and an actual AID for zero input voltage; full-scale error is that same difference for 
full-scale input voltage. 
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8. Total Unadjusted Error is the sum of iinearity. zero, and full-scale errors. 
9. Both the input address and the output codes are expressed in positive logic. 
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TYPES TLC540M, TLC5401. TL~541 M, TLC5411 
8·BIT ANALOG· TO· DIGITAL PERIPHERALS 
WitH SERIAL CONTROL AND 11 INPUTS 

PARAMETER MEASUREMENT· INFORMATION 

1.4V 
VCC 

3kn 
3ka 

OUTPUT TEST 
!JNPER T~ST-...-.t---POINT 

OUTPUT 
UNDER TeST 1 

CL 

1 TEST POINT 

3kll 

OUTPUT - ...... ~-TEST POINT 
UNDER TEST 

CL 
(SEE NOTE A) l' (SEE NOTE A) q:' (SEE NOTE A)~ 

(SEE NOTE B) (SEE NOTE B) 

I/O 
CLOCK 

LOAD CIRCUIT FOR 
ld. tace. t r • tf 

LOAD CIRCUIT FOR 
t~ZH AND tpHZ 

LOAD CIRCUIT FOR 
tpZL AND tpLZ 

cs t 150%, Vee 

, ---------T--~-------OV 
OUTPUT 

WAVEFORM 1 
(SEE NOTE C) 

~tPZL~ ~tPLZ~ 
I ~-:- -Vee I ~/ Vee ! \50% : f10~ ___ VOL 

If--tPZH--+t I 
I I -- --- VOH 

OUTPUT 150% I . -t 90% 
WAVEFORM 2 ______ .JT' ~tPHZ_.i'-__ --· 0 V 

(SEE NOTE C) 
(SEE NOTE B) 

, VOL TA~E WAVEFORMS FOR ENABLE AND DISABLE TIMES 

\---- --O.8V 

, 
'---tct~ 

OUTPUT J~==~~-=-~}\~~==::: 
I I I I~----

DATA Xl ----------2.4V 

OUTPUT - - - - - -----O.8V _______ ..J 

VOLTAGE WAVEFORM FOR DELAY TIME 

NOTES: A. CL = 50 pF for TLC540 l'tnd 100 pF for TLC541 

B. ten = tpZH or tpZL. tdis = tpHZ or tpLZ 

tr +I fit- -.t 14- tf 

VOLTAGE WAVEFORM FOR 
fUSE AND FALL TIMES 

C, Waveform 1 is for an Olltput 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. 
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TYPES TLC540M, TLC5401, TLC541 M, TLC5411 
8·BIT ANALOG·TO·DIGITAL PERIPHERALS 
WITH SERIAL CONTROL AND 11 INPUTS 

principles of operation 

The TlC540 and TlC541 are each complete data acquisition systems on a single chip. They include such 
functions as analog multiplexer, sample-and-hold, 8-bit A/D converter, data and control registers, and control 
logic. For flexibility and access speed, there are four control inputs [two clocks, chip select (CS), and 
address]. These control inputs and a TTL-compatible 3-state output are intended for serial communications 
with a microprocessor or microcomputer. With judicious interface timing, with TLC540 a conversion can 
be completed in 10 microseconds, while complete input-conversion-output cycles are being repeated every 
14 microseconds. With TlC541 a conversion can be completed in 19 microseconds, while complete input
conversion-output cycles ~re repeated every 35 microseconds. Furthermore, this fast conversion can be 
executed on any of 11 inputs or its built-in "self-test," and in any order desired by the controlling processor. 

Though they can be operated "tied" together, the System Clock and I/O Clock are normally used 
independently, with no special phase or speed relationship to be considered. This allows integrated circuit 
operation to continue independent of serial Input/Output timing, permitting manipulation of the I/O Clock 
as desired for a wide range of software and hardware needs. 

The I/O Clock, Data Input, and Data Output are controlled by CS. It floats the 3-state output and shuts 
off signals to other control inputs while it is high. This allows any pins except pin 15 to share lines with 
other integrated circuits. A normal control sequence is as follows: (1) CS goes low; (2) a new positive
logic multiplexer address is clocked in through the address input on the first four 110 Clock rising edges 
while previous conversion results are brought out on the first seven I/O Clock falling edges. Input and output 
most-significant bits (MSB) are first, with the output MSB available at the start of the cycle; (3) the on
chip sample-and-hold begins sampling a newly addressed input after the 4th falling edge, and goes into 
the hold mode on the 8th 'falling 110 Clock edge just before conversion; (4) CS must then go high or the 
1/0 Clock must remain low for at least 40 system clock cycles to allow conversion. A new address may 
then be loaded or the previous conversion results read any time CS is brought low, but it should be noted 
that any pending conversion may stop. 

The instant that the TLC540 or TLC541 holds a sample of the analog input, conversion can be determined 
undei softwaie contiO: (Oi by extemallogic), by keeping the 8th I/O Clock cycle high. Any output data 
••• :11 1-. ..... '" ... 1 .. "' ... ...1 .. 1-.",,,, ... "l-.iH,."...I ,.,. .. + .,...,....1 TI ("'hAn nr TI ("'hA 1 \A,ill ,...nn-tinllo ~!:lrnnlinn !:l nO\AI !:In!:llnn innllt 
VYII' IIClVQ QII1JQuy LI'Ci'Ci11 "'III"~U ...,U .. , ""'IU , ... '-'....,~""' "" .... "' ..... -y •••••• "'''' ......... ''' "'-••• t' •••• ~ - •• _-. _ •• _._tJ ........ _ .. . 
At the desired time, the 1/0 Clock signal can then" be lowered freezing the voltage and turning off all anaiog 
inputs. In this manner, signals can be sampled at precise intervals for a wide range of comparison or 
processing applications; in much the same manner as a strobe light is used to determine engine speed. 
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WESTERN DIgITAl, 
CORPORA TION 

NEW PRODUCT. BULLETIN 
Programmable CRT Controller 

WPS275 
FEATURES 
• PROGRAMMABLE CHARACTER/SCREEN FORMAT 

1-16 LINES PER ROW . 
1-64 ROWS PER FRAME 
1-80 CHARACTERS PER ROW 

• SIX FIELD ATIRIBUTES 
BLINK 
HIGHLIGHT 
REVERSE VIDEO 
UNDERLINE 
2-USER PROGRAMMABLE 

• ELEVEN CHARACTER ATIRIBUTES 
RIGHT ANGLE LINE GRAPHIC SYMBOLS 

• FOUR CURSOR CONTROLS 
BLlNKlNONBLlNK UNDERLINE 
BLlNKlNONBLINK REVERSE VIDEO BLOCK 

• LIGHT PEN DETECTION 
• REQUIRES + 5 VOLT ONLY 
• 40 PIN CERDIP AND PLASTIC PACKAGES 
• COMPATIBLE WITH INTEL D8275/P8275 

DESCRIPTION 

DATA 
BUS 

BUFFER 

DB0-7 

ORO DACK 

1------1 CCo-o 

~-CCLK 

~~~~--1 LC0-
3 

ROW 
COUNTER 

~=====t=~.: ~ 
RASTER 
TIMING 

VIDEO 
CONTROL 

1-----. HLGT 
1-----" VRTC 
~::::!t HRTC 

LA0-1 
~~GPA0-1 

~===r---t LPEN 

LIGHT PEN ~- LTEN 

WD 8275 BLOCK DIAGRAM 

The WD8275 programmable CRT Controller is a single chip device used to interface raster scan displays with 
microcomputer systems. Its function is to re-fresh the display by buffering data from main memory and by track
ing the display. position on the screen. The design flexibility will allow simple interface to raster scan CRT's with 
a minimum of external hardware/software overhead. 

PROPOS~D APPLICATIONS 
May be used in a wide variety of terminal applications both romote and resident to the computer system. Addi
tionally, this is an ideal device for Light Pen applications. It is available in 2MHZ and 3MHZ versions (CCLK). 

SYSTEM BUS 

II 
MEMORY 

l- .. 
I I VIDEO SIGNAL 

DMA r CHARACTER 
CONTftOLLER 

WD8275 ... GENERATOR DOT HORIZONTAL SYNC 
PROGRAM- TIMING CRT 

MABLE , 
AND VERTICAL SYNC 

CRT 
CCLK INTERFACE 

CONTROLLER INTENSITY 

VIDEO CONTROLS 

SIMPLIFIED SYSTEM DIAGRAM 

'ne, 1983 2445 McCABE WAY 
IRVINE, CALIFORNIA 92714 (714) 863-0102, TWX 91()'595-1139 
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WESTERN DIGITAl. 
CORPORA TION 

NEW PRODUCT BULLETIN 
Small System CRT Controller 

WD8276 
FEATURES 
• PROGRAMMABLE CHARACTERISCREEN FORMAT 

1-16 LINES PER ROW 
1-64 ROWS PER FRAME 
1-80 CHARACTERS PER ROW 

• SIX FIELD ATIRIBUTES 
BLINK 
HIGHLIGHT 
REVERSE VIDEO 
UNDERLINE 
2-USER PROGRAMMABLE 

• FOUR CURSOR CONTROLS 
BLlNKlNONBLINK UNDERLINE 
BLlNKlNONBLINK REVERSE VIDEO BLOCK 

• REQUIRES +5 VOLT ONLY 
• 40 PIN CERDIP AND PLASTIC PACKAGES 
• COMPATIBLE WITH INTEL D8276/P8276 

DATA 
BUS 

BUFFER 

[ 
DB~7 

TTTT 
READ 
WRITE 

CONTROL 

lJovl 

--'-

r-I 
ROW 

r- BUFFERS 
CONTROLLERS 

+ 
CHARACTER 
COUNTER 

I 
LINE 

COUNTER 

I 
ROW 

COUNTER 

}-- ~ 
RASTER ,. 
TIMING 

VIDEO 
CONTROL 

) CC0-6 

CCLK 

~LC~3 

I 

HRTC 
VRTC 
HLGT 
RVV 
LTEN 
VSP 

GP~l 
r 

WD8276 BLOCK DIAGRAM 

DESCRIPTION 
The WD8276 Small System CRT Controller is a single chip device used to interface a raster scan CRT display 

. wiih a microcomputer in minimum device count systems. It contains the necessary building blocks to refresh 
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between CRT display and system data bus with a minimum of external hardware. 

PROPOSED. APPLICATIONS 
An ideal, low cost device for both terminal and small computer system designs. It is available in both 2MHZ 
and 3MHZ versions (CCLK). 

SERIAL PROGRAM 
COMMUNICATIONS ~ DISPLAY 

VIDEO SIGNAL CHANNEL MEMORY f--------o. CHARACTER 
GENERATOR 

WD8276 (ROM OR HORIZONTAL SYNC ~ DOT WESTERN SMALL ----( RAM) 

I 
TIMING DIGITAL CS SYSTEM CRT 

UAATI 
I CAT AND VERTICAL SYNC 

BOAAT CONTROLLER CCLK INTERFACE 

74XX INTENSITY 
DECODER 

VIDEO CONTROLS 

~ 11 II 
SYSTEM BUS 

SIMPLIFIED SYSTEM DIAGRAM 

2445 McCABE WAY 
June, 1983 IRVINE, CALIFORNIA 92714 (714) 863-0102, TWX 910-595-1139 
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WESTERN DIGITAL. 
CORPORA TION 

NEW PRODUCT BULLETIN 
General Purpose Interface Bus (GPIB) Controller 

WD9914 . 

FEATURES 
• IEEE STD 488 (1975/8) COMPATIBLE 
• TALKER/LISTENER FUNCTIONS WITH EXTENDED 

ADDRESSING 
• SYSTEM CONTROLLER CAPABILITY 
• SERVICE REQUEST 
• SERIAUPARALLEL POLLING 
• DEVICE CLEARITRIGGER 
• DMA FACILITIES 
• COMPATIBLE WITH MOST MICROPROCESSORS 
• REQUIRES + 5VDC ONLY 
• 40 PIN CERDIP/PLASTIC PACKAGING 
• COMPATIBLE WITH TEXAS INSTRUMENTS 

TMS9914A 

DESCRIPTION 

IEEE 488 
STATE 

DIAQRAM 
+ 

CONTROL 
LOGIC 

t 1.1 
MESSAGE 
DECODE 

GPIB 
CONTROL 

'----_--'1 1'-_---'1 
> 

REGISTER 
ADDRESS 

. DECODE 

WD9914 BLOCK DIAGRAM 

GPIB 
DATA 

The WD9914 GPIB Controller is a microprocessor controlled device designed to perform the interface function 
between a microprocessor and the IEEE 488 General Purpose Interface Bus. It automatically handles all Talker, 
Listener, and Controller operational modes. This relieves the microprocessor from maintaining bus/protocol. 

PROPOSED APPLICATIONS 
The WD9914 is used in a variety of instruments interconnected by the GPIB and remotely or automatically pro
grammed and controlled. The following is an example: 

MASTER 1984 

LAB 
ANALYSER! 

TESTER 

IEEE 488 BUS 

TESTER 
PLOTTER 

SIMPLIFIED SYSTEM DIAGRAM 

2445 McCABE WAY 
IRVINE, CALIFORNIA 92714 

~
D 

9914 

MPU 
~ 

MICRO 
COMPUTER 

(714) 863-0102, TWX 910.595-1139 
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WESTERN DIGITAl. 
CORPORA TION 

NEW PRODUCT BULLETIN 
Video Display Processor 

WD9918/9928/9929 
FEATURES 
• 32 SPRITE (OBJECT ANIMATION) PLANES 

• 15 UNIQUE COLORS 

• GENERAL 8 BIT CPU INTERFACE 

• DIRECT INTERFACE TO 4K, 18K OR 16K RAMS 

• 256 X 192 TV SCREEN RESOLUTION 

• COMPOSITE VIDEO OUTPUT (WD9918) 

• COLOR DIFFERENCE OUTPUlS (WD9928/9929) 

• EUROPEAN PAL (625 L1~E) TV (WD9929) 

• REQUIRES + 5 VOLT ONLY 

• 40 PIN CERDIP/PLASTIC PACKAGES 

• COMPATIBLE WITH TEXAS INSTRUMENlS 
(TMS9918A, 9928A, 9929A) 

SPRITE 
REGISTERS 

COUNTERS 
SHIFT REG. 

COLOR 
CONTROLLER 

VIDEO 
OUT 

WD9918 BLOCK DIAGRAM 

DESCRIPTION 
The Video Display Processor is used to interface a microp-rocessor and screen refresh memory with a raster 
scan color CRT display. The device generates all necessary video, control and synchronization signals. Addi
tionally, it controls the storage, retrieval, and refresh of dispiay data in the dynamic screen reiresh memory. 

PROPOSED APPLICATIONS 
The WD9918/28/29 are used in any video system requiring the display of digital data on a home color televi
sion or coior monitor. This includes color computer terminals, home computers, process monitoring, and drafting 
aids. 

ADDRESS BUS 

CPU 
ROM/RAM 

June, 1983 

DATA BUS 

CPU 
VIDEO 

DISPLAY 
PROCESSOR 

VIDEO DYNAMIC 
RAM (VRAM) 

COMPOSITE 
VIDEO 

(WD9918) 

COLOR DIFFERENCE 
WD9928 
WD9929 

SIMPLIFIED SYSTEM DIAGRAM 

2445 McCABE WAY 
IRVINE, CALIFORNIA 92714 
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INTRODUCTION 
TOLINEAR 

The Master Selection Guide provides sufficient informa
tion to make initial product selections. All devices that 
appear in this section, both in the initial selection guide 
and the data pages, are included in the indexes. These 
index listings lead to the page and the line on that page 
where each device appears. 

In the Linear section over 1100 operational amplifiers are 
covered. Since there are so many devices, the operational 
amplifier entries have been given special consideration. 
Separate lists are provided for those which have High 
Speed, High Voltage capability, Wide bandwidth, etc. 
Under General Purpose, four amplifier types are listed; . 
these are the ones that the high volume manufacturers 
indicate are the most widely used; however, quad amplifi
ers should also be considered when appropriate. If you 
have located an op amp in a specialized category, you can 
review its characteristics by finding it in the Part Number or 
Product Indexes and looking it up In tne Operationai 
Amplifier Characteristics and in the Data Sections. 

Following the special lists, the "Operational Amplifier 
Characteristics" listings categorize amplifiers by input 
parameters. They are arranged in order of increasing offset 
voltage, bias current, offset current and then voltage drift. 
The other parameters listed do not affect the sequence in 
which the devices are presented. The column labeled 
"Comp" indicates the number of external components 
normally used for compensation for example "0" means 
no compensation is required. 

Consumer circuits such as audio amplifiers, AM, FM, and 
TV circuits as well as some digital devices (watches, cal
culators, etc.) are covered by model number in the Con
sumer Circuit Section. Linear devices and unusual circuits 
which do not fit elsewhere are listed under the heading 
"Other Linear Devices." 
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CATEGORY 

Amplifiers, Special Purpose 3155 
Arrays 

Transistor 3157 
Special 3158 

Comparators 3159 

Consumer Circuits 3164 
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Operational Amplifiers 
Selected Characteristics 

General Purpose 3175 
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High Speed 3176 
High Voltage 3176 
Low Bias Current 3177 
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Fixprj 3221 
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Detailed Product Information 
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Advanced Micro Devices 330 ) 
American Microsystems, Inc. 3339 
Analog Devices 3350 
Exar Integrated Systems 3365 
Harris Semiconductor 3392 
I ntersi I Corporation 3472 
Micro Power Systems 3529 
Motorola Semiconductor 3530 
National Semiconductor 3537 
NEC Electionics 3543 
Panasonic 3556 
Pless~y Semiconductors 356 ) 
Precision Monolithics, Inc. 3565 
Raytheon 3576 
RCA 3593 
Signetics 3605 
Silicon Systems 3685 
Texas Instruments 3687 
TRW LSI Products 370 
Unitrode Corporation 370 
The manufacturers listed above have provided d 
tailed information on their latest and most significa 
products. 
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EINFUHRUNG 
LINEAR
SCHALTUNGEN 
Der Master Selection Guide ftir Linearschaltungen 
enthalt aIle Informationen, die Sie ftir die Erstauswahl 
Ihres Produkts benotigen. Die Bauteile, die in diesem 
Abschnitt erscheinen, sowohl im Selection Guide als 
auch auf den Datenblattern, sind in allen Master In
dexes enthalten. Diese Register verweisen auf die Seite 
und Zeile, auf der das entsprechende Bauelement 
vorkommt. 

Der Linear-Teil enthalt tiber 1100 Operationsverst
arker. Da es hier sehr viele Bausteine gibt, haben die 
Eintragungen tiber Operationsverstarker besondere 
Beachtung gefunden. Es gibt getrennte List~n fUr 
solche mit hoher Geschwindigkeit, hoher Spannung, 
groper Bandbreite usw. Unter II Allgemeine Verwen
dung" (General Purpose) find en sich vier Verstarker
typen. Laut Aussage der gropen Hersteller sind dies 
die Gebrauchlichsten~ J edoch soIl ten auch Vierfach
Verstarker auf ihre Verwendbarkeit hin untersucht 
werden. Haben Sie einen Operationsverstarker in 
einer bestimmten Kategorie gefunden, so schlagen 
Sie ihn im numerishen Typenverzeichnis oder im 
Produktverzeichnis nach und tiberpriifen seine Eigen
schaften unter der Rubrik "Operational Amplifier 
Characteristics" und in den Datenblattern. 

Der Abschnitt "Eigenschaften von Operationsvers
tarkern" (Operational Amplifier Characteristics) 
bestimmt die Verstarker nach Eingangs-Parametern. 
Sie sind nach steigender Offsetspannung, Bias-Strom, 
offsetstrom und Spannungsdrift angeordnet. Die 
tibrigen aufgeftihrten Parameter haben· keinen Einflu,B 
auf die Reihenfolge, in der die Bauteile genannt wer
den. Die Spalte "Comp" nennt die Anzahl externer 
Bausteine, die normalerweise ftir die Kompensation 
verwendet werden. "0" z.B. bedeutet, da,B keine 
externe Kompensation erforderlich ist. 

Consumer-Schaltkreise wie Audio-V~rstarker, AM, 
FM und TV -Schaltungen sowie einige Digital-Bauteile 
(Uhren, Rechner usw.) erscheinen nach Typennum
mer im Abschnitt "Consumer Circuit Section." Solche 
Linear-Bauelemente und Schaltungen, die in keine 
entsprechende Rubrik passen, werden unter der 
Uberschrift "Sonstige Linear- Bauelmente" (Other 
Linear Devices) aufgeftihrt. 

Neu in diesem J ahr sind erweiterte Listen von Sample/ 
Hold Verstarkern und von festen und einstellbaren 
Spannungsreferenzen (Fixed and Adjustable Voltage 
References). Zusatzlich zu der Auflistung unter 
"Other Linear Devices" find en Sie wichtige Leistungs
?arameter ftir diese Produkte am Schlu,B des Linear
~-Iauptteils. 
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INTRODUCTION AUX 
SYSTEMES LINEAIRES 
Le Guide General de Selection fournit suffisamment de 
renseignements pour permettre des selections initiales 
de produits. Tous les appareils mentiones dans cette 
Section, a la fois das Ie Premier Guide de Selection 
et dans les feuilles de donnees, sont inclus dans tous 
les index. Ces index indiquent a queUe page et a queUe 
ligne il a ete fait mention de tel ou tel appareil. 

La Section "Lineaire" decrit plus de 1100 amplificateurs 
operationnels. Du fait du nombre considerable d'ap
pareils entrant dans cette categorie, une attention toute 
speciale a ete apportee lors de leur classification. Des 
listes enumerent separement les appareils a grande 
vitesse, a capacite de haut voltage, a grande plage de 
frequence, etc. Dans la rubrique "Applications Gene
rales" (General Purpose), quatre types d'amplificateurs 
sont cites. Ce s~nt, d'apres les gros fabricants, ceux 
qui sont Ie plus couramment usites. Les amplificateurs 
uQUAD" sont egalement dignes d'attention dans cer
tains cas. Si vous recherchez un amplificateur opera
tionnel dans une categorie bien definie, vous pourrez 
en obtenir les caracteristiques en consultant les index 
des Numeros de Pieces Oll de Produits, ainsi que la 
Section "'Caracteristiques des Amplificateurs Opera
tionels" et les feuilles de donnees. 

La Section "Caracteristiques des Amplificateurs Ope
rancnnels", cffre une liste d'amplificateurs classes 
par parametre d'erttree. Ces dl2'r:nil2'r~ font apparaltre 
dans l'ordre : la tension de compensation, l'ajuste
ment intensite/ courant, la compensation du courant, et 
enfin Ie changement de tension. Les autres parametres 
indiques n' affectent pas l' ordre dans lequel les appa
reils sont presentes. La colonne intitulee "CaMP" 
indique Ie nombre de composants externes egalement 
utilises dans un but de compensation, exemple : "0" 
signifie qu' aucune compensation n' est necessaire.· I 

Les circuits de grande consommation tels que les am
plificateurs radio AM, FM, les amplificateurs television, 
ainsi que les appareils digitaux (montres, calculatrices, 
etc.) sont regroupes par numero de modele dans la 
Section "Circuits de Grande Consommation" (Con
sumer Circuit Section). Les appareils lineaires et autres 
circuits de moins grande utilisation qui n'entrent pas 
dans les autres categories, sont enumeres dans la 
Section 1/ Autres Appareils Lineaires" (Other Linear 
Devices). 

Un additif nouveau a l' edition de cette annee : des 
. references sur les amplificateurs partiels/ continus, et 

avec voltage fixe ou ajustable. En plus des listes 
fournies dans la Section" Autres Appareils Lineaires", 
d' autres parametres de performance relativement im
portants pour ces produits, apparalssent a la fin du 
Guide General de Selection Lineaire. 
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, 
INTRODUCCION 
A LINEAL 
La Gufa Maestra de Seleccion provee suficiente infor
macion para hacer' selecciones inidales del producto. 
Todas las componentes que aparecen en esta seccion, 
ya sea en la gufa de seleccion inicial 0 en las paginas 
de datos, estan inclufdas en todos los otros indices. 
Estas listas de indices los refiere a la pagina y linea de 
aquella pagina donde se encuentra cada componente. 

En la seccion bajo Lineal, aparecen mas de 1,100 am
plificadores operacionales. Debido a que hay tantas 
componentes, se les ha dado consideracion especial a 
los amplificadores operacionales. Listas apartes son 
provistas para equellos con Alta Velocidad, Capacidad 
de Alto Voltaje, Banda Ancha, etc. Bajo Proposito 
Generat aparecen cuatro tipos de amplificadores, estos 
son los que los fabricantes mayores piensan son los 
mas usados;sin embargo, los amplificadores cuad
rangulares deben tambU~n ser considerados cuando 
sea necesario. Si usted ha localizado un amp. op. en 
una categorfa especializada, puede usted estudiar Sus 
caracterlsticas encontrandolo en el Indice de Producto 
'0 Numero de Pieza y buscandolo en la Seccion de 
Datos de las Caracterlsticas de los Amplificadores 
Operacionales. 

Siguiendo las listas especiales, la lista de "CaracterlS
ticas del Amplificador Operacional" categoriza los 
amplificadores por parametros de entrada. Estos estan 
arreglados por orden ascendente de tension' contrapu
esta corriente de polarizacion, corriente contrapuesta, 
y tambien deslizamiento de voltaje 0 tension. Los 
otros parametros mencionados no afectan la secuen
cia en que las componentes aparecen. La columna 
titulada "Comp" indica el numero de componentes 
externas que normalmente se emplean para compen
sacion; por ejemplo "0" significa que no requiere 
compensacion. 

Circuitos del Consumidor como audioamplificadores, 
AM, FM, y circuitos de TV as! como tam bien algunas 
componentes, digitales (relojes, calculadoras, etc.) 
aparecen por numero de modelo en la Seccion de Cir
cuitos del Consumidor. Componentes Lineales y cir
cuitos poco comunes que no corresponden en otras 
secciones aparecen bajo el titulo "Otras Componentes 
Lineales." 

Listas . expandidas para Amplificadores de Muestral 
Retencion y Referencias de Voltaje Fijas y Ajustables 
son nuevas para este ano. Ademas de las listas bajo 
Otras Componentes Lineales, parametros de redimi
ento significantes para estos productos aparecen al 
final de la Guua Maestra de Seleccion. 
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LINEAR-Amplifiers, Special Purpose 

Function Device Source line FIIIICtIon DevIce Source line 

Special Purpose 
\ 

..... , ... W ... _ I 
1R2241 Eur (3371.3312) 

AC Amplifier, Quad, Single Supply Front End Amplifier (for ultrasonic or infrared remote 
CA3_ tlCA (3801) control systems) 
CA3052 RCA (3801) TOM180 Telefunken 

AGC Amplifier, 20 Hz to 10 MHz; 6 dB Dynamic Range Hearing Aid Amplifiers. See Unear-Consumer Circuits 
MY108 AnalogSys 

AGC Generator, for SSB Receivers 
Instrumentation Amplifier 

11IA101SM t Barr-Browl 
Sl621C Plessey (2851) 50 

AGC Generator (voice operated gain adjusting device) MPINA101A tMicroPwr 
Sl620C PJessey 5 MPINA101B tMicroPwr 
Sl6270 Plessey MPINA101C t MicroPwr 

Amplifier, CATV. See Unear-Consumer Circuits, TV MPINA101S t MicroPwr 

Amplifier for IR Remote Control (1300 dB gain, 8 kHz Instrumentation (commutating auto zero) 

bandwidth) U250 Telefunken ICL7605C Intersil 55 

U3043M TeJefunken ICl7605M t Intersi! 

U3083M Telefunken 10 ICl7606C Intersil 

Amplifier with Photodiode 
ICl7606M t Intersil 

TFA1OO1 Siemens Instrumentation, (different input, independent gain 

AudiO Amplifier with Three NPN Transistors adjustment) AMP-01 tPMI 

LM389 National Instrumentation, {differential input, independent gain 

Current Amplifier (unity gain, 100 rnA output) adjustment) AD521J AD 60 

3&"9 t Burr-Brown A0521K AD 

HA-5033 t HlITIs (3462) AD521L AD 

lHOOO2 t National 15 AD52JS tAD 

lH0002C National 3626A Burr-Brown 
3626B Burr-Brown 65 

Current Amplifier (unity gain, 200 rnA output) 3626C Burr-Brown 
3553 t BIIfT-Bre .. 

3629 t BIIfT-BraWI (2850.2851 ) 
(2851) 

9963 tOEI 
3630A BIII'J'-BrowI 

Current Amplifier (unity gain, 300 rnA output) (2851) 
MCl438 Motorola 3630B BIIT-1Jnnn 
MCl538 t Motorota 20 

(2851) I 2003 TeledyneP 363De BIIfT-BruWII 
2003-01 tTeledyneP (2851) 70 

Current Amplifier (unity gain, 500 rnA output) 3630S BIfT-...... 
9910 tOEI (2851) 

9911 tOEI IlIA 101 BIUT-lron 

Current Amplifier (unity gain, 600 rnA output) 
(2851) 

HA-2630 t HIrrIs (3410) 25 INA 104 Burr-Brown 

HA-2635 Harris .12200 Mlcr.l. (3042) 
1Il22OOII t .,crIIItt (3042) 75 

Current Amplifier (wideband, 100 rnA output) MN2201 MlcroNet 
HOS-100AH AD (3353) MN2201H t MiCroNet 
HOS-l99SH tAD LHOO36 t National 

Current Amplifiers, See also Linear-Followers LHOO36C National 

Current Booster, 100 rnA Output (for op amp) lH0037 t National 80 
2035 tTeledyneP 30 LH0037C National 

Differential/Cascade Amplifier (de to rf) lH0038 t Natidnal 

MC3330 Motorola LHOO38C National 

CA3028A t RCA (3603) AD522A AD 

CA3028B tICA (3603) AD522B AD 85 

CA3053 t RCA (3603) AD522S tAD 

Differential High Speed FET Input Amplifier 
HC3020 HyComp 

MP215 Analoglc 35 lM163A t National 
LM363 National 

OifferentiallnpuUDifferential Output Amplifier (bandwidth LM363A t National 90 
less than 2 MHz) 

Instrumentation, Digitally Programmable Gain I MC1590G t Motorola 
CA3000 tRCA PGAl00A8 BIIIT-IrIwI 

(2851) 
DifferentialNideo Amplifier P8A100B8 BIrr-BrIWI 

ClC103A Com linear (2851) 
CLC103AM t Comlinear lHOO84 t National 
~PC754 lEe (3547) 40 LHOO84C National 

Fiber OptiC Receiver Amplifier LH0086 t National 95 
lH0082 t National lHOO86C National 
LHOO82C National AM-54211C DIIaI (2861) 

Floppy Disc Read Amplifier System A11-542 •• tllllll (2861) 
XR3470A Enr (3372.3373) AM-542MB 111111 (2861) 
1IC3470 •• 1II'1II (3061) All-54311C 111111 (2861) 100 
.CU7OA • oteroll (3061) 45 AM-543M • t DItII (2861) 
MC3470 TI .543. 111111 (2861) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
BIItI fica 1I.'ClIII ... 111 •• , nil Is ,...,... II l1li PIlI "". 
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Function Device Source line 

Instrumentation, Pin Programmable Gain 
AD624A AD 
A0624!J AD 
AD624C AD 105 
AD624S tAO 

Instrumentation (unity gain) 
3627 Blrr-Browl 

(2851) 

Isolation Amplifier 
MP225A AnaJoglc 
MP227 Analoglc 

Isolation Amplifier, High Gain 
MP226 AnaJogIc 110 

Isolation Amplifier, Optically Coupled 
36508B BIrr-Bro .. 

(2852) 
36528B Blrr-Brlwl 

(2852) 
IS0100A' B~-Brlw. 

(2852) 

Isolation Amplifier, Transformer Coupled I 
3456 BIIfT-BRIWI 

(2851) 
3656AG B.r-Br"l 

(2851) 115 

Isolation Amplifier, 4 Channel 
AH427 Analogic 

Unear-AntiJog Amplifier (current in, current out) 
SSM2010 SSM 
SSM2012 SSM 

Unear-Antilog Amplifier, Dual (differential input, separate 
control inputs) 

SSM2000 SSM 
SSM2020 SSM 120 
SSM2022 SSM 

log Amplifier XR7000 Ex.r (3385) 

log Amplifier, Bipolar (module) 
2531A OEI 

log/Antilog Amplifier, (antilog) 
ICl8049C Intersil 
2910 tOEI 125 
2920 OEI 
SSM2100 SSM 

Log/Antilog Amplifier, (log) 
4127 BIIfT-Bmn 

(2852) 
ICL8048C Intersil 
2910 tOEI 130 
2920 OEI 
Tl441M tTl 

Log/Log Ratio Amplifier 
LOG 1 00 BIrr-Brawl 

(2852) 

low Noise, Low level, Chopper Stabilized Amplifier 
MP221 Analogic 

Memory Read Amplifier, Four Head Disk 
I TlO3O TI 135 

Microphone Amplifier, Electret 
PBL3721 RIFA 

Microphone Amplifier (for microphones in telephones) 
1000246 Telefunken 

Microphone/Headphone Amplifier 
Sl6310 Plessey 

Microphone Preamplifier 
SSM2015 SSM 

Mixer (to 200 MHz) 
8042 Siemens 140 

Operational Amplifier, Band-Select Switch, AfT Mode 
Switch (for frequency-synthesizer TV systems) 

CA3166 RCA 
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LINEAR-Amplifiers, Special Purpose (Cont'd) 

Function Device Source Line Function Device Source line 

Special Purpose (Cont'd) RF Amplifiers, Hybrids 
MHW401 Motorola 

Operational Amplifier/Comparator with Shutdown Control MHW590 Motorola 
and Isolated Transistor MHW591 Motorola 

CA3177 RCA MHW592 Motorola 

Operational AmplifierNoltage Comparator, Dual MHW593 Motorola 50 

LM2924 National MHW601 Motorola 

LM3924 'National MHW602 Motorola 

.LM192 t National MHW603 Motorola 

LM292 National 5 MHW709 Motorola 

LM392 National MHW710 Motorola 55 
CA2800 TRW-LSI 

Operational Amplifier, Dual with Dual Voltage Comparator CA2810 TRW-LSI 
MC3405 Motorola 

CA2820 TRW-LSI 
MC3505 t Motorola 

CA2830 TRW-LSI 
Operational Transconductance Amplifier CA2840 TRW-LSI 60 

HA-23080 f H.rrli (3464) CA2842 TRW-LSI 

Operational Transconductance Amplifier, Dual CA2850 TRW-LSI 

LM13600 Raytheon 10 CA2851 TRW-LSI 

LM13600A Raytheon CA2870 TRW-LSI 
CA2871 TRW-LSI 65 

Power Amplifier, Motor and Actuator Driver, to 12 V, 1.5 A CA2875 TRW-LSI 
ICH85151 Intersi! 

CA2876 TRW-LSI 
ICH8515M t Intersi! 

CA2880 TRW-LSI 
Power Amplifier, Motor and Actuator Driver, to 24 V, 3 A Signal Sources Switch, (buffer amplifiers with input 

ICH851W 1 .... 11 (3479) switches) TDA1028 Signetlcs 
ICHI51011 f IItwIIi (3479) 15 TDA1029 Signetics 70 
ICII5201 1 .... 11 (3479) 

Thermocouple Amplifier with Cold JUnction Compensation 
ICHI52011 fl .... 11 (3479) AD594A AD (3356) 
ICHlnGi 1 .... 11 (3471) AD594C AD (3356) 
1C1153011 f 1.1.111 (3479) AD595A AD (3356) 

Power Transistor Driver/Amplifier, Biases External AD595C AD (3356) 
MOSFET Oevices Video Buffer Amplifier 

MA500 AnalogSys 20 HA-5033-2 tHarrls 75 

Preamplifier, for IR Remote Control HA-5033-5 Harris 

TDA2320 SGS Video, IF and RF Amplifiers 

Preamplifier, for UltrasoniC Remote Control CLC100 Comlinear 

TDA3047 Signetlcs I I 
CI..C102 Cam!!~r 

I CLC104A Comlinear 
Preamplifier, Infrared (74 dB gain, 100 kHZ oanawilitil; I CLC104AM tComlinear 180 

TDA4050B Siemens CLC200A Comlinear 
Preamplifier, Low Noise (35 dB gain, 100 MHz bandwidth) CLC200AM tComlinear 

AHOO13CA DEI CLC220A Comlinear 
AHOO13CB DEI 25 CLC220AM tComlinear 
AHOO13MA tOEI p.A733C Fairchild 85 

Preamplifier, PreciSion (to precede operational amplifiers) p.A733M t Fairchikl 

LM121 t National p.A733 t Intersil 

LM121A t National p.A733C Intersil 

LM221 National MC1550 t Motorola 

LM221A National 30 MC1733 t Motorola 90 

LM321 National MC1733C Motorola 

LM321A National NE592 • Motorola 
SE592 t Motorola 

Preamplifier, Temperature Controlled LM733 tNational 
p.A7?7C Fairchild p.PC1651 NEC 95 
p.A727M t Fairchild AN607 Panasonic 

Programmable Channel Op Amp (one of .. input stages can AN608 Panasonic 
be connected to single output) SL 1550 Plessey 

HA-2400 f Hlrrli (3314) 35 SL541 Plessey 
HA-2404 HarriS SL550 Plessey 100 
HA-2405 Harris SL560 Plessey 

Programmable Gain AmpiHier (digitally controlled gain) SL610C Piessey 

3606 BIrr-...... SL611C Plessey 

(2851) SL612C Plessey 

HS2020 HybridSys CA3001 tRCA 105 

_12020 _Icrllltl (3042) 40 CA3011 tRCA 
CA3020A RCA 

Read Amplifier/Preampliflef (for magnetic tape memory CA3021 tRCA 
systems) MC3467 Motorola 

CA3022 tRCA 
MC3468 Motorola CA3023 tRCA 110 

RF Amplifier, Gated CA3040 tRCA 
MC1445 Motorola IE592 Slpltles (3675) 
MCl545 t Motorola SE592 f Slplllel (3675) 
MCl445 TI 45 (Continued) 

t Military Temperature Range (- 55· to 125·C) • Typical Value 
....... 1 •• IcIIII .... u.aI .... 1I "." .... 1M .......... 
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Function Device Source line 

Video, IF and RF Amplifiers (Cont'd) 
TDA3541 Signetics 
p.A733 t Signetics 115 
p.A733C Signetics 
SG1401 tSiliconG 
SG2401 SiliconG 
SG3OO1 t SiliconG 
SG3401 SUiconG 120 
SG733 t SiliconG 
SG733C SiliconG 
NE592 TI 
TL592 TI 
p.A733C TI 125 
p.A733M tTl 
TA7061A Toshiba 

Voltage Controlled Amplifier 
SSM2013 SSM 

Wldeband Amplifier, Logarithmic Limiting (4 to 500 MHz) 
SL1531 Plessey 
SL1532 Plessey 130 
SL531C Plessey 
SL532C Plessey 

Wideband Ampllfl8l' with Low Level Video Detection (7 to 
200 MHz for log IF amplifiers) 

SL1521 t Plessey 
SL 1522 Plessey 
SL 1523 Plessey 135 
SL1524 Plessey 
SL 1525 Plessey 
SL521 Plessey 
SL523 Plessey 

Quad Current Controlled Amplifier 
SSM2024 SSM 140 

Hex Anaiog CMOS Amplifier 
MA113 AnaJogSys 

Two Wire Transmitter (Sends current signal over same 
two lines from which it is powered.) 

I 
ml._ tB..--ar ... 

(2851) I I liililJUAii' iur-irww. 
(2851) 

XTR100B11 f BIIIT-Irtw. 
(2851) 

XTR100BP BIrr-lr ... 
(2151) 145 

I..HOO45 t Natio!lal 
LHOO45C National 

t 
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LINEAR-Arrays 

FlIIlCtlon Device Source Line 

Transistor Arrays I 
Darlington Pair and Two Matched NPN Transistors 

W01I t RCA (3601) 
CA3018A t RCA (3601) 
CA3118 t RCA (3601) 
CA3118A tRCA (3601) 

Differential Pair and Three NPN Transistors 
I'A3086M Fairchild 5 
MC3346 t Motorola 
MC3386 t Motorola 
lM3045 t National 
lM3046 National 

-lM3086 National 10 
lM3146 National 
Sl3045 t Plessey 
Sl3046 Plessey 
Sl3145 t Plessey 
CA3045 tRCA (3601) 15 
CA3046 tRCA (3601) 
CA3086 tRCA (3601) 
CA3146 RCA (3601) 
CA3146A RCA (3601) 
TBA-3.31 SGS 20 
TCA671 Siemens 
TCA871 Siemens 
TCA971 Siemens 
TCA991 Siemens 
SG3045 SiliconG 25 
SG3046 SiliconG 
SG3086 t SIIiconG 
SG3146 SiIiconG 
SG3821 SiliconG 
SG3886 SiliconG 30 
UlN-2046A Sprague 
UlN-2086A Sprague 
UlS-2045H tSprague 

Dual Darlington (NPN) and Two NPN TranSistors 
SG3823 SiliconG 

Dual Darlington (NPN-PNP quasi complementary) 
TDA1410 SGS 35 
TDAl420 SGS 

Dual Darlington Switch 
UlN-2061M Sprague 
UlN-2062M Sprague 

Dual Differential Amplifiers (NPN), to 120 MHz 
CA3054 Motorola 
CA3026 RCA 40 
CA3054 RCA 
SG3822 SiliconG 
UlN-2054A Sprague 

Dual Differential AmpJHiers (NPN). to 500 MHz 
CA3049 tRCA (3801) 
CA3102 tRCA (3601) 45 

Dual Differential Amplifiers (NPN) with Diode Bias String 
CA3050 tRCA 
CA3051 RCA 

Dual Transistors (ft>5 GHz) 
Sl2363C Plessey 
Sl2364C PJessey 

Dual Transistors. Monolithic NPN. logarithmic 
Conformance MP318 MicroPwr 50 

MAT-Ol tPMI 
MAT-01A tPMI 
MAT-01F tPMI 
MAT-01G tPMI 
MAT-01H PMI 55 

Dual Transistors. Monolithic NPN Tightly Matched 
1T12O Intersi! 
1T12OA Intersil 
1T121 Intersil 
1T122 Intersil 

(Continued) 

t MUitary Temperature Range (-55° to 125°C) 

"Ie MASTER 1984 

Function Device Source Line 

- (Cont'd) 
Dual T"""',,s, _ .P. TIghtly ua_ I 

- MP301 MicroPwr - 60 
MP302 MicroPwr 
MP303 MiCroPwr 
MP310 MiCroPwr 
MP311 MlcroPwr 
MP312 MicroPwr 65 
MP313 MiCroPwr 
MP361 MicroPwr 
MP362 MicroPwr 
lMl94 t National 
lM394 National 70 
SL360 Plessey 
Sl362 PJessey 

Dual TranSistors, Monolithic NPN, Tightly Matched,low 
Noise IlAT-02A trill (3569) 

IlAT-02B trill (3569)-
IlAT-02E PIlI (3569) 75 
IlAT-02F PIli (3569) 

Dual Transistors, Monolithic N-Channel JFET. Tightly 
Matched MP3954 MicroPwr 

MP3954A MiCroPwr 
MP3955 ftiicroPwr 
MP3956 MicroPwr 80 
MP3958 MicroPwr' 
MP5911 MiCroPwr 
MP5912 MicroPwr 
MP5912C MicroPwr 
MP830 MicroPwr 85 
MP831 MicroPwr 
MP832 MicroPwr 
'MP833 MiCroPwr 
MP840 MicroPwr 
MP841 MiCroPwr 90 
MP843 MiCroPwr 
MP844 MicroPwr 
MP845 MlcroPwr 

Dual TranSistors, Monolithic PNP,logarithmic 
Conformance MP358 MicroPwr 

Dual Transistors, MonolIthic PNP. Tightly Matched 
1T130 Intersil 95 , 
1T130A Intersil 
1T131 Intersil 
IT 132 Intersi! 
MP350 MiCroPwr 
MP351 MicroPwr 100 
MP352 MicroPwr 

Quad Darlington Switch 
UlN2068 Motorola 
UlN2074 Motorola 
l702 SGS 
SG2064 SIIiconG 105 
SG2065 SiliconG 
SG2066 SiliconG 
SG2067 SiliconG 
SG2068 SiliConG 
SG2069 SiliConG 110 
&:2Q?O SiUccnG 
SG2072 SiliconG 
SG2073 SiliconG 
SG2074 SiliconG 
SG2075 SiliconG 115 
SG2076 SiliconG 
SG2077 SiliconG 
UDN-2841B Sprague 
UON-2845B Sprague 
UlN-2064B Sprague 120 
UlN-2065B Sprague 
UlN-2066B Sprague 
ULN-2067B Sprague 
UlN-20688 Sprague 
UlN-2069B Sprague 125 

(Continued) 

* Typical Value .......................... ,........ ............. 

MASTER SELECTION GUIDE 

Function DevIce Source Line 

Quad Darlington Switch (Cant'dll 
UlN-20708 Sprague 
UlN-2071B Sprague 
UlN-20748 Sprague 
UlN-2075B Sprague 
UlN-2076B Sprague 130 
UlN-2077B Sprague 
UDN2841 TI 
UDN2845 TI 
UlN2064 TI 
UlN2065 TI 135 

Hex NPN Darlington 
lB1274 Sanyo 

One Darlington PNP Pair, and One Current Mirror Pair with 
Shared Diode, and Two PNP TranSistors 

CA3084 RCA 

Three Differential Amplifiers (NPN) 
MC3350 Motorola 
UlN-2047A Sprague 

Three NPN and two PNP Transistors 
CA3096 tRCA (3601) 140 
CA3096A t RCA (3601) 
CA3ee&c t RCA (3aGi) 

Four High Current NPN Transistors (core driver) 
FQ3724 Fairchild 
FQ3725 Fairchild 
MHQ4001A Motorola 145 
MHQ4002A Motorola 
MH04013 Motorola 
MH04014 Motorola 
MP03303 Motorola 
MP03725 Motorola 150 

. MPQ3725A Motorola 
MP04003 Motorola 
MP04OO4 Motorola 
DH3725C National 
DH6376C National 155 
CA17248 tRCA (3601) 
CA17258 tICA (3601) 
CA3138 tRCA 
CA3138A tRCA 
TP03724 Sprague 160 
TPQ3725 Sprague 
TP03725A Sprague 

Four High Current PNP Transistors (core driver) 
FQ3467 Fairchild 
FQ3468 Fairchild 
MHQ3467 Motorola 165 
DH3467C National 

Five High Current NPN Transistors 
CA3083 tRCA 
CA3183 tRCA (3601) 
TDA3083 Slgnetlcs 
SG3083 t SiliConG 170 
SG3183 tSiliConG 
SG3183A t SiliconG 
UlN-2083A Sprague 
UlS-2063H tSprague I Five High Frequency NPN Transistors. (ft>5 GHz) 
SL3127 PJessey 175 
CA3127 RCA (3801) 
CA3227 RCA (3601) 
CA3246 RCA (3801) 

Five High Voltage. High Current NPN Darlington AmplifierS 
LBl287 Sanyo 
LB1288 Sanyo 180 

Five High Voltage. High Current NPN Darlington 
AmpJlfl8l's. Source, for load Connected to Negative 
Supply UDN-2956A Sprague 

UDN-2957A Sprague 

Five low-Noise NPN Transistors 
TDA3310 SGS 
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LINEAR-Arrays (Cont'd) 

Function DeVIce Source 

Transistor Arrays (Cont'd) 

Six NPN Darlingtons 
lB1272 Sanyo 
lB1273R Sanyo 

Seven High Current Darlingtons 
UlN-2031A Sprague 
UlN-2032A Sprague 
UlN-2033A Sprague 

Seven High Current, High Voltage, NPN Darlington 
Amplifiers, Open Collector, to 100 V, 500 mA 

SN75465 TI 
SN75468 TI 
SN75469 TI 

Seven High Current, High Voltage,NPN Darlington 
Amplifiers, Open Collector, to 50 V, 500 rnA 

IR2001C ex.r (3383) 
IR2002C Ex.r (3383) 
IR2003C Ex.r (3383) 
IR2004C Elir (3383) 
IR2011C Ex.r (3383) 
IR2012C ElIr (3383) 
XR2013C Elir (3383) 
IR2014C Elir (3383) 
XR2201 Exar 
XR2201M tExar 
XR2202 Exar 
XR2202M tExar 
XR2203 Exar 
XR2203M tExar 
XR2204 Exar 
XR2204M tExar 
~5 fairchild 
9666 Fairchild 
9666M tFairchiid 
9667 Fairchild 
9667M t Fairchild 
9668 Fain::hikl 
9668M t Fairchild 
IIC1411 ... tlnlll (3064) 
11&1412 ... t ...... (3064) 
.1413 ... tDroll (3064) 
.1416 ... tDroll (3064) 
PBD352301 RIFA 
PB0352302 RIFA 
PBD352303 RIFA 
RBD352301 RIFA 
RB0352302 RIFA 
RBD352303 RIFA 
l201 SGS 
l202 SGS 
l203 SGS 
l204 SGS 
UlN2001 Signetics 
UlN2003 Signetics 
UlN2004 Signetics 
SG2001 SiliconG 
SG2002 SiliconG 
SG2003 SiliconG 
SG3851 SlliconG 
SG3852 SiliconG 
SG3853 SiliconG 
UlN-2oo1A Sprague 
UlN-2002A Sprague 
UlN-2oo3A Sprague 
UlN-2004A Sprague 
UlN-2005A Sprague 
UlS-2001H tSprague 
UlS-2002H tSprague 
UlS-2003H tSprague 
UlS-2004H tSprague 
UlS-2005H t Sprague 
SN75466 TI 

(Continued) 

t Military Temperature Range (- 55° to 125°C) 

3158 

line 

5 

10 

15 

20 

25 

')1' ,JU 

I I 

35 

40 

45 

50 

55 

60 

65 

Function Device Source Une Function Device Source line 

Seven High Current, High Voltage, NPN Darlington Eight High Current, High Voltage NPN Darlington 
Amplifiers, Open Collector, to 50 V, 500 mA Amplifiers, Open Collector, to 50 V, 600 rnA 

(Cont'd) UlN-2811A Sprague 
SN75467 TI UlN-2812A Sprague 
UlN2001A TI UlN-2813A Sprague 
UlN2OO2A TI UlN-2814A Sprague 
UlN2003A TI UlN-2815A Sprague 125 

UlN2004A TI 70 UlS-2811H tSprague 

UlN2oo5A TI UlS-2812H t Sprague 
UlS-2813H . t Sprague 

Seven High Current, High Voltage NPN Darlington UlS-2814H t Sprague 
Amplifiers, Open Collector, to 50 V, 600 rnA UlS-2815H t Sprague 130 

UlN-2011A Sprague 
UlN-2012A Sprague Eight High Current, High Voltage NPN Darlington 

Amplifiers, Open Collector, to 500 rnA 
UlN-2013A Sprague l601 SGS 
UlN-2014A Sprague' 75 l602 SGS 
UlN-2015A Sprague l603 SGS 
UlS-2011H t Sprague l604 SGS 
UlS-2012H t Sprague Eight High Current, High Voltage NPN Darlington 
UlS-2013H tSprague Amplifters, Open Collector, to 95 V, 500 rnA 
UlS-2014H tSprague 80 UlN-2821A Sprague 135 
UlS-2015H t Sprague UlN-2822A Sprague 

Seven High Current, High Voltage NPN Darlington UlN-2823A Sprague 

Amplifiers, Open Collector, to 95 V, 500 rnA UlN-2824A Sprague 

UlN-2021A Sprague UlN-2825A Sprague 

UlN-2022A Sprague UlS-2821H t Sprague 140 

UlN-2023A Sprague UlS-2822H t Sprague 

UlN-2024A Sprague 85 UlS-2823H tSprague 

UlN-2025A Sprague UlS-2824H t Sprague 

UlS-2021H t Sprague 
UlS-2825H t Sprague 

UlS-2022H tSprague Special Arrays 
UlS-2023H tSprague 
UlS-2024H tSprague 90 CMOS (three p-channel and three n-channel enhancement 
UlS-2025H tSprague MOS transistors tested for linear operation) 

CA3600 t RCA (3601) 145 
Seven High Current NPN Transistors, Common Collector 

Diode Array (one diode quad and two isolated) CA3082 tRCA (3601) 
CA3019 t RCA (3601) SG3082 SiliconG 

UlN-2082A Sprague I Diode Array (10 element) I I CA3141 RCA (3601) 
Seven NPN Darlingtons I 

lB1275 Sanyo 95 Diode Array (16 element, 
DN803 Panasonic 

Seven NPN Transistors, Common Emitter 
CA3081 t RCA (~601) 

SCR Array (eight SCRs with current-limiting resistors) 

CA3081 Signetics 
UTN-2886B Sprague 
UTN-2888A Sprague 150 

SG3081 SiliconG 
UlN-2081A Sprague ThyristorlTransistor Array (SCR, programmable 

unjunction transistor, PNP/NPN transistor pair, NPN 
Seven-Stage Driver Array transistor and zener diode) 

lBl260 Sanyo 100 CA3097 tRCA (3601) 
lB1261 Sanyo 
lB1264 Sanyo 

Eight High Current, High Voltage NPN Darlington 
Amplifiers, Current Source 

' UDN-2981A Sprague 
UDN-2982A Sprague 
UDN-2983A Sprague 105 
UDN-2984A Sprague 
UDS-2981H t Sprague 
UDS-2982H tSprague 
UDS-2983H tSprague 
UDS-2984H t Sprague 110 

t Eight High Current, High Voltage NPN Darlington 
Amplifiers, Open Collector, to 50 V, 500 rnA 

UlN-2801A Sprague 
UlN-2802A Sprague 
UlN-2803A Sprague 
UlN-2804A Sprague 
UlN-2805A Sprague 115 
UlS-2801H tSprague 
UlS-2802H t Sprague 
UlS-2803H tSprague 
UlS-2804H t Sprague 
UlS-2805H t Sprague 120 

• Typical Value 
Bold 'u. 1.!lICItIs .ddltl ... 1 dill Is prerldld .. 1M p ••••• Ied. 

.... ------
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LINEAR-Comparators 

Offset Bias 
Voltage Current 
mY (25°C) (2S°C) 

Offset 
Current 
(25°C) 

Comparators-Single 

Max. 
nme Differential 
ns Voltage Gain Fan Out 

MASTER SELECTION GUIDE 

Supply 
Voltage, 
V Device Source Une 

I I 
I---------------------------------------------------------------~---------------0.25 

0.5 * 

0.6 

0.7 

0.8 

2.0 

2.8 

3.0 

3.5 

4.0 

5.0 

1.2p.A 

1200 nA 

0.25nA 

1.8p.A 

1800 nA 

O.lp.A 

5O-nA 

600nA 

10 p.A 

15~ 

2Op.A 

45p.A 

l00nA 
900nA 

5p.A 

50nA 

l00nA 

2Op.A 
2p.A 
12p.A 

25pA 

50pA 

10p.A 

80nA 

80nA 

0.1 nA 

150nA 

150nA 

40nA 

3nA 

25nA 

1~ 

3p.A 

3p.A 

15nA 
80nA 

lp.A 

10nA 

10nA 

20nA 

5p.A 

0.5p.A 
3p.A 

50pA 

25pA 

t Military Temperature Range (-:55° to 125Q C) 

c IC MASTER 1984 

30 

35* 

30 

35· 

200 

270 

180 

6.5 

12 

80 

40 

40* 

40 

270 
180 

20 

12 

200 

165 * 
200 * 

250 

250* 

80 

26 
22 

200 

200 * 

20 
2.2 
2.7 

30 

11 

11 

6 

11 
11 

5 

6 

10 

30 
30 

30 

15 

5 

5 
5 

30 

5 
5 
5 

20K 

8000 

200K * 

20K 

7000 

200K 

200K 

200K 

12.5K 

40K * 

1250 

40K 

lOOK 
200K 

3K· 

35K 

200K * 
2OOK· 

200K * 

15K 

10K 

5K * 
5K* 

200K 

200K * 

3K * 

* Typical Value 

10 

10 

5 

lIN flee 1MIatII .......... ............... l1li PIlI ...... . 

5,-16 

5to ±18 

5, Oto ± 15 

5,-16 

5to ±18 

5 

5to ±18 

5to ± 18 

-5.2,6 

-6,5 

-6,12 

-3to-12,12 

-6,12 

-3 to -12,12 

5to ±18 
5to ± 18 

5,( -6, 5-± 15) 

-6,5 

±5to ±18 

5,Oto ±15 
5,Oto ± 15 

5,0 to ± 15 

5-15, ±5-± 15 

-6,12 

5,( - 6, 5- ± 10) 
5,( -6, 5-± 10) 

36* 

5,Oto ±15 

(-6,5to ±15) 
5,-5.2 
5,-5.2 

RC4805A 
RM4805A 

CMP-05A 
CMP-OSE 

Bay..... (3805) 
t Rlyt~tOII (3582) 

tPMI 
PMI 

Tl111 

8&4805 
RM4805 

tTl 5 

Bayt_ (3805) 
t Rlyt_ (3582) 

CMP-05B t PMI 
CMP-05F PMI 

LF2111 

CMP-02 
CMP-02B 
CMP-02E 

CMP-Ol 
CMP-01B 

ICM

'"'' AM685L 
AM685M 

AM686M 

TL810M 

LM106 
LM206 

p.A710M 
MC1710 
LM710 

ISG710 
p.A710M 
SFC2710 

LM106 

CMP-02C 
CMP-01C 

LM161 
LM261 

AM686C 

p.A734M 

LM111 
ADlll 
AD211 
p.All1M 
LM111 
LM111 
LM211 
LMll1 
LM211 
LM111 
LMlll 
LM211 
SGl11 
00211 
SFC2111 
SFC2211 

ILM111 
LM211 

t National 

tPMI 
PMI 
PMI 

tPMI 
PMI 
PMI 

AMD 
tAMD 

tAMD 

tTl 

t National 
National 

t Fairchild 
t Motorola 
t National 
t SiliconG 
tTl 
t Thomson-CSF 

tTl 

PMI 
PMI 

t National 
National 

AMD 

t Fairchild 

tTl 
tAD 

AD 
t Fairchild 
t Intersil 
t Motorola 

Motorola 
t National 

National 
t Raytheon 
t Signetics 

Signetics 
t SilicOnG 

SilicOnG 
t Thomson-CSF 

Thomson-CSF 

. tAMD 
AMD 

ICL8001M t Intersil 

10 

15 

20 

25 

30 

35 

40 

45 

50 

TL810C TI 55 

SE527 tSl ... t1a (3621) 
SE529 t SI_a (3622) 

LF 111 t National 
LF211 National 

LFlll 
LF211 

LM361 
ADfI685 
AD9687 

tAMD 
AMD 

National 
AD (3357) 

(3357) 
(Continued) 

AD 

60 
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Ie MASTER 

LINEAR-Comparators (Cont'd) 

Offset Bias Offset Response Max. SUpply 
Voltage Current Current nme Differential Voltage, 
mV(25°C) (25°C) (25°C) ns Voltage Gain Fan Out V Device Source Line 

Comparators-Single (Cont'd) 

5.0 (Cont'd) 
20~ 3~ 14 " 5 3K" 4 ±5 lMl60 t National 

lM260 National 
lM360 National 

25ILA 5ILA 40 5 40K • -10 -3 to -12,12 lM306 National 
40" 5 1000 1 -6,12 ILA710C Fairchild 5 

MC1710C Motorola 
lM710C National 
ILPC71 NEC 
SG710C SiliconG 

40ILA 5ILA 28 * 5 40K 10 -3 to -12,12 lM306 TI 10 

75ILA lOILA 40* 5 750 -:-6,12 Tl710M tTl 

150 nA 25nA 200 " 10 25K 2 ±5to ± 15 ~734C Fairchild 
1300 * 36 200K * 2to36 Tl331M tTl 

50nA 1300 * 36 2ooK" 2to36 Tl331C TI 

200nA 50000 32 2OOK" 2 MK404 AnalogSys 15 

250nA 50nA 250 " 15 15K 5-15, ±5-± 15 ICl8001C lritersil 

6.0 2ILA 0.751LA 26 5 5K * 5,( - 6,5- ± 10) NE527 Slglllllcs (3621) 

20ILA 5~ 22 5 5K * 5,( - 6,5- ± 10) IIE529 Sltil.tlcs (3622) 

GOlLA 7.5~ 25 * 5 5K * 2 ±4.5to ±6.5 ~76OC Fairchild 
~760M t Fairchild 20 

250nA l00nA 250 10 15K ±6to ±18 A0351J AD 
AD351K AD 
AD351S tAD 

7.5 loo~ 15~ 40* 5 700 -6,12 Tl710C TI 
250nA 50nA 200 * 30 200K * 5 5, Oto ± 15 AD311 AD 25 

~311C Fairchild 
lM311 Intersil 
lM311 Motorola 
lM311 National 
ILPC271 NEC 30 
uPC311 NEC 

IWt;iti ii~ (:is;O; 
ILM311 Raytheon I I 
lM311 Signetics 
SG311 SiliconG 35 
Tl311M tTl 
SFC2311 Thomson-CSF 

250 pA 50pA 165· 30 200K * 5 5, Oto ± 15 lM211 TI 
lU311 TI 

250 30 2ooK" 5 5, Oto ±15 LM311 AMD 40 

loopA - 30 200K * 5 5, Olo ± 15 Tl311A TI 

10 75pA 150pA 200 - 200K 2 36" lF311 National 
150pA 75pA 200*' 30 2ooK" 5 5, Oto ± 15 lF311 AMD 

250pA lOOpA - 30 200K" 5 5,Oto±15 Tl311 TI 

20 500nA loonA 1300 " Vcc '2K 2 2t028 LM3302 TI 45 
.' 

Comparators-Dual 

2.0 lOILA lILA 8 6 -5.2,5 AM687AM tAMD 
10 6 -5.2,5 AM687M tAMD 

15ILA 3ILA 80 5 12.5K -6,12 TL514M tTl 
TL820M tTl 

20 ILA 3ILA 30" 5 1250 1 -6,12 LM1514 t National 50 , 40" 5· 1250 -6,12 MC1514 t Motorola 

loonA 25nA 1300 " 36 50K 2to36 ;..A193A t Fairchild 
LM193A t National 
LM193A t Signetics 

250nA SOriA 1300 • SOK 2to36 ~293A Fairchild .• 55 
~393A Fairchild 

250nA 50nA 1300 " 36 50K 2to36 LM293A National 
LM393A National 

3.0 10~ 1~ 8 6 -5.2,5 "- AM687AL AMD 
10 6 -5.2,5 AM687L AMD 60 

(ContinUed) I j 
t Military Temperature Range ( - 55 0 to 1250 C) * Typical Value 

Bold faClI.dICltlllddltl"11 dltlls provided II th PIli littld. 
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LINEAR-Comparators (Cont'd) 

Offset Bias Offset Response Max. 
Voltage Current Current Time Differential 
mV (25°C) (2n) (25°C) ns Voltage Gain Fan Out 

Comparators-Dual 

3.0 
451lA 71lA 40 5 4OK* 10 

l00nA 10nA 200 • 30 200K * 5 

2SO 30 200K * 

3.5 201lA 31lA 80 5 12.5K 
51lA 80 5 10K 

751lA 10 IlA 40* 5 700 1 
7SO 1 

60 5 750 1 

4.0 0.5~ 75nA SO - "401< 2 
500nA 75nA SO" 5 10K 2 

5.0 51lA " 1~ 2.7 " 30 

251lA 51lA 30" 5 1000 1 
40" 5 1000 

30~ 51lA 33" 5 ~ 10K 

l00nA 25nA 1300 • 36 SOK 

100~ 151lA 40" 5 700 1 

2SOnA SOnA 1300 * 36 SOK 

200K " 2 

iW ~pA 15pA 200 " 36 SOK 1 

6.5 40pA 7.5pA 28 • 5 40K * 10 

7.0 2SOnA SOnA 1500 " 36 25K 

7.5 201lA 5~ 18 6 51(* 10 

25 6 5K * 10 

250nA SOnA 200" 30 200K " 5 

t MHitary Temperature Range (-55° to 125°C) * Typical Value ... _ ................... J.,........ ..... ,... ...... 
c IC MASTER 1984 

MASTER SELECTION GUIDE 

SUpply 
Voltage. 
V Device Source line 

(Cont'd) I 
(Cont'd) 

-3 to -12,12 Tl506M ttl 

5,Oto ± 15 lH211 AMO 
lH2111 tAMO 
lH2211 AMO 
lH2111 t Intersil 5 
lH2111 t National 
lH2211 National 
lH2111 Raytheon 

5, Oto ± 15 AM 1500l AMO 
AMl500M tAMO 10 

-6,12 Tl811M tn 
-6,12 Tl514C n 

Tl820C TI 

-6,12 MC1711 t Motorola 
-6,12 1lA711M t Fairchild 15 

I
LM7

" 

t National 

-6,12 SiliconG 

±15 :~~: t Nationai 
5,Oto ±15 lM119 tAMO 

lM219 AMO 20 
lM119 t National 
lM219 National 
lM119 t Signetics 
lM219 Signetics 
TDC0119 t Thomson-CSF 25 

-5.2,5 SP9685 Plessey 
SP9687 Plessey 

-6,12 lM1414 National 
-6,12 MC1414 Motorola 

-6,12 I Tl811C TI 30 

2 to 36 'IlAl93 t Fairchild 
lMl93 t National 
lMl93 t Signetics 
lMl93 ttl 
TDCOl93 t Thomson-CSF 35 

-6,12 1lA711C Fairchild 
MC1711C Motorola 
lM711C ~ational 

SG711C SiliconG 
IlA711C TI 40 
SFC2711 Thomson-CSF 

2to36 ~293 Fairchild 
1lA393 Fairchild 
lM293 National 

, lM393 National 45 
lM293 Signetics 
lM293A Signetics 
lM393A Signetics 
lM293 TI 
lM393 TI SO 

2to36/±1-±18 ~ NEC 

4 to 44 W2901 RCA (3598)1 

-3to-12,12 Tl506C TI 

2to36 IlA2903 Fairchild 
lM2903 National 55 
lM2903 Signetics 
lM2903 TI 
TDF2903 Thomson-CSF 

±5 1£521 SItnIICI (3620) 
SE521 tSIpIIICI 

(528.3620) 60 

±5 NE522 Signetics 
SE522 t Signetics 

5, Oto ± 15 lH2311 AMO 
(Continued) 
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LlNEAFl-Comparator. 

Offset 
Voltage 
mV(2S0C) 

BIas 
Current 
(2S0C) 

OtfIet 
CUmnt 
(25°C) 

Comparators-Dual 

7.5 2SOnA SOnA 

8.0 0.2~ 

2SOnA 25nA 

10 40pA 25pA 
100nA 25M 

2SOnA SOnA 

20 SOpA 30pA 

30 SOpA 100pA 

Comparators.Quad 

100nA 25nA 

100nA 25nA 

2SOnA SOnA 

2.0 * 20~ 1~ * 

2.5 5nA 0.5nA 

3.0 75nA 25nA 

5.0 2.5nA· 0.5nA* 
100nA 25nA 

t Military Temperature Range (-550 to 125°C) 

3162 

(Cont'd) 
Respona 
Time 
ns 

200 * 

2SO 

80* 

600 * 

200 • 
300 • 

300 •. 

200" 
240 
2SO 

1300 

1300 * 

1300 " 

55 

65 

10ms 

130 • 

8000 
1300 * 

Max. 
DIfferential 
Voltage 

30 

30 

5 

40 

36 
38 

38 

36 

13 
13 

36 

36 

36 

5 

5 

36 

15 

36 
36 

Gain 

2OOK" 

200K 

8K 

SOK 

25K 

20K 
20K 

SOK 

SOK 

50K 

1.2K * 

1.2K" 

25K 

400K * 

SOOK 
200K * 

* Typical Value 

FanOut 

5 

2 

2 

2 

2 

10 

10 

2 
2 

... 11 IIClI.lllal .. l"IU .. lu" II pmlll ... 1M ...... t ... 

SU!JpIy 
Voltage. 
V 

5,Oto ±15 

5,Oto ±15 

5,Oto ±15 

4.5 to 40 

4to36 
4.5 to 40 

4.5 to 40 

4to36 

± 1.5 to ±7.5 
± 1.5 to ± 7.5 

2-36/ ± 1- ± 18 

2-36/ ± 1-± 18 

2-36/ ± 1- ± 18 

±5 

±5 

2to36 

5to ±15 

2-36/ ± 1.5- ± 18 
2-36/ ± 1, ± 18 

SourCe Line 

(Cont'd) 

(Cont'd) 
LH2311 Intersll 
LH2311 National 

AM1500C AMD 

LM319 AMD 
LM319 National 
pPC319 NEC 
LM319 Signetics 

MC3324A Motorola 
MC3424A Motorola 
MC3524A Motorola 10 

CA3290A RCA (3591) 
MC3524 t MOtorola 

MC3324 Motorola 
MC3424 Motorola 

CA3280 RCA (3598) 15 

MC14575 Motorola 
MC14575 Motorola 

CMP-04B tPMI 
CMP-04F PMI 

LM139A tAMD 20 
"A139A t Fairchild 
LM139A t Intersil 
LM139A t Motorola 
LM139A t National 
PM-139A tPMf 25 
CA139A tiCA (3599) 
SG139A t SiliconG 
LM139A tn 

AMO 
AMD 

1!LA239A Fairchild 
pA339A Fairchild 
LM339A Intersl! 
LM239A Motorola 
LM339A Motorola 35 
lM239A National 
LM339A National 
PM-239A PMI 
PM-339A PMI 
CA2391 iCA (3599) 40 
CA339A RCA (3599) 
SG239A SiliconG 
SG339A Si\iconG 

MC3430 Motorola 
MC34a1 Motorola 45 

MC3432 Motorola 
MC3433 Motorola 

Ll81 SlIIa.lx (3083) 

HA-4900-2 tHIn'll (3457) 

LP339 National SO 
LM139 tAMD 
~139 t Fairchild 
LM139 t Ihtersi! 
LM139 t Motorola 
LM139 t National 55 
PM-139 t PMI 

'LM139 tRaytheon 
CAl 39 tICA (~599) 
LMI39A tSlg.lll1cl (528) 
SG139 t SiliconG 60 
LM139 tTl 
TDC0139 t Thomson-CSF 

(COntinued) 
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LINEAR-Comparators (Cont'd) 

Offset Bias Offset Response Max. 
Voltage Current Current TIme Differential 
mV(25°C) (25°C) (25°C) ns Voltage Gain FanOut 

Comparators-Quad 

5.0 
150nA 35nA 200 15 400K • -
250nA 50nA 1300 • 15 2OOK· 1 

36 200K 1 
2OOK· 2 

5.0 (2 operational amplifiers, 2 comparators) 
SOOnA 75nA 1300 • 36 200K' 

7.0 250nA 50nA 1300 • 36 50K 2 

7.5 150nA 50nA 130 * 15 400K • 

9.0 (2 operational amplifiers, 2 comparators) 
10 SOOnA 1300 * 36 

20 SOOnA 3nA· 2000· Vee 2K 1 

l00nA 1300 • Vee 2K 2 

30 (2 operational amplifiers, 2 comparators) 
50pA 100pA 250 13 201< 1 

Comparators-Hex 

5 l00nA 25nA 1300 ±36 200K 4 
250nA 25nA 1300 ±36 200K 4 

I 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
.... fact 1dcatII ..... 1 .... '1 ........... Ih,... ...... 

Cl Ie MASTER 1984 

MASTER SELECTION GUIDE 

Supply 
Voltage, 
V Device Source Une 

(Cont'd) 

(Cont'd) 
5to ± 15 HA-4902-2 t Harris 

3-15 MM54C909 t National 
MM74C909 National 

1 to 18 MB4204 Fujitsu 
2-36/ ± 1, ± 18 lM239 AMD 5 

lM339 AMD 
pA239 Fairchild 
I'A339 Fairchild 
lM339 Intersil 
LM239 Motorola 10 
L:M339 Motorola 
LM239 National 
LM339 National 
I'PC177 NEC 
I'PC339 NEC 15 
AN6912 PaI.llllle (3557) 
PM-239 PMI 
PM-339 PMI 
lM239 Ray .... tt.oon 
LM339 RaytheOn 20 
CA239 RCA (3599) 
CA339 RCA (3599) 
LM239A Signetics 
lM339 Signetics 
SG239 SiliconG 25 
SG339 SiliconG 
LM239 TI 
LM339 TJ 

3-36 MC3505 t Motorola 

2-361 ± 1-± 18 LM2901 Motorola 30 
lM2901 National 
I'PC2901 NEe 
lM2901 Raytheon 
lM2901 Signetics 
lM2901 TJ 35 
TDF2901 Thomson-CSF 

5to ± 15 HA-4905-5 Harris 

3-36 MC3405 Motorola 

2to28 MC3302 Motorola 
MC3302 Signetics 40 
SG3302 SiliconG 
TDF3302 Thomson-CSF 

5to ± 15 LM3302 National 
-

±1.5to ±7.5 MCl4574 Motorola 

2-361 ± 1-± 18 Tl336C TI 45 
3-361 ± 1-± 18 TL336M tTl 

I I 
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H'igh·Current Drivers 

XR-2001/2002/2003/2004 
HIGH-VOLTAGE, HIGH-CURRENT 
DARLINGTON TRANSISTOR ARRAYS 

The XR-2001/2002/2003/2004 are high-voltage, high
current Darlington transistor arrays, consi~ting of seven 
silicon npn Darlington pairs on a common monolithic 
substrate, All units feature open-collector outputs and 
integral protection diodes for driving inductive loads. 
Peak inrush currents of up to 600 mA are allowed I making 
the arrays ideal for driving tungsten filament lamps. The 
outputs may be paralleled to achieve high-load capability, 
although each driver has a maximum continuous collector
current rating of 500 mA. The arrays are directly price 
competitive with discrete transistor alternatives. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Peak Inrush Current Capability of 600 mA 
Internal Protection Diodes for Driving Inductive Loads 

Excellent Noise Immunity 
Direct Compatibility with Most Logic Families 
Opposing Pin Configuration Eases Circuit Board Layout 

APPLICATIONS 

Relay Drive' 
High-Current Logic Driver 

ORDERING INFORMATION 

Part Number 
XR-2001 CN 
XR-2002CN 
XR-2003CN 
XR-2004CN 

@ Ie MASTER 1984 

Package 
Ceramic 
Ceramic 
Ceramic 
Ceramic 

Operating Temperature 
O°C to +70°C 
O°C to +70

o
C 

O°C to +70°C 
O°C to +70°C 

XR·2011/2012/2013/2014 ' 
HIGH·VOLTAGE, HIGH·CURRENT 
,DARLINGTON TRANSISTOR ARRAYS 

The X R-2011/2012/2013/2014 are high-voltage, high

current Darlingtc:>n transistor arrays, consisting of seven 
silicon npn Darlington pairs on a common monolithic 
substrate. All units. feature open-collector outputs and 
integral protection diodes for driving inductive loads. 
Peak inrush currents of up to 750 mA are allowed, making 
the arrays ideal for driving tungsten filament lamps. The 
outputs may be paralleled to ach ieve high-load capability, 
although each driver has a maximum continuous collector
current rating of 600 mA. The arrays are price competitive 
with discrete transistor alternatives. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Peak Inrush Current Capability of 750 mA 
Internal Protection Diodes for Driving Inductive Loads 
Excellent Noise Immunity 

Direct Compatibility with Most Logic Families 
Opposing Pin Configuration Eases Circuit Board Layout 

APPLICATIONS 

Relay Drive 

High-Current Logic Driver 

ORDERING INFORMATION 

Part Number 
X R-2011 CN 

XR-2012CN 
XR-2013CN 
XR-2014CN 

Package 
Ceramic 

Ceramic 
Ceramic 
Ceramic 

Operating Temperature 
O°C to +70°C 

O°C to +70
o

C 
O°C to +70°C 
OOC to +70°C 
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Full Custom Development 

Exar offers a complete design and production capability 
for full custom IC development, using Exar's bipolar, 12L, 
and CMOS technologies. This provides an excellent com
plement to Exar's unique semi-custom capability. 

Exar's full custom Ie development and production capa
bilities offer complete flexibility to meet changing custo
mer needs or design problems. We can develop a complete 
custom IC starting from your black box specifications, or . 
reduce your working breadboard prototype to a mono
lithic chip. Alternately, if you have the facilities and 
resourses to do the IC design and layout, Exar will provide 
you with the device characteristics and IC layout rules for 
the particuiar process suitable to your design, and review 
your IC layout for you. Then, Exar can generate the IC 
tooiing and fabricate your ie prototypes for you. 

WAFER FOUNDARY SERVICE 

Exar's bipolar process technology is compatible with the 
manufacturing processes available from many of the other 
IC manufacturers. Thus, if you have developed a set of 
IC tool ing with another manufacturer and would like an 
alternate (or substitute) supplier for your custom IC pro
duct, in most cases·the existing IC tooling will be directly 
compatible with Exar's technology. 

Exar's Engineering department has two custom IC design 
groups dedicated to the development of linear and digital 
custom LSI. We pride ourselves in our flexibility and 
quick response to your needs. 

CONVERTING SEMI-CUSTOM TO FULL CUSTOM 

Exar offers the unique ability to start a program using a 
combination of semi-custom bipolar and/or 12L, and 
CMOS arrays, during the early phases of a customer's 
product, taking full advantage of the low tooling cost 
and short development cycle. As a customer's product 
matures, and its market expands, resulting in higher vol
ume production run rates, Exar can convert the multiple 
semi-custom chip approach into a single custom IC, 
achieving a cost reduction, and in many cases a perform
ance improvement. The significant advantage of this type 
of program is that the risk associated with a custom devel
opment is greatly reduced; the IC design approach has 
been proven, production "bugs" are out of your product, 
and your production line continues to flow during the full 
custom chip development. Once the custom chip is com
pletely characterized and found acceptable, the semi
custom IC system in your product can be phased-out 
while the full custom IC is being phased-in. 

Exar is the only company that can offer you the advan
tages of sem i-custom and full custom bipolar design pro
grams, because of our complete in-house semiconductor 

@ IC MASTER 1984 

manufacturing capability. 

YOUR FIRST STEP 

The following technical data package is required in order 
for Exar to provide you with a firm quotation for your 
full custom development program: 

1. Circuit block diagram with sub-blocks (as neces
sary). 

2. Circuit schematic or logic diagram. 
3. Description of circuit operation, and pertinent 

application information. 
4. Preliminary or objective device specificationindi

cating minimax conditions, and iimits for the criti
cal parameters (i.e., input/output voltage and cur
rent ieveis, operating frequency, timing diagrams, 
input/output impedances, power dissipation, etc.). 

5. Production requirements and the desired develop
ment timetable. 

TYPICAL FLOW FOR 
FULL CUSTOM DEVELOPMENT 

o 
TECHNICAL FEASIBILITY 

AND COST PROPOSAL 
Q 

CUSTOMER/EXAR 
INITIAL DESIGN REVIEW 

o 
BREADBOARD ANALYSIS 

o 
COMPUTER SIMULATION 

FOR WORST CASE 
DESIGN ANALYSIS 

o 
CUSTOMER/EXAR 

PROPOSED INTEGRATION 
DESIGN REVIEW 

o 
CHIP ARCHITECTURE 

DEFINITION 
o 

CHIP DIGITIZING 
o 

PATTERN GENERATION 
PHOTOMASKING 

o 
PROTOTYPE WAFER 

FABRICATION 
o 

PROTOTYPE ASSEMBLY 
o 

PROTOTYPE EVALUATION 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V and V-pins 
Input Voltage 
Output Current 
Internal Power Oissipation (Note 2) 
. TO-8 (+250C) 

Mini-dip (+250C) 

40V 
Equai to Supplies 

!200mA 

1.75W 

1.95W 

Maximum Junction Temperature 
Operating Temperature Range HA-5033-2 

HA-5033-5 
Storage Temperature Range 

2000C 
-550C~TA~+1250C 

OOC~TA~+750C 
650C~TA~1500C 

ELECTRICAL CHARACTERISTICS VSUPPl Y = !12V, RS = 5012, Rl = lOOn, Cl = 10pf, unless otherwise specified. 

-550C TO + 1250C OOC TO +750C 
PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage 

Average Offset Voltage Drift 
Bias Current 

Input ReSistance 
Input Capacitance 
Input Noise Voltage(10Hz-10MHz; 

TRANSFER CHARACTERISTICS 

Voltage Gain RL = lOOn 
RL=lKH 
RL = lOon 

-3db Bandwidth 

OUTPUT CHARACTERISTICS 

Output Voltage Swing 
RL = lOOn 
RL = 1 Kn(Note 3) 

Output Current 
Output Resistance 
Fuil Power Bandwidth (Note 4) 

TRANSIENT RESPONSE 

Rise Time 
Propagation Delay 
Overshoot 
Slew Rate (Note 3) 
Settling Time to .1% 
Differential Phase Error 
Differential Gain Error 

POWER REQUIREMENTS 

Supply Current 

Power Supply Rejection Ratio 
Harmonic Distortion 

NOTES: 

TEMP 

+250C 
Full 
Full 

+250C 
Full 
. o!"'\ 

I 
+25 t; 

+250C 
I 

+250C. 
+250C 

Full 
+250C 

Full 
Full 

+250C 
+250C 
+250C 

+250C 
+250C 
+250C 
+250C 
+250C 
+250C 
+250C 

+250C 
Full 
Full 

250C 

MIN 

.93 

.92 

1.0 

54 

1. Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the 
circuit may be impaired. Functional operability 
under any of these COnditions is not necessarily implied. 
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TYP 

5 
7 

33 
10 
20 
• po 

1.0 

1.6 
20 

.99 

250 

±10 
:11 

±100 
5 

80 

3 
1 
9 

1.3 
50 
.1 
.1 

21 
21 

<0.1 

MAX MIN 

15 
25 

35 
50 

.93 

.92 

t.O 

25 
30 

54 

TYP 

5 
7 
33 
10 
20 
t 1.5 
1.6 
"n 'u 

.99 

250 

±10 
±11 

±100 
5. 

80 

3 
1 
9 

1.3 
50 
.1 
.1 

21 
21 

<0.1 

MAX 

15 
25 

35 
50 

I 

25 
30 

UNITS 

mV 
mV 

pV/OC 
pA 
pA 
Mn 
pF 

J.!Vp-p 

V/V 
V/V 
V/V 
MHz 

V 
V 

rnA 
n 

MHz 

ns 
ns 
% 

V/ns 
ns 

degrees 
% 

rnA 
rnA 
db 
% 

2. TO-8 8JA = 990 CIW. 8JC = 310c/W; mini~ip 
8JA = 9OoC/W, 8JC = 27oC/W 

3. VS = ±15V, R L = 1 Kn 

4. VIN = 1 VRMS 
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ROM Selection Guide 
Commercial: T A = 0° c to +70° C 

I Access 
Part Number Organization Time 

(nsl Max. 

SY3308 1024 x 8 70 
SY3308R 1024 x 8 35[3] 

SY23168 2048 x 8 450 
SY23168-2 2048 x 8 200 
SY23168-3 2(l48 x 8 300 

SY3316 2048 x 8 80 
SY3316A 2048 x 8 80 
SY3316R 2048 x 8 35[3] 

SY2332 4096 x 8 450 
SY2332-2 4096 x 8 200 
SY2332-3 4096 x 8 300 
SY2333 4096 x 8 450 
SY2333-2 

! 
4096 x 8 I 200 

SY2333-3 4096 x 8 300 

. SY2364 
I 

8192 x 8 450 
SY2364-2 8192 x 8 200 
SY2364-3 I 8192 x 8 300 
SY2364A 8192 x 8 450 
SY2364A-2 8192 x 8 200 
SY2364A-3 8192 x 8 300 

SY2365 8192 x 8 450 
SY2365-2 8192 x 8 200 

. SY2365-3 8192 x 8 300 

I SY2365A 8192 x 8 450 

I 
SY2365A-2 8192 x 8 200 
SY2365A-3 8192 x 8 300 

I 
SY23128-2 16.384 x 8 

I 
200 

SY23128-3 16,384 x 8 300 
SY23128 16,384 x 8 450 
SY23128A-2 16,384 x 8 200 
SY23128A-3 16,384 x 8 300 
SY23128A 16,384 x 8 450 
SY23130 16,384 x 8 450 
SY23130-2 16,384 x 8 200 
SY23130-3 16.384 x 8 300 
SY23130A 16,384 x 8 450 
SY23130A-2 16,384 x 8 200 
SY23130A-3 16,384 x 8 300 
SY23256-2 32,768 x 8 200 
SY23256-3 32,768 x 8 300 
SY23256 32,768 x 8 450 
SY23256A-2 32,768 x 8 200 
SY23256A-3 32,768 x 8 300 
SY23256A 32,768 x 8 450 

SY6364[21 8192 x 8 200 
SY6365[2j 8192 x 8 200 

NOTES: 
1, C = Ceramic, D = Cerdip, P = Plastic, K = Leadless Chip Carrier. 
2. Preiiminary information. 

3. ~ectjve ~cess Time (tePA)' 
4, CE @ 2V ICE @ Vee, 

@ Ie MASTER 1984 

Maximum Current (mAl 

Operating Standby 

120 -
130 -

98 -
98 -
98 -
120 -
120 20 
130 -
100 -
100 -
100 -
100 -

I 100 I -
100 -
100 -
100 -
100 -
100 12 
100 12 
100 12 

100 -
100 -
100 -
100 12 
100 12 
100 12 

I 
100 -

I 100 -
! 100 -

100 10 
100 10 
100 10 
100 -
100 -
100 -
100 10 
100 10 
100 10 
100 -
100 -
100 -
100 10 
100 10 
100 10 

70 lmA/l0~A[41 
70 lmA/l0~A[4j 

Svnertek . .., 

Power Package 
Supply Number Type Compatible 
(Volts) of Pins (Note 1) EPROM/PROM 

+5 24 C, D, p, K 82S181 
+5 24 C,D, P,K 27S35 

+5 24 C,D,P 2716 
+5 24 C,D,P 2716 
+5 24 C,D,P 2716 

+5 24 C, 0, P,K 82S191 
+5 24 C, D, P, K 82S191 
+5 24 C, D, p, K 27S45 

+5 24 C,D, P TMS2532 
+5 24 C, D,P TMS2532 
+5 24 C, D,P TMS2532 
+5 24 C, D,P 2732/A 

I +5 I 24 C,D,P I 2732/A I +5 24 C,D, P 2732/A 

+5 24 C, D,P TMS2564 
+5 24 C,D,P TMS2564 
+5 24 C, D,P TMS2564 
+5 24 C,D,P TMS2564 
+5 24 . C. D, P TMS2564 
+5 24 C.D, P TMS2564 

+5 

I 
28 C,D,P 2764 

+5 28 C,D.P ,2764 
+5 I 28 C,D,P 2764 
+5 

I 
28 C,D, P 2764 

+5 
I 

28 C,D,P 2764 
+5 28 C. D.P 2764 

+5 

I 
28 

I 
C,D,P 

I 
27128 I +5 28 C,D,P 27128 I +5 28 C,D, P 27128 

+5 28 C. D,P 27128 
+5 28 C,D,P 27128 
+5 28 C,D, P 27128 
+5 28 C,D,P -
+5 28 C,D,P -
+5 28 C, D,P -
+5 28 C, 0, P -
+5 28 C, D,P -

+5 28 C,D,P -
+5 28 C,D, P 27256 
+5 28 C,D,P 27256 
+5 28 C.D, P 27256 
+5 28 C,D, P 27256 
+5 28 C,D,P 27256 
+5 28 C,D,P 27256 

+5 24 C, D. P 
+5 28 C, D. P 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Intersil (Cont) MO SI. Lolls TX Dal"s 
Arrow Elctrns .• 314-567-6888 Kierulff Electronics. 214-343-2400 

IH Maull"tll' TX DanIS 
CO EI.II."" Arrow Elctrns .• 603-668-6968 Schweber Elctrns .• 214-661-5010 

Kierulff Elctrns .• 303-790-4444 
.H MIRCllatll' TX Hoastoa 

CO nn ... Schweber Electronics. 603-625-2250 Arrow Elctrns .• 713-530-4700 
Wyle Distribution Grp .• 303-424-1985 

IlJ EztsIIuI TX H81St81 
CO W_trllI,1 Arrow Elctrns .• 609-596-8000 Kierulff Electronics. 713-530-7030 

Bell Inds .• 303-424-1985 
• .1 Fllrfliid TX HOlstOl 

CT DIIHry Arrow Elctrns .• 201-575-5300 Schweber Elctrns .• 713-784-3600 
Schweber Elctrns .• 203-792-3742 ... Fa\rflllll OT Silt Liki City 

CT WIIIII ...... Schweber Elctrns .• 201-227-7880 Bell Inds. Century Elctrns. Div .• 801-972-6969 
Arrow Elctrns .• 203-265-7741 • M Alllq~ • OT Silt lIkl City 

CT W ......... Alliance Elctrns .• Inc .• 505-292-3360 Kierulff Elctrns .• 801-973-6913 
Kierulff Electronics. 203-265-1115 •• A .. III .... OT Silt lIkl CIty 

Fl AIa-.. SfrIIp Arrow Elctrns .• 505-243-4566 Wyle Distribution Group. 801-974-9953 
Schweber Elctrns .• 305-331-7555 I. 01Ml ....... VA RII:II ... II 

Fl Fl.ll ....... Belllnds .• Century Elctms. Div .• 505-292- Arrow Elec'tronics. 804-282-0413 
Arrow Elctrns .• 305-776-7790 2700 WA Bill .... 

FL FI. lIllIIrUll IY IIqWlt .. Wyle Distribution Grp., 206-453-8300 
Kierulff Electronics, 305-486-4004 Pioneer Harvey Elec., 607-748-8211 WA TIWIlI 

FL HIIIywttII 
I~ Bllllio Kierulff Elctrns .• 206-575-4420 

Schweber Elctrns .• 305-921-0301 Summit Distrs., Inc .• 716-887-2800 WI Brookfilid 
FL hili lIy IY Fllrport Schweber Elctrns .• 414-784-9020 

Arrow Elctrns .• 305-725-1480 Pioneer Harvey Elec .• 716-381-7070 WI Olk Crill! 
FL 81.,....,.. IV HIIHI ... Arrow Elctrns .• 414-764-6600 

Kierulff ElectroniCS. 813-576-1966 I Arrow Elctrns .• 516-231-1000 I WI Wllk .... 
SA lIrcrau IY Llnrput Kierulff Elctrns .• 414-784-8160 

Arrow E!ctrns .• 404-449-8....'>52 Arrow Eictfii5., 315-652-1000 I CII Bn.ptoD. Oltlrlo 
I Zentronics. 416-451-9600 SA lIIrcras IY ... ,111 

Burllll,. BrllIsll Coll"lIl. Schweber Elctrns .• 404-449-9170 Arrow Elctrns .• 516-391-1609 ca. 
Il eMail • Y Reclllst • R.A.E. Ind. Elect. Ltd .• 604-291-8866 

Newark Elctrns .• 312-638-4411 Arrow Elctms .• 716-275-b300 CII calpry., ....... 
IL Elk GrOVI Vii .... IV Rlcllal. 

Cardinal Elctrns .• 403-259-6817 
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LINEAR-Consumer Circuits 

Function Device Source 

Audio Circuits 

Amplifier and Preamplifier, Low Power 
TCA210 Signetics 

Amplifier, Headphone 
LA4170 Sanyo 
LA4175 Sanyo 
LA41n Sanyo 

Amplifier, Hearing Aid 
CS263 Cherry 
TCA1003 In 
TCA1004 ITT -
MPS5003 MicroPwr 
MPS5004 MicroPwr 
MPS5053 MicroPwr 
OM200 Panasonic 

Amplifier, with AGC, for Recorders 
HA1319 Hitachi 
HAl361 Hitachi 
TDA7137 Toshiba 
TDA7137-ST Toshiba 

Attenuator, Digital 
A071151 AD (2127) 

Attenuator, Digital (logarithmic D/A converter) 
AD71111 AD (2827) 
AD7111L AD (2127) 
AD7111T tAD (2127) 
AD7111U tAD (2127) 
AD7118T tAD (2127.2129) 
A07111U tAD (2127.2829) ---

Attenuator, Digital (with loudness compensation switch), 0 
to 88.5 dB Attenuation in 1.5 dB Steps 

1071101. AD (2127.2829) 
AD7111l AD (2127.2129) 
AD711IL AD (2127.2129) 

Attenuator, Dual 
LA2600 Sanyo 
LC7500 Sanyo 

Audio Noise Reduction, Compander. See 
Linear-Telecommunications Circuits 

Controls (loudness, treble, bass) 
TDA4290-5 Siemens 

Controls, Stereo, DC Operated 
LM1035 National 
fCA73frA Signeties 
TCA740A Signetics 
TDA1074A Signetics 
TDA1524 Signetics 

Digital Audio ADC 
PC.75 BIIT-...... 

(2149) 

Digital AudiO DAC 
PCM501 Burr-Brown 
PCIIS2 BIIT-Ir ... 

(2149) 
PC.53 Blrr-Ir ... 

(2149) 

Digital Compact Disc 
SAA7000 Signetics 
SAA7010 Signetics 
SAA7020 Signetics 

Digital Compact Disc, Filter Circuit 
SAA7030 Signetics 

Digital Noise Source 
MM5437 National 

Distortion Suppressor 
MP201A Analogic 

Equalizer, Switchable 
TDA2000 Siemens 

Muting Circuit (switching noise suppressor) 
TA7324 Toshiba 

t Military Temperature Range (- 55° to 125°C) 

3164 

Une 

5 

10 

15 

20 

25 

30 

35 

40 

45 

Function Device Source line Function Device Source line 

Noise reduction, DNR Power Amplifier, Single, <5 Watts (Cont'd) 
LM832 National LA4220 Sanyo 

Noise Reduction, Dolby LA4430 Sanyo 
HA11226 Hitachi TBA820 SGS 
LM1111 National TBA820M SGS 115 
LMl121A National 50 TCA830S SGS 
LMl121B National TDA1013A Signetics 
LM1121C National TDA1015 Signetics 

LM1131A National ULN-2280B Sprague 

LMl131B National ULN-2283B Sprague 120 

LMl131C National 55 ULN-3705M Sprague 

LMl894 National TCA830 Telefunken 

NE645 Signetics U410 Telefunken 

NE646 Signetics U411 Telefunken 

NE648 Signetics LM388-3 TI 125 

NE649 Signetics 60 SNl6923 TI 

NE650 Signetics SN76000 TI 

NE651 Signetics SN76002 TI 

NE652 Signetics SN76011 TI 

NE653 Signetics SN76021 TI 130 

NE654 Signetics 65 SN76024 TI 

NE660 Signetics TA7140 Toshiba 

Noise Reduction, Dual Dolby B-Type TA7207 Toshiba 
TA720S Toshiba NE657 Signetics 
Cl3094 tICA (3598) 135 

Pop Noise Canceller 
Power Amplifier, Single, 5-10 Watts AN6135 Panasonic 

HAl366 HitachI. 
Power Amplifier Driver HAl368 Hitachi 

ICL8063C Intersil 
HA1371 Hitachi 

ICL8063M t Intersil 70 
HA1372 Hitachi 

MC3221 Motorola 
HAl389 Hitachi 140 

MC3320 Motorola 
MC3321 Motorola 

TBABOO Hitachi 
TBA810 Hitachi 

LM391 National 
TDA2002 Hitachi 

Power Amplifier Driver, Dual TDA2002 Motorola 
STK3042 Sanyo 75 TDA2002A Motorola 145 
STK3062 Sanyo LM2oo2 National 
STK3082 Sanyo LM383 National 

Power Amplifier, Single, <5 Watts LM383A National 
TBA641 Fairchild LM384 National 
TBA820 Fairchild TDA2002 National ·150 
HAl325 Hitachi 80 TDA2002A National 
HAl329 Hitachi TDA2003 National 
MC1454 Motorola CA2002 RCA 
MC1554 t Motorola CA3131 RCA 
LM1879 National CA3132 RCA 155 
LM200f . Nationat - 85 tA4140 Sanyo 
LM2895 National LA4230 Sanyo 
LM380 National LA4250 Sanyo 
LM386 National LA4420 Sanyo 
LM388 National LA4422 Sanyo 160 
LM389 National 90 LA4440 Sanyo 
LM390 National STK4017 Sanyo 
AN214 Panasonic STK4019 Sanyo 
AN374 Panasonic STK4332 Sanyo 
AN7110 Panasonic STK4352 Sanyo 165 
AN7114 Panasonic 95 STK4362 Sanyo 
AN7115 Panasonic L 149 SGS 
AN7120 Panasonic TBA800 SGS 
AN7130 Panasonic TBA810 SGS 
CA3020 tRCA TCA940E SGS 170 
LA4100 Sanyo 100 TDAl905 SGS 
LA4101 Sanyo TDAl908 SGS 
LA4102 Sanyo TDA1910 SGS 
LA4110 Sanyo TDA2002 SGS 
LA4112 Sanyo TDA2oo2A SGS 175 
LA4126 Sanyo 105 TDA2003 SGS 
LA4137 Sanyo TDA2006 SGS 
LA4138 Sanyo TDA1037 Siemens 
LA4180 Sanyo TDA2003 Siemens 
LA4182 Sanyo TDA1020 Signetlcs 180 
LA4200 Sanyo 110 TDA2002 Sprague 
LA4201 Sanyo TDA2002A Sprague 

(Continued) (ContinUed) 
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LINEAR-Consumer Circuiti (Cont'd) 

Function Device Source Line Function Device Source Line 

Audio Circuits (Cont'd) Power Amplifier, Dual, <5 Watts 

I 
HA1374 Hitachi 

Power Amplifier, Single, 5-10 Watts (Cont'd) LM1877 National 
TOA2003 Sprague LMl895 National 70 
ULN-3701Z Spra~ue LMl896 National 

ULN-3702Z Sprague LM2877 National 

ULN-3703Z Sprague LM2896 National 

ULN-3784B Sprague 5 LM377 National 

ULX-3704B Sprague LM378 National· 75 

TBA800 Telefunken AN7145L Panasonic 

TBA810 Telefunken AN7146M Panasonic 

TDA2oo2 Telefunken LA4120 Sanyo 

TDA2oo2A Telefunken 10 LA4125 Sanyo 
LA4125T Sanyo 80 

TDA2003 Telefunken 
ULX-3783M Sprague 

TDA2004 Telefunken 
TA7203 Toshiba 

SN76005 TI 
TA7214 Toshiba 

TA7205A Toshiba TA7215 TOShiba 
TA7217A Toshiba 15 

Power Amplifier, Dual, 5-10 Watts TA7222A Toshiba 
HA1377 Hitachi 85 

TA7238 Toshiba 
LM2878 National 

Power Amplifier, Single, > 10 Watts 

I 
LM2879 National 

ILA7332 Fairchild LM379 National 
MB3720 Fujitsu AN7145M Panasonic 
MB3730 Fujitsu 20 . AN7156 Panasonic 90 
MB3731 Fujitsu STK433 Sanyo 
HAl388 Hitachi STK435 Sanyo 

HA1392 Hitachi STK443 Sanyo 

LM1875 National STK457 Sanyo 

LM2005 National 25 STK459 Sanyo 95 

CA2004 RCA STK463 Sanyo 

LA4460 Sanyo STK465 Sanyo 
TDA2004 SGS LA4461 Sanyo 
TDA2005 SGS 

STKOO3O Sanyo 
TDA1510 Signetics 100 

STKOO4O Sanyo 30 
TDA1515 Signetics 

STKooSO Sanyo 
TDA2005 Telefunken 

STK0055 Sanyo TA7227 Toshiba 
STK0059 Sanyo 

Power Amplifier, Dual, > 10 Watts· 
STKOO6O Sanyo 

AN7145H Panasonic 
STKOO70 Sanyo 35 AN7146H Panasonic 105 
STKOOSO Sanyo AN7156N Panasonic 
STK01SO Sanyo STK437 Sanyo 
STKOSO Sanyo STK439 Sanyo 
STK058 Sanyo STK441 Sanyo 
STK070 Sanyo 40 Preamplifier MA106 AnalogSys 110 
STK075 Sanyo ZN459 t Ferranti 
STK077 Sanyo ZN459C Ferranti 
STK078 Sanyo ZN459CP Ferranti 
STK080 Sanyo ZN460 t Ferranti 
STK082 Sanyo 45 ZN460C Ferranti 115 
STK083 Sanyo ZN460CP Ferranti 
STK084 Sanyo HA12017 Hitachi 
STK086 Sanyo HAl406 Hitachi 

STK4021 Sanyo HAl457 Hitachi 

STK4023 Sanyo SO LM1837 National 120 

STK4025 Sanyo LM3080 National 

STK4372 Sanyo LM3080A National 

STK4392 5anyc ,uPC1023 NEC 

TCA940 SGS I ILPC1024 NEC 
NEC 125 TDA200s SGS 55 ILPC1032 

TOA2010 SGS ILPC566 NEC 
ILPC592 NEC 

TDA2020 SGS 
AN360 Panasonic 

TOA2020D SGS 
AN370 Panasonic 

TOA2030 SGS SL561 Plessey 130 
TOA2040 SGS 60 SL561B Plessey 
TOA2030 Siemens SL561C Plessey 
TDA3000 Siemens LA3110 Sanyo 
TOA1512 Signetics LA3120 Sanyo 
TOAl520 Signetics LA3130 Sanyo 135 
TOA2008 Sprague 65 LA3150 Sanyo 
TOA2030 Telefunken LA3170 Sanyo 
TA7210 Toshiba (Continued) 

t Military Temperature Range (- 55° to 125°C) • TYPIcal Value 
hili fKllI~ICI" ."11 ... 1 allis .... 11 .... II .. PI .. 11fIII. 
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FunctIOn Device Source line 

Preamplifier (Cont'd) 
TDA2310 SGS 
TDA3410 SGS 
TDA3420 SGS 140 
TA7063 Toshiba 
TA7120 Toshiba 
TA7122A Toshiba 
TA7122B Toshiba 
TA7129 Toshiba 145 
TA7129A Toshiba 
TA7136A Toshiba 
TA7322 Toshiba 
W080 RCA (3598) 
CA3080A t RCA (3598) 150 

Preamplifier, Dual 
XR4739 Exar 
184739M tExar (3378) 
UA739 Fairchild 
p.A739 Fairchild 
JLA749 t Fairchild 155 
HA12012 Hitachi 
HA1452W Hitachi 
LMl301 National 
LM1303 National 
LM1897 National' 160 
lM381 National 
LM382 National 
LM387 National 
AN7311 Panasonic 
LA3115 Sanyo 165 
LA3122 Sanyo 
LA3133 Sanyo 
lA3155 Sanyo 
LA3160 Sanyo 
LA3161 Sanyo 170 
TOA2320A SGS 
NE542 Signetics 
TOA1522 Signetics 
SN76130 TI 
SN76131 TI 175 
SN76149 TI 
TA7312 Toshiba 
TA7325 Toshiba 
TA7685 Toshiba 

Preamplifier, Quad 
184212 Exar (3378) 180 

Signal Delay •• 3001 PllaSOllc (3559) 
•• 3010 P ••• so.lc (3559) 
MN3204 Panasonic 
MN3207 Panasonic 

Sound Generator 
AY3-8910 GI 185 
AY3-8912 GI 

Sound Generator Controller for Microprocessor-Based 
Systems SN76489 TI 

SN76489A TI I SN76493 II 

/190 SN76494 TI 
SN76495 TI 

Sound Generator w/Audio Amp 
SN76487 TI 
SN76488 TI 

Voltage Controlled Oscillator for Electronic Music 
SSM2038 SSM 

Dual DC Operated ToneNolume/Balance Circuit 
LM1036 National 195 

Dual DC Operated ToneJVoIume/Balance Circuit with 
Stereo Enhancement 

LM1040 National 

3165 

(]) 
"C 
:::J 
(!) 

c: 
a 

:;::: 
() 
(]) 

(]) 

en 



Q) 

:Q 
-:::l 
(!) 

c:: 
.2 
+oJ o 
Q) 

Q) 

UJ 

Ie MASTER 

LINEAR-Consumer Circuits (Cont'd) 

Function DevIce Source line Function DevIce Source line 

Automotive Circuits Exposure Control (Cont'd) 
CS483 Cherry 

Automotive Lamp Monitor CS484 Cherry 
ULN-2435A Sprague CS485 Cherry 55 
ULN-2445A Sprague CS486 Cherry 
ULN-2455A Sprague CS487 Cherry 

Clock PCFl171 Signetlcs CS488 Cherry 
PCF1172 Signet\cs 5 CS489 Cherry 

Clock with Vacuum Fluorescent Display Drivers CS580 Cherry 60 
S4OO3 AMI S0258A Siemens 
SCL5233 SSS S0289 SIemens 

High Energy ignition Circuit Strobe Light Controfter 
MC3334 Motorola CS139 Cherry 

Ignition Circuit MC3333 Motorola 
CB Radio Circuits 

Injector Drive Controller 
LM1949 National 10 Channel Selector IDispiay Driver 

Lamp Monitor ULN-2401A Sprague FCB80lO Fairchild 

Low Coolant Detector MN6080 Panasonic 65 

ULN-2429A Sprague LC7181 Sanyo 
LC7184 Sanyo Solenoid Driver MC3484V2. Motorola 
LC7191 Sanyo MC3484V4 Motorola 

Speed Control Processor Programmer, for PLL 
MP1156 MicroPwr MC14460 Motorola 15 
LC7120 Sanyo 70 

Speedometer and Mileage Indicator 
Synthesizer Set, 40 Channel, BCD Channel Setting SAY115 ITT 

Traffic Information Broadcast Decoders 
MP7189 MicroPwr 

UAA1009 m Synthesizer Set, 40 Channel, BCD Channel Setting 

80280 Siemens LC7131 Sanyo 

S0281 Siemens LC7135 Sanyo 

S551 Siemens 20 Transceiver Receiver 
S552 SIemens TMS1022 Ti 

Voltage Regulator 
Clock/Watch Circuits TCA700 ITT 

MC3325 Motorola 
Alarm Clock H038980 Hitachi 75 

2O-Watt Automotive Power Amplifier H038991C Hitachi 
LM2005 National H043115 Hitachi 

H043890 Hitachi Calculator CirCUits ICM1115 Intersi 

Calculator MN5750 Panasonic 25 ICM1115A Intersil so-
TMS1018 TI ICM1115B Intersil 

ICM7038A Intersil 
Calculator, Printing 

ICM7038B Intersil 
H038510 Hitachi 

1CM7049A Intersl! 
HD38513 Hitachi 

1CM7050 Intersil 85 HD3854tL __ ~1titachi 
MM53108 Nationaf 

H038550 Hitachi 30 
MM5316 National 

HD38560 Hitachi 
MM5387 National 

H038510 Hitachi 
MM5402 National 

H038580 Hitachi 
MM5405 National 90 

H038585 Hitachi 
MM58143 National 

Camera Circuits MM58144 National 

"PD5388 NEC 

Exposure Control "PD833 NEC 

CS100 Cherry 35 MN6076 Panasonic 95 
CS102 Cherry MN6092 Panasonic 

CS122 Cherry LM8360 Sanyo 
CS121 Cherry LM8361 Sanyo 
CSl29 Cherry MB561 Signet\cs 
CSl30 Cherry 40 MB562 Signetlcs 100 
CS131 Cherry Alarm Clock Radio 
CS132 Cherry ICM7223 Intersil 
CS131 Cherry ICM7223A Intarsl! 
CS460 Cherry ICM7223VF Intersl! 
CS461 Cherry 45 MM53113 National 
CS462 Cherry MM53124 National 105 
CS463 Cherry MM5455 National 
CS464 Cherry MM5456 National 
CS470 Cherry MM5457 National 
CS480 Cherry 50 MM5462 National 
CS481 Cherry MM5463 National 110 
CS482 Cherry MM5464 National 

(Continued) (Continued) 

'* T .... ~"' ... t U .... ttA 
1' .... _..,". _';"d .. v 

.... 1Ict 'diet ...... !tIIt ...... I' ".,.... • tW,. .. letH. 

3166 

Function Device Source line 

Alarm Clock RadiO (Coot'd) 
MM5465 National 
MM5466 National 
118.5524 OIU (4118) 
LM8363 Sanyo 115 
LM8364 Sanyo 

Automotive Clock with LCD Display Drivers 
PCF1171 Signetlcs 
PCF1172 Signetlcs 

Clock Automotive, with Vacuum Fluorescent Display 
Drivers 52709 AMI 

1ISII5557 OKI (4118) 120 
SCL5458 SSS 

Clock Circuits (See Also: Digital-CMOS 
OsclllatorslDlviders. Linear-Other Linear 
Devices-Oscinator) 

84803 UII (705) 
H044010 Hitachi 
1CM7045 Intersil 
ICM7051A Intersil 125 
ICM7051B Intersil 
ICM7052 Intersil 
SAJ300 ITT 
C1200 LSIComp 
MM5309 National 130 
MM5311 National 
MM53110 National 
MM5312 National 
MM5313 National 
MM5314 National 135 
MM5315 National 
MM5318 National 
MM5318 National .. - 0IC1 (4118) 
1186528 OKI (4118) 140 
MSM5529 OKI 
1ISlI5558 011 (4118) 
MN6057 Panasonic 
MN6059 Panasonic 
MN6093 Panaso!lic r MN6200 Panasonic 
MN6251 Panasonlc 
MN6252 Panasonic 
C022012 RCA 
CD22014 RCA 150 
8640 SMQS 
8650 SMOS 
8651 SMOS 
SAF3019 Signetics 
SCL5233 SSS 155 
SCL5238 sss 
SCL5455 sss 
SCL5463 SSS 
SCL5414 SSS 
SCL5601 SSS 160 
WD2412 Western 

Color Bar Generator 
MM5322 National 

Color Control for VIR Broadcasts 
HA11409 Hitachi 

Digital Clock, Channel and Time Oisplay 
MM58106 National 

Digital Tuner MM58142 National 165 

Melody Circuit, for Clocks 
7910 SMOS 
7920 SMOS 
7930 SMOS 
SVM7940 SMOS 
SVM7950 SMOS 110 
SVM7960 SMOS 
SVM7970 SMOS 
SVM1990 SMOS 

C Ie MASTER 1984 r 



LINEAR-Consumer Circuits (Cont'd) 

Function Device Source 

Clock/Watch Circuits (Cont'd) 

Melody Circuit, Westminister Chime 
SVM5530 SMOS 
SVM7810 SMOS 

Stopwatch/Clock (LCD) 
ICM7045 Intersil 
WD2412 Western 

Stopwatch (LED) 
ICM7205 Intersil 
ICM7215 Intersi! 

Watch, Analog (See also Digital-CMOS 
Oscillators/Dividers) 

HC43850 Hitachi 
ICM7047 Intersil 
ICM7245 Intersil 

Watch (LCD), Digital 
HC42022 Hitachi 
HC42030 Hitachi 
HC43032 Hitachi 
HC43802 Hitachi 
HC43803 Hitachi 
ICM14248 Intersil 
ICM1424MB Intersil 
ICM1424MC Intersil 
ICM7210 Intersil 
ICM7210C Intersil 
ICM7210M Intersil 
ICM7210MC Intersil 
ICM7220 Intarsil 
ICM7220B Intersll 
ICe,17220M Intersi! 
ICM7220MA Intersll 
ICM7220MC Intersi! 
ICM7269 Intersll 
ICM7270 Intarsil 
ICM7272 Intersil .Il5103 011 
MS680 RTC 
MS681 RTC 
MS682 RTC 
MS683 RTC 
lC5621 Sanyo 
PCA1122 Signetics 
SCl54301 SSS 
SCL5482 SSS 
SCl5483 SSS 

Watch (LCD), Digital Chronograph 
ICM7220C Intersll 
MP7160 MicroPwr 
LC5613 Sanyo 

Watch (LCD), Digital Chronograph/Alarm 
HI7000 
MP7216 

Watch 'LCD\ Dlftitat with Al;,r;n 
I, '" 

HI7020 
ICM7220A 
ICM7220FA 
ICM7220MFA 
ICM7221 
ICM7222 
MP7150 

Holt 
MicroPwr 

Holt 
IntersU 
Intersi! 
Intersll 
IntersU 
Intarsll 
MicroPwr 

Watch (LCD), Digital With Alarm and Music Enable 
ICM7271 Intarsll 
ICM7273 Intersil 

watch (LED), DIgital 
ICM7214 Intersll 
ICM7214A IntersU 

t Military Temperature Range (-55° to 125°C) 
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Une Function Device Source 

Organ Circ~its 

Delay Circuit, See also Analog Shift Registers and Serial 
Analog Delay under linear-Other Devices. 

TDA1022 Signetics 

Digital Accompaniment Interface 
M109 SGS 

Electronic Attenuator 
XRl3600 Exar 
MC3340 Motorola 

5 CA3080 RCA 
CA3080A tRCA 

Frequency Divider, 6-Stage 
S10131 AMI 
LM3216 Sanyo 

Frequency Divider, 7-Stage 
M738 SSS 
M740 SGS 

10 M741 SSS 
M747 SGS 

I 
SAJ410 Siemens 

FrequeilCy Divider, 8-Stage, with Staircase Generator 
MN6004 Panasonic 

15 Frequency Generator. See also Organ, Top Octave 
Generator MN6005 Panasonic 

Key Divider SlO43O AMI 

Monophonic Synthesizer 
MHO SGS 

20 
Noise Generator 

82688 AMI 
MM5837 National ---

Rhythm Circuit 
82567 AMI 

25 LM8372 Sanyo 
LM8471 Sanyo 
LM8972 Sanyo 
M25(l sss 
M259 SSS 

30 M268 SSS 
M269 SSS 

Solo and Accompaniment 
M108 SSS 

Tone Generator 
35 M082 SGS 

M082AA SGS 
M083 SGS 
M083AA SSS 
M086 SSS 
M086AA SGS 

Top Octave Generator 
40 850240 AMI 

850241 AMI 
850242 AMI 
MK50240 Mostek 
MK50241 Mostek 
MK50242 Mostek 
LM8011 Sanyo 

1451 Toy Organ 8M 1900 ITT 

50 

55 

Dual Voltage Controlled Amplifier 
SSM2020 
SSM2022 

Radio Circuiis, AM 

AM/swTuner 5054 

SSM 
SSM 

Siemens 

Amplifl8l" With Demodulator and Volume Control 
TDA1048 Siemens 

CQUAM AM Stereo Decoder 
MCl3020 Motorola 

Frequency Synthesizer 
TC9131 Toshiba 

• Typical Value 

line 

60 

65 

70 

75 

80 

85 

90 

95 

1 1 

100 
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MASTER SELECTION GUIDE 

FU!!Ction Device Source 

Mixer,lF, AGC UlN-2243A Sprague 

Radio System for Electronically TUned Radios 
lMl863 National 

Receiver Syste'" 
HAl151 Hitachi 
HA1197 Hitachi 
HA1199 Hitachi 
ILPC1215V NEC 
CA3088 tRCA 
CA3123 tRCA 
TCA440 Siemens 
TDA1046 Siemens 
TDA1072 Signetics 
TEA5550 Signetics 
UlN-2249A Sprague 
ULN-3838A Sprague 
TDA1072 Telefunken 
SN76635 TI 
TA7306 Toshiba 
TA7615 Toshiba 

RF,IF Detector LM3820 National 

RF,IF, Detector, AGC 
ZN414 Ferranti 

SSB Detector Sl623C Plessey 

Stereo Decoder LMl981 National 

Stereo Demodulator 
HS3604 HarriS 

Tuner for Car Radio 
TA7402 Toshiba 
TA7616 Toshiba 

Tuner System LA1130 Sanyo 
LA 1240 Sanyo 
LA 1245 Sanyo 

Radio Circuit., AM/FM 

AM/FM Phase and Signal Locked loop (PSLZ) Tuner 
LC7210 Sanyo 

AMIFM Pll Synthesizer Tuner 
lC7220 Sanyo 
LC7225 Sanyo 

AM/FM/SW Frequency Counter 
MSM5526 OKI 

Display Driver for Receiving Frequency Digital Display 
TD6301A 

FM/SW/MW/LW Frequency Display 
LC7253 
LC7257 
lC7258 

Frequency Counter 

IF Amplifier 

_5525 

1LA757 
LMl821 
lMl868 
ILPC5n 
AN7218 
AN72S6 
LAl201 
TAA991 

Radio Frequency Display 
MM5430 
MM5431 

Toshiba 

Sanyo 
Sanyo 
Sanyo 

OKI 
Fairchild 
National 
National 
NEC 
Panasonic 
Panason:c 
Sanyo 
Siemens 

National 
National 

Radio Frequency Display Driver and Clock 

Receiver System 

HA 12404 Hitachi 
HA 12405 Hitachi 
Tl400 Toshiba 

HA11211 
HAl1251 
HA12402 

Hitachi 
Hitachi 
Hitachi 

(4118) 

(Continued) 

Une 

105 

110 

115 

120 

I 
125 

130 

135 

140 

145 

150 

155 
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LINEAR-Consumer Circuits (Cont'd) 

Function DevIce Source Une Function Device Source Line 

Radio Circuits, AM/FM (Cont'd) IF Ampiffier/Detector (Cont'd) 
LM3011 National 

Receiver System (Cont'd) LM3075 National 
LM1866 National LM3089 National 
AN217P Panasonic LM3189 National 
AN253 Panasonic TBA120 National 65 
AN366 Panasonic I'PC1028 NEC 
LA1210 Sanyo 5 TBA120 Plessey 
TDA1220A SGS TBA750 Plessey 
TEA5570 Signetics CA2111A tRCA 
TDA1083 Sprague CA3013 RCA 70 
TDA1090 Sprague 

CA3014 tRCA 
ULN-2204A Sprague 10 

CA3042 RCA 
ULN-224OA Sprague 

CA3065 RCA 
ULN-2241A Sprague 

CA3075 tRCA 
ULN-2242A Sprague 

CA3089 tRCA 75 
ULX-3840A Sprague 

CA3189 RCA 
TDA1083 Telefunken 15 

CA3209 RCA U416 Telefunken 
CA3215 RCA U417 Telefunken 

U418 Telefunken LA1140 Sanyo 

TA7613 Toshiba LA1150 Sanyo 80 

TA7614 Toshiba 20 LA 1230 Sanyo 
LA1231N Sanyo 

Search Tuning TDA 1580 Signetles 
TDAl200 SGS 

Signal Processor 8041 Siemens 
ULX-3804A Sprague TBAl20S Siemens 85 

Synthesizer (FM prescaler, preamplifier and reference TDA1047 Siemens 
OSCillator) AC5945 TI CA3089 Signetics 

Tuner Control LC7200 Sanyo CA3089D2 Signetics 
LC7201 Sanyo 25 CA3189 Signetics 
LC720S Sanyo IF Amplifier Detector 
LC7207 Sanyo TBA120U Signetlcs 90 

Tuner, Radio Frequency Display and Clock IF AmplifierlDetector 
LC7250 Sanyo TBA750C Signetles 

TV Synthesizer SAA 1057 Signetles TCAnO Signetics 
ULN-2111A Sprague 

Radio Circuits, FM ULN-2136A Sprague 

Detector. See linear-Phase Locked Loop Circuits and IF ULN-3889A Sprague 95 
TBA120 Telefunken AmplifierlDetector below. 30 
TDA1093 Telefunken Front End AN7213 Panasonic 
SN76642 TI TDA1571 Signetles 
SN76643 TI TDA1574 Signetlcs 
SN76669 TI 100 

Front End Timer 
SN76675 TI TDA1094 Telefunken 
SN76689 TI TA1335 . _To.shiba 

~ 
35 

IF Amplifier HAl201 Hitachi IF Amplifier, Narrow Band 
MC3359 Motorola HA1211 Hitachi 

MC1350 Motorola ULN-3859A Sprague 

AN278 Panasonic IF Amplifier, PLL, Squelch, Narrow Band 
AN3n Panasonic 40 SL6640 Plessey 105 
CA3002 tRCA IF System LA1235 Sanyo 
Cl3005 tICA (3803) LA2300 Sanyo 
Cl3006 tICA (3&03) 

Interference Absorption Circuit 
CA3012 tRCA 
Cl3028 fICA (3&03) 45 

TDA1001B Signetics 

CA3076 tRCA LED Tuning Indicator 

LA1111 Sanyo LB1450 Sanyo 

LA 1222 Sanyo LB1473 Sanyo 110 

TDA4200 Siemens Mixer,lF, AGC System 
TDA1576 Signetics 50 LA1160 Sanyo 
TEA5560 Signetics Modulator Circuit (VCOlmodulator, 1.4 to 14 MHz) 
ULN-2243A Sprague MC1376 Motorola 
SN76676 TI 

Noise Canceller HA 11219 Hitachi SN76678 TI 
LA2100 Sanyo TA7302 Toshiba 55 
LA2101 Sanyo 115 TA7.303 Toshiba 
LA2110 Sanyo 

IF Amplifier/Detector 
HAl1225 Hitachi Prescaler (for digital tuning) 

HA1137 Hitachi T06104 Toshiba 

HA12411 Hitachi Receiver System 
LM1865 National 60 TDA7000 SI, .. tla (3663) 

(Continued) TDA7010T SIIDtlcs (3666) 

* Tyoical Value 
a ... flCllnlClI ....... 111011 ... 11 II pr.vl ....... till PIli •• 1 .... 

3168 

Function Device Source line 

Receiver System with Squelch and Scan Control 
MP5071 MlcroPwr 120 
MC3357 Motorola 

RFIIF Amplifier CA3127 RCA 
TBA120U Signetics 
TCAnO Signetlcs 

Stereo Decoder XR1310 Exar 125 
HA11223 Hitachi 
HA 11227 Hitachi 
HA 1156 Hitachi 
HA1196 Hitachi 
MCl309 Motorola 130 
MC1310 Motorola 
TCA4500 Motorola 
I'A758A Motorola 
LM1310 National 
LMl800 National 135 
LM1870 National 
LM4500A National 
I'PC1026 NEC 
AN362 Panasonic 
CA1310A RCA 140 
CA3195 RCA 
CA758 RCA 
LA3301 Sanyo 
LA3350 Sanyo 
LA3361 Sanyo 145 
LA3365 Sanyo 
LA3370 Sanyo 
LA3375 Sanyo 
LA3380 Sanyo 
LA3381 Sanyo 150 
LA3390 . Sanyo 
TCA4500A Siemens 
TCA4510 Siemens 
LM1870 Signetics 
TDA1578A Signetics 155 
TEA5580 Signetics 
~758 Slgnet!cs 
ULN-3809A Sprague 
ULN-3810A Sprague 
ULN-3812A Sprague 160 
SN76104 TI 
SN76105 TI 
SN7&11O Tt 
SN76111 -TI 
SN76113 TI 165 
SN76115 TI 
SN76116 TI 
TA7157A Toshiba 
TA7401A Toshiba 
TA7604A Toshiba 170 
TA7624 Toshiba 

Stereo Multiplexer (PLL) 
TA7343 Toshiba 

Tuner TUA1000 Siemens 
TDA1062 Telefunken 
TDA1062S Telefunken 175 

Remote Control Circuits 

Amplifier-Detector 
MC3373 Motorola 

Receiver, Infrared 
tDA3047 Signetics 

Receiver Infrared 
TDA3048 Signetics 

Remote Control, Infrared 
SAA3004 Signetics 
SAA3027 SignetleS 180 

Ole MASTER 1984r 
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LlNEAR .... Consumer Circuits (Cont'd) 

Function Device Source Une Functlon Device Source Line 

Remote Control Circuits (Cont'd) I T """"'""""",,,, (,,"",,''''''''',,), 2 deY .. "" I 
(Cont'd) 

RF Amplifier/Mixer SN76730 II 65 
CA3005 t RCA SN76831 tTl 
CA3006 tRcA 81768321 n (387) 
CA3049 t RCA TC9132 tToshiba 

Transceiver (ultrasonic) TC9133 Toshiba 
LM1812 National TC9134 Toshiba 70 

Transmitter, Infrared 
Transmitter/Receiver, Preamplifier 

MM53226 National 5 
TEA 1009 lIT 

SAA3006 Signetics 
SI76881 n (387) Speech Circuits 
S176882 n (387) 
SI76891 n (387) Delta Modulation System, Continuously Variable Slope 

NOTE: In the following category ONLY, the dagger symbol HC55536 Harris 
in front of a company name indicates a HC55564 Harris 
transmitter/encoder. Absence of a dagger designates a 
receiver/decoder. 10 PreprOgrammed Vocabulary ROM 

VM61OO1 TI 
Transmitter/Receiver (encoder/decoder), 2 device sets VI61 002 n (1718) 75 

S2600 tAMI 
$2601 AMI 

VI61 003 n (1718) 

S2602 tAMI 

I" 
VI610fM n (1718) 

S2603 AMI VM61005 n (1718) 

32604 tAMi VM71001 TI 

S2605 AMI VM71002 TI 80 

82742 AMI VI71003 n (1718) 

82743 tAMI Speech Analyzer/SynthesiZer, ADPCM 
82747 AMI ISI5218 OKI (4118) 
82748 AMI 20 

Speech Circuit for Electronic Telephones 
AY3-8470 tGI TCM1705A TI 
AY3-8475 GI 
SAA1250 tlIT Speech Evaluation Kit 

SAA1251 lIT DT1OS1 National 

SAA1272 In 25 DT1054 National 85 

SAA1350 tlIT Speech FIFO Buff~r Memory and Control Logic 

I 
SAAl351 lIT SPB640 GI 
MC14457 t Motorola 
MCl4458 Motorola 

Speech Generator 
UAA1003 lIT 

MCl45026 Motorola 30 
UAA1103 rrr 

MCi45027 Motorola 
MC145028 Motorola Speech Interface Control Logic 

LM1871 National . SPROOO GI 

LM1872 National Speech Synthesis PrOcessor 
MM5425 National 35 SP-0250 GI 90 
MM58250 t National SP0256 GI 
ISL9362 OKI (4118) Dnooo National 
MSL9363 OKi (4118) MM54104 National . 
MN6021 Panasonic SVM9300 SMOS 
MN6025 Panasonic 40 

la8000 sip,i1ea (3672) 95 
ML920 Plessey 

TMS5100 TI 
ML922 Plessey 

TMS5110 n (1717) 
ML926 Plessey 
ML928 Plessey TMS5200 TI 

ML929 Plessey 45 T185220 n (1717) 

SL490 Plessey SC-Ol Votrax 100 

M1124 tSGS Speech Synthesis System, Basic Numbers kit 
SAB3209 Siemens Dn052 National 
SAB3210 tSiemens DT1055 National 
SAB3271 Siemens 50 ., . ., .. . ., -"!. ••• ... . . . ... 

Siemens SAB42Q9 I ::ipeecn ::iynmesls ::iysrem, ::itanoara vocaDulary Kit 

DT1050 National 
SDA2008 tSiemens 

I SOA3205 Siemens 
DT1053 National 

SDA3206 tSiemens 
DT1056 National 105 

SAA5000 t Signetics 55 DnOS7 National 

SAA5012 Signetics Speech SynthesiZer, ADPCM 
SAF1032 Signetics 1815205 OKI (4118) 
SAF1039 SignetiCs 1ISII6202 OKi (4118) 
U318 Telefunken 

Speech SynthesiZer, Linear Predictive Data stored in ROM 
U321 t Telefunken 60 

83610 AMI (2813) 
U327 t T4!lefunken 
U328 Telefunken 

83620 AlII (2814) 110 

SN76605 tTl Synthesized-Speech ROM 

SN76606 TI TMS6100 n (1718) 
(Continued) TMS6125 n (1718) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
BeIII ... IHIcIIII .... U.I .... ,s '"" ..... 1M pa ...... . 
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MASTER SELECTION GUIDE 

Function Device Source line 

Tape Recorder Circuits, Audio 

Amplifier System 
iA7223 Toshiba 
TA7628 Toshiba 

Amplifier System (for cassette tecorders) 
TA7628H Toshiba 115 

Amplifier, with AGC, for Recorders 
TDA2054 SGS 
TA7137 Toshiba 
TA7137-ST Toshiba 

Audio System HA12006 Hitachi 
LM1818 National 120 
AN262 Panasonic 

Automatic Cuing Circuit 
LC7510 sanyo 
LC7512 sanyo 

Automatic Leveling 
8028-2 Siemens 

Automatic Program Search 
TC9138 Toshiba 

1
125 

TC9139 Toshiba 

Automatic Reverse/Eject for car stereo 
TD6304 Toshiba 
TD6308 Toshiba 

Auto-Reverse Cassette Control 
TDAl508 Signetics 

Broadband Compander 
U401 Telefunken 130 

Controller (mode change, absence recording) 
HAl2001 Hitachi 
TC9121 Toshiba 

Head, Microphone; Headphone, Buffer, and Record 
Amplifiers HA12oo5 Hitachi 

TA7617 Toshiba 

IC Switch (cassette) 
TC9143 Toshiba 135 
TC9144 Toshiba 

Motor Speed Control (automatiC stop, dc manual stop, 
biasing and eraSing oscillator) 

TDAmO SGS 

Motor Speed Control, Stop, Pause, Cassette Ejection 
TDA7270 SGS 

Power Amp, Preamp with ALC, Meter Driver 
TA7225 Toshiba 

Power Amp, Preamp with ALC, Meter Driver, Mute Control 
TA7224 Toshiba 140 

Power Amplifier (cassette) 
TA7229 Toshiba 

Powet Amplifier (minicassette) 
TA7331 Toshiba 

Preamplifier with ALC 
LA3201 sanyo 
LA3210 Sanyo 
SSM2011 SSM 145 

I Preamplifier WIth ALC (cassette) 
TOA1054M I I .. .. 

Preamplifier with ALC (minicassette) 
TA7330 Toshiba 

System (power amp, preamp with ALC, for minicassette 
recorders) TA7625 Toshiba 

Tape Counter LM8523 sanyo 

Tape Deck Amplifier System 
TA7663 Toshiba 150 

Tape Deck Amplifier, Dual Channel 
TA7639 Toshiba 

Tape Deck Automatic Reverse 
AN6249 Panasonic 
AN6250 Panasonic 
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Ie MASTER 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source line FunctiOn DevIce Source Line 

Tape Recorder Circuits, Audio Camera Sync. Generator (Cont'd) 

(Cont'd) H044007 Hitachi 
MM5321 National 

Tape Deck Key Controller MN6063 Panasonic 
AN6251 Panasonic MN6064 Panasonic 55 

S178A Siemens 
Tape Recorder Circuits, Video CATV Amplifiers (hybrid) 

BGY54A Amperex Color Processing Circuit 
BGY55A Amperex HA11704 Hitachi 

HAl1705 Hitachi BGY56 Amperex 

HA11706 Hitachi BGY57 Amperex 60 

AN305 .Panasonic 5 BGY58A Amperex 

AN337 Panasonic BGY74 Amperex 

MN6061A Panasonic BGY75 Amperex 
BGY78 Amperex 

Dropout Compensation Circuit MHW1121 Motorola 65 
AN316 Panasonic MHW1127 Motorola 

FM limiter HA11703 Hitachi MHW1171 Motorola 
AN304 Panasonic 10 MHW1172 Motorola 

FM Recording Signal Processor MHW1182 Motorola 
HA11701 Hitachi MHWl221 Motorola 70 
AN6321 Panasonic MHW1222 Motorola 
AN6331 Panasonic MHWl341 Motorola 

Head Amplifier AN6320 Panasonic MHW1342 Motorola 

AN6330 Panasonic 15 MHWl343 Motorola 
MHWl391 Motorola 75 

lUminance Processing 
MHW1392 Motorola AN302 Panasonic 
MHW5181 Motorola AN303 Panasonic 
MHW5182 Motorola 

Playback Signal Processor MHW559 Motorola 
HA11102 Hitachi MHW560 Motorola 80 

Servo Signal Processing MHW561 Motorola 
HA11101 Hitachi MHW562 Motorola 
AN301 Panasonic 20 MHW570 Motorola 
AN318 Panasonic MHW512 Motorola 
AN6341 Panasonic MHW580 Motorola 85 
AN6342 Panasonic MHW594 Motorola 
AN6344 Panasonic MHW595 Motorola 

Video Recording Processing CA2100 TRW·lSl 
AN6300 Panasonlc 25 CA2300 TRW-lSI 

16-Channel Precision Timer/Driver CA2301 TRW-LSI 90 
C022401 RCA (838) CA2418 TRW·lSI 

CA2600 TRW·lSl 
Television Circuits CA2601 TRW-lSI 

Channel DiSplay Driver/Decoder 
AFT System HA1108 Hitachi lM1011 National 

IiA1126 Hitachi 
~ . U143- . ~ Telefunken 95 

MC6190 Motorola 
Channel Selection MC6191 Motorola 30 

I'PC1009 NEC 
MC6192 Motorola 

AN5010 Panasonic 
MC6193 Motorola 

AN5011 Panasonic 
MC6194 Motorola 

lB1500 Sanyo 
MC6195 Motorola 

lB1515 Sanyo 100 
MC6196 Motorola 35 

lB1550 Sanyo 
lM3064 National 

SN16101 TI AN321 Panasonk: 
SN16102 TI CA3064 tRCA 

CA3139 RCA SN16710 TI 

lA1364 Sanyo 40 SN16711 TI 105 

SDA4260 Siemens SN16121 TI 

5N16565 TI SN16121 TI 

TA1010 Toshiba 
TA1111 Toshiba 
TA7112 Toshiba 

Bandpass Filter TA71n Toshiba 110 
2OO2Z NeM TA1118 Toshiba 

Cable TV Channel Processor Character Generator (Indicates tuning voltage scale and 
SDA2110 Siemens 45 band info on screen) 

Camera AN614 Panasonic U191 Telefunken 
AN616 Panasonic Chroma Circuits (demodulators, IF ampilfiers,lumlnance 

Camera Sync. Generator control, signal processors, and various combinations) 
3262A Fairchild HA11241 Hitachi 
32628 Fairchild HA11409 Hitachi 
ZNAl34E Ferranti 50 HA11412 Hitachi 115 
ZNA134J t Ferranti HA11417 Hitachi 

(Continued) (Continued) 
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Function Device Source line 

Chroma Circuits (demodulators,IF amplifierS,luminance 
control, signal processors, and various combinations) 

(Cont'd) 
HA11580 Hitachi 
MC13n Motorola 
MC1399 Motorola 
lMl828 National 120 
lMl848 National 
lM2887 National 
lM3126 National 
TBA510 National 
TBA530 National 125 
TBA540 National 
TBA560 National 
TBA990 National 
TDA2522 National 
TDA2523 National 130 
TDA2530 National 
TDA2560 National 
TDA3500 National 
TDA3501 National 
UPC580 NEC 135 
I'PC1380 NEC 
AN236 Panasonic 
AN5310 Panasonic 
AN5311 Panasonic 
AN5320 Panasonic 140 
AN5330 Panasonlc 
AN5620 Panasonic 
AN5630 Panasonic 
TDA2532 Plessey 
CAl398 RCA 145 
CA3067 RCA 
CA3010 RCA 
CA3011 RCA 
CA3012 RCA 
CA3121 RCA 150 
CA3125 RCA 
CA3126 RCA 
CA3128 RCA 
CA3135 RCA 
CA3131 RCA 155 
CA3143 RCA 
CA3144 RCA 
CA3145 RCA 
CA3151 RCA 
CA3153 RCA 160 
CA3156 RCA 
CA3158 RCA 
CA3110 RCA 
CA3112 RCA 
CA3194 RCA 165 
CA3201 RCA 
CA3211 RCA 
CA3221 RCA 
LA 1368 Sanyo 
LA 1369 Sanyo 170 
lAl390 Sanyo 
lBl332 Sanyo 
TDA2140 SGS 
TDA2151 SGS 
TOA2161 SGS 175 
TDA2522 SIemens 
TOA2530 SIemens 
TDA2560 SIemens 
TDA3500 Signetics 
TOA3505 Signetics 180 
TOA35lO Signetlcs 
TOA3520 Signetlcs 
TOA3562 Signetlcs 
TDA3563 Signetics 
TDA4550 Slgnetics 185 
TDA4560 Slgnetlcs 

(Continued) 
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LINEAR-Consumer Circuits (Cont'd) 

Function DeVice Source Line Function Device SOurce Line 

Television Circuits (Conl'd) I Frequency Synthesis Control (interface between 
synthesizer and varicap diode tuner) 

Chroma Circuits (demodulators, IF amplifiers,luminance MC2801 Motorola 
control, signal processors, and various combinations) Frequency Synthesizer 

(Cont'd) SAB3035 SignetiCs< 60 
ULN-2260A Sprague 
ULN-3914A Sprague Frequency Synthesiz!II", interfaces to MPU 

TBA520 Telefunken MN6044 Panasonii: 

TBA530 Telefunken MN6049 PanasOnic 

TBA540 Telefunken 5 Games, See Consumer Circuits, Video Games 

TBA560 Telefunken Horizontal & Vertical Processor 
TBA990 Telefunken HA11235 Hitachi 
TDA2140 Telefunken HAl1244 Hitachi 65 
TDA2150 Telefunken LMl880 National 
TDA2151 Telefunken 10 AN295 Panasoriic 
TDA2160 Telefunken AN5410 Panasonic 
TDA2161 Telefunken AN5411 Panasonic 
SN76242 TI AN5430 Panasoriic 70 
SN76243 TI AN5431 Panasonic 
SN76246 TI 15 AN5435 Panasonic 
SN76267 TI CA3202 RCA 
SN76298 TI CA3223 RCA 
SN76645 TI TDA25nA. Signeties 75 
SN76889 T! TDA2578A Signetics 
TA7141A Toshiba 20 TDA2595 Signetics 
TA7148 Toshiba Horizontal Processor 
TA7149 Toshiba TBA940 lIT 
TA7150 Toshiba TBA950 lIT 
TA7161 Toshiba TDA1950 lIT 80 
TA7167 Toshiba 25 TDA9500 lIT 
TA7168 Toshiba TDA9503 lIT 
TA7169 Toshiba TDA9513 lIT 
TA7173 Toshiba MCl391 Motorola 
TA7174 Toshiba MC1394 Motorola 85 
TA7192 Toshiba 30 LM1391 National 
TA7193 Toshiba TBA920 National 
TA7607A Toshiba TBA950-2 National 
TA7611A Toshiba TDA2590 National 
TA7621 Toshiba TDA2591 National 90 
TA7622A Toshiba 35 AN5750 Panasonlc 
TA7650 Toshiba AN5760 Panasonlc 
TA7659 Toshiba TDA2591 Plessey 
TA7660 Toshiba CA1391 RCA 
TA7661 Toshiba CAl394 RCA 95 
TA7675 Toshiba 40 CA3159 RCA 
TA7676 Toshiba CA3210 RCA 
TA767a Toshiba CA920A RCA 

D/A Converter (converts an input to coarse and fine tune TDA1180 SGS 

outputs) SAB3013 Signetics TDA2593 Signetics 100 

Decoder, 1 of 16 TDA2594 Signetics 

M054 SGS TDA2591 Telefunken 

M055 SGS 45 TDA2593 Telefunken 
SN76525 TI 

Deflection Correction Circuit TA7151 Toshiba 105 
TDA4610 Siemens 

Intercarrier Frequency Modulator 
Digital Tuner and Signal Detector 4OO2Z NCM 

LM1019 National 
TDA4431 SGS Line Selector 4003Z NCM 

Digital Tuning SAB3035 Signetics MATV Amplifiers (hybrid) 

SAB3037 Signetics OMS21 Amperex 
OM322 Amperex 110 

Digital Tuning Device Set OM323 Amperex 
SAA1075 ITT 

OM323A Amperex 
SAA1274 ITT 
SAA1276 ITT 

OM335 Amperex 
OM336 Amperex 

Signetics /50 I OM320 Amperex I I SAB3036 

Digital Tuning System Memory Controller 0M337 Amperex 115 
TA7619A Toshiba 55 OM337A Amperex 

Digital Tuning System (PLL) OM339 Amperex 
TC9136 Toshiba OM345 Amperex 
TC9137 Toshiba OM350 Amperex 

Frequency Synthesis Control (converts tuning data into OM360 Amperex 120 
frequency information for SDA 100 system) OM361 Amperex 

SM564 Siemens OM370 Amperex 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Bold fI.I.lIlC1t. 11I1I11Ieu1 111111, pm ..... II , .. PI ......... 
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Function DeYIce Source line 

Modulator Circuit for Video Tape Recorders and Disc 
Players MC1374 Motorola 

Noise Reduction System 
TA7652 Toshiba 

On Screen Channel Display 
M191 SGS 125 
M192 SGS 

On Screen Display 
SDA2005 Siemens 

On Screen Tuning Voltage Bargraph Display 
UAAl90 Siemens 

PAL Color EncOder and Video Summer 
TEA 1002 Signeties 

Pattern Generator 
4001Z NCM 130 

PictUre Contrast/Brightness 
TA7126 Toshiba 
TA7134 TOshiba 
TA7135 Toshiba 

Power SUpply Controller 
LA5112 Sanyo 

Prescalers 13.5 

Program Memory (17x16) 
M193 SGS 

Program Memory (2Ox12), D/A 
SN76720 TI 

Radio M755 SGS 
M756 SGS 

Signal Processor, Bilingual 
CA3120 RCA 140 
CA3142 RCA 
CA3154 RCA 
LA7751 Sanyo 
LAn55 Sanyo 
TBA890 Signetics 145 
SN76524 TI 
SN76544 TI 
SN76545 TI 

Small Signal CombinatiOn IC for Monochrome TV 
TDA4500 Signetics 

Sound Circuits HAll229 Hitachi 150 
HA1124 Hitachi 
HAl125 Hitachi 
HAl364 Hitachi 
TDA1235 lIT 
TDA1236 ItT 155 
MC1357 Motorola 
MCl358 Motorola 
TDA1190 Motorola 
TDAll902 Motorola 
TDA1190P Motorola 160 
TDA3190P Motorola 
TBA120S National 
#PC575 NEC 
AN240P Panasonic 
AN241 Panasonic 165 
AN340 Paii&sonic 
AN5210 Panasonic I I 
AN5220 Panasonic 
AN5250 Panasonic 
AN5260 Panasonic 170 
AN5730 Panasonic 
TBA120 Plessey 
TBA750 Plessey 
CA1190 \lCA 
CA1191 RCA 175 
CA3042 RCA 
CA3065 RCA 
CA3075 tRCA 
CA3134 RCA 
LA 1320 Sanyo 180 

(Continued) 
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Ie MASTER 

LINEAR-Consumer Circuits (Cont'd) 

Function Device Source Line Function Device Source Line 

Television Circuits (Cont'd) TUner Controller, Non-Volatile Storage for 16 Programs 
U193 Telefunken 

Sound Circuits (Cont'd) Tuner Controller (2 device set) 
LA 1363 Sanyo SAA1020 lIT 
LA 1365 Sanyo SAAl121 lIT 
TDAll90 SSS SAAl220 lIT 60 
TDA2190 SSS 

Tuning System SDAloo Siemens 
TDA3190 SSS 5 

SDA200 Siemens 
TDA2840 Siemens 
TDA2841 Siemens TV Camera Sync Generator 

CD22402 RCA TDA4280T/U Siemens 
TDA4281T/U Siemens TV Channel Selection-See also: SWitches, Capacitance or 

TBAl20U Signetics 10 Touch Sensing and TV Tuning, both this section 

TBA750C Signetics Universal Sync. Generator (NTSC) 

TDA2546A Signetics SCN2622A Signetics 65 

TDA381 0 BI .... lel (3613) Universal Sync. Generator (PAL) 
TDAll90Z Sprague SCN2621A Signetics 

TDA3190 Sprague 15 Universal Video Interface 
UlN-2111A Sprague SCN2637A Signetics 
UlN-2290 Sprague Vertical Deflection 
TBA120 Telefunken MCl393 Motorola 
SN76643 TI MC6190 Motorola 
SN76651 TI 20 MC6191 Motorola 70 
SN76660 TI MC6192 Motorola 
SN76665 TI MC6193 Motorola 
SN76666 TI MC6194 Motorola 
SN76688 TI I'PC1031 NEC 
TA7051 Toshiba 25 AN5510 Panasonic 75 
TA7072 Toshiba AN5512 Panasonic 
TA7073A Toshiba AN5520 Panasonic 
TA7130 Toshiba lA1385 Sanyo 
TA7146 Toshiba LA 1463 Sanyo 
TA7176A Toshiba 30 LA 1464 Sanyo 80 
TA7243 Toshiba LA7800 Sanyo 
TA7314 Toshiba TDAl170 SSS 

TA7632 Toshiba TDA1270 SSS 
TA7633 Toshiba TDA1470 SSS 

TDA1470A SSS 85 Surface Acoustic Wave Filter, IF 
TDA1670 SSS SW203 pressey 35 
TDAmO SGS 

Sychron Generator TDA2653 Signetics 
2OO1Z NCM TDA2653A Signetics 

Sync Generator 8M 1043P Signetics TDA2655A Signetics 90 
Synchronization and Deflection Circuit TDA26558 Signetics 

LA7801 Sanyo TDA3651 Signetics 
LA7802 Sanyo TDA3651A Signetics 

- -
LA7806 Sanyo 40- TDA3652 Signetics 
LA7810 Sanyo TDA1170 Sprague 95 

Synchronous Demodulator ULN-2270 Sprague 

TDA0820T Signetics U2170B Telefunken 
TA7152 Toshiba 

Teletext, Channel and Page Selector 
TA7242 Toshiba 

TEA9241 Thomson-CSF 
VHF Tuner TUA2000 Siemens 100 

Teletext, DIDON Demodulator 
Video Circuits (IF amplifiers, detectors, AGC, AFC, and TEA2585 Thomson-CSF 

Thomson-CSF 45 various combinations) TEA2586 
HA11215 Hitachi 

Test Pattern Generator HA11220 Hitachi 
ZNA234 Ferranti HA11221 Hitachi 

Timer, Programmable HA11238 Hitachi 
MM53100 National HAll405 Hitachi 105 
MM53105 National MC 1300 1 Motorola 

Tone Control TDA1524 Signetics MCl3002 Motorola 
TA7125 Toshiba 50 MC13010 Motorola 

To~h Tuner: See SWitches, capaCitance or touch sensing MC1330Al Motorola 

and TV MCl330A2 Motorola 110 
MC1349 Motorola 

Traffic Camera Controller MC1350 Motorola 
4004Z NCM 

MC1352 Motorola 
Tuner Band SwItching MC1372 Motorola 

AN5700 Panasonic MC1373 Motorola 115 
lA7900 Sanyo lMl822 National 
TA7315 Toshiba 55 LMl886 National 

Tuner Controller lMl889 National 
Sl952 pressey (Continued) 

t Military Temperature Range (-55° to 125°C) , Typicai vaiiiii 
8IN flcel ... ClItIIIIIIIU .... RIIII pm""" HIM,. .. ....... 

3172 

Function Device Source Line 

Video Circuits (IF amplifiers, detectors, AGC, AFC, and 
various combinations) (Cont'd) 

LM2889 National 
TBA440 National 120 
TBA970 National 
TDA2540 National 
TDA2541 National 
TDA440 National 
I'PC595 NEC 125 
I'PC596 NEC 
AN5111 Panasonic 
AN5120 Panasonic 
AN5710 Panasonic 
AN5720 Panasonic 130 
SL 1430 Plessey 
SL1431 Plessey 
SLl432 Plessey 
TDA440 Plessey 
CA1352 RCA 135 
CA270 RCA 
CA3068 RCA 
CA3136 RCA 
CA3191 RCA 
CA3192 RCA 140 
CA3216 RCA 
LA 1352 Sanyo 
LA 1353 Sanyo 
LA 1354 Sanyo 
LA 1357N Sanyo 145 
TDA4420 SSS 
TDA4433 SSS 
SDA5500 Siemens 
TBA1440G Siemens 
TBAl441 Siemens 150 
TDA5500 Siemens 
TDA5600 Siemens 
TDA5610 Siemens 
TDA5611 Siemens 
TDA2544 Signetics 155 
TDA3540 Slgnetlcs 
TDA3541 Signetics 
TDA3564 Signetics 
TDA440 Telefunken 
TDA4400 Telefunken 160 
TDA4410 Telefunken 

-TDA4420 T~ 

TDA4421 Telefunken 
TOA4422 Telefunken 
TDA4430 Telefunken 165 
TDA4431 Telefunken 
TDA4432 Telefunken 
TDA4440 Telefunken 
TDA4450 Telefunken 
SN76600 TI 170 
SN76644 TI 
SN76650 TI 
TA7069 Toshiba 
TA7074 Toshiba 
TA7075 Toshiba 175 
TA7076 Toshiba 
TA7124 Toshiba 
TA7145 Toshiba 
TA7147 Toshiba 
TA7162 Toshiba 180 
TC5003 Toshiba 

Video Disc Player/Microprocessor Interface (digital 
auxiliary information buffer) 

CD3226 RCA 

Video Pulse Generator 
S178 Siemens 

V Signal Recording Processor 
TA7637 Toshiba 

e IC MASTER 



LINEAR-Consumer Circuits (Cont'd) 

function Device Source Une Function Device Source Line 

Video Game Circuits Motor Speed Regulator (Cont'd) 
MC2907 Cherry 

Character Generator LM1014 Fairchild 
H13119 HIITII (4658) LM1014A Fairchild 

Clock Generator (for MM57100) J£A7392 Fairchild 50 
MM53104 National LS7263 LSIComp 

Color Processor (generates single composite color signal LM1014 National 

from game chip input) .. 5819 011 (4118) 
AY3-8915 GI SL440 Plessey 

Dedicated (some may be used In programmable systems TDA1085A Plessey 55 

also) AY3-85OQ GI TDA2085A Plessey 

AY3-8500-1 GI 5 TCA900 SGS 

AY3-8603 GI TCA910 SGS 

AY3-8605 GI TDA1151 SGS 

AYiasos GI S572 Siemens 60 

AY3-8607 GI TCA955 Siemens 

AY3-8610 GI 10 TDA1506 Signetics 

Interface (processes graphics data and generates video. 
SGl731 SiliconG 

signals) AY3-8900 GI SG2731 SiliconG 

AY3-8900-1 GI SG3731 SiliconG 65 

PAL Color Encoder and Video Summer 
Motor Speed Regulator, for Record Players, Tape 

TEA 1002 Signetics Recorders TDA1533 Signetlcs 

Programmable Video Inter1ace 
Motor Speed Regulator, PLL 

SCN2636A Signetics 
TM4...1;Q.3 Toshih<l 

SCN2637A Signetics 15 Motor Speed Regulator, PLL, for Record Players, VTR 

Sound Generator 
.. 5816 011 (4111) 

AY3-8910 GI Motor, Stepping Motor Drive 

AY3-8912 GI P8L3717 RIFA 

SN764n n Motor, Stepping Motor Driver 

TV/".P Interface SAA1027 Signetics 70 

M106 SGS UDN-2949Z Sprague 

Video DIsplay Generator Music Chimes SAB0600 Siemens 

1C8I47 ........ (1505) 20 Music, Voltage Controlled OSCillator 

Video Modulator (interfaces audio, color, difference, and SSM2030 SSM 

luminance signals to TV antenna terminals) SSM2033 SSM 

MC1372 Motorola Music, Voltage Controlled Filter, Four Stage 
MC1373 Motorola SSM2040 SSM 75 
LM1889 National SSM2044 SSM 

Miscellaneous 
Music, Voltage Controlled Transient Generator 

SSM2050 SSM 

Appliance nmer SSM2055 SSM 

FCM7040 Fairchild SSM2056 SSM 

Digital Lock LS7220 L .... (103) 25 Optical Transceiver (intrusion alarm) 

LS7225 LSH:-.. ,(103) CS258A Cherry 80 

LS7226 L .... (103) Peak Power Meter Driver, Dual (for hi·fI stereo) 

La7221 LSICIIIJI (103) TA7318 Toshiba 

LS7229 ..... (103) TA7332 Toshiba 

Facsimile LM1011 National 30 Protector Circuit (overcurrent detection for OCL and 

MN8023 Panasonlc speaker) HA12002 Hitachi 

General·Purpose AID Converter and Digital·ScaIe Circuit 
TA7317 Toshiba 

S4036 AMI Revolution Counter Pulse Shaper 

Ground Fault Interrupter 
SAK215 ITT 85, 

CS259 Cherry Servo Driver 1£544 SIpIIIa (3632) 

MC3426 Motorola Smoke Detector 
LM1851 National 35 CS179 Cherry 

Motor, Induction Motor Energy Saver MP7162 MicroPwr 

HV1COO ... .arris 
1 I 

MC1.w.!6 Motorola 

190 I HV1005 HarriS MC14467 Motorola 

HV10l0 Harris LM1801 National 

Motor Positioning System (3-chip set), Tachometer 
NF5301 National 

Converter, D/A Converter and Switch·Mode Driver for de CA3164 RCA (3604) 

Motor SG290N SlliconG SCL5331-5 SSS 

SG291N SiliconG 40 SCL5331-6 SSS 95 

SG2925 SiliCOnG SCL5341 SSS 

Motor Speed Regulator 
SD2 Supertex 

MC212 AnalogSys 
SD3A Supertex 

MC213 AnillogSys Switch, Video SAA1300 Signetics 

CS140 Cherry Switches SAS560 Hitachi 100 
CS175 Cherry 45 SAS570 Hitachi 
CS2917 Cherry MN1976 Panasonlc 

(Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
.... flclllllliaIII .... I ................... ,. ....... . 
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MASTER SELECTION GUIDE 

Function Device Source Line 

SWitches (Cont'd) 
SAS560 Siemens 
SAS570 Siemens 
SAS580 Siemens 105 
SAS590 Siemens 
SAS6810 Siemens 
SAS660 Telefunken 
SAS6600 Telefunken 
SAS6610 Telefunken 110 
SAS670 Telefunken 
SAS6700 Telefunken 
SAS6710 Telefunken 

SWitches, Capacitive Touch Input (keyboard encoder and 
prioritizer) TMS1976 TI 

Switches, DC-Controlled, AudiO 
LM1037 National 115 
LM1038 National 
TDA1029 Signetics 

Switches, Proximity 
SAS221 Siemens 
TCA205AK Siemens 
TDA0159 Thomson-CSF 120 
TDA0161 Thomson·CSF 
TDA0162 Thomson ... CSF 

Switches, Touch·Sensitive Light Dimmer 
LS7231 LSlC.., (803) 
LS7232 LSIC.p (803) 
LS7233 LSlC.p (803) 125 
LS7234 LSleo.p (103) 
LS7235 LSIC.., (803) 
S576A Siemens 
S5768 Siemens 
S576C Siemens 130 
TEA1010 Signetics 
TEA1058T Signetics 

Tachometer Circuit 
CS189 Cherry 
CS2917 Cherry 
LM2907 National 135 
LM2917 National 
SN76810 TI 

Thermo Controller (for air conditioners, refrigerators, etc.) 
TA7165 Toshiba 

Timers. See Appliance Timers, Clock, Watch circuits in 
this section and Linear· Timers 

Tone Synthesizer for Doorchimes, Toys 
AY3-1350 GI 140 

TraffIC Light Control Circuit 
4004Z NCM 

Tuning Voltage Stabilizer, for use with Variable 
CapaCitance Diodes 

TCA720 ITT 
TAA550 SGS 

1 I 
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Ie MASTER 

LINEAR-Follower. 

BIas Offset VoHage Unity Gain Slew Supply 
Current Voltage Drift Bandwidth Rate OUtput Range, 
nA25°C mV25°C "vrc MHz min v/us VmA V Comments 

Followers 

See also linear-Amplifiers, Special Purpose - Current Ampllfl8l's 

0.1 10 25 " 100 " 1000 9@100 ±5to ±20 Fast Follower 

50 400 200 3000 10@2OO +11to ±18 Very Fast. FET 

0.15 20 25 " 100 " 1000 9@100 ±5to ±20 Fast Follower 

0.2 25 300 " 200 " 2000 10@2OO ±5to ±2O Very Fast Follower 
50 300 " 200 • 2000 10@2OO +5to +20 Very Fast Follower 

0.2 " 50 300 • 300" 2000 10@2OO ±5to+2O Gain 0.094 (50 Ohm) 

0.4 ao "90 55" 220 10@22 ±6to ±18 Very Fast Follower 
100 55 " 220 10@21 +6to +18 Very Fast Follower 

0.7 15.0 150 50" 180 10@25 ±6to ±18 Very Fast Follower 
170 50" 180 ±6to ±18 Very Fast Follower 

3 4.0 6" 12 " 30" 1O@1 ±5to ±18 Follower, Replaces 102 
20" 30" 10@1 ±5to ±18 Dual 210 Follower 

Follower, Replaces 102 

10 " 20 " 30" 10@1 +5to + 18 Follower, Replaces 102 

12· 12· 30· 10@ 1 ±5to ± 18 Follower, Replaces 102 
20· 30" 10@1 ±5to ±18 Dual 110 Follower 

Follower, Replaces 102 

5 20.0 100 200 1000 10@5OO ±11 to ± 18 Fast, High Current 

7 7.5 10 • 12 " 30· 10@ 1 ±5to ±18 Follower, Replaces 102 
20· 30" 10@1 ±5to ±18 Dual 310 Follower 

Follower, Replaces 102 

10 5.0 6" - - 1O@ 1.25 ±15 Follower 
8" 10· 10@1 +15 Follower 

10 " 10 " 10@ 1.25 ±12to +18 Follower 

15 10.0 15· S" 10· 10@ 1 ±15 Follower 
10· 10 " 10@ 1.25 +12to +18 Follower 

20 20.0 100 60 2000 10@loo ±6to ±18 Very Fast Follower 

30 15.0 20' - - 10@1.25 :t: 15 Follower 
8· 10· 10@1 ±15 Follower 
10· 10· 10@ 1.25 ± 12to ± 18 FoHower 

20 100 25 1000 10@ ±50 ±3to ± 15 6 identical Sections 

35 15 33" 250 • 1300 10@ 100 ±5to ±16 Video Buffer 

5000 5 25 125 • 1400 12@ 100 - Fast Follower 

20000 20 100 24· 1500 " 10100 ±6to ±18 Follower, Current Booster 

" Tvoical Value 
8." fH.llltlatts ........ , .... 's pm ..... 1M ,... ...... 
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Device Saurce Une 

ADl.H8033 tAD (3353) 
LH0033 t National 
TP0033-80 t TeledyneP 

9963 tOEI 5 

ADLII0833C AD (3353) 
LHOO33C National 
TP0033 TeledyneP 

LHOO63 t National 
LHOO63C National 10 

3553 t Burr-Brown 

BUF-03E PMI 
BUF-03A PMI 

aUF-03F PMI 
BUF-03B tPMI 15 

SG210 SlIIconG 
LH2210 National 
L~10 National 
SFC2210 Thomson-CSF 

lM110 t Intersll 20 

SG110 t SiliconG 
LH2110 Intersil 
lH2110 t National 

LM110 t National 

9911 tOEI 25 

SG310 SlliconG 
lH2310 Intersll 
LH2310 t National 

LM310 Intersil 
lM310 National 30 
lM102 t Intersil 
SG102 t SlliconG 

LM102 t National 

SG202 SlliconG 
LM202 National 35 

9910 tOEI 

LM302 Intersil 
SG302 SlIIconG 

LM302 National 

MZ320 AnalogSys 40 

HA-5033-2 tHlrrts (3462) 
HA-5033-5 Hlrrls (3462) 

HOS-tOGA AD (3353) 
aDS-laos tAD (3353) 

AH0010C OEI 45 
AHOO10F OEI 

.. Ie MASTER 1984 f -



LINEAR-Operational Amplifiers 

Function Device Source Une Function Device Source Line 

General Purpose FET Input. Bipolar/JFET available in standard (155). 
wideband (156) and uncompensated (157) versions. 

Dual Amplifiers. The 1458 (O°C to 70°C) and the 1558 premium performance (A and B suffixes), and various 
(-55°C to 125°C) otter approximately the same temperature ranges (155, 255,355, etc are available.) 
performance as the 741. Compensation is built in. Some versions approach the low cost of the units below. 

XR1458 Exar 
LF155 tAMD 
LF155 t Intersil 

p.A1458 Fairchild LF155 t Motorola 
MC1458 Motorola PM-155 tPMI 50 
LM1458 National 
OP-14 PI' (3566) 5 
RC1458 Raytheon 
CA1458 RCA 
IE5512 SI .... la (3638) 
IE5514 SI .... lel (3640) 
SE5512 tSl .... la 

(52U838) 10 
SE5514 t Slpltla (3640) 
MC1458 . SiliconG 
SG1458 SiliconG 
MC1458 TI 

The 101A series consists of the 101A (-55°C to 125:,C), 
the 201A (-25°C to 85°C) and the 301 (O°C to 70°C). 
These units require an external compensation capaCitor 
which permits the bandwidth to be optimized for 
particular applications. 

AD101A tAD (3351) 15 
I'A101A Fairchild 

LM101A t LinearTech 
LM101A t Motorola 
LM101A t National 
LM101A tRaytheon 20 
1.11101 t ... (52&) 

SG101A t SiliconG 
LM101A tTl 
TA7506 Toshiba 

The perfOrmance of the 741 series is Similar to the 101. 
These units Include internal compensation to make the 
deYloe stable and to eliminate the need for an external 
capacitor. 

Al741 tAD (3351) 25 
p.A741 Fairchild 
ICL741 t Intersil 
IP5502 t IlcrlPwr (3529) 

MC1741 tMotorola 
LM741 t National 30 
I'PC741 NEC 
OP-02 PII (3566) 

PM-741 PMI 
RC741 Raytheon 
CA741 RCA 35 
p.A741 t Signetics 
SG741 ts/liconG 
SFC2741 Thomson-CSF 
TA7504 Toshiba 

I I 
Fer Input. The "741" of the FET Input devices has yet to 

be established. Such a device requires very low cost, 
several sources, and many users. CommerCial devices in 
the 155 series above meet some of these criteria, 
hOwever, devices from the series below are generally 
lower in cost. 

p.AF771 Fairchild 40 

LF13741 National 
LF351 National 

CA3140 tICA (3595) 

CA3160 tICA (3596) 

CA3280 ICA (3595) 45 
lF351 Motorola 

t MHltary Temperature Range (-55° to 125°C) • Typical Value 
BIN flcelllllalls ~11Iaa1.1I11 pml ................. . 
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MASTER SELECTION GUIDE 

mAY Device Source line 

High Output Current 

10000@26 OPA501S t Burr-Brown 

10000@20 OPA501 Blrr-BrDWI 
(~850) 

OPA501A Burr-Brown 

5000@45 PA07 Apex 

5000@42 PA10A tApex 55 

5000@37 PA10 Apex 
PA10M t Apex 

5000@22 PAi1 Apex 
PA73 Apex 

3500@ 18 MCEL165 MCE 60 
MCEL2165 MCE 

3000@ 18 MCETCA2365 MCE 
MCETCA365 MCE 

2700@24 ICH85301 Intersil 
ICH8530M t Intersil 65 

2000@32 PA09 Apex 

2000@3O 3572A Blrr·Br ... 
(2850) 

2OOO@24 ICH85201 Intersil 
ICH8520M t Intersl! 

2000@22 PA01 Apex 70 
lH0101 National 
LH0101A t National 
LH0101AC National 
LH0101C National 

2000@20 3573 Barr· ...... · 
(2850) 75 

2000@ 18 LH0021 t National 

2OOO@ 10 CLC103A Comlinear 
CLC103AM tComlinear 

1500@44 PA12A tApex 

1500@34 PA12 Apex 80 
PA12M tApex 

1000@3O 3571A Barr ....... 
(2850) 

1000@24 ICH85101 Intersil 
ICH8510M t Intersil 

1000@ 10 LH0021C National 85 

750@34 1461 TeledyneP 

500@ 10 LH0061 t National 
LH0061C National 

2OO@10 3553 t Burr·Brown 
p.A759 t Fairchild 90 
p.A759C Fairchild 

150@ 140 PA08 Apex 

13O@ 13 LH0041 t National 
LH0041C National 

100@ 10 AD3554A AD 95 
Al35MD AD (3353) 
AD3554S ... An 

(3353) I I I 
II\U 

HOS·O&OS tAD 
3329 t BIrr·Brewl 

(2850) 
3554A BIrr-Brew. 

(2851) 100 
35548 BIrr ....... 

(2851) 
35548 Birr· ...... 

(2851) 
CLC200A Comlinear 
CLC200AM t Comlinear 
LH0003 t National 105 
TP3554 TeledyneP 

100@- CA3094 tRCA 
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Ie MASTER 

LINEAR-Operational Amplifiers (Cont'd) 

mAY Device Source Line Unity Gain Slew Rate Maximum 
(V/"Smin) Device Source Une Supply Voltage Device Source Line 

High Output Current (Cont'd) 
High Speed High, Voltage 

75@4O 3583 Burr-Brown 

75@ 10 PA83 Apex 8000 ClC220A Comlinear ±15O PA08 Apex 

PA83M tApex ClC220AM tComlinear PA83 Apex 
PA83M tApex 105 75@ 145 1480 TeledyneP 6000 ClCl03A Comlinear 
PA84 Apex 

60@3O 3580J . Blrr-Browl ClCl03AM t Comlinear 50 3582J Burr-Brown 
(2850) 5 4000 ClC200A Comlinear 3583 Burr-Brown 

5O@10 AD380 AD (3353) ClC200AM tComlinear 3584 Burr-Brown 
AD380S tAD GlC210A Comlinear ±75 3581J Burr-Brown 110 
AD382 AD (3353) ClC210AM t Com linear ±50 PA07 Apex 
AD382S tAD 

1500 PA10A tApex 
AM-500 Dltel (2861.2865) 10 ADlHOO33 tAD 55 

HOS-l00s tAD PA12A t Apex 
9914 OEI 
9918 OEI ±45 PAlO Apex 

1400 ADlHOO33C AD 
PA12 Apex 115 AMP-01 tPMI HOS-l00A AD 

1430 TeledyneP ±40 PA9 Apex 

15 
1000 AD3554 AD (3353) 3571A Burr-Brown 50@5 lH0005 National 

AD3554S tAD 60 3572A Burr-Brown lHOOO5A t.National 
3554 Blrr-Browl ClC210A Comlinear 

47@14 lH0020 t National (2851) ClC210AM t Comlinear 120 
lHOO2OC National A11-5006C Dltll (2861.2865) AM-464-2 Bltll (2864) 

4O@ 143 PA84 Apex A11-500MC Bltll (2861.2865) AM-464-2M t DIIII (2864) 
4O@4 lHOOOSC National 20 9914 OEI HA·2640 tHlrrls (3412) 

3O@70 3581J Burr-Brown HA-2645 Harris 
600 HA-2539 Hlrrls (3402) 65 

tHarrls lMl43 125 25@10 AM-430 BlIII (2864) 
500 ADlH0032 tAD MCl536 t Motorola AM-430M t Datel 

ADlH0032C AD lHOOO4 t National 
2O@12 TM2761 Siemens 1430 TeledyneP lHOOO4C National 

TAA2762 tSiemens 25 
1430-83 t TeledyneP lMl43 t National 

TAA2765 Siemens lM144 t National 130 
TAA4761 Siemens 400 HA-2540 1IIrr1s (3404) 70 lMl536 t National 
TAA4765 Siemens LH0024 t National SG1536 tSiiiconG 
TAA761 Siemens 

350 lH0032 t National 1332 TeledyneP 
TAA762 tSiemens 30 

lH0032C National ±35 3580J Burr-Brown TCA311 Siemens 
TCA312 tSiemens 300 HOS-05O tAD ±34 MCl436 Motorola 135 

TCA315 Siemens HOS-050A tAD 75 lM344 National 

TCA325 Siemens HOS-05OC AD SG1436 SiliconG 

TCA331 Siemens 35 HOS-06OS tAD ±30 PAll Apex 
TCA332 tSiemens 9916 tOEI PA73 Apex 
TCA335 Siemens ICH85101 Intersi! 140 

20@8 TAA861 Siemens 
280 HA2530 t Intersil ICH8510M t Intersi! 

TAA862 tSiemens 250(0=5) 9906 tOEI 80 ICH85201 Intersil 

TAA865 Siemens 40 ICH8520M t Intersi! 
250 3551J Burr-Brown ICH85301 Intersll 15@3O lHOOO4C National 3551S t Burr -Brown ICH8530M t Intersil 145 

15@1O 0-2620 tifIrrta (3408)- lHOO24C National MC1436C- -MeteroIa 
HA2620 t Intersi! 1435 tTeledyneP lM1436 National 

15@ 145 3582J Burr-Brown 200 AD380 AD 85 lM343 National 
3583 Berr ........ 

AD380S tAD SG1436C SiIIconG 
(2850) 

0-5190 Herrls (3455) 3584 B ........... 45 
(2850) HA-5195 Harris 

100(0;3) 0-2520 t Hlrrls (3400) 
HA2520 t Intersi! 90 

100 AD509K AD (3353) 
AD509S tAD (3353) 
35501( , Berr-BroWi 

(2851) 
OPA605 Berr-BrIWI 

(2851) 
0-5160 IIIrrIs (3448) 95 
HA-5162 Harris 

80 AD509J AD (3353) 
3507J Barr-BrOWI 

(2851) 
1322 TeledyneP 
1322-01 tTeledyneP 100 

65 3550J Berr-Brewl 
(2851) 

3550S t .Irr-Br ... 
(2851) 

t Military Temperature Range (- sse to 125°C) • Typical Value 
BlIIilice InlCltll lIIilll •• ,1lt1l i. PfniHl II ill ,... lIiIi. 
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MA~TER SELECTION GUIDE 

LINEAR-Operational Amplifier. 

Current Current 
pA25°C Oevk:e Source line pA25°C Device Source Line Funcilon Device Source line 

Low Bias Current 5.0 (Cont'd) Low Drift I 1425-01 TeledyneP 
Rated values do not usually include thermal rise due to 1425-02 TeledyneP 0.5 AD510l AD 
circuit operation. CA3080 RCA 60 3510C Burr-Brown 

0.01 ICH8500A 111ini1 (3477) CA3080A tRCA lTl002A t linearTech 

0.075 3528C Blrr-amrl AB508l AD , (3351) lT1002AC linearTech 

(2850) 10.0 OPA101BM Burr-Brown OPOSA t UnearTech 5 

A0515l. AD (3351) OPA102BM Burr-Browh lH00448 National 

OPA104CM Barr-Bra.1 OPA106/MIL tBlrr-BrOWI OP-OSA tPMI 
(2850) 5 (2853) 65 0.6 OPA27A t Burr-Brown 

0.1 OPA106W t Burr-Brown MP55071 t MlcraPwr (3529) OPA27E Burr-Brown 
AM-490-2C Date! OPA37A t Burr-Brown 10 
3523l Burt-Brown OPA37E Burr~Brown 

ICH8500 literill (3477) AM-430B Datel 

0.15 3528B Burr-8rown 10 AM-490-2M tDatel 

OPA106V t Buri· -Brown ~714 t Fairchild 

A0515K AD (3351) HA-5130-5 Harris 15 

OPA104BM Barr-Bra.1 HA-5135-5 Harris 
(2850) HA~OP07 Hartis 

0.2 ADOP-07 tAD lT1001AC linearTech 

HA-5180 Harrll (3452) 15 

I 
lT1001AM t linearTech 

HA-518OA Harris (3452) lTioo7AC_ linearTech 20 

0.25 A0523L AD LT1007AM t UnearTech 

3523K Burr-Brown lT1037AC linearTech 

0.3 3528A Burr-Brown 
lT1037AM t linearTech 

OPAl 03 BIrr-BraWl 
OP05E linearTech 

(2~J 20 
OP07A t linearTech 25 

OPA106U t Burr-Brown 
OP27A t linearTech 

AM-490-2B Datel 
OP27E linearTech 

A0515J AD (3351) OP37A t linearTech 

OPA104AM Birr-Brawl 
QIl37E linearTech 

(2850) OP27A t Motorola 30 

0.5 AD504M AD 25 
OP27E Motorola 

AD510L AD 
OP37A t Motorola 

AD517L AD 
OP37E Motorola 

3510C Burr-Brbwn 
OP-05E PMI 

MP517L MicroPwr 
OP-07A tPMI 35 

MP5505A tMicroPwr 30 
MP5507A tMicroPwr 

LHOO44A t National 
MP5507E MlcraPwr (3529) 

LHOO44AC National 1.0 AD504l AD 

AD523K AD AD504S tAD 

3523J Burr-Brown AD517K AD 40 

1.0 AD545K AD 35 
AD517S tAD 

AD545L AD 
A0547L AD 

AD545M AD 3291 Blrr-BrDWI 

OPAl 00 Blrr-BrDWI 
(2850) 

(2850) 3500E Burr-Brown 

OPA1.00c Burr-Brown 3510B Burr-Brown 45 

OPA103 Burr-Brown 40 35108 t Burr-Brown 

OPA105 t Birr-Bra .. 
3521L Burr-Brown 

(2853) AM-490-2A Oatel 

AD523J AD p.A725A t Fairchild 

3522L Blrr-Br"l p.A725E Fairchifd 50 

(2850) OP05 t linearTech 

ICL8007AC Intersif MP517K MicroPwr 

ICL8007AM t Intersif 45 MP517S t MicroPwr 

lHOO52 t National MP5505A tMicroPwr 

2.0 OPA100 Burr-Brown LHOO44 t National 55 

OPA100B Burr-Brown I I I I lHOO44C National I I 
3527B Blrr-Br .. 1 LMll t National 

(2B50) LM11C National 

OPA1038M Blrr-Brewl OP-OS tPMI 

(2850) 50 AD51K AD (3351) 60 

3.0 OPA100A Burr-Brown 
AD51DS tAD (3351) 

OPA103A11 BIrr-Bra .. 
LM725A National 

(2850) 1.0 (dual unit) .'55111A t Mlcrar. (3529) 

5.0 3522K Burr-Brown MP55108 MlcraPwr (3529) 

35228 Burr-Brown MP551DE Mlcrar. (3529) 65 

3527A Burr-Brown 55 OP-10 tPMI 

3527C Burr-Brown OP-l0A tPMI 

LH0052C National OP-1OE PMI 

(Continued) 1.3 AM-430M tDatel 
.. t MIlitary Temperature Range (- 55° to 125°C) * Typical Value 

IIId IaClII~Ica" a*IUIIII uta II prlY~1II II 1M pall .atlll. 
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LINEAR-Operational Amplifier. (Cont'd) 

Supply Current Supply Current 
,.A ±15V Device Source line ,.A. ±15V Device Source line 

Low Power Low Power 
Non-Adjustable Programmable 

9 OP·2158 tP11 (35&6) 70 The current drain limits of these units are approximately 
Op·215C tP11 (35&6) 10-300 pA. pAnS t Fairchild 
OP·215F PII (3566) LM4250 t Harris 
Op·2158 Pli (35&6) ICLB021C IItnl (3516) 

45 OP-2OB tPMI ICLB021I t 11I1n1l (3516) 

OP-2OC tPMI 75 MC1nSC Motorola 120 

OP-2OF PMI MC347S Motorola 

OP-2OG PMI CA3071A tlCA (3597) 

OP-2OH PMI CA6078A tRCA 

65 HA-5141A Harris 
SG1250 t SiliConG 

HA-5142A Harris 80 
SG2250 SilieanG 125 

HA-5144A Harris CA3094 tRCA 

HA-5141 Harris 
CA3094A tRCA (359B) 

80 
HA-5142 Harris 

CA30948 t ICA (3598) 

HA-5144 Harris The current drain limits of these units are approximately 
10-300 pA. pAnSC Fairchild 

200 TL061 Series TI 85 HA-2720 t Harrll (3418) 130 
220 OP-4208 tPiI (3588) HA-2725 Harris 

OP-42OC tPII (3588) LM4250C Harris 
OP-420F PMI (3588) ICL4250 t Intersi! 
OP-42OG PII (3566) ICL4250C t Intersi! 

230 OP21A Burr-Brown 90 MC1nS t Motorola 135 
OP21E Burr-Brown ~M4250 t National 

250 OP21S Burr-Brown LM4250C t Nationa~ 

OP21F Burr-Brown SG3250 SiliconG 

OP21G Burr-Brown 
SG4250 tSiliconG 

275 
SG4250C t SiliConG 140 

350 OP-21B tPMI 95 CA3078 t RCA (3597) 
OP-21F PMI UC4250 t Solitron 

400 OP-21G PMI UC4250C SoIltron 
LF442A National The current drain limits of these units are apprOximately 

500 LF442 National 1-2000 pA. OP·32 Pil (3588) 

600 pA108 t Fairchild 100 
MP5512 tMicroPwr 
OP-OI tPli (356&) 
Dr·1Z tPIJI (3588) 
LM112 t National 
LM212 National 105 
LM316A National 
LM108 tAMD 
All 08 tAD (3351) 
LM108 t Harris 
LM'I08--- tmtersU 110 
LM108 t Motorola 
LMl08 t National 
PI·l08 t PIll (3588) 
SG108 tSiIiconG 
SFC2108 t Thoffison-CSF 115 

• Typical Value 

..... fIee'I.1iI1II ..... ' .... '1".".. willi " ........ 

3178 

SUpply Current 
,.A. ±15V Device Source Line 

Low Power 
,."A@±8V 

20 ICL7e11 I t IIIInD (3481) 
1Cl7831 I t IItInII (3481) 
1Cl78321 tll'lnll (3481) 
1CL76421 t IIIWIII (3481) 

200 ICL78121 t III1n11 (3481) 5 
1CL7813C IIIan1I (3481) 
ICL78131 t ...... 1 (3481) 
1CL7814C ...... 1 (3481) 
'CL7815C IwIInII (3481) 
1CL7821C IIIInII (3481) 10 
1Ct78Z2C IIIInII (3481) 
1CL7831C IItInII (3411) 
1CL7642C IIIWIII (3411) 
ICL7812C lIIInII (3411) 
1CL7811C IIIInII (3411) 15 

o Ie MASTER 1984 r 



LINEAR-Operational Amplifiers (Cont'd) 

Function Device Source Line Function Device Source Line 

Programmable Triple (3 units per package) (Cont'd) 
Ll44A tsm_lx (3083) 

Adjustable Current/Performance Ll441 SIfIaIIx (3813) 65 
Single (1 unit per package) L144C Sllicab (3113) 

LM4250 t HarriS CA30III tlCA (3587) 
ICL7611M t Intersil Quad (4 units per pa~ge) 
ICL7612M t Intersil 18248 EX. ~77) 
ICL7613C Intersil XB348 - (3377) 
ICL7613M t Intersil 20 1114202 (3371) 70 ElIf 
ICl8021C Intersil XII4202II t ElIf (3371) 
ICL8021M t Intersil !IA-2740 IIIrrts (3422) 
MC1nSC Motorola MC3575 tMotbrola 
MC3476 Motorola LM146 t National 
CA3078A tRCA 25 LM246 National 75 
SG1250 tSiliconG LM346 t4ational 
SG2250 SlllconG LM14s Raytheon 
ICL7612C Inters" LM246 RaytheOn 
CA3094 tRCA LMa46 hayth80n 
CA3094A tRCA 30 11148 tEllr (3377) 80 
CA3094B tHCA 
pAnSC Fairchild 
pAnSM t Fairchild 
HA-2720 tHarris 
HA-2725 Harris 35 
LM4250C Harris 
ICL4250 t Intersll 
ICL4250C t Intersil 
ICL7611C Intersil 
MC1n6 t Motorola 40 
LM4250 t National c 

LM4250C t National 
CA3080 RCA 
CA3080A tRCA 
SG3250 SlIIconG 45 
SG4250 tSiliconG 
SG4250C tSiliconG 
CA3078 tHCA 

Dual (2 units per package) 
!IA-2730 t IIIrrIs (341tt) 
HA-2735 Harris 50 
ICLI022C 1.1IrIJI (3516) 
ICLI02211 t 1.1IrIJI (3518) 
LH24250 t National 
lH24250C National 

Triple (3 units per package) 
ICL7632C 1 ...... 1 (3411) 55 
ICL7632M t Intersll 
ICLI023C 11 ..... 1 (3518) 
ICLI023. t 1 ...... 1 (3518) 
CA308fM RCA (3597) 
CA3080I ICA (3587) 60 
SG1253 tSi11conG 
SG2253 SlIlconG 
SG3253 SlllconG 

(Continued) 

I I I I 

t Military Temperature Range (-55° to 125°C) • Typical Value 
BllllIICIIHIaIts .M ...... ' ... Is ....................... . 
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MAstER SELECTION GUIDE 

Supply 
Voltage, V DevIce Source Line 

Single Supply 
Singie Unit. 

to 24 CA3094 tHCA 
to 30 OP-32 PMI 
1036 ".A759 t Fairchild 

".A759C Fairchild 
CA3140 tRCA 85 
CA3094A tHCA 

1044 CA3094B tRCA 

1t016 ICL7612M t Intersil 
ICL7612C Intersil 

2to30 HA-5141 Harris 90 
510 16 OP-20B tPMI 

OP-2OC tPMI 
OP-2OF PMI 
OP-2OG PMI 
OP-20H PMI 95 
CA3130 tlU'.A (3596) 
CA3130A tRCA (3596) 

Dual Unlta 
(Continued Oii next pagej 
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LINEAR-Operational Amplifiers (Cont'd) 

Supply Supply 
Voltage, V Device Source Line Voltage, V Device Source line 

Single Supply Single Supply 
Dual Units Quad Units 

to 20 OP-215B tPMI 2 to 30 HA-5144 Harris 
OP-215C tPMI 3t026 TDF2902 Thomson-CSF 
OP-215F PMI 

3to30 "A124 fFairchiid 45 
OP-215G PMI 

"A224 Fairchild 
2to30 HA-5142 Harris 5 "A324 Fairchild 
3to26 HA17902 Hitachi LM124 t Intersil 

LM2902 Motorola LM324 Intersil 
LM2904 Motorola LM124 t Motorola 50 
lM2902 National LM224 Motorola 
LM2904 National 10 LM324 Motorola 
LM2902 Raytheon LM124 t National 
CA2904 RCA LM224 National 
LM2902 TI LM324 National 55 
LM2904 TI "PC324 NEC 
TDF2904 Thomson-CSF 15 LM124 t Raytheon 

3to3O LMl58A t National lM224 Raytheon 

LM358 National LM324 Raytheon 

CA358 RCA CA124 tRCA 60 

LM358 Signetics CA224 RCA 

LM358 TI 20 CA324 RCA 

LMl58 t Motorola LM124 t Signetics 

LM258 Motorola LM224 Signetics 

LM358 Motorola LM324 Signetics 65 

LMl58 t National SG124 tSiliconG 

LM258 National 25 SG224 SiliconG 

LM258A National SG324 SiliconG 

lM358A National LM124 tn 

CAl58 tRCA LM224 TI 70 

CA258 RCA LM258 TI 

LMl58 t Signetics 30 LM324 TI 

lM258 Signetics 3to36 IR3403 Exar (3378) 
NE532 Signetics 113503 t~ar (3378) 
1E532 t Slglllia (526) ~ Fairchild 75 
lMl58 tTl "A3403C Fairchild 
Tl321C TI 35 MC3303 Motorola 
TL321M tTl MC3403 Motorola 

3to36 ~798 Fairchild MC3503 t Motorola 

MC3458 Motorola RC3403 Raytheon 80 

4 to 36 &13240 RCA (3595) RM3503 t Raytheon 

5to30 OP-220 PIlI (3566) 40 3to44 MC33074 Motorola 
MC34074 Motorola OP-221 PMI 
MC35074 t Motorola 

8 to 36 T8101 SGS 
4to 18 MC3401 Motorola 85 

LM3401 National 
RC3401 Raytheon 
CA3401 tRCA 

4t028 MC3301 Motorola 
LM3301 National 90 
RC3301 Raytheon 

4to32 LM2900 National 
LM3900 National 
LM2900 Raytheon 
LM3900 Raytheon 95 
LM2900 TI 
LM3900 TI 

4to36 LMl900 TI 

5to30 OP-420B tPMI 
OP-42OC tPMI 100 
OP-420F PMI 
OP-42OG PMI 

" Tyoica\ Value 
BIN flcell"calls ".IO.latall ,"vi ... II ............. . 

3180 

Unity Gain 
Bandwidth MHz Device Source line 

Wide Band 

40" AD380J AD (3353) 
AD380K AD 
AD380L AD 105 
AD380S tAD 
HA-2400 t Harris 
HA-2404 Harris 
HA-2405 Harris 

50" 3551J Burr-Brown 110 
3551S t Burr-Brown 
CA3015 t RCA 
CA3015A tRCA 
CA3030 RCA 
CA3030A RCA 115 
CA3038 tRCA 
CA3038A t RCA 

50" 1430 TeledyneP , 
1430-83 t TeledyneP 

65* ~715C Fairchild 120 
"A715M t Fairchild 

70 HA-5112 HarriS (3459) 
HA-5114 Harris (3459) 

70 " OPA605 Burr-Brown 
3554A Burr-Brown 125 
3554B Burr-Brown 
35545 Burr-Brown 
LHOO32 t National 
LH0032C National 
ADlH0032 tAD (3353) 130 
ADlH0032C AD (3353) 
LH0024 t National 
LH0024C National 

70 (-3db) CLC210A Comlinear 
CLC210AM tComlinear 135 

90" AD3554 AD 
AD3554S tAD 

100 AM-5OOGC Datel 
AM-5OOMC Datel 
HA-5160 HarriS 140 
HA-5162 HarriS 
9906 tOEI 
1lE5539 SlpIIlcs (3678) 
SE5539 t SlfIIIIa 

(526.3678) 

100 • HOS-05O tAD 145 
HOS-05OC AD 
HOS-06OS tAD 
HA-2620 tHarris 
HA-2622 t Harris 
HA-2625 Harris 150 

100 (-3db) CLC200A Comlinear 
CLC200AM tComlinear 

150 (-3db) CLC103A Comlinear 
CLC103AM tComlinear 

200 9918 OEI 155 
9916 tOEI 

200 (-3db) CLC220A. Comlinear 
CLC220AM t Comlinear 

300 9914 OEI 

400* HA-2540 Harris 160 

500 " 1435 tTeledyneP 

600 " HA-2539 Harris 

1000 OPA600/IIIL Birr-Brew. 
(2853) 

o Ie MASTER 19841" 



MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics 

Offset Bias Offset Voltage Band- Slew _Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA (25°C) I'vrc MHz VIi'S VN dB Compo Comments DeVice Source Line 

Single Units .-. 
In this list the "Comp." column Indicates the number of comPensation components required at unity gain. Thus 0 indicates a fully compensated amplifier. 
The bandwidth and slew rate are listed with the amplifier compensated for unity gain. 

0.005 0.01 - - 0.3 * 1 " 10M 110 0 Chopper Stabilized TMl7650-1 Telmos 
2.0 * 2.5 " 10M 120 0 Chopper Stabilized TMl7650 Telmos 

0.0005 0.05 2 2.5 10M 120 0 Chopper Stabilized TSC7650 Til_pIS (3096) 

0.0005 " 0.05 2" 2.5 " 5M 130 " 1 Chopper Stabilized AM-7650 Dalll (2865) 5 

0.005 0.01 2.0 " 2.5 * 10M 120 0 Chopper Stabilized ICL7650C 1111I'S1l (3488) 

3 - 0.1 0.3 - 30K 88" 0 Commutating Auto Zero, Compensated ICl760QC Intersil 
ICl7600M t Intersil 

Commutating Auto Zero, 
Uncompensated ICl7601C Intersil 

ICl7601M t Intersi! 10 

0.01 * 10 - . 0.2" S" 2.S * 1.5M" 120 0 Ultra-low Noise MP5527 MlcroPwr· (3529) 
63" 17 " 1.5M" 120 0 Ultra-low Noise MP5537 MlcroPwr (3529) 

0.015 1 - 0.1 - - - 140 0 Instrumentation, 50 rnA output AMP-Ol tPMI (3568) 
2 2 0.6 0.4 0.1 450K 114 0 Ultra low Offset, low Drift lT1001AM t linearTech 

0.020 • 0.15 • 0.05· 0.1 3" 2.5 " 1M 120 3 Chopper Stabilized AM-490-2C Dltll (2865) 15 
0.3 3" 2.5 " 1M 120 3 Chopper Stabilized AM-490-28 Dltel (2865) 

0.6 3" 2.5 " 1M 120 3 Chopper Stabilized AM-490-2M tDltel (2865) 

to 3" 2.5 " 1M 120 3 Chopper Stabilized AM-490-2A Datil (2865) 

0.025 1 0.25 0.5. 0.25 " 0.1 " 1M 110 0 Ultra low Offset Voltage, low Drift AD517L AD (3351) 
MP517l MicroPwr 20 

2 2 0.6 0.4 0.1 450K 114 0 Ultra low Offset, low Drift lT1001AC linearTech 
0.6 " 0.17 " 300K 110 0 Ultra low Offset Voltage, low Drift ADOP-07A tAD (3351) 

OP-07A t Intersil 

0.5 1M 110 0 Ultra low Offset Voltage, low Drift HA-OP07A Harris 
HA-OP07E HarriS 25 

1.2 " 0.25 " 300K 110 0 Ultra low Offset Voltage, low Drift MP5507A t MicroPwr 
OP-07A tMlcrePwr (3529) 
OP-07A tPMI (3566) 

2.5 " O.S" 1M 100 0 . Ultra low Offset Voltage, low Drift HA-5130-2 Hlrrls (3444) 
HA-5135-2 HarriS 30 
0-5130-5 Hlrrls (3444) 

HA-5135-5 Harris 

10 2.5 2 0.3 " 0.1" 1M 110 0 Trimmed Offset AD510L AD (3351) 

15 2.5 0.5 0.4 " 0.06 " 1M 120 1 Precision, low Noise lHOO44A t National 
lHOO44AC National 35 

20 20 0.75 - - 5-1000 100 0 Instrumentation (2 amps available as 
pair) 36298 tBlrr-SrtwI (2851) 

25 30 0.5 - - 5-1000 100 0 Instrumentation (2 amps available as 
pair) 3629& Blrr-Bre .. -(2851) 

3629S tBlrr-Br ... (2851) 

35 50 3 - - 5-1000 100 0 Instrumentation (2 amps available as 
pair) 362M Barr-Bro •• (2851) 

40 35 - 63" 11 " - - 0 low Noise, High Slew Rate OP-37A· tlllyt .... (3592) 40 
0.2 25 " is" 1M - 0 Ultra low Noise, low Offset OP-37A tPMI (3566) 

OP-37E PMI (3566) 

0.6 5 1.7 1M 114 0 UHra low Noise AM-427-8 Dalll (2864) 
OP-27A linearTech 
OP-27E linearTech 45 
OP-27A t Motorola 

I IOP-27E Motorola 
(3566)1 ,or.27A trMI 

PMI (3566) OP-27E 

600K 114 0 UHra low NOise OP-27A t ...... (3592) 50 
OP-27E III,..... (3592) 

8" 1.7 1000K 114 0 Ultra low Noise OPA27A t811T ....... (2850) 
OPA27E BIIT-Browt (2850) 

40" 11 1000K 114 0 Ultra low Noise OPA37A t 81rr-BmII (2850) 
OPA37E BIIT-8mrI (2850) 55 

45 11 1M 114 0 Ultra low Noise, Gain >5 OP-37A t linearTech 
OP-37E linearTech 
OP-37A t Motorola 
OP-37E Motorola 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
811t! "ClII~alls .. IIMII Ullia prnNIII • 1M ,. .. HIIII. 
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LiNEAR-Operational Amplifi ...... Characl.r'.lic. (Conl'd) 

Offset BIas Offset Voltage Band- SleW voltage 
Voltage Current Current Drift wicfth Rate Gain CMRR 
mV(2S0C) nA(25°C) nA (25°C) pvrc MHz VIlIS VN dB Comp. Comments 

Single Units 

0.05 0.014 0.014 45 7 13 - 128 86 0 High Speed Instrumentation 

0.05 0.05 45 7 13 " 128 86 0 High Speed Instrumentation 

2 0.75 1 0.25 " 0.1" 1M 100 0 Ultra Low Offset Voltage, Low Drift 

5 0.5 0.5 0.2 - 2M 126 0 Precision Instrumentation 

13 4.0 1 0.3 " 0.1· 
1 

1M 110 0 Trimmed Offset 

14 14 1 0.5· - 1024 86 0 Low Drift Instrumentation 

15 10 0.5 - 5 1000 90 0 Precision Insrumentation 

30 - 0.2 0.25 5 lK 115 0 Precision Instrumentation 
5 0.5 0.4 " 0.06 " 500K 114 1 Precision, Low Noise 

1 0.4 " 0.06 " 500K 114 1 Precision, Low Noise 

50 50 1 0.5 * - 1024 86 0 Low Drift Instrumentation 

0.06 4 3.8 1 0.4 0.1 400K 110 0 Low Offset Voltage 

15 10 0.5 0.4 - 0.5 - 1M 110 1 Low Drift 

55 50 - 63" 1P - - 0 Low Noise, High Slew Rate 

1.3 5 1.7 1M 106 0 Ultra Low Noise 

40- 11 1000K 106 0 Ultra Low Noise 

45 11 1M 106 0 Ultra Low Noise, Gain >5 

0.075 3 2.8 1.3 0.4 0.1 200K 110 0 Low Offset Voltage 
0.6 - 0.17 - 200K 110 0 Ultra Low Offset Voltage, Low Drift 

0.5 1M 110 0 Ultra Low Offset Voltage, Low Drift 

1.2 * 0.25 * 200K 110 0 Ultra Low Offset Voltage, Low Drift 

4 3.8 0.2 0.4 0.2 150K 106 0 Ultra-Low Offset Voltage 
1.3 0.4 0.1 200K 110 0 Low Offset Voltage 

0.6" 0.17· 200K 123 " 0 Ultra Low Offset Voltage, Low Drift 

1.2· 0.25 - 200K 106 0 Ultra Low Offset Voltage, Low Drift 

6 1.3 0.6 * 0.5 1M 106 0 Ultra Low Offset Voltage, Low Drift 

15 3 2 1.2 • 0.25 • 1M 120 0 Precision Instrumentation 

0.08 0.050 0.01 1.5 1 • 0.3 * 500K 114 0 Improved LM 11 
1 0.5 0.2 • 3· 2.5 • 1M 120 3 Chopper Stabilized 

15 0.5 1.5 0.1* - 1M 105 0 Precision, Low Power 

t Military Temperature Range (- 55· to 125·C) • Typical Value 
:told h:: !:d!::tes :dlft!rm:! ~3!:I I: J!!':'1!~e~ :r. !J:: ~:;,: r.:tc~. 

3182 

Device Source Line 

(Cont'd) 

AM-543MM t Datel 
AM-543MR Datel 

AM-543MC Datel 

AI517K AI (3351) 
AI517S tAl (3351) 5 
MP517K MicroPwr 
MP517S t MicroPwr 

LMl63A t National 
LM363A t National 

AD510K AD 10 
AD510S tAD 

AM-542MM t Datel 
AM-542MR Datel 

AI524C AD (3354) 

AI624C AD (3355) 15 
LHOO44B National 
LHOO44 t National 

AM~542MC Datel 

LT1001C LinearTech 
LT1oo1M t LinearTech 20 

3510C Birr-Brawl 
(2850.2853) 

OP-37B tRlytllt1l (3592) 
OP-37F RI,11Iet1 (3592) 

OPA27B t Burr-BrB" (2850) 
OPA27F Burr-Bra .. (2850) 25 
OP-27B t Motorola 
OP-27F Motorola 
OP-27B PM. (3566) 
OP-27F PM. (3566) 
OP-27B tRlytllHa (3592) 30 
OP-27F RIJlII ... (3592) 

OPA37B t Burr-BrOWI (2850) 
OPA37F Blrr-BroWi (2850) 

OP-37B t Motorola 
OP-37F Motorola 35 
OP-37B tPM. (3566) 
OP-37F PM. (3566) 

OP-07 t LinearTech 
OP-07 t Intersil 
IDOP-07- tAD (3351) 40 

HA-OP07 Harris 

MP5507B tM'crBPwr (3529) 
OP-07 tMlcrBPwr (3529) 
OP-07 tPM. (3566) 
RC714 tRlytlltD1 (3592) 45 
RC714C RlytIIeol (3592) 
RC714E Rlytlltn (3592) 
~A714 t Fairchild 

OP-07E TI 
OP-07E LinearTech 50 
ADOP-07E AD (3351) 
OP-07E Intersil 

~714E Fairchild 
MP5507E MicroPwr 
OP-07E MlcroPwr (3529) 55 
OP-07E PM. (3566) 

HA-OP07C Harris 

CA3193B tRCA (3594) 
CA3493. tHCA (3594) 

LM11A t National 60 
IM-490 DIIII (2865) 
1340 TeledyneP 

OP-20B tPMI (3566) 
OP-20F PM. (3566) 

.. Ie MASTER 1984 f'" 



MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset BIas Offset Voltage Band- Slew Voltage 
Voltage Ctmnt Current DrIft width Rate Gain CMRR 
mV(25°C) nA(25°C) nA(25°C) "vrc MHz VIpS VN dB Comp. Comments Device Source line 

SingleUnita (Cont'd) I 
0.10 3 2.8 0.4 * 12* 0.25 * SOOK - 0 Ultra Low Offset Voltage OP·207A tPMI (3566) 

Op·207B PMI (3566) 

5 1 3 0.2 * - 2M 120 0 Precision Instrumentation LMl63 t National 

20 15 0.5 - 5 1000 90 0 Precision Insrumentation AD524B AO (3354) 

25 0.7 1 0.5 * 49 1000K 95 1 Selectable Input OPA201C BIIT·B ..... (2850) 5 
1 1 0.3* 02 1M 100 0 Low Power OPA21A B.rr· ...... (2850) 

OPA21E BIIT-B ..... (2850) 

5 3 3* 0.1 * 250K 94 0 Trimmed Offset AD51 0.1 AD (3351) 

35 5 1 0.4 * 0.06 * SOOK 114 1 Precision, Low Noise LHOO44C National 

40 1 0.8 - 1.7 1800 114 0 Ultra Low Noise OP·27 MlcroPwr (3529) 10 

50 - 0.5 0.25 5 lK 110 0 Precision Instrumentation AD624B AD (3355) 
35 0.5 - 5 1000 90 0 Precision Insrumentation AD524S tAD (3354) 

70 1 0.8 - 0.01 lOOK 120 4 High Gain Instrumentation OP·06A tPMI (3566) 
- . 

80 40 0.4 * 8* 17 1800 114 0 OP·37 MlcroPwr (3529) 
75 - 63* 11 * - - 0 Low Noise, High Slew Rate OP·37C tRlytMel (3592) 15 

OP·378 lIIyt ... (3592) 

0.4 * 8* 3.2* 12001( 120 0 Ultra Low NOise Op·27G Motorola 
OP·278 PMI (3566) 

12001< - 120 0 Uitra Low Noise OP·27C Motoroia 
Op·27C PMI (3566) 20 

25* 18 - 700K 120 0 Ultra Low Noise OP·37C tPMI (3566) 
OP-378 PMI (3566) 

1.8 5 1.7 2001( 100 0 Ultra Low Noise AM-427·A Dalll (2864) 
AM-427-M tDtlll (2864) 

300K 100 0 Ultra Low Noise Op·27C tRlytMel (3592) 25 
OP·278 lIIytUea (3592) 

700K 100 0 Ultra Low Noise OP·27C t UnearTech 
Op·27G UnearTech 

a- 1.7 700K 100 0 Ultra Low Noise I~WC t B.rr·Bre .. (2850) 
OPA278 IIIT.anw. (2850) 30 
OPU7C t BIrr-Br .. 1 (2850) 
OPU78 BIrr-BrIWI (2850) 

45 11 700K 100 0 Ultra Low Noise, Gain> 5 OP·37C t UnearTech 
Op·37G UnearTech 

Ultra Low Noise, Gain >5 OP·37C t Motorola 35 
Op·37G Motorola 

100 - 1 0.25 5 lK 100 0 Precision Instrumentation AD624S tAD (3355) 

150 15 0.5 0.6· 025 2M 110 0 Precision, low Power OP·21B tPMI (3566) 
OP·21F PMI (3566) 

0.12 25 15 1 0.4 * 0.5 1M 110 1 Low Drift 35101 IIIT·BrIWl 
(2850.2853) 40 

351 OS tBlrr·BrlWl 
(2850.2853) 

2 0.25 0.5 1M 110 1 Precision, Low Drift 3510V tBIlI'·BrIWl 
(2850.2853) 

0.13 12 6 02 0.4 02 il~ 110 0 Low Offset Voltage OP-07D n 
0.15 0.075 0.01 0.7 * 1· 0.3 * 5bOK 114 0 Improved LM 11 LMllAC National 

2 02 2.5 0.8· 0.12 • 80K 104 0 Improved 108 A, Low Bias, 
Compensated OP·l2A tPMI (3566) 45 

OP·12E PMI (3566) 

1 Improved 108 A, Low Bias OP·W tPMI (3566) 
10P.OIE PMI (3566)1 

iiO i Improved 108 A, Low Bias ilror-OlA til.croPwr (3529) 
MPOP-OIE MlcroPwr (3529) 50 

2 0.9 0.4 0.1 300K 114 0 Instrumentation OP·05A t UnearTech 
0.5 * 0.1 500K 114 0 Ultra Low Noise OP-GSA till,.... (3592) 

0.6 0.17 300K 126 0 Low Bias, Low Drift OP·OSA t Intersil 

1.2 * 0.25 * 300K 114 0 Instrumentation OP~ tMlcroPwr (3529) 
MP5505A tMlcr.Pwr (3529) 55 
OP-05A tPMI (3566) 

5 1 3 0.25 * 0.1 * 1M 94 0 Ultra Low Offset Voltage, low Drift AD517J AD (3351) 
MP517J MicroPwr 

7 6 02 0.4 02 lOOK 100 0 Ultra·Low Offset Voltage OP-07C TI 
(Continued) 

t MIlItary Temperature Range (-55" to 125"C) * Typical Value 
....... lHIcItIa ...... 11111111 pratNeIt. 1M,... ..... 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset IIlas Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA(25°C) I'vrc MHz VII'S VN dB Comp. Comments Device Source Line 

Single Units (Cont'd) 

0.15 7 6 (Cont'd) 
1.8 0.4 0.1 1201( 100 0 Low Offset Voltage, Low Drift OP-07C LinearTech 

0.5 * 0.1 1001( 100 0 Ultra low Noise OP-07C .... (3592) 
0.6· 0.17 • 1201< 100 0 Ultra low Qffset Voltage, Low Drift ADOP-07e AI (3351) 

OP-07C Intersll 

1.2 * 0.25 * 120K 100 0 Ultra low Offset Voltage, Low Drift OP-07C MlerePwr (3~29) 5 

7.0 6.0 0.5 .. 0.5 * 0.17 * 120K 100 0 low Noise "PC354 NEC 

12 6 2.5 0.5 * 0.1 100K 94 0 Ultra \,.ow Noise OP-071 ..,.. (35'2) 
0.6* 0.17 • 120K 94 0 Ultra low Offset Voltage, Low Drift ADOP-071 AI (3351) 

OP-07D Intersi! 

1.2 * 0.25 * 120K 94 0 Ultra low Offset, loW Drift MP55071 MlerePwr (3529) 10 
OP-071 PM' (3566) 

35 20 2 0.4 • 0.5 .. 1M 110 1 low Drift 3510A Ilrr-B,... 
(2150.2853) 

100 4 1 0.6 0.25· 1M 100 0 High Speed, LQw Power OP-21A PM' (3566) 
OP-21E PM, (3566) 

0.17 85 90 2 5 1.7 50K 100 1 Ultra low Noise OP-24G Motorola 15 

0.20 7 6 0.7 * 1.2 .. 0.25 • 4D4;lK - 0 Ultra Low Offset Voltage OP-207E PM' (3566) 
OP.207F PII' (3566) 

10 3 3 0.2 .. - 1M 114 0 Precision Instrumentation It.1363 National 

15 15 2 0.3 • 0.1 .. 1-1000 80 0 Instrumentation AD522B AD 

20 5 3 1.2 * 0.25 300K 110 0 Precision, Instrumentation !:I3193A RCA (3594) 20 

25 2.5 5 0.1 .. - 400K 100 0 Precision, low Power OP-2OC tPM' (3566) 
OP-2OG PMI (3566) 

20 6 0.3 .. 0.1 .. 1-1000 75 0 Instrumentation AD522S tAD 

40 2 2 0.3 * 0.2 500K 90 Q low Power OPA211 Ilrr-l,... (2850) 
OPA21F Im-BnIIn (2850) 25 

0.5 * 49 1000K 90 1 Selectable Input OPA2011 1m-I ..... (2850) 
OPA201S tlm-...... (2850) 

200 20 0.5 0.6· 0.25 1.5M 105 • 0 Precision, Low Power OP-21B PM' (3566) 

0.25 0.0001 0.00004 5 1· 1.2 150K 76 0 Ultra low Bias Military OPA 1 06. tIm-I ..... (2853) 
0.00015 0.00004 5 0.5 .. 0.3 - 80 - Ultra low Bias FET 35281 Im-8,... (2850) 30 

0.00008 10 1 * 12 150K 76 0 Low Bias Military OPA106V tim-I ..... (2853) 

0.0003 0.00008 50 P 1.2 150K 76 0 Low Bias Military OPA106U tllIT-lrtwi (2853) 

0.001 ~.0002 2 1 • 0.9 100K 76 0 low Bias, FET Input OPA105. t IIn'-Brtwl (2853) 
200K 76 0 low Drift, Low Bias FET OPA103DM IIIT-...... (2850) 

5 1 * 0.9 100K 76 0 Low Bias, FET Input OPA105V t Ilrr-8fl'lll (2853) 35 
200K 76 0 low Drift, Low Bias FET OPA103CM BIrr-...... (2850) 

25 1· 0.9 100K 76 1 low Bias, FET Input OPA105U. t IIIT-Irl'lll (2853) 

0.0005 3 0.7 • 0.3 40K 76 0 Precision, LoW Drift FET AI545M AI (~l) 
5 1 .. 0.6 200K 94 0 Low Bias FET OPA100c IUT-Brewl (285C1) 

0.002 0.0003 • 5 1 • 0.6 100K 76 .. 0 Low Drift FET 3527B Burr-Brown 40 

0.010 0.002 * 1 1.5 .. 0.6 100K 90· 0 Ultra Low Drift FET 3521L BIrr-I,... (2850) 
0.004 5* 10 5 50K 80 0 Low Noise, Wideband JFET OPAl 01 I. IIIT-IrI'III (2850) 

OPA102BII Im-...... (2850) 

0.015 0.002 * 2 1.5 * 0.6 100K 90· 0 Ultra Low Drift FET 3521K Im-Bmn (2850) 

0.020 0.020 * 5 1.5 • 0.6 50K 90* 0 Ultra Low Drift FET 3521J BIrr ....... (2150) 45 
3521R tlUT-lrtWI (2850) 

0.025 0.002 1 1 3 250K 80 2 Ultra Low Drift BIFET AI547L AI (3350.3351) 

2 2 0.6 0.5 * 0.1 150K 110 0 Ultra Low Noise OP-07A t .... (3592) 
2.5 .. 0.5 1M 100 0 Ultra Low Drift A.-43OB 11111 (2-..) 

6 0.6 0.4 0.1 300K 110 0 Ultra Low Offset, low Drift OP-07A LinearTech 50 
40 35 - 63· 11· - - 0 Low Noise, High Slew Rate OP-3lE .... (3592) 

50 0.005 5 5· 30* 60K 80 - HIGh Speed, Low Drift FET AD3B1L AI (~53) 
35 0.5 - 5 1000 90 0 Precision Instrumentation AD524A AD (3354) 

100 - 1 0.25 5 1K 100 0 Precision Instrumentation 1D624A AI (3355) 

0.30 0.050 0.010 1 .. 1 • 0.3 100K 110 0 Improved 108 A, Low Power LM11 Motorola 55 
Lt.111 t National 

0.1 0.03 5 3 10 100K 90 - Precision JFET MA337 AnalogSys 

2 0.2 3.5 0.8· 0.12 • 80K 104 0 !!IIproved 108 A. Low Power, 
Compensated OP-l21 tP., (3586) 

IP-l2F PM' (3566) 
(Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Value 
hki ilea 111Iil:iiN iluiliml Hili Ii PillWiI Ui ilil Pi .. 11114. 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA(25°C) "VloC MHz VI"s VfV dB Compo Comments Device Source line 

Single Units (Cont'd) 

0.30 2 0.2 3.5 0.8 • 0.12· 80K 104 (Cont'd) 
1 Improved 108 A, Low Power OP-OR tPMI (3566) 

OP-oaF PMI (3566) 

Improved 108 A, Low Dias MPOP-08B tMlcroPwr (3529) 
MPOP-08F MlcroPwr (3529) 

5 1 1.5 - 0.7 " 1M 100 0 Programmable Micropower OP-32E PMI (3566) 5 
2 - 0.7* 1M 100 0 Programmable Micropower OP-32A tPMI (3566) 

25 2 5 0.1 * - SOOK 90 0 Precision, Low Power OP-20H PMI (3566) 

1000 200 2 20 10 10K 90 1 Precision, Bipolar MA327 AnalogSys 

0.35 3 2 0.2 2.5 0.12 • 300K 104 Low Bias Current MP5508 MlcroPwr (3529) 

0.40 5 1 1.5 0.25 0.08 9OOK' 82 0 Programmable Micropower OP-22A PMI (3566) 10 . 
25 20 6 0.3 • 0.1 • 1-1000 75 0 Instrumentation AD522A AD 

0.5 0.000075 0.00002 10 0.5 • 0..3 - 70 - Ultra Low Bias FET 3528C Burr-Brown 
0.00004 10 1 • 1.6 • 100K 80 0 UHra Low Bias FET OPA104CM Burr-Brown 

0.0001 0.00005 25 1 * 0.6 100K 80' 0 Ultra Low Bias FET 3523L Burr-Brown 

0.00015 0.00008 15 1 • 1.6 * 100K 66 0 Ultra Low Bias FET OPA104BM Burr-Brown 15 

0.00025 0.0001 25 1 • 0.6 100K 80" 0 Ultra Low Bias FET 3523K Burr-Brown 

0.0003 0.00008 10 0.5 • 0.3 - 66 - Ultra Low Bias FET 3528A B!!rr-Brtw!! (2850) 

0.001 0.0001 5 1 * 1.5 100K 80 0 Precision FET 
r-----

t National 'LH0052 
0.0002 5 2 7 1M 110 1347 TeledyneP 

1347-01 t TeledyneP 20 

5" 0.11 4 1M 90 1 Low Bias Current, Low Power HA-518OA-2 Hlrrls (3452) 
HA-5180A-5 Hlrrls (3452) 

0.002 " 15 1 • 0.9 200K 76 0 Low Drift, Low Bias FET OPA103BM Burr-Brown 

0.002 0.0005 10 1 • 0.6 100K 88 0 Low Bins FET OPA10OS t BIIT-Bro.1 (2850) 
OPAl 008 Blrr-Brewl (2850) 25 

0.003 • 25 1 " 0.9 200K 76 0 Low Drift, Low Bias FET OPA103AM Burr-Brown 

0.005 0.0003 " 2 1 • 0.6 lOOK 76 • 0 Ultra Low Drift FET I 3527C Blrr-Bro.1 (2850) 
10 1 • 0.6 100K 76 • 0 Low Drift FET BIIT-BrowII (2850) 3527A 

0.001 • 25 1 " 0.6 50K 90' 0 Low Offset FET 1 3522K BIrr-Bro .. (2850) 
3522S Barr-an .. (2850) 30 

0.01 0.01 10 - 20 SOOK 96 0 to ± 150V supply, 150mA output PAO~A Apex 
1.3 " 3.5 lOOK 120 * 0 to ± 50V supply, 5A output PA07A Apex 

0.015 0.006 10 " 10 • 6.5 • 50K 80 0 Low Noise, WKleband JFET OPA101AM BIfT-1Imo (2850) 
OPA102AM BIrr-Browa (2850) 

0.02 0.01 10 - 100 • - 104 • 2 to ±5OV supply, 4A output PA09A Apex 35 

0.020 0.002 " 10 1.5 • 0.6 50K 90" 0 Ultra Low Drift FET 3521H BIIT-Bro.1 (2850) 

0.025 0.002 2 1 3 250K 80 2 Ultra Low Drift BIFET A0547K . AD (3350.3351) 
5 1 3 250K 80 2 Ultra Low Drift BIFET AD547S AD (3350.3351 ) 

2.0 17 • 50K 80 0 High Speed Precision Bipolar JFET AD544L AD (3351) 

5" 30' 40K 80 1 High Speed, Low Drift FET AD382T tAD (3353) 40 
60K 80 - High Speed, Low Drift FET AD3811 tAD (3353) 

10 5' 30' 40K 80 1 High Speed, Low Drift FET AD382K AD (3353) 
60K 80 - High Speed, Low Drift FET AD381K AD (3353) 

0.010 5 1.0 • 3 200K 80 0 Precision Bipolar JFET AD542L AD (3351) 

0.03 3 5' 0.11 5 100K 100 Precision JFET Input HA-5170-2 tHlrrl1 (3450) 45 

0.035 0.002 5 1.5 " 94' 10K 80 1 Wideband, Fast Settling DPA605C BIrr-limo (2851) 
OPA605K 811T-Br ... (2851) 

10 1.5 • 94' 10K 80 1 Wideband, Fast Settling OPA605B •• rr-Br ... (2851) 
IOPA605.1 B.rr-Brewa (2851) I 

0.050 0.01 5 - 45 lOOK 86 - Wideband, Decompensated, Settles to I 

150 0.01% in 1.51'5 !OP-17A t MicroPwr 
OP-17E MicroPwr 
OP-17A tPMI (3566) 
OP-17E PMI (3566) 

14" 10 100K 86 0 Bipolar-JFET, Bias Camp. OP-15A t MicroPwr 
OP-15E MicroPwr 55 
OP-I5A tPMI (3566) 
OP-I5E PMI (3566) 

19 • 18 100K 86 0 Wideband-JFET, Bias Compo OP-16A t MicroPwr 
OP-16E MicroPwr 
OP-1M tPMI (3566) 60 

i (Continued) 

t Military Temperature Range ( - 55° to 125°C) • Typical Value 
..... fI.IMIeIIIs .,.0 .. 1 .. 1111 ........... 1M PI .. HIIII. 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA(25°C) ,.vrc . MHz VII'S VN dB Comp. Comments 

Single Units 

0.5 0.050 0.01 5 19 * lS lOOK 86 0 Wjdeband-JFET, Bias Comp. 

5* O.S* 40 60K 86 .1 Wldeband-JFET, Compo for G> 10 
18* 12 * 75K 86 0 Wldeband-JFET 

10 * Q.S * 40 60K 86 0 Wideband-JFET, Comp. for G> 10 

0.025 10 1 1 50K SO 0 Low Power BIFET 
3 10 50K SO 0 Wldeband JFET 

0.06 3 5· 0.11 7 SOK 90 Precision JFET Input 

0.1 - 50 15 " 150 * lOOK 90 1 High Speed, High Power 

0.10 0.02 5· 2.5· 5" 50K 85 0 Bipolar-JFET 

0.2 0.1 10 * 3" 13 * 50K 70 0 Low Offset JFET 

0.4 0.05 10 * 3" 13· 25K 70 0 Low Offset JFET 
0.1 15 3· 10 25K - 0 Low Offset JFET 

2 0.2 5 1 " 0.3· SOK 96 1 Precision Bipolar, Low Bias 

3 2.S 1 0.6 0.1 200K 114 0 Low Bias, Low Drift 
2 0.4 0.1 200K 114 0 Instrumentation 

0.5· 0.1 500K 114 0 Ultra Low Noise 

0.6 0.25· 200K 110 0 Instrumentation 

4 3.S 0.9 0.5 " 0.1 500K 110 0 Ultra Low Noise 
1.5 Q.6 0.1 200K 123 0 Low Bias, low Drift 

2 0.4 0.1 200K 110 0 Instrumentation 
0.6 0.25 * 200K 107 0 Instrumentation 

7 1 5 1 * 0.3 * SOK 96 1 Precision Bipolar 

7.5 2 2 - 0.7 * 750K 95 0 Programmable Micropower 

30. 2 8 O.B 0.25 lOOK 85 0 General Purpose 

5 5 1 * 0.25 * 80K 90 1 High Accuracy 301 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
10111 llcalllllcat" ... .utoII1 IIItl 'I provt;1II 01 lilt PIP 10l1li. 

3186 

Device Source line 

(Cont'd) 

(Cont'd) 
OP-lIE PM, (3568) 

HA-5118-Z tHarrlI (344Z) 
HA-5tOO-! t"lrril (3440) 
"A-5100-5 Hlrrli (3440) 

HA-5118-5 Hlrrli (3442) 5 

LF441A National 
LF411A NatiOnal 

HA-5178-5 Hlrrli (3410) 

1461-83 t TeledyneP 

LF155 tAMD 10 
LF155 t Intersi! 
LF155 t Motorola 
PM-155 tPMI 

TL087M tTl 

TL0f!7C TI 15 
TL087 AnalogSys 

LM10SA tAMD 
LM20SA AMD 
A010BA tAD (3351) 
AD208A AD (3351) 20 
p.Al08AM t Fairchild 
p.A208AM Fairchild 
LM108A t HarriS 
LM108A t Intersil 
LM108A t LinearTech 25 
LM108A t Motorola 
LM208A Motorola 
LM108A t National 
LM208A National 
PM-lOlA tPM' (3566) 30 
PM-208A PMI 
SG108A t SiliconG 
SG208A SiliconG 
SFC2108A t Thomson-CSF 
SFC2208A Thomson-CSF 35 

OP-05 t Intersil 
OP-05 t LinearTech 
OP-05 tHaylUu (3592) 

MP55051 tMlcroPwr (3529) 
OP-05 tMlcroPwr (3529) 40 
or-05 f?Jft (356IJ 

OP-05E Hartl!· (3592) 
OP-05E Intersil 

OP-05E LinearTech 
MP5505E MlcroPwr (3529) 45 
QP-05E MlcroPwr (3529) 
OP-05E PM' (3566) 

lM30SA AMD 
AD308A AD (33lil) 
p.A308AC Fairchild 50 
LM308A Harris 
LM30SA Intersil 
LM308A LinearTech 
LM30BA Motorola 
LM308A National 55 
PM-30SA PMI 
SG308A SiliconG 
SFC2308A Thomson-CSF 

OP-321 tPM' (3566) 
OP-32F PM' (3566) 60 

MP5508 tMlcroPwr (3529) 
MP5502E M'croPwr (3529) 
OP-08 tMlcroPwr (3529) 
OP-OZE MlcroPwr (3529) 

AD301AL AD (3351) 65 
(Continued) 

C Ie MASTER 1~-



MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset BIas Offset Voltage /land-
voltage Current Current Drift wIcitiI 
mV(25°C) nA(25°C) nA(25°C) p'vrc MHz 

Single Unit. 

0.5 
35 2 8 0.8 

40 10 5 1.2 * 

50 4 5 0.3· 
0.5· 

5 5 ,. 
30 1 1.5 • 

75 5 2 1 

80 5 2 -
10 0.5 0.3· 

1.0 0.3· 

500 200 15 0.3 

0.6 0.100 0.01 5 1· 

7.5 2 2.0 0.25 

0.7 30 2 5 2.5 • 

0.75 0.075 2.8 1.3 0.5 " 
3.8 1.3 0.5 .. 

4 4 1.3 2.5 • 

80 5 - 0.44" 
1" 

1 0.003 0.0005 15 ,. 
0.01 0.01 10 -

3 

1.0 0.000075 - 25 0.35 
0.00015 - 15 0.35 

0.0003 0.00008 25 1-

0.0005 0.0002 50 1* 

0.001 0.0005 15 0.7* 

0.002 0.001 25 0.7-

0.005 - 10 1· 
2" 

25 2* 

0.0002 10 1· 

0.010 - 25 2* 

0.002 • 50 1* 

0.005 • 25 10-

20* 

0.015 - 25 10* 

0.025 ,.... 5 2-
10 2· 

0.002 10 2 
5* 

15 2 

0.01 10 1.0* 

0.035 0.002 25 1.5 • 

') Ie MASTER 1884 

Slew Voltage 
Rate Gain CMRR 
VIlA VN dB Comp. Comments 

0.25 1001< 90 0 General Purpose 

0.25· 100K 100 0 Precision, Instrumentation 

0.2 500K 84 0 low Power 
49 10001( 85 1 Selectable Input 

0.5· 50!( 90 0 Higher Accuracy 141 

0.8 1001( • 100 • 0 Low Drift 

0.005 .. 10001< 110 4 High Accuracy Instrumentation 

0.01 10001( 120 4 High Gain Instrumentation 

0.12 .. 10001( 110 1 Precision low NoIse 
0.12 .. 10001( 110 1 Precision low Noise 

- - 72 0 Instrumentation 

0.3- 100K 110 0 Precision, low Input Current 

0.08 500K * 80 0 Programmable Micropower 

18" 50K 90 0 High Speed 

0.1 150K 110 0 Ultra low Noise 
0.1 1501< 106 0 Ultra low NoIse 

0.5 1M 100 0 Ultra Low Drift 

0.3 50K SO 0 High Performance 
0.3 " 50!( 80 0 High Pelforlliance 

0.6 50K 76 0 low Bias FET 
125 " 100K 130 " 2 to ± 150V supply, 40mA output 
20 1M 130 * 0 to ± 150V supply, 75mA output 

0.3 50K 10 0 FET Electrometer 
0.3 100K 80 0 FET Electrometer 

1.6- 100K 66 0 Ultra low Bias FET 

0.6 1001( SO- 0 Ultra low Bias FET 

0.3 40K 70 0 Precision low Drift FET 

0.3 20K 66 0 Precision low Drift FET 

3 75K 80 0 High Accuracy, FET 
3 50K 72 0 low Bias Current, FET 

3 50K 72 0 low Bias CUrrent, FET 

1 15K 76 0 Precision FET 

3 50!( - 72 lowDrlft,FET 
0.6 50!( 90* 0 low Offset FET 

65 25K 70· 0 Fast seWing, 1 /lS to 0.01" 

100 25K 70* 0 Fast seWing, 0.6 /lS to 0.01" 

50 50K 80 0 Fast Wide Band, High Accuracy, FET 
II ... " .. .. ..,... .. 
Fast Wldeband, High Accuracy, FET 
Input 

3 50K 12 0 lowDrift,FET 
3 50K 12 0 LowDrift,FET 

16 50K SO 0 High Speed Precision BIpolar JFET 
30" 40K SO 1 High Speed,low DrIft FET 

60K 80 - HIgh Speed. Low Drift FET 

16 50K SO 0 High Speed Precision BIpolar JFET 

3 50K 76 0 Precision Bipolar JFET 
200K 80 0 Precision Bipolar JFET 

94 10K 70 1 W'ldeband, Fast Settling 

* Typical Value .......................... "..... ................ 

Device Source Une 

I (Cont'd) 

(Cont'd) 
OP-02A tPM' (3566) 
OP-02E PM, (3566) 

CA3193 RCA (3594) 
CA3493 . RCA (3594) 

OPAtla ..... -1nwI (2850) 5 
OPA201A BIrr-1nwI (2850) 

AD741L AD (3351) 

3500E BIrr-limn 
(2850.2853) 

~125AM t Fairchild 

OP-068 tPM' (3566) 10 
OP-O&F PMI (3566) 

AI504II AD (3351) 
AD504l AD (3351) 
AD504S tAD (3351) 

HC3020 HyComp n lM11C Motorola 
lM11C National 

IOP-228 PMI (3566) 

MP5501A M'cnPwr (3529) 
MP5501H tM'cnPwr (3529) 20 
OP-OIA tMlcrtPwr (3529) 
OP-01H M!cr.Pwr (3529) 
OP-01H PM' (3566) 

OP-07 tRlytHu (3592) 

IOP-07E Rlyt .... (3592) 25 

I::: DlIII (2864) 

tDa'" (2864)1 

pA741EC Fairchild 
pA741AM t Fairchild 

.OPA100A BIIT-1nwI (2850) 30 
PA84A Apex 
PA83A Apex 

AD515L AD 
AD515K AD 

OPA104AM Burr-Brown 35 

3523.1 Burr~Brown 

AD545K AD (3351) 

AD545.I AD (3351) 

AD506L . AD 
1425-02 TeledyneP 40 

1425-01 TeledyneP 

lHOO52C National 

1426-01 TeledyneP 
3522.1 ............. (2850) 

3550J Burr-Brown 45 
3550S t Burr-Brown 

I 
3550K Burr-Brown 

AD528K AD 
I I 

AD5288 tAD 

\50 I 1426-03 TeledyneP 
1426-02 TeledyneP 

AD544I tAD (3351) 
AD382S tAD (3353) 

1= 
tAD (3353) 

AD (3351) 55 

iAD542S tAD (3351) 

IADU2K AD (3351) 

iOPA805A ...... WI (2851) 
10PA605H ...,. ........ (2851)1 

I (Continued) I i 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current . Current Drift width Rate Gain CMRR 
mV(25°C) nA (25°C) nA (25°C) pVloC MHz VIpS VN dB Comp. Comments 

Single Units 

to 0.035 
0.005 5 1 3 1001< 76 2 Ultra Low Drift BIFET 

0.05 0.005 15 5* 30* 40K 76 1 High Speed. Low Drift FET 
60K 76 - High Speed. Low Drift FET 

0.050 0.01 5* 18 * 8* 1SOK * 86" 0 Wideband. FET 
60* SO" 1SOK" 94* 0 Wideband. FET 

15 70 1000 100K 44 1 1SO ns Settling to 0.05% 
30K 60 1 Wideband. Fast Settling FET 

25 70 1000 1001< 44 1 150 ns Settling to 0.05% 
30K 60 1 Wideband. Fast Settling FET 

0.1 0.02 15 0.4 23 - 100 0 Instrumentation Amplifier, 
Programmable Ga.in 1 to 1000 

0.10 0.01 50 SO" 250 " 100K 70 " 1 Wideband. Fast Settling 

0.02 - 35 75K 86 - 0 Wideband-JFET. Bias Compo 

10 - 35 75K 86 - Wideband, Decompensated, Settles to 
0.01% in t5p.S 

13 * 7.5 15K 86 0 Bipolar-JFET, Bias Camp. 

18· 12 75K 86 0 Wideband-JFET, Bias Camp. 

20 40 330 * 25K 60 1 Wideband, Fast Settling 

0.05 5" 18 " 12 " 60K 80 0 Wideband-JFET 

0.05· 15 " 0.6 " 35" SOK 80 1 Wideband-JFET, Compo for G> 10 

0.3 0.050 15 13 " 10 150K 86 0 Precision JFET 

0.30 0.02 15 40" 220 " 25K 60 1 Wideband, Fast Settling 

2 100 10 30 300 * 100K 70 2 Low Offset, Fast Settling 

5 0.5 10 0.8· 0.12· 40K 84 0 Precision, Low Input Current 

.---~ 

1 "Precision, low lrijxif Current 
. ~-- -

10 3 3 - 0.7· 500 85 0 Programmable Mlcropower 

15 7" 3 1.5 " 1 45K 100 • 0 Low Bias, Low NOise 

5 1.5 " 1 45K 100 " 0 Low Bias, Low NOise 

100 20 4" 1" 0.25" 30K 70 2 High Voltage 
5 - - 1000K 110 4 Instrumentation 

0.5· 0.01" 1000K 110 4 Instrumentation 

1 * 0.005 " 1000K 110 4 High Accuracy Instrumentation 

200 50 6 1 • 0.4 • 25K 80 3 General Purpose 

250 70 20 - - 20K 70 1 General Purpose 

t2 0 3 2.0 0.35 0.08 250K" 80 0 Programmable Micropower 

1.3 7 6 2 0.5 " 0.1 400K 100 0 Ultra Low Noise 
2.0 0.6 0.17 120K 100 0 Low Bias, Low Drift 

4.5 0.4 0.1 120K 100 0 Instrumentation 
1.2 " 0.25- 120K 100 0 Instrumentation 

t MIlitary Temperature Range (- 55° to 125°C) " Typical Value 
IttIi lin illiinta l.iUtlli ilil il prlliiili II iii " .. Itl". 
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Device Source line 

(Cont'd) 

(Cont'd) 
AD5.47J AD (3350.3351) 

AD382J AD (3353) 
AD381J AD (3353) 

AM-410-2M tOilet (2864) 
AM-411-2M tOII.1 (2864) 5 

3554B Burr-Brown 
AD3554B AD (3353) 

35548 Burr-Brown 
AD3554S tAD (3353) 

AM-55JMC Oat.1 (2861) 10 
AM-551MM tOlt.1 (2861) 

3551J Blrr-Browl (2851) 
3551S tBurr-Brl.1 (2851) 

OP-17B t MlcroPwr 
OP-17F MicroPwr 15 

OP-17B tPMI (3566) 
OP-l7F PMI (3566) 

OP-15B t MicroPwr 
OP-15F MicroPwr 
OP-15B tPMI (3566) 20 
OP-15F PM' (3566) 

\OP-'68 
t MicroPwr 

OP-16F MicroPwr 
OP-16B tPMI (3566) 

'OP-l6F PM, (3566) 25 

AD380l[ AD (3353) 
AD380l tAD (3353) 
AD380S tAD (3353) 

HA-5105-5 Harris 

HA-5115-5 HarriS 30 

OP-215E PM' (3566) 

1437 Te!edyileP 
1437-80 t TeledyneP 

HOS-060 tAD (3353) 
H08-06O/883 tAD (3353) 35 

OP-12C tPMI (3566) 
OP-l28 PM' (3566) 

WOP-'- t .... l'Wr-· (3529r 
MPOP-DIG MlcrePwr (3529) 
OP-08C tPMI (3566) 40 
OP-OIG PM' (3566) 

OP-328 PM' (3566) 

3500c Burr-Browl 
(2850.2853) 

3500T t Burr-Browl 
(2850.2853) 

LHOOO4 t National 45 
!,PC154 NEC 
PM-725 tPMI 

RM725 t Raytheon 

!,A725M t Fairchild 
LM725 t National SO 

RM709A t Raytheon 

TA7502B Toshiba 

OP-22H PM' (3566) 

OP-05C Rlyt~_ (3592) 
OP-05C Intersil 55 

OP-05C LinearTech 
MP5505C MlcrePwr (3529) 
OP-05C M'crIPwr (35%9) 
OP-05C PM' (3566) 

(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Currant Drffl width Rate Gain eMitil 
mV(25°C) nA(25°C) nA (25°C) p'vrc MHz Vlp.S VN dB Comp. Comments Device Source Line 

Single Units I (Cont'd) I 
1.3 7 6 4.5 1.2 * 0.25 * 120K (Cont'd) 

120 0 Instrumentation ~PC254 NEC 

110 13 1.4 " - 0.01 SOOK 110 4 High Gain Instrumentation OP-066 PMI (3566) 

1.5 0.010 - 25 1 * 3 SOK 80 0 High Accuracy, FET AD506K AD (3351) 
SO 1 " 3 SOK 80 0 High Accuracy, FET AD506S tAD (3351) 

0.10 0.05 15 * 18 " 8" lOOK" 86" 0 Wideband, FET AM-410·2C 0.111 (2864) 5 
SO" 40" lOOK * 94" 0 Wideband, FET AM-411·2C D.lel (2864) 

80 5 2 0.5 " 0.005 " l000K 120 4 Instrumentation lM725A National 

100 15 3 0.3 " 0.12 * SOOK 100 1 low Drift, low NOise AD504K AD (3351) 

120 45 4" 1 " 0.25 " 30K 70 2 High Voltage lHOOO4C National 

2.0 0.001 0.0007 4" 0.5 " 0.5 * 20K 55 0 low Supply Voltage, BIMOS CA3420B tRCA (3594) 10 
0.001 " 0.001 " 0.7 "' 0.1 " 0.04 " 30K 70 1 Programmable, low Bias nC251BC TI (3689) 

nC271BC TI 
(54U687.3689) 

1 " 0.012 " 0.001 " 20K" 77 1 Prog., low Bias, Supply Volt. = 1 V TlC251BC TI 
0.075 " 0.01 " 10K" 77 1 Prog., low Bias, Supply Volt. = 1 V TlC251BC TI 

5* 2.3 • 4.5 • 10K 70 1 Programmable, High Bias TlC251BC TI 15 
TlC271BC TI 

0.010 - 50 2" 3 50K 72 - low Bias CUiieiit, FET 1425 TeledyneP 
0.0005 " 15 1 " 3 SOK 70 0 low Offset Voltage, FET IClBOO7 t Intersi! 

0.02 - SO 100 1000 lOOK 90 1 Fast·Settiing, FET Input 1443·83 t TeledyneP 

0.025 - SO 2 3 SOK 72 0 LowDrift,FET 1426 TeledyneP 20 

0.025 " 0.010 • 20 1.0 " 3 SOK 76 0 Precision Bipolar JFET AD542J AD (3351) 

0.030 0.01 4" 0.063 " 0.03 " 32K 75 0 Manopower, BIMOS CA3440B RCA (3594) 

0.05 0.01 5 2.5 3 SOK 85 1 JFET Input TDC0155A t Thomson-CSF 
4 10 50K 85 1 JFET Input TDCOl56A t Thomson-CSF 

15 40 SOK 85 1 JFET Input TDC0157A t Thomson-CSF 25 

50 70 1000 100 60 1 Wideband. Fast Settling FET AD3554A AD (3353) 

0.05 30 - 30" BOOK 96 0 to ± lSOV supply, lSOmA output PAOB Apex 
1.3 " 5 lOOK 120 • 0 to ± SOV supply, 5A output PA07 Apex 

O.OSO 0.005 20 2 15 30K 74 0 High Speed Precision Bipolar JFET AD544J AD (3351) 
0.01 5 - 40 SOK 85 - Wideband Decompensated lF157A t Intersil 30 

lF357A Intersi! 
lF157A t Motorola 
lF357A Motorola 
LF157A t National 
LF357A National 35 
PM·157A tPMI (3566) 
PM·357A PMI 

2.5 " 3 50K 85 0 Bipolar - JFET lF155A tAMD 
lF355A AMD 
lF155A t Intersi! 40 
lF355A Intersi! 
LF155A t Motorola 
LF355A Motorola 
lF155A t National 
lF355A National 45 
PM-155A tPMI 
PM355A PMI 

4 10 50K 85 0 Wideband - JFET lFl56A tAMD 
lF356A AMD 

ILFl56A t iniersii 
1

50 
lF356A Intersi! 
lFl56A t Motorola 
lF356A Motorola 
lFl56A t National 
lF356A National 55 
PM·l56A tPMI (3566) 
PM-356A PMI 

SO 70 1000 lOOK 44 1 150 ns Settling to 0.05% 3554A Burr-Brown 

0.03 10 " 1 1.6 80K * 70 0 low Power ICL7611AC Ilt.-sll (3481) 
ICL7611AM tlltersll (3481) 60 

Low Power, Extended CMVR ICL7612AC Iitarsil (3481) 
ICL7612AM tillarsil (3481) 

(Continued) 

t Military Temperature Range (- 55° to 125°C) " Typical Value 
BoI4 face ... Icalll •• dlU •• 1 •• fa Is prevl.1lI II tile " .. 10tllI. 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Pffset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV (25°C) nA (25°C) nA(25°C) ,.VloC MHz VI,.s VN dB Comp. Comments 

Single Units 

2.0 0.050 0.03 10 * 1 1.6 80K " 70 0 
Low Power, Input Protected 

1 Low Power 

Low Power,lnput Protected 

0.075 0.025 10 " 4" 13 * 50K 80 0 Precision BIFET 

0.10 0.05 10 • 4" 13 * 50K 80 0 Precision BIFET 
Wideband Bipolar JFET 

20 150 400 10K 60 3 Fast Settling, Wideband 

0.05 " 40 0.5 " 3 50K 80 1 High Current, High Power 

0.050 10 " 3" 13 " 50K 80 0 Bipolar JFET 

0.15 0.05 20 0.06 10 3K 100 - JFETlnput 

0.2 0.02 50 40" 225 30K 60 1 Wideband, Fast Settling 

0.1 20 3 10 50K 80 0 JFET Input, High Speed 

0.20 0.10 20 2.7 8 25K 70 . 0 Wideband JFET 
20" 3 10 50K 80 0 Wideband Bipolar JFET 

0.30 0.02 15 40 220 25K 60 0 Wideband, settles to 0.1% in 110 ns 

0.50 - 75 50" 500 200K - 0 Inverting, Settles to 0.01% in 200 ns 

2 0.2 15 0.3 * 0.3 * SOK 85 1 Low Noise 108 
1 * 0.2 " 50!( 85 0 Micropower, Supply Current 600 p.a 

0.3* 50!( 85 1 Precision Bipolar 

- 3 2 10 0.5 " 0.1 45K 100 • 0 Low Bias CUrrent 

7 3 10 0.5 * 0.1 45K 100 • 0 Low Bias Current 

20 0.7 2.0 " - - 60K 89 0 Op Amp and Voltage Reference 
120K 93 0 Op Amp and Voltage Reference 

10" 5 1.5 * 1 45K 100 " 0 Low Bias, Low Noise 

10 1.5 * 1 45K 100 • 0 Low Bias, Low Noise 

25 3 15 0.5 0.5 " 50K 80 1 Low Offset Current 

50 5 8 2.5 * 18 * 50!( 80 0 High Speed 

t MIIHary Temporature Range (-55 0 to 125°C) * Typical Value 
iIii flee iaiiCliU aiim ... 1 all ia ,rlViHil II IU pap 11114. 
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Device Source Line 

(Cont'd) 

(Cont'd) 
ICL7613AC Illersll (3481) 

ICL7614AC Illersll (3481) 
ICL7614AM tiliersil (3481) 

ICL7615 tlltarsll (3481) 
ICL7615AC Illersll (3481) 5 

MC35001A t Motorola 

MC34001A Motorola 
LF351A National 

OPA600N Burr-Browl (2853) 
OPA600Yl883B t Burr-Browl (2853) 10 
OPA600V IMIL t Burr-BraWl (2853) 

3571A Burr-Brown 
3572A Burr-Brown 

p.A771A Fairchild 
p.A771AM t Fairchild 15 

MA403 AnalogSys 

1438 TeledyneP 
1438-83 t TeledyneP 

TDB0351A Thomson-CSF 

LF411 National 20 
LF151A t National 

HCl437 HyComp 
HC 1437-883 t HyComp 

1430 TeledyneP 
1430-83 t TeledyneP 25 

ICL 108LN t Intersil 
LM112 Motorola 
LM212 Motorola 
LMl12 t National 
LM212 National 30 

LM108 tAMD 
LM208 AMD 
AD1~ tAD 
A0208 AD (3351) 
p.A108M t Fairchild 35 
p.A208M Fairchild 
LM108 t HarriS 
LM108 t Intersil 
LMl0B t LinearTech 
LM108 t Motorola 40 
LM208 Motorola 
LM108 t National 
LM208 National 
PM-l08 t PMI 
PM-208 PMI 45 
SGl08 t SiliconG 
SG208 SiliconG 
SFC2108 t Thomson-CSF 
SFC2108M t Thomson-CSF 
SFC2208 Thomson-CSF 50 

3501C Blrr-Browl (2850) 

3501B Burr-Br8WI (2850) 
3501S t BIrr-Brawl (2850) 

LM10BL National 
MCELM10 MCE 55 
LM10 t National 
LM10B National 

3500B Blrr-Br8WI 
(2850.2853) 

35008 t Blrr-Browl 
(2850.2853) 

p.AmM tTl 60 

MP5501E MlcraPwr (3529) 
(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset BIas Offset voltage Band- Slew Voltage 
Voltage CUrrent CUrrent Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA(25°C) /lVrC MHz VIpS VN dB Comp. Comments Device Source line 

Single Unit' (Cont'd) 

2.0 50 5 8 2.5· 18· 50K 80 0 High Speed (Cont'd) 
MP5501F tMlcraPwr (3529) 
OP-01E Mlcr8rwr (3529) 
OP-01F tMlcr8rwr (3529) 
OP-01E PMI (3566) 
OP-01F tPMI (3566) 5 

10 0.8 0.25 50K 90 0 General Purpose MP5502 t MicroPwr 
OP-02 tMlcr8Pwr (3529) 
OP-02C Mlcr8rwr (3529) 
OP-02 PMI 
OP-02C PMI (3566) 10 

10 15 4· 1.5 25K 80 0 High Performance, High Gain RM4131 t Raytheon 

60' 10 15 - 40 50K 70 1 60 VIpS Compo for g=5 SE538 t Signetics 
3· 25 SOK 70 0 High Slew Rate SE530 t Signetics 

75 10 15 0.8· 0.5· SOK 80 1 Low Noise lOlA ICL 101ALN t Intersil 
1· 0.5· 25K 80 1 General Purpose, Uncompensated SFC2101A t Thomson-CSF 15 

50K 80 0 General Purpose, Compensated LM107 t Intersil 

ILM107 t LinearTech I LM107 t Motorola 
lM207 Motoiola 
LM107 t National 20 
LM207 National 
LM107 t Raytheon 
SG107 t SiliconG 
SG207 SiliconG 
LM107 ttl 25 
LM207 TI 
SFC2107 t Thomson-CSF 
SFC2207 Thomson-CSF 

, 
Higher Accuracy 741 AD741S tAD (3351) 

1 General Purpose, Improved 101, 
Uncompensated AD lOlA tAD 30 

AD201A AD (3351) 
~101AM t Fairchild 
~A201AM Fairchild 
LM101A t Motorola 
LM201A Motorola 35 
LM101A t National 
LM20'lA National 
LM101A t Raytheon 
SG101A t SiliconG 
SG201A SiliconG 40 
LM101A ttl 
LM201A TI 
SFC2201A Thomson-CSF 
LM101A t LinearTech 

90 0 Higher Accuracy 741C AD741K AD (3351) 45 

200 50 10 5· 0.3· 25K 80 3 General Purpose ~709AM t Fairchild 
MC1709A t Motorola 
LM709A t National 
SFC2709A t Thomson-CSF 

25 - 0.3 * 45K* 80 3 General Purpose ~A709AM ttl 50 

800 200 - 10 * 13 * SOK 80 1 Wideband, Low NOise X85534M tEm (3379) 
RM5534 t Raytheon 

ISE5534 tSlg •• lles (526)1 I 
iE5534A tilg.liles I 

(526.3646) 
SE5534 ttl .55 

4000 1500 1.2 * 15 * 3* 0.7K 70 1 6 Volt, Wideband CA3010A t RCA 
CA3029A RCA 
CA3037A t RCA 

6000 1600 1.2 * 50* 7- 2K 80 1 12 Volt, Wideband CA3015A t RCA 
CA3030A RCA 60 
CA3038A t RCA' 

2.5 125 35 2* 1 * 0.005 * 250K 94 4 High Accuracy Instrumentation ~725C Fairchild 
LM725C National 
~PC725 NEC 

(Continued)l 

t Military Temperature Range (-55° to 125°C) * Typical Value 
.... _II .... -'liliiii ... Is prnNM II t. pa .... 1811. 
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LINEAR-Operational Amplifiers-Ch.racteristics (C9n,'d) 

Offset 
Voltage 
mV(25°C) 

Bias 
Current 
nA (25°C) 

Single Units 

2.5 

3 

3.0 

125 

200 

2SO 

0.001 

0.05 

0.0003 
0.001 

0.020 

0.030 

0.040 

0.05 

0.050 

0.1 

0.15 

0.2 

0.20 

0.30 

0.4 

4 ' 

Offset 
Current 
nA (25°C) 

35 

40 
75 

so 
0.0002 

0.01 

0.0002 

0.020 * 

0.01 

0.02 

0.01 

0.05 

0.015 

0.05 

0.03 

0.05 

0.1 

0.05 

75 

0.1 

0.5 

Voltage 
Drift 
!lV/oC 

2* 

5 
2* 

10 * 

10 
20 

SO 
5* 

25 

SO 
10 " 

10 * 

75 
10 * 
20* 

25 

30 

10 

15 

10 " 

10 * 

10 * 

15 

7 

10 

t Mllitarv Temperature Ral1(J8 (-55° to 125°C) 

3192 

Band
width 
MHz 

1 .. 

0.3 * 
8* 

1 * 

2 

100 
100 

0.35 
0.11 

3* 
5 

5* 

7* 

10 .. 

5* 

5* 

90 
100 .. 

100 * 

5 

1 * 

0.11 

12 .. 

17 .. 

20 

1* 

3* 

4 

4* 

0.3 

3* 

100 

100 

100 

Slew 
Rate 
Vip.S 

Voltage 
Gain 
VN 

0.005" 2SOK 

0.12 * 
1 

0.25 * 

7 

120 
120 

0.3 
4 

20 .. 
20 .. 

20" 

SO 
13 

13 * 

900 
100 
100 

125 * 
20 

0.3 * 

100 .. 

10 

25 

9 

25 

13 * 

3.5 * 

4* 

13 * 

15 * 

13 * 

10 

10 

1000 

1000 

1000 

2SOK 
lOOK 

lOOK 

1M 

1SO 
lSO 

40K 
1M 

lQOK 
SOK 

400K 

loooK 
25K 
200K 

SOK 

56K 
15K 
75K 

10QK 
1M 

40K 

3K 

SOK 

SOK 

SOK 

SOK 

SOK 

4K 

20K 

SOK 

SOK 

50K 

2!!OK .. 

25K 

loooK 

l000K 
loooK 

CMRR 
dB Compo Comments 

94 

94 
86 

90 

90 

74 
74 

66 
90 

110 * 
110 * 

110 * 
110 .. 

70 
86* 

80 

80 
74 
74 

130 .. 
130 .. 

104 .. 

90 

82 

82 

82 

82 

70 

80 

80 

80 

80 
80 

85 

o 

o 

4 

1 
o 

o 
1 

o 
o 
o 

o 
o 
1 

2 
o 

2 

o 

o 

o 

o 

o 
o 

1 

o 

o 

* Typical VallH! 

High Accuracy Instrumentation 

Low Drift, Low Noise 
High Performance 

High Gain Instrumentation, SO mA 

FET Electrometer 
Low Bias Current, Low Power 

High Voltage FET 
High Voltage FET 

High Voltage FET 

High Volt;ige FET 

Fast WidebaAd, High Accuracy FET 
FH Input, ~ipolar/MOS Output 
FET Input, Bipolar/MOS Output 

FET Input, Bipolar/MO& Output 
FET Input, Bipolar/MOS Output 

Fast-Settling, FET Input 
Wideband, High Slew Rate 
Wideband, High Slew Rate 

to ± lSOV supply, 40mA output 
to ± lSOV supply, 75mA output 

High Performance, Low Input Current 

to ± SOV supply, 4A output 

Low Wideband Noise 

Wideband, Decompensated, Settles to 
0.01% in 1.6 P.s 

Bipolar-JFET, Bias Compo 

Wideband-JFET, bias compo 

Wideband, Decompensated, Settles to 
0.01% in 1.6p.S 

Bipolar JFET 

Low Power, Bipolar-JFET 
Programmable Bipolar JFET 

LoW Power, JFET Input 

Bipolar-JFET 

JFET Input 

Low Noise Bipolar-JFET 

2.0 A Power 

Low Offset JFET 

Settl8§ to 0.01% in 200 ns 

Fa$t Setting 

Fast Setting 

.... 1Ia ... ICI ......... I ... II~ .... ,... ..... 

Device Source Une 

(Cont'd) 

PM-725C PMI 
RC725 Raytheon 

AD604J AD 
H83546RH t Harris 

LH0020 

1346 
1346-01 

1~-01 

1344 

t National 

TeledyneP 
t TeledyneP 

t TeledyneP 
TeledyneP 

(Cont'd) 

(3351) 
(4714) 

AD515J 
HI-5180-2 
HA-5180-5 

AD 10 
Hlrrls (3452) 
Hlrrls (3452) 

3582J 
3581J 

3583 

3584 

Burr-Brown 
Burr-Brown 

Burr-Brown 

Burr-Brown 

AD528J AD 
CA081 I RCA 
CA0801 RCA 

CA08lAT t RCA 
CA080AT t RCA 

1443 TeledyneP 
HA-lj160-2 tHllTls 
HA-5160-5 !llffll 

.PA84 Apex 
PA83 Apex 
PA83M t Apex 

LM316A 

PAOS 

MA344 

OP-17e 

iOP-17S 

IOP-l5C 
\OP-l56 

10P-15C 
OP-l58 

,OP-16C 
OP.16G 
DP-1K 
PP-l68 

OP-17C 
OP-17G 

TL081B 
TL081BC 

TL061BC 
TL066BC 

National 

Apex 

AnalogSys 

tPMI 
PMI 

t MicroPwr 
MicroPwr 

tPMI 
PMI 

t MicroPwr 
MicroPwr 

tPMI 
PMI 

t MlcroPwr 
MicroPwr 

Motorola 
TI 

TI 
TI 

HA-5062B-5 Hlrrli 

TL088C TI 
TL088M tTl 

~5082B-5 Hlrrli 

TL071BC 
TL071BC 

LH0101A 
LH0101AC 

TL088 

AM-SOOGC 
AM-SOOMC 

Motorola 
TI 

t National 
National 

AnalogSys 

Datel 
Datel 

(3596) 
(3598) 

15 

(3596) 20 
(3598) 

(3448) 
(3448) 

(3566) 
(3i66) 

25 

30 

(3586) 35 
(3588) 

(3588) 
(3566) 40 

45 

(3432) 

(34~8) SO 

55 

AM-500M. 1111.1 (2861.2865) 

AM-500M" t !III., (2861.2885) 
(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

0IflIeI 
Voltage 
mV(25"C} 

8Ia$ 

Current 
nA{25"C} 

Single Units 

3.0 

3.5 

4.0 

5 

7.5 

10 

15 

20 

25 

80 

100 

200 

300 

500 

1000 

2000 

0.015 
12 

0.010 

15 

25 

30 

200 

250 

300 

350 

700-' 

1500 

Offset 
Current 
nA (2S"C) 

3 

1000 

4 
15 

5 
10 

5 

30 

100 

50. 

100 

75 

200 
500 

200 

2.5 

0.002 

15 

12 

2.0 

50 

so 

100 

100 

100 

300 

Voltage 
Drift 
".vrc 

10 * 

15 

50 

15 
15 

40 

10 * 

15 

20 

25 

3" 
10 

25 

3" 

10 
10 

4 

75 
6" 

10 
12 

10 * 
10 " 

20 

15 * 

5.0 

15 
20 

5 * 

10 
25 

t Military Temperature Range (- 55° to 125°C) 

Cl IC MASTER 1984 

Band
width 
MHz 

Slew 
Rate 
VI,.s 

Voltage 
Gain 
VlV 

0.1 * 40K 

0.25 * 0.16 * lOOK 

0.3 * 0.13 * 50K 
12 * 4 lOOK 

0.05 
35* 

0.85 * 
4* 
6* 

10 

1 * 

1 * 

1" 
1" 

1 * 

2* 

40 
300 

10 " 

1* 

1 * 
20 * 

1 " 
35 * 

35 * 

4* 

12 * 
12 * 

15 * 

1 * 

10 " 

500 

0.015 
25 

0.55 
2.5 
2.5 

0.6 
0.3 

22 

0.5 * 

0.5 " 

t5 " 
0.4 * 

t5 

4.2 " 

20 
50 

3 
0.04 

t5 
30 * 

2.5 * 
25 

20 

5 * 

10 
10 

50 

25 

0.5 * 
5.5 * 

g* 

6* 

300 

lOOK 

80K 
70K 
70K 

4K 

50K 
50K 

10K 

50K 

50K 

lOOK 
25K 

lOOK 

50K 

lOOK 
lOOK 

20K 

20K 
150K 

lOOK 

lOOK 
lOOK 

lOOK 

lOOK 

40K 
SOK 
50K 
SOK 
SOK 

50K 

50K 
SOK 
25K 
18K 

18K 

25K 

CMRR 
dB Comp. Comments 

80 

70 

80 
80 

80 

70 
80 

80 
74 
74 

60 

80 
80 

80 

80 

80' 

70 
70 

70 

80 

70 
90 

70 

70 
115 * 

80 
70 

80 
80 

80 

80 

80 
90 

80 
80 

80 

70 

so 
90 

70 
70 

70 

70 

o 
o 

o 
o 

2 

o 

o 

o 

o 
o 

o 

3 

o 

,0 

o 
o 

o 
o 

* Typical Value 

Programmable Amplifier 

Programmable 

Micropower 
High Impedance 

High Slew Rate 

High Output, Low Power 
Wideband, General Purpose 

Low Power, Radiation Resistant 
to ± 50V supply, 15A output 
to ±50V supply, 5A output 

Matched Transistors 

to 500 rnA, single supply 
Higher Performance 

High Slew Rate, Wideband 

High Current 
Higher Accuracy 741C 

High Current 

0.2 A Power 
High Gain 

tOA Power 

General Purpose 

Low Noise, Wideband ' 
Fast, Wideband 

General Purpose Wide Bandwidth 

High Accuracy, FET 
Micropower 

Micropower 
Unity Gain, Noninverting 

High Performance 
Wide Band, High Impedance 

Wideband, General Purpose 

High Voltage 

Op Amp and Voltage Reference 
OpAmp and Voltage Reference 

High S~, Fast Setting 
High Speed, Fast Settling 

Precision High Speed 

0.5 A Wideband 

Short Circuit Protected 
Adjustable Input Offset Voltage 

4OmAOutput 
20 rnA Output 

General Purpose, OC Output 

Low noise, Compo for G=3 

BIId fica "lIlcata UMI.lllIIlIls prHlHII • till ........... 

Device 

HA-2720 

Source 

(Cont'd) 

t Harris 

t Intersil 
t National 
t SiliconG 

(Cont'd) 

line 

ICL4250 
LM4250 
SG4250 
UC4250 t Solitron 5 

t Raytheon RM4132 
HA-2600 
HA2600 

t Hlrrls (3406) 

MA207 

MA112 
AB507K 

t Intersi! 

AnalogSys 

AnalogSys 
AD 

H83530RH t HlITls 
PA12A t Apex 
PA10A t Apex 

LHOOOSA 

I
P-A759 
LM741A 
LM741E 

t National 

t Fairchild 
t National 

National 

H83516RH t Hlrrls 

AD512K AD 
AD741J AD 

AD512S tAD 

LH0041 t National 
RM709 t Raytheon 

LHoo21 t National 

MCl539 t Motorola 

I MA322 AnalogSys 
MA326 AnalogSys 

LHOOO3 t National 
LHOOO3C National 

(3353) 

(4709) 

(4705) 

(3351) 

AD506J 
RC3078A 

AD (3351) 

LHOO22 
SFC2110M 

MCl556 
HA2620 
HA-2620 

AD5078 

HA-2640 

LM10CL 
LM10C 

AD518K 
AD5188 

LM118 
LM218 
LMl18 

I
LM118 
LMl18 
LM218 

ILM118 

I
LM218 
SFC2118 
SFC2218 

LH0061 

TBA222 
TBC0748 

MA342 
TAA762 
TAA862 

SFC2761M 
SFC2861M 

lXR5534 

. t 8IythH (3592) 

t National 
Thomson-CSF 

Motorola 
t Intersi! 
t Harris 

tAD (3353) 

t Harris 

National 
National 

AD (3353) 
tAD (3353) 

tAMD 
AMD 

t Harris 
t LinearTech 
t National 

National 
tTl 

TI 
t Thomson-CSF 

Thomson-CSF 

t National 

t Siemens 
t Siemens 

AnalogSys 
t Siemens 
t Siemens 

t Thomson-CSF 
t Thomson-CSF 

EXir (3379) 
(Continued) 

10 

15 

20 

25 

30 

35 

40 

45 

ISO I 

55 

60 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV(25°C) nA (25°C) nA(25°C) ".vrc MHz VI".s VN dB Comp. Comments 

Single Units 

4.0 1500 300 - 10· 6· 25K 70 1 Low nOise, Comp. for 6=3 

13· lOOK· 80 1 Low Noise, Comp. for 6=3 

30000 5000 20· 70 * 400 4K 60* 3 High Slew Rate 

4.5 170 32 6* - 0.04 - 110 2 Micropower 
0.04 " 25K 80 1 Micropower 

5 15000 4000 20 1SO 200 30K 74 
20000 6000 20 9.5 600 30K 60 

400 400 30K 60 

5.0 0.001 0.0005 5 0.7 " 0.3 40K 76 0 Precision, Low Drift FET 
0.0005 * 25 1 " 0.6 SOK 90" 0 Low Offset FET 

0.001 " 0.001 * 0.7 * 0.1" 0.04 " 30K 70 1 Programmable, Low Bias 

1" 0.012 • 0.001 * 20K * n 1 Prog., Low Bias, Supply Volt = 1 V 
0.075 * 0.01 * 10K • n 1 Prog., Low Bias, SUpply Volt. = 1 V 

5" 2.3 " 4.5 • 10K 70 1 Programmable, High Bias 

0.003 0.002 4" 0.5 " 0.5· 20K 70 0 Low Supply Voltage 

0.005 0.0006 2" SO" - 80 0 Micropower, Transconductance 
Amplifier 

0.010 0.0005 • 0.05 2" 1- 200K 90 0 Chopper Stabilized, Low Power 
2.5 - 1M" 120 0 Chopper Stabilized 

0.025 0.002 25 15· SO SOK 80 0 Precision, High Speed FET 

0.030 0.02 6- 4- 10 • SOK sO 0 MOS-Blpolar 
10· 4" 10 * 50K SO 1 MOS, Single SUpply, Strobe 

0.040 0.02 4 • 0.063 • 0.03 " 10K 70 0 Nanopower BIMOS 
6- 4.5 * g" 20K 70 0 MOS FET, Single SUpply 

0.050 0.030 15 " 1 1.6 80K " 70 0 Low Power 

L(!W Power,~ CMVR .. _ 

Low Power, Input Protected 

1 Low Power 

Low Power,lnput Protected 

0.1 0.02 5· 2 30 25K 80 1 JFETlnput 
2.5 5" 25K 80 1 JFET Input 

5 7.5 25K 80 1 JFET Input 

0.10 0.02 5" - - SOK 85 - Wlde~nd Decompensated 

2.5 - 5" 50K 85 0 Bipolar-JFET 

5" 7,5 " 50K 85 0 Wideband-JFET 

" Typical Value 
.... flee .... alii aMtIml .... II,...,... • 1M PI .. 1II1II. 

3194 

Device Source Une 

(Cont'd) 

(Cont'd) 
XR5534A Exlr (3379) 
XR5534C Exlr (3379) 
RC5534 Rlytlllol (3592) 
NE5534 Signetlcs 
.~5534A SI,llIla (3646) 5 
NE5534 TI 
NE5534A TI 

AM-453-2C OIlel (2864) 
AI-453-2. tOIle! (28M) 

LH0024 t National 10 

Re3078 Rlytlteta (3592) 
CA3078 tRCA 

1343-01 t TeledyneP 
1342-01 t TeledyneP 
1341-01 t TeledyneP 15 

AD545L AD (3351) 
3522L Burr-Brown 

nC251AC n (3689) 
nC271AC n 

-(541.3687.3689) 

TLC251AC TI 20 
TLC251AC TI 

TLC251AC TI 
TLC271AC n 
CA3420A tICA (3594) 

CA3080 RCA 25 
CA3080A tRCA 

TML7650-1 Telmos 
TML7650 Telmos 

LHOO62 t National 

CA3l60A tICA (3596) 30 
CA3130A tRCA 

CA3440A RCA (3594) 
CA3140A RCA (3595) 

ICL7611BC Iltwlll (3481) 
ICL7611B. tlltlnll (3481) 35 

ICL7612BC III1nIl (~1) 
ICU6l2B. tlltlnll (Mel) 

ICL7613BI: 11 .... 1 (3481) 
ICL7613.1 tlltWllI (3481) 

ICL761ac IltInIl (3481) 40 
IC176l48. tillenil (3481) 

ICL7615BC IltInIl (3481) 
ICL7615 .. tlltlnll (34il) 

TDC0157 t Thomson-CSF 
TDCOl55 t Thomson-CSF 45 

TDC0156 t Thomson-CSF 

LF157 t Intersil 
LF357B Motorola 
LF157 t National 
LF257 National 50 
LF357B National 
Pll-157 tPMI (3568) 
PM-257 PMI 

LF255 AMD 
LF355B Motorola 55 
LFl55 t National 
LF255 National 
LF355B National 
PM-255 PMI 

LF156 tAMD 60 
(Continued) 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset BIas Offset VOltage 
Voltage Current Current DrIft 
mV(25°C) nA(25°C) nA(25°C) ,NrC 

Single Units 

5.0 0.10 0.02 5* 

0.025 10 
25 * 

0.05 10 " 

80 

100 

0.15 - 50 

0.2 0.1 30 

0.20 0.025 3" 
0.10 10 • 

4 1 10 

7 4 20 

7.5 3 -
10 5 7* 

10-

20" 

6 -

15 5 20 

20 3 -

40 

25 5 20 
25 5-

10 * 

15 * 

30* 

t Military Temperature Range ( - 55° to 125°C) 

Band· 
width 
MHz 

5* 

1 
70* -

3" 

4" 

1SO 

150 

20 * 

4* 

1 * 
4" 

1 * 

1 " 

1* 

1* 

-
1· 

0.25-

0.5 • 

-
1· 

1 * 

0.3 * 
12 * 
12 -

35* 

1 
70 

Slew 
Rate 
VIlIS 

7,5 * 

1 
350 

13· 

13 • 

400 

400 

210 

13 " 

0.3* 
13· 

15 " 

0.5 " 

0.5 " 

0.1 

0.5 " 
0.1-

0.5 -

0.16 " 

0.1 

2.5-
2· 

1.5 

0.13 • 
4 
4 

20 

20 

Voltage 
Gain 
VN 

SOK 

25K 
lK 

SOK 

SDK 

10K 

10K 

10K 

SOK 

25K 
SOK 

SDK 

20K 

20K 

20K 

20K 
25K 

20K 

SDK 

45K 

100K 
lOOK 

60K 

SOl( 

300K 
80K 

80K 

80K 
80K 

CMRR 
dB 

85 

70 
SO 

80 

80 

60 

60 

70 

80 

96 
80 

100 • 

80 

80 

70 

70 
74 

80 

70 

100 -

80 
80 

80 

70 
100 
74 

74 

74 
100 * 

Comp. 

0 

0 
2 

0 

0 

3 

3 

1 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

1 
0 

0 

0 
0 
0 

• Typical Value 

MASTER SELECTION GUIDE 

Comments 

Wideband·JFET 

Low Power -BIFET 
Ultra Fast FET 
Ultra Fast-FET 

Bipolar JFET 
Bipolar-JFET 

Precision-BIFET 

Fast Settling, Wideband 

Fast Settling, Wideband 

Wideband, Fast Settling 

JFET Input, High Speed 

Precision Bipolar 
Precision-BIFET 
WKieband Bipolar -JFET 

Wideband Bipolar-JFET 

Low Input Current 741 

Low Input Current 741 

Multi-Purpose, Programmable 

Low Input Current 
Programmable Amplifier 

Darlington 741 

Programmable 

Low Bias Current 

High Voltage 
High Voltage 

Output 26V @ lOA 

Micropower 
Wide Temperature Range 
High Impedance 

Wide Band, High Impedance 

Wldeband 
Wideband, High Gail! 

Device Source line 

I (Cont'd) 

(Cont'd) 
LF256 AMD 
LF156 t Intersil 
LF356B Motorola 
LF156 t National 
LF256 National 5 
LF356B National 
PM-156 tPMI (3566) 
PM-256 PMI 

LF441 National 
TP0032 t TeledyneP 10 
LHOO32 t National 
ADLH0032 tAD 

jJ. Fairchild 
jJ.A771B Fairchild 
~771BM t Fairchild 15 

MC35001B t Motorola 

OPA6ooD . Burr-Brow. (2853) I 
IlPA6OOIJ/Y-3! t Br.-Brewe (2853) 

AH0605 OEI 

mB0351B Thomson-CSF 20 

LM11CL National 
MC34001B Motorola 
LF351B National 

LF151 t National 

AD502L AD 25 

AD502K AO 

jSFC2776M t Thomson-CSF 

ICL8008M 
HA-2725 

! 
AD502S 

LM4250C 
ICL4250C 
LM4250C 
SG4250C 
UC4250C 

3501A 
35018 

LM144 
MC1536 
LM1536 
SG1536 

OPA501. 
OPA501S 

RC4132 
OPAllHT 
AM-460-2 

1--HA-2602 
HA-2605 

IHA2602 
HA2605 

AM~2-1 

AM~2-1M 

All-462-2 
All-462-2M 
HA2622 
HA2625 
HA-2622 
HA-2625 

3508J 
1321 

,1321-01 

tlntersil 
Harris 

tAD 30 

Harris 
t Intersil 
t National 
t SiliconG 

Solitron 35 

BIIT-Br... (2850) 
t BIIT-Brl .. (2850) 

t National 
t Motorola 
t National 40 
tSiliconG 

Btrr-lrl .. (2850) 
tBarr-Br .. 1 (2850) 

Raytheon 
t BIrr-lrI.. (2850) 45 

111111 (2864) 
tllllll (2864) 
t Harris 

Harris 

Iso I t Intersil 
Intersil 

DIIII 
tlllill 

111111 
tllll" 
t Intersil 

Intersil 

(2864)1 I 
(2864) 
(2864) 
(2864) 55 

t Harris 
Harris 

IIR'-BrIWl (2851) 60 
TeledyneP 

t TBledyneP I 

(Continued) 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band· Slew Voltage 
Voltage Current Current Drlft width Rate Gain CMRR 
mV(25°C) nA(2S0C) nA(25°C) "vrc MHz VI,.s VN dB Comp. Comments 

Single Units 

5.0 
30 15 * 20 1.5 * 0.6 45K 100 • 0 Low Bias, Low Noise 

30 20 2 0.4 SOK 80 0 General Purpose 

60 2 0.4 SOK 80 0 General Purpose 

35 7 - 5* 5* 10K 67 0 High Power, Compo G>30 

40 2.5 * 30* l' 10 200K 80 0 MicropowerFET High Current Out 
15 5 - 20 300K 106 0 High Speed 

SO 15 - 0.2 0.35 SOK 70 0 Programmable Low Power 

100 20 10 2.5 • 18 * 25K 80 0 High Speed 

30 1" 0.5 * 25K 70 1 Precision 

25 20 1.3 0.25 25K 70 0 General Purpose 

100 - l' 0.4 ' SOK 70 0 Programmable 

120 40 6* 3' 20 50K 70 0 High Slew Rate 

150 20 20 4' 2* 25K 70 0 High Performance. High Gain 
30 - - - SDK 70 0 Single Supply 

40 6" - SO" SDK 70 1 60 Vlp.s, Compo for G=5 

200 - 10 • 10 • 130 25K - 2 High Speed Inverting 
25 20* 12 • 25 20K 80 0 High Slew Rate 

50 20' 8' 15 " SDK 80 1 Four Addressable Inputs, Single 
Amplifier 

1-

250 20 20 1 ' 0.5 " 25K 96 0 General Purpose 
1 General Purpose 

500 1SO 20 - - 20K 70 1 General Purpose 

200 - 0.5 • 35 SOK 70 1 High Slew Rate 
1 • 0.5 SOK 70 0 High Performance 

1 General Purpose 

0.7 SOK 70 0 High Speed 741 

30' SOK 70 1 High Slew Rate 

3" 0.5 • 0.3 • 25K 70 3 General Purpose 

0.8 • 5' SOK 70 0 Wideband 741 

1 ' 0.5 • SOK 70 0 General Purpose Compensated 

Low NOise 741 

t Military Temoerature Ran~e (- 55° to 125°C) , Typical Value 
Bolli flcelldlCltes .1111111011 11111 Is proyl ... 01 1M ..... 0 .... 

3196 

Device Source Une 

(Cont'd) 

(Cont'd) 
3500A Burr-Brown 

(2850.2853) 
3500R t Birr-Brow. 

(2850.2853) 

3500R/MIL t Blrr-BroWl 
(2850.2853) 

3500U/883B t Blrr-8rowl 
(2850.2853) 

CA3105 RCA 5 
CA3105M RCA 

1323 TeledyneP 
AM-470-2C Dllel (2865) 
AM-470-2M tDllel (2865) 

MC1776 t Motorola 10 

MP5501C MlcroPwr (3529) 
MP55018 tMlcroPwr (3529) 
OP-01C MlcraPwr (3529) 
OP-018 tMlcraPwr (3529) 
OP-01C PMI (3566) 15 
OP-018 tPMI (3566) 

p.A7nC Intersil 

MP5502B tMlcroPwr (3529) 
MP5502D MlcroPwr (3529) 
OP-02B tMlcroPwr (3529) 20 
OP-02D MlcroPwr (3529) 
OP-02B tPMI (3566) 
OP-020 PMI (3566) 

XR146 t Exar 

NE530 Signetics 25 

RC4131 Raytheon 
TL3211 TI 
TL321M tTl 

NE538 Signetics 

ICL8017M t Intersil 30 
HA-2500 tH.rrls (3396) 
HA2500 t Intersil 

HA-2400 t Harris 
HA-2404 Harris 

LM307 Raytheon 35 
LM301A Raytheon 

TA7502 Toshiba 
TA7S02A Toshiba 

RM4531 t Raytheon 
SFC2741M t Thomson-CSF 40 
SFC2748M t Thomson-CSF 

ICL741MHS t Intersil 

SE531 t Signetics 

p.A709M t Fairchild 
MC1709 t Motorola 45 
LM709 t National 

861217 t SiliconG 

AD741 tAD 
p.A741M t Fairchild 
ICL741 t Intersil 50 , MC1741 t Motorola 
LM741 t National 
PM-741 PMI 
RM741 t Raytheon 
p.A741 t Signetics 55 
86741 t SiliconG 
p.A741M tTl 

ICL741LN t Intersil 
(Continued) I j 
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MASTER SELECTION' GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offsei 
Voltage 
mV(2S"C} 

B!as 
Current 
nA(25°C) 

Single Units 

5.0 500 

700 

7SO 
1000 

1000 * 

2000 

5000 * 

6000* 

7000 

10000 

12000 

15000 

20000 

24000 

15000 

0.025 
0.04 

02 

Offset 
Current 
nA(25°C) 

200 

100 

250 

300 
300 * 

5000 * 

400 

1000" 

3000 " 

2000 

2000 

5000 

4000 

300" 

6000 

5000 

4000 

0.002 
0.02 

0.05 

0.1 

Voltage 
Drift 
"vrc 

3* 

4'" 

6* 

25 

6* 

20 
50 

50 

20 

50 

5* 

10 " 
1.2 ,. 

10 * 

10 

25 

20 
20 * 

3.5 * 

20 

15 
10 * 

10 * 
10 " 

10 * 

t Military Temperature Range (_55 0 to 125°C) 

e IC MASTER 1984 

Band-· Slew 
width Rate 
MHz Vii'S 

1 * 

5* 

30 * 

65* 

30 
150 

38* 

15 * 

150 * 

500 * 

400 * 
600 * 

50* 

150 

1 • 
5* 

3" 
3* 

3 

1" 

0.5 * 

10 

0.3 * 

0.7· 

0.3 * 

SO* 

15 

15 
60 

4000 

8000 

25 * 

160 

4000 

1.7* 

3* 

200 * 

800 

250 

350 
550 

7* 

200 

13 * 

13 * 
13 

3.5 ,. 

Voltage 
Gain 
VtV 

50K 

50K 

12K 

20K 

45K· 

10K 

15K 

50K 
10K 

50K 

50K 

0.6K 

15K 

50K 

2K 

UK 
0.7K 

28K * 

250 

10K 

15K 
15K 

2K 

30K 

75K 
50K 

15K 
50K 

50K 

40K 

CMRR 
dB COmjl. Comments 

70 

70 

80 

70 

70 

65 

74 

90 
70 

60 

60 

76 

74 

60 

70 

70 

70 

70 

80 

60 
60 

80 

74 

70 
80 

80 
80 

70 

80 

o 

o 

2 

3 

o 
3 

o 
1 

o 

o 
1 

o 
o 

o 

o 

• Typical Value 

Low Noise 741 

General Purpose, Uncompensated 

Uncompensated 741 

High Slew Rate 741 

Low Noise 741 

General Purpose 

Programmable 

General Purpose 

20 mA Output 

High Speed High Gain 

Pr~ision, Audio 
High Power 

70 MHz ·3db bandwidth, G= 1-40 
70 MHz ·3db bandwidth, G = 1-40, 
settles to 0.02% in 30 ns. 

200 MHz ·3db bandwidth, G= 1-40 
200 MHz -3db bandwidth, G = 1-40; 
settles to 0.02% in 15 ns. 

Large Signal Wideband 

Wideband, Fast Settling 

100 MHz -3db bandwidth, G = 1-40 
1(J()..MHz -adb bandwidth, G= 1-40; 
settles to 0.02% in 25 ns. 

702 Type 

General Purpose 

6 Volt, Wideband 

Wideband, Comp. for G>5 

Fast, Slews 800 V /!LS 

Settles to 0.01% in 70 ns 

Wldeband, Fast Settling 
High Slew Rate, Wideband 

12 Volt, Wideband 

High Performance Fer 
MOS/FET Input, Blpolar/MOS Output 

Low Noise Bipolar-JFET 
Low Noise Blpotar·JFET 

Bipolar JFET 

Low Power Bipolar JFET 

.... faCI .. laIII ....... lila ............ ,... ...... 

Device • Source Line 

(Cont'd) I 
MC1741N t Motorola 
CA6741 t RCA 

!LA 101 
LM101 
LM101 
SG101 

ILA748M 
MC1748 
LM748 
LM748C 
CA748 
SG748 
ILA748M 

MC1741S 
SG741S 

MC1741NS 

t Fairchild 
t National 
t Signetics 
t SiliconG 

t Fairchild 
t Motorola 
t National 

National 
tRCA 
t SiliconG 
tTl 
t Motorola 
tSiliconG 

Motorola 

(Cont'd) 

10 

15 

SFC2709M t Thomson-CSF 

CA3094A 
CA3094B 

ILA709M 

TCA322 

MA332 
1460 

tRCA 
t RCA 

tTl 

t Siemens 

t Fairchild 

AnalogSys 
TeledyneP 

I CLC210AI Comlinear 

I CLC210AM t Comlinear 

i CLC220AI Comlinear 

CLC220AM t Comlinear 

20 

25 

CA3100 tRCA (3596) 

HA-5190 Harris 

CLC200AI Comlinear 

CLC200AM t Comlinear 

UPC51A NEC 

TL702M tTl 

CA3010 t RCA 
CA3029 RCA 
CA3037 t RCA 

HA-5195 

NE5539 
SE5539 

1435 

HA·2540-2 
HA·2539·2 

CA3015 
CA3030 
CA3038 

1
1343 

LHOO22C 
ICA080A 
CA080T 
CA081A 
CA081T 

Harris 

Signetics 
t Signetics 

t TeledyneP 

tHlrrls 
tHlrrls 

tRCA 
RCA 

tRCA 

TeledyneP 

National 
tRCA 
tICA 
tICA 
tllCA 

TL075M tTl 
TL070M tTl 
TL071M tTl 

TL081A 
TL081AC 

Motorola 
TI 

TL061AC TI 

(3404) 
(3402) 

30 

35 

40 

45 

(3596) 
(3596) 50 
(3596) 
(3598) 

55 

TL061M tTl 
(Continued) I 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band· Slew Voltage 
Voltage CUrrent Current Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA(25°C) /lvre MHz VI,.s VN dB Comp. Comments Device Source Line 

Single Units (Cont'd) 

6.0 0.2 0.1 10 " 1 " 3.5 " 40K 80 0 (Cont'd) 
Programmable Bipolar JFET MCE66 MCE 

TUl66M tTl 

1 Low Power Bipolar JFET MCE60 MCE 
TlO6OAC TI 
TlO6OM tTl 5 

4" 20K 80 0 low Power, JFET Input HI-5062-2 tHlms (3432) 
HI-5062A-5 Hlms (3432) 

3" 13 " SOK 80 0 Bipolar-JFET MCE80 MCE 
TlOSOAC TI 

1 Bipolar-JFET TlO80AC TI 10 

4 15 " 25K 80 1 JFETlnput HA-5082-2 tHlms (3436) 
SOK 80 1 JFET Input HA-5082A-5 Hlrrls (3436) 

4" 13· 25K 80 0 JFETlnput Tl081M t Motorola 

0.20 0.05 10 " 4" 13 " 50K 80 0 low Noise Bipolar-JFET Tl071AC . Motorola 
TlO71AC TI 15 

0.3 0.1 10 " 1 " 3.5" 4K 80 0 Programmable Bipolar JFET Tl066AC TI 

10 6 - 1" 0.1 50K 70 0 Multi-Purpose, Programmable SFC2n6C Thomson-CSF 

25 10 6" - 0.2 " 75K 70 0 Programmable SG3250 SiliconG 

I 
12 40 1 " 0.5 " 20K 80 0 low Input Current 741 AD502J AD 

20 15 " - 0.5 " 20K 70 0 low Input Current ICl8008C Intersil 20 

25 15 " 35" 20 80K 74 1 WKleband, General Purpose AD507J AD (3353) 

30 30 - 0.05 4 10K 74 0 Wldeband HA2607 Intersil 
15 " 0.6 17 10K 74 0 Wideband HA2627 Intersil 

~ 4* 5* lOOK 74 0 High Voltage AM-464-2 Datel , AM-464-2M t Datel 25 

~ 
HA-2645 Harris 
1332 TeledyneP 

i 
65 4" 2.5 10K 74 0 to ±45V supply, SA output PA12 Apex 

PAl2M t Apex 

6" 2.5 70K 74 0 to ±45V supply, SA output PAlO Apex 30 
PA10M t Apex 

75 10 - 0.4 1.5 lOOK 80 - Ultra-low Power MA-5141A HarrIs (3446) 
20 - - - 60K 70 0 Programmable ~PC425OC NEC 

100 30 5· - 0.3 • 251( 70 1 Supply to + -10 V TCA520B Signetlcs 
Q) 

200 SO 10 32 80 "C 1 50 1 Differential Bipolar Input MA318 AnalogSys 35 

::J 250 SO ~ 1" 0.5 251( 80 0 to 500 mA. Single Supply ~759C Fairchild 
C) 500 200 - - 0.5 " 5K 70 0 stiort Circuit Protected TBA221 Siemens 

C 5.5 " 51( 70 1 Adjustable Input Offset Voltage TBB0748 Siemens 
0 1 " 0.5 20K 70 0 High Performance SFC2741C Thomson-CSF = (.) 1 General Purpose SFC2748C Thomson-CSF 40 
Q) 2O-5OK 70 0 General Purpose Compensated AD741C AD (3351) 
Q) 1C450 Cherry en ~741C Fairchild 
.... HA1n41 Hitachi 
Q) 

MC1741C Motorola 45 +oJ 
CJ) lM741C National as 

~PC151 NEC 
~ ~PC741 NEC 

PM-741C PMI 
RC741 Raytheon 50 
CA741C RCA 
~A741C Signetics 
SG741C SiliconG 
~741C TI 

0.5 " 20-501< 70 1 General Purpose ~748C Fairchild 55 
~748C Intersil 
MC1748C Motorola 
CA748C RCA 
SG748C SiliconG 
~A748C TI 60 

0.7 25K 70 0 High Speed 741 ICl741CHS InterSil 
(ContinUed) 
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MASTER SELECTION GUIDE 

LlNEAR-Operaiticmal Amplifiers-Characteristics (Cont'd) 

Offset 
Voltage 
mV(25°C) 

Bias 
Current 
nA(25°C) 

Single Units 

6.0 500 

7.0 

7.5 

1000 

1200 
1500 

100 
200 

400 

6000 

250 

1000 

1500 

Offset 
Current 
nA(25°C} 

200 

300 

200 
300 

500 

200 

10 
10 * 

75 

75 

50 

150 
300 

250 
500 

Voltage 
Drift 
p'vrc 

3* 

5* 

10 " 

15 * 

30 

1Q" 

6 
6* 

5* 

1P * 

5* 

5* 

10 * 

30 

30 

3" 
6* 

6 
6* 

t Military Temperature Range (-55° to 125°C) 

~ IC MASTER 1984 

Band· 
widtb 
MHz 

1 * 

1 * 

1 " 

02 * 

1 * 

12 * 

1 * 

4* 

0.5 * 
1 * 

0.4 
10 * 

1 " 

20* 
0.3 * 
1* 

0.8 * 
1 * 

2" 

65* 

1 .. 

Slew 
Rate 
V/p.S 

10 

5* 

0.25 

0.5 " 

0.2 * 

1 * 

50 

VoH3ge 
G3Jn 
VN 

:tOOK 
20K 

100K 

201( 

25K 

20K 

100K 

25K 

9 * 10K 
9" 12K 
18" 12K 

100" 10K 

35 * 20K 
20 * 20K 

1 
130 * 

0.4 * 

1.6 

30" 
0.3 * 
0.3* 

0.5 * 
0.5 " 

4.2 * 
18 '* 

10 
0.3* 
D.5 .. 

100K 
25K 

~K 
3K 

3K 

25K 
25K 

25K 
25K 

15K 
5K 

10K 
15K 
20K 

CMAA 
ctB 

70 

70 

70 

90 

70 

70 

70 

70 

70 
65 
65 

70 

70 
70 

77 

63 
53 
63 

70 
80 
80 

70 
70 

80 
60 

74 
65 
65 

Comp. Comments 

o 

o 
2 

o 
o 

o 
o 

2 

o 
o 

o 

2 
o 

3 

0.2 amp Power 

High Slew Rate 741 

Low Noise 741 

Wldeband 741C 

High Gain, Instrumentation, 50 rnA 
Output 
Automotive Temperature Range 
(-40°C to 85°C) 
Low Noise 741 

High Power 

1.0 amp Power 

High Speed, Fast Setting 

General Purpose 
General purpose, OC Output 
20 rnA Output 

Gated 

High Slew Rate 
High Slew Rate, Hi h Performance 

Ultra-Low Power 
High Speed Inverting 

250 rnA Output, ElectroniC Shutdown 
250 rnA Output, Electronic Shutdown 

450 rnA Output, Electronic Shutdown 

Unity Gain, Nonlnverting 
Low Noise 308 
Mlcropower, Supply Current 800 p.A 

Precision Bipolar 

Low Noise 301A 
General Purpose, Compensated 

General Purpose Uncompensated 

General Purpose 
20 rnA Output 

High Speed 
General Purpose 
General Purpose 

* Typical Value 
BellI fica Ildlu_ IUIII .. 1 *11 II pm_ • IR PIlI I"'. ' 

Source 

(Cont'd) I 
(Cont'd) 

LH0041C National 

MC 1741SC Motorola 
56741SC SiliconG 

MC1741NC 

563217 

LHOO2OC 

SA741C 
ICL741CLN 

pA791C 
TBA0791 

LH0021C 

AD518J 

Motorola_ 

SiliconG 

National 

Signetics 
Intersil 

Fairchild 
Thomson-CSF 

National 

AD (3353) 

SFC2861AM t Thomson-CSF 
SFC2761C Thomson-CSF 
TAA761 Siemens 

ZN424 Ferranti 

RC4531 Raytheon 
NE531 Signetics 

HA-5141 
ICL8017C 

LM13080 
LM13080 

MAa24 

SFC2310 
LM308LN 

I
LM312 

. LM312 

LM30a 
AD308 
LM308 
LM308 
LM308 
LM308 
LM308 
PM-308 
56308 
SFC2308 

ICL301ALN 
LM307 
LM307 
LM307 
LM307 
CA307 
SG307 
LM307 
SFC2307 

AD30lA 
pA301A 
LM301A 
LM301A 

ILM301A 
/-tPCi51 
/-tPC301 
CA301A 
SG301A 
LM301A 
SFC2301A 

MC1439 
TCA321 
tCA325 

pA715C 
/-tA709C 
pA201 

Hlrrls (3446) 
In.tersil 

National 
AnalogSys 

AnalogSys 

Thomson-CSF 
Intersi! 
Motorola 
National 

AMD 
AD (3351) 
Harris 
Intersi! 
LinearTech 
Motorola 
National 
PMI 
SiliconG 
Thomson-CSF 

Intersi! 
Intersil 
LinearTech 
Motorola 
National 
RCA 
SiliconG 
TI 
Thomson-CSF 

AD (3351) 
Fairchild 
LinearTech 
Motoroia 
National 
NEC 
NEC 
RCA 
SiliconG 
TI 
Thomson-CSF 

Motorola 
Siemens 
Siemens 

Fairchild 
TI 
Fairchild 

(COntinued) I 

tine 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA (25°C) p.V/oC MHz V/".s VIV dB Compo COmments 

Single Units 

7.5 1500 500 6- 1 " 0.5 " 20K 65 1 General Purpose 

6-10 " 1 - 0.3 - 15K 65 3 General Purpose 

4 General Purpose 

S.O 40 10 - 1 - 2.5 " 70K 70 1 High Voltage 
200 25 20 " 10 " 50 10K 80 0 High Slew Rate 

20 " 100 10K 80 1 100 v//Js, Gain =3 

30 20" 100 10K 80 1 High Speed, Fast Settling 

250 50 20- 12 * 20 15K 74 0 High Slew Rate 

40000 15000 25 " 70" 250 3K SO" 3 High Slew Rate 

9.0 0.40 0.20 10 " 1" 0.6 " 200K 70 0 JFET Input 
250 50 30" S- 15 " 50K 74 1 Four Addressable Inputs, single 

Amplifier 

10.0 0.001" 0.001" 0.7 " 0.1" 0.04 " 30K 70 1 Programmable, Low Bias 

1 • 0.012 " 0.001" 20K " n 1 Prog., Low Bias, Supply Volt. = 1 V 
0.075 " 0.01 " 10K " n 1 Prog., Low Bias, Supply Voll = 1 V 

5" 2.3 " 4.5 • 10K 70 1 Programmable, High Bias 

0.003 0.002 4" 0.5 " 0.5 " 10K 70 0 Low Supply Voltage 

0.050 0.020 * 30 3* 15 * 20K 86" 0 High Voltage FET 
0.025 4" 0.063 " 0.03 " 10K 70 0 Nanopower BiMOS 

0.10 0.03 10 - 10 3K 90 1 FET Input, Low Noise 
12 35 lOOK 90 ·0 JFET Input 

0.15 0.05 20 1 " 0.3 " 20K 80 0 High Per1ormance, Low Input Current 
10 30K 90 0 Low l/f Noise 

0.2 0.1 10" 4" 13 " 251( 70 0 BipoIar-JFET 
JFET Input, High Speed 

0.20 0.05 5" - - 25K 80 - Wideband Decompensated 

2.5 5" 25K 80 0 Bipolar-JFET 

5 12 " 25K 80 0 Wideband-JFET 

10 " 4* 13 " 15K 80 0 Low NOise Bipolar -JFET 

25K 80 0 Low Noise Bipolar-JFET 

15 0.5 30 10K 80 0 Wideband Decompensated 

0.1 10 * 3* 13 * 50K 70 0 Bipolar JFET 
4" 13 25K 70 0 Bipolar-JFET 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
....... 1HICIIII ............ I1....,... .'"'''' ...... 

3200 

Device Source Line 

(Cont'd) 

(Cont'd) 
LM201 National 
86201 SiliconG 

/JA709C Fairchild 
LM709C National 
RC709 Raytheon 5 

TAA521 Siemens 

LM344 National 
HA·251 0 tRims (3398) 
HA2510 Intersil 

HA·2520 t Harris 10 
HA2520 t Intersi! 

A0509K AD 
AD509S tAD 

111-450-2 Dalll (2864) 
AM-450-2M t Datil (2864) 15 
HA-2502 t HarriS 
HA-2505 HarriS 
HA2502 t Intersil 
HA2505 Intersil 

LH0024C National 20 

TL091M tTl 

HA-2405 Harris 

nC251C n (3889) 
nC271C n 

(541.3687.3689) 

TLC251C TI 25 
TLC251C TI 

TLC251C TI 
TLC271C TI 

CA3420 tRCA (3594) 

3580J Burr-Brown 30 
CA3440 RCA (3594) 

MA333 AnalogSys 
MA334 AnalogSys 
MA400 AnalogSys 

LM316 National 35 
MA339 AnalogSys 

MC3500t t Motorola 
TDB0351 Thomson-CSF 

LF357 Intersil 
LF357 Motorola 40 
LF357 National 
PM-357 PMI 

LF355 AMO 
LF355 Intersi! 
LF355 Motorola 45 
LF355 National 
PM355 PMI 

LF356 AMO 
LF356 Intersil 
LF356 Motorola 50 
LF356 National 
PM-356 PMI 
LF356 Slgnetlcs 

TL071 Motorola 
TL070AC TI 55 
TL070C TI 

TL071C TI 

LF357CP AnalogSys 

JJ.Fn1 Fairchild 
LF351 National 60 
LF351 Motorola 

(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV(2SC C) nA(2SC C) nA(2SCC) "V/cC MHz VlItS VN dB Compo Comments Device Source Line 

Single Unit. 
I 

(Cont'd) I 
10.0 0.20 0.1 10 ~ 4~ (Cont'd) 

13 * 25k 70 0 Precision BIFET MC34001 Motorola 

2 10· 4· 13 * 15K 80 0 Low Noise BiPolar-JFET TL075C TI 

0.60 0.1 20 * 18 * 57 * 200K 80 0 Wideband-JFET LF400 National 

1 0.25 10 5 10 50K 85 0 2.0 A Power LH0101 National 
LH0101C National 5 

10 3 150 - 250 0.7K 50 1 100 MHz 9906 tOEI 

30 10 - 1* 2.5 * 70K 70 0 High Performance MC1456 Motorola 

40 10 - 1* 2· 70K 70 0 High Voltage MC1436 Motorola 
SG1436 SiliconG 

65 1 * 1.5 - 70 0 2 A Continuous 3573 Burr-Brown 10 
50K 70 0 OutplJt 20V @ 10A OPA501R t Barr-Browl (2850) 

OPA501A B.rr-Brown (2850) 

500K 70 0 to ± 30V supply, 5A adjustable output PA11 Apex 
to ±30V supply, 5A output PA73 Apex 

50 20 20 * - - 2K 55 3 Matched Input Transistors LHOOO5 National 

I" 100 25 25 * - - 2K 50 3 Matched hiput Transistors LHO~C National 

250 50 20· 20* 80 7:5K 74 1 High Speed, Fast Settling AD509J AD 
25 * 12· 15 15K 74 0 High Slew Rate HA2507 Intersil 

40 7.5K 74 0 High Slew Rate HA-2512 t Harris 
HA2512 Intersil 20 

20· 80 7.5K 74 1 80 Vllls Gaiil",3 HA-2522 t Harris 
HA2522 t Intersil 

30· - 80 7K 74 1 Fast Slewing 3507J Burr-Brown 
12 * 30 7.5K 74 0 High Slew Rate HA2517 Intersil 

40 7.5K 74 0 High Slew Rate HA-2515 Harris 25 
HA2515 Intersil 

80 7.5K 74 1 80 VlIlS Gain", 3 HA-2525 Harris 
HA2525 Intersil 

80 Vlp.S Gain",3 AM-452-2 OalBl (2864) 
AM-452-2M tOatal (2864) 30 

20" 60 7.5K 74 0 High Slew Rate HA2527 Intersil 
80 7.5K 90* 1 High Slew Rate 1322 TeledyneP 

1322-01 t TeledyneP 

70K 90 •• 0 High Slew RateITemperature OPA12HT tB.rr-B ..... (2851) 

500 200 - 15 * 50 25K 70 0 Precision, High Speed _ LM318 AMD 35 
IlA318 Fairchild 
LM318 Harris 
LM318 LinearTech 
LM318 National 
LM318 TI 40 
SFC2318 Thomson-CSF 

5* 1 " 25 25K 60 1 0.5 A, Wideband LH0061C National 

300 10 2 10 59K 70 1 Up to ± 40 V- Output MA700 AnalogSys 

750 - - - - 14K - 1 Telephone Channel AmPlifier LS045 SGS 

1000 300 6· - 9* 5.6K 60 1 General Purpose, OC Output SFC2861C Thomson-CSF 45 

18 " O.56K 60 1 to 90 mA Output TAA861 Siemens 
tAAs65 Siemens 

1000 • 5000 " 50 - 6000 5K 60 0 150 MHz -3db bandwidth, G", 1-40 GLC103AI Comlinear 

1200 300 6 1 * 9* 5.6K 65 1 General PurpOse SFC2861AC Thomson-CSF 

3000 300 16 20 10 100K 60 Up to 400 mA Output jMA206 AnalogSys 

15000 5000 5· - 1.7* 1K 65 3 General Purpose TL702C TI 

12.0 50 15 65 1 * 1.5 500K 70 0 to ±28V supply, 5A adjustable output PA01 Apex 

90 25 - 1 * 2* 50K 50 0 High Voltage MC1436C Motorola 
- SGl436G SiliconG 

30 - 1 " 2.5 25K 110 " 0 High Performance MC1456G Motorola 55 
LMl436 National 

14.0 200 15 50* - - 10K 65 1 Darlington Input TCA312 t Siemens 
TCA332 t Siemens 

15 0.065 0.01 35 100 70 100 70 1345 TeledyneP 

20000 6000 20 9.5 600 30K 60 1342 TeledyneP 60 

400 400 30K 60 1341 TeledyneP 

I (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset BIas Offset Voltage Band- Slew Voltage 
Voltage Current Current DrIft width Rate Gain CMRR 
mV(2S'C) nA (25'C) nA(2S'C) "vrc MHz V/,.s VN dB Comp. Comments 

Single Units 

15 
35000 - 33 80 1300 1 

15.0 0.010 - 25 2* 3 50K 72 0 High Performance, low Bias 

0.015 - 50 2* 3 50K 72 0 High Performance, low Bias 

0.050 - 50 2' 3 50K 72 0 . High Performance FET 

0.030 8* 4* 10 * 50K 70 0 MOS FET, Single Supply 
4.5 * 9* 20K 70 0 MOS FET, Single Supply 

10 * 4* 10 * 50K 70 1 MOS FET Single Supply, Strobe 
5" 13 " 50K 70 0 FET Input, Bipolar/MOS Output 

1 FET Input, Bipolar/MOS Output 

25 * 1 1.6 80K 70 0 low Power 
low Power, Extended CMVR 

low Power, input Protected 

1 low Power 
low Power, Input Protected 

0.065 0.005 35 15· 50 25K 70 0 Precision, High Speed, FET 
0.01 20* 100 * 50 25K 70 1 WKleband, High Slew Rate 

0.20 0.05 10 * 1" 0.5 * 25K 70 0 JFET-741 
25* 50* 350 1K 50 2 Ultra Fast FET 

0.10 10· 3* 13 * 50K 70 0 Bipolar-JFET 

0.4 0.05 - 3* 13 * 25K 70 1 low Noise Bipolar-JFET 
0.2 - 3 13 * 25K 70 0 Bipolar JFET 

10 * 1 * 3.5 * 3K 70 0 low Power Bipolar-JFET 
Programmable Bipolar JFET 

1 low Power Bipolar-JFET 

4" 10K 70 0 low Power, JFET Input 

3* 13 * 25K 70 0 Bipolar -JFET 
1 Bipolar-JFET 

4 15 * 25K 70 - JFETlnput 

50 25 12 * - - 2K 60 1 High Output Current 

750 150 30 300 15 10K 84 1 High Power 

20000 6000 20 400 • 350 10K 60 - Wideband, Fast Settling 
20" 600" 550 10K 60 - High Slew Rate, Wideband 

20.0 0.00025 - 60 0.5 * 3 40K 80 0 Electrometer, FET 
0.0005 - 30 0.5 • 3 40K 80 0 Electrometer, FET 

0.010 - 25 0.75 * 0.5 * 50K 70 0 low Noise FET 
0.002 " 25 1 * 2.5 31K 86" 0 High Performance, low Bias FET 

0.020 - 25 0.75 * 0.5 50K • 70 0 low Noise FET 
50 0.75 " 0.5 " 50K " 70 0 low Noise FET 

0.0005 " 75 1· 6* 50K 70 0 High Performance FET 

0.025 - 25 1 " 6" 50K 70 0 low Cost FET Input 
50 1" 0.5 * 25K 80 0 FET 

6" 50K 70 0 low Cost FET Input 

0.002 * 50 1" 0.5 " 25K 80" 0 low Noise 

0.010 20 1 " 1.5 50K 70 0 low Cost FET Input 

0.050 - 25 1· 6" 25K 70 0 low Cost FET 
0.005 25 1 " 1 25K 70 0 lowCostFET 

0.10 - 25 1· 3 50K 80 0 low Cost FET Input 

0.20 0.15 20* 3" 6" 25K 64 0 High Slew Rate FET 

0.30 - 100 10· 250 " 80 80 FET Input 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
_ IHt iliicallllliiilillii "iI il prl"_ • 11M pap lolli. 

3202 

Device Source Une 

(Cont'd) 

(Cont'd) 
1359 TeledyneP 
1359-01 t TeledyneP 

1421-02 TeledyneP 
1421-01 TeledyneP 

1421 TeledyneP 5 
CA3160 tRCA 
CA3140 tRCA 

CA3130 t RCA 
CA081 RCA (3596) 
CA081C RCA (3596) 10 

CA080 RCA (3596) 
CAOaoC RCA (3596) 

ICl7611C Intersil 
ICl7612C Intersil 

ICL7613DC I.terstl (3481) 15 

ICL7614DC l.tInIt (3481) 
ICL7615DC 1 .... 11 (3481) 

lH0062C National 
HA-5162-5 Harris 

lF13741 National 20 
lHOO32C National 
ADlH0032C AD 

IlAn1l Fairchild 

MCE70 MCE 
Tl081 Motorola 25 
Tl081 TI 

Tl061C TI 
TlO66C TI 

TlO6OC TI 

HA-5062-5 Hlrrll fS432) 30 

~PC4081 NEC 
TlO8OC TI 

IHA-5082-5 Hlrrli (3436) 

SFC2315 Thomson-CSF 

MA329 AnalogSys 35 

HA-2540-5 Hlrrll (3404) 
JlA-2531-i Hlrr.Ja (3402) 

AD523l AD 
AD523K AD 

AD514l AD 40 
3503B Burr-Brown 
35038 t Burr-Brown 

AD514K AD 
AD514S tAD 

ICl8007M t Intersil 45 

ADUOK AD (3351) 
AD3542J AD 
AD540S tAD (3351) 

3542J BIrr-Br ... (2850) 
35428 t ...... -IIre .. (2850) 50 

lH0042 t Intersil 
lH0042 t National 

A00042C AD 
lH0042C Intersil 
lH0042C National 55 

A0503K AD (3351) 
AD503S tAD (3351) 

!lA740 t Intersil 

AHOOO8 DEI 
(Continued) 

o Ie MASTER 1984 r-
:'1. 



MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset BIas Offset VoHage Band- Slew Voltage 
Voltage Current CUrrent DrIft width Rate Gain CMRR 
mV(25°C) nA(25°C) nA(25°C) /iVloC MHz VIpS VN dB Comp. Comments Device Source Line 

Single Units I (Cont'd) I 
20.0 (Cont'd) 

50 20 12 t - 9· 0.5K so 1 Darlington Input TBBl331A Siemens 

200 25 12 .. - - SK SO 0 Darlington Input TCA311 Siemens 
TCA315 Siemens 

1 Darlington Input TCA331 Siemens 

30.0 0.001 0.0002 • 50 1 " 2.5 20K 86 0 Low Bias FET ICL8007AC Intersil 5 
ICL8007AM t Intersil 

abooo 10000 150 200 300 lK 50 0 Wideband 9916 t DEI 

50000 20000 100 300 lK 41< 90 1 Wideband 9914 DEI 

35.0 2 0.1 150 100 300 lOOK 70 0 High Slew Rate HDS-060 AD 

50.0 0.00001 - - - 0.5" 20K SO 0 Ultra low Bias FET ICHS500A Intersil 10 
0.0001 - - - 0.5 .. 20K 60 0 Ultra low Bias FET ICH8500 Intersil 

o.ooi 0.0005 " 90 0.5· 3 20K 70 0 Electrometer, FET AD523J AD 

0.015 - 75 1· 3 ZOK 70 0 Low Cost FET Input A0503J AD (3351) 

0.025 0.005 • 75 1 " 2.5 20K 86· 0 High Performance, Low Bias FET 3503A Burr-Brown 
3503R t Burr-Brown 15 

0.050 - 75 0.75· 0.5 .. 20K 70 0 Low Noise FET AD514J AD 
1" 6" 20K 70 0 Lo.'11 Cost FET AD540J AD (3351) 

72 0 High Performance FET '1424 TeledyneP 

0.0005 • 75 1 " 6" 2(lK 70 0 High Perfor~nce, FET ICL8007C Intersil 

110.0 0.20 0.15 20" 3" 6· 25K 64 0 High Slew Rate FET ~A74OC t Intersil 20 

Dual Units 

- 8000 .. - - 30 SO" 4K - 0 GB Product = 400 MHz - ILM159 t National 
LM359 National 

0.06 3 2.S 0.9 OA 0.1 400K 110 0 Ultra Low Offset Matched ILT1002AM t LinearTech 
LT1002AC LinearTech 

0.08 40 35 1 5 1.7 250K 114 0 Ultra Low NOise Instrumentation 11PO'0 .. 7I 
tMlcrlrwr (3529) 25 

MPOP-227E MlcroPwr (3529) 
OP-227A tPMI (3566) 
iJp-221E PMI (3566) 

0.1 3.5 3.5 0.4 i.2 0.25 500K - 0 Ultra Low Offset Voltage MPOP-207A tMlcroPwr (3529) 
MPQP-207E MlcrlPwr (3529) 30 

0.10 4.5 4.2 1.3 0.4 0.1 350K 110 0 Ultra Low Offset Matched LT1002C LinearTech 
LT1002M t LinearTech 

5 0.5 10 0.8 1.12 " 40K 104 0 Precisibn, Low Input Current MPOP-12C tMlcrlPwr (3529) 
MPOP-l2G MlcraPwr (3529) 

0.12 55 50 1.5 5 1.7 250K 106 0 Ultra Low Noi~ Instrumentation MPOP-2278 tMlcraPwr (3529) 35 
MPOP-tt7F MlcroPwr (3529) 
OP-2278 tPMI (3566) 
OP-227F PMI (3566) 

0.15 2 0.2 2.5 0;8 1.12 * 80K 104 0 Improved 10SA, Low Bias, 
Compensated MPOP-l2A tMlcraPwr (3529) 

MPOP-12E MlcraPwr (3529) 40 

7 Ii 1.8 1.2 • 0.25 • 120K 100 0 Ultra Low Offset Voltage, Low Drift ~714C Fairchild 
MP5507C MlcrlPwr (3529) 

-- OP-07C PMI (3566) 

7.0 S.O .- 0.5 • 0.5· 0.17· 120K 100 0 Low Noise ~PC454 NEC 

20 2 2 100 .. - 500K 96· 0 Low Power, Single/Dual Supply OP-22M tPMI (3566) 45 
OP-220E 

_. 
IIIIJJ:G.IR\ 

~ ... , ... IVVI 

- , . -. 3 1.5 0.2 15M 95 o Low Power Precision Matched +PMI I I 
DP-221E PMI 

0.18 80 75 1.8 5 1.7 2001< 106 0 Ultra Low Noise Instrumentation iiPOP-227C tlllcnPwr (3529) 
MPOP-2270 MlcroPwr (3529) 50 

2 5 1.7 200K 106 0 Ultra Low Noise Instrumentation OP-227C tPMI (3566) 
OP-2278 PMI (3566) 

0.25 0.035 0.002 2.5 l· 3" 250K 80 - Ultra Low Drift BiFET AD647L AD (3350,3351) 

0.3 0.050 b.Ol0 3 1* 0.3· 300K 110 0 Dual LM11, High Performance LH2011 t National 
6 6 1.3 1.2 0.25 400K - 0 Ultra Low Offset Voltage MPOP-2078 tMlcroPwr (3529) 55 

MPOP-207F MIcrIPwr (3529) 

25 2.5 5 100 • - 300K 90 0 Low Power, Single/Dual Supply OP-2201 tPMI (3566) 
OP-220F PMI (3566) 

i (Continued) 

t MlUtai'y Temperature Range (-55° to 125°C) • TYJ)ica1 Value 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA (25°C) /lVrC MHz VIpS VN dB COmp. Comments Device Source Line 

Dual Units (Cont'd) 

0.3 (Cont'd) 
100 5 2 - 0.2 1M 90 0 Low Power, Precision Matched OP-221B t PMI 

OP-221F PMI 

0.30 2 0.2 3.5 0.8 1.12 - SOl( 104 0 Improved 10BA, Low Power, 
Compensated IIPOP-128 tlllcroPwr (3529) 

IIPOP-12F MlcroPwr (3529) 

0.5 0.035 0.002 5 1- 3" 250K SO - Ultra Low Drift BiFET AD647K AD (3350.3351 ) 5 
AD647S tAD (3350.3351) 
AD647S/883B tAD (3350.3351 ) 

0.005 - 5 2" 3- 2501< SO 0 Dual 544 AD644L AD (3351) 
5- 1 - 3· 300K - 80 0 Dual 542 AD642L AD (3351) 

15 2- 3- 250K SO 0 Dual 544 AD644S tAD (3351) 10 

0.06 0.025 5- - 13 - 50K SO 0 Precision BIFET MC35022A t Motorola 

0.075 0.03 5· - 13 - 50K SO 0 Precision· BIFET MC34003A Motorola 
MC34022A Motorola 

2 0.2 15 1 " 0.3· . SOl( 96 1 Dua1108A LH2108A t Intersi! 
LH2108A t National 15 
LH2208A National 
P11-2108A tP1l1 (3566) 
PM-2208A PMI 

, 
3 2.8 2 0.6· 0.17 - 150K 110 0 Dual Matched Instrumentation OP-l0 tlllcroPwr (3529) 

OP-1DA tlllcrlPwr (3529) 20 
OP-1DE IIIcroPwr (3529) 

7 1 30 1- 0.3 - 80K 96 1 Dual308A LH2308A Intersil 
LH2308A NatiOnal 
PM-2308A PMI 

20 0.1 10 3 13 50K SO 0 Bipolar-JFET TL287C TI 25 
TL287M tTl 

~ 120 7 3 - 0.2 BOOK SO 0 Low Power, Precision Matched OP-221C t PMI ;. OP-221G PMI 

0.6 0.10 0.01 2 0.8 - 0.3 2501< 110 0 Dual LM11, High Performance LH2011B t National 
40 4 10 100- - 500 - 76 0 Low Power, Single/Dual Supply OP-22OC tP1l1 (3568) 30 

OP-2208 Pili (3566) 

0.75 50 2 8 0.8 0.5 lOOK 90 0 Duai Matched 1°'_ tP1l1 (3566) 
OP-04E Pili (3568) 
OP-14A tPilI (3566) 

Q) Or-14E PIli (3566) 35 
"'0 OP-04 with Internally Connected Vee 
::l Terminals MC35022 t Motorola 
(!) 5 8 0.8 0.25 lOOK SO 0 Dual Matched 1IP0r-03E IIIcrIPWi- (3S29) 
C IlPOP-W tlllcrlPwr (3529) 
0 IIPOP-04E IIlcroPwr (3529) - IlPOP-14A tlllcriPwr (3529) 40 () 
Q) IIPOP-14E IIlcraPwr (3529) 

Q) MPOP-04 With Internally Connected 

en Vee Terminal IlPOP-03A tlllerlPwr (3529) 

L- 1.0 0.035 0.005 - 10 1- 3- 300K - SO- 0 Dual 542 AD64ZK AD (3351) 
(],) 

AD642S tAD (3351) -(J) 
2- 3" 250K SO 0 Dual 544 AD644X AD (3351) 45 a:s 

~ 0.05 0.025 10 1 1 50K SO 0 Low Power BIFET LF422A National 
LF442A National 

0.075 0.005 10 1- 3- lOOK 76 - Ultra Low Drift BIFET ADl47J AD (3350.3351) 
0.050 5- 4- 13 " 50K 80 0 BIFET MC35022B t Motorola 

0.18 0.02 3 0.8 - 0.3 90K - 0 Dual LMl1, High Performance LH2011C NatiOnal 50 
0.2 0.1 10· 4" 13 - 251< 70 0 Bipoiar-JfET LF153 Harris 

LF253 Harris 

0.10 10 3 10 50K SO 0 Wldeband JFET LF412A National 

40 5 10 0.15 - 3001( 86" 0 Mlcropower, Precision OP-22011 PMI (3588) 

500 600 - 2- 50- 201( 80 0 Transconductance Amplifier LM11700A National 55 
LM13700A National 

1.3 7 6 4.5 1.2 * 0.25 - 1201( 100 0 Dual Matched Instrumentation OP-1OC PMI 
250K 100 0 Dual Matched Instrumentation IIP5510C IIIcrIPwr (3529) 

OP-tOC IIlerlPwr (3529) 

t Military Temperature Range (-55° to 125°C\ - Typical Value 
...................... 11 .................. ..... 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

I 

Offset 
Voltige 
niV(25°C) 

Bias 
Current 
nA (25°C) 

Dual Units 

2.0 0.02 
0.05 

0.075 

0.10 

0.15 

0.2 

so 

Offset 
Currenl 
nA (25°C) 

0.01 
0.030 

0.1 

0.025 
0.030 

0.075 .. 

0.05 

0.05 
0.07 

0.1 

0.2 

10 
25 

VoIta(Ie 
Drift 
pvre 

5~ 

10 * 

20 

10 * 
5* 

20" 

10 * 

20 
5* 

10 * 

15 

15 
5 

75 10 

10 15 

100 20 10 

200 75 3* 

800 200 

5000 600 7* 

3.0 0.03 0.01 10 * 

il04 0.02 10 * 

0.15 0.03 10 

0.2 0.1 10 * 

20 

0.20 0.05 10 * 

5 3 10 • 
5 -

t Military Temperature Range (-55° to 125°C) 

c IC MASTER 1984 

Band
width 
MHz 

.* 

3 

4* 
4" 

1" 
2.0 

3" 

4" 

0.06 
4* 

4" 

1· 

1* 
1.5 * 

O.S 

1 * 

5.7 * 

S* 

SO* 

10 * 

2* 

5" 

5* 

0.11 

1· 
3* 

0.7 

4· 

25 * 
1 

SIiw 
Rate 
VIpS 

10 * 
1.6 

10 

13 * 
13 .. 

3" 
3* 

13 .. 

13 .. 

10 
13 " 

13 " 

0.3 * 

0.8 

0.5 

0.5 * 

16 * 

12 

13 

SO* 

13 * 

13 * 

10 

3.5 • 
15· 

S 

13 * 

0.1" 
1 

VOltage 
Gain 
VN 

SOK* 
SOl( * 

. SOK 

50K 
50K 

2OOK" 
lOOK 

SOK 

SOK 

3K 
25K 

25K 

SOK 

SOK 
lOOK * 

SOK 

SOK 

220K 

lOOK 

lOOK 

SOK 

SOK 

SOK 

3K 

4K 
50K 

25K 

SOK 

40K 
lOOK 

CMRR 
dB Comp. Comments 

86 
70 

80 

80 
80 

76 .. 

76 

80 

80 

100 
80 

80 

85 

70 
100 * 

SO 

90 

SO 

100 * 

86 

86 

80 

80 

80 

80 

90 

80 
80 

70 

80 

80 
100 

o 

0 

0 
0 

0 

0 

0 

0 

o 

0 

0 

-
0 
0 

0 

0 

0 
0 

* Typical Value 

Dual 3160 
Low Power, Dual 747 

Low Power, Dual 1458 

Dual0351A 

Precision BIFET 
Precision BIFET 

Dual 542 
Dual 544 

Bipolar-JFET 

Dual 351A 
Preci$ion BIFET 

JFET Input 
Precision BIFET 

Bipolar-JFET 

Oual108 

Low Power, Single Supply 
Matched Amplifier Pairs 

Dual Matched 

MPOP-04 With Internally Connected 
Vcc Terminal 

Dual Matched 

Dual LM101A High Performance 

Precision Bipolar-JFET 

Low Noise, High Performance 

Wideband 

Dual 5534 

Transconductance Amplifier, G = 
12000 jtlT\ho. 

MOS!FET Input, Bipolar/MOS Output 

MOS/FET Input, Bipolar/MOS Output 

Low Wideband Noise 

Low Noise Bipolar-JFET 
Bipolar -JFET 

Wideband JFET 

Low Noise Bipolar-JFET 

Programmable 
Low Noise 

80lil fHllHlatu .~IU.I all II proll,. • Ih PI .. '01111. 

Device Source line 

(Cont'd) 

W2608 RCA (3595) 
ICL7622AC litersil (3481) 
ICl. 76Z2AII tllfnll (3481) 

1CL7621AC Ilfnll (3481) 
1CL7621AM tlltersll (3481) 

TDB0353A Thomson-CSF 

MC35002A t Motorola 
MC34022A Motorola 

A0642.1 AD (3351) 
A0644.1 AD (3351) 10 

p.A772A Fairchild 
p.A772AM t Fairchild 

LF353A National 
MC34002A Motorola 

MA406 AnalogSys 15 
MC35022 t Motorola 

LF353A Harris 
I Ul')inO 
L.rJ,IUQ t Nalionai 
LH2208 National 
PM-2108 PMI (3566) 20 
PM-2208 PMI 

GA158A t RCA 
3500MP 8Irr-Bro .. 

(2850.2853) 

IPOP-04 tlleroPwr (3529) 
MPOP-04C IlcroPwr (3529) 25 
IPOP-14C MlcroPwr (3529) 

IPOP-03 tllcroPwr (3529) 
MPOP-03C MlcroPwr (3529) 

OP-04 PMI (3566) 
OP-04C PMI (3566) 30 
OP-14C PMI (3566) 

LH2101A Intersil 
LH2101A t National 
LH2201A National 
LH2101A Raytheon 35 
LH2101A SIII.tlCI (526) 

OP-215B t PMI 
OP-215F PMI 

HA-51 02-2 tH.rrls (3459) 
HA-510Z-5 H.rrls (3459) 40 

HA-5112-2 t H.rrls (3459) 
HA-5112-5 H.rrls (3459) 

SE5532 tSllutics 
(526.3644) 

SE5532A tSl .... ICI 
(526.3644.3644) 

LM13600A SIIUtics (3636) 45 

".no". RCA (3596)1 I;;;;; RCA f35961 

CA082AT tICA (3596) 

MA345 AnalogSys 

TL062BC TI 50 
TLOS2B Motorola 
TL082BC TI 
TL288C TI 
TL288M tTl 

LF412 National 55 

TL072BC Motorola 

HA-273O t Harris 
SE5512 t Signetics 

, (Continued) 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset BIas Offset voltage Band- Slew voltage 
voltage Current Current DrIft width Rate GaIn CMRR 
mV(25°C) nA(25°C) nA(25°C) "vrc MHz VI~ VIV dB Comp. Comments Device Source line 

Dua. Units (Cont'd) 

3.0 (Cont'd) 
15 5 - 0.25 0.16 100K - 0 low Power lH2250 t National 

lH2250C National 

.25* 0.16 * lOOK 70 0 Programmable OuallM4250 LH24250 t National 

20 7.5 5" 0.27* 0.16 " 50K 70 0 Low Power Adjustable Current ICL8022M t Intersil 

80 15 15 1 * - 50!( 70 0 Low Power. Single Supply LM258A National 5 
CA258A RCA 

30 15 0.44 0.3 SIlK 80 0 Oual741 ~747AM t Fairchild 
"A747EC Fairchild 
LM747A t National 
LM747E National 10 

100 30 8* 8* 2 25K 80 0 High Slew Rate HA·2650 tHarriI (3414) 
20 1 * - 25K 65 0 Low Power. Single Supply LM358A National 

CA358A RCA 

500 200 - 4 3* - - - High Performance, Low NOise 1C2041 lI,tlleu (3592) 

750 400 3* - 2* 20K 70 3 Audio Preamp ~749C Fairchiid 15 

1000 200 - 8 6* - - - High Performance. Low Noise 1C2043 II" ... (3592) 

5000 700 5· 9" 125· 50K 80 1 Transconductance Amp CA3280 RCA (3597) 

3.5 300 ·50 5" 1.5 1 * - 86 0 High Performance TEB1033 Thomson-CSF 

I 
4.0 80 20 4* 1 * 10 50K 70 0 High Slew Rate SE5535 t Signetlcs 

150 25 - - - SOK 70 0 2 Op Amp/Comparators LMl92 t National 20 

200 50 20 5.4 • 15 " 200K 96* 0 Precision Bipolar -JFET OP-215C tPMI 
OP-215G PMI 

350 100 3* - 0.5 * 50K 80 0 Dual 222 TBC0747 t Siemens 

500 600 - 2" 50* 20K " 80 0 Transconductance Amplifier LM13700 t National 

" 
700 100 25 - - 18K 70 0 20 mAOutput TAA2762 t Siemens 25 

9" 18K 70 0 General Purpose. OC Output TEC1761M t Thomson-CSF 
~ 800 150 - 10 " 9 251( 70 1 low Noise NE5532 TI 

NE5532A TI 

1500 300 - 10" 13 " 25K 70 1 Dual 5534 115532 EDr (3378) 
XI5532A EXIr (3378) 30 
115533 Exll' (3379) 
X15533A Ex.r (3379) 
11£5532 Slp.tlcs (3644) 
IE5532A SIpIIla 

(3644.3644) 
Q) IE5533 tSipetiea (3646) 35 
-0 

5" 10* 13· 25K 70 3 can be compensated with 1 capacitor, 
::l . but reduces BW and slew rate. IE5533A Slpetla (3646) 
CJ 5.0 0.03 0.02 6* 4* 10 " 50K * 70 0 Dual 3160 CA3260AE RCA (3595) 
C CA3260AT tlCA (3595) 
0 

0.04 0.02 15 * 45" 9" 20K 70 0 Dual 314OA, MOS FET CA3240A ICA (3595) 
+oJ 
0 0.050 0.030 15 " 1 1.6 80K 70 0 Low Power, Dual 1458 ICL7621BC I.tarsll (3481) 40 
Q) leL7621.11 tlltarsll (3481) 
Q) 

Low Power, Dual 747 ICL7622BC Iitarsli (3481) (/') 
leL7622.11 tlltarsll (3481) 

10.. 

CD 0.10 0.05 10 * 1 " 1 " 25K 70 0 Low Power JFET LF442 National 
+oJ 0.10 10 " 3" 13 " 50K 80 0 Bipolar JFET "AmB Fairchild 45 en 
«S "An2BM t Fairchild 

::E 0.2 0.1 10 " 4" 13 " 25K 80 0 Bipolar-JFET LF353B Harris 
30 4" 13 " 50!< 80 0 Oual0351B TDB0353B Thomson-CSF 

0.20 0.1 10 " 4* 13 " 25K 70 0 Bipolar-JFET MC35002B t Motorola 
0.10 10 " 3 10 50K SO 0 Dual 151 LFl53 t National 50 

4" 13 * 50K 80 0 Oual351B LF353B National 

7.5 3 3" 1" 15 • 200K 70 0 Multi-Purpose Programmable ~n6M t Fairchild 

10 5 10 " - 0.1" 25K 74 0 Programmable HA-2735 Harris 
10 - 1 1 lOOK 100 0 low Noise NE5512 Signetics 

IE5517 Sllntlea (3642) 55 
IE5517A Sllntlea (3642) 

100 25 10 0.8 0.25 50K 70 0 Dual Matched OP-048 tP1l1 (3566) 
op·o.o Pili (3566) 

20 0.8 0.25 25K 70 0 Dual Matched. High Performance OP-140 Pili (3566) 
50!< 70 0 Dual Matched MPOp·04. tlllcrlPwr (3529) 60 

(Continued) 

t Military r emperature Range \ - ~ ~ to 125 <~) "T~~IV3".~ 
.... flee ............... 1 ...... pnvlMll. till PIlI ....... 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA (25°C) /lvrc MHz VI"s VN dB Compo Comments ~yjce Source Une 

Duai Units (Cont'd) 

5.0 100 25 20 0;8 0.25 50K 70 (j Dual Matenea (Cont'd) 
.,.,-048 MAcrlPWl' (3529) 
""-141 tllicrlPWr (SiH) 
1IPIJP-141 IIIcnPwr (3529) 

MPOP-04 With InternaHy Connected 
Vee Terminal MPOP-031 MleraPwr (35%9) 

.POP-030 MlcroPwr (35%9) 5 

40 - 0.8 * 0.5 * 4K 60 0 "owPtWter Tl022M tTl 

50 20 0.8 0.25 25K 70 0 Dual Matched, High Performance 8P-141 PIlI (3518) 

150 30 7* 1 * - 50!( 70 0 HalflM124 lMl58 t Motorola 
lMl58 t National 
LM258 National 10 
CAl58 tRCA 
CA258 RCA 
LMl58 t Signetics 
LM258 Signetics 
SE532 t Signetics 15 

ILMl58 tn 

I I t Thomson-CSF TDCOl58 

200 60 S- S* 2 20K 74 0 High SleW Rate HA-2655 Harris 
80 - 0.8 * 0.5* 1K 60 0 low Power TL022C TI 

250 50 - - - 25K 65 0 2 Op AmplComparators LM292 National 20 
lM392 National 

500 50 10 " 1 * 0.1) * SDK 70 0 Single SUpply MC3558 t Motorola 
200 - - 10 SDK 70 0 High Slew Rate 1558 MCl558S t Motorola 

1 * 0.5 * SOK 70 0 Dual 741 SFC2747M t Thomson-CsF 
0.8 - SOK 70 0 Dual 741 SFC2458M t Thomson-CSF 25 

2 1.5 - 50K 70 0 Dual Wideband741 RM45ss t RaYtheon_ 

2.5 1 20K 70 0 General Purpose SE4558 t SignetlcS 
1.5 SOK 70 0 Dual Wldeband 741 TDC4558 t ThomSO!1-CSF 

1.5 - SDK 70 0 Dual Wideband 741 MC4558 t Motorola 
MC4558A tetotorola 30 

Low Noise MC45?8N t Motorola 

3 1.5 * 50K 70 0 a MHz Min. Bandwidth RM4559 t Raytheon 

1.5 • 1" 0.3 - 25K 70 3 Matclled DUal 709 RMl531 t Raytheon 

2-15 - 1- 0.5 * SDK 70 0 Dual 741 ~1558M f Fairchild 
~747M t Fairchil~ 35 
MC1558 t Motorola 
MC1747 t Motorola 
LM1558 t National 
lM747. t ~ational 
PM-l558 tPMI 40 
PM-747 tPMI 
RMl558 t RaytheOn 
RM747 t Raytheon 
CA1558 tRCA 
CA747 tRCA 45 
MC1558 t Signetics 

I;:' 
t Signetics 
t SiliconG 

SG747 t SiliconG 
MC1558 tTl SO 

ITA75747 

.USli ..., 

I Toshiba 

low NOIse 'MC1558N t Motorola 

1 ~747M tTl I I 
TA75458 ... h'ba 

3- 0.25 25K 70· 3 Dual MC1709 MCls37 t Motorola 55 

1000 200 - 0.12 7- 30K 80 0 low Noise, High Speed lM833 National 

5000 600 7- 2* SO- - 80 0 transconductance Amplifier, G = 
13000pJII/lO. LM13600 militia (3636) 

7000 8000 6000 - 2- 50 80 0 Transconductance Amplifier LMl3600 National 

6.0 0.04 0.02 10 * 5- 13 - sol< 80 0 MOSIFET Input; BipoIar/MOS Output CAM~ RCA (3596) 
CAOI2T tllCA (3596) 60 
CAOI3A RCA (3596) 

(Continued) 

t Military Temperature Range (-55° to 125°C) - Typical Value 
IaN IICi 1HICIIIa ......... 1111 ........................ . 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band· Slew Voltage 
Voltage Current Current Drift wIdtII Rate Gain CMRR 
mV(25°C) nA (25°C) nA (25°C) Ilvrc MHz V/jJ.S VfV dB Comp. Comments 

Dual Units 

6.0 
0.2 0.05 10· 3" 13 " 50K 80 0 low Noise Bipolar-JFET 

0.1 10 " 1 " 3.5 " 4K 80 0 low Power Bipolar-JFET 

3" 13 " 50K 80 0 Bipolar JFET 

4" 13· 25K 80 0 JFETlnput 

0.20 0.05 10 " 4" 10 35K 70 0 Low Noise Bipolar JFET 
13 " 50K 80 0 Low Noise Bipolar-JFET 

10 6 3" 1 " 15 " 50K 70 0 Multi-Purpose Programmable 

30 10 - 0.25 " 0.16 " 75K 70 0 Programmable Dual LM4250 
5" 0.27 " 0.16· 50K 70 0 Low Power Adjustable Current 

75 10 - 0.4 1.5 100K 80 - Ultra-Low Power 

150 40 6" 1 " 10 50K 70 0 High Slew Rate 

250 50 7" 1· 0.6· 25K 65 0 Half LM244/324 

75 10" 1 " 0.6 " 20K 70 0 Single Supply, I/O Operates to Ground 

500 200 - - 0.5 " 5K 70 0 Duai 221 

1" ,2OK 70 0 Wldeband 741 

2· 20K 70 0 Wideband 741 

5" 20K 70 0 Wideband 741 

1 " 0.5 " 2O-50K 70 0 Dual 741C 

<. 

25K 70 0 Dual 741 

0.8 " 20K 70 O· Dual 741 

2 0.5· 20K 70 0 Dual Wideband 741C 
Low Noise 

1 20K 70 0 Dual Wideband 741 
50K 70 0 General Purpose 

3 1.5 20K 70 0 3 MHz Min. Bandwidth 

3" 1 20K 70 0 Low Noise 
Wideband 741 

Low NOise 

10 * 2.8 * 20K 70 0 Wideband 741 

10 " 1 " 0.5 " 25K 70 0 Automotive Temperature Range 
( - 40°C to 85·C) 

t Military Temperature Range (-55° to 125°C) " Typical Value 
1* fICIlHlCltta ... It ......... ",nti" II iii ,... ." ... 

3208 

Device Source Line 

(Cont'd) 

(Cont'd) 
Tl072M tTl 
Tl062AC TI 
Tl062M tTl 

IR082 Exlr (3376) 
lR082. tExlr (3376) 5 
IR083 Ellr (3376) 
11083. tExlr (3376) 
TL082A Motorola 
TL082AC TI 
TL082M ttl 10 
TL083AC TI 
TL083M ttl 

TL082M t Motorola 

TL072M t Motorola 
TL072AC Motorola 15 
TL072AC TI 

p.A776C Fairchild 

LH24250C National 
ICL8022C Intersi! 

HA-5142A Harris 20 

NE5535 Signetics 

LM258 Motorola 
LM358 Motorola 
NE532 Signetics 

p.A798C Fairchild 25 

TBB0747 Siemens 
TBBl458 Siemens 

~PC4557 NEC 

1lPC4559 NEC 

1lPC4556 NEC 30 

IC900 Cherry 
XRl458 Exar 
IlAl458C Fairchild 
p.A747C Fairchild 
MCl458 Motorola 35 
MC1747C Motorola 
LMl458 National 
LM747C National 
IlPC251 NEC 
A1165S0 "Hallie (3556) 40 
Al6551 PIII .. le (3556) 
Al6552 PaIllMlc (3556) 
RC747 Raytheon 
CA747C RCA 
p.A747C Signetlcs 45 
SG747C SiliconG 
p.A747C TI 

SFC2747C Thomson-CSF 

SFC2458C Thomson-CSF 

MC4558C Motorola 50 
MC4558NC Motorola 

TOB4558 Thomson-CSF 
NE4558 Signetics 

R&4559 'Ra,,11111 (3592) 

RC4739 RlylUu (3592) 55 
XR4558 Exar 
IlPC4558 NEC 
RC4558 IIQtMII (3592) 
RC4558 TI 

114739 EIIr (3378) 60 

1lPC4560 NEC 

SA747C Signetics 
(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Corit'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Vo/ta~ Cun1ilt Current Drift width Rate Gain CMRR 
mV(25°C) nA(25°C) nA(25°C) /lVre MHZ VIp.!! VN dB Comp. Comments Device Source line 

Dual Units I (Cont'd) 

6.0' 500 200 10 " 1 " (Cont'd) 
O.S" 20K 70 0 low NOise MC1458N Motorola 

10 20K 70 0 High Slew Rate "1458 MC1458S Motorola 

12 " 1 " O.S" 20K 70 0 Automotive Temperature Range 
(-40°C to S5°C) SA 1458 Signetics 

1000 300 6" - 9" 10K 65 0 General Purpose, OC Output TEC1761C Thomson-CSF 

2000 1000 - - 1·· 6.5K 70 2 low NOise p.A739 Fairchild 5 

7.0 100 10 - 0.4 1 100K 77 - Ultra-low Power HA-5142 Harris 
200 50 - - - 25K 65 0 Single Supply Tl321C TI 

250 50 7" - - 100K· 50 0 Single Supply TDF2904 Thomson-CSF 
1 " - 25K 65 0 Half lM224 p.PC1251 NEC 

p.PC35S NEC 10 
TDB0158 Thomson-CSF 

0.3· 25K 65 0 Automotive Temperature Range 
(-40°C to 85°C) SA532 Signetics 

7.5 7 1 30 1" 0.3· 25K 80 1 Dual 308 lH2308 National 
PM-2308 PMI 

115 250 50 30 1· 0.5 " 25K 70 1 Dual High Performance lH2301A Intersil 
lH2301A National 

t 
1500 500 1.5 " 1" 0.25· 15K 65 3 Matched Dual MC1709C MC1437 Motorola 

0.3 • 15K 65 3 Matched Dual 709 RC1437 Raytheon 

8.0 500 75 10 " 1· 0.6 " 20K 70 0 low Power 
-

Tl322M Ti 
J 

9.0 0.40 0.20 10· 1" 0.6 " 200K 70 0 JFET Input Tl092M tTl 20 

10.0 0.10 0.03 10 3 10 100K" 100 • 1 JFET Input MA336 AnalogSys 
Q.2 0.1 10 " 4" 13 " 25K 70 0 Dual 0351 TDB0353 Thomson-CSF 

0.20 0.05 10 " 3" 13 " 25K 70 0 low NOise Bipolar-FET MCE72 MCE 
4" 13 • 25K 70 0 low Noise Bipolar-FET TlO72C Motorola 

" TlOnC TI 25 

50K 80 0 low Noise Bipolar-JFET Tl072BC TI 

0.10 10 • 3" 13 " 50K 70 0 Bipolar JFET p.A772 Fairchild 
4' 13· 25K 70 0 Dual 351, Wide Band lF353 Motorola 

lF353 National 

500 75 10 " 1 • 0.6· 20K 70 0 low Power Tl322C TI 30 

700 300 15 • 1.1· 0.5· 20K 60 0 General Purpose MC1458C Motorola 

1~ 600 - - - 10K 70 0 Audio Preamp p.A749D Fairchild 

15.0 0.050 0.030 S" 4· 10 " 5OK· 70 0 Dual 3160 CA3260E RCA (3595) CD 
CA3260T tRCA (3595) 

U 

0 MOS/FET Input, Bipolar/MOS Output cAo82 (3596) 35 
::J 

10· 5 • 13· 50K 70 RCA (!J 
CA083 RCA (3596) 

200K 76 " 0 MOS/FET Input. Bipolar/MOS Output CA082C RCA (3596) c::: 
0 

CA083C RCA (3596) +--
25 • 1· 1.6 8OK" 70 0 low Power, Dual 1458 ICL7621DC latersn (3481) 0 

low Power. Dual 747 ICL7622DC Interan (3481) 40 CD 

0.20 0.10 10 " 3" 13· 50K 70 0 Bipolar JFET p.A772l Fairchild 
CD en 

0.4 0.2 10· 1 • 3.5 " 3K 70 0 low Power Bipolar-JFET Tl062C TI '-
3· 11· 25K 70 0 Bipolar-JFET p.PC4082 NEC CD 

+--
13 " 25K 70 0 Bipolar-JFET XR082C Exlr (3376) (J) 

XR083C Exar (3376) 45 CCS 
,-

MCE82 MCE ~ 
I MCE83 MCE I Tl082 Motorola 
Tl082C TI 
TlO83C TI 50 

50 25 12 " - 18· 3K 65 0 Darlington Input TBB2331 Siemens 

200 100 30 - 2 10K 40 0 Power Op Amp. Compo for G>30 MA208 AnalogSys 

20.0 0.02 0.0005 • 75 1 " 6· 50K 70 0 FET Input Dual ICl8043M t Intersi! 

50.0 0.05 0.0005 " 75 1 " 6" 20K 70 0 FET Input Dual ICl8043C Intersil 

Triple Uniis 

5.0 0.050 0.030 10 " 1 1.6 8OK" 70 0 low Power ICL7631BC Inllrsn (3481) 55 
ICL7631BM t laterall (3481) 

(Continued) 

t Military Temperature Range (-55° to 125°C) " Typical Value 
Bar. IlcelldlClIes Iddlllall data Is prevlhlt a tile pall aot .... 
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Ie MASTER 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias 0ffIet voltage Band- Slew Voltage 
Voltage Current Current DrHt width Rate Gain CMRR 
mV(25°C) nA(25°C} nA(25°C} ,.vrc MHz VIi'S VIV dB Comp. Comments Device Source Line 

Triple Units (Cont'd) 

5.0 0.050 0.030 10 " 1 1.6 80K " 70 (Cont'd) 
1 Low Power ICL7632BC 1 .... 11 (3481) 

ICL76328M tl .... 11 (3481) 

70 14 - 0.02 " 0.1 " - 70 0 Micropower, Transconductance 
Amplifier CA3060 tRCA 

10.0 0.050 0.030 20" 1 1.6 80K 70 0 Low Power ICL7631CC 1.1.111 (3481) 
1CL7631CM tl.lwa .. (3481) 5 

1 Low Power 1CL7632CC I ...... (3481) 
ICL7632CM till"" (3481) 

2000 200· - 5 0.46 ,4K " 90" 2 Supply +-6V TCA220 Signetics 

20.0 0.050 0.030 30" 1 1.6 80K 70 0 Low Power ICL7631EC 1.lwa" (3481) 
1 Low Power ICL7632EC I ...... (3481) 10 

Quad Units 

HA4741-S Raytheon 

0.5 0.075 0.025 10 " 4" 13 " 50K 80 0 Precision BIFET MC35004A t Motorola 
300 20 10 1.5 0.7 lOOK 100 0 Symmetrical, Matched MP550tA tMlcrlPwr, (3529) 

MP5509E MlcnPwr (3529) 
.P5511A tMlcnPwr (3529) 15 

I 
MP5511E MlcrlPwr (3529) 
MPOP-l1 t MicroPwr 

\", OP-09A tPMI (3566) 
OP-09E PMI (3566) 
OP-llA tPMI (3566) 20 
OP-llE PMI (3586) 

2.0 0.2 0.1 8.3 • 0.24 15 " 50K 80 - JFET Input HA-50U8-5 Hlrrls (3438) 
10" 4' 13 " 25K 80 0 Bipolar-JFET LF347A Harris 

2 10 " 4" 13 • SOK 80 0 High Speed, JFET Input TDB0347A Thomson-CSF 

50 10 20 l' - 50K 70 0 Low Power LM124A t National 25 

-
500 50 10 • 3" S 50K 80 0 High Performance Bipolar MC33074A Motorola 

MC34074A M.t.aII (3530) 
MC35074A t Motorola 

2.5 50 5 10 750" 0.25 " 400K " 1001( 0 Quad Micropower OP-21 OP-4218 tPMI (3566) 
OP-421F PMI (3566) 30 

200 75 2" 0.26 12 lOOK 86 0 Wldeband, High Performance HA-462D-2 tHlrril (3428) 
HA-462D-5 Hlrrll (3428) 

Q) S· 1 lOOK 86 0 High Performance HA-4600-2 tHlrrll (3426) -0 
HA-4600-5 HIrrIs (3426) 

::J HS4602RH tHlrrls (4721) 35 C) 
4" lOOK '86 0 Wideband HA-4602-2 tHarris 

c: 
3" S" 1 lOOK 86 0 Low Noise, High Performance HA-51 04-2 tHlrrls (3459) 0 - HA-51 04-5 Hlrrls (3459) 

0 60" 12 lOOK 86 1 Wideband HA-5114-2 tHarrII (3459) Q) 
HA-5114-5 Hirril (3459) 40 

(l) 
500 50 15 1.5 0.7 'lOOK 100 0 Symmetrical, Matched OP-09B tPMI (3566) CJ'J 

.... ' OP-09F PM' (3566) 
(l) OP-118 tPMI (3566) - OP-llF PMI (3566) en 
tU 3.0 0.03 0.02 10 " 5" 13 " 50K 80 0 MOSIFET Input, Bipolar/MOS Output CAOMB RCA (3596) 45 
~ 0.2 0.1 10 " 0.63 2 20K 80 - Low Power, JFET Input HA-5064B-5 HarrII (3434) 

1 " 3.5 " 4K 80 0 Low Power Bipolar-JFET TL064BC TI 

3" 3 50K 80 0 JFET TL084BC TI 

0.20 0.05 10 " 4" 13 " 25K 70 0 Low Noise Bipolar-JFET TL074BC TI 

20 10 - 1 " 0.8 " 30K 100 " 0 Programmable HA-2740-2 tHlrrls (3422) 50 

80 15 20 1 " - 50K 70 0 Low Power LM224A National 

100 30 30 - - 100K 65 0 High Gain, Single Supply TOB0124A Thomson-CSF 
1 " - 25K 65 0 Low Power LM324A National 

LM324A TI 

200 30 5" 3 1.2 25K 80 0 Noise 2p,V Max RM4156 t Raytheon 55 
1.6 " 50K 80 0 Quad 741 X14741. tExlr (3378) 

3.5 • 1.6 " 50K 80 0 Quad 741 HA-4741-2 tHarris (3430) 
HA4741-2 t Raytheon 

(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
... :., __ .:'-i:" i':~:!l""l ~t; :. ;;;il~;t ;; ::;, ;ta;: :;:G. 

e Ie MASTER 1984 ,_.< 3210 



MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset BIas Offset voltage Band· SleW Voltage 
Voltage Current Current Drift width Rate Galn CMRR 
mV(25°C) nA (25°C) nA(25°C) pvre MHz VIpS VN dB Comp. Comments DeviCe Source line 

Quad Units I (Cont'd) I 
3.0 200 30 5" (Cont'd) 

19· 8· 25K 80 0 Uncompensated 4156 RC4157 Raytheon 
;. RM4157 t Raytheon 

325 125 2· 70. * 12 1001( 86 0 Wideband, Compo for g> 10 H~-4622-2 t HarriS 

3.5 300 100 2* 8· 4" 75K 80 0 Wldeband HA-4605-5 Harris 

4.0 125 12 15 750' 0.25 .. 200K 96' 0 Quad, Micropower OP-21 OP-421C tPMI (3566) 5 
OP-4218 PMI (3566) 

400 50 5" 1 • 1.2 * SOK 70 0 LM124 with Improved Output RM3503A t Raytheon 
120 2" 70* . 11 75K 80 il Wideband, Compo for g> 10 HA-4625-5 HarriS 

4.5 500 75 10 • 3* 10 25K 70 0 High Performance Bipolar MC33074 Motorola 
M&34074 tMotaroli (3530) 10 

.. .- MC35074 t Motorola 

5.0 0.050 0.030 15· 1 1.6 80K 70 0 Low Power ICL7641BC I.tinll (3481) 
ICL7641BM tlltersll (3481) 
ICL7642BC Iltmll (3481) 
ICL7642SM t'lten" (3481) 15 

0.050 10 1 1 50K ad 0 Low Power BIFET LF444A National 

0.10 0.05 .n" 4" 13 .. SOK 80 0 Precision BIFET MC35004B t Motorola IV 

0.10 10 * 3· 13 * 50K 80 0 Bipolar JFET j.LAn4B Fairchild 
IoLAn4BM t Fairchild 

0.2 . 0.1 10"" 4* 13 * 25K 80 0 Bipolar-JFET lF347B HarriS 20 
. 4 10 " 4 * . 13 .. 50K 80 0 High Speed, JFET Input TDB0347B Thomson-CSF 

0.20 0.10 8.3 " 0.24 15 " 50K 80 - JFET Input HA-50B4"2 tHlrrls (3438) 
HA-5084A-5 Hlms (3438) 

10 .. 4" 13 " 50K 80 0 Precision BIFET MC34004B Motorola 
Wideband, Quad 351B lF347B Motorola 25 

lF347B National 

30 10 - 1 * 0.8 " 25K 74 0 Programmable HA-2740-5 HllTls (3422) 

100 20 - 0.8 0.4 " 1M 70 0 High Gain, Programmable TDC0146 t Thomson-CSF 
25 - 1 * 0.5 .. SOK 70 0 High Gain, Programmable TDC0148 . t Thomson-CSF 

TDC0149 t Thomson-CSF 30 

Quad 741 with Standard npn Input 
Stage lM148 tAMD 

j.LA148 t Fairchild 
LM148 t Motorola 
lM148 t Raytheon 
LM148 ttl 35 

4" 2.0 " 50K 70 0 Wideband Quad 741 for Gains >5 lM149 t National 
lM149 t Raytheon 

40 -' 0.8 " 0.5 " 4K 60 0 low Power Tl044M tTl 

150 30 7" - - 100K 70 0 - High Gain, Single Supply TDC0124 t Thomson-CSF 

250 80 - 0.8 " 0.5 " 1K 60 0 Low Power TL044C TI 40 

300 50 5" 0.02 1.3 50K 80 0 General Purpose HA-4156-5 Hlrrls (3424) 
3 1.2 25K 80 0 Noise 2 j.L V Max RC4156 Raytheon 

3· 1.6 • 25K 80 0 Quad 741 j.LPC4741 NEC 

3.5 .. 1.6 * 25K 80 0 Quad 741 XII4741C Exn (3378) 
HA-4741-5 Hlrrls (3430) 45 
HA4741-5 Raytheon 

I ... .. 

IMC4202 500 50 - 2" 1.5 " 5K 70 0 Programmable Quad 741 Motorola 
1.6 " 20K 70 0 low Noise, Low Power \X1I4212M tEx., (3378) 

10 1 0.6 200K 90 0 low Power IMC3503 Signetics 

10 * 1* 0.6 * - 70 0 low Power, Single Supply TDC3403 t Thomson-CSF 50 

200 - 3* 1.5 " 50K 70 0 Quad 741, High Gain XII4136M tun (3378) 
1oLA4136M t Fairchild 
IIP4136 IIlcroPwr (3529) 

RM4136 t Raytheon 

3.5 1.5 96 110 0 Programmable TAB 1042 Plessey 55 
TAB1043 Plessey 

4- 1.5 0.7 50K 70 0 Quad Matched 741 OP-09C PMI (3566) 

150. 1 0.5 • 50K 70 0 Quad 741 MC4741 t Motorola 

t Military Temperature Range (-55° to 125°C) * Typical Value 
....... IHlata ........ 1 .... 11,.......... 1M ........... 
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LINEAR-Operational Amplifiers-Characteristics (Cont'd) 

Offset Bias Offset Voltage Band- Slew Voltage 
Voltage Current Current DrIft wicItII Rate Gain CMRR 
mV(25°C) nA(25°C) nA(25°C) ,.vrc MHz VI,.s VN dB Comp. Comments 

Quad Units 

6.0 0.04 0.02 10 " 5" 13 " 50K 80 0 MOs/FET Input. Bipolar/MOS Output 
0.2 0.05 - 8 20 50K 80 0 FET. Wideband 

10 " 3" 13 " 50K 80 0 Low Noise Bipolar-JFET 

0.1 10 • 0.63 2 20K 80 - Low Power. JFET Input 

1" 3.5 " 4K 80 0 Low Power Bipolar -JFET 

3" 13· 50K 80 0 Bipolar JFET 

Indiv. Program 

Programmable. Bipolar - FJET 

0.20 0.05 10 • 4' 13 " 25K 70 0 Low NOise Bipolar-JFET 
50K 80 0 Low NOise Bipolar JFET 

Low Noise Bipolar-JFET 

75 10 - 0.4 1.5 1001( 80 - Ultra-Low Power 

200 0.1 10 • 3" 13 • 50K 80 0 High SpeeI:I. JFET Input 
50 - 1" . 0.5 " 25K 70 0 High Gain. Programmable 

Quad 741 with Standard npn Input 
Stage 

4' 2" 25K 70 0 Wideband Quad for Gains >5 

250 20 25 750 • 0.25 " 200K • 90" 0 QuadOP-21 
100 - 0.5 0.4 " 1M 70 0 High Gain. Programmable 

500 50 - 1" 1.2 " 25K 70 0 LM324 with Improved Output 
2 1.6 5K 70 0 Quad 741 

100 - 1 0.4 " 20K 70 0 346 w/Sep Bias Resister for Each Pair 

200 - 1 " 0.5 • 201< 70 0 Quad 741 
3" 1" 20K 60-70 0 Quad 741 

2.4 " 20K 70 0 High Performance 

7 250 50 7· - - 100K " 50 0 Single SUpply 

7.0 100 10 - 0.4 1 100K 77 - Ultra-Low Power 
150 30 - - - 20K 60 0 Single SUpply 

250 50 - - - 25K 65 0 324 Type 
7" - - 100K 65 0 High Gain. Single SUpply 

1 " 0.3 " 25K 65 0 Automotive Temperature Range 
( - 40°C to 85 °C) 

500 50 - - - 100K 50 0 Single Supply 
1ooK" 85" 0 324 Type 

t Military Temperature Ranqe/- 55° to 125°C) • Typical Value 
1eIiI .... 1MIca1la ............ II pmtiIII. till ......... 

3212 

Device Source line 

(Cont'd) 

CA084A RCA (3596) 
MC3571 t Motorola 
MCE74 MCE 
TL074M tTl 

RA-5064-2 tRam. (3434) 5 
1IA-5O&4A-5 IIIrrIa (3434) 

TL064AC TI 

11084 Elar (3377) 
lR084. tExar (3377) 
MCE84 MCE 10 
TL084A Motorola 
TL084AC TI 
TL084M tTl 

11096 Exar (3377) 
1109611 tEx.r (3377) 15 

IR094 EI.r (3377) 
11094. tEllr (3377) 
lR095 Elar (3377) 
XI095II tExlr (3377) 

TL074AC TI 20 
TL074BC Motorola 
TL074AC Motorola 

HA-5144A Harris 

TDCOO84 Thomson-CSF 
TOBOl48 Thomson-CSF 25 
TDB0149 Thomson-CSF 

LM248 AMO 
LM348 AMO 
~48 Fairchild 

~ Fairchild 30 
LM248 National 
LM348 National 
LM248 Raytheon 
LM348 Raytheon 
LM248 TI 35 
I:.M348 TI 

LM249 National 
LM349 National 
LM249 Raytheon 
LM349 Raytheon 40 

OP-421H PMI (3566) 
TOB0146 Thomson-CSF 

RC3403A t Raytheon 
X14212C EXlr (3378) 

X1346-2 Exlr (3377) 45 

MC4741C Motorola 
X14136C Exar (3378) 
1'A4136C Fairchild 
.P41.36C MlcrtPwr (3529) 
RC4136 Raytheon 50 
SG4136 t SiliconG 
SG4136C SiliconG 
RC4136 tTl 

TL136C TI 

TOF2902 Thomson-CSF 55 

HA-5144 Harris 
TA75902 Toshiba 

TBB0324 Siemens 
TDB0124 Thomson-CSF 

SA534 Signetics 60 

jlPC2902 NEC 
jlPC451 NEC 

.. Ie MASTER 1984 f 



MASTER SELECTION GUIDE 

LINEAR-Operational Amplifiers-Characteristics . (Cont'd) 

Offset Bias Offset voltage Band-
VoHage Current Current Drift width 
mV(25°C) nA(25°C) nA(25°C) /lvrc "" MHz 

Quad Units -

8.0 500 75 10 1 
10· 1· 

9.0 0.2 0.1 10· 1· 
4· 

0.20 0.05 10· 4· 

0.40 0.20 10· 1· 

10.0 0.050 0.030 20· 1· 

0.10 0.05 10 1 

0.2 0.1 10· 4·· 

4 10· 4· 

0.20 0.05 10· 4· 

0.1 10· 4· 

0.10 10· 3· 

0.20· 0.05 • 10· 1· 

500 50 10 1 
10· 1 • 

15.0 0.05 0.03 10· 5· 
0.20 0.10 10· 3· 

0.40 0.2 8.3· 0.24 
10· 1· 

3· 

20· 0.63 

50 25 12· -

400 0.2 10· 3· . 

20.0 0.050 0.030 30· 1 

30.0 0.050 0.100 15· 1· 
" 

t Military Temperature Range (-55° to 125°C) 

c IC MASTER 1984 

Slew voltage 
Rate Gain CMRR 
V/jl$ VN dB Comp. Comments 

0.6 200K 90 0 Low Power 
0.6· 20K 70 0 Single Supply: 110 Operates to Ground 

3.5· ·4K 80 0 low Power Bipolar-JFET 
13· 25K 80 0 JFET Input 

10 35K 70 0 low Noise Bipolar JFET 

0.6· 200K 70 0 JFET Input 

1.6· 80K 70 0 low Power 

1 25K 70 0 low Power BIFET 

13· 25K 70 0 Bipolar-JFET 

13· 25K 70 0 High Speed, JFET Input 

13 • 25K 70 0 Low Noise Bipolar-JFET 

13· 25K 70 0 Bipolar-JFET, Quad 351 

13· 50K 70 0 Bipolar JFET 

0.6· 20K 70 0 JFET Input 

0.6 200K 90 0 low Power 
0.6· - 70 0 Low Power, Single Supply 

20K 70 0 Single Supply: 110 Operates to Ground 

13· 25K 70 0 MOSIFET Input, BipoIarlMOS 0u1pu1 
13· 50K 70 0 Bipolar-JFET 

15· 25K 70 - JFETlnput 
3.5· 3K 70 0 low Power Bipolar-JFET 
11· 25K 70 0 Bipolar-FET 
13· 25K 70 0 Bipolar-FET 

Indiv. Program. 

Programmable Bipolar-JFET 

2 10K 70 - low Power, JFET Input 

- 3K 65 0 Darlington Input 

13· 25K 70 0 High Speed, JFET Input 

1.6 80K 70 0 low Power 

0.8· 1K· 70· 0 low Power 

• Typical Value 
................... 11 .. ..,...... ............... 

Device Source Line 

I (Cont'd) 

MC3303 Signetics 
MC3303 TI 
TDF3403 Thomson-CSF 

Tl064M tTl 
TlO84M t Motorola 5 
Tl074M t Motorola 

Tl094M tTl 

ICL7641CC latlnll (3481) 
ICL7641CM tlalnl (3481) 
ICL7642CC lallnll (3481) 10 
ICL7642CM tlalll'Sil (3481) 

lF444 National 

lF147 Harris 
lF247 Harris 
MC34004 Motorola 15 
MC35004 t Motorola 

TDB0347 Thomson-CSF 

I TL074C Motorola 
TL074C TI 
TL075C TI 20 

LF347 Motorola 
LF347 National 

p.A774 Fairchild 

Tl094M tTl 

MC3403 Signetics 25 
TDB3403 Thomson-CSF 
p.A3403 Fairchild 

I
MC3403 TI 

,CA084 RCA (3596) 
p.A774L Fairchild 30 

HA·5084·5 Harris (3438) 
TL064C TI 
p.PC4084 NEC 
XR084C Exlr (3377) 
TL084 Motorola 35 
TlO84C TI 
Tl085C TI 

XR096C Exlr (3377) 

XR094C Exlr (3377) 
XR095C Exlr (3377) 40 

HA·5064·5 Hlrrls (3434) 

TBB4331 Siemens 
TBE4335 Siemens 

TDBOO84 Thomson-CSF 

ICL7641EC Illersil (3481) 45 
ICL7642EC Illersll (3481) 

MC14573 Motorola 

I 
I I 
I 
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Ie MASTER 

LINEAR-Phase Locked Loops/Synthesizers 
" 

Function Device Source Line Function DevIce Source Line Function DevIce Source Line 

Phase Locked Loops! Phase Loctted Loop System (multiplier, VCO and Op Amp) SynthesIZer, PLL 

Synthesizers XRS200 Exar HCTR0347 Hughes 95 
MC145104 Motorola Phase-Frequency Detector 

CB device sets and support circuits are also found in MC12040 Motorola MC145106 Motorola 
Consumer Circuits MC12540 t Motorola 55 MC145101 ~orola 

Count Extender, +4, + 10/11 becomes +40/41 MC4044 Motorola MC145109 Motorola 
SP8790A t Plessey MC4344 tMotorola MC145112 Motorola 100 
SP8790B Plessey .MC145143 Motorola 

PLL Peripheral (VCO, mixer, amp for CB) MC145144 Motorola Count Extender, +8 (extends division ratio of a two AN 103 Panasonic MC145145 Motorola modulus prescaler while retaining the difference, ie TA7310 Toshiba MC145146 Motorola R10/11 becomes +80181) 
SP8794A t Plessey Prescaler SDA4041 Siemens 60 MC145151 Motorola 105 

SP8794B Plessey 5 Prescaler, Divide by 20 MCl45152 Motorola 

MC3396 Motorola MC145155 MotorOla 
Counter Logic Control 

MC145156 Motorola 
SP8790 Plessey Prescaler, Divide by 64 Mc145157 Motorola 

Counter Logic Control (use with MC12012 for high SDA2001 Siemens 
MC145158 Motorola 110 

frequency programming) Prescaler, for AM/FM MC145159 Motorola 
MC12014 Motorola TD6102 Toshiba MC6195 Motorola 

Crystal Oscillator (2 to 20 MHz) Prescaler, for FM Radio MC6196 Motorola 
MC12061 Motorola 058626 National DS8906 National 
MC12561 t Motorola 058629 National 65 DS8907 National 115 

Crystal OSCillator (250 kHz to 80 MHz) SP!362~ Plessey DS8908 Nationat 
CK1100A Solarise 10 Prescaler for PLL T~rier, Divide by 8 MM55108 National 
CK1114A Solarise LB3500 Sanyo MM55110 National 

CK1144A SoIarise 
Prescaler for VHF/UHF, Divide by 64 

~M55121 NatiO!lal 
CK1145A SoIarise MC12071 Motorola 

MM55123 National 120 

FSK Modulator(Demodulator MM55124 National 
058621 National 

MM55126 Natlqnal XI210 Exlr (3365) CA3179 RCA 70 
X1210. t Exlr (3365) 15 MN6040 Panasonlc 

Prescaler for VHF/UHF, Divide by 4 MN6040A Panasonlc XR2211 t Exar CA3199 lCA (3603) MNfj040Z Panasonic 125 XR2211 Exar 
MN6142 Panaspnlc XR2211C Exar Prescaler for VHF/UHF, Dual Modulus 

~ XR2211M tExar DS8622 National LC7210' Sanyo 

X12212. t Exlr (3366) 20 Prescaler, Low Power (+64), 1.1 GHz LC7220 Sanyo 
LC7225 Sanyq 

XR2211C Raytheon MC12073 Motorola 
~Ef4150 SI .... I" 

XR2211M t Raytheon Prescaler, Low Power (+64),225 MHz (865,899) 130 
Phase Comparator and Programmable Counter MC12023 Motorola SAA1057 Signetics 

MC14568BA t Motorola Prescaler, Low Power ( + 256), 1.1 GHz TC9106B Toshiba 
MC14568BC Motorola MC12074 Motorola 75 TC9109B Toshiba 

Phase Locked Loop MC12075 Motorola TC91118 Toshiba 

Q) 11215 Exlr (3365) 25 Prescaler, UHF (+ 2),740 MHz Synthesizer (programmable divider, to 1021 channels, 

"0 X1215. t Exlr (3365) MC12090 Motorola adder, phase comparator) 

::s SL652 Plessey Prescaier, 0.05 to 1.3 GHz, Divide by 256 HCTR0320 Hughes 135 , 
<!) SDA2002 .. Siemens SP4742 .. Plessey .. Syn~I~r (prograf!lmab.le. dfyk!er~,Jlha~ compara!or) 

SDA2112-2 Siemens 
Prescaler, 0.05 to 1.3 GHz, Divide by 4056 and 8192 S187A Slemet!s 

C IE564 SI_" (3649) 30 ~,?OO Ghan!1'i, f~ AM,lFM 0 SP4780 Piessey . 
SE564 t SI"Ia (3649) ax08 Signetics ...... 
SI54LS297 tTl (1015) Prescaler, 0.08 to 1 GHz, Divide by 256 (.) Tone Decc]der XR2211C Exar 

Q) SI74LS297 n (1015) SP4642 Plessey 80 
SP4652 Plessey )(R2211M tExar 

Q) Phase Locked Loop (CMOS) SP4653 Piessey 182213C Ex~ (3388) 140 en F4046BC Fairchild 112213. tExlr (3368) 
'- F4046BM t Fairchild 35 Prescaler, 0.08 to 18Hz, Divide by f)4 XR587AC Exir (~87) Q) 

MC14046BA t Motorola SP4632 Plessey 
D5871. t Ex,r (33117) ...... 

UJ MC14046BC Motorola Prescaler, 1 GHz, Divide by 256 IIU67C Exlr (3367) as 
~ 

CD4046BC National CA3211 lCA (3603) xiL567J1 tExlr (~B7) 145 
CD4046BM t National SAB1256 Signetics 85 LM567 t N~tiOnal 
CD4D46A tICA (840) 40 Prescaler, 1 GHz, Divide by 64 LM567C National 
CD4D46AE ICA (840) SABll64 Signetics XR2211C Raytheon 
CD4D46B t lCA (840) 

Prescalers-see also Digital-Special, Dividers, Digital-ECL XR2211M tR~ytheon 
CD4D46BE lCA (840) NE567 Sigoetlcs 150 
CD54HCT297 tRCA Programmer, for CB Synthesizer SE567 t Signetics 
CD74HCT297 lCA (842) 45 MP7156 MicroPwr 

MC1648 VCO Motorola 
74HCT297 St_" (907) MM57190 National 

,.C1648M tMotorola 
74HCT4D46 SIPltlcl (908) Programmers and Controllers for Citizens Band-See MC1658 Motorola 
883/4046B tSSS Linear-Consumer Circuits 90 SP1658 ~Jessey 155 
883/4446B tSSS Synthesizer, Mobile Radio (2 device set) SN54lS324 tTl 
SCL4046B SSS 50 NJ8811 Plessey Sl54L8824 tn (1087) 
SCL4446B SSS NJ8812 Plessey SIIMLSG28 tTl (lOBe) 

Phase Locked Loop for Motor ContrOl-See Motor Speed SP8901 Plessey Sl74LS624 n (1087) 
Regulators in Linear-Consumer Circuits, Miscellaneous. SP8906 Plessey SI741.882, n (1088) 160 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bal. faall.lalla .... 11 .. 1111 ,.. ... U ill ,I" l.iIi. 
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LINEAR-Phase Locked Loops/Synthesizers (Cont'd) 

Function Device Source line Function Device Source line 

Phase Locked Loops' 
(Cont'd) I Two Modulus Prescaler ( + 5/6) 

I" Synthesizers MCl2009 Motorola 
MC12509 t Motorola 

VCO and Phase Comparator Two Modulus Prescaler ( + 617) 
LM565 Motorola SP8741 Plessey 
NE565 Motorola Two Modulus Prescaler ( + 819) 
LM565 National MCl2011 Motorola 
LM565C t National MC12511 t Motorola 
NE565 Signetics 5 SP8743 Plessey 
SE565 t Signetics 

Two Modulus Prescaler (+ 10111) 
TA7133 Toshiba 11C90C Fairchild 65 

VCO Function Generator, (Includes square and triangular 11C90M tFairchild 
waveforms - but not sine.) MC12013 Motorola 

XR2207 Exar MC12513 t Motorola 
XR2207C Exar SP8643 Plessey 
182209C Enr (3374) 10 SP8647 Plessey 70 
1822098 t Ex., (3374) SP8685 Plessey 
LM566 National SP8690 Plessey 
LM566C t National Two Modulus Prescaler ( + 15116) . 
XR2207C Raytheon MC3393 Motorola 
XR2207M t Raytheon 115 1 Two Modulus Prescaler (+20/21),225 MHz I NE566 Signetics MC12019 Motorola 
SE566 t Signetlcs 

Two Modulus Prescaler ( + 32133), 225 MHz 
VCO Phase Comparator, Multiplier MCl2015 Motorola 75 

SL651 Plessey 
Two Modulus Prescaler (+40/41) 

VCO Phase Comparator, Multiplier, with Auxiliary Amplifier SP8793 Plessey 
SL650 t Plessey SP8793A Plessey 

VCO Waveform Generator (includSs sinewave output Two Modulus Prescaler (+40141),225 MHz 
among its functions) MC12016 Motorola 

XR205 Exar 20 
Two Modulus Prescaler (+64/256) 

182206 t Exlr (3373) MC12071 Motorola 
XR2206 Exar DS8621 National 80 
182206C Em" (3373) CA3163 RCA 
182206. t Enr (3373) W179· RCA (3603) 
IR8038 Exlr (3374) 25 

Two Modulus Prescaler ( + 64/65), 225 MHz 188038A Exlr (3374) 
MCl2017 Motorola 

IR8038M t Exlr (3374) 
Two Modulus Prescaler (+80/81) ICL8038C Illnl (3518) 

ICL8038. t IIIInII (3518) SP8792 Plessey 
SP8792A Plessey 85 

VCO, Dual MC4024 Motorola 30 
Two Modulus Prescaler ( + 128/129), 225 MHz 

MC4324 t Motorola MCl2018 Motorola 
SN54lS325 TI 

Two Modulus Prescaler ( + 248/256) SN54lS326 ttl 
SAB10n Signetics 

SN54lS327 ttl' 
Two Modulus Prescaler, low Power ( + 1281129), 1 GHz S154LS625 tn (1067) 35 

SI54LS626 tn (1067) MCl2022 Motorola 

Sl54LS627 tn (1068) Four Modulus Prescaler ( + 256/512) 

Sl54LS629 tn (1068) SP8901 Plessey 

SII54S124 tTl (962) SP8906 Plassey 90 

SN74lS124 TI 40 
SN74lS325 TI 
SN74lS326 TI 
SN74lS327 TI 
SN74lS328 TI 
Sl74LS625 n (1067) 45 
Sl74LS626 n (1067) 
Sl74LS627 TI (1068) 

I Sl74LS629 n (1068) I I I 
::1748124 n (962) 

sol Dual Tone Decoder 
ll12587C Exlr (3367) 
182567. tEw (3367) 

Two Modulus Prescaler (+3/4) 
SP8720 Plessey 

Two Modulus Prescaler (+418) 
11C91C Fairchild 
11C91M t Fairchild 
MCl2009 Motorola 55 
MC12509 t Motorola 
SP8740 Plessey 
T06102 Toshiba .... 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
ItN IHt 1HIcata ......... allis III"'NIII- lilt,.. ...... 
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Ie MASTER 

LINEAR-Telecommunication Circuits 

Function Device Source Une Function Device Source Line Function Device Source Une 

Telecommunication Circuits Codec/Filter, A Law Codec, ,u255 Law (Cont'd) 
S3506 AMI (3348) TP5116 National 

Amplifier. Microphone MT3506 Mite! TP5116A National 
SL792 Plessey MT8961 Mitel 60 .111917 OK' (4111) 
SL793 Plessey MT8963 Mitel M5116 SGS 120 

Amplifier. Telephone Handset MT8965 Mitel ST101 Signetics 

TEA 1045 ITT TCM2917 TI TCM2910A TI 
TCM4917 TI TCM4110 TI 

Bandpass Filters 
Codec/Filter, A Law, Asynchronous TCM<U110 TI 

R5602A-l Reticon 
ZNPCM4 Ferranti 65 Companding AID and 0/ A Converter R5602A-3 Reticon 5 

MM8100 National 125 Codec/Filter, A Law or ,u255 Law metal option R5602A-7 Reticon 
C022301 RCA (840) Companding Analog to Digital Converter R5602A-8 Reticon 

·DF331A Siliconix Codec/Filter, A Law PCM 
Bandpass Filters (touchtone) 83503 AMI Companding Digital to Analog Converter 

83525A AMI 83504 AMI DF332A Siliconix 
83525B AMI 

Codec/Filter, A Law, Synchronous Compandor (signal expander/compressor) S3526A AMI (3346) 10 ZNPCM3 Ferranti XR2216 Exar 
135268 AM' (3346) 

Codec/Filter, Parallel Data Interface NE570 Slglltles (3616) 
AMS3040A Aptek TP3051 National 70 IE571 S!glltles (3616) 130 
AM83041A Aptek TP3056 National NE572 Slgl,tlcs (3618) 
AMS3044 Aptek 

Codec/Filter, Pin Selectable /lLaw or A Law SA571 t Slgl.tles (3616) 
AM83045 Aptek 15 

2913 Intel Crosspoint Switch (double 4x4 matrix) 
CH1295 Cermetek 2914 Intel RC4444 Raytheon 
CHl296 Cermetek MCl4403 M,llrola (3536) RM4444 Raytheon 
MT8865 Mitel MCl4405 MllnII (3536) 75 Crosspoint Switch (2x8 matrix) 
AF121 National TCM2913 TI M089 SGS 135 
AF122 National 20 TCM2914 TI M099 SGS 

Bandpass Filters Tunable, See also Filter, Modem Filters TCM2916 TI 
Crosspoint SWitch (4x4 matrix with control memory) 

R5626 Reticon TCM2917 TI MC142100 Molaroll (3536) 
TCM4913 TI 80 MC145100 t Malarall (3536) Bandpass Filters Tunable, See also Filters, Modem Filters TCM4914 TI /lPD22100 NEC R5604 Reticon 
TCM4916 TI C0221 00 RCA (840) 140 R5605 f\eticon TCM4917 TI M22100 SGS R5606 Reticon 

Codec/Filter, Serial Interface EFB7310 Thomsofl-CSF R5609 Reticon 25 
TP3052 National 

CrosspOint Switch (4x4x2 with control memory) R5611 Reticon TP3053 National 85 C022101 RCA (840) R5612 Reticon TP3054 National 
C022102 RCA (840) R5613 Reticon TP3057 National 

R5614 Reticon 
Cadec/Filter,,u255 Law 

Crosspoint Switch (8x4 switch matrixl 

Reticon 30 MT8804B tMitel 145 R5615 13507 AMI (3348) 
R5616 Reticon MT3507 Mitel CTess (continuous tone-controlled squelch system) 
R5620 Reticon MT3507A Mitel 90 Encoder/Decoder 

MC1938 NEC Q) R5621 Reticon MT8960 Mitel 
MC4137 NEC "'C R5622 Reticon MT8962 Mitel 
MC4138 NEC :J 

fiandsplit Filter, OTMF MT8964 Mltel 
(!) MK5300 Mostek Current Limiter (for electromechanical telephOne bens) 

83525A AMI 35 
ZN474E Ferranti TCM2916 TI 95 c: 83525B AMI 

TI Delta Modulation System, Continuously Variable Slope 0 G8865X GTEMicro TCM4916 
XR3417 Exar 150 :;:: 

MV8865 Plessey Codec/Filter, ,u255 Law PCM () 
S3501 AMI XR3418 Exar 

Q) TT6177 Teltone 
XR3517 ~xar S3502 AMI Q) Call Progress Tone Detector XR3518 Exar 

CI) M980 Tettone 40 Codec, ,u255/A Law 
HC55536 H.rrls (3470) ZNPCM1 Ferranti 
HC5~564 Hmls (3469) 155 L. M981 Teltone 

100 Q) AY3-9900 GI 
MC3417 Motorola - M982 Teltone 

MCl4404 Motorola en MC3418 Motorola ca Click Suppressor MCl4407 Malarall (3536) 
MC3517 t Motorola ::E ZSYO ITT TP5117A National 
MC3518 t Motorola 

Codec, A Law 5156 Fairchild S291 Siemens 
SM61C Siemens 105 Delta Sigma Modulator/Demodulator 

G8911 GTEMlcro 45 ZNPCM2 Ferranti 160 
HC5156A Harris Codec, ,u255 Law 

Dialer, Microcomputer (clock, duration, fee pulse counter, 5116 Fairchild HC5511 Harris 
5151 Fairchild r~ial, storage) 

2911A Intel 
G8910 GTEMicro SAA6002 ITT 

MK5156 Mostek 
HC5116A Harris MK5170 Mostek 

TP3021 National 50 HC5510 Harris 110 PCD3340 Signetics 
TP5156 National 2910 Intel Dialer, Microcomputer (clock, stopwatch, r~ial, 16/~2 
TP5156A National 2910A Intel number) TZ2oo3 TI 
M090 SGS MK5116 Mostek Dialer, Loop Disconnect 
M5156 sas MK5151 Mostek DF820 In 165 
80291 Siemens 55 MC14406 Motorola 115 DF821 ITT 
TCM2911A TI TP3020 National DF822 ITT 
EFB7356 Thomson-CSF (Continued) (ContinUed) 

• Typlt::al V:\lue 
BIN fan 'ldlOIn • __ Itlna' _.fa Is pnrlHlt II In pal' 101811. 

C Ie MASTER 1984 r 3218 



MASTER SELECTION GUIDE 

LINEAR-Telecommunication Circuits (Cont'd) 

FunctIon DevIce Scuce line Fooction DevIce Source Line Function Device Source Line 

Telecommunication Circuits I Digital Modulator, 120012400 bps (WII)I., FSK Receiver, Wideband 

I (Cont'd) .. 172 ....... MC3356 Motorola 

Digital TimelSpace Crosspoint SWitch Gyrator AF120 National 110 
DIaler, Loop Disconnect (Coot'd) MT8981 Mitel . HDB3/AMI Encoder/Decoder DF823 ITT 

M760 SGS 
M760A SGS 
PCD3324 Signetics 
PCD3325 Slgnetlcs 
EF89158 Thomson-CSF 

Dialer, Push Button Telephone Dialer Circuit (converts 
push button inputs to pulses) 

AY5-9171 &1 
.14401 ....... (3538) 

MC34015 Motorola 
MM53143 National 
MM53144 National 
MM53190 National 
MM5393 National 
MM5394 National 
CRC8000 Rockwell 

- CRC8001 Rockwell 
M761 SGS 
M761A SGS 
PCD3320 Slgnetlcs 
PCD3321 Signetics 

PCD3322 Slgnetics 
PC03323 Slgnetlcs 
TEA1021 SignetIcs 
TEA 1043 Slgnetlcs 
TEA 1044 Signetlcs 
DF320 SlIIconIx 
DF320A SlIIconix 
DF322 Slliconix 
DF328 SIIIconix 
TCMl101 TI 
EFB9151 Thomson-CSF 
EFB91E51 Thomson-csF 

DIaler, Push Button Tefephone DIaler CircuIt (converts 
push button Inputs to pulses) -- ... (3341) 

AY5-9151 GI 
AY5-9153 GI 
AY5-9154 61 
DF320 ITT 
MT4320 Mite! 
MT4322 Mitel 
MT4323 MiteI 
MT4325 MiteI 
MT4326 MiteI 
MT4327 MIteI 
MK50981 Mostek 
MK50982 Mostek 
MK50991 Mostek 
MK50992 Mostek 
.14411 ....... (3538) 

DIaler, Repertory 

I jijjl0 .. (3I4Z) 

IZIIUIE .. (3MZ) 

S2562 AMI 
S2563 AMI 
CET200 Fairchild 
MK5175 Mostek 
SFFl9200 Thomson-CSF 

DIgItal fUtIr with UtIIty Peripheral 
828215 AMI 

DigItal Une Interface Controllers 
TP3110 National 
TP3120 National· 

DIgItal lint /ntIrfaC8 Module 
MH89700 Mitel 

t MIlitary Temperature Range (-55· to 125·C) 

o IC MASTER 1984 

Digital Trunk-Interlace Module (n) 
MH89750 Mitel 

Echo Canceller Peripheral 

5 828216 AMI 

Elastic Store (prOVides buffer store and justification 
function in a 2nd order PCM muHip/exer) 

TCM2401 TI 

Electronic Phone Chip, Microprocessor Interface 
1IC34010 ......... (3060)' 65 

, Electronic Telephone Circuit (DTMF), Tone Ringer, Speech 
10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

Network and DC Line Voltage Regulator 
11:34011 ........ (3060) 

Encoder 8 of 8 Keyboard to Binary Encoder (4x4 key input 
to 4 line output) 

.14419 ....... (3538) 

Filter Array, mask programmable switched capaCitor 
R5625 t Reticon 

FHter, Codec (A law/Illaw) 
MB6001 Fujitsu 
MB6002 Fujitsu 70 
.14408 ......... (3538) 
.14401 ......... (3538) 
.14402 ....... (3538) 

MC14403 Motorola 
MC14405 Motorola 75 

Fifter, Low-Pass Programmable 
83m - (3347) 

Filter, PCM AMS3064 Aptek 
AMS3065 Aptek 
AFl32 National 
AF133 National 80 
AF134 National 
MC4264 NEC 
_12 011 (4111) 
SM153 Siemens 
TCM2912A TI 85 

Fifter, PCM TransmltlReceive 
G89128 &TEMicro 
HC5512 IIIITIa (3461) 
HC551!A IIIrrIa 

(3481.3461) 
HC5512C IIIrrIa (3461) 
2912A Intel 90 
MK5912 Mostek 
MK8912 Mostek 
1IC14413-1 ....... (3536) 
.14413-2 ....... (3538) 
.Cl4414-1 ....... (3538) 95 
1IC14414-2 ....... (3538) 

TP3040 National 
TP3040A National 
Ci2Z4iii ICA (840) 

CD22414 RCA (840) 100 
M5912 SGS 
TCM29128 TI 
EF87912 Thomson-CSF 

Filter, Speech (dual, tunable low-pass) 
1IC145414 ....... (3538) 

FHter, Tunable (Iowpass/bandpass) 
MC145431 Motorola 105 

FiHer, Tunable (notch, bandpass) 
• 145433 ....... (3538) 
MC145434 Motorola 

Filter, Dual Low Pass Linear Phase 
.145415 ........ (3538) 

* Typical Value ...................... " ......... * .......... 

TCM2202 TI 

HDB3/AMI Encoder/Decoder-(O to 2.5 MHz, n Compatible) 
. TCM2202 TI 

HDB3IAMI Equipment Line Interface (interfaces Signal, 
clock to line) TCM2203 TI 

TCM2204 TI 

HDB3I AMI Line Interface 
TCM2203 TI 115 
TCM2204 TI 

HDB3 Transcoder 
TCM2201 TI 

IR Receiver SM802 Siemens 

IR Transmitter SM801 Siemens 

limiter (limits voltage on two-wire speech) 
U225 Telefunken 120 

Microphone Amplifier (for telephone cirCUits) 
ZN470AE Ferranti 
ZN472E Ferranti 
ZN475E Ferranti 
ZN476E Ferranti 
ZN4nE Ferranti 125 

Modem Band-Pass Fifter, 300 Baud 
MC145440 Motorola 
MCl45441 Motorola 

Modem CirCUit, V.21, V.23, Bell 103, 202 
.. 7910 AMI (1433.3321) 

Modem Circuit, V23 or Bell 202 
EFB7910 Thomson-CSF 

Modem Circuits, ccm FSK V.23 or Bell 202 
TCM3101 TI 130 

Modem Circuits, for CCllT FSK System 
CH1225 Cermetek 
CH1253 Cermetek 
CH1258 Cermetek 
CHl259 Cermetek 
CH1263 Germetek 135 
CHl268 Cermetek 
EFB7510 Thomson-CSF 

Modem Circuits, for 103/113 and Other FSK Systems 
CHl222 Cermetek 
CHl223 Cermetek 
CH1224 Cermetek 140 
CHl252 Cermetek 
CH1257 Cermetek 
CH1262 Cermetek 
CHl265 Cermetek 
CHl266 Cermetek 145 
CHl267 Cermetek 
CH1271 Cermetek 
CH1272 Cermetek 
CH1273 Cermetek l,sol CH1280 Cermetek 
AY7-1203 &1 
.145445 ........ (35315) 
.Cl45450 ....... (3536) 
MM54HC942 t National 
MM74HC942 National 155 

Modem Circuits, FSK CCITT V.21 or Bell 103 
TllS99532 TI (1712) 
TllS99534 TI (1712) 

Modem Circuits, PSK CCITT V.22, V.26 or Bell 212A, 2018C 
XB2123 Eur (3370) 

Modem Circuits, PSK Demodulator, Bell 212A 
XR2122 EDr (3370) 
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LINEAR-Telecommunication Circuits (Conl'd) 

Function DevIce Source lin! Function Dtvtce Source line Function DeYlce Source line 

Telecommunication Circuit. PCM Signal Monitor Telep_ Chipset (microcomputer-compatlble) 

(Cont'd) ,; SP14508 Plessey TCM1707 n 
SP1455B Plessey TCM1708 n 

Modem Circuftl, PSI( ModuIa,!, B111212A 
(lilt) 

PolynomIal ~tqr/CMcker (fer~-orieftted Telephone Restricter 
IIZ121 EIw data c:emmunlcallon links) CRN3300 Thomson-CSF t 

Modem CIrcuits, SyncI Async Convert ... --- ......... (1171) 45 Telephone Speech Circuit (programmable) 
DZl25 Enr (3371) RC Encoder, Programmable 7-Cbannel LS2~ SGS 

Modem Filter digitally programmable transversal filter 1E5044 81 ...... (3626) Teletex AcquisrtionlControl 
R5910 Reticon RD Decoder, Seven Channel SAA5040B Signetics 100 

Modem Filter, FSK 10045 Slptllu (3629) Teletex Adaptive Data Slicer (provides data, clock and 
112103 Ear (3381) ReceJv8r, Dn.,F (hybrid) synchronizing signals)·· 

Modem Filter, General Purpose (bandpass filter an<! MiJ~ MH88315 Mitel SN76940 TI 

R5633 RetIcon 5 Relay D~ (for 48 V teIephQne relays) Teletex Character Generator, Ameri~n 

Modem Alter, PSK os 1686 t National SAA5055 Signeties 

112128 Enr (aa) 051687 tNationai 50 Teletex Ttming Circuit, 525 Lines 

Modem Filter with Equalizer, 212AIV.22 DS3686 National SAA5025B Signetics 

83522 .. (~) DS3887 National SAA5025C Signetlcs 
; UDN-2580A Sprague SAA5025D Signetics 105 

Modem Filter (300 baud) UDN-2585A Sprague Teletex Timing Circuit, 625 Lines .,41440 ....... (3131) .,45441 ........ (3&11) 
UDN-2588A Sprague 55 SAA5020 Signetic;s 

MC6170 ~ 10 
UDN-2956A Sprague Teletex Video Input Processor 

R5630 RetiCOn 
UDN-2957~ Sprague SAA5030 Signetics . 

R5631 Rettcon Relay Driver, Quad NegatIve Voltage Teletext GALA SAA5045 Signetics 

Modem Filter (1200 baud) 
DS3680 National Time Division Multiplexing, Demultiplexor 

CH1710 Ctnnetek 
DS3680 n EFB7334 Thomson-CSF 

CHl720 Cermetek Ring Detector (operates from 16 to 68 Hz) Time Division Multiplexing, Serlal/Parallel 
CHl730 eenn.tek 15 TCM1520A n 60 ShiftlConversion 
CH1740 Cermetek SerIal Recelwr (changes T1-D2 Or T1-D3input to parallel EF87303 Thomson-CSF 110 

Modem Alter. 1200 Baud, 212N.22 output) R8060 . Rockwell Time Division Multiplexing, Temporal Matrix for 8x8 frame 

R5632 RetIcon SerIal Transmitter (generates 193-8it data stream In swI~ EF1331 Thomson-CSF 

Modem Alter, (1200/150 Baud) T1-02 or T1-03 format) , Time Division Multiplexing, 2.048 MHz Clock Recovery 

R5634 RetIcon R8050 Rockwell EF7332 Thomson-CSF 

Modem Filter (120012400 baud) Signal Processing Peri~1 (a,rlthmetlc processor, RAM, Time Division Multiplexing, 2.048 MHz Comm.unication . 

.all! ...... (1_) ROM,I/O) 1ZIZ1lA ~I (3348) Terminal EF1332 Thomson-CSF 
(3348) SZlZlll .. TIme Slot Access Circuit 

Modem (for serial communIcaUons at up to fiOO bls) 
SpeecfI CIrcuIt fQr Electronic T~ MJ1446 Plessey -- ....... '., . .-) 20 TP5700 fqtion1ll 65 Time Slot Assigner Circuit 

Modem, FSK Demodulator 
TP5710 National .,4418 ...... (3i36) 

XR2211 tExar 
P8l.3'm RIFA . .,4417 ....... (3536) 

XR2211 ElIar P8l3726 RIFA .,44,8 ......... (3536) 

(I) XR221111 tExar 
TCMl7tl5A n EFB~ Thomson-CSF 115 

"'0 
Modem, FSK Modulator 

SUbscriber Line Interface Circuit (hybrid SIP) Tone Caller ZN473E Ferranti 
:::J XR2206 tExar 

MH88505 Mite! 70 
T9M Decoder_(operate8 from 0.01 Hz to 500 kHz) 

(!) XR2206 Exar 25 
MH885O& MIt&I XR2211C Exar 120 

c: XR2206M tExar 
MH88510 Mite! XR2211M tExar 

0 XR2207 Exar Subscriber Une Interface Clf!:UIt (performs 2-WIre to XR567AC Exar 
...... 

~ Exar 4-wire conversion) XR5ti7AM tExar 
0 S2500A AMI LM567C National Q) Modem Interface and ReceIver Alter Circuit (300 baud 82&501 at (8344) XR2211C Raytheon 
(I) modem) CH1230 Ctnnetek 125 

en AMS2001 Aptek 75 XR2211M tRayth:r 
Modem System, FSK AMS2002 Aptek NE567 Signe 

t- D1441ZF E.- (a.) 30 AMS2OO6 Aptek SE567 t Signetlcs Q) ...... 11144121 E.- (IIH) AMS3OB1 Aptek en .,4412 ....... (3138) AMS3082 Aptek 
Tone Decoder, Dual (operates from 0.01 Hz to 50Q kHz) 

a:s AMs3os4 DZSl7 Ear (3367) 
:E Modem System, FSK, 1200 Baud Aptek 80 XR2567M tExar 130 881110 .....,. (3815) AMS3085 Aptek 

Modem, 2400 bps Demod~ IlClSOZ 1Irr11 (3486) T~ Decoder, Dual 

_171 ..... (3138) ~ ~ (3487) MT8860 Mltel 

MUltifrequency interface Una Circuit MH88500 Mitel MT8862 f.1itel 

LS342 SGS 35 MC34019 Motorola 85 MT8863 Mltel 

1IC34'1' ....... (3010) MV8860 Plessey 
~ultlfrequency Tone G~ator (generates 15 tone pairs) 1IC341. ..... ( .. MV8862 Plessey 135 AMS3501 Aptek 

MC3411C ....... (a.) MV8863 Plessey 
~ 

Multlfrequency Tone Gentntor (module) MC35~ Motorola CRC8030 Rockwell 

CM7050 Mite! LS285A SGS 90 SSl~ SiliconSys 

PCMRepeater XRC240 Exar G150 SIemens Tone Receiver Circuit, Dual (combine with filters for touch 
XRC262 Exar ST120 SIg~ tone receiver) G8860 GTEMlcro 
XRC271 Exar 40 TCM4204 TI G8860X GTEMlcro 140 
TCM21Q1 TI TCM4205 TI MK5102-5 Mostek 
TCM2102 TI TCM4207 TI 95 (Continued) 

* TypicI! Va'"., 
..... IUIaIII .......... ta "....,_ at,... ...... 
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LlNEAR-T.lecomm~nication Circuits (Cont'd) 

Function DevIce Source Line Function Device Source line 

Telecommunication Circuits I Dual Tone Generator (touchtone frequencies) 

(Cont'd) 825089 AlII {3340} I 
82559A Mil (3339) 

Tone Receiver Circuit, Dual (combine with filters for touch 825591 AlII (3339) 
tone receiver) (Coot'd) 82559& ., (3339) 55 

MK5103-5 Mostek 825598 AMI (3339) 
SM301A Siemens 82559E AMI (3339) 
M967 Teltone S2559F AlII (3339) 
TT6174 Teltone 825598 AlII (3331) 

Tone Receiver Circuit, Dual (with filters) 
825S9H MIl (3331) 60 
S2859 AMI AMS3201 Aptek 5 
S2860 AMI 

AMS3210 Aptek 
AY5-9480 GI 

AMS88205-5NC Aptek 
AY5-9559 GI 

G8870 GTEMicro 
IC.7206A IIIwaH (3524) 65 

MH88210 Mitel 1C.72068 1.1InII (3524) 
MH88305 Mitel 10 ICII7206C l.lInII (3524) 
MT8870 Mitel ICII7206D lallrsll . (3524) 
881201 SlHCIISyI (3685) SBA5089 ITT 
881202 SlIICIISya (3685) SBA5091 ITT 70 
M927 Teltone MT5089 Mite! 
M937 Teltone 15 MK5087 Mostek I M947 Teltone MK5089 Mostek 
M948 Teltone MK5091 Mostek 
M956 Teltone MK5092 Mostek 75 
M957 Teltone MK5094 Mostek 

Tone Ringer, (operates from ring Signal, drives piezo MK5380 Mostek 

element) MC34012 ........ (3060) 20 MK5382 Mostek 

Tone Ringer (operates from ring signal, drives speaker) 
MK5389 Mostek 
.Cl4410 .ot ...... (3538) 80 82581A AlII (3343) 
MM53125 National 

S2581C A., (3343) 
MM53130 National 

CS8204 Cherry MM5395 National 
CS8205 Cherry /lPC767 NEC 
ML8204 Mitel 25 CD22859 RCA (840) 85 
ML8205 Mitel PBD3534 RlFA 
.C34012-1 .. t .... 11 (3060) PB03535 RIFA 
1IC34012-2 MllII'tIa (3060) M751 SGS 
MC34012-3 .. t ...... (3060) S359 Siemens 
M764 SGS 30 PCD3311 Signetics 90 
M764A SGS PCD3312 Signetics 
TCM1501A TI TCM5087 TI 
TCM1506A TI TCM5089 TI 
TCM1512A TI TCM5091 TI 
TCM1513A TI 35 TCM5092 TI 95 
TCM1520A TI EFB7189 Thomson-CSF 

Transcoder, with Error Detection (10 kb/s to 2.048 Mbls) Dual Tone Generator with Redial 
CD22103 RCA (840) 82569 AMI 

Transmission Interface 
S2569A AMI 

TEA 1042 Signetics Two-Wire-to-Four Wife Converter (replaces hybrid 

TEA 1046 Signetics transformer) LS285A SGS 

TEA 1055 Signetics 40 ST120 Signetics 100 

Tri-Port Memory (T1 carrier) 
R8040 Rockwell 

Universal Digital Loop Transceiver, Four Wire 
MC145420 Motorola . 

Universal Digital Loop Transceiver, Four Wire Slave 
MC145425 Motorola 

I Universal Digital-Loop Transceiver 
1IC145422 ."1"'" (3536) 

I MC145423 Motorola 45 
MC145426 •• terlll (3536) 

Videotex Decoder,lnteractive 
SAA5070 Signetics 

Single Channel Signaling Controller 
EFB7335 Thomson-CSF 

Single Frequency Tunable Bandpass/Notch Filter/Tone 
Generator 83526 AMI (3346) 

Dual Tone Generator (generates 12-16 tone pairs) 
AY3-9400 GI 50 
AY3-9410 GI 

t Military Temperature Range (-55° to 125°C) • Typical Value 
BIN fHllMlallldllH-.J allis JlflYlHlIIIlI PIlI ..... 
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Ie MASTER 

LlNEAR-Timer. 

Function Source Lifle Function Device Source line 

Timers 

Adjustable Threshold 
MCl422 Motorola 

Delayed SWitch ON/OFF (for driving relays, lamps, etc.) 
PBA3008 RIFA 
PBA3009 

Internal Current Source 
XR320 

Long Period (1 sec to 1 week) 
AN6780 

Long Period (10 ms to 10,000 hours) 

RIFA 

Exar 

Panasonic 

MW 122 AnalogSys 

Low Power (supply 3 V) 
SN76812 TI 

Micropower, Long Range (microseconds to days) 
XR2243 Exar 

Microwave Oven Controller 
TMSl117 TI 
TMSl117NLP TI 

Precision MW107 AnalogSys 
MW197 AnalogSys 
LM122 t National 
LM2905 National 
LM322 National 
LM3905 National 

Precision Decade, Direct 7 Segment and Digit Drivers 
ICM7045A Intersil 

Programmable (Includes a counter for long time delays) 
Binary Control 

XR2240C Exar 
XR2240M t Exar 

10 

15 

"A224OC Fairchild 20 

"A224OM 
ICM7240 
ICM7242 
ICM7250 
ICM7260 
La7210 
MC14541BA 
MC14541BC 
~4OC 

"A2240M 

Timer XR555C 
XR555M 
XRL555 
"A555C 

t Fairchild 
Intersil 
Intersil 
Intersil 
Intersil 25 
LSICIIIp (803) 

t Motorola 
Motorola 
TI 

tTl 30 

Exar 
tExar 

Exar 
Fairchild 

Timer (CMOS 555), Low Power 
11:117555 
IC.755,. 

11 .. 11 
tllttnll 

(3527) 
(3527) 

Timer with + 12 Counter (time constant 7200 RC) 
ZN l034E Ferranti 60 

Timer with Counter, (time constant 128 RC) 
XR2242C Exar 
XR2242M t Exar 

Universal (includes two 4-digit counters, comparator, 
clock oscillator and divider) 

MM5865 National 

Dual (CMOS 556) Low Power 
IC.7556 
IC.755611 

Dual (dual 555), PlnoutVariations 
XR2556C 
XR2556M 

Dual (dual 555) 
XR556C 
XR556M 
XRL556C 
XRL556M 

"A556C 
NE556 
SE556 
MC3456 
MC3556 
LM556 
LM556C 
RC556 
RM556 
NE556 
NE556-1 
SA556 
SA556-1 
SE556 
SE556-1 
SE556-1C 
SG556 
SG556C 
NE556 
SE556 
TD0556 

Quad, Current Sink Output 
XR558C 

. 'XR558M 

IIE558 
SASH 
SE551 

Illnll 
t 1IIII'sli 

Exar 
tExar 

Exar 
tExar 

(3527) 
(3527) 65 

Exar 70 
tExar 

Fairchild 
Intersil 

t Intersil 
Motorola 75 

t Motorola 
t National 

National 
Raytheon 

t Raytheon 80 
Signetics 
Signetics 
Signetics 
Signetics 

t Slptlla (526) 85 
t SIpeIlel (526) 
t al_es (526) 
tSHiconG 

SiliconG 
TI 90 

tTl 
Thomson-CSF 

Exar 
tWr 

Slglilies (3870) 95 
Slpllla (3870) 

t alptOa (3670) 

NE555 
SE555 
MC1455 

Intersil 
t Intersil 

Motorola 

35 Quad, CUrrent Source Output 
XR559C 
XR559M 

Exar 
tExar 

MC1555 
LM555C 
"PC 1555 
RC555 
RM555 
CA555 
CA555C 
NE555 
SE555 
SE555e 
SG555 
SG555C 
ULN-2430M 
355A1C 
355B/M 
NE555 
SE555 
T00555 
TA7326 
TA7327 

t Motorola 
National 
NEC 
Raytheon 

t Raytheon 
t RCA (3804) 

RCA (3804) 
Signetics 45 

t Slgnlies (526) 
t alpilia (526) 
tSiliconG 

SiliconG 
Sprague 50 
TeledyneS 

tTeledyneS 
TI 

tTl 
Thomson-CSF 55 
Toshiba 
Toshiba 

t Military Temperature Range (-55 0 to 125°C) 
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LINEAR-Voltage Regulators 

Output Output 
Voltage. V Current 

Fixed, Positive 

For low amounts of current, Yoltage references can be 
used as voltage regulators. See Linear-Other 
Devices, Reference Diodes 

2.6 100 

5 100 

I 150 

200 

250 

400 

500 

I 
750 

850 

1000 

t Military Temperature Range (-55° to 125°C) 

e Ie MASTER 1984 

MASTER SELECTION GUIDE 

Output Output 
Device Source Une Voltage. V CUrrent 

I 5 1000 

MC78L02C Motorola 
p.A78L02AC TI 
p.A78L02C TI 
TA7316 ToShiba 5 

p.A78LOSC Fairchild 
LM2931-5 Motorola 
MC78L05AC Motorola 
MC78LOSC Motorola 
LM14OLA-5 National 10 
LM78L05A National 
LM78LOSC National 1500 
p.PC78L05 NEC 
p.A78L05AC TI 
p.A78LOSC TI 15 

ITA78LOO5 Toshiba 

I 

Toshiba TA78LOOSA 

LM3931-5 National 
LM2930-5 TI 
LM330-5 TI 20 

LM 1 0911 lilt .... (3531) 
LII209II ......... (3531) 
LM309II ......... (3531) 
LM109H t National 
LM209H National 25 
LM2930-5 National 
LM309H National 
LM330-5 National 

100mT 
t SiliconG 

SG209T SiliconG 30 
SG309T SiliconG 
SFC2109 t Thomson-CSF 
SFC2209 Thomson-CSF 
SFC2309 Thomson-CSF 

LM342-5 National 35 

L4805 SGS 

p.A78M05C Fairchild 
p.A78M05M t Fairchild 
TDDl605 In 
MCnOSC Motorola 40 
MC78M05C Motorola 
LM341-5 National 2000 
LM78M05 National 
p.PC78M05 NEC 
L 194-5 SGS 45 
L2605 SGS 
L4705 SGS 
L487 SGS 3000 

SGl40-05T t SiliconG 
SG340-05T SiliconG 50 
SG7805ACT SiIiconG 
SG7805AT t SiliconG 

1;;::: T! 
tTl I 

LM2935 National 55 

L129 SGS 

p.A.109M t Fairchild 
p.A209M Fairchild 
p.A.309C Fairchild 
L.,. t ........ (3531) 60 
L.2OK IIttInIII (3531) 
LM30K ...... (3531) 
LM109K t National 
LM209K National 
LM309K National 65 
p.PC7805 NEC 

(Continued) 

* Typical Value 
......................... 1111,......... ............ 

Device Source line 

117805 
(Cont'd) 

tSGS 
L7805C SGS 
SG109K t SiliconG 
SG209K SiliconG 70 
SG309K SiliconG 
SG7805ACP SiliconG 
SG7805AP t SiliconG 
SG7805CP tSiliconG 
SG7805P SiliconG 75 
SFC2109M Thomson-CSF 
SFC2805 t Thomson-CSF 
TA78005 Toshiba 
UC7805A tUt11rlU (3711) 
UC7805AC Utltretl. (3711) 80 

p.A7805C Fairchild 
p.A7805M t Fairchild 
LAS 1505 Lambda 
LAS 15A05 Lambda 
LM1.t0-5 tMtttnll (3531) 85 
LM340-5 •• t .... 11 (3531) 
.C71D5 tMoterol1 (3531) 
MC7805A tMoterol, (3531) 
MC7805AC Motoroll (3531) 
.C7805C •• toroll (3531) 90 
LM14O-5 t National 
LM14OA-5 t National 
LM2931-5 National 
LM340-5 National 

ILM340A-5 National 95 
ILM7805 National 

ISGl40-05K SiliconG 
SG14O-05R SiliconG 

I~ SiliconG 

1
'00 SG340-05R SiliconG 

SG7805ACK SiliconG 
SG7805ACR SiliconG 
SG7805AK tSiliconG 
SG7805CK SiliconG 
SG7805CR SiliconG 105 
SG7805K tSiliconG 
SG78R05 t SiliconG 
LM340-5 TI 
TL780-0SC TI 
UC7805 tUIitrldl (3711) 110 
UC7805C U., ...... (3711) 

HA17805P Hitachi 
LASl605 Lambda 
LAS 16058 Lambda 
L78S05 tSGS 115 
L78S05C SGS 

SH123 t Fairchild 
SH223 Fairchild 
SH323 Fairchild 
p.A.123 Fairchild 120 
p.A.223 t Fairchild 
p.A323 Fairchild 

I LAS 1405 Lambda I LAS 14058 Lambda 
LM123 t LinearTech 125 
LM123A t LinearTech 
LM323 LinearTech 
LM323A t LinearTech 
L.,23 t.llerell (3531) 
L.,23A t .. t ...... (3531) 130 
L.223 .olerell (3531) 
LM223A ..I ...... (3531) 
LM323 M1toroll (3531) 
LM323A .ot .... (3531) 
MC78T05 t Motorola 135 
MC78T05A t Motorola 

(Continued) 
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LlNEAR-Yoltage Regulators (Cont'd) 

Output Output Output Output 
VOltage, V Current Device Source Une' Voltage, V Current Device Source Une 

Fix~, Positive (Cont'd) 6 (Col)t'd) 
2000 HA17806P Hitachi 

5 3000 (Cont'd) CJSE017 Solitron 
MC78TOSAC Motorola CJSE019 Solitron 70 
MC78TOSC Motorola CJSE021 Solltron 
lM123 t National 

3000 LAS1406 Lambda 
lM223 National 

MC78T06 t Motorola lM323 National 5 
MC78TOSC Motorola 

SG123 t SmconG 
SG153-05 t SiliconG 10000 42050-610 Micropac 75 

SG223 SiliconG 20000 
.' 

42055-620 Micropac 
SG253-05 SmconG 6,2 100 I'A78l62C Fairchild 
SG323 SmconG 10 I'A78l06AC TI 
SG353-05 SiliconG !lA78l06C TI 

5000 ~78H05 Fairchild 7 100 TA78L007 Toshiba 80 
~78H05A Fairchild TA78L007A Toshiba 
LAS 1905 lambda 

10000 42OS0·710 Mlcropae 
LAS 19058 lambda 15 
lT1003C UnearTech 20000 42055-720 Micropae 

lT1003M t UnearTech 7,5 100 TA78L075 Toshiba 
42050-055 Micropac TA78L075A Toshiba 85 
MlM138·05 Micropac 1000 l7875 tSGS 
MlM338-05 Micropae 20 l7875C SGS 

I 
8000 LAS3905 lambda l78C75C SGS 

LAS3905K lambda l78875 tSGS 

10000 !lA78POS Fairchild 8 100 MC78l08AC Motorola 90 
42050-510 Mieropac MC78l08C Motorola 
LMl196-OS Mieropae 25 "PC78l08 NEC 
MlM396-05 Mieropac !lA78l08AC TI 
MPCloo Motorola jiA78lOSC TI 

20000 42055-520 Micropac TA78l00s Toshiba 95 

6 100 TA78l006 Toshiba 
TA78l008A Toshiba 

TA78l006A Toshiba 30 150 lM2930-8 TI 

-
500 jiA78M06C Fairchild 200 lM2930-8 National 

~78M06M t Fairchild 500 "A78M08C Fairchild 
TDD1606 In ~78M08M t Fairchild 100 
MC78M06C Motorola TDD1608 In 
SG140-00:r t SilicORG 35 MC78M08C Motorola 
SG340-06T SillconG "PC78M08 NEC 
SG7806ACT SiliconG SG14O-08T t SUiconG 
SG7806AT t SiliconG SG340·08T SlIIconG 10S 

Q) SG7806CT SiliconG $G780BACT SiIi~nG "0 SG781l6T t SiliconG 40 SG7808AT t SiliconG 
:J jiA78MQ6C TI SG7808CT SiliconG (!) jiA78M06M tTl SG7808T t SiliconG 
r:: 1000 SG7806ACP SilieonG ~78M08C TI 110 
.Q SG7806AP t SilieonG !lA78M08M tTl 
+J SG7806CP SilieonG 45 SFC2808 Thl)mson·CSF C,,) 

SG7806P t SUieonG Q) 1500 ~7808C Fairchild 
(J.) SFC2806 Thomson-CSF ~7808M t Fairchild 

C/) 1500 ~7806C fairchild HA17808 Hitachi 115 

'- LAS 1506 lambda LAS1508 lambda 
Q) LM140·6 tMeleroll (3531) 50 LM140-8 tMoleroll (3531) 
+J 

LM340·6 Meterela (3531) L.340-8 Moterell (3531) CJ) 
ctS MC7806 t".loroll (3531) MC7808 tlll.roll (3531) 
~ MC7806A tMoleroll (3531) MC7808A tMDlorDl1 (3531) 120 

MC7.0~C MelorDl1 (3531) iI~780'AC . MOlorDti (3531) 
MC7806C Moleroll (3531) 55 MC7808C . "terat, (3531) 
SGl40-06K SmconG SG140-08K SiliconG 
sGl40-OE!R SilieonG SGl40:08R SiliconG 
SG340-06K $jliconG SG340-08K SilieanG 125 
SG340-06R SiliconG SG340-08R SiliconG 
SG7806ACK SilieonG 60 SG7808ACK SiliconG 
SG7806ACR SiliconG SG7808ACR SilicolJG 

'" SG7806AK t SlliconG SG7808AK tSiliconG 
SG7806CK SilieonG SG7808CK SilieanG 130 
SG7806CR SiiieanG SG7808CR SiIlconG 
SG7806K t SiliconG 65 SG7808K t SiliconG 
SG78R06 t SiliconG SG18R08 SiliconG 
I'A7806C TI "A7808C TI 

(Continued) (Continued) 

t Militarv Temperature Range (- 55° to. 125°(:) • Typical Va'u!! 
Bolli flcel,lIlcelll IIIIIIII.I! 1I1f111 prllllllll • 1111 PIli ,.1111. 
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MASTER SELECTION GUIDE 

LINEAR-Voltage Regulators (Cont'd) 

OUtput output OUtput Output 
Voltage, V Current Device Source Line Voltage, V Current Device Source line 

Fixed, Positive I (Cont'd) I 12 500 
IU94-12 

(Cont'd) 1 __ 
sss o:J 

8 (Cont'd) SG14O-12T t SiliconG 
2000 LAS 1608 lambda SG340-12T SiliconG 
3000 MC78T08 Motorola SG7812ACT SiliconG 

MC78TOSC Motorola SG7812AT t SiliconG 
SG153-08 tSi/iconG SG7812CT SilicooG 70 
SG253-08 SilicooG 5 SG7812T t SiliconG 
SG353-08 SiliconG pA78M12C TI 

5000 pA78H08C Fairchild pA78M12M tTl 

10000 pPC7808 NEC 720 l130 SGS 

SG7808ACP SiliconG 1000 pPC7812 NEC 75 
SG7808AP t SiliconG 10 STK521 Sanyo 
SG7808CP SiliconG STK541 Sanyo 
SG7808P t SiliconG SG7812ACR SiliconG 

20000 42055-820 Micropac SG7812AR f SiliconG 

8.2 100 pA78l82C Fairchild SG7812CR SiliconG 80 
SG7812R tSiliconG 

8.5 400 I;:: SGS 

~I ISFC2812 _·CSF I 500 SGS I TA78012 Toshiba 
,l4785 SGS IUC7812 tUIIIr"1 (3711) 

1000 pA7885 Fairchild UC7812C 0I11rH1 (3711) 85 
pA7885C TI 1500 pA7812C Fairchild 

9 100 pA78lO9C Fairchild 20 pA7812M t Fairchild 
pA78l09AC TI lAS1512 lambda 
pA78lO9C TI LAS15A12 lambda 
TA78l009 Toshiba 1.11140-12 t .. l .... (3531) 90 
TA78l009A Toshiba LM340-12 .. t ...... (3531) 

1500 l7809 SGS 25 MC7812 t ...... (3531) 

l78S09 tSGS MC7812A t .. t .... (3531) 
-. 

Sl78S09C SGS MC7812AC MltenIa (3531) 

20000 42055-920 Micropac MC7812C ........ (3531) 95 

10 100 pA78l10AC TI 
lM140-12 t National 
lM14OA-12 t National 

pA78l1OC TI 30 lM340-12 National 
TA78l010 Toshiba 

lM340A-12 National 
TA78l010A Toshiba 

lM7812 National 100 
200 lHOO75 t National l7812 tSGS 
400 l4810 SGS l7812C SGS 

500 TOO 1610 lIT 35 SG140-12K t SiliconG 

l2610 SGS SG14O-12R tSiIiconG 

l4710 SGS SG34O-12K SiliconG 105 

pA78M1OC TI SG340-12P SiliconG 

1500 LAS1510 lambda SG340-12R SiliconG 

pA7810C TI 40 SG7812ACK SiliconG 

tSGS 
SG7812ACP SiliconG 

2000 l78510 SG7812AK t SiliconG 110 
l78510C SGS SG7812CK SillconG 

9000 42050-109 Micropac SG7812CP SiliconG 
20000 42055-1020 Micropac SG7812K t SiliconG 

12 100 pA78l12C Fairchild 45 SG78R12 SiliconG 

MC78l12AC t Motorola lM340-12 TI 115 

MC78l12C Motorola Tl780-12C TI 

lM14OLA-12 t National pA7812C TI 

lM340LA-12 National UC7812A tU., ...... (3711) 

lM78l12A National 50 UC7812AC 01' ..... (3711) 

I lM78112C National I I 2000 HA17812P Hitachi 120 
"PC78l12 NEG lAS~612 lambda 
pA78l12AC TI LAS1612B lambda 
"A78112C TI STK531 Sanyo 
TA781012 Toshiba 55 l7812 tSGS 
TA781012A Toshiba l7812C SGS 125 

250 lM342-12 National l78512C SGS 

500 pA78M12C Fairchild 3000 LAS 1412 lambda 
pA78M12M t Fairchild LAS1412B lambda 
ToD1612 lIT 60 MC78T12 t Motorola 
MC78M12C Motorola MC78T12A t Motorola 130 
lM341-12 National MC78T12AC Motorola 
lM78M12 National MC78T12C Motorola 
pPC78M12 NEC SG153-12 t SiliconG 

(Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
.... 1IcI1HIca ... 1IMIIIIIf llalill ",,*,. lilt .......... 
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Ie MASTER 

LINEAR-Voltage Regulators (Cont'd) 

Qutput Output Output output 
Voltage, V Current Device Source Line Voltage, V Current Device Source Line 

Fixed, Positive (C9nt'd) 15 1500 (Cont'd) 
MC7815A t,otorall (~531) 

12 3000 (Cont'd) MC7815AC Mttorall (3531) 
SG253-12 SiliconG MC7815C Mttmll (3531) 
SG353-12 SiliconG LM14P-15 t ~ational 

5000 IlA78H12A Fairchild LM140A-15 t National 70 
LAS1912 Lambda LM340-15 National 
LAS1912B Lambda LM340A-15 National 
MLM138~12 Micropac LM7815 National 
MLM338-12 MicroPllc SG140-15K t SiliconG 

8000 42050-128 Micropac SG14O-15R t SiliconG 75 
SG7815ACK SiliconG 

10000 MLM196-12 Micropac SG7815ACP SiliconG 
MLM396-12 Micropac 10 SG7815AK t SiliconG 

16000 42055-1216 Micropac SG7815CK SiliconG 

13.2 100 TA78L 132 Toshiba SG7815CP SiliconG 80 

TA78L132A Toshiba SG7815K t SlliconG 

1500 LAS15CB Lambda SG78R15 SiliconG 
LM:}1O-15 TI 

13.8 2000 LAS16CB Lambda 15 TL780-15C TI 
14 2000 LAS16CB Lambda ~7815C TI 85 

8000 42050-148 Micropac 2000 ~A17815P Hitachi 
16000 42055-1416 Micropac LAS1615 Lambda 

15 100 IlA78L 15C Fairchild LAS1615B Lambda 

MC78L 15AC Motorola 20 L78S15 tSGS 
MC78L15C Motorola L78S15C SGS 90 

LM14OLA-15 t National CJSE001 Salitron 

LM340LA-15 National CJSEOO3 Salitron 

LM78L15A National CJSEOO5 SoUtron 

LM78L15C National 25 3000 LAS1415 Lambda 
IlPC78L15 NEC LAS1415B Lambda 95 
~78L15AC TI MC78T15 t Motorola 
~78L15C TI MC78T15A t Motorola 
TA78L01:i Toshiba MC78T15AC Motorola 
TA78L015A Toshiba 30 I MC78T15C Motorola 

250 LM342-15 National ISG153-15 t SiliconG 100 

500 IlA78M15C Fairchild SG253-15 SiliconG 

jli\78M15M t Fairchild 86353-15 SiliconG 

TD01615 lIT 5000 LAS1915 Lambda 

MC78M15C Motorola 35 LAS1915B Lam!lda 

LM341-15 National LML 138-15 Micropac 105 

Q) LM78M15 National LML338-15 Mlcropac 

"C IlPC78M15 NEC 8000 42050-158 Micropac 
=:1-- 1194-15 SGS 10000 MLM196-15 Micropac 
(!J SG140-15T t SiliconG 40 MLM396-15 Micropac 

C 
SG7815ACT SiliconG 
SG7815AT t SiliconG 16000 42Q55-1516 Micropac 110 

0 8000 ...... SG7815CT SiliconG 16 42050-168 Micropac 

U SG7815T t SiliconG 12000 42055-1612 Micropac 
Q) IlA78M15C TI 45 18 100 MC78L18AC Motorola 
Q) IlA78M15M tTl MC78L18C Motorola en 600 L131 SGS TA78L018 Toshiba 115 
'- 1000 L7815 tSGS TA78L018A Toshiba 
Q) ...... L78l5C SGS 500 TP01618 lIT en 
ell SG7815ACR SiliconG 50 MC78M18C Motorola 

~ SG7815AR t SiliconG IlPC78M18 N~C 
SG7815CR SiliconG SG140-18T t SiliconG 120 
SG7815R· t SiliconG SG340-18T SiliconG 
TA78015 Toshiba SG7818ACT SiliconG 
UC7815 tU.llrtda (3711) 55 SG78l8AT t SiliconG 
UC7815A tUIUrad. (3711) SG7818CT SiliconG 
UC7815AC UIUredt (3711) SG7818T t&iliconG 125 
UC7815C U.ltrolll (3711) 1000 IlPC7818 NEC 

1500 IlA7815C Fairchild STK522 Sanyo 
IlA1815M t Fairchild 60 STK542 Sanyo 
LAS1515 Lambda L781S tSGS 
LAS15A15 Lambda L7818C SGS 130 
LM140-15 tMotorall (3531) SG7817AP t SiliconG 
LM340-15 Mottroll (3531) SG7818ACP t Silicon§ 

'C7~15 tMltortl, (3531) 65 SG7818AP SiliconG 
(Continued) (Continued) 

t Military Temperature Range (-55' to 125'C) • Typical Value f--Balllilcel.llicalaa 1111111_1 dlt~ Is prevllllll II IU PIli 101111. 
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MASTER SELECTION GUIDE 

LINEAR-Voltage Regulators (Cont'd) 

Output Output Output Output 
Voltage, V Current Device Source Une Voltage, V Current Device Source Line 

Fixed, Positive (Cont'd) I 24 I (Cont'd) I 
300 STK507 Sanyo 

18 1000 (Cont'd) 
SG7818P SiliconG 500 p.A78M24C Fairchild 

SFC2818 Thomson-CSF "A78M24M t Fairchild 

1500 p.A7818C Fairchild 
TDD1624 ITT 70 

p.A7818M t Fairchild 
MC78M24C Motorola 

HA17818P Hitachi 5 "PC78M24 NEC 

LAS1518 Lambda SG140-24T t SiliconG 

L.140-18 t •• t .... (3531) SG34O-24T SiliconG 

LI1340-18 l1.torlll (3531) SG7824ACT SiliconG 75 

11C7818 tl1atorell (3532) SG7824AT t SiliconG 

11C7818A t· ........ (3532) 10 SG7824CT SiliconG 

11C7818AC Met ... 111 (3532) SG7824T t SiliCOnG 
11C7818C .. t ...... (3532) "A78M24C TI 
SG140-18K SiliconG p.A78M24M tTl SO 
SG140-18R SiliconG 1000 ~7824 NEC 
SG340-18K SiliconG 15 STK523 Sanyo 
SG340-18R SiliconG 
SG7818ACK SilieonG 

I 
L7824 tSGS 

SG7818ACP SiliconG 
L7824C SGS 

SG7818AK t SiliconG 
SG7824ACP SiliconG 85 

SG7818CK SiliconG 20 
SG7824AP t SiliconG 

SG7818CP SiliconG 
SG7824CP SiliconG 

SG7818K t SiliconG 
SG7824P t SilieonG 

SG78R18 SiliconG SFC2824 Thomson-CSF 

"A7818C TI 1500 p.A7824C Fairchild 90 

2000 MC78T18 t Motorola 25 p.A7824M t Fairchild 

MC78T18C Motorola LAS 1524 Lambda 

STK532 Sanyo L.140-24 t •• tnll (3531) 

L78S18 tSGS LI1340-24 •• Iorlll (3531) 

L78S18C SGS • 7824 t ....... (3532) 95 

3000 SG153-18 t SiliconG 30 MC7824A t •• loreII (3532) 

SG253-18 SiliconG MC1824AC •• tll'Oli (3532) 

SG353-18 SiliconG .C7824C .oleroll (3532) 

8000 42Oso,.188 Mieropac 
SG14O-24K SiliconG 
SG14O-24R SiliconG 100 

12000 42055-1812 Micropae SG34O-24K SiliconG 
, 42055-1812 Toshiba 35 SG34O-24P SiliconG 

20 100 TA78L02O Toshiba SG34O-24R SiliconG 
TA78L02OA Toshiba SG7824ACK SiliconG 

500 MC78M2OC Motorola SG7824ACR SiliconG 105 
SG140-2OT t SiliconG SG7824AK tSiliconG 

- SG34O-2OT SiliconG 40 SG7824CK SiliconG 
SG7820ACT SiliconG SG7824CR SiliconG 
SG7820AT tSiliconG SG7824K t SiJiconG 
SG7820CT SiliconG SG78R24 S;liconG 110 
SG7820T t SiIiconG p.A7824C TI 
p.A78M2OC TI 45 
p.A78M2OM tTl 2000 ' HA17824P Hitachi 

1000 LAS 1520 Lambda 
MC78T24 t Motorola 

SG140-2OK t SiliconG 
MC78T24C Motorola 

SGl40-2OR t SiliconG 
STK533 Sanyo 115 

SG240-2OK SiliconG 50 L78S24 tSGS 

SG340-2OP SiIiconG L78S24C SGS 

SG34O-2OR SiliconG 4000 42050-244 Mieropae 

,;: t SiIicooG I 10000 42055-2410 Mieropae I t SiliconG 
SG78R20 t SiliconG 55 26 4000 42050-264 Micropae 120 

2000 CJSEOO9 SoIitron 8000 42055-2608 Micropae 

CJSE011 SoIitron 28 1500 LAS 1528 Lambda 
CJSE013 Solitron 4000 42050-284 Mieropae 

8000 42050-208 Mieropac 8000 42055-2808 Micropae 
42055-2010 Micropae 60 

30 4000 42050-304 Micropae 125 
22 4000 42050-224 Micropae 

10000 42055-2210 Micropac 31 Shunt TAA550 National 

24 100 MC78L24AC Motorola 32 4000 42050-324 Micropac 

MC78L24C Motorola 33 Shunt TAA550 National 
TA78L024 Toshiba 65 
TA78L024A Toshiba 34 4000 42050-344 Mieropac 

(Continued) 35 Shunt TAA550 National 130 

t MlHtary Temperature Range (-55° to 125°C) • Typical Value 
.... fIcI 1RIa1a .... 1IwI1 11111 Is ".,. .... till,. ....... 
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Ie MASTER 

LINEAR-Voltage Regulator. (Cont'd) 
, . 

Output OUtput OUtput OUtput 
V~ge.V CUITIIIt DevIce Source Une Voltage. V Current Device Source Line 

Fixed, Negative 5.2 1500 (Cont'd) 
00320-5 SiliconG 

2 1000 MC7902C Motorola SG32O-5 SiliconG 
1500 "- LAS 1802 lambda 007905 t SiliconG 70 
2000 pA79E02 t Fairchild SG7905 t SiliconG 

pA79f;P2C Fairchild ~G7905 SiliconG 

3 100 MC79L03AC Motorola 5 SG7905 SiliconG 

MC79lO3C Motorola /oLA7952C TI 

5 100 MG79l05AC Motorola 3000 lM145K5 t National 75 

MG79l05C Motorola lM345K5 National 

lM320l05 Nl!tio~1 6 500 /oLA79M06C TI 
lM79l05 National 10 /oLA79M06M tTl 
lM79lO5A National 1500 LAS 1806 lambda 
MC79lO5AC TI MC7906C MDtDrDIa (3531) 80 
MC79l05C TI /oLA7906C TI 

250 LM32OMl05 National 2000 CJSE01S Solitron 

500 "A79M05C Fairchild 15 CJSE020 Solitron 
pA79MQ5M t Fairchild 5000 42051-065 Micropac 
lMl20H5 t NatiOnal 7 5000 42051-075 Micropac S5 
l~5 National 
lM320MP~ National 8 ~ /oLA7908M t Fairchild 

lM79MOS National 20 "A79MOSC Fairchild 

OO120-05T t SllIconG SG120-OST t SiliconG 

I 
SG22O-D5T SlUconG OO320-08T SiliconG 

OO320-05T SIIlconG /oLA79t.1OSC TI 90 

pA79M05C TI ~79M08M tTl 

~7QMOstJI tTl 25 1000 pA7908C Fairchild 

1000 "PC7905 NEG LASl80S ~ambda 

~l20-05P t SiliconG MC7908C MDtlrl1a (3531) 

SG22O-05P SiUconG /oLPC790S NEC 95 

~ OO320-05P SlIIconG 00 120-08K t SiliconG 

1500 ~7905C fairchild 30 
00 120-08R t SiliconG .. OO32O-0SK SiliconG 

I 
pA7905M t Fairchild 
LAS180S Lambda 

OO320-0SP SiliconG 

LAS 18A05 Lambda 
OO320-0SR SiliconG 100 

1IC79OSC ....... 11 (3531) 
SG7908 t SiliconG 

LM120K5 t Nl!tlonal 35 
SG~SA t SiliconG 

lM320K5 National 
SG7908AC SiliconS 

lM320T5 National 
OO790SC SiliconG 

LW905 National 
/oLA7~ TI 105 

(J) OOl20-05K t SiliconG 5000 42051-0S5 Micropac 

"C SG22O-05K SlliconG 40 9 1500 42051-095 Micropac 

::J S~220-05R SiliconG 10 1500 LAS1Sl0 lambda 

(!) OO320-05K Sili90nG 5000 42051-1P5 Micropac 
OO320-05R SlllConG 

c: 007905 t S1llconG 
12 100 MC79l12AC Motorola 110 

0 SG7~A t SilIconG 45 
MC7~L 12C Motorola 

..... OO7905C SlliconG 
lM320l12 National 

0 LM79l12 National 
(J) pA7905C TI 

Q) TDC2905 Thomson-CSF 
lM79l12A National 
MC79l12AC TI 115 en UC7905 tUlltrdl (3711) 
MC79l12C TI 

Jo.. UC7905A tUlltrUl (3711) 50 
(J) ~7806AC UlitnIM (3711) 200 LM120H12 t National ..... UC7905C Ulltrno (3711) lM320H12 Natiomit 
til 
a1 3000 MC79052C Motorola 

SG120-12T t SiliconG 

~ lM145K5 t National 
SG220-12T SlliconG 120 

lM345K5 National 55 
SG320-12T SiliconG 

5000 42051-055 Micropac 
500 "A79M12C Fairchild 

5.2 500 00120-5 tSiliconG 
pA79M12M t Fairchild 
lM320MP12 National 

S622O-5 SiIIconG lM79M12 National 125 
SG320-5 SlliconG /oLA79M12C TI 

1000 SG120-5 tSillconG 60 "A79M12M tTl 

~o.-5 SlliconG 1000 lM12OK12 t National 
SG32O-5 SilicoflG lM320K12 National 

1500 LAS 18052 Lambda lM320T12 National 130 
IC7905 •• tonill (3531) IlPC7912 NEC 
00120-5 SiliconG 65 SG12Q-12P t SilieonG 
SG22O-5 SilieonG OO220-12P SiliconG 
SGW)-5 SiliconG SG320-12P SiliconG 

(C!)ntlnued) (Continued) 

t Military Temperature Range (-55 0 to 125°C) • Typical Value 
.... flClII~ICI" .... l1li., .... II proll." n th PlI' '0l1li. 
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MASTER SELECTION GUIDE 

LINEAR-Voltage Regulators (Cont'd) 

Output 
Voltage. V 

Fixed, Negative 

12 

Output 
Current 

1500 

4000 

14 4000 

15 100 

200 

250 

500 

1000 

1500 

t Military Temperature Range (-55° to 125°C) 

~ IC MASTER 1984 

Source 
Output 

Une Voltage, V 

(Cont'd) 15 

Output 
Current 

1500 

Source Line 

T! 
(CoOt'd) I 

/U\7912G 
!lA7912M 
LAS1812 
LAS18A12 
MC79121C 
MC7912C 
lM7912 
SG120-12K 
SG220-12K 
SG220-12R 
SG320-12K 
SG32O-12R 
SG7912 
SG7912A 
SG7912AG 
SG7912C 
1LA7912C 

Fairchild 
t Fairchild 

lambda 
lambda 

(Cont'd) 
LA7915C 
T0C2915 
UC7915 
UC7915A 
UC7915AC 
UC7915C 

Thomson-CSF 
tUlltr.. (3711) 70 
tUtItr.. (3711) 

Utltron (3711) 

.ttlrlll (3531) 5 •. t...... (3531) 2000 

U.11rtft (3711) 

Micropac 

National 

42051-154 
CJSEOO2 
CJSEOO4 
CJSEOO6 

Solitron 75 

t SiliconG 
SiliconG 
SiliconG 
SiliconG 
SiliconG 

10 16 

18 

Solitron 
SoIitron 

42051-164 Micropac 

MC79118C Motorola 

t SHiconG 

4000 

100 
500 SG 120-18T t SiliconG 80 

t SiliconG 
SiliconG 
SiliconG 
TI 

15 

SG320-18T SiliconG 

1000 I'PG7918 NEG 

1500 LAS 1818 lambda 

ITDC2912 

:~:!~ 
Thomson-CSF 1 

~::: ~:~!!: 20 

MC7911C ....... (3532)1 
MG79l18AG Motorola 85 

UC7912AC 
UC7912C 

42051-124 

42051-144 

Ulltnlll (3711) 
UtIIntII (3711) 

Micropac 

Micropac 

MG79l15AG 
MC79115C 
lM32Ol15 
lM79115 

Motorola 25 
Motorola 
National 
National 

lM79l15A National 
i MC79115AG TI 

IIIC79L 150 n 
lM12OH15 t National 
lM320H 15 National 
SG120-15T t SiIiconG 
SG220-15T SiIiconG 
SG320-15T SiliconG 

lM32OMl15 National 

!lA79M15C Fairchild 
!lA79M15M t Fairchild 

30 

35 

National 40 

4000 

20 500 

1500 

SG 120-18K t SiliconG 
SG 120-18R t SiliconG 
SG320-18K SiliconG 
SG320-18P 
SG320-18R 
SG7918 
SG7918A 
SG7918AC 
SG7918C 
!lA7918C 

SiliconG 
SiliconG 

t SiliconG 
t SiliconG 

SiliconG 
SiliconG 
TI 

42051-184 Micropac 

SG 120-2OT t SiliconG 
!lA79M2OC TI 
~79M20M tTl 
LAS 1820 lambda 
SG120-2OI< t SiHconG 
SG 120-20R t SiliconG 
SG7920 t SiliconG 
SG7920A t SiliconG 
SG7920AC SiliconG 
SG7920C SiliconG lM320MP15 

lM79M15 
!lA79M15C 
I'A79M15M 

National 2000 CJSE010 Solitron 

MC79115A 
lM12OK15 
lM32OK15 

TI CJSE012 SoIitron 
t TI CJSE014 SoIitron 

Motorola 3000 42051-204 Micropac 

t National 45 22 3000 42051-223 Micropac 
Naijooal I---------__________________ ~--------~----___ 
National 24 100 
NEG 

t SiIiconG 500 

Motorola 
Motorola 

!lA79M24C TI 

90 

95 

100 

105 

110 

I
lM320T15 
I'PG7915 
SG120-15R 
SG220-15R 

1SG320-15R 

1!lA7915C 
1~7915M 
IlAS1815 
LAS18A15 

-------fI~:_79M2_4_M___=t_T_1 ____ 115 

1000 I'P.G7924 NEG Fairchild . 
t Fairchild 1500 lAS 1824 lambda 

SiIiconG 50 
SiIiconG 

I
MG79l24AC 

• MC79l24C 

(3532) 

1IC7915AC 
.7915C 
lM7915 
SG120-15K 
SG220-15K 
SG220-15P 
SG320-15K 
SG32O-15P 
SG7915 
SG7915A 
SG7915AG 
SG7915C 

lambda I 11II:71Z4I: .1IIrtII 
Lambda 55 ;.:A7924C TI 

........ (3531) I 3000 142051-243 Micropac 120 
~ (~1) -~--------3000-----------~~~-0-51--2-~--M-ic-ropa~c-----
National 

t SiliconG 28 1500 LAS 1828 lambda 
SiliconG 60 1 _________ 3OOO ________ -+4205 __ 1-_283 __ M_ic_r..,:.opa_c __ _ 

SiliconG 30 3000 42051-303 Micropac 
SiliconG 
SiIiconG 1_3_1 ________ ~~_oo~t __________ +T-~-----N-a-~-I---- 125 

t SiliconG 32 3000 42051-323 Micropac 

t SiIiconG 65 33 Shunt T AA550 Na~1 
SiIiconG 
SiliconG 35 Shoot T AA550 National 

(Continued) 36 3000 142051-363 Micropac 

• Typical Value .......................... "...... .... ,... ...... 
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Ie MASTER 

LINEAR-Voltage Regulators (Cont'd) 

Output Output Output Voltage 
Voltage, V Current Device Source line HI Low 

Fixed,Dual 32 1.2 

+5,+5 750,10 LM2935 IIUual (3540) 
1000,50 LT1005C linearTech 

LT1005M linearTech 

±6 5000 42051 Micropac 

±12 100 LM126 t National 5 
LM326 National 

±15 100 XR'1468 Exar 
XR1568 t Exar 
XR4195 Exar 
MC1468 Motorola 10 
MC1568 t Motorola 
LM125 t National 
LM325 National 
RC4195 Raytheon 
RM4195 t Raytheon 15 
001468 SiliconG 
001568 t SiliconG 
SG4501 S!lIconG 
TA7179 Toshiba 

200 OO1501A t SiliconG .20 
OO2501A SiliconG 
SG3501A SiliconG 

Adjustable, Positive 

Arranged in sequence by Output Voltage-High, Output 2.5 
Current, and then Output Voltage-Low, 

Suffixes designating package style differences are 3.3 
basically dropped in the Adjustable Voltage Regulator 
Section. Thus identical part numbers may be 

33 1.2 

referenced more than once under different 
parameters. Consult manufacturers on availabili1Y of 36 1.7 

different grades. 2.5 

16 1.3 40 ICL7663 111In11 (3505) 25 
4 8000 LAS39U Lambda 

20 1.2 10000 LM196 National 
LM396 National 2.85 

2 20 LM300 Intersi! 37 1.2 
00300 SlliconG 30 
SFC2300 Thomson-CSF 

24 3 150 UI2931 National 

26 1.8 12 CA3085 tlCA (3602) 

27 0 200 LH0075 t National 
lHOO75C National 35 

30 2 20 LM100 t Intersil 
00100 t SiliconG 
00200 SiliconG 
SFC2100 t Thomson-CSF 
SFC2200 Thomson-CSF 40 

2.6 3000 LAS14AU Lambda 

3 Shunt TL430C TI 
1800 L200 OOS 

4 1500 LASl5U Lambda 
2000 LAS16U Lambda 45 

5000 LAS19U Lambda 

4.5 12 ~5C Fairchild 
LM305 Intersil 
LM305 National 
ILPC141 NEG 50 
ILPC305 NEC 
ILPC325 NEC 
00305 SiliconG 

5 500 ILA78MG Fairchild 
1000 ILA78G Fairchild 55 

5000 1L78HG Fairchild 

t M;litary Temperature Range (- 55° ~o 125°C) • Typical Value 
.... flelll'lelllI ,"lllml •• 1. Is prowl .... u I. P'" 10"'. 

3228 

Output 
Current Device Source line 

100 TL317 TI 
3000 LM150 t linearTech 

LM150A t linearTech 
LM350 linearTech 60 
LM350A linearTech 
L.l50 t •• t ...... (3532) 
L.250 •• t .... (3532) 
L.350 •• t.ro .. (3532) 
LM150 t National 65 
LM250 National 
LM350 National 
00150 t SiliconS 
OO150A SiliconS 
00250 SiliconS 70 
OO25OA SlIlcQnS 
00350 SiliconS 
OO35OA SiliconS 
LM350 TI 
UC150 tUlllr'" (3711) 75 
UC250 UIIIrIII. (3711) 
UC350 Ulllr" (3711) 

5000 LMl38 t linearTech 
LM338 linearTech 
LT138A t linearTech 80 
LT338A linearTech 
Lt.1138 t National 
LM238 National 
LM338 National 

200 .Cl469 •• tor ... (3532) 85 
500 MC1469 Motorola 

200 TA7089 Toshiba 

3000 LLM350 Lambda 
5000 LLM338 Lambda 

100 CA3085A tICA (3602) 90 
100 ,.A431 Fairchild 

R431C •• 1 ...... (3535) 
TL431. t· ..... (3535) 
Tl431C TI 
TL431M tTl 95 

2000 TDA200 Thomson-CSF 

100 L.l17L t·.loro" (3532) 
LM217L .otorola (3532) 
L.317L •• t.r ... (3532) 
LM317L National -- 100 

500 00117 tSiliconG 
00217 SiliconG 
86317 SiliconS 
Tl117L tTl 

1500 ,.A 117 t fairchild 105 
,.Al17 Fairchild 
,.A317 Fairchild 
LLM317 Lambda 
LM117 t linearTech 
LM317 linearTech 110 
LT117A t linearTech 
LT317A linearTech 
MCELM117 MCE 
MCELM217 MCE 
MCELM317 MCE 115 
L.117 tMol8ro" (3532) 
L.217 .ot". ... (3532) 
L.317 •• llro" (3532) 
LM117 t National 
LM217 National 120 
LM317 National 
SG117 tSiliconG 
00217 SiliconS 
SG317 SiliconG 
LM217 TI 125 
LM317 TI 

(Continued) 
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MASTER SELECTION GUIDE 

LINEAR-Voltage Regulators (Cont'd) 

OUtput Voltage Output Output Voltage Output 
Hi low Current Device Source line Hi low Current Device Source line 

Adjustable, Positive (Cont'd) I 125 1.25 700 Tl783C TI I 
(Cont'd) 

1000 0 100 MC1466 Motorola 
37 1.2 1500 

MC15666 t Motorola 
TDC0117 t Thomson-CSF 
TDC0137 t Thomson-CSF Adjustable, Negative 
UC117 tU.llrolll (3711) 
UC217 Unltrelll (3711) 16 1.3 40 ICL7664 lateral! (3505) 
UC317 Uaitrode (3711) 5 24 2.2 5000 ~79HG Fairchild 70 

2 150 /LA723C Fairchild 27 0 200 lH0076 t National 
/LA723M t Fairchild lH0076C National 
/LA723 Intersil 
Me1723 tMetorela (3532) 30 0.035 20 lM304 National 

. MC1723C Motorola (3532) 10 /LPC142 NEC 

lM723 t National· 86304 SiliconG 75 

lM723C National SFC2304 Thomson-CSF 

RC723 Raytheon 2.2 500 ~79MG Fairchild 
RM723 t Raytheon 1000 /LA79G Fairchild 
CA723 tRCA (3602) 15 2.6 1500 LAS18U lambda 
CA723C RCA (3602) 

32 3.8 250 MC1463G Motorola (3532) 80 
SA723C Signetics 
/LA723 t Signetics 

500 TA7085A Toshiba 

s;.A723C Signetics 33 3.0 250 MC1563G Mcterel; (3532) 

86723 t SiliconG 20 34 3.8 600 MC1463R Motorola (3532) 
86723G SiliconG 37 1.2 500 lM137 t linearTech 
/LA723C TI lM337 linearTech 85 
/LA723M tTl lT137A t linearTech 
SFC2723C t Thomson-CSF lT337A linearTech 
SFC2723EC Thomson-CSF 25 LM137 tMetorlla (3532) 

2.5 250 LM117M tMltorol1 (3532) LM137M Molorola (3532) 

LM217M Molorola (3532) LM237 Molorola (3532) 90 
LM3HM Motorola (3532) LM23711 Motorola (3532) 

MCl569 tllllonlla (3532) LII337 ...... f3532) 

600 MCl569 t Motorola 30 
LM337M Motorola (3532) 

5 25 /LA376C Fairchild 
1500 MCElM137 MCE 

MCElM237 MCE 95 
lM376 National 

MCElM337 MCE 
38 2 100 863532 SiliconG lM137 t National 

150 LAS 1000 lambda lM237 National 
LAS723 Lambda 35 lM337 National 

3 150 l123CB SGS lT137A t National 100 

l123CT OOS lT337A National 

40 0 150 LAS3700 lambda 86137 t SiliconG 

4.5 12 /LA 105M t F~irchild 86237 SiliconG 

lMl05 t National 40 86337 SiliconG 

lM205 National 
lM137 tTl 105 

00105 t SiliconG 
lM237 TJ 

00205 SiliconG 
lM337 TJ 

SFC2105 t Thomson-CSF 
UC137 tUaltrolle (3711) 

SFC2205 Thomson-CSF 45 
UC237 Ualtrode (3711) 
UC337 Ulltrolll (3711) 110 

45 ~305AC Fairchild 
3.6 600 MC1536R t Motorola 

lM305A National 
SG305A SiliconG 40 0.015 20 lMl04 t National 

SFC2305 Thomson-CSF lM204 National 

1.7 100 CA3085B tRCA (3602) 50 
00204 SiliconG 

46 00304 SiliconG 115 
48 2 100 SGl532 t SiliconG SFC2204 Thomson-CSF 

ISG2532 SiiiconG IOOC2104 t Thomson-CSF 
150 ILAS1100 Lambda 47 1.2 500 lM137HV t linearTech 

lambda lM3371iV linearTech LAS723B 

56 8 1000 CJCA001 Salitron 55 lT137AHV t linearTech 120 
CJCA007 Salitron lT337AHV linearTech 

57 1.2 500 lMl17HV t linearTech 1500 lM137HV t linearTech 
lM317HV linearTech lM337HV linearTech 
lT17AHV t linearTech lT137AHV t linearTech 
lT317AHV linearTech 60 lT337AHV linearTech 125 

1500 lM117AHV t linearTech 56 8 1000 CJCAOO2 Solitron 
lM317AHV linearTech CJCAOOS Solitron 
lT117AHV t linearTech 57 1.2 100 lM337l National 

n 2 150 ,l146 86S 1500 lM137 t National 
jTDB1146 Thomson-CSF 65 (Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
BallI flal.llla" .lIIIItIeIalllallla .... 11 ... H Ih pap .0 ..... 
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Ie MASTER 

LINEAR-Voltage Regulator. (Cont'd) 

Output Voltage Output Output Voltage Output 
Hi Low Current Device Source line Hi Low Current Device Source Lint 

Adjustable, Negative (Cont'd) SwItching Regulator Circuits (Cont'd) 
MC3520 t ....... (3533~ 

57 1.2 1500 (Cont'd) 8815251 t ....... (3533) 65 
lM237 National 881521 ....... (3533) 
lM337 National 881527A t· ...... (3533) 
UC137 tUnitrode S8252IA ....... (3533) 
UC237 Unitrade 882521 ....... (3533) 
UC337 Unitrode 5 882527A ....... (3533) 70 

Adjustable, Dual 
1835251 .. , .... (3533) 

883521 ........ (3533) 

±lS.5 ±14.5 100 MC1468 Motorola 883527A IIIttnIa (3533) 

MC1568 t Motorola R4MC ...... (3533) 
R4M. t·1ttrIII (3533) 75 

±20 ±8 100 MC1468 Motorola R495C ......... (3533) 
MCl568 t Motorola R495. t ....... (3533) 
SGl468 . SIIiconG 10 I'A78540 Motorola 
SG1568 tSiIiconG lH1605 t National 

±14.5 100 SG1468T SiliconG lH1605C National 80 
SG1568T t SiliconG lM1524 t National 

±28 ±10 100 SG1502 tSiliconG lM2524 National 
SG2502 SIHcon6 15 lM3524 National 
SG3502 SlliconG Dl11 .. ,... (3511) 
SG4501 SlliconG 1C411Z ..... (3511) 85 

±42 ±O.Ol 100 XR4194M t Exar Dl93 ..,...... 
200 MCE4194 MCE (3578.3_ 

RC4194 Raytheon 20 RM4191 t Raytheon 
RM4194 tRaytheOn RM4192 t Raytheon 
SG4194 t SlIiconG RM4193 Raytheon 

SG4194C SiliconG CA15!4 tRCA (3&02) 90 
CA2524 RCA (3&02) 

Switching Regulators W5!4 RCA - (3&02) 

TDA4600-2 SIemens 
guol AlII (3315) TDA4700 Siemens 
111524 tElM' (3381) 25 TDA4700A Siemens 95 
1115251 tEur (3381) TDA4718 SIemens 
D1527A t£Dr (3381) TDA4718A Siemens 
XR2230 Exar IIE55eO SIIHIIa (3152) 
XR2235 Exar NE5561 Signetics 
IIZ524 ElM' (3381) 30 805IG f ......... 
m5Z5A Exar (3381) (526,3852) 100 
XU527A Eur (3381) SE5561 t Slgnetics 
X13524 £Dr (3381) 883524 ...... (3611) 

Q) X135ZU Eur (3381) SG1524 t SUiconG 
"'C Xl35Z7A Eur (3381) 35 SG1525A t SlliconG 
.:l 114M ElM' (3380) SG1526 t SiliconG 105 

CJ XR495 Ex. (33ID) SG1527A t SIIiconG 
SH1605A Fairchild SG2524 SiIIconG c: I'A494 Fairchild SG2525A SlliconG 0 I'A494M t Fairchild 40 SG2526 SlliconG 

~ 
!lA78S40 Fairchild SG2527A SUlconG 110 0 

Q) !lA78S4OM t Fairchild SG3524 SlliconG 
Q) ZN1060E t Ferranti SG3525A SiliconG 
en ZN1066E Ferranti SG3526 SiliconG 

'- ZN1066J t Ferranti 45 SG3527 SiliconG 
Q) MB3759 FujitsU SG3527A SlllconG 115 
~ 

MB3760 FujitsU .... ,29 f·I ... lx (3081) en 
CO lAS3800 lambda PW11125C SlIInIIlx (3081) 
~ lAS3820 lambda PW11127 SIlIenlx (3081) 

LAS3840 lambda 50 PW11127A tBl ... lx (3011) 
lAS6300 lambda ,..,27C SllIcIIlx (3011) 120 
LAS6300l lambda PW1125A fBlllcHlx (3081) 
lAS6301 lambda PW1125C BlI_lx (3081) 
lAS6302 lambda PWM27A tBlReIIlx (3081) 
lAS6330 Lambda 55 PW1127C BlIIe.lx (3011) 
LAS6331 lambda UlN-8126 Sprague 125 
LAS6332 lambda ULN-8160 Sprague 
MC33063 ......... (3533) ULN-8161 Sprague 
IIC34080 ....... (3533) UlQ-8126 Sprague 
IIC34OI3 ....... (3533) 60 UlS-8126 tSprague 
1IC3420 ....... (3533) UlS-8160 t Sprague 130 
IIC35060 ....... (3533) MC34060 TI 
IIC35GI3 t ....... (3533) SG1524 tTl 

(Continued) (Continued) 

t Military Temperature Range ( - 55° to 125°C) • Typical Value 
.... lIa IHICItII aMtIaII .... ls"...... MUtt JIll ...... 
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LINEAR-Voltage Regulators (Cont'd) 

Output Voltage Output OulputVoItage 
Hi Low Current Device Source Line Hi Low 

Switching Regulators (Cont'd) I Switching Regulator Circuits 

Switching Regulator Circuit!! (Cont'd) 
SG2524 TI 
S63524 TI 
SG3525A TI 

" SG3527A TI 
TL493C TI 5 
TL494C TI 
TL494M tTl 
TL495C TI 
TL497AC TI 
TL497AM tTl 10 
TL593C n (541) 
TL594C n (541) 
TL594M tn (541) 
TL595C TI 
TEA1001 Thomson-CSF 15 
UAA4001 Thomson-CSF 
UAA4003 ihomson-CSF 

I UAA4006 Thomson-CSF 
PIC600 Unitrode 
PIC601 Unitrode 20 
PICq02 Unitrode 
PIC6l0 Unitrode 
PIC611 Unitrode 
PIC612 Unitrode 
PIC625 unitrode 25 
PIC626 Unitrode 
PIC627 Unitrode 
PIC635 Unitrode 
PIC636 Unitrode 
PIC637 UnitrOde 30 
PIC645 Unitrode 
PIC646 Unitrode 
PIC647 Unitrade 
PIC655 Unitrode 
PIC656 Unitrode 35 
PIC657 Un/trode 
Plcqoo Unitrode 
PIC661 Unitrade 
PIC662 Unitrode 
PIC670 Unitrode 40 
PIC671 Unitrode 
PIC672 Unitrode 
PIC730 Unitrode 
PIC740 Unit~ 

PIC800 Unitrode 45 
PIC801 Unitrode 
PIC810 Unitrode 
PIC811 Unitrode 
UC1524 Uallrode (3709) 
UC1524A U.11rodI 

(3709.3709) 50 
UC1525A U.llrade (3709) 
UC1526 U.llrodl (3709) 
QC15?7A U.llrodl (3709) 

I~~~:~ 
U!!itrode 
Uallrade (3709) 55 

I!.ICl842 
. tU.llrolil (370,) 

UC2524 Unitrode 
UC2524A Unitrode 
UC2525A Unitrade 
UC2526 Unitrode 60 
UC2527A Unitrode 
UC2840 Unitrode 
UC2842 Unitrode 
UC3524 Unitrode 
UC3524A Unitrode 65 
UC3525A Unitrode 
UC3526 Unitrode 
UC3527A Unitrode 

(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bahl faalalilca •• lIdl ..... I.'111 prnIUII .IM PI ........ 

~ IC MASTER 1984 

MASTER SELECTION GUIDE 

Output 
Current Device Source Line 

I (Cont'd) I 
. UC3840 Unitrode 

UC3842 Unitrode 70 
UC493A tUallrodl (3709) 
UC493AC Uallrodl (3709) 
UC494A tUallrOlll (3709) 
UC494Ac uil,""" (3709) 
UC495 U.1I111111 (3709) 75 
UC495A tU.ltraft (3709) 
UC495AC Uallr .... 13709) 
UC495t1 tUallrodl (3709) 
UC4958C UallrolN (3709) , 
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Ie MASTER 

LINEAR-Other Devices 

Function Device Source Line Function Device . Source line Function Device Source line 

Other Linear Devices Analog Shift Register (Bucket Brigade Device) Dual 512 Balanced Modulator/Demodulator (Cont'd) 
stage, acts.as a variable delay line in the audio frequency 8042 Siemens 85 

AC Amplifier, Quad, Single Supply range) MN3001 Panasonic 40 MC1496 Signeties 
CA3048 tRCA MN3010 Panasonic MC1596 t Signetics 

AC Detector (Detects presence or absence of arc signals, Analog Shift Register (Bucket Brigade Device) (Dual 64 TCA240 Signetles 

includes adjustable threshOld and time delay.) stage, actS as a variable delay line in the audio range) TDA0820T Signeties 
3050 Intech •• 3003 Pllls.le (3559) SG1496 SiliconG 90 

AC Motor Speed Control Analog Shift Register (Bucket Brigade Device, 1024 stage) SG1596 SilieonG 
•• 3007 Pllas_le (3559) TA7320 Toshiba TDA1285 Motorola 
MN3204 Panasonic Blowout Resistant Transistor (simulates 40 V tranSistor 

AC Phase Control MN3207 Panasonic 45 with special protection) 
TEA 1087 Telefunken 

Analog Shift Register (Bucket Brigade Device, 128 Stage) LM195 t National 
U111 Telefunken 5 

MN3006 Panasonic LM295 National 

Active FiHer, Resistor Programmable Analog Shift Register (Bucket Brigade Device, 2048 stage) LM395 National 95 
R5621 Reticon MI3008 Plulllie (3559) Comparator, cache Address 
R5622 Reticon 

Analog Shift Register (Bucket Brigade Device, 256 Stage) TMS2150-4 n (4222) 

Active Filter, Universal •• 3009 PlIIHIIle (3559) TMS2150-5 n (4222) 

R5620 Retieon TMS2150-7 n (4222) 
Analog Shift Register (Bucket Brigade Device, 3328 stage) TMS2150-9 n (4222) 

Active Filters (See also Linear - Telecommunications MI3011 Plu_tc (3559) 

Circuits) ITF76 8 ... -...... Analog Shift Register (Bucket Brigade Device) (3,5,190 
Comparator, Drives Lamps, Relays or Logic Loads 

4082103 BIrr ........ (2152) stages) Ml3012 PII._le (3559) 50 (2152) 100 
81fT-...... UAF11 Analog Shift Register (Bucket Brigade Device, 4096 stage) 

(2152) 10 Comparator, Window (Internally set limits) 
.13005 P.lllllie (3559) MK104 AnalogSys UAF11H t811T-...... 

(2152) Analog Shift Register (Bucket Brigade Device, 512 stage) 4115/04 811T-...... 

OAF21 81fT-BrtwI 
•• 3002 Plu_le (3559) (2152) 

(2152) MI3004 Plus_Ie (3559) Comparators, Programmable with Memory (High/Low 

UAF21H t 811T-Browl 
TDA1022 Signetics Comparator) CA3098 tICA (3599) 

(2152) Analog Shift Register Clock Generator/Driver CA3099 tRCA (35H) 

UAF31 . .., ........ MN3101 Panasonie 55 Constant Current Source, 1 ~ to 10 mA 
(2152) Analog Shift Register (Ouad 64 stage) LMl34 t National 105 

UAF41 ..,-BnwI CCD64 MicroTech LM234 National 
(2852) 15 Analog Shift Register (185 stage, 190x2 stage) LM334 National 

CH1290 Cermetek S10110 AMI Control Circuit for Switched-Mode Power Supply 
CH1295 Cermetek Analog Shift Register (256 stage) TEA 1039 Signeties 
CH1296 Cermetek CCD256SERP MicroTech Coordinate Converter (polar to cartesian) 
FlT-U2 .. III (2165) CCD256SPS MieroTech 5090A OEI 
FLT-Um .. III (2165) 20 Analog Signal Processor - contains two transconductance CRT Geometry/Focus Corrector 
AFlOO t National amplifiers, two currl!flt-mode switches, output voltage C310 Intronies 110 
AF150 National buffer amplifier, and precision comparator C311 Intronies 
AF151 National GAP-01A PMI 60 C312 Intronies 

Q) MF10 National GAP-01B tPMI C410 t Intronies 
"'0 MF4 1It1 •• 1 (3541) 25 GAP-OlE PMI C411 t Intronies 
:J MF5 National GAP-01F PMI 

CRT Vertical Countdown 
C) MF6 National Attenuator AN829 Panasonic SN76566 TI 115 

c:: R5621 Reticon Attenuator, Dual Current Mirror, Adjustable Ratio NPN 

.2 R5622 Reticon AN829S Panasonic 65 TL010 TI - ADC Subsystem, 5 112 Digit, Quad Slope Integrating Attenuator, 3112-Digit BCD, digitally controlled Current Sensing Latch 0 
~ AD7555 AD (2838) 30 AD7525K AD SGl549 t SiliconG 

AD7525T tAD SG2549 SiliconG (J) Air Flow Sensor MP7525B MicroPwr SG3549 en SG3509 SiIIConG SiliconG 
MP7525K MicroPwr 

"- Air -Core Meter Driver MP7525T MicroPwr 70 
Current SenSing Latch, Triple 

(J) 
LM1819 National HA-23551 t Harris 120 

+"'" Automotive Lamp Monitor CIJ Current Source, Programmable a:s Alarm Circuit (Single chip detector/alarm system) ULN-2435A Sprague 
MJ335 AnalogSys 

~ CA3164E RCA (3604) ULN-2445A Sprague 
ULN-2455A Sprague Current Source, 4-Bit 

. Alarm Circuits, Temperature 
Balanced Mixer 

9650 Fairchild 
3030 Intech 

TL442M TI Current-Mode PWM Controller 
Alarm Circuits, Tone Alarm (Comparator with AC output) 

Balanced Modulator/Demodulator 
UCl846 t UlitrIIIl (3709) 

3010 Intech 35 10630 10 (3361) 75 UC1847 t UlltrHl (3709) 

Alarm Circuits, Tri-state Alert/Alarm (LED Dri\ler) MC1496 Motorola UC2846 Unitrode 125 

3020 Intech MC1596 t Motorola 
UC2847 Unitrode 

LM1496 National UC3846 Unitrode 
Analog Memory, Triple (three analog outputs whieh can be UC3847 Unitrode 
stepped up or down) LM1596 t National 

S175 Siemens AN610 Panasonic 80 Data Acquisition Controller for A/D Converter (ASCII 

AN612 Panasonic Output) CY600 CybernetiC 
Analog Multiplexer, 16-Blt, Parallel-In, Serial Out SL640C Plessey Data Acquisition System, front end. Multiplexer, 

CCD16MUX MlcroTech SL641C Plessey instrumentation amp (digitally programmable) and 
Analog Multiplexer, 16-Bit, Serial-In, Parallel-Out LS025 SGS sample/hold H15900-2 t Harris (2975) 130 

CCD16DMUX MicroTech (Continued) H15900-5 Hlrrls (2975) 

t Military Temperature Range (- 55' to 125C C) • Typical Value 
8114 flCllllllcatll d~It_1 dailis pravldltl II lU p.,1 1.l1li. 
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LINEAR-Other Devices (Cont'd) 
,,~-

Fu~n DevIce Source line 

Other lin~ar De~ices (Cont'd) 

Data Acquisition System front end. 16 
pseudo-differential/single ended Input cha"nels. 

H15901-2 t Harris (2917) 
H15901-5 H.rrls (2977) . 

D~ta Acquisition System, 6 Channel, samplelHold, Pulse 
Width Output I'A9708 Fairchild 

Data Acquisition System, 8 Channel Differeri~al, 
sample/Hold. 12-Bit Conversion 

HPAS-~IIC Dalll (2861) 
HDAS-81111 tDaIll (2861) 5 

, ' 

Data Acquisition System, 8 Channel Differential, 16 
Channel Single Ended, sample/Hcifd, 12-Bit Conversion (2 
device set) - AD363K AD 

AD363S tAD 
~o'3Mj AB (2846) 
AD3MK AD (2846) 
AD364S tAD (2846) 10 
AdaMT tAD (2M6) 

Data A~quisition System, 8 Channel (expandable), 
Sample/Hold, 8-Bit Co~version 

11117120 IIlcrel .. (3042) 
.1171208 t IIlertl .. (3042) 

Data Acquisition System, a Channel, Sample/Hold, 12-Bit 
AID 1117140 ,-Ierel" (3042) 

.17140H t IIlerollt (3042) 15 

Data Acquisition System, 8 Channel, ~-Bit Conversion 
ADC0808 Nati~nal 

ADC0809 Nation~1 

Data Acquisition System, 8 Channel, 8-Bil Conversion, 
Microprocessor Compatible 

AD75811 . AD (2838) 
AD7li81B AD (2838) 
AD7581C AD (2838) 20 
AD7581J AD (2838) 
A07581K AD (2838) 
AD7581L AD (2lq8j 
MP75815 t M'icroPwr 
IIP7581A IlcroP-wr (3046) 25 
IP7581B II!lcrePwr (3lM6) 
MP7581C IileraPwr (3046) 
IIP7581J 11cr.r.r (3846) 
IIP7~81tc; IIlcroPwr (3046) 
IIP7581L IIcrof'Wr (3046) 30 
MP7581T t IIleroPWr (3046) 
1Ii-7li81Q t IIIcroPwr (3046) 
81520 SlI"~ (-) 
TL520 TI 

Data Acquisition System, 8-Channel, 12-Bit AID Converter 
with Reference, Glock, Three-State Outp~ts, 
Microprocessor Interface 

HSq41D,1 Hyllrl"" (2981) 35 
HS941 OK HyIIrI"ys (2981) 
HS9410S1B t Hi'fNSy, (2981) 
HS9410T t HyWI"ys (2981) 

Data Acquisition System, 12 Bit 
11117150 IIlcrol" (3042) 

Data Acquisition System, 16 Chanpel or 8 Chanf1l!1 
Differential, 12-Bit AID 

AD362K AD 40 
AD362S tAD 
S01l854 Barr ........ 

(2148) 
'!III856 Bm-Bmll 

(214~) 
SOI856.1 Blrr-Bmll 

(2849) 
8.8561 Barr-an •• 

(2~8) 45 
SOI857 BIn'-BmII 

(2149) 
(Continued) 

t Military Tempera,ture Range (-55° to 125°C) 
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Function Device Source Une 

Data Acquillition System, 16 Channel or 8 Channel I 
Differential, 12-Bit AID ,(Cont'd) 

!B1I858 Blrr-BreWi 
(2849) 

Data Acquisition System, 16 Channel, sample/Hold, 12-Bit 
Conversion PDAS-16MC D.tII (2861) 

HBAS-16MM t BIl!' (2861) 

Data Acquisition System, -16 Channel 8-Bit Conversion 
DAS-952R Dltil (2865) 50 
ADC0816C National 
APC0817C t National 

Data AcqJ.1isition System, 16 Element or 8 Channel 
Differential, sample/Hold, 12-Bit Conversion 

DAS5712 Intach , 

Data AcquisitiDn System, 16 Element or 8 Channel 
Differential, sample/Hold, 14-Bit ConvE!rsion 

DAS5714 Intech 

Data Acquisition System, 16 Element or 8 Channel 
Differential, samplelHold, 16-Bit Conversion 

DAS5716 Intech 55 

pata Sepaiatoi/Modified Frequency Modulation Encoder 
TMD2010 Telmos 

DC to DC CQnverter: See Regulators. Switching, under 
Linear - Voltage Regulators. 

DC til DC Conyerter (12V to 5V) 
A970 t Intech 

DC to DC Converter (15V to 5V) 
A306!I Intech 

DC to DC Converter (± 5-16V to dual outputs) 
722 Burr-Brown 60 

DC to DC Converter (± 5-16V to four outputs) 
724 Burr-Brown 

Deglitcher (suppresses transients at outputs of D/A) 
4902 Teledyn~P 

4902-83 TeledyneP 

Digital Gain Set, for setting gain of op-amps 
LFl3006 NlO .... (3538) 
LF13007 •• U ... I (3538) 65 

Divider (See also ~ultiplierS/Dividers below.) 
AD535J ' AD 

AD535K AD 
glV1QO Birr-Brawl 

(285?) 

Driver, Control Circuit for Fast Switching Transistors 
UAA4002 Thomson-CSF 

DVM Circuits-See InterfaCE!-Analog to Digital Converters, 
also Digital-Special 70 

Electronic Switching Circuit (for ignitions) 
CA3165 JICA (3602) 

Electro-Optic Driver/Modulator 
MU115 AllalogSys 

Fiber Optic Data Link 
3712T/R Burr-Brown 

, 3713T/R Burr-Brown 
3714T Burr-Brown 75 

Fiber Optic Data Link Controller 
SN76333 TI 
SN76334 TI 

Fiber OptiC Detector/Preamplifier 
TIED460 TI 
T1ED461 TI 
TIED462 TI 80 
T1EP463 TI 

Fiber OptiC Emitter 
FOE380B-1 National 
FQE38OB-2 National 

* Typical Value 
BtltllaCllllllcaltS , __ 10.111111 Is prtvllltll 81 tn P'II .otlll. 

MASTER SELECTION GUIDE 

Function Device Source line 

Fiber Optic Receiver 

185 
FOR110 Burr-Brown 
FOR120 Burr-Brown 
FOR100B National 
FOR261F-1 National 
FOR261F-2 National 
FOR361B National 

Fiber Optic Transmitter 
FOT110 Burr-Brown 90 
fOT114 Burr-Brown 
FOT114-IR Burr-Brown 
FOT12O Burr-Brown 
FOT180B National 

Flasher (LED) LM3909 National 95 

Fluid Detector (OSCillator, balance detector) 
CS166 Cherry 
LM1830 National 
ULN-2429A Sprague 

Frequency SWitch, Programmable 
MC3344 Motorola 

Frequency to VoltaQeNoltage to Frequency Converter 
VFC32 !!urr-!!roW!! 

(2849.2853) 100 
VFC3205 t Burr-Brown 
VFC320B Blrr-Brt .. 

(2849) 
VFC320S t Burr-Brewn 

(2849) 
VFC32M t Burr-BreWR 

(2849.2853) 
VFC42 Barr-Bron 

(2849) 105 
VFC42M t Barr-Bnnrl 

(2849) 
VFC52 Blrr-Brt .. 

(2849) 
VFC52M t Blrr-Bro ... 

(2849) 
YFC62 Barr-B ..... 

(2849) 
VFC62B Barr-Brown . 

(2849) 110 
VFC62C Blrr-Brt .. 

(2849) 
VFC62S t Blrr-Bre .. 

(21l49) 
YFQ-1C Dltll (2865) 
VFQ-3C D.ttl (2865) 
XR4151C Exar (3385) 115 
X84151. t EXIr (3385) 
A8400 Intech 
A8402 Intech 
A84Q4 Intech 
MPVFC32B MicroPwr 120 
MPVFC32K MicroPwr 
MPVFC32S MicroPwr 
LM131 t National 
LM131A t National 
LM231 National 125 
LM231A National 
lM331 National 
lM331A National 
RC4151 Raytheon 
RC4152 Raytheon 130 
RC4153 Raytheon 
RM4151 t Raytheon 
RM4152 t Raytheon 
RM4153 tRaytheon 
4780 TeledyneP 135 
4781 TeledyneP 
4782 TeledyneP 
9400 TllledyneS 

(Continued) 
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Ie MASTER 

LINEAR-Other Devices (Cont'd) 

Function Device Source line 

Other Linear Devices (Cont'd) 

Frequency to VoltageNoItage to Frequency Converter 
(Cont'd) 

9401 TeledyneS 
9402 TeledyneS 

Frequency/Tone Operated Devices-See 
Linear-Telecommunication Circuits 

Frequency-to-Voltage Converter (precision) 
CS2907 . Cherry 
CS2917 Cherry 5 
LM2907 National 
LM2917 National 
L290 SGS 
L291 SGS 
L292 SGS 10 
L293 SGS 
4736 TeledyneP 

Function Generator, D/A Controller 
CY360 Cybernetic 

Hall Effect Devices (sense magnetic field) See also 
Digital-Other Digital Devices 

016835 .... 1IIIIIc (3558) 

016837 ....... Ie (3558) 15 
D1835 PI .. _1e (3558) 
UGN-3013T Sprague 
UGN-3019 Sprague 
UGN-303O Sprague 
UGN-3040T Sprague 20 
UGN-3220S Sprague 
UGN-3501 Sprague 
UGN-3604M Sprague 
UGH-3605M Sprague 
UGS-3019 tSprague 25 
UGS-3030 tSprague 
TL 172C TI 
TL173C TI 

Image Area Sensor, Linear Se/f-5canning 
RA100X100 Reticon 
RA 12SX 128A Reticon 30 
RA14X41 Retlcon 
RA256X256 Retieon 
RL1024SFX Reticon 
RL 128SFX Retico" 
RL512SFX Reticon 35 

Image Rotator 6125A OEI 

Image Sensor, Area, 525-Line US TV Compatible 
TC201 TI 

Image Sensor, Area, 625-Line European TV Compatible 
TC202 TI 

Image Sensor, CC Photodiode 
CCPD128x2 Reticon 
CCPD12Sx4 Reticon 40 
CCP012SxS Reticon 

Image Sensor, Circular, Self Scanning 
R064 Reticon 
R0720B Reticon 

Image Sensor, Linear Self Scanning 
CCD111 Fairchild 
CCD112 Fairchild 45 
CCDl22 Fairchild 
CCD123 Fairchild 
CC0133 Fairchild 
CCDl34 Fairchild 
CCD142 Fairchild 50 
CCDl43 fairChild 
CCD145 Fairchild 
CC0151 Fairchild 
MEL1024K Panasonic 
MEL1024KV Panasonic 55 
MEL 128 Panasonic 

(Continued) 

t Military T~lI1ptr!l!!ure Range (- 55 0 ~c ~25°C) 

3234 

Function Device Source line FunctIOn Device Source line 

Image Sensor, Linear Self Scanning (Cont'd) Level Detector, Precision, (with internal reference, schmitt 
MEL512KV Panasonic trigger action) (Cont'd) 
MEL64A Panasonie CS450 Cherry 
MEL864A ' Panasonic Level Detector, Precision Dual 
MN512 Panasonic 60 CSl22 Cherry 
RA-12Sxl28 Reticon CSl29 Cherry 115 
RA-256x256 Reticon CS130 Cherry 
RA-32X32A Reticon Level Detector, 12-Point (for fluorescent displays) 
RA-50X50A Reticon XR2276 Exar 
RL1024C Reticon 65 LC7555 Sanyo 
RL1024G Reticon LC7556 Sanyo 
RL 1024H Reticon 

Level Meter, Analog Input Drives a Bar of LED's 
RL1024S Retieon 

LBl405 Sanyo 120 
RL l024SF Reticon 

UAA170 Siemens 
RL128EC Reticon 70 

UAAl80 Siemens 
RL 1286 Reticon 
RL12SL Retieon Light Activated Switch 

RL128S Retieon ZNP100 Ferranti 

RL 128SF Reticon ZNP102 Ferranti 

RL172SH Retlcon 75 ZNP103 Ferranti 125 

RL2048H Reticon ULN-3330Y Sprague 

RL256C Reticon Light Detector (with buffer amplifier) 
RL256EC Reticon U123 Telefunken 

R1256G Reticon Light Sensor ULN-3310 Sprague 
RL32WD Reticon 80 Linear Filter (for sensor and control systems) 
RL4096 Reticon MF409 AnalogSys 
RL512C Reticon 

Linear Isolator (for sensor and control systems) 
RL512EC Reticon 

MI900 AnalogSys 130 
RL512G Retieon 
RL512S Reticon 85 Linear Regulator, High Efficiency 

RL512SF Reticon DCl834 tDII ..... (3710) 

RL64A Reticon UC2834 UII.,,, (3710) 

RL64W Reticon DC3834 D.I"'I (3710) 

Image Sensor, 128x1, CCD Low Battery Indieator, Triggers on 3 V (for use with 3 HiCd 

TC102 TI cells) ICM7201 Intersil 

Image Sensor, 256x1. CCD L VOT Signal Conditioner 

CC0111 Fairchild 90 NE5520 Signetics 135 

CCOl12 Fairchild Motor, AC Motor Control Circuit 

Image Se"sor, 488x380 Area Element, eeo HEF4752V SI .... lc. 

CCD222 Fairchild 
(865,899) 

Image Sensor, 1024x1, CCD 
Motor and Solenoid Driver 

CCD133 Fairchild 
Cl3169 RCA (3602) 

CCDl34 Fairchild 
Cl316aM tRCA (3602) 

Motor Driver, Full Bridge 
Image Sensor, 172Sx1, CCD U0II-295.2 Sprag .. (3089) 

CCD122 Fairchild 95 PIC900 Unitrode 140 
CCOl23 Fairchild 

Image Sensor, 172Sx1, CCD 
Motor Driver, Half Bridge 

SGl635 SiliconG 
CC0121 Fairchild SG3635 SiliconG 
TC101 TI UDN-2935Z Sprague 

Image Sensor, 2048x 1, CCD UDN-2950Z Sprague 
CCD142 Fairchild Motor Driver, Half H 
CCOl43 Fairchild 100 SN75603 TI 145 
CCDl45 Fairchild SN75604 TI 
TC103 TI 

Image Sensor, 2048xl, CCD 
Motor, Induction Motor Energy Saver (operates off 120 Vac 
line) HV 1 000 Hlrrl. (3471) 

pPD792 NEC 
pPD794 NEC 

Motor, Induction Motor Energy Saver (operates off 240 Vac 

MN8027 Panasonic 105 
line) HV1000A Hirri. 

(3471.3471) 
Image Sensor, 3456x1, CCO Motor Speed Controller 

CCD151 Fairchild MC213 AnalogSys 
TC104 TI 

Motor Speed Regulator . 
Keyboard Interface, Capacitive LS7263 LSIComp 150 

KB3710 GI TDA10S5A Motorola 
Level Detector, Logarithmic, 10 Step Analog CA3228 RCA (3602) 

NSL4944 National Motor Speed Regulator (for small dc motors). See also 
Level Detector, Precision, (with internal reference, schmitt Linear-Consumer Circuits. 
trigger action) MC212 AnalogSys 

CS127 Cherry 110 CS140 Cherry 
CS401 Cherry CS175 Cherry 155 
CS402 Cherry CS2907 Cherry 

(Continued) (Continued) 
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LINEAR-Other Devices (Cont'd) 

Function Device Source Une Function DeVice Source Une 

Other Linear Devices (Cont'd) I Multipliers/Dividers (Cont'd) I 
AD533S tAD (3363) 

Motor Speerl Regulator (for small de motors). See also AD534.i AD (3363) 
Linear-Consumer Circuits. (Cont'd) AD534K AD (3363) 

CS2917 Cherry AD534l AD (3363) 65 
!lA7392 Fairchild AD534S tAD (3363) 
LS7263 LSIColIIP (803) AD534T tAD (3363) 
LM1014 National, 4203 BIrr-8rOIQl 
SL440 Plessey 5 (2852) 
TCA900 SGS 42038 t Blrr-Bnnn 
TCA910 SGS (2852) 
TCA955 Siemens 4204 BIrr-8rowI 
JlE5520 Slp.llcs (3635) (2852) 70 
TDA1506 Signetics 10 42048 t Birr-Brow. 
SG1731 tSiliconG (2852) 
SG2731 SiliconG 4205 BIrr-Bro •• 
SG3731 SiliconG (2852) 
EF4443 Thomson-CSF 4205S t Birr-Brow. 

Motor, Stepping Motor Driver (2852) 
4206 Bm-Br ... TDA3717 MicroSci 15 

(2852) TDA3i17 Piessey 

I 
4213 Birr-Brown SAA1027 Signetics 

(2852.2853) 75 UDN-2949Z Sprague 
42138 tllrr-Brn. 

TL376C TI 
(2852.2853) 

Motor, Stepping Motor Translator/Driver 4213U BIrr-Br ... 
UCN-4202A Sprague 20 (2852.2853) 
UCN-4203A Sprague 4213V Blrr-Bron 

Multifunction Converter (generates output=(V1..;. V2) (2852.2853) 
LHOO94 National 4213W Bjlrr-Bre •• 
LHOO94C National (2852.2853) 

4214 Bm-BrIWI Multifunction Convertors (XV /Z)expM 
(2852) 80 4301 Barr-BnWl 

4214M t Bm-Br ... (2852) 
4302 Barr-BrO •• (2852) 

(2852) 25 MPV100 Burr-Brown 
MPV100A Burr-Brown 

Multipliers AD539J AD (3362.3363) 
MPY100s t Burr-Brown 

AD539K AD (3362.3363) 
RC4200 Raytheon 85 

AD539S tAD (3362.3363) 
RC4200A Raytheon 

MM109 AnalogSys 
XR2208 Exar 30 Noise Generator (psuedo-ramdom sequence generator for 

XR2208M t Exar audio) S2688 AMI 

XR2228 Exar MM5837 National 

XR2228M t Exar Oscillator, Crystal Clock (250 kHz to 60 MHz) 
A8495 Intech CK1100A Solarise 

ICL8013C Intersil 35 CK1114A Solarise 90 

ICL8013M t Intersil CK1144A Solarise 

MC1494 Motorola CK1145A Solarise 

MC1495 Motorola Oscillator, Fixed Frequency (10 Hz to 20 kHz) 
MC1594 t Motorola 4023 BIrr-Bren 
MC1595 t Motorola 40 (2852) 
CA3091 tICA (3604) 4025 B.rr-Broft 
SG1402 t SiliconG (2852) 
SG1495 SiliconG Oscillator, Quadrature 
SG1595 tSiliconG 4423 BIrr-Brew. 
SG2402 SiliconG 45 (2852) 95 
SG3402 SiliconG Overvoltage Protector 
TA7158 Toshiba L20V12 Lambda 

Multipliers/Dividers l20V15 lambda 

I AD530J AD L20V18 Lambda 
AU53UK AD L20V2O Lambda 
AD530L AD 50 L20V24 Lambda 100 
AD530S tAD L20V5 Lambda 
AD531J AD (3363) L20V6 Lambda 
AD531K AD (3363) L20V9 Lambda 
AD531L AD (3363) L60V12 Lambda 
AD531S tAD (3363) 55 L60V15 Lambda 105 
AD532J AD (3363) L60V24 . Lambda 
AD532K AD (3363) L60V28 Lambda 
AD532S tAD (3363) L60V5 Lambda 
AD533J AD (3363) L60V6 Lambda 
AD533K AD (3363) 60 MC3423 Motorola 110 
AD533L AD (3363) MC3523 t Motorola 

(Continued) (ContinUed) 

t Military Temperature Range (-55° to 125°C) * TypICal Value 
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MASTER SELECTION GUIDE 

Function Device Source Line 

Overvoltage Protector (Cont'd) 
SG1542 t SiliconG 
SG2542 SiliconG 
SG3423 SiliconG 
SG3423A SiliconG 115 
SG3523 tSiliconG 
SG3523A tSiliconG 
SG3542 Si/iconG 
MC3423 TI 

Peak Detector (senses and holds peak) 
4085 Birr-Brow. 

(2852) 120 
4085M t Birr-Brow. 

(2852) 
5006 OEI 
5030A OEI 
5032A OEI 
5902 tOEI 125 
PKD-01 PMI 

PIN DiOOe Driver 

I DH0035 t National 
DHOO35C National 
UDS-5790H t Sprague 
UDS-5791H t Sprague 130 

Potentiometer, Dual Double 
TDA1074A Signetics 

Potentiometer, 3112-Digit BCD 
AD7525K AD (2827.2829) 
AD7525L AD (2827.2829) 
A~7525T tAD (2827.2829) 
AD7525U tAD (2827.2829) 135 

Power Control Subsystem 
AM63UD AMD (3312) 

Power Control Zero Voltage Switch 
SL445A Plessey 

Power Supply Control (voltage reference, over and under 
voltage sensing) 

X81543 Ex.r (3382) 
182543 Ex.r (3382) 
X83543 Exlr (3382) 140 
SG1543 tSiliconG 
SG1544 t SiliconG 
SG2543 SiliconG 
SG2544 SiliconG 
SG3543 SiliconG 145 
SG3544 SiliconG 
UCl543 t Uallre. (3710) 
UCl544 t Uo/troll. (3710) 
UCl901 t 0I11roH (3710) 
UCl903 t Uollroll. (3710) 150 
UC2543 011lI"0II. (3710) 
UC2544 U./trod. (3710) 
UC2901 Ulltrod. (3710) 
UC29D3 OI/tradt (3710) 
UC3543 Ua/tron (3710) 155 
UC3544 U./troM (3710) 

I UC3901 U.ltrode (3710) 
UC3903 UIIltrode (3710) 

Power Supply Controller (voltage reference, pulse 
generator and timing circuitry, error amp) 

LA5700 Sanyo 
TL496C TI 160 

Power Supply Overvoltage Sensing Circuit, Pin 
Progr~mmable 

MC34062 Motorola 
MC35062 Motorola 

Power Supply Overvoltage Sensing Circuit, Three-Terminal 
MC34061 Motorola 
MC34061A Motorola 
MC35061 Motorola 165 
MC35061A Motorola 
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Ie MASTER 

LINEAR-Other Devices (Cont'd) 

Function Device Source line Function D8YIce Source line Function Device Source line 

Other Linear Devices (Cont'd) Reference Voltage (two terminal active circuit 1.220 Reference Voltage, 2.5 V (Cont'd) 
V±5 .. ) (Cont'd) LMl85-2 t National 

Power Supply Supervisory Circuit 9491AM tTeledyneS LM236-2 National 
MC3324 Motorola 9491B TeledyneS 55 LM236A-2 National 120 
MC3324A Motorola 9491BM TeledyneS LM285-2 National 
MC3424 Motorola Reference Voltage (two terminal active circuit) 1.235 LM336-2 National 
MC3424A Motorola V±~ LM185-1 t LinearTech LM385-2 National 
MC3524 Motorola 5 LM385-1 LinearTech SG1503 SiliconG 
MC3524A Motorola LT1004C LinearTech SG2503 SiliconG 125 

Power Supply Supervisory/Over-Under Voltage Protection LT1004M t LinearTech 60 SG3503 SiliconG 
Circuit MC3425 Motorola ) lM285-1 M.I ...... (3535) TDBOl36 Thomson-CSF 

MC3425A Motorola lM385-1 M.I ..... (3535) TDCOl36 t Thomson-CSF 
MC3525 Motorola - lM385B-1 M.tarel. (3535) 
MC3525A Motorola 10 LM185 tNational Reference Voltage, 2.5 V (trimmable output) 

LM285 National 65 ZNREF025 Ferranti 
Pressure Transducers, Absolute 

LX04XXA National LM385 National Reference Voltage, 2.5, 5.0, 7.5, and 10.0 V 

LX05XXA National Reference Voltage (two terminal active circuit) 1.8 to 5.6 V AD584J AD (2842) 130 

LX05XXAO National LM103 t National AD584K AD (2842) 

LX06XXXA National Reference Voltage, 1.23 V AD584l AD (2842) 

LX 14XXA National 15 AD589J AD (2842) AD584S tAD (2842) 

LX 14XXAF National AD58K AD (2842) AD584T tAD (2842) 

LX 14XXAS National AD581l AD (2842) 70 AI584U tAD (2842) 135 

LXl600A National AB58911 AI (2842) Reference Voltage, 4 V (trimmable output) 
LX 16XXA National AD58. tAD (2842) ZNREF040 Ferranti 

I 
LX 18XXA National 20 AD589T tAD (2842) 

Reference Voltage, 5 V 
AD589U tAD (2842) ! 

Pressure Transducers, Backward Gage AD584 AD 
LX0603GB National ICl1069 IM'III (3521) 75 

M'5531 t Mlcrlf'wr (3529) 
LX06XXGB National ICL806911 tiliersil (3521) 

MP5541 tMicroPwr 
LX 16XXGB National LMl85-1 t National 

MP5543 t MicroPwr 140 
LX 18XXGB National LM285-1 National 

MPllEF·D2 t MIcnI'wr (3529) 
Pressure Transducers, Differential LM385-1 National 

MPREF-02A tMicroPwr Iii 

! 
- LX16XXD National 25 Reference Voltage, 1.26 V (two terminal active circuit) MPREF-02C MicroPwr 

LX18XXD National ZN423· Ferranti 80 
MPREF-02D MicroPwr 

Ii 
LX96XXD National Reference Voltage, 2.45 V (two terminal active circuit) MPREF-02F MicroPwr 145 

Pressure Transducers, Gage VR-l82A Datel MPREF-02H MicroPwr 
LX06OO2D National VR-182B Datel 

1IC1400-5 .. t .... (3534) 
LX06OO2G National VR-182C Datel 

.1400A·5 MIIIreII (3534) 
LX06XXXD National 30 ZN404 Ferranti 

MC1404-5 IIItereII (3535) 
LX 16XXG National ZN458 Ferranti 85 

.1500-5 t Mot'"''' (3534) 150 
LX 18XXG National ZN458A Ferranti 

1IC15OOA·5 IIetnIa (3534) 
Programmable Quad Comparator, Micropower ZN458B Ferranti 

MCl504-5 t ......... (3535) 
LP165 National Reference Voltage, 2.5 V LM136-5 t.National 

Q) LP365 National AD1403 AD (2842) 
LMl36A-5 t National 

"'0 Proximity Detector, Electromagnetic AD1403A AD (2842) 
LM168-5 t National 155 

::J CS191 Cherry 35 AD580J AD (2842) 90 
LM236-5 National 

CJ CS209 Cherry AD580K AD (2842) 
LM236A-5 National AD510l AD (2842) 

C Pulse-Width Modulated Controller (for motors, heaters, AD580S tAD (2842) LM268-5 National 
0 lamps) MC343 AnalogSys 

AD580T tAD (2842) LM336-5 National ...... Pulse-Width Modulator Control System (for switching AD5_ tAD (2842) 95 LM336B-5 National 160 () 
Q) regulators, motor-speed controllers) AD584 AD (2842) LM368-5 National 

Q) IR2230 Enr (3382) LMl36-2 tUnearTech REF-02 tPMI 

en Quantizer, 4-Bit (Quantizes analog voltage into 15 LM336-2 LinearTech REF-02A tPMI 

~ 
equally-spaced levels and outputs 4-Bit binary digital LM385-2 LinearTech REF-02C PMI 

2 word at sampling rates up to 100 MHz.) LT1004C-2 LinearTech 100 REF-02D PMI 165 
(Jj AM6688 AMD (3309) LT1004M-2 t LinearTech REF-02E PMI 
as AM6688l·6 AMB (3309) 40 LT1009C-2 LinearTech REF-02H PMI 

::E AM6688l·7 A.D (3309) LT1009M-2 t LinearTech REF-05A PMI 
AM6688l-8 AMD (3309) MP5540 MicroPwr REF-05B tPMI 
AII6688M-6 tAliD (3309) lM285·2 ......... (3535) 105 REF·02 IIayIIIHI (3585) 170 
AM6&88M·7 tAMB (3309) 1.11385·2 MIl ...... (3535) REF-D2A RIyt ... (3585) 
AII&688M-8 t AJID (3309) 45 lM385B-2 Meterela (3535) REf·02C Rlytlllw (3585) 

Read Chain Data Comparator 1IC1400-2 •• t ...... (3534) REf.o2D Ka,. ... (3585) 
TL712 TI MC1400A·2 lilt ..... (3534) REF-02E IIIytfIIII (3585) 
TL721 TI MC1403 .......... (3535) 110 REF·02H RlytIJHa (3585) 175 

Reference Voltage (two terminal active circuit 1.220 MC1403A •• tnll (3535) 9495A tTeledyneS 
V±5 .. ) MP5010 t Mlcrlf'wr (3529) MCl500-2 t IIDI"" (3534) 9495C TeledyneS 

M'501OA t MlcraPwr (3529) MC1500A·2 t M .. oreIa (3534) TSC9495 TeledyneS 
LM113 t National 50 .1503 t lIIterell (3535) 

Reference Voltage, 5 V (trimmable output) LMl13-1 t National MCl5D3A tMet .... (3535) 115 
ZNREF050 Ferranti LM113-2 National LM136-2 t National 

LM313 National LM136A-2 t National Reference Voltage, 6.1 V (trimmable output) 
(Continued) (Continued) ZNREFO!>l Ferranti 180 

t Military Temperature Range i-55' to 125'C) • Typical Value 
BeN laceltl.lcelll ••• Wenl Uta " ,...vlHlllIlH pili ..... 
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MASTER SELECTION GUIDE 

LINEAR-Other Devices (Cont'd) 

Function Device Source Line Function Device Source Line Function Device Source Line 

Other Linear Devices (Conl'd) I Reference Voltage, 10 V(or -10 V) (Coot'd) I Resolver and Synchro Systems (Cont'd) I 
HC2701 HyComp , 60 HSDC-14 DOC 

Reference Voltage, 6.2 V HC2701-883 t HyComp HSDC-360 DOC 
LMl68-6 t National HC2710 HyComp HSDC-8915 DOC 
LM268-6 National HC2710-883 tHyComp HSDC-8916 DOC 130 
LM368-6 National HC2711 HyComp HSDC-8917 DOC 

Reference Voltage, 6.25 V HC2711-883 t HyComp 65 HSDC-8918 DOC 
MC1400-6 Moloroll (3534) MP5532 t MlcroPwr (3529) HSDC-8919 DOC 
MC1400A-6 Molorola (3534) MP5542 tMicroPwr HSDC-8920 DOC 
MC1404-6 Molarola (3535) MP5545 tMicroPwr HSDC-8921 DOC 135 
MC1500-6 t Molorola (3534) MPREF-Ol t MlcroPwr (3529) HSDC-8922 DOC 
MC1500A-6 t Molorola (3534) MPREF-l0 t MlcroPwr (3529) 70 HXCDX-14 DOC 
MCl504-6 t Motorola (3535) MC1400-10 MOlorola (3534) HXCT-14 DOC 

Reference Voltage, 6.9 V MC1400A-l0 Motoroll (3534) HXDC-l0 DOC 
, LMl29 t LinearTech 10 MC14.04-10 Motorola (3535) HXDC-14 DOC 140 
LM329 LinearTech MC1404A-l0 Motorola (3535) SDC-14510 DOC 

Reference Voltage, 6.9 V Temperature Stabilized MC1500-10 t Motoroll (3534) 75 SDC-14520 DOC 

LMl29 t National MC1500A-l0 t MOIOl'Oll (3~34) SDC-191oo DDC 

LMl99 t National MC1504-10 t Molorola (3535) Resolver, Digital to Resolver Converter (ORC) 
LMl99A t National MC1504A-l0 t Molorola (3535) DRC1765 tAD 
LM299 National 

I~ 
LHOO70 t National DRC1766 tAD 145 

LM299A National LMl68-10 t National 80 
RMS to DC Converter 

LM329 National LM268-10 National AD536A AD (3363) 
LM399 National lM368-10 Nationai AD536AJ AD (3363) 
LM3999 National REF-Ol tPMI AD536AK AD (3363) 
LM399A National 20 REF-OlA tPMI AD536AS tAD (3363) 
LM329 Raytheon REF-01C PMI 85 AD636J AD (3359.3363) 

Reference Voltage, 6.95 V REF-01O PMI AD636K AD (3359.3363) 
LMl99 t LinearTech REF-OlE PMI AD637J AD (3360.3363) 
LM399 LinearTech REF-01H PMI 'AD637K AD (3360.3363) 

REF-lOA PMI 
Reference Voltage, 7.5 V REF-lOB tPMI 90 

4340 Birr-BraWl 
AD584 AD (2852) 

MP5544 MicroPwr 25 
REF-Ol RlytltlU (3584) 4341 BIrr-BraWl 
REF-OlA Hlytlteon (3584) 

Reference Voltage, 10 V (trimmable output) REF-01C Raytbeon (351$4) 
(2852) 

LH0091 t National REF10lJ Blrr-BrDWI REF-OlD Rlytb ... (3584) 
(2852) LH0091C National 

REF-OlE HlytIt~ (3584) 95 
REFl01S t BIfT-arDWI REF-01H 81ytlllOl (3584) sample and Hold Circuits 

(2852) TSC9496 TeledyneS LFl98 AMO 
ZNREFloo Ferranti LF298 AMD 

Reference Voltage, 10 V(or -10 V) 
Reference Voltage, 10.24 V LF398 tAMD 

LH0071 National 
AD2700J AD (2842) LH0071-O National 

AD582K AD (2847) 

AD2700L AD (2842) 30 LHOO71-1 National 100 
AD582S tAD (2847) 

AD2700s tAD (2842) LH0071-2 National 
AD583K AD (2847) Q) 

AD2700U tAD (2842) AD583S tAD (2847) :2 
A02701J AD Reference Voltage, ± 10 V AD585J AD (2842.2847) 165 ::l 
A02701L AD AD2702L AD AD585S tAD (2842.2847) (!) 
AD2701S tAO 35 AD2702S tAO AUSHC-85 AD (2847) 

AD2702U AD C 
AD2701U tAO AOSHC-85E tAD 0 
AD271OK AD (2842) 

A02712K AD 105 ADX346 AD :;:: 
AD2710L AD (2842) A02712L AD HTC-03DO AD (2847) 170 (,) 

AD2720A AD (2842) A02720 AD (2842) HTC-0500 AD (2845.2847) Q) 

AD2720C AD (2842) 40 R675B-3 t HybridSys HTS-0025 AD (2847) Q) 

A02720S tAD (2842) R675C-3 HybridSys MH410 AnalogSys en 
AD2720T tAD (2842) HC2702 HyComp 110 MN245 Analogic ~ 

HC2702-883 t HyComp Q) 
AD27720B AD MP250M Analogic 175 +oJ 

A0581J AD (2842) 
HC2712 HyComp MP260 Analogic UJ 
HC2712-883 t HyComp as 

AD581K AD (2842) 45 MP261 Analogic 
~ AD581L AD (2842) Regulator Diode with Amplifier (6.8 to 11 V) MP270 Analogic 

AD581S tAD (2M2) MeA-series Motorola MP"27i Anaiogic 
AQ581T tAD (2842) Resolver and Synchro Systems MP272 Analogic 180 
10581U tAD (2842) SDC1740 AD 115 MP282A Analogic 
AD584 AD 50 SOC1741 AD SHC298AM Barr-BrowR 
REF10l Blrr-Br ... SDC1742 AD (2849) 

(2852) DRC10500 DOC SHC8D Blrr-Browl 
HSREFOl HybridSys HMSDC-8700 DDC (2849) 
R675B-l t HybridSys HRCDX-14 DOC 120 SHC85 Barr-Braw. 
R675B-4 t HybridSys HRCT-14 DOC (2849) 
R675B-5 tHybridSys 55 HRDC-l0 DOC SHC85ET Borr-Browl 
R675C-l HybridSys HRDC-14 DOC (2849) 185 

R675C-5 HybridSys HSCDX-14 DDC SHM-2DC D1tll (2864) 
HC2700 HyComp HSCT-14 DDC 125 SHM-20M tDlItI (2864) 
HC2700-883 tHyComp HSDC-10 ODC SHM-6MM tDlItI (2861) 

(Continued) (Continued) (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
8 ... faa It"alll .HIU.alallla pre" ..... tH ,I" .0IIII. 
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LINEAR-Other Device. (Cont'd) 

Function DevIce Source Une 

Other Linear Devices (Cont'd) 

Sample and Hold Circuits (Cont'd) 
sa.-7.e DlIII (2884) 
sa.-7M. t DlIIi (2864) 
SHM-8MC Oatel 
SHM-HUMe DlIIi (28&1) 
SHM-HUMM tOatel 5 
SHM-IC-l ..... (2864) 
SHM-IC-1M tDatei 
saIl-LM-2 DllII (2184) 
SHM-LM-2M t Datel 
p.A198 t Fairchild 10 
p.A298 Fairchild 
p.AF398 Fairchild 
HA-2420 Hlrrls (2955) 
HA-2425 t Harris (2955) 
HA-5310 Harris 15 
HA-5320-2 tHIITIi (2951) 
HA-5320-5 Harris .(2951) 
SH-8518 DOC 
ASH240 Intech 
ASH250 Intech 20 
ASH271 Intech 
IH5110 t Intersil 
IH5111 tlntersil 
IH5112 Intersll 
IH5113 Intersil 25 
IH5114 Intersi! 
IH5115 Intersll 
.1343 .1cnIIII (3045) 
I11I343II t MlcnIIII (3045) 
•• 344 .1crIIII (3045) 30 
l1li3448 t IIIcroIIII (3045) 
MI348 IIIcnIIII (3045) 
.a48I tMIcrIIIII (3045) 
.1347 ....... (3045) 
.13471 t IIIcnIIII (3045) 35 
R375A Iller .... (3045) 
•• 7130 .1cnIIIt (3042) 
.171_ t IIknIIIt (3042) 
LFl98 tNational 
LF198A t National 40 
LF298 National 
LF298A National 
LF398 National 
LF398A National 
LH0023 ~tNatlCll1ar 45 
LHOO23C National 
LH0043 t Natiooal 
LHOO43C National 
LHOO53 t National 
lHOO53C National 50 
SHM6401 National 
I'PC649 NEC 
5021 OEI 
5025 OEI 

" SMP10A tPMI 55 
SMP10B tPMI 
SMP10E PMI 
SMP10F PMI 
SMP11A tPMI 
SMP11B tPMI 60 
SMP11E PMI 
SMP11F PMI 
SMP11G PMI 
SMP81E PM! 
SMP81F PMI 65 
LF198 tSignetics 
LF298 Signetics 
LF398 Signetics 
IE5537 S ..... (3669) 
SE5537 tSignetics 70 

(Continued) 

t Military Temperature Range (- 55° to 125°C) 

3238 

Function DevIce Source Line Function Device Source Line 

Sample and Hold Circuits (Cont'd) Switches ICL8018AC Intersi! 
CSH101A tTeledyneC ICL8018AM t Intersil 110 
4856 TeledyneP ICL8019AC Intersi! 
4857 TeledynaP ICL8019AM tlntersll 
4860 TeIedyneP ICL8020AC Intersll 
4860-83 tTeIedyneP 75 ICL8020AM tlntersll 

SCRITRIAC Control (burst control) Switching Regulators. See Linear-Voltage Regulators, 
L121 SGS Switching 115 

SCRITRIAC Control (for push-button control) Tachometer: See Frequency to Voltage and Frequency 
UAA4007 Thomson-CSF Switch above 
UAA4008 Thomson-CSF 

Temperature Controlled Differential Pair 
SCRITRIAC Control (phase control) p.A726C Fairchild 

L120 SGS "A726M t Fairchild 
UAA145 Telefunken 80 

Temperature Transducers 
UAA146 Telefunken AD5901 tAD 

SCRITRIAC Control, (zero voltage control) AD590J tAD 120 
TEA1511 Thomson-CSF AD590K tAD 

Sensor/Controller, Air Temperature AD590L tAD 
MS120 AnaiogSys AD590M AD 

Sensor/Controller, Ground Moisture and Liquid Level A0590I t Intersi! 
MS211 AnaiogSys A0590J t Intersil 125 

Sensor/Controller, Relative Humidity AD590K tlntersll 

MS214 AnalogSys 85 A0590L tlntersll 

Sensor, Ultrasonic Object Detector (position and distance) 
AD590M tlntersll 

MS118 AnalogSys ICL8073 Intersi! 
1Cl8074 Intersll 130 

Sequencer, 10 Outputs, 100 j.\S to 100 Seconds MMB18102 Motorola 
. MC116 AnaiogSys .... B18103 Motorola 

Serial Analog Delay (analog storage units with read MMB18105 Motorola 
in/read out shift register) (See also Analog Shift Registers LM134 t National 
above) R5106 Reticon LMl35 tNatiofJal 135 

Serial Analog Delay, Tapped (bucket brigade with 32 taps) LM234 National 
TAD32A Reticon LM334 National 

Servo Amplifier, for Motor Control LM335 Natiooal 
ZN409CE Ferranti 90 LM35 National 

Servo Controller, for VTR or de Servos LM3911 National 140 

AN6880 Panasonic "PC3911 NEC 

LB1601 Sanyo REF-02 tPMI 
REF-02A tPMI 

Servo Controller. Proportional Control REF-02C PMI 
XR2264 Exar 

REF-020 PMI 145 XR2265 Exar 
REF-02E PMI 

Servo Controller, RadIO Controlled Cars, 2 Channel REF..Q2H PMI 
XR2266 , Exar 95 LA7011 Sanyo 

Signal Processor, Real TIme DIgital Processing of A~1og TOC(Il34 t TIxlmson-CSF 
Signals (programmable) TDCOl35 t Thomson-CSF 150 

2920 Intel 
Thermal Converter (matched transistors, diffused 

2921 Intel resistors) 4131 Burr-Brown 
Smoke Detectors: See Linear-Consumer Circuit, Threshold Switch (oscillator, switch with hysteresis) 
Miscellaneous TCA105 Siemens 

Solar Transceiver Threshold Switch (213 supply voltage) 
M1812 National CS560 Cherry 

Stepper Motor Controller TCAMS Siemens 
SSll83 SiliconSys 100 

Tone Decoder (traffic signal control and detector) 
Stepper Motor Predriver LA2200 Sanyo 155 

SSll84 SIIiconSys 
Track and Hold 

Stepping Motor Controller/Driver, 24 V HTS-0010 AD (2142.2847) 
SAA1042A Motorola ADH-050 DOC 

Stepping Motor Controller/Driver, 6-12 V AOH-051 DOC 
SAA1042 Motorola TH-8530 DOC 

Switch Driver, for Power Transistors THA05203 DOC 160 
SGl629 t SiliconG IIII0300A .,crtIIII (3045) 
SG3629 SiliconG 105 IlII05O .1crtIItI (3045) 

SWitched CapaCitor Array Ma73 Mlere .... (3045) 

SCA-12 SJIIcIISp MN374 MicroNet 
(3AU'72) l1li376 .,crIIIIt (3045) 165 

SCA-6 SIIIcII8ya Ml377 IIIcnIItI (3045) 
(3115.4'72) l1li379 .,er .... (3045) 

Switched Capacitor Filter Array (mask programmable) Traffic Information Control System (ARl-OK type) 
R5626 Retlcon LA2211 Sanyo 

• Typical Value 
Bold rUI 1IIfIca_"~1tI1U1 data I, PlGyl' .. III till 11111 .1". 
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MASTER SELECTION GUIDE 

LINEAR-Other Device. (Cont'd) 

function DevIce Source Une Function Device Source Une Function Device Source Une 

Other Linear Devices (Cont'd) I 
Transversa b ter, Quad Chirped (for discrete fourier 
transform : I ~ spectral density applications) 

i R5601A-1 ReticQn 
ril R5601A-2 Reticon 

----I 

Voltage to Frequency/Frequency to Voltage Converter I 
' (Cont'd) 

VFC32 Burr-Brown 
VFC32M t Burr-Brown 
VFC42 Burr-Brown 
VFC42M t Burr-Brown 

Dual Voltage level indicator: See Window Discriminator I 
below . 

Quad Voltage Level Monitor/Alarm (activated If any of 4 
inputs differs by more than ± 5, ± 10 or ± 2a.. of . 
selected value) 

. UlN-2401A Sprague 
Triac Angle-rning Control Circuit 

TDA 1185 Motorola 
VFC52 Burr-BroWn 55 Two-Wire Bidirectional Communication Syst8ll1 

. L.l883 .U .. I (35~9) 115 VFC52M t Burr-Brown 
Undervoltage Protector/low Voltage Monitor VFV-1ooK Datel 

CS188 Cherry VFV-1OK Datel 
XR4151 EXlr (3385) Video Delay, CCD 

CCD321A Fairchild 5 XR4151M t~r 60 

Voltage Converter, + 5 V to ± 5 V 
VI·786OC 
VI·7116011 
1Cl7680 
TSC7680 

01111 (2~) 

Datil (2865) 
1.1InI1 (3488) T...,.. (3097) 

Voltage DetectOr,lndlcator, Regulator, (programmable 
zener) ICL8211C 1I11n1' 

(3522.3523) 10 
ICL8211. t 1.1InI1 

(3522.3523) 
!CL!21?C !1IIrII! 

(3522.3523) 
ICL1212. t 1.1InI1 

(3522.3523) 

Voltage Doublerllnverter, Converts 4.5-2OV to 9 to 40V or 
-4.5·to -20V. 517661 Siliconix 

Voltage Doublerllnver:ter, 1.5-10V to 3 to 20V or -1.5 to 
·10V. ICl7660 Intersi! 15 

817680 smc.II (3011) 

Voltage level Alarm 
3041 Intech 

Voltage level Alarm, Quad 
3040 Intech 

A8400 Intech 
A8402 Intech 
A8404 Intech 
MCEVFC32 MCE 
MPVFC32B MicroPwr 
MPVFC32K ..,jcroPwr 
MPVFC32S MicroPwr 
LM131 t National 
LM 131A t National 
lM231 National 
lM231A National 
lM331 National 
lM331A National 
RC4151 Raytheon 
RC4152 Raytheon 75 
RC4153 Raytheqn 
RM4151 t Raytheon 
RM4152 t Raytheon 
RM4153 t Raythl!Qn 
4780 TeledyneP 80 
4781 TeledyneP 
4782 TeledyneP I 

9401 TeledyneS 
Voltage OvervoItage Protector. (Crowbar) See OvervoItage 
Protector above 

9400 TeledyneS I 
_________ ~ ___________ TeIed~y~neS_____ 85 

Voltage to Frequency Converter 
. A0537J 

AD537K 
A0537S 
AD650 
ADVFG32 
VFC3~ 

AD 
AD 

tAD 
AD (2840) 

20 

Voltage Variable Gain Block 
MQ328 AnalogSys 

Window Discriminator (indicates voltage above, below, 
inside, or outside two adjustable limits) 

TCA965 Siemens 

AD Window Discriminator (indicates when input is abOve or 
a.r....... below two limits) 

(2848) 25. _____ CS_180 _____ C_he_rry..;;.... __ 

(2185) Zero Voltage and Zero Crossing Triggers (triac and ~R 
(2185) control) TDA2090 MicroSci 

VFO-1 
VFO-2 
VFQ-3 (2185) TDA2091 MicroSci 90 

7042H 
SSM2031 
~731 
4731-83 
4732 
4732-83 
4733 
4733-83 
4734 
4734-83 
4735 
4735-83 
4736-83 
4739 
4739-80 
4743 
4743-80 
TDB0131 

Intech 
SSM 

tTe/edyneP 
tTeIedyneP 

TeledyneP 
tTeledyneP 
tT~eP 
tTeledyneP 

TeledyneP 
tTeledyneP 
tTeIedyneP 
tTeledyneP 
tTeIedyneP 

T8ledyneP 
tTeledyneP 

TeIedyneP 
tTeIedyneP 

Thomson-CSF 

30 

35 

40 

45 

CA3059 Motorola 
CA3079 Motorola 
MC3370 Motorola 
UAA1016A 
UAA1016B 
51.441 
Sl443 
Sl446 
CA3058 
CA3059 
CA3079 
TCA780 
TCA280A 
TDA1023 
TQA1024 
sG3059 
003079 
U106 
U217 

Motorola 
Motorola 
piessey 
Plessey 
Plessey 

tICA 
tRCA 
t~ 

Siemens 
Signetics 
Signetjcs 
Signetics 
SiliconG 
SilicooG 
Telefunken 
Teleftinken 

95 

(3603) 

(3803) 1001 
(3603) 

105 

Voltage to Frequency/Frequency to Voltage Converter TA7606 Toshiba 110 
~ AD (2840) 
AD65OI( AD (2840) Dual Over/Under-Voltage Detector 
... tAD (2840) 50 1 _____ ICL_7685 _____ I._IInI_1 ---,(_35~13) 

(Continued) Dual Transistors, Monolithic, Matched, See linear-Arrays 

t MIHtary Temperature Range (-55° to 125°C) * Typical Value 
8l1li flcel.la .. ., ...... 1.1111 ,...,IUII ... ,... ...... 
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Advanced Micro Devices 
LINEAR 
Am6012 

Distinctive Characteristics 

• All grades 12-bit monotonic over temperature 
• Differential nonlinearity to ±.012% (13 bits) max. over 

temperature 
• Trimless design is inherently monotonic 
• Fast settling output current: 250nsec 
• Full scale current 4mA 
• High output impedance and compliance: -5 to +10V 

• 100% Mll-STD-883 reliability assurance testing 
• Differential current out~ts 
• low cost 
• High-speed multiplying capability 
• Direct interface to TTL, CMOS, ECl, HTJ.-, NMOS 
• Performance unchanged over supply range 
• ~ow power consumption: 230mW • 
! ROUT, COUT independent of logic code 

GENERAL DESCRIPTION 

The AmS012 series of 12-bit monolithic multiplying Digital to 
Analog Converters represent a new level of higll spee9 and 
accuracy coupled with low cost. The Am6012 is the first 12-bit 
D/A Converter ever built using st~nd~rd prOCessing without the 
requirements of thin film resistors and/or agtive trimming 9f indi
vidual devices. The AmSa12 uses sophisticated new circuit de
sign concepts that give inherent monotonicity without requiring 
ultia piecisioii internal ~mpOnents. 

The AmSQ12 gesign guarantees a more uniform step size than is 
possible with standard binarily weighted !;;lAC's. This ±1/2 LSB 
differential nonlinearity is desirable in many applications where 
locai linearity is critical. The unif()rm step size allows finer resolu
tion of levels and in most applications is more useful than confor
mance to an ideal straight line from zero to full scale. 

TheAmS012 has high voltage compliance, high impedance dual 
complementary outputs which increase its versatility and enable 
diffen:mtial operation to effectively double the peak to peak out
put swing. These outputs can be used directly without op amps 
in many applications. The dual complementary outputs can also 
be connected in AID converter applications to present a constant 
load current and significantly reduce switching transients and 
increase system throughput. Output full scale current is speci
fie.d at 4mA, allowing use of smaller load resistors to minimize 
the output RC delay Wilich usually dominates settling time at the 
12-bit level. 

The AmS012 series guarantees full 12-bit monotonicity for all 
grades clOd differential nonlinearity as tight as ±.012% (13 bits) 
over the .entire temperature range. Device performance is es
sentially independent of power supply voltage. The devices work 
over a wide operating range of +5, -1~ volts to ± 18 volts. 

FUNCTIONAL DIAGRAM 

MSB LSB 
v+ B, B" B'2 

1 12 
+---~--+---~ ~ 

118~ 
IQ 

19-

I 
CURRENT SOURCES I 
LADDER NETWORK I I 

+------1'-.---" --------------------" ___ . ______ ::!.-.l 
REFERENCE Arn6012 

AMPLIA~R COMP LIC-846 

ORDERING INFORMATION CONNECTION DIAGRAM - Top View 

MS88, V+ 

Order Temperat~re Differential 82 iQ 
Number Package Range Nonlinear!ty 8a 10 

AMS012ADM Ceramic -55 to +125°C ±.O12% 84 V-

AfYi6012Divi Cerarpic -55 to +i 25° C ±.O25% 8 5 COMPo 

AMS012ADC Ceramic o to +7QoC ±.O12% 
AM6Q12APC Plastic o to +70°C ±.O12% 
AM6012DC Ceramic o to +70°C ±.O25% 

AMS01~PC Plas~ic Oto +70°C ±.O25% 

~ VREF(-) 

8 7 VREF(+) 

8 8 GNDlVlc 

Note: 89 8'2 LS8 

Pin 1 is marked 
8'0 8" 

for orientation. L1C-847 

IC MASTER 1984 3301 

UJ 
(J) 
() 

"S; 
(J) 

C 
o 
~ 

() 

~ 

'0 
(J) 
() 
c:: 
as 
> 
"0 
c( 



3302 

Advanced Micro Devices 
LINEAR 
Am6012 

MAXIMUM RATINGS above which useful life may be impaired 

Operating Temperature Power Supply Voltage 

Am6012ADM, Am6012DM -55 to + 125°C Logic Inputs 

Am6012ADC, Am6012DC o to +700C Analog Current Outputs 

Am6012APC, Am6012PC o to +70°C Reference Inputs V14. V1S 

±18V 

-5 to +18V 

-8 to +12V 

V- to V+ 

Storage Temperature -65 to +125°C Reference Input Differential Voltage (V14 to V1S) ±18V 

Lead Temperature (Soldering, 60 sec) 3000C Reference Input Current (114) 1.25mA 

ELECTRICAL CHARACTERISTICS 
T~esespecificationsapplyforV+ = +15V, V_ = -15V, IREF = tOmA,overtheoperatingtemperaturerangeunlessotherwisespecified. 

Am6012A Am6012 

Parameter Description Test Conditions Min. Typ. Max. Min. Typ. Max. Units 

Resolution 12 12 12 12 12 12 Bits 

Monotonicity 12 12 12 12 12 12 Bits 

DIfferential - - :!:.012 - - :!:.025 %FS 
D.N.L. 

Nonlinearity 
Deviation from ideal step size 

13 .- - 12 - - Bits 

N.L. Nonlinearity Deviation from ideal straight fine - - :!:.OS - - :!:.OS %FS 

VREF = 10.000V 

IFS Full Scale Current R14 = R15 = 10.000kfi 3.967 3.999 4.031 3.935 3.999 4.063 mA 
TA = 2S"C 

- :!:5 :!:20 - :!:10 :!:40 ppml"C 
TCIFS Full Scale Tempco - :!:.0005 :!:.002 :!:.001 :!:.004 %FSfC 

Output Voltage 
D.N.L. Specification guaranteed 

Voc Compliance I 
over compliance range -S - +10 -S - +10 Volts 
RoUT> 10 megohms typo I 

IFSS 
Full Scale 

'FS - IFS - :!:0.2 :!:1.0 - :!:0.4 :!:2.0 !LA Symmetry 

Izs Zero Scale Current - I - 0.10 - - 0.10 !LA 
ts Settting TI/1le To :!:1/2 LSB, all bits ON or OFF, TA = 2SoC - 250 SOO - 250 SOO nsec 

tpLH I Propagation 
50% to 50% - 25 I 50 - I 25 50 nsec 

tpHL Delay - all bits I 

COUT Output Capacitance - 2Q - - 20 - pF 

V'L 
logic ! logic "0" - - 0.8 - - 0.8 
lnput Volts 

VIH Levels I Logic "1" 2.0 - - 2.0 - -
liN logic Input Current VIN = -5 to +18V - - 40 - - 40 !LA 

VIS logic Input Swing V- = -15V -S - +18 -S - +18 Volts 

IREF 
Reference Current 

0.2 1.0 1.1 0.2 1.0 1.1 mA 
Range 

115 Reference Bias Current 0 -O.S -2.0 0 -O.S -2.0 !LA 

dVdt 
Reference Input R14(eq) = soon 4.0 8.0 - 4.0 8.0 - mNp.S 
Slew Rate CC = 0pF 

PSSIFS+ Power Supply V+ = +13.SV to +lS.SV, V- = -lSV - :!:.OOOOS :!:.001 - :!:O.OOOS :!:.OOl 

PSSIFS- Sensitivity 
%FSI% 

V- = -13.SV to -lS.SV, V+ = +lSV - :!:.OOO2S :!:.OOl - :!:.OOO2S :!:.OOl 

V+ Power Supply 4.S - 18 4.S - 18 

V- Range- VOUT = OV Volts 
-18 - -10.8 -18 - -10.8 

1+ - S.7 8.S - S.7 8.S 

1- Power Supply 
V+ = +SV, V- = -lSV 

- -13.7 -18.0 - -13.7 -18.0 
Current mA 

1+ 5.7 8.S - S.7 8.S 

1-
V+ = +lSV, V- = --lSV 

- -13.7 -18.0 - -13.7 -18.0 

Power V+ = +SV, V- = -lSV - 234 312 - 234 312 
Po Dissipation mW 

V+ = +lSV. V- = -lSV - 291 397 - 291 397 

I 

~ 



Advanced Micro Devices 
LINEAR 

Am6108 • Am6148 

DISTINCTIVE CHARACTERISTICS 

• 1 J.LS conversion time 
• Trimmed internal voltage reference 
• 0.1% nonlinearity 
• Ratiometric operation 
• Low operating voltages 
• Internal matched gain, reference and offset resistors 
• Microprocessor compatible 
• 3-state outputs 
• Pin-progra..mmable unipolar or bipolar two's complement 

conversion 
• Conversion complete available as interrupt or as 

multiplexed output on data bus 
• Available in slim, 24-pin, 0.3" and standard, 28-pin, 

0.6" packages 

FUNCTIONAL DESCRIPTION 

The Am6108 and Am6148 are micrpprocessor-compatible, 
8-bit, high-speed, analog-to-digital convert~rs. They include 
a precision reference, DA{), comparator, SAR, scale resis
tors, 3-state output buffers and controllpgio. The Am61 08 is 
available in a standard .600-inch-wide, 28-pin package, and 
the Am6148 is offered in a space-saving, .3OQ-inch~wide, 
24-pin package. The Am61 08/ Am6148 are capable Qf com
pleting an 8-bit conversion in under one micro~cond and 
can handle input voltage ranges of Oto +:10V, 0 to t5V, 
and ± 5V without external components. With appropriate 
external resistors, the user can progra..m the devige tp oper
ate on 'other input signal ranges (2 or 3 precision resistors 
are required). Full 8-bit monotonic performance with no 
missing' codes is guaranteed over temperature. Both 
devices have 3-state outputs for bus. compatibility and 
a status output. .' 

The Am6108/Am6148 are useful in microprocessor-based 
systems or can be used in a stand-alone mode. The con
version time is short enough to 'allow most microprocessors 
to accept data immediately after requesting a conversion. 
Applications include Analog 110 subsystems, process con
trol and servo;.control. 

Am6108 EQUIVALENT CIRCUIT 

CS cc CLK 5 D/Si' jj 

A GND VAEF 

11 rb. 
~ • 

GAIN R 

CONTROL lOGIC 

CS cc ClK 5 CODESEl 

iC MASTER 1984 

CODESEL Do-~ 

ABI-092 

Am6148 EQUIVALENT CIRCUIT 

COMPENSATION ROFF -COMP 

I 
---0 v+ 

---0 v-

L------------<J D GND 

ABI-093 

3303 
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LINEAR 

Am6108 • Am6148 

MAXIMUM RATINGS above which useful life may be impaired 

V+ to DGND -0.3 to + 7.0V Voltage at GAIN R, REFIN 

V- toDGND +0.3 to - 7.0V Voltage at RIN, ROFF 

Max Differential V + to V- ±12V DAC Compliance Voltage 

Digital Inputs to D GND -0.5 to +6.0V Operating Temperature 

AGNDto D GND ±1V Storage Temperature 

VREF Max Output Current 15mA Lead Temperature (Soldering 60 sec) 

Max Input Current at REFIN 2mA Minimum Operating Voltage 

ELECTRICAL CHARACTERISTICS (These specifications apply for V+ = +5V ± 5%, V- = -S.2V ± 5%, 

VREF connected to GAIN R, O°C",. TA ",. 7Cf'C and fCLOCK = 500KHz) 

V- to V+ 

±12V 

-2 to +t2V 

Oto +700C 

-65 to +1500C 

300°C 

9.7V 

Parameters Description Test Conditions Min Typ Max Units 

Transfer Characteristics 

Resolution 8 8 8 Bits 

Monotonicity 8 8 8 Bits 

Differential Nonlinearity ±1/4 ±1/2 LSB 

Unearity ±1/4 ±1/2 LSB 

Inherent Quantization Error ±1/2 LSB 

VIN = Oto +5V ±1Y2 ±4 
Unipolar Gain Error LSB 

I VIN a= 0 to +10V ±1 ! ±2 

Unipolar Offset Error ±1/2 ±1 LSB 

Bipolar Gain Error VIN = -5V to +5V ±1 ±2 LSB 

Bip61ar Offset Error ±3/4 ±1Y2 LSB 

Positive Power Supply Sensitivity V+ = +5V ± 5% i 0.02 0.2 %FS 

Negative Power Supply Sensitivity V- =.-5.2V ± 5% 0.02 0.2 %FS 

Internal Reference 
-

VREF Reference Voltage IREF = 1mA 2.485 2.5 2.515 Volts 

VREF/TA I Reference Voltage Tempco 20 i I ppml"C I 

AVREF/VREF Load Regulation IREF = 1mA to 5mA 0.05 0.2 %VREF 

A\lREF/VREF Una Regulation V+ = +5V ± 5% 0.05 0.2 %VREF 

Noise, tn = 10KHz to 1MHz 20 /LVrms 

Analog Inputs 

Input Resistance 

±5V 2.5 KH 

Oto 10V 2.5 Kn 

Oto5V 1.25 Kn 

Input Capacitance 

RIN, ROFF, REF IN·, GAIN R 2 pF 

10· 20 pF 

+COMp· 20 pF 

-CQMP 2 pF 

Digital Inputs 

Logic Level Input Voltage 

VIH Logic 1 2.0 Volts 

VIL Logic 0 0.8 Volts 

Logic Level Input Current 

IIH Logic 1 VIN = 2.7V 40 }J.A, 

IlL Logic 0 VIN = 0.4V I 10 /LA 

"Function available on the Am6108 only. 

I 

I 
I 

f 
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LINEAR ~ 

Am6108 • Am6148 

ELECTRICAL CHARACTERISTICS (Cont.) 
Parameters Description 

Digital Outputs 

Logic Level Output Voltages 

VOH logic 1 

VOL Logic 0 

Isc Output Short Circuit Current 

102 Off-State Output Current 

Power Requirements 

1+ Positive Supply Current 

I- I Negative Supply Current 

I Power Dissipation 

SYSTEM TIMING 
Parameters Description 

tCONV Conversion Time 

tess CS Low to Slow 

tCSCL CS low to ClK Low 

tSCl S low to ClK low 

tCCH CC High from CLK low 

, tSCH S High from CLK High 

tss i 
S High before ClK High 

tCSCH CS High from ClK High 

tCCl I CC low from ClK High 

tCSBl CS low to R low 

Test COnditions 

IOH = -400pA 

IOL = SmA 

Vo= 2.4V 

Vo = O.4V 

tRSTV R low to Status Valid on D7 (Arn6108 Only) 

tSTOV Status to Data Valid on D7 (Am6108 Only) 

I tccov . CC low to Data Valid 

I tROV R low to Data Valid 

tOFRH Data Float from R High 

tRCSH R High to CS High 

tCl ClK Low 

tCH ClK High 

System TIming 

Min 

2.4 

Min 

0 

0 

0 

0 

10 

0 

20 

0 

15 

15 

15 

15 

20 

0 

50 

50 

Typ Max 

0.5 

-40 

20 

-20 

44 60 

-65 -85 

600 800 

Typ Max 

1 2 

35 40 

30 40 

30 40 

30 40 

30 40 

30 40 

30 40 

I 

~ 

Wlf-+--~~ 

Din 
(Am6'.ONLY) ________________ +--+-' 

I 
~,~ 

~-~---------------~--4-+~ "'L... __ ~ 

~unction available on the Am6108 only. 

Ie MASTER 1984 

Units 

Volts 

Volts 

mA 

pA 

pA 

mA 

mA 

mW 

Units 

iJS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ABI-096 

I 
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Advanced Micro Devices 
LINEAR 
AmS112 

PRELIMINARY DATA 

DISTINCTIVE CHARACTERISTICS 

• First totally monolithic, hibh-Speed 12-bit ADC 
• 3,.,s typical conversion time 
• Internal precision voltage reference 
• No missing codes 
• Easy interfacing with 8· and 16-bit microprocessors 
• Internal command register for programmable modes 

of operation 
• Offset binary or two's complement output code 
• 0 to 10V, or ± 5V input range 
• 24-pin package 

FUNCTIONAL DESCRIPTION 

The Am6112 is the first fully monolithic microprocessor 
compatible 12~bit high-speed analog-to-digital converter. 
The Am6112 high-speed AID cOntains a precision refer
ehce, DAC, comparator, SAR, scale resistors, output 
three-state buffers and comprehensive control logic, 
enabling the device to be interfaced with a variety of 
microprocessors. The Am6112 is capable of completing a 
12-bit conversion in typically three microseconds and can 
handle input voltage ranges of 0 to 10V, and ± 5V without 
external components. 

The Am6112 has four modes of microprocessor operation, 
and a stand-alone mode. These modes are software pro
grammable, except for the stand-alone mode which is pin 
selectable. Applications include analog I/O subsystems, 
servo-control and high-speed digital signal processing of 
analog events. 

v ..... 
Am6112 EQUIVALENT CIRCUIT 

"oFF 

,-+---+--+-------- --, 
I 12SK I 

C-"V) V· 0--+_-.---1 t.......,..---.~~ I 
C-I.2V)v- 0---+--+---_+_--_ 

~~0--+_-------------~----~-_4-~~--~------J 

~o--T-----------------------~--~r---~ 

I 
I 
I 
I 
I 

I 

I 
I 

___ "2 ____ +--+--______ ~ 

ORDERING INFORMATION 

Order the part number according to the table below to 
obtain the desired package, temperature range, and 
screening level. 

Order Package Temperature 
Number Type Range 

AM6112DC Hermetic DIP o to +70"C 
AM6112XC Dice o to +70°C 
AM6112DM Hermetic DIP -55 to +125°C 

019108-1 

CONNECTION DIAGRAM - Top View 
0-24-1 

'" VAEFOUT 

O. VRUIH 

Os ", .. IN 

O. "oFF 

0, .... 
"" 0, 

Do 
ACl( c/o 

iii cs 
"\Wi 

019108-2 

Note: Pin 1 is marked for orientation. 
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Advanced Micro Devices 

ELECTRICAL CHARACTERISTICS (Cont.) 

LINEAR 
Am6112 

Parameters Description Test Conditions Min Typ Max Units 

, I;>igital Outputs 

Logic Level Output Voltages 

VOH Logic 1 

VOL Logic 0 

Isc Output Short Circuit Current 

loz Off-State Output Current 

Power Requirements 

1+ Positive Supply Current 

1- Negative Supply Current 

Power Dissipation 

SYSTEM TIMING 
Parameters Description 

IOH = -400,u\ 

10l = SrnA 

Vo=2.4V 

Vo=0.4V 

tCONV 
Conversion Time ROFF connected to AaND or 
VREF OUT (Bipolar) 

ROFF Open (Unipolar) 

tel CLKLow 

tCH CLKHigh 

DEFINITION OF TERMS 
Resolution: The number of possible analog input levels an AID 
will resolve. ExpreSSed as either the number of output bits, or 1 
part in 2n where n is the number of bits. 

Monotonicity (Missing Codes): Monotonicity is a property of 
the DAC within a successive approximation ADC. Each incre
ment in the digital code to the DAC is accompanied by an analog 
output that is greater than or equal to that of the proceeding code. 
Monotonicity of the DAC is a necessary requirement for a suc
cessive approximation ADC to have no missing codes. 

Differential Nonlinearity: The deviation between the actual 
code width of an AID from the ideal code width. The code width is 
defined as the range of analog input which produces a given 
digital output code. An ideal value of a code width is equivalent to 
FSR/2n, where in is the number of bits. 

Linearity: The deviation of each individual code from an ideal 
straight line transfer curve between zero and full scale, with the 
straight line measured from the middle of each particular code. 

Inherent Quantization Error: Quantization Error is a direct 
consequence of the resolution of the A/D. AI! analog voltages 
within a given range ~re represented by a single digital output 
code. There is, therefore, an inherent ±1/2 LSB conversion error 
even for a perfect AID. 

iC MASTER 1984 

2.4 Volts 

0.5 Volts 

-40 rnA 

20 ,u\ 

-20 p.A 

40 SO rnA 

-60 I -SO rnA 

500 800 rnW 

Min Typ Max Units 

3.3 I IJ.S 

10 i p's 

125 I ns 

125 I ns 

Gain Error: Defined as the difference between the analog input 
levels required to produce the'first and the last digital output code 
transitions. Gain error is a measure of the deviation between the 
actual gain from the ideal gain of FS-2 LSB. 

Unipolar Offset Error: Difference between the ideal (+1/2 
LSB) and the actual analog input level required to produce the 
first digital code transition (00 .... 00 to 00 .... 01) over the 
complete temperature range. 

Bipolar Offset Error: Difference between the ideal (1/2 FSR -
1/2lSB) and the actual analog input level required to produce the 
major carry output digital code transttion (from 01 .... 11 to 
10 .... 00). 

Power Supply Sensitivity: A measure of the change in gain 
and offset of theA/D resulting from a change in supply voltage. 
Usually expressed in total %FS for a percentage change in 
supply voltage. 

Conversion Time: The measure of how long it takes for the A/D 
to arrive at the correct digital output code. It is the time between 
t"e clock edge that starts a conversion after receiving a start 
command and the edge of the status line (CC) which signifies that 
the conversion is completed. 

I 
I 
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Advanced Micro Devices 
LINEAR 
Am6112 

MAXIMUM RATINGS above which useful life may be impaired . 

V+toDGND -0.3 to + 7.0V Voltage at RIN, RoFF 

V- toDGND +0.3 to - 7.0V Open CoHector Current 

Max Differential V + to V- ±12V Operating Temperature 

Digital Inputs to D GND -0.5 to +6.0V Storage Temperature 

AGNDtoDGND ±1V Lead Temperature (Soldering 60 sec) 

VREF Max Output Current 15mA Minimum Operating Voltage 

Max Input Current at REFIN 2mA Max Package Dissipation 

Voltage at GAIN R, REFIN V- toV+ 

ELECTRICAL CHARACTERISTICS (These specifications apply for V+ = +5V ± 5%, '11- = -S.2V ± 5%, 
VREF connected per connection diagram, T A = 25°C, FClock = 150kHz, 0 to + 10V input range, ROFF open. 
stand-alone mode, unless otherwise stated) 

±12V 

20mA 

Oto +70°C 

-65 to +1SOOC 

300'C 

9.7V 

1W 

Parameters Description Test Conditions Min Typ Max Units 

Transfer Characteristics 

Resolution 12 12 12 Bits 

Monotonicity 12 Bits 
-
Differential Nonlinearity ±1 lSB 

Unearity I I ±1 lSB 

Inherent Quantization Error : I ±1/2 lSB 

Unipolar Gain Error ±2 lSB 

Unipolar Offset Error ±1/2 lSB 

Bipolar Gain Error VIN = -5Vto +5V ±4 lSB 

Bipolar Offset Error ±2 LSB 

Positive Power Supply SensitWity V+= +5V±S% O.OOS %FS 

Negative Power Supply Sensitivity V- = -S.2V ± 5% 0.005 %FS 

Internal Reference 

VREF Reference Voltage IREF = 1mA 2.490. 2.S I 2.S10 Volts 

VREF/TA Reference Voltage Tempco 8 ppm/"C 

.1VREF/VREF load Regulation IREF = 1mA to SmA 0.005 %VREF 

.1VREF/VREF Une Regulation 
V+= +SV ± S%. 

O.ooS %VREF -S.2± S% 

Noise, N = 10kHz to 1MHz JLVRMS 

Analog Inputs 

Input Resistance 

RIN ±SV 2.5 KO 

Oto 10V 2.S KO 

CIN 
Input capacitance 

RIN. ROFF. REFIN. GAIN R 2 pF 

Digital Inputs 

Logic Level Input Voltage 

VIH Logic 1 2.0 Volts 

VIL Logic 0 0.8 Volts 

Logic Level Input Current 

IIH Logic 1 VIN = 2.7V 40 JLA 

IlL Logic 0 VIN = 0.4V 10 JLA 

I 

1 

I 
I 

! 

J 
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Advanced Micro Devices. 

Distinctive Characteristics: 
• 100MHz sampling rate 
• 5ns maximum encode delay 
• 4-bit resolution, expansible to 8 bits 

• 8-bit accuracy 

FUNCTIONAL DIAGRAM 

REFERENCE 
LOW 

VRt.Oo-~~~~~~ 
6 

C MASTER 1984 

LINEAR 
Am6688 

OVERRAHGE 

MSB 

LlC-900 

• Large bipolar input voltage range 

• Low input current 
• Q and Q Outputs on MSB for 2's complement 

conversion 

• 100% MIL-STD-883 reliability assurance testing 

FUNCTIONAL DESCRIPTION 

The Am6688 4-bit quantizer consists of an array of 16 high-speed ECl 
sampling comparators, a resistor voltage divider, and an ECl
compatible binary encoder. It will accurately quantize an analog voltage 
into 15 equally-spaced levels and output a 4-bit binary digital word at 
sampling rates up to 100 MHz. 

Resolution above 4-bits, up to a maximum of 8, may be obtained by 
stacking quantizers (n bits of resolution requires 2n-4 quantizers). An 
overrange output signal is provided to indicate that the input signal has 
\O!xceeded the full-scale limit. This overrange output is also the enable 
gating Signal used to encode the higher-order bits of the output in a 
stacked configuration. 

The high speed latch enable inputs are intended to be driven from the 
complementary outputs of a standard ECl gate or a high-speeq com
parator such as the Am68S. If lE is driven high and lE is driven low, 
the quantizer is in the sample mode and operates like a' low-gain, 
high-bandwidth amplifier. When lE is driven low and lE is driven high, 
the quantizer will hold its existing digital binary output word. 

The outputs are open emitters, requiring external pull-down resistors of 
at least 200n to -2V or soon to -S.2V. 

These devices can be used in video data conversion and time-base 
correction, radar Signal processing, nuclear pulse-height analysis, and 
other systems requiring very high-speed analog-to-digital conversion. 

ORDERING INFORMATION 

Order 
Number 

Temperature 
Range 

Maximum 
Error 

Am6688Dl-8 -30 to +8SoC ±SmV 
Am6688Dl-7 -30 to +8SoC ±10mV 
Am6688Dl-6 -30 to +8SoC ±20mV 

Am6688DM-8 -55 to +12SoC ±SmV 

Am6688DM-7 -55 to +12SoC ±10mV 
Am6688DM-6 -55 to +12SoC ±20mV 

CONNECTION DIAGRAM 
Top View 

DIGITAL GND #1 a,OUTPUT 

ANALOGGND ~OUTPUT 

y+ - POSITIVE SUPPLY ~OUTPUT 

YIN - ANALOG INPUT Q30UTPUT 

YRHI - REFERENCE HIGH HALF REFERENCE - Y"" 

YRt.O - REFERENCE LOW ~OUTPUT 

a, OUTPUT 

OgOUTPUT 

LE - LATCH ENABLE DIGITAL GIlD #2 

Note: Pin 1 is marked for orientation. 
LlC-901 
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Advanced Micro Devices 
LINEAR 
Am6688 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Supply Voltage: Positive +7V Output Current (each output) 
Negative -6V 

Temperature: Operating. Am6688DL 
Input Voltage: Analog -5V to +3V Am6688DM 

References -5Vto +3V Storage 
Digital -5Vto OV Junction 

Differential Voltage: Analog Input to References ±6V 
Lead (soldering. 60sec) 

!Xnalog Gnd to Digital Gnds ±0.1V Minimum Operating Voltage (V+ to V-) 

ELECTRICAL CHARACTERISTICS OVER THE OPERATING TEMPERATURE RANGES 
(Unless otherwise specified) 

DC Characteristics 
Am6688DL Am6688DM 

Symbol Parameter (see definitions) Conditions (Note 1) Min Max Min Max 

Resolution 4 4 

Am6688 - 8 -S +S -S +S 

VOS Error Voltage (each transition) -7 -10 +10 -10 +10 
-6 -20 +20 -20 +20 

DNL Differential Nonlinearity AVREF = AVREF(min) -O.S O.S -o.S O.S 

VIN Input Voltage -3.3 +2.7 -3.3 +2.7 

Am6688 - 8 0.16 6.0 0.16 6.0 

AVREF 
Reference Resistor Voltage -7 0.32 6.0 0.32 6.0 
(VRHI-VRLO) -6 0.64 ,6.0 0.64 6.0 

IREF Reference Current AVREF = 2.S6V 6.0 17 S.O 18 

18 Analog Input Current VIN '" VRHI 230 250' 

IL Latch Input Current VL'" VOH 200 220 

I 
TA = 2SoC -0.93 -0.72 

I 
-0.93 -0.72 

VOH Output HIGH Voltage TA = TA{min) -1.03 -0.80 -1.08 -0.83 

TA = TA(max) -0.86 -0.64 -0.83 -0.58 

I 
TA = 2SoC -1.90 -1.62 -1.90 -1.62 

VOL Output LOW Voltage TA = TA(min) -1.93 I -1.6S -1.9S -1,66 

TA = TA(max) -1.86 1 -1.58 -1.84 -1.54 

1+ Positive Supply Current 100 100 

-r-- - Negative Supply Current 100 -- -- 100 

POISS Power Dissipation AVREF = 2.S6V 1.2 1.2 

Switching Characteristics (Note 2) 

FMA)( Maximum Sampling Frequency 100 100 

lpw Minimum Sample Time 3 3 

lpd Encode Delay (each transition) TA(min) .;; TA .;; 2SoC S S 

TA = TA(max) 6 8 

ts Minimum Set-up Time TA = 25°C 3 3 

!J, Minimum Hold Time TA = 2S'C 1 1 

tpa Analog Delay (each transition) TA(min) .;; TA .;; 2SoC 3 3 

TA = TA(max) 4 4 

15mA 

-30 to +85°C 
-55 to +125°C 
-65 to +150°C 

+175°C 
+3000C 

10V 

Units 

Bits 

mV 
mV 
mV 

LSB 

V 

V 
V 
V 

mA 

pA 

pA 

V 
V 
V 

V 
V 
V 

mA 

mA 

W 

MHz 

ns 

ns 
ns 

ns 

ns 

ns 
ns 

Notes: 1. Unless otherwise specified. V+ = +6.0V. V- = -S.2V. VRHI = +2.S6V. VRM = + 1.28V. VRLO = Ov.lpw = Sns. and RL = 100n to -2V at 
all outputs. The specifications given for VOS. DNL. and lpd apply over the full VIN range and for ±5% supply voltages. The Am6688 is 
designed to meet the specifications given in the table after thermal equilibrium has been established with a transverse air flow of 500 LFPM or 
greater. 

2. Switching characteristics are for a 100mV analog input pulse level-shifted at each transition point to provide an overdrive of 1mV past the 
maximum specified error voltage. 
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nMiNG DIAGRAM 

~----~,I~--~dr--------------' 

LE 

ANALOG 
INPUT 

OUTPUT 

NOMINAL 1'RANSITlOIII VOLTAGE 

---- ~~VAEF+VALO(n=1T016) 
'HI 

LIC-902 

KEY TO TIMING DIAGRAM 

WAVEFORM INPUTS 

MUST BE 
STEADY 

OUTPUTS 

WILL BE 
STEADY 

~ MAY CHANGE WILL BE 

\lllli.. FROM H TO l ~~:<;.:~ L 

lDIf[ MAY CHANGE WILL BE 

FROM L TO H ~~:G~~~ H 

_
OON'TCARE: 
ANY CHANGE 
PERMITTED 

CHANGING: 
STATE 
UNKNOWN 

During the sampling time, the quantizer acts like a Iow-gain, very wide-bandwidth linear amplifier_ The gain is not high enough to hold the 
outputs in a stable logic state under all conditions; consequently, the outputs may be undefined during this pei'oOd. TI-.e time that the cutpt..ots 
are unstable begins tpa after the Latch Enable goes HIGH. and terminates tpct after it goes LOW_ It is best to minimize this time by using as 
narrow a sampling pulse as possible. since the possibility of oscillation due to external parasitic feedback is greater the longer the device is in 
the analog mode. 

1_~ 
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! 00110 

00101 

00100 

001111 

00010 

00001 

o_ 

TYPICAL TRANSFER FUNCTION 

VALO 

ANALOG INPUT VOLTAGE 

1C MASTER 1984 

LIC-903 

TRUTH TABLE 

Analog Input 
(relative to VRLO) ~ 

1 
VIN <16~VREF L 

1 1 
16~VREF < VIN <8~VREF L 

1 3 
8~VREF < VIN <1s~VREF L 

3 1 
16~VREF < VIN < '4 ~VREF L 

1 5 
4~VREF < VIN < 16~VREF L 

5 3 
16~VREF < VIN < '8 ~VREF L 

3 7 
i~VREF < VIN < 16~VREF L 

7 1-
16~VREF < VIN2~VREF L 

1 9 
2~VREF < VIN < 16~VREF L 

9 5 16 ~VREF < VIN < '8 ~VREF L 

5 11 8' ~VREF < VIN < 1s~VREF L 

I 11 ' 3 
T6~VREF < VIN <4'aVREF I L I 
3 13 
4~VREF < VIN < 16~VREF L 

13 7 
16~VREF < VIN <8~VREF L 

7 15 
'8.1VREF < VIN < 16~VREF L 

15 
16.1VREF < VIN < .1VREF L 

VIN> .1VREF H 

Q3 Q2 Q1 Qo 

L L L L 
I 

L L L H 

L L H L 

L L H H 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H I L H I H 

H H L L 

H H L H 

H H H L 

H H H H 

L L L L 

I 
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Advanced Micro Devices 
LINEAR 
Am6300 

DlsnNcnVE CHARACTERlsncs 

• 2;5V ±0.25% temperature compensated reference 
• Versatile 100mA output for driving external NPN or 

PNP power transistors 
• Thermal shutdown 
• Logic control power up enable 
• Programmable delay and rise time for power supply 

GENERAL DESCRIPTION 

The Am6300 Power Control Subsystem consists of a regulator 
section, an over/under voltage detection section, a current limit 
section and a reset and control section. 

The regulator section contains a complete series pass voltage 
regulator with thermal shutdown, which uses external resistors to 
set the output voltage. Both the collector and emitter of the 
regulator output transistor are available to the user for flexibility in 
driving external power devices. The regulator also contains a 
preCision, trimmed 2.5 volt reference which is capable of supply
ing 5mA of current for external purposes in addition to controlling 
the regulator and generating over and under voltage references. 

The over/under voltage section compares the voltage at the 
sense input of the regulator to the internal reference and deter
mines if the difference exceeds the user programmed limits, ± 5'1f 
or ± 10'7(. If one of the limits is exceeded for a period longer than 
the user programmed delay; the regulator shuts down and the 
voltage alarm output is activated. The regulator is reset by 
activating the power down inputs or removing power from the 
device. 

The current limit section detects overload current by means of an 
external sense resistor in series with V1N, GND, or the output of 

IDEL 

IS+ 

IS-

BLOCK DIAGRAM 

V+ 

VCOUT 

'----+--~--- SENSE IN 

RESET 
AND 

CONTROL 
CIRCUIT 

OsEL 

USEl 

LlC·BS5 

• ±5% or ± 10% over/under voltage detection/protection 
• Programmable current limit detection/protection 
• Programrllable delays for the over/under voltage and current 

shutdown circuits 
• Status outputs for fault conditions and output state 

the regulator. The user programs the threshold of this detection 
circuit with external resistors. The regulator shuts down if a cur
rent overload is detected for a period longer than a user pro~ 
grammed delay and the current alarm is activated. The regulator 
is reset by activating the power down inputs or removing power 
from the device. 

The reset and control section provides to the user, the ability to 
turn the regulator on and off by logic control. The start up of the 
regulator is delayed by a user programmed interval after the 
power up signal is received. After this delay the regulator output 
ramps up at a rate which is also determined by the user. When the 
output voltage levels off at the preset value, the over/under volt
age and current limit circuits are activated and a power up output 
is activated which can be used to signal to the user that the supply 
is operating or enable other circuits. 

The Am6300 allows the user a great deal of flexibility in power 
supply configuration and control. It can be operated locally or 
remotely in a stand alone configuration or with external power 
transistors to increase the output current. The Am6300 can be 
cascaded with other Am6300s for a sequenced supply application. 

I 

ORDERING INFORMATION 

Package Type I Temperature Range Order Number 

Hermetic DIP 

Hermetic DIP 

Plastic DIP 

i -55 to +125°C 

I o to 70°C 

: o to 70°C 

CONNECTION DIAGRAM 
Top View 

Pin 1 is marked for orientation. 

AM6300DM 

AM6300DC 

AM6300PC 

LlC'886 
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Advanced Micro Devices 

MAXIMUM RATINGS 

Pulse Voltage at v+ (50ms) 

Continuous Voltage at V + 

Input-Output Voltage Differential 

ELECTRICAL CHARACTERISTICS (Note 2) 

Parameters Description 

Voltage Regulator 

Output Error (Note 3) 

.1VoUT/.1VIN Line Regulation, TA = 25°C 

~VOUT/~ll Load Regulation, TA = 25°C 

Ripple Rejection 

! iSIAS Sense input Bias Current 

VIN Input Operating Range 

VOUT I Output Operating Range 

VIWVOUT i Input-Output Differential 

Is . Supply Current 

Voltage Reference 

VREF Reference Voltage 

.1VREF/.1VIN Line Regulation 

, ~.1VREF/.1IREF Load Regulation 

I .1VREF/.1TA Temperature Stability 

Isc I Short Circuit Current 

Current Overload Circuit 

VIS (diff)/v Cl Trip Point Ratio 

VCl Trip Point Input Range 

VIS (diff) Sense Voltage Input Range 

CMVR Sense Input Common Mode Range 

ISlAS 
Input Bias Current 
(IS+,IS-) 

lOS 
Input Offset Current 
(IS+,IS-) 

ISlAS Input Bias Current (V cd 
Voltage Protection Circuit 

+5% Error Trip Point 

-5% Error Trip Point 

+10% Error Trip Point 

-10% Error Trip Point 

Digital Characteristics (Note 4) 

VIH Input High Level 

VIL Input low level 

VOL Open Collector Output Voltage 

! 

i 

I 

I 

LINEAR 
Am6300 

50V Input Voltage (all pins) 

40V Maximum Output Current 

37.5V Internal Power Dissipation 

Test Conditions Min 

-1.0 

VIN = 12 to 40V .02 

Il = 1mA to SOmA .03 

f = 1kHz TA = 25°C 74 

I I I 

1 5 i 

I 2.5 i 

i 2.5 ! 

TA = 25°C 2.494 

VIN = 12 to 40V 

IREF = 1mA to 5mA i J 

o to 700C 

I -55 to 125°C 

VREF = OV 10 

.45 

0 

0 

0 

V'S = OV to +2V 
VIS = +2V to VIN 

0SEl = 5V 4.5 

USEl = 5V -4.5 

0SEL = OV 9 

USEL = OV -9 

J 2.0 I 
I 0 I 

IOL = SmA 

I 10l = 15mA 

Gnd to V+ 

100mA 

1000mW (Note 1) 

Typ Max Units 

+1.0 %VOUT 

.2 %VOUT 

.15 %VOUT 

86 dB 

2 4 p.A 

40 I Volts 

I 37.5 I Volts 

37.5 1 . Volts 

5 10 mA 

2.5 2.506 Volts 

%VREF 

.15 : ,30 %VREF 

ppmrC 

30 60 mA 

.5 .55 V/V 

.4 Volts 

.2 Volts 

VIN Volts 

-8 -20 
JLA 

+8 +20 

±1 ±5 JLA 

-.25 -1.0 JLA 

5 5.5 %VOUT 

-5 -5.5 %VOUT 

10 11 %VOUT 

-10 -11 %VOUT 

VIN Volts 

.8 Volts 

.4 
Volts 

1.5 

Notes: 1. Power dissipation ratings apply for TA = 25°C. Derate linearly at 8mWI"C above 25°C for commercial parts and above 50°C for military parts. 
2, All specifications are for VIN = 12V, VOUT = 5V, 104.JT = 1 mA, IREF = 1 mA and over the operating temperature range unless otherwise specified. 
3. Includes all errors aSSOCiated with on chip reference source and temperature effects. 
4. Digital Inputs are PDN, PDR, OSEl, USEL 

Digital Outputs are VALARM, IALARM' PE 

Ie MASTER 1984 
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Advanced Micro Devices 

TIMING CHARACTERISTICS 

Parameters Description -, 

Current Overload and Voltage 
tIDEL. tVDEL Error Power Down Delays 

tpDEL Power Up Delay (Note 5) 

tpRISE Power Up Rise Time (Note 5) 

tpON. tpOR Power Down Reset Pulse Width 

LINEAR 
Am6300 

Test Conditions 

Without external cap 

With external cap. additional delay 

Without external cap 

With external cap. additional delay 

Without external cap 

With external cap 

Min Typ Max 

1.2 

.22 

1.2 

.22 

1.5 

.22 

10 

Units 

J.Ls 

J.Ls/pF 

J.Ls 

J.Ls/pF 

J.Ls 

J.Ls/pF 

J.LS 

Note 5: It is necessary to make the total time tpOEL + tpRISE greater than the rise time of the supply to the Am6300 to insure proper power up. 

TIMING WAVEFORMS 

___ --l----i r- iPoN 

U 
II -l r-~ 

--~I----iU 

v~ __ -)i1wl VI ..l-1~~'L-
ERROR J - ~ It>RISE OVERLOAD ~ It>RISE 

I I II I PE 

---------il I I I 
U 

'ALARM u 

Lle-887 
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Advanced Micro Devices 

DiSTINCTiVE CHARACTERiSTiCS 

• Feed-forward (line hum suppression) 
• Output over/under voltage protection 
• Input under voltage protection 
• Cycle-by-cycle current limiting 
• Soft start 
• 250kHz max. oscillator frequency 
• Phase lock capability 
• 96% max. duty cycle 
• Double pulse suppression 
• Symmetry inputs for push-pull converter 
• Remote shutdown 
• Pin equivalentto the Siemens' TDA 4700 

l-~ 

I 
I 
I 
I 
I 

COMPA~~~ " O--______ =---I 

ORDERING INFORMATION 

19 

ONiOff 
UNDER VOlTAGE 

Order the part number according to the table below to 
obtain the desired package, temperature range, and 
screening level. 

Order Temperature 
Number Package Type Range 

Am630iDivi Hermetic DiP -55 to +125°C 

Arn6301LC Leadless· o to 70°C 

Am6301DL Hermetic DIP -25 to +85°C 

Arn6301DC Hermetic DIP o to 70°C 

Arn6301PC Plastic DIP o to 70°C 

• Availability of leadlesS packages will be announced. 

C MASTER 1984 

LINEAR 
Am6301 

GENERAL DESCRiPTION 

The Am6301 Switching Power Supply Controller contains all 
the digital and analog functions necessary to control block
ing, single-ended, or push-pull switching power supplies. It 
contains the voltage controlled oscillator, ramp generator, 
comparator, and reference for basic switched mode power 
supplies, as well as, a full complement of interface circuits 
and circuitry to protect both the power supply and its load. 

S~TION 

~ 0Ull'UT SYM Q, SYMQ. 
6 

PULSE TURH-OFF FF 
(Roo.wrT) 

:u 

--I 
I OUTPUT 

• a, (AcnvE L) 

I 
I 
I 
I 
I 0Ull'UT . 

5 0, (AC11YE LI 

IC_VOI.'Ii\GE ~~w....-........ -----"';---<l3 Vs~YVOLTAGE 

I22,oF 
~ I ~ 

- ~,~ 
V""F OVEACURRENT n 

--------------~ 
DYNAMIC CURRENT 

~"'TION 

Note: Pin 1 is marked for orientation. 

01946C-1 

3315 

tJ) 
Q) 
o 

"S; 
Q) 

o 
o 
~ 

o 
~ 

"C 
Q) 
o 
c: 
«S 
> 

"C « 



en 
Q) 
(,) 

oS; 
Q) 

C 
o 
~ 

(,) 

~ 

"0 
Q) 
(,) 
C 
(tj 
> 
"0 « 

3316 

Advanced Micro Devices 

Am6301 DC, DL, PC, LC 

LINEAR 
Am6301 

MAXIMUM RATINGS (Above which useful life may be impaired) 

Supply Voltage Vs 33V Voltage at 01, 02 

Input Voltage (all inputs) Gnd to Ys Current at 01, 02 

Output Voltage A5 33V Input Current Rra~p 

Output Voltage A 1 6.5V Operating Temperature 

Storage Temperature -65 to +125°C Am6301DL 

Lead Temperature (soldering 60 sec) 300°C Am6301OC, Am6301PC, Am6301LC 

Power Dissipation (Note 3) 
-. 

ELECTRICAL CHARACTERISTICS (Note 1) 
These' specifications apply for 11V :s; Vs :s; 30V, fvco = 15kHz, over the operating temperature range 
unless otherwise specified. 

Parameters Description Test Conditions Min Typ 

Regulator .. 

Vs Supply Voltage 11 

Is Supply Currerit CT =1nF, F = 100KHz 8 12 

fveo Operating Frequency Range 40 

ReferenCe 

VREF Reference Voltage o :s; IREF :s; smA 2.3S 2.50 

AVREF Line Regulation Vs = 25V ± 20% 5 

AVREF Load Regulation IREF = 0 to SmA 10 

AVREF!ATA TemperatUre Stabiiity 250 

Oscillator 

fvco Operating Frequency Range 40 

Aflt Initial Tolerance ACT = 0%, ART = 0% 

Af/f Frequency Stability Vs = 25V ± 20% -1 

I tveo J Fall Time Cr = 1nF I 1 

Ramp Generator 

framp _FrequenGY.Range .. -- 40 .... ( . .. -

Vrarnjl Hi Voltage at Cramp High 10p.A :s; Iramp :s; 4OOp.A i 5.S 

Vramp Low Voltage at Cramp Low 10p.A :s; 1r8rnp :s; 400p.A • 1.8 

Iramp Input Current at Rramp 10 

Synchronization 

V'H Synchronization Input 
2 

VIL 

VOH Synchronization Output IOH = 200p.A 4 

VOL IOL = i.6mA 

18 Input Bias Current -5 -1 

Comparator A2 

18 Input Bias Current -2 -1 

tA2 Tum-Off Delay (Note 2) TA = 25°C 470 

TQn/TOff = 0% 1.8 
VIN Input Voltage for Duty Cycle 

TQn/TOff = Max 5.0 

Soft Start 

ICHG Charging Current 6 

lOIS Discharging Current 2 

VUM Upper Limiting Voltage 5 

VTH Reset Voltage 1.5 

I 

I 

33V 

70mA 

1mA 

-25 to +85°C 

o to +70°C 

Max Units 

30 Volts 

20 mA 

250K Hz 

2.65 Volts 

15 mV 

20 mV 

400 p'vrc 

250K Hz 

±7 
I 

0/0 

1 % 

!is 

250K Hz 
...... 

Volts 

Volts 

400 p.A 

Volts 

0.8 Volts 

Volts 

0.4 Volts 

p.A 

p.A 

ns 

Volts 

p.A 

p.A 

Volts 

Volts 

I 

1 

I 
I 

r 
~r 

I 



Advanced Micro Devices 
LINEAR 
Am6301 

ELECTRICAL CHARACTERISTICS (Cont.) 
Parameters Description Test Conditions 

Operational Amplifier 

AoL Open Loop Gain 

Vos Input Offset Voltage 

AVos/ATA Vos Tempco 

Ie Input Bias Current 

VCM COmmon Mode Range 

10 Output Current 

AV/At Output Slew Rate 

BW 3dB Bandwidth 

~t Phase Shift at 3MHz 

VSW Output Voltage Swing -3mA ". Il ". 1.5mA 

Symmetry 

V,H 
input Voltage 

V,L 

IlL Input Low Current 

Output States Ql. ~ 

VOl.. Output Voltage 10 = 20mA 

IOH Output Current VOH = 30V 

ON/OFF. Under Voltage 

VTH Threshold Voltage 

Ie Input Bias Current 

tOFF Tum-Off Delay 

teRR Error Recognition Time 

Dynamic Current Limiting 

VCM Common Mode Range 

Vos Input Offset Voltage 

Ie Input Bias Current 

tOFF Tum-Off Delay 

tERR Error Recognition Time 

Over Voltage 

VTH Threshold Voltage 

Ie Input Bias Current 

IOH Output Current VOH = 5V 

tOFF Tum-Off Delay 

teRR Error Recognition Time 

Supply Under Voltage 

VON Tum-On Threshold, Vs Rising 

VOFF Tum-Off Threshoid, Vs Falling 

Notes: 1. All typical values are specified at \is = 12Vand TA =.25°C. 

Min Typ Max Units 

60 80 dB 

-10 10 mV 

-30 30 #LVrc 

-2 -0.5 p.A 

0 5 Volts 

-3 1.5 mA 

1 V/p.S 

3 MHz 

120 degrees 

1.5 5.5 Volts 

2 Volts 

0.8 Volts 

-2 -1 p.A 

1.1 Volts 

2 p.A 

VREF - 30mV VREF VREF + 30mV Volts 

-2 -1 p.A 

250 os 

50 os 

0 4 Volts 

-10 10 mV 

-2 -1 p.A 

250 ·ns 

50 ns 

VREF - 30mV VREF VREF + 30mV Volts 

-2 -1 p.A 

0 200 p.A 

. 250 ns 

50 ns 

8.8 9.6 10.5 Vo.-.s 

8.5 9 10.0 Volts 

2. The A2 comparator tum-off delay is measured from pin 14 to pin 4 or pin 5. The input signal on pin 14 is a negative-going pulse from 3V to O.5V. The 
delay is measured from the 2V level on the input to the 2V level on the output. The output current is set at 4mA. The signal on pin 14 goes negative 
when the ramp voltage is equal to 2V. 

3. For TA greater than 25°C, derate to fimit TJ to a maximum of 150°C. For Po less than 750mW use typical thermal resistance as follows: 

Typ 0-24-1 P-24-1 L-28-1 

8 JA -so- 120" 100 °C/watt 
8 JC 15 60 40 °C/watt 

~ MASTER 1984 3317 
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Advanced Micro Devices 
LINEAR 
A.,,6301 

Am6301 FUNCTIONAL DESCRIPTION 

VOLTAGE-CONTROLLED OSCILLATOR (VCO) 

The VCO (voltage-controlled oscillator) generates a sawtooth 
voltage at CT. The duration of the falling edge is determined by 
the selection of CT. The duration of the rising edge and thus the 
oscillator frequency is determined by RT and Cr- Maximum 
oscillator frequency is 250kHz. The oscillator frequency can be 
varie.d for frequency synchronization purposes by varying the 
voltage at Ctilter' The falling edge of the VCO generates the 
synchronization pulse and triggers the ramp generator and other 
parts of the Am6301. 

RAMP GENERATOR - FEED-FORWARD CONTROL 

The ramp generator is triggered by the synchronization pulse of 
thEi VCO ahd oscillates at the same frequency. The duration of the 
falling edge of the ramp generator must be shorter than the fall 
time of the VCO. The voltage of the rising edge of the ramp 
generator and a DC voltage at comparator A2 are compared for 
pulse width control of the olltput. The slope of the rising edge is 
adjusted via the current through RR. This enables an additional 
superimposed control of -the duty cycle dependent on the input 
voltage of the Switched Mode Power Supplies (SMPS). This 
capability (feed-forward) allows for compensation of a known 
interference (e.g. line hum). 

PHASE COMPARATOR - SYNCHRONIZATION 

If the Am6301 is operated without external synchronization, the 
synchronization input must be connected to the synGhronization 
output, so that the phase comparator sets the voltage at Ctilter. 
The VCO then oscillates at the frequency set by RT and Cr. Other 
circuits can be synchronized with the synchronization output. The 
Am6301 can be synchronized to an external signal of any duty 
cycle. The synchronization input and output are TTL compatible. 

PUSH-PULL FLIP-FLOP 

The push-pull flip-flop is toggled by the falling edge of the VCO. 
This guarantees that only one of the two push -pull outputs can be 
enabled at anyone time. 

COMPARATOR A2 - PULSE WIDTH MODULATION 

The two noninverting Inputs of the comparator are SWitched in 
such a manner that the lowest level is always compared with the 
inverting input. As soon as the voltage of the rising sawtooth at 
CR exceeds.the lower of the two levels, both outputs are disabled 
via the pulse turn-off flip-flop . 

REGULATING AMPLIFIER A1 

A1 is a high-quality regulating amplifier. It can be used in the 
control loop to transmit the amplified error voltage onto the free 
non inverting input of the comparator A2. A voltage change is 
thus transformed into a duty cycle change. The common mode 
range of A1 covers 0 to +5V. A1's low output impedance allows 
the use of feedback for the adjustment of the regulator loop
characteristics. 

PULSE TURN-OFF FLIP-FLOP 

This flip-flop enables the outputs at the beginning of each half 
period, and upon an error signal from A7 or a turn-off signal from 
A2 switches the outputs off for the remainder of the half period. 
Double pulses at the output cannot occur. 

COMPARATOR A3 

A31imits the voltage atthe Csoftstart pin (and also one input of A2) 
to a maximum of 5V. For a specified slope of the rising ramp 
generator edge, the duty cycle can be limited to a maximum 
value. 

COMPARATOR A4 

Comparator A4 has its switching threshold set to 1.5V and its 
output connected to the error flip-flop, so that when the voltage at 
capacitor Csoft start is less than 1.5V the flip-flop is set. The er~or 
flip-flop only accepts the set pulse if no reset signal is present. 
Thus. an outputturn-on is prevented as long as'an error signal is 
present. 

SOFT START 

The output duty cycle is a function of the lower of the two voltages 
at the noninverting inputs of A2. At the time the Am6301 is turned 
on, the voltage at capacitor Csoft start is equal to OV. As long as no 
error exists, this capaCitor is charged with a current of 6p.A to the 
maximum value ,of 5V. In the case of an error, Csoft start is 
discharged with a current of 21lA The error flip-flop is set when 
the Csoft start voltage is below 1.5V and the outputs are enabled if 
a reset signal is not present at the same time. The minimum 
ramp generator voltage is 1.BV, therefore, the soft start circuit 
only controls the duty cycle after the voltage at Csoft start 
exceeds 1.BV. 

ERROR FLIP-FLOP 

Error signals to input R of the error flip-flop cause the outputs to 
be disabled immediately. The system turns on again using the 
soft start, after the error has been eliminated. 

COMPARATOR AS - OVER VOLTAGE 

The input or output voltages of an SMPS can be monitored using 
A5. In the case of an over voltage, the error flip-flop immediately 
disables the IC outputs. After the over voltage is reduced, the 
SMPS turns back on using the soft start. The output of A5 can be 
fed back to the input. This causes the IC output stage to remain 
disabled even after elimination of the over voltage, until the 
supply voltage is briefly turned off, or the over voltage input is 
briefly connected to ground. To use this SCR-type action, the 
voltage to be monitored must be coupled resistively (:;;.5KO) to 
the over voltage comparator. 

COMPARATOR. AS- ON/OFF UNDER VOLTAGE 

The comparator A6 reacts to an under voltage relative to VREF 
and switches the IC outputs off. The input voltage of the SMPS 
can for example, be monitored, turning the outputs off if the input 
voltage is below a desired level. When the input voltage returns to 
the desired level, the Am6301 turns back on using the soft start. 
This input can also be used as a TTL compatible ON/OFF control. 

COMPARATOR A7 -
DYNAMIC CURRENT LIMITiNG CIRCUIT 

A7 provides for the recognition of over current in the switching 
transistors. The system is turned on again at the beginning of the 
half period after the error is eliminated, the soft start is not used 
however. The A7 common mode range extends from Oto +4V so 
that the smallest voltage drops can be recognized. The delay 
time from the occurrence of an error to the disabling of the outputs 
is only 250ns. 

COMPARATOR A8 - IC UNDER VOLTAGE 

Comparator AB prevents undefined operating conditions of the IC 
outputs if the IC supply voltage becomes too low. If Vs ~9V, the 
output stage is disabled. This condition is maintained until Vs = 
by. Built-in hysteresis prevents permanent switching at the com
parator's switching threshold. At a supply voltage of Vs ;;;-:9.6V, 
the Am6301 turns on using the soft start. 
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Advanced Micro Devices 
LINEAR 
Am6301 

ELECTRICAL CHARACTERISTICS (Cont.) 
Parameters Description Test Conditions 

Operational Amplifier 

AoL Open Loop Gain 

Vos Input Offset Voltage 

!:NosltATA Vos Tempco 

18 Input Bias Current 

VCM COmmon Mode Range 

10 Output Current 

tAV/tAt Output Slew Rate 

BW 3dB Bandwidth 

Iflt Phase Shift at 3MHz 

V tV a Swi -3mA ~ I ~ 1.5mA I SW : o.1pJ ~ ng l 

I VIH 
Input Voltage 

t VIL 

jilL Input Low Current 

Output States Q1, 02 

I VOL Output Voltage 10 = 20mA 

! IOH Output Current VOH = 30V 

ION/OFF, Under Voltage 

L VTH Threshold Voltage 

18 Input Bias Current 

! tOFF Tum-Off Delay 

tERR Error Recognition Time 

Dynamic Current Limiting 

VCM Common Mode Range 

Vos Input Offset Voltage 

18 Input Bias Current 

tOFF Tum-Off Delay 

tERR Error Recognition Time 

Over Voltage 

VTH Threshold Voltage 

I Ie Input Bias Current 

IIOH Output Current VOH = 5V 

tOFF Tum-Off Delay 

tERR Error Recognition Time 

Supply Under Voltage 

VON ! Turn-On Threshold, Vs Rising ! 
i VOFF I Tum-Off Threshold, Vs Falling 

! 

Notes: 1. Aft typical values are specified at Vs = 12V and TA =.25°C. 

Min Typ Max Units 

60 80 dB 

-10 10 mV 

-30 30 p.v/oC 

-2 -0.5 p.A 

0 5 Volts 

-3 1.5 mA 

1 V/p.S 

3 MHz 

120 degrees 

1.5 ~ Volts 

2 Volts 

0.8 Volts 

-2 -1 p.A 

1.1 Volts 

2 p.A 

. VREF - 30mV VREF VREF + 30mV· Volts 

-2 -1 p.A 

250 ns 

50 ns 

0 4 Volts 

-10 10 mV 

-2 -1 p.A 

250 ·ns 

50 ns 

VREF - 30mV VREF VREF + 30mV Volts 

-2 -1 p.A 

0 200 p.A 

. 250 ns 

50 ns 

8.8 9.6 10.5 Volts 

8.5 9 10.0 Volts 

2. The A2 comparator tum-off delay is measured from pin 14 to pin 4 or pin 5. The input signal on pin 14 is a negative-going pulse from 3V to O.5V. The 
delay is measured from the 2V level on the input to the 2V level on the output. The output current is set at 4mA. The signal on pin 14 goes negative 
when the ramp voltage is equal to 2V. . 

3. For TA greater than 25°C, derate to limit TJ to a maximum of 1SOOC. For Po less than 750mW use typical thermal resistance as follows: 

Typ 0-24-1 P-24-1 L-28-1 

8 JA 50 120 100 °C/watt 
tJ JC 15 60 40 OC/watt 
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Advanced Micro Devices 
LINEAR 
Ain6301 

Am6301 FUNCTIONAL DESCRIPTION 

VOLTAGE-CONTROLLED OSCILLATOR (VCO) 

The VCO (voltage-controlled oscillator) generates a sawtooth 
voltage at CT. The duration cif the falling edge is determined by 
the selection of CT. The duration of the rising edge and thus the 
oscillator frequency is determined by RT and CT. Maximum 
oscillator frequency is .250kHz. The oscillator frequency can be 
varie.d for frequency synchronization purposes by varying the 
voltage at Ctilter. The falling edge of the VCO generates the 
synchronization pulse and triggers the ramp generator and other 
parts of the Am6301. 

RAMP GENERATOR - FEED-FORWARD CONTROL 

The ramp generator is triggered by the syn~hronization pulse of 
the VCO arid oscillates at the same frequency. The duration of the 
falling edge of the ramp generator must be shorter than the fall 
time of the VCO. The voltage of the rising edge of the ramp 
generator and a DC voltage at comparator A2 are compared for 
pulse width control of the olJtput. The slope of the rising edge is 
adjusted via the current through RR. This enables an additional 
superimposed control of ·the duty cycle dependent on the input 
voltage of the Switched Mode Power Supplies (SMPS). This 
capability (feed-forward) allows for compensation of a known 
interference (e.g. line hum). 

PHASE COMPARATOR - SYNCHRONIZATION 

If the Am6301 is operated without external synchronization, the 
synchronization input must be connected to the synchronization 
output, so that the phase comparator sets the voltage at Ctilter. 
The VCO then oscillates at the frequency set by RT and Cr. Other 
circuits can be synchronized with the synchronization output. The 
Am6301 can be synchronized to an external signal of any duty 
cycle. The synchronization input and output are TTL compatible. 

PUSH-PULL FLIP-FLOP 

The push-pull flip-flop is toggled by the falling edge of the VCO. 
This guarantees that only one ofthe two push-pull outputs can be 
enabled at anyone time. 

COMPARATOR A2 - PULSE WIDTH MODULATION 

The two nbninvetting inputs of the comparator are switched in 
such a manner that the lowest level is always compared with the 
inverting input. As soon as the voltage of the rising sawtooth at 
CR exceeds the lower of the two levels, both outputs are disabled 
via the pulse turn-off flip-flop. 

REGULATING AMPLIFIER A1 

A1 is a high-quality regulating amplifier. It can be used in the 
control loop to transmit the amplified error voltage onto the free 
noninverting input of the comparator A2. A voltage change is 
thus transformed into a duty cycle change. The common mode 
range of A1 covers 0 to +5V. A1's low output impedance allows 
the use of feedback for the adjustment of the regulator loop
characteristics. 

PULSE TURN-OFF FLIP-FLOP 

This flip-flop enables the outputs at the beginning of each half 
period, and upon an error signal from A7 or a turn-off Signal from 
A2 switches the outputs off for the remainder of the half period. 
Double pulses at the output cannot occur. 

COMPARATOR A3 

A31imits the voltage at the Csoft start pin (and also one input of A2) 
to a maximum of 5V. For a specified slope of the rising ramp 
generator edge, the duty cycle can be limited to a maximum 
value. 

COMPARATOR A4 

Comparator A4 has its switching threshold set to 1.5V and its 
output connected to the error flip-flop, so that when the voltage at 
capacitor Csoft start is less than 1.5V the flip-flop is set. The error 
flip-flop only accepts the set pulse if no reset signal is present. 
Thus, an output turn-on is prevented as long as an error signal is 
present. 

SOFT START 

The output duty cycle is a function of the lower of the two voltages 
at the noninverting inputs of A2. At the time the Am6301 is turned 
on, the voltage at capacitor Csoft start is equal to OV. As long as no 
error exists, this capacitor is charged with a current of 6f.lA to the 
maximum value .of 5V. In the case of an error, Csoft start is 
discharged with a current of 2J1A The error flip-flop is set when 
the Csoft start voltage is below 1.5V and the outputs are enabled if 
a reset signal is not present at the same time. The minimum 
ramp generator voltage is 1.BV, therefore, the soft start circuit 
only controls the duty cycle after the voltage at Csoft start 
exceeds 1.BV. 

ERROR FLIP-FLOP 

Error signals to input R of the error flip-flop cause the outputs to 
be disabled immediately. The system turns on again using the 
soft start, after the error has been eliminated. 

COMPARATOR AS - OVER VOLTAGE 

The input or output voltages of an SMPS can be monitored using 
A5. In the case of an over voltage, the error flip-flop immediately 
disables the IC outputs. After the over voltage is reduced, the 
SMPS turns back on using the soft start. The output of A5 can be 
fed back to the input. This causes the IC output stage to remain 
disabled even after elimination of the over voltage, until the 
supply voltage is briefly turned off, or the over voltage input is 
briefly connected to ground. To use this SCR-type action, the 
voltage to be monitored must be coupled resistively (~5Kn) to 
the over voltage comparator. 

COMPARATOR A6 - ON/OFF UNDER VOLTAGE·· 

The comparator A6 reacts to an under voltage relative to VREF 
and switches the IC outputs off. The input voltage of the SMPS 
can for example, be monitored, turning the outputs off if the input 
voltage is below a desired level. When the input voltage returns to 
the desired level, the Am6301 turns back on using the soft start. 
This input can also be used as a TTL compatible ON/OFF control. 

COMPARATOR A7 -
DYNAMIC CURRENT LIMITiNG CIRCUIT 

A7 provides for the reeognition of over current in the switching 
transistors. The system is turned on again at the beginning of the 
half period after the error is eliminated, the soft start is not used 
however. The A 7 common mode range extends from 0 to + 4 V so 
that the smallest voltage drops can be recognized. The delay 
time from the occurrence of an error to the disabling of the outputs 
is only 250ns. 

COMPARATOR A8 - IC UNDER VOLTAGE 

Comparator AB prevents undefined operating conditions of the IC 
outputs if the IC supply voltage becomes too low. If Vs ,,;;9V, the 
output stage is disabled. This condition is maintained until Vs = 

av. Built-in hysteresis prevents permanent switching at the com
parator's switching threshold. At a supply voltage of Vs ~9.6V, 
the Am6301 turns on using the soft start. 
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SYMMETRY 

Saturation of the transformer core must be prevented in push-pull 
converters. The degree of saturation of the transformer can be 
determined with an external circuit; and, in relation to this, the on 
times of the outputs can be asymmetrically shortened. If the 
symmetry correction circuit is not required, the symmetry 
inputs must be connected to ground. The input levels are TTL 
compatible. 

DUTY 
CYCLE 

48"4 

OUTPUTS, DEADTIME 

The two outputs' 01 and 02 are transistors with open collectors. 
Their saturation voltage is 1V at 25mA. They operate in a push
pull mode and can be connected in parallel to drive single-ended 
converters with a maximum duty cycle of 96%. The time, during 
which only one of the two outputs is on, can be varied. The 
duration of the falling edge at the veo is the same as the 
minimum time (dead time) during which both outputs are disabled 
simultaneously. The dead time, in push~pull SMPS, prevents the 
power transistors from being on at the, same time. 

14 15RC 

Figure 1. Am6301 System Timing Showing Soft Start,' Error Timing, 
and Remote Shutdown. (C~ft start = 1p.F.) ABi·021 

al VOLTAGE AT CT 

V
CT 

5V +------___ , ----=-------::;..------:'. -

VSYNC 

4V 

bl SYNC OUTPUT 

u u 
c) VOLTAGE AT RAMP GENERATOR 

II) vOLtAGE AT OOll'VT 1 

'm~w 
e) VOLTAGE AT OUTPUT 2 

'~:J hlU 
O.5T 

u u 
, Zj 

\Z LZ 

u 
u 

i 
1T -t 

Figure 2. Am6301 Pulse Timing Diagram, Dotted Unes 
Show the Effect of Feed·Forward Control. 
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FUNCTIONAL PIN DESCRIPTION 

YREF 

Output 

Q1. Q2 

SYMQ1, Q2 

SYNC OUT 

Csoft start 

Cfilter 

SYNC IN 

The output of the internal 2.5V reference. 

The open collector output transistors capable of 
sinking 70mAeach. 

Transformer unbalance control inputs. With a 
small amount of external circuitry these inputs can 
be used to cause asymmetrical output duty cy
cles. This allows correction for imbalances in the 
push-pull circuitry. 

The veo output, used for synchronizing other 
circuits to the Am6301. 

An external capacitor at this pin causes the output 
duty cycle to increase linearly during power up. 

An external resistor and a capacitor at these pins 
control the veo center frequency of the phase 
locked loop oscillator. 

An external filter capacitor for the control voltage 
of the phase locked loop is connected to this pin. 

This pin is connected to one input of the phase 
comparator in the phase locked loop, the other 
input is internally connected to the veo output. 

An external resistor and a capacitor at these pins 
control the slope of the 'ramp generator. The 

Comp In 

Amp Out 

(+) Amp In. 
(-) Amp In 

ON/OFF 
Under 
Yoltage 

feed-forward control works by changing the vol
tage across Rramp which affects the ramp slope 
and causes a modulation of the duty cycle. 

The noninverting input of the pulse width modu
lating comparator. 

The output of the uncommitted operational 
amplifier. This amplifier is used as the error 
amplifier in most systems. 

These are the inputs of the uncommitted opera
tional amplifier. 

This input disables the outputs when it is con
nected to a voltage lower than VREF. It can be 
connected as a remote shutdown or as an under 
voltage protection. 

Over Yoltage This input disables the outputs whenever it is 
Input higher than VREF. 

Over Yoltage The output of the over voltage comparator. This 
Output pin can be connected back to the over voltage 

input for SeR-type protection. 

+IOYN. 
-IOYN 

Sense inputs for the dynamic current limiting 
circuit. 

Figure 5. Am6301 fyCO Temperature Coefficient. 
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Advanced Micro Devices 
COMMUNICATIONS 

Am7910 
PRELIMINARY DATA (Revised) 

Am791 0 
FSKMociem 
WORLD-CHIPTM 

• Complete FSK MODEM in a 28-pin package (except 
line interface) 

• Meets basic Bell 103/113/108, Bell 202, CCITT V.21 , 
CCITT V.23 specifications (pin-programmable selection) 

• No external filtering required 
• All digital processing, including digital filters 

.• ADC/DAC on chip 
• Includes essential RS-232/CCITT V.24 handshake 

signals 
• Auto-answer capability 
• Local copy/test modes 
• 1200 bps full duplex on 4-wire line 

RING BTD 
28 

27 
VDO BCD 

26 
i'iEs'ET RD 

VBB co 25 

RC XTAL,/CLK 

CAP, XTAL2 

CAP2 DGND 

TC MC4 

AGND MC3 

TO MCz 
BRTS MC, 

RTS MCo 
ffi DTR 

14 
BCTS BRD 

Figure 1. Am7910 Pinout 
MMC-036 

TRANSMITTER 

GENERAL DESCRIPTION 

The Am7910 is a single-chip asynchronous Frequency Shift 
Keying (FSK) voiceband modem. Operating at rates up to 
300, 600 or 1200 bits per second, it is compatible with the 
applicable Bell and CCITT recommended standards for 
103/113/108, 202, V.21 and V.23 type modems. Five mode 
control lines select a desired modem configuration. 

Digital Signal processsing techniques are employed in the 
Am7910 to perform all major functions such as modulation, 
demodulation and filtering. The Am7910 contains on-chip 
analog-to-digital and digital-to-analog converter circuits to 
minimize the external components in a system. This device 
includes the essential RS-232/CCITT V.24 terminal control 
signals with TTL levels. 

Clocking can be generated by attaching a crystal to drive the 
internal crystal oscillator or by applying an external clock 
signal. 

A data access arrangement (DAA) or acoustic coupler must 
provide the phone line interface externally. 

The Am7910 is fabricated using N-channelMOS technol
ogy in a 28-pin package. All the digital input and output 
signals (except the external clock signal) are TIL compat
ib�e. Power supply requirements are ± 5 volts. 

CAP, 0--=--":"--4--+---...-1 
CAP2 0----4--+---...-I 

RECI!:IVED 0-----+--+-----1 
CARRIER L....-..,. __ .....----' 

INTERFACE CONTROL 

DATA TERMINAL 
READY 

24 
XTAL1/CLK 0----1 

23 
XTAL2 0----1 

TIMING 
CONTROL 

12 

27 

13 REQUEST TO SEND l 
r----+---

2
-
5

0 CLEAR TO SEND J MAIN 

r----+----O CARRIER DETECT 
11 

1-----+---
1
-
4
° REQUEST TO SEND I 

CLEAR TO SEND I BACK 

1----+----0 CARRIER DETECT 

I-----+----QRING 

~---+----oR~ET 

0-----2-0 +5V (veo> 
~-5V(VBsl 
~AGND 

22 o 0 DGND 

Figure 2. Am7910 Block Diagram 

WORLD-CHIP is a trademark of Advanced Micro Devices. 
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Advanced Micro Devices 
COMMUNICATIONS 

Am791 0 

A COMPLnE FSK MODEM ON ONE WORLD·CHIP'· 

It's the World's Fint 
The new Am7910 is the first complete. asynchronous 
Frequency Shift Keying modem ever offered on a 
single LSI chip. Our Am791O. a crystal. and a few 
inexpensive. nOR-critical components are all you 
need. No external filters. no hybrids. no tuned 
circuits are needed. Never before has the modem 
function been so easy to build into your products. See 
Figure I. 

It's the World's Most CoInpl ... 
All the features a modem should have are built right 
in. Filters are already there. Handshake signals 
already there. Auto-answer is already there. Local 
l(x)pback is already there. Back channels are already 

RTS RING 

DiA 

CTS 

TC 
BiTs 

RC 

iiCfS 
RESET 

RS232C - TTL l TTL - RS232C TO 
CONVERTERS m'l AD 

BTD 
Am791 0 

BAD 

CD 

BCD 

there. No extra components are required to 
implement these functions. Even line equalization is 
available if you want it. No modem chip or chip set 
has ever offered you so many features. 

It's. WORLD-CHIp· 
No matter where you market your product, the 
Am7910 is the perfect modem solution. It's 
designed to meet communications performance 
standards around the world. Without any additional 
circuitry, it can be switched to any of 9 Bell or 
CCITT standards. The flexibility of Digital Signal 
Processing allows systems built with the Am7910 to 
be used all over the world without modification to 
the modem circuit. 

~ 

'" 
RING 

OT 

~ 
6000 

I 
r-- DR 

OM 

22Kfl 

1110. 22Kfi 

C ~ 
+5 

XTAL, 

~ 2.4576IIHz 

·YALUEAS 
RECOMMENDED 

BY CRYSTAL 
MCo XTAL2 MANUFACTURERS 

1· Me, CAP, r----

t" MODE =~ 3IIOpF 

I SELECT Me2 7.2KO SWITCH 
Me3 CAP2 

t----1 Me4 

+5 -5 DG AG 

.ll c 
MMC·224 
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DIGITAL SIGNAL PROCESSING FOR HIGH STAIIUTY, 
WITHOUT CRITICAL COMPONENTS 

The Aln7910 Docsn't Drift 
With Tillie or Telllperature 
The Am79 IO uses digital signal processing 
techniques (DSP) to perfoml all major functions. "
including modulation, demodulation and filtering. 
Because of the use of DSP. the performance of each 
section of the Am7910 is perfectly predictable and 
inherently stable over time and temperature. The 
modem performance specifications are designed 
into the digital signal processing algorithms. and 
that's where they stay. inside the chip. never 
changing, guaranteed. There's nothing to adjust. 
nothing to age or drift. See Figure 2. 

No Extemal Filters 
Digital Signal Processing completely eliminates the 
need for external critical- tolerance filters that analog 
designs require. Since no critical tuned components 
are required, printed circuit board design with the 
Am7910 is easier than ever. And DSP does not 
produce the noise and supply voltage sensitivity that 
is commonly found in switched capacitor designs. 
The bottom line is, fewer components, therefore a 
lower cost system solution. 

Fila,. I • 

.Jl.SL TO 

FROM 
UART 

'W\J' 
FROMDAA 

OR 
ACOUSTIC COUPLER 
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SELECTABLE TO ANY 'OF 9 DIFFERENT WORLD STANDARDS 

The Am79 10 is designed to be used in equipment all 
over the world. The device operates in Bell 103 and 
202. and CCITT V.21 and V.23 modem 
configurations at baud rates from 300 to 1200bps 

(with back channel). Mode selection is controlled by 
five simple programming inputs. No crystals need to 
be changed. No extra resistors. capacitors. or 
interface circuits. Just switch a few control lines. 

MODEM CONFIGURAnONS 
STD IPS DUPLEX FEATURES 

Bell 103 300 Full Originate 
Bell 103 300 Full Answer 
Bell 202 1200 Half 
Bell 202 1200 Half Line Equalizer 
CCITT V.2) 300 Full Originate 

,CCITT V.2) 300 Full Answer 
CCITT V.23 mode 2 1200 Half 
CCITT V.23 mode 2 1200 Half Line Equalizer 
CCITT V.23 mode I 600 Half 

MORE BUILT .. IN FEAtURES 
MAKE THE AIR7910 THE EASIEST MODEM TO USE 

Loopback for Simplified Tating 
Ten loopback modes exist which pennit both analog 
and digitalloopback for each modem configuration. 
When a loopback mode is selected. the signal 
processing circuits for both the transmitter and 
receiver are set to operate on the same channel or 
frequency band. The analog output (Transmitted 
Carrier) and the analog input, (Received Carrier) can 
be externally connected together f()r local analog 
loopback. Alternatively, the digital data signals (TO 
and RD, or BTD and BRD,) can be connected 
externally. allowi,ng a remote modem to test the local 
modem with its digital data signals looped back. 
Thus. the Am7910 reduces maintenance. service 
time, and cost. The 202 and V.23 loopback modes 
can also be used for 1200bps full duplex operation 
over 4-wire lines. 

lack Channel Option Included 
Low bit-rate back channels are provided by the 
Am7910 when the Bell 202 or CCITT V.23 modem 
configurations are selected. The back. channel uses 
the remaining bandwidth of the line to return 
acknowledgement and control signals to the sender 
on another channel. while the sender continues to 
transmit at 1200 baud. Overall transmission speed is 
improved by not having to turn the line around to send 

an acknowledgement, nor is it necessary to complete 
transmission of a data block before receiving an error 
signal. The 202 back channel allows up to 5 bits per 
second and the V. 23 back channel allows up to 75 bits 
per second. 

Auto-Answer for 
Remote Installations 
Auto-answer capability. important for equipment in 
remote places, is also built in. Upon receipt of a 
signal at its Ring Input, the Am7910 generates a 
silence interval followed by an answer tone of the 
proper duration at the Transmitted Carrier output. 
The auto-answer sequence meets Bell and V.25 
specifications. ' 

RS-131 and CCITT V.14 
Terminal Control Signals 
Provided On-Chip 
Essential terminal control signals such as Data 
Terminal Ready (DTR). Request to Send (RTS). 
Clear to Send (CTS) and Carrier Detect (CD), are 
included in the Am7910. All the specified delays. 
such as Request-tn-Send ON to Clear-to-Scnd ON 
are automatically inserted. The control signals are 
TTL compatible. 
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sns THE INTERNATIONAL STANDARD 
OF PERFORMANCE 

The measure of a modem's performance is its ability 
to extract correct data from a signal received over a 
line with severe distortion, attenuation, and noise. 
The graphs below show the Bit Error Rate (BER) of 
the Am7910 under two sets of conditions. At the left 
is the data for a Bell 103 configuration over an 

undistorted line and a line with amplitude and group 
delay distortion. On the right is the data for a V.23 
configuration for an undistorted and a severely 

. distorted line. Compare this performance data with 
any other modem chip or chip set and you'll see why 
the· Am7910 sets the slandard. 

Performance Curves 

Fig.re 3. 103 ORIG, 30Gbps IER 
ven.s SNR, DHferent Lines 
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THI WORLD·CHlplII SIRIIS 
Telephone systems around the world are evolving 
rapidly into something new: a huge' digital data 
communications network. The crossbar switches of 
yesterday are being replaced by compact electronic 
switches that route digital bit streams from one 
subscriber to another. The wires that used to carry 
human speech alone now also carry streams of digital 
data via modems. Soon the telephone set itself will be 
changed from a simple device for talking and 
listening into a specialized data terminal, capable of 
doing much more. 

As the information carried by our telephone networks
has changed, new standards have been added to the 
old. Standards to digitize voice. Standards for 
sending digital data over voice-grade lines. 
Standards for multiplexing many data packets onto a 
single line. Around the world, two groups of 
standards are used - one developed by Bell in the 
U.S., another developed by the CCITT. Until now, 
the electronic components designed to make this 
revolution possible have been specialized for one 
group of standards or the other, and usually for only 
one standard or variation within that group. 

Advanced Micro Devices' World-ChipTM Series is 
different. We're using a variety of technologies to 
create circuits that sUPP9rt the telecom revolution all 
over the world. We're using advanced architectural 

concepts, especially digital signal processing, to 
move critical filtering and signal conditioning 
directly onto the integrated circuit. Digital techniques 
provide guaranteed high stability and repeatability, 

, and also allow changes to filtering characteristics 
under user program control. We're using our skills in 
both linear and digital circuit design to put the 
conversions. between analog signals and digital data 
on the same IC as the digital processing circuits. And 
we're using our MOS and Bipolar process 
technologies to solve each part of the system problem 
in an optimum way with parts that are designed to 
work together. By the end of the decade AMD will 
have led the way to more efficient, effective and 
inexpensive methods for making the world an even 
smaller (and faster) place in which ~o communicate. 

AMD has developed a set of components that work in 
any of the world's telecommunications systems. 
Each integrated circuit can be programmed to 
perform its, function in conformance with any of the 
applicable standards. The state-of-the-art features 
built into our devices are available simultaneously to , 
customers designing equipment for any of the 
world's telecom markets. And customers who 
themselves design equipment for more than one 
market can use a single set of circuits - Advanced 
Micro Devices' Worid-ChipsTM - to meet all 
their needs. 

RILATID WORLD· CHIP'· SERIIS PRODUCTS: 
• Am7901/7902 Subscriber Line Audio

Processing Circuit 

• Am7950 SLiC 
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Advanced Micro Devices has developed a setof MOS and Bipolar high performance integrated circuits designed to 
minimize the cost of connecting multivendor devices to an Ethernet bus. This family is designed to provide in the 
minimum package count, all the logic, protocol and control functions required to interface all the popular 16-bit 
processors to an Ethernet local area network. 

Am7990 Local Area Network Controller for Ethernet (LANCE) 
• Buffer management • Address Detection 
• On board DMA • Line Access Protocol (CSMA/CD) 
• Limit Error Detection • Collision handling 

Am7991 Serial Interface Adaptor (SIA) 
• Manchester encoding/decoding 
• Differential to TTL signal conversion 
• Transceiver cable interface 

Am79XX Ethernet Transceiver 
• Collision detection 
• Line protection 

Key System Level Features 

16-Bit Bus Interface Meets the Ethernet Specification 

Ethernet Data Link Layer Support 
Compatible with 

• Z8000 
• 8086 
• 68000 
• LSI-II 

Broad Range of Diagnostics 

Alternate Sourced 

@ Ie MASTER 1984 

• Buffer management 
• Data encapsulation 
• Framing and packet control 
• CRC generation/check 
• Serialldeserialization 

Ethernet Physical Link Layer Support 
•. Data rate: 10 Mb/s 
• Carrier-sense multiple-access 

with collision detection 
• Transceiver interface compatibility 

3327 
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Am7990 Family Ethernet Node 
System Overview 

Advanced Micro Devices is introducing a set of LSI devices. 
that provides the Ethernet system designer, and designers of 
Ethernet compatible products, a low cost physical and link level 
interface to the Ethernet Bus. 

The Am7990 Ethernet interface family is being designed using a 
combination of MOS and IMOX™ bipolar technologies. This fam
ily consists of the Am7990 Local Area Network Controller for 
Ethernet (LANCE), and the Am7991 Serial Interface Adapter 
(SIA). As shown in Figure 1, the Am7990 family provides the 
complete interface between the device System Bus and the 
Ethernet Transceiver Cable. 

The Am7990 LANCE is a 10M-bit/sec MOS device in a 48-pin 
package, optimized to perform the link level Ethernet protocol. 
The CSMA/CD network access, memory management (onboard 
DMA), error reporting, packet handling, and microprocessor 
interface functions also reside in the LANCE. 

The Am7991 Serial Interface Adaptor provides Manchester en
coding and decoding of the serial bit stream and interfaces the 
TTL output of the LANCE to the differential inputs of the trans
ceiver. It has an on board phase locked loop to recover clock from 
an incoming signal and can use an external crystal oscillator or 
TTL inputs to provide clock for transmission. 

Coupling the Ethernet Node to the Ethernet Cable requires a 
transceiver. Commercially available board or module transceiv
ers can be used with the LANCE and SIA. Advanced Micro 
Devices has a monolithic transceiver in an early phase of 
development which should lower the cost significantly in this area 
as well. 

BASIC SYSTEM OPERATION 

Ethernet is a send and receive haH duplex system. The node must 
function in either transmit or receive mode at any instant in time. 
Before transmission the node must be sure there is no contention 
for the bus. The Ethernet CSMA/CD network access algorithm is 
implemented completely within the LANCE. In addition to listen
ing for a clear coax before transmitting, Ethernet handles colli
sions in a predetermined way. Should two nodes attempt to 
transmit at the same time, the signals will collide and the data on 
the coax will be garbled. The transmitting nodes listen while they 
transmit and detect the collision. Both continue to transmit for a 
predetermined length of time to "jam" the network, insuring all 
nodes have recognized the collision. The transmitting nodes then 
delay a random amount of time according to the "truncated binary 
backott" algorithm implemented in the LANCE, before attempting 
to transmit again. This minimizes the possibility of collision on 
retra!,)smission. 

TRANSMIT MODE 

In the transmit mode, the LANCE initiates a DMA cycle to access 
data from a transmit buffer. It prefaces the data with a preamble, 
and sync pattern then calculates and appends a 32-bit CRC. 

This packet is transmitted serially to the SIA. The Manchester 
encoder in the SIA takes the transmitted data from the LANCE 
and creates the Manchester encoded differential signals 
TRANSMIT + and TRANSMIT-to drive the Transceiver cable. 
These differential signals are coupled through the transceiver 
cable, transceiver and on to the Ethernet coaxial cable. 

Figure 1. Ethernet Node Architecture 
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RECEIVE MODE 

When carrier is present on the Ethernet coax, the Transceiver will 
create the differential signals RECEIVE+ and RECEIVE-. 
These inputs to the SIA are decoded by the Manchester decoder. 
A phase locked loop synchronizes to the Ethernet Preamble, 
allowing the decoder to recover clock and data from. the .encoded 
signals. These two signals are supplied to the LANCE as the TTL 
signals RECEIVE DATA and RECEIVE CLOCK. In addition, the 
SIA creates the signal CARRIER PRESENT while it is receiving 
data from the cable, indicating to the LANCE that receive data 
and ~Iock are available. When these signals reach the LANCE, 
the CRC is calculated and compared to the CRC checksum at the 
end of the packet. If the calculated CRC doesn't agree with the 
packet CRC an error bit is set and an interrupt generated to the 
microprocessor. 

ADDRESSING 

There are three addressing modes. The first is physical address
ing which requires a comparison of the 48-bit destination address 
in the packet with the node address programmed into the LANCE 
during initialization. The second mode is multi-cast addressing. 
This mode;can be useful when sending packets to all of one type 
of a device simultaneously on the network,or for a broadcast 

situation where all nodes on the network receive the packet. In the 
final "promiscuous" mode of operation, a node will accept all 
packets on the coax regardless of their destination address. 

ERROR REPORTING 

Extensive error reporting is provided by the LANCE through 
microprocessor interrupt and error bits in a status register. The 
following are the significant error conditions: . 

• CRC error on receive 
• Babbling error 
• Missed packet 
• Memory error 

BUFFER MANAGEMENT 

A key feature of the LANCE and it's on board DMA channel is the 
flexibility and speed of communication between the LANCE and 
the host microprocessor through common memory locations. The 
basic organization of the buffer management consists of circular 
task queues called deSCriptor rings for transmit and receive oper
ations. Up to 128 tasks may be queued on a descriptor ring 
awaiting. execution by the LANCE. (Figure 2) 

Figure 2. LANCE/Processor Memory Interface 
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MICROPROCESSOR INTERFACE 

The parallel interface of the LANCE has been designed to be 
"friendly" or easy to interface to a variety of popular 16-bit micro
processors. These microprocessors include the 68000, Z8OOO, 
8086, and LSI-II devices. 

The LANCE has a 24-bit wide linear address space when it is in 
the Bus Master Mode allowing it to DMA directly into the entire 
address space of the above microprocessors. The LANCE inter
faces with both multiplexed and demultiplexed data busses 
(Figure 3) and features control signals for address/data bus 
transceivers. 
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b) Multiplexed Bus System OVerview 

Figure 3. 
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DISTINCTIVE CHARACTERISTICS 

• IEEE 802.3 Compatible 

COMMUNICATIONS 
Am7990 Family Ethernet Node 

IN DEVELOPMENT 

GENERAl DESCRIPTION 

• Easily interfaced to 8086,68000, Z8000, 
The Am7990 Local Area Network COntroller for Ethernet 
(LANCE) is a 48-pin VLSI device designed to greatly simplify 
interfacing a micr6cQmpuler or minicbmputer to an Ethemet 
Local Area Network. This chip, in conjunction with the 
Am7991 Serial Interface Adapter (SIA) and closely coupled 
local memory and microprocessor, is intended to provide the 
user with a complete interface module for an Ethernet net-. 
work. The Am7990 is designed using a scaled N-Channel 
MOS technology and is compatible with a variety of micro
ptocessors. On-board DMA; advanced buffer management 
and extensive error reporting and diagnostics facilitate 
design and improve system performance. 

LSI-II microprocessors 
• On-board DMA and buffer management 
• 24-bit wide linear addressing (Bus Master Mode) 
• Network and paCket error reporting 
• Diagnostic Routines 

- Intemal/extemalloop back 
- CRC . logic check 
- Time domain reflectometer 

DAL15:0 

A23:16 

iNfi[ ----I 

HOI.]) ----I 

HLDA ------I 
ALE/~ ----I 

cs----1 
ADR----1 
DAS--~ 

DALO--~ 

DALI----I 

READ--~ 

BMo/BYTE ----I 

BM1/BUSAKO ----I 

READY ----I 
RESEf ----I 
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PIN DEFINITIONS 

DALoo
DAL15 

Data/Address Lines (input/Output 3-State). 
The time multiplexed Address/Data bus. During 
the address portion of a memory transfer, 
DALOO- DAL15 contains the lower 16 bits of the 
memory address. The upper 8 bits of address are 
contained in A 16 - A23· 

During the data portion of a memory transfer, 
DALoo-DAL15 contains the read or write data, 
depending on the type of transfer. 

The LANCE drives these lines as a Bus Master and 
as a Bus Slave. 

A'6-A23 High Order Address Bus (Output 3-State). The 
additional address bits necessary to extend the 
DAL lines to access a 24-bit address. These lines 

READ 

are driven as a Bus Master only. 

(Input/Output 3-State). Indicates the type of 
operation to be performed in the current bus cycle. 
This signal is an output when the LANCE is a Bus 
Master. 

High - Data is taken off the DAL by the chip 

Low - Data is placed on the DAL by the chip . 

The Signal is an input when the LANCE is a 
Bus Slave 

High - Data is placed on the DAL by the chip 

Low - Data is taken off the DAL by the chip 

BMa/BYTE 1/0 pins 15 and 16 are programmable through bit 
BM,/ (00) of CSR3. 

BUSAKO If CSR3 (00) BCON = 0 
1/0 PIN 15 = BMo (Output 3-state) 
1/0 PIN 16 = BM, (Output 3-state) 

BMa, BM, (Byte Mask). This indicates the byte(s) 
on the DAL are to be read or written during this bus 
transaction. The LANCE drives these lines only as 
a Bus Master. It ignores the Byte Mask lines when it 
is a Bus Slave,and assumes word transfer~. 

Byte selection using Byte Mask is done as de
scribed by the following table. 

BM1 BMo 

LOW LOW Whole Word 
LOW HIGH Upper Byte 
HIGH LOW Lower Byte 
HIGH HIGH None 

If CSR3 (00) BCON = 1 
1/0 PIN 15 = BYTE (Output 3-state) 
1/0 PIN 16 = BUSAKO (Output) 

Byte selection may also be done using the BYTE 
line and DALoo line, latched during the address 
portion of the bus cycle. The LANCE drives BYTE 
only as a Bus Master and ignores it when a Bus 
Slave selection is done (similar to BMo, BM1). 

Byte selection is done as outlined in the following 
table. 

BYTE DALoo 

LOW LOW Whole Word 
LOW HIGH Illegal Condition 
HIGH LOW Lower Byte 
HIGH HIGH Upper Byte 

LANCE PIN DESCRIPTION 
0-48-1 

VII Vee 

.DAL7 47 DAL. 

DAL. 46 DAL. 

DALs 45 DAL'0 
DAL4 44 DALu 

DAL3 43 DAL,2 

DAL2 42 DAL'3 
DAL, 41 DAL, .. 

DALO 40 DilL,S 

READ 10 Ai. 

INTR 11 An 

DALI 12 37 Ai. 

DALO 13 31 A1I 

DAI 14 35 Aao 

811of8YTE 15 34 A21 

8M,/BUSAKO 16 33 A22 

HOLD/BUSRQ 17 32 A23 

ALE/iS 18 AX 

HLDA 19 RENA 

Ci 20 2t TX 

ADR 21 CLSH 

READY 22 RCLK 

RESET 23 TENA 

Vss 24 TCLK 

0337\18.7 

Note: Pin 1 is marked for orientation. 

BUSAKO is a bus request daisy chain output. If the 
chip is not requesting the bus and it receives HLDA, 
BUSAKO will be driven low.. If the LANCE is 
requesting the bus when it receives HLDA, 
BUSAKO will remain high. 

Byte Swapping 

In an effort to be compatible with the variety of 16-bit micro
processors available to the designer, the LANCE may be pro
grammed to swap the position of the upper and lower order bytes 
on data involved in transfers with the internal FIFO. 

Byte swapping is done when BSWP = 1. The most significant 
byte ()ftheword in this case\yiII appearonDAL lil)9s 7-0 and the 
least significant byte on DAL lines 15-8. 

When BYTE = H (indicating a byte transfer) the table indicates on 
which part of the 16 bit data bus the actual data will appear. 

Whenever byte swap is activated, the only data that is swapped is 
data traveling to and from the FIFO. 

~ Bits 
Signal BSWP = 0 BSWP = 1 
Line and BCON = 1 and BCON = 1 

BYTE = Land 
Word Word 

DALoo= L 

BYTE = Land 
Illegal Illegal 

DALoo = H 

BYTE = Hand 
Upper Byte Lower Byte 

DALOO = H 

BYTE = Hand 
Lower Byte Upper Byte 

DALOO = L 

Chip Select (Input). Indicates, when asserted, that 
the LANCE is the slave device of the data transfer. 
CS must be valid throughout the data portion of the 
bus cycle. 
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ADR Register Address Port Select (Input). When 
LANCE is slave, ADR indicates which of the two 
register ports is selected. ADR LOW selects 
register data port, ADR HIGH selects register 
address port. ADR must be valid throughout the 
data portion of the bus cycle and is only used by the 
LANCE when CS is low. 

ALE/AS Address Latch Enable (Output 3-State). Used to 
demultiplex the DAL lines and define the address 
portion of the bus cycle. This I/O pin is pro· 
grammable through bit (01) of CSR3' 

As ALE, (CSR3 (01), ACON = 0) the signal transi-
tions from a HIGH to a LOW during the address 
portion of the transfer and remains low during the 
data portion. ALE can be used by a Slave device to 
control a latch on the bus address lines. When ALE 
is high the latch is open and when ALE goes low the 
latch is closed. 

As AS (CSR3 (01), ACON = 1), the signal pulses 
LOW during the address portion of the bus trans- . 
action. The low to high transition of AS can be used 
by a slave device to strobe the address into a 
register. 

The LANCE drives the ALE/AS line only as a 
Bus Master. 

DAS Data Strobe (Input/Output 3-State). Defines the 
data portion of the bus transaction. DAS is high 
during the address portion of a bus transaction and 
low during the data portion. The low to high transi-
tion can be used by a Slave device to strobe bus 
data into a register. DAS is driven only as a Bus 
Master. 

DALO Data/Address Line Out (Output 3-State). An 
external bus transceiver control line. DALO is as-
serted when the LANCE drives the DAL lines. 
DALO will be low only during the address portion if 
the transfer is a READ. It will be low for the entire 
transfer if the transfer is a WRITE. DALO is driven 
only when LANCE is a Bus Master. 

DALI Data/Address Line In (Output 3-State). An 
external bus transceiver control line. DALI is 
asserted when the LANCE reads from the DAL 
lines. It will be low during the data portion of a 
READ transfer and remain high for the entire 
transfer if it is a WRITE. DALI is driven only when 
LANCE is a Bus Master. 

HOLD/ Bus Hold Request (Output Open Drain). As-
BUSRQ serted by the LANCE when if requires access to 

memory. HOLD is held LOW for the entire ensuing 
bus transaction. The function of this pin is pro-
grarnrned through' bit (00) of CSR3. Bit (00) of 
CSR3 is cleared when RESET is asserted. 

FUNCTIONAL DESCRIPTION 
The parallel interface of the Local Area Network Controller for 
Ethernet (LANCE) has been designed to be "friendly" or easy to 
interface to a variety of popular 16-bit microprocessors. These 
microprocessors include the following: Z8000, 8086, 68000 and 
LSI-11. The LANCE has a 24-bit wide linear address space when 
it is in the Bus Master Mode allowing it to DMA directly into the 
entire address space of the above microprocessors. A pro
grammable mode of operation allows byte addressing in one of 

@ Ie MASTER 1984 

When CSR3 (00) BCON = 0 

I/O pin 17 = HOLD (Output Open Drain) 

When CSR3 (00) BCON = 1 

I/O pin 17 = BUSRQ (Output Open Drain) 

BUSRQ will be asserted only if 1/0 pin 17 is high 
prior to assertion. 

HLDA Bus Hold Acknowledge (Input). A response to 
HOLD. When HLDA is low in response to the chip's 
assertion of HOLD, the chip is the Bus Master. 
HLDA deasserts upon the deassertioh of HOLD. 

INTR Interrupt (Output Open Drain). An attention sig-
nal that indicates, when active, that one or more of 
the following CSRO status flags is set: BABL, 
MERR, MISS, RINT, TINT or lOON. INTR is ena-
bled by bit 06 of CSRo (INEA = 1). 

RX Receive (Input). Receive Input Bit Stream. 

TX Transmit (Output). Transmit Output Bit Stream. 

TENA Transmit Enable (Output). Transmit Output Bit 
Stream enable. A level-asserted with the Transmit 
Output Bit· Stream, TX, to enable the external 
transmit logic. 

RCLK Receive Clock (Input). A 10MHz square wave 
synchronized to the Receive data and only active 
while receiving an Input Bit Stream. 

CLSN Collision (Input). A logical input that indicates that 
a collision is occurring on the channel. 

RENA Receive Enable (Input). A logical input that indi-
cates the presence of carrier on the channel. 

TCLK Transmit Clock (Input). 10MHz clock. 

READY (Input/Output Open Drain). When the LANCE is a 
Bus Master, READY is an asynchronous acknowl-
edgement trom the bus memory that it will accept 
data in a WRITE cycle or that it has put data on the 
DAL lines in a READ cycle. 

As a Bus Slave, the LANCE asserts READY when it 
has put data on the DAL lines during a READ cycle 
or is about to take data off the DAL lines during a 
write cycle. READY is a response to BAS and will 
return HIGH after DAS has gone HIGH. READY is 
an input when the LANCE is a Bus Master and an 
output when the LANCE is a Bus Slave. 

RESET (Input). Bus Reset Signal. Causes the LANCE to 
cease operation and enter an idle state. 

Vee Power supply pin +5 volts ± 5%. 

"SS Ground. Pins 1 and 24 should be connected to-
gether externally, as close to the chip as possible. 

two ways: A Byte/Word control signal compatible with the 8086 
and Z8000, or an Upper Data Strobe and Lower Data Strobe 
signal compatible with microprocessors such as the 68000. A 
programmable polarity on the Address Strobe signal eliminates 
the need for external logic. The LANCE interfaces with bbth 
multiplexed and demultiplexed data busses and features control 
signals for address/data bus transceivers. 

During initialization, the CPU loads the starting address of the 
initialization block into two internal control registers. The LANCE 
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, has four internal control and status registers (CSRo, 1,2,3) which 
are used for various functions such as the loading of the initializa
tion block address" different programming modes and status 
conditions. The host processor communicates with the LANCE 
during the initialization phase, for demand transmission and 
periodically to read the status bits following interrupts. All other 
transfers to and from the memory are handled as DMA under 
microword control. ' 

Interrupts to the microprocessor are generated by the 
LANCE: 1) upon completion of its initialization routine, 2) the 
reception of a packet, 3) the transmission of a packet, 4) 
transmitter timeout error, 5) a missed packet and 6) memory 
error. 

The cause of the interrupt is ascertained by reading CSRO. Bit 
(06) of CSRo, (INEA) enables or disables interrupts to the 
microprocessor. In systems where polling is used in place of 

Figure 1. LANCE/CPU Interfacing 
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Interrupts, bit (07). of CSRo (INTR) indicates an interrupt 
condition. 
The basic opetation of the LANCE consists of two distinct 
modes: transmit and receive. In the trahsmit mode the LANCE 
chip directly accesses data in a transmit buffer in memory. It 
prefaces the data with a preamble, sync pattern, and calculates 
and appends a 32-bit CRC. This packet is then ready for trans
mission to the Am7991 SIA. 

In the receive mode,packets are sent via the SIA to the LANCE. 
The packet is loaded into buffer. memory. A CRC is calculated 
and compared with the CRC appended to the data packet. If the 
calculated CRC checksum doesn't agree with the packet CRC, . 
an error bit is set. 

ADDRESSING 

Packets can be received using 3 different destination addressing 
schemes: physical, logical and promiscuous. 

The first type is a full comparison of the 48-bit destination address 
in the packet with the node address that was programmed into the 

- LANCE during an initialization cycle. There are two types of 
logical address, one is group type mask where the 48-bit address 
in the packet is put through a hash filter in order to map the 48-bit 
physical addresses into 1 of 63 logical groups. This mode can be 
useful if sending packets to all of a particular type of device 
simultaneously (i.e., send a packet to all file servers or all printer 
servers). The second logical address is a multicast address 
where all nodes· on the network receive the packet. The last 
receive mode of operation is the so-called "promiscuous mode" 
in which a node will accept all packets on the coax regardless of 
their destination address. 

COLUSION DETECTION AND IMPLEMENTATION 

The Ethernet CSMA/CD network access algorithm is imple
mented completely within the LANCE. In addition to listening for a 
clear Coax before transmitting, Ethernet handles collisions in a 
predetermined way. Should two transmitters attempt to seize the 
coax at the same time they will collide and the data on the coax 
will be garbled. The transmitting nodes listen while they transmit; 
detect the COllision, then continue to transmit for a predetermined 
length of time to "jam" the network and ensure that all nodes have 
recognized the colliSion. The transmitting nodes then delay a. 
random amount of time according to the Ethernet "truncated 
binary backoff" algorithm in order that the collidil1g nodes don't 
try to repeatedly access the network at the same time. Up to 16 
attempts to access the network are made by the LANCE befote 
reporting back an error due to excessive collisions. 

ERROR REPORTING AND DIAGNOSTICS 

Extensive error reporting is provided by the LANCE. Errors con
ditions reported relate either to the network as a whole or to data 
packets. Network-related errors are recorded as flags in the 
CSRs and are examined by the CPU following interrupt. Packet 
related errors are written into descriptor entries corresponding to 
the packet. 

System errors include: 

• Babbling Transmitter 
- Transmitter attempting to transmit more than 1518 

data bytes. 

• Collision 
- Collision detection circuitry nonfunctional 

• Missed packet 
- Insufficient buffer space 

• Memory timeout 
- Memory response failure 
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Packet related errors: 

• CRC 
- Invalid data 

• Framing 
- Packet did not end on a byte boundary 

• Overflow/Underflow 
- Indicates abnormal latency in servicing 

a DMA request 

• Buffer 
- Insufficient buffer space available 

The LANCE performs several diagnostic routines which enhance 
the reliability and integrity of the system. These include a CRC 
logic check and two loop back modes (internal/external). Errors 
may be introduced into the system to check error detection logic. 
A Time Domain Reflectometer is incorporated into the LANCE to 
aid system deSigners locate faults in the Ethernet cable. Shorts 
and opens manifest themselves in reflections which are sensed 
by the TOR. 

BUFFER MANAGEMENT 

A key feature of the LANCE and its on-board DMA channel is the 
flexibility and speed of communication between the LANCE and 
the host microprocessor through common memory locations. 
The basic organization of the buffer management is a circular 
queue of tasks in memory called descriptor rings as shown in 
Figure 2. There are separate descriptor rings to describe fransmit 
and receive operations. Up to 128 tasks may be queued up on a 
descriptor ring awaiting execution by the LANCE. Each entry in a 
descriptor ring holds a pointer to a data memory buffer and an 

Figure 2. LANCE/Processor Memory Interface 
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entry for the length of the data buffer. Data buffers can be chained 
or cascaded in order to handle a long packet in multiple data 
buffer areas. The LANCE searches the descriptor rings in a "look 
ahead manner" to determine the next empty buffer in order to 
chain buffers together or to handle back to back packets. As each 
buffer is filled, an "own" bit is reset allOwing the host processor to 
process the data in the buffer. 

LANCE INTERFACE 

CSR bits such as ACON, BCON and BSWP are used for 
programming the pin functions used for different interfacing 
schemes. For example, ACON is used to program the polarity of 
the Address Strobe signal (ALE/AS). 

BCON is used for programming the pins for handling either the 
. BYTE/WORD method for addressing word organized, byte ad
dressable memories where the BYTE signal is decoded along 

with the least significant address bit to determine upper or lower 
byte, or an explicit scheme in which two signals labeled as BYTE 
MASK (BMa and BM 1) indicate which byte is addressed. When 
the BYTE scheme is chosen the BM1 pin can be used for per
forming the fu~ction BUSAKO. 

BCON is also used to program pins for different DMA modes. In a 
daisy chain DMA scheme, 3 signals (BUSRQ, HLDA, BUSAKO), 
are used. In systems using a DMA controller for arbitration, only 
HOLD and HLDA are used. 

All data transfers from the LANCE in the Bus Master mode are 
timed by ALE, DAS and READY. The automatic adjustment of the 
LANCE cycle by the READY signal allows synchronization with 
variable cycle time memory due either to memory refresh or to 
dual port access. Bus cycles are a minimum of 600ns in length 
and can be increased in 100ns increments. 

. BUS SLAVE WRITE TIMING 

ALE 

. READ 

READY (OUTPUT 
FROM LANCE) 

Note: 1. There are two types of delays which depend on which internal register is accessed. 
Typ 1 refers to access of eSRo, eSR1 and RAP. 
Typ 2 refers to access of eSRl and eSR2' 
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READ SEQUENCE 

The read cycle is· begun by valid addresses being placed on 
DALOO-DAL15 and A1S-A23-. The BYTE MASK signals are 
placed valid to indicate a word, upper byte or lower byte memory 
reference and READ indicates the type of ·cycle. ALE or AS are 
pulsed and the trailing edge of either can be used to latch ad
dre~ses. DALOO-DAL15 go into a 3-state mode and DAS falls· 
low to signal the beginning of the memory access. The memory 
responds by placing READY low to indicate that the DAL lines 
have valid data. The LANCE then latches memory data on the 
rising edge of DAS which in turn ends the memory cycle and 
READY returns high. 

The bus transceiver controls, DALI and' DALO, are used to 
control the bus transceivers. DALI signals to strobe data toward 
the LANCE and DALO signals to strobe data or addresses away 
from the LANCE. During a read cycle DALO' goes inac
tive before DALI becomes active to avoid "spiking" of the bus 
transceivers. 

WRITE SEQUENCE 

The write cycle is very similar except that the DALOO - DA~ 
lines change from containing addresses to data after ALE or AS 
go inactive DAS goes active after data is valid on the bus. Data to 
memory is held valid after DAS goes inactive. 

BUS SLAVE READ TIMING 

DALO-DAL15 ----0( 

ALE 

READ 

READY (OUTPUT 
FROM LANCE) 

ADR 
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DISTINCTIVE CHARACTERISTICS 

• Compatible with Ethernet/IEEE 802.3 specifications 
• Crystal controlled Manchester Encoder 
• . Manchester Decoder acquires clock and data within six 

bit times with an accuracy of ±3ns 
• Guaranteed carrier detection and collision detection 

threshold limits 
- Carrier/collision detected for greater than -300mV 
- No carrier/collision for less than -175mV 

• Input signal conditioning rejects transient noise 
- Transients < 10ns for collision detector inputs 
- Transients < 16ns for carrier detector inputs 

• Receiver decodes Manchester data with up to ±20ns 
clock jitter (at 10MHz) 

• TTL comaptible host inte~face 
• Transmit accuracy ±0.01% (without adjustments) 

GENERAL DESCRIPTION 

The Am7991 Serial Interface Adapter (SIA) is a Manchester 
Encoder/Decoder compatible with both Ethernet aM IEEE-
802.3 specifications. In an Ethernet/IEEE-802.3 application 
the Am7991 interfaces the Am7990 Local Area Network 
Controller for Ethernet (LANCE) to the Ethernet transceiver 
cable. acquires clock and data within 6 bit-times and de
codes Manchester data with up to ± 20ns phase jitter at 
10MHz. SIA provides both guarant~ed signal threshold limits 
and transient noise suppression circuitry in both data and 
collision paths to minimize false start conditions. 

BLOCK DIAGRAM 

Serial Interface Adapter (SIA) 

Aeceive Data lAX) 

Receive Clock IRCLK) 

Carrier Present IREN41 

• II I CoM_ 

a 
't 
u Collision (CLSN) ! Detect 

.! 
i c Transmit Data ITX) 
0 
() Transmit Enable ITEN4) 

Transmit Clock ITCLK) 

20MHz 0 

XTAL2 

TYPICAL ETHERNET NODE 

ETHERNET 

\ 
TRANSCEIVER 

TRANSCEIVER 
CABLE 

ETHERNET 
CONTROLLER 

033786-16 

Receive + 

Receive -

Noise Collision + 
Reject 
Filter ColliSion -

Transmit + 

Transmit -

, 033788-31 

CONNECTION DIAGRAM - Top View 
0-24-1 

CLS,. CoIUsion+ 

RX ColIIslon-

RENA Receive+ 

RCLK ·Receive-

TSEL THt 

GND1 VCC1 

~N~ VCC2 

X1 PF 

X2 RF 

TX 10 GND3 

TJ:NA 11 '4 Tranamit+ 

TCLK 12 Transmit-

03378B-32 
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Features 

o Low Output Tone Distortion: 7% 
o Wide Operating Supply 

Voltage Rang~: 2.5 to 10 Volts 
o Oscillator Bias Resistor On-Chip 
o Can be Powered Directly from Telephone Line or 

from· Smarl Batteries . 
o Interfaces Directly to a Standard Telephone 

Push-Button or Calculator Type X-V Keyboard 
o Four Options Available 011 Pin 15 and Pin 16: 

Bipolar Output 

S2559E1F/G/H 

DTMFTONEGENERATOR 

General Description 

The S2559E, F, G and H are improved members of the 
S2559 Tone Generator Family. The new devices feature 
extended operating voltage range, lower tone distor
tion, and an on-chip oscillator bias resistor. The S2559E 
and F are pin and functionally compatible with the 
S2559C and D, respectively. 

The S2559 G and H are identical to the E and F, except 
that there is a Darlington amplifier configuration on the 
tone out pin, rather than a single bipolar transistor as 
shown in the block diagram. In many applications this 
eliminates the need for a transistor in the telephone cir-E: M ode Select 

F: Chip Disable 
Darlington Output 

G: Mode Select· 
H: Chip Disable 

. cuit. Tone distortion in the telephone is also likely to be 
lower. 

Block Diagram Pin Configuration 

XT~L 

l~MHI 

i--;,;;W~E-;N~E~R- i 
I I 

Voo 16 TONE OUT 

XMIT 15 MOSL/CO 

161, II H STAGE RESISTOR I 
~--++~ JOHNSO~ LADDER 

C1 14 R1 

I. 
I CO UIII " R NITWORK 

I EN 
I~---

C2 13 R2 
S2559ElFIGIH 

C3 12 R3 

Vss 11 R4 i~ 
~""--..., I r-r 

I 
II I~VOO 

OSCI q 7 10 P MUTE 

OSCo~ 9 P C4 
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16tH • STAGE RESISTOR 
J-----~ JOHNSON LADDER 

I COUNT! R NE TWORK I 

I I L-, ---it6 ~:eOUT 
L ________ -.J n 

r "---+ Voo 

1 ______ ----- TONE OUT 
GIH 
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Features 
o Wide Operating Voltage Range: 2.5 to 10 Volts 
o Optimiz~d for Constant Operating Supply Voltages, 

Typically 3.5V 
o Tone Amplitude Stability is Within ± 1.5dB of 

. Nomin~1 Over Operating Temperature Range 
o Low Power CMOS Circuitry Allows Device Power to 

to be Derived Directly From the Telephone Lines or 
From Small Batteries 
Uses TV Crystal Standard (3.58MHz) to Derive All 
Frequencies Thus Providing Very High Accuracy 
and Stability 
Specifically Designed for Electronic Telephone 
Applications 
Interfaces Directly to a Standard Telephone 
PUSh-Button Keyboard With Common Terminal 
Low Total Harmonic Distortion 
Single Tone as Well as Dual Tone Capability 
Direct Replacement for Mostek MK5089 Tone 
Generator 

Block Diagram 

825089 

DTMFTONEGENERATOR 

General Description 
The S25089 DTMF Generator is specifically designed· 
to implement a dual tone telephone dialing system in 
applications requiring fixed supply operation and high 
stability tone output level, making it well suited for 
electronic telephone applications. The device can 
interface directly to a standard pushbutton telephone 
keyboard with common terminal connected to Vss and 
operates directly from the telephone lines. All neces
sary dual-tone frequencies are derived from the widely 
used TV crystal standard providing very high accuracy 
and stability. The required sinusoidal waveform for the 
individual tones is digitally synthesized on the chip. 
The waveform so generated has very low total harmon
ic distortion. A voltage reference is generated on the 
chip which is very stable over the operating tempera
ture range and regulates the signal levels of the dual 
tones to meet the recommended telephone industry 
specifications. 

Pin Configuration 
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r--------------------, 
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Features 

o Low Voltage CMOS Process for Direct Operation 
from Telephone Lines 

o Inexpensive R-C Oscillator Design Provides Better 
than ± 5% Accuracy Over Temperatureand Unit to 
Unit Variations 

o Dialing Rate Can be Varied by Changing the Dial 
Rate Oscillator Frequency 

o Dial Rate Select Input Allows Changing of the Dial
ing Rate by a 2:1 Factor Without Changing Oscil
lator Components 

o Two Selections of Mark/Space Ratios (331/3/66 213 or 
40/60) 

o Twenty Digit Memory for Input Buffering and for Re
dial with Access Pause Capability 

o Mute and Dial Pulse Drivers on Chip 

Block Diagram 

KEYBOARD 
INPUTS 

e 
e 

~3 o-_e--l.-t 

RO 
DIAL I C 
RATE I 0 

OSC RE_ 

KEYBOARD 
INTERFACE 

20 DIGIT 
MEMO RY 

R W POINTER 
LOGIC 

S2560A 

PULSE DIALER 

o Accepts DPCT Keypad with Common Arranged in a 
2 of 7 Format; Also Capable of Interface to SPST 
Switch Matrix 

General Description 

The S2560A Pulse Dialer is a CMOS integrated circuit 
that converts pushbutton inputs to a series of pulses 
suitable for telephone dialing. It is intended as a 
replacement for the mechanical telephone dial and can 
operate directly from the telephone lines with 
minimum interface. Storage is provided for 20 digits, 
therefore, the last dialed number is available for redial 
until a new number is entered. IDP is scaled to the dial
ing rate such as to produce smaller lOP at higher dial
ing rates. Additionally, the lOP can be changed by a 2:1 
factor at a given dialing rate by means of the lOP select 
input. 

Pin Configuration 

18 

2 17 

3 16 

4 15 

5 S2560A 14 

HE 6 PULSE 13 Von 

Co ~ 7 DiALER H h M!S 

DP 9 10 Vss 
I----~OP 

~ 8 " P MUTE 

~I ___ ----' 

I-----U MU iE 

DRS IPS M S 
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Features 
o Complete Pin Compatibility With S2560A and 

S2560G Pulse Dialer Allowing Easy Upgrading of 
Existing Designs. 

o Ten 1S-Digit Number Memories Plus Last Number 
Redial (22 Digit) Memory On Chip. 

o Low Voltage CMOS Process for Direct Operation 
From Telephone Lines. ' 

Inexpensive'R-C Oscillator Design With Accuracy 
, Better Than ± 5% Over Temperature and Unit-Unit 
Variations. 

Block Diagram 

R, 

~ 
KEYBOARD KEYBOARD 

INPUTS 
Cl 

INTERFACE 

C3 
22 DIGIT BUFFER 

HOOK -
SWITCH Its 

~Lr 1Ox1, DIGIT 
RATE Co MEMORY 

OSt RE 

CONTROL LOGIC 

DRS MIS 

3342 

825610 

SINGLE CHIP 
REPERTORY DIALER 

o Independent Select Inputs for Variation of Dialing 
Rates (10pps/20pps), Mark/Space Ratio (33 V3 ..,66213/ 
40-60), Interdigit Pause (400ms/SOOms). 

o Can Interface With Inexpensive XY Matrix or Stan
dard 2 of 7 Keyboard With Common. Also Capable 
of LogiC Interface (Active High). 

o Mute and Pulse Drivers On Chip. 

o Call Disconnect by Pushing * and # Keys 
Simultaneously. 

Pin Configuration 

t. C3 

R, C2 

R2 C, 

R3 IPS 

tiS DRS 

RE Voo 

Co MIS 

Ro MUTE 

,0; UP Vss 

MUTE 
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Features 
o CMOS Process for Low Power Operation 
o Operates Directly from Telephone Lines with 

Simple Interface 
o Also Capable of Logic Interface for Non-Telephone 

Applications 
o Provides a Tone Signal that Shifts Between Two 

Predetermined Frequencies at Approximately 16Hz 
to Closely Simulate the Effects of the Telephone 
Bell 

o Push-Pull Output Stage Allows Direct Drive, Elimi
nating Capacitive Coupling and Provides Increased 
Power Output 

D50mW Output Drive Capability at 10V 
Operating Voltage 

Block Diagram 

511Hl 8Hz 512Hz 

POR 

S25611S2561 AlS2561 C 

TONE RINGER 

o Auto Mode Allows Amplitude Sequencing such that 
the Tone Amplitude Increases in Each of the First 
Three Rings and Thereafter Continues at the Maxi
mum Level 

o Single Frequency Tone Capability 

General Description 
The S2561 Tone Ringer is a CMOS integrated circuit 
that is intended as a replacement for the mechanical 
telephone bell. It can be powered directly from the 
telephone lines with minimum interface and can drive a 
speaker to produce sound effects closely Simulating 
the telephone bell. 

Pin Configuration 

EN 2m. 
fiLTER 

DIAL PULSE 
REJECT FIL TER 

AMPLITUDE AUTO 
SEQUENCING I------v MANUAL 

COUNTER 

SFS VOO 

OET. 
_ INH. 

SfS 

OSCT, 

o 
fij 

OSCTm 

OSCT. 

OSCR, 

OSCRm 

OSCR. 

5120Hz 
INOMI 

THC 

TONE 
OSC 

POE 

POE 

VOLTAGE 
SENSING 
CIRCUIT 

'OPTIONAL OUTPUT FOR $lYle 
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Advanced Product Description 

August 1983 

Features 

o Monolithic IC Consisting of the Speech Network 
and Tone Ringer 

o Interfaces With Inexpensive Condenser Electret 
Microphone, Electromagnetic Receiver and a 
Piezoelectric Ringer Transducer 

o Automatic Gain Adjustment for Loop Loss 
Compensation 
Low Voltage CMOS Process for Operation Over 
Varying Loop Lengths and Currents 

Functional Block Diagram 

,. 
Villi 

,. lIIE 

& AGe, 

16 AGe 

17 RIEl 

TO HOIJI(SWITCH ...,..;;.2 +1t;.;;,;H..:..1 __________ __+_., 

VIS 
9 

3344 

S2550A 

TWO TO FOUR WIRE TELEPHONE 
HYBRID WITH TONE RINGER 

"'1001( 

o Uses Inexpensive and Non-Critical External 
Components 

General Description 

The S2550A is a monolithic integrated circuit specifi
cally designed for implementing a low cost telephone 
set circuit. It consists of the hybrid circuit for speech 
transmission and reception and a tone ringer circuit 
that generates an audible tone coincident with the in
coming ringing signal through'a suitable piezoelectric 
transducer or high impedance speaker. 

Pin Configuration 

4 15 

lIIE CU_NT 
SENSE I AGe 

DC 7 

AGe. 4 

AGe. 

RouT • 

TONE I1116ER TRour 1 
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Features 

o Bell 212AN.22 Compatible 

o Usable for Bell 103/113 Applications 

o High and Low Band Filters with Compromise Group 
Delay Equalizers' 

o Originate/Answer Operating Modes 

o Buffered Clock Output 

o Excellent Rejection of CCITT Guard Tones 

o Low Power CMOS 50mW Typ. 

o ± 5 Volt Operation 

o Low Cost 16-Pin Package 

Block Diagram 

HBF Villi 

83522 

BELL 212A1CCITT V.22 COMPATIBLE 
MODEM FILTER WITH EQUALIZER 

General Description 

The AMI 53522 Modem Filter is a 16-pin monolithic 
CMOS integrated circuit designed to implement both 
the filtering and equalizing functions required in Bell 
212A and CCITT V.22 Modems. The 53522 includes 
both the transmit signal shaping filter and the receive 
signal separation filter and features on-chip originate/ 
answer mode selection logic. In addition, half-channel 
compromise amplitude and group delay equalization is 
included, giving full compromise equalization through 
the'transmit and receive filter pair. The 53522 features 
excellent rejection of the CCITT Guard Tones at 550Hz: 
Low-Band (56dB), High-Band (61dB) and 1800Hz: Low
Band (48dB), High-Band (28dB). 

Pin Configuration 

_______ iL ___ ~_-, 

Hx(lI) 

I 
i 

I 
I 
I 
I 
I 
I 
I 
18 

.. o~13+1 __ ~--------------+_--------~ 

: I I 

asc(1I) 51 ~ I I I 
I I 

L-----------.-n 'f'~-.r-----J 
ClK (OUT) LBF Vss A&III DIItIO 

@ Ie MASTER 1984 

Tx(OU1) 

Hx (OUT) 

Tx{lN) Rx(1N) 

Villi 2 AIIIID 

HBF 3 N.C. 
S3522 

D8MD 4 MODEM 13 MODE 

OSC (IN) 5 ALTER LBF 

CLK (OUT) 6 Vss 

Hx (OUT) q 7 10 P N.C. 

Tx (OUT) 9 8 9 P N.C. 

3345 

0 
c; 

en 
E 
Q) 
+-" 
UJ 
>. 
UJ 
0 
~ 

0 

~ 
c; 
«S 
0 
i-
Q) 

E 
<C 



o 
c: 

uf 
E 
Q) ... rn 
~ rn 
o 
~ 

o 
~ 
c: 
as 
o 
"i: 
Q) 

E. « 

AMIs---------(---.-...---
."""4. A Subsidiary r of Gould Inc. 

83526 

SINGLE FREQUENCY TUNEABLE 
BANDPASS/NOTCH FILTERfTONE GENERATOR 

Features 

o Center Frequency of Filters Match and Track Fre
quency of Generated Tone 

o Tone Frequency Adjustable Over a 100Hz to 5t<Hz 
Range 

o Unfiltered Input, Input with Notched Tone, Input 
Tone and Tone Generator Outputs 
Operation from a Crystal or External CMOSITTL 
Clock 
Operation at 2600Hz from a Low Cost 3.58M Hz TV 
Color Burst Crystal or 256kHz Ext. Clock 
Buffered Output Drives 6002 Loads 

.~ingle or Split Supply Operation 
rr Low Power CMOS Technology 

Block Diagram 

cff ()--I-------, 
14 

OSCI 

osc. 

cso--t--t------+--------, 

IlPUT 

Vao 

Vu BIAS 
13 RESISTORS 

Va 
6 

ME 
10 

3346 

General Description 

The S3526 is a low power CMOS Circuit which may be 
used in a variety of single frequency (SF) communica
tion applications such as SF-Tone Receivers, Tone 
Remote Control in Mobile systems, Loopback Oiagno$
tics in Modems, control of Echo Cancellers, dialing and 
privacy functions in Common Carrier Radio Telephone, 
etc. The main functional blocks of the S3526 include a 
IQw distortion tone (sinewave) generator whose fre
quency may be programmed using a crystal (Le. 2600Hz 
using a low cost TV color burst crystal) or external 
clock time base; a bandpass filter used to extract tone 
information from the input signal; ~ band reject filter 
which is used to "Notch" out tone information from the 
input signal; and a buffer amplifier with selectable in
put (unfiltered input signal, or input signal with tone 
notched) capable of driving a 6002 load. 

Pin Configuration 

SAMPlIi6 
Il'UT cif 

CLOCK OSC. VAl 

OSCo BPF 

cs IIV 
BPF 

12 To. ME 
Va BUff 

Villi NOTCH 

NOTCH 

IIY 
11 

BUFF 
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.83528 

PROGRAMMABLE LOW PASS FILTER 

Features 
o Seventh Order Ellipitical Ladder Filter with Cosine 

Prefiltering Stage 
o Cutoff Frequency (fd Range of 10Hz to 20kHz, 

40Hz to 20kHz Via 3.58MHz TV Crystal 
o Passband Ripple: <O.1dB 
o Stopband Attenuation: >51dB for f>1.3fc o Cutoff Frequency Selectable in 64 Steps Via S.ix Bit 

Control Word . 
o Steps May Be Custom Programmed from a Set of 

2,048 Discrete Points Via Internal.ROM 
o Cutoff Frequency Continuously Variable Via Exter

nal Clock (Crystal, Resonator, or TTUCMOS 
Clock) 

o Uncommitted Input and Output Op Amps for Anti
Aliasing and Smoothing Functions 

o Low Power CMOS Technology 

Block Diagram 

VIII 

FB '0 

SlG(II' 0-'-2 t-------i 

OSCo 0-:':-:-4 t-------. 

Osc. '3 

64X 11 BIT t----f-----' 
ROM '1 

General Description 
The S3528 is a programmable low pass filter which may 
be used in a wide variety of filtering applications com
monly found in speech analysis, telecommunications, 
test equipment and instrumentation, etc. The 3528's 
CMOS design using switched capacitor design tech
niques allows easy programming of the filter's cutoff 
frequency (fd, discretely, in 64 steps via a six bit control 
word or continuously by varying the external time base. 
The useful range of operation of the filter passband ex
tends from 10Hz to 20kHz. When operating from a low 
cost TV crystal (3.58M Hz) a range of 40Hz to 20kHz may 
be realized. For special applications the S3528 may be 
customized via the internal ROM to accomodate a 
specific set of cutoff frequencies from a choice of 2,048 
possi bl ities. 

fLT(OUT) 

BUFF(II) 

8 

BUFf(OUT) 

I 7 

Pin Configuration . 
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S3506/S3507/S3507A 

CMOS SINGLE CHIP IJ-LAW/A-LAW 
SYNCHRONOUS COMBO CODECS WITH FILTERS 

Features 

o Independent Transmit and Receive Sections With 
75dB Isolation 

o Low Power CMOS 80mW (Operating) BmW (Standby) 
o Stable Voltage Reference On-Chip 
o Meets or Exceeds AT&T 03, and CCITT G.711, 

G.712 and G.733 Specifications 
Input Analog Filter Eliminates Need for External 
Anti-Aliasing Prefilter 
Input/Output Op Amps for Programming Gain 
Output Op Amp Provides ± 3.1 V into a 600Q Load or 
Can Be Switched Off for Reduced Power (70mW) 
Special Idle Channel Noise Reduction Circuitry for 
Crosstalk'Suppression 

Block Diagram 

VII 0+-+----, 

o Encoder has Dual-Speed Auto-Zero Loop for Fast 
Acquisition on Power-Up 

o Low Absolute Group Delay = 450j,lsec. @ 1 kHz 

General Description 

The S3506 and S3507 are monolithic silicon gate CMOS 
Companding Encoder/Decoder chips designed to im
plement the per channel voice frequency Codecs used 
in PCM systems. The chips contain the band-limiting 
filters and the analog ... digitalconversion circuits that 
conform to the desired transfer characteristic. The 
$3506 provides the European A-Law companding and 
the S3507 provides the North American tJ"'Law com
panding characteristic. 

Pin Configuration (22 Pin) 
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Pin Configuration (28 Pin) 
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Features 
D. Single-Chip ProgrammableDigital Signal Processor 
o May Be Customized (ROM Programmed) With 

Customer Generated Routines 
o Self-Emulation Capability 
o Standard Preprogrammed Processors Available 
o FetchiMultiply/Add/Store Cycle 
o 512 Word x 18 Bit Instruction Memory 
o Unique Three Port Data Memory 

256 x 16 RAM/128 x 16 ROM 
o 12 x 12 Pipelined Multiplier With 16 Bit Product 
o 16 Bit Accumulator With Overflow Detect/Protect 
o Double Buffered Asynchronous Serial I/O Port 
o lAP-Compatible I/O Port i.e. 6800 (A Version), 

8080 (B Version), etc. 

Simplified Block Diagram 
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828211 

SIGNAL PROCESSING 
PERIPHERAL, 

General Description 

The S28211 is a single-chip microcomputer which has 
been optimized to execute digital Signal processing 
algorithms. commonly used in applications such ~s 
telecommunications speech processing, industrial 
process control instrumentation, atc; It may be used as 
a stand alone unit, or may be operated as a peripheral in 
a microprocessor based system. The latter configura
tion allows arrays of 828211 s to be used together for in
creased processing throughput. The 828211 's multi
bus, pipelined architecture and powerful multi
operation instructions make it possible to write very 
compact algorithms. This allows the available memory 
to be used efficiently and increases the execution 
speed of a given algorithm. The S28211 may be 
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r.ANALOG 
~DEVICES 

FEATURES 
Ultra Low Drift (1pVfC) 
Low Offset Voltage (O.25mV) 
Low Input Bias Currents (25pA) 
Low Quiescent Current 
Low Noise (2IJV p-p) 
High Open Loop Gain (110dB) 
Matched Offset Voltage - AD647 
Matched Offset Voltage Over Temperature - AD647 
Matched Bias Current - AD647 
Crosstalk 124dB at 1 kHz 
Low Total Harmonic Distor~ion 

PRODUCT DESCRIPTION 
The ADS47 and AD 64 7 are monolithic, FET input operational 
amplifiers combining the very low input bias current advan- . 
tages of a BIFET op amp with offset and drift performance 
previously available only in high quality bipolar amplifiers. 

The exclusive Analog Devices laser wafer trim process trims 
both the input offset voltage and offset voltage drift to levels 
far lower than any competing BIFETamplifier (lmV, SpV/oC-
J versions, O.2SmV, lpvfc-L versions). 

In addition, the offset voltage is laser trimmed to less than 
O.2SmV and matched to O.2SmV for the AD647L, O.SmV 
and matched to O.2SmV for the AD647K_ 

The ADS47 offers the lowest guaranteed input bias currents 
of any BIFET amplifier with SOpA max for the J grade and 
2SpA max for the L grade. The AD647 offers matched bias . 
currents that are significantly lower than currently available 
monolithic dual FET input operational amplifiers: 35pA max, 
matched to lSpA for the AD647K and Li 7SpA max, matched 
to 2SpA for the AP647J and S. 

PRODUCT HIGHLIGHTS 
1. Advanced laser wafer trimming techniques reduce offset 

voltage drift to 1pV f C max and reduce offset voltage to 
only O.2SmV max on the ADS47L. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (nun). 

REFPthNE 
0165 (4.20) 050 MIN 
~) ii'21MiNi 

[J t I c::::::::l 0.335 (8.50) . I 
0.370 (9.40) I 

0.305 17.75) : 

~ I L- c::::::::::J 

-'----O-.04-MAX I . 
(1.02 MAX) 1t: 

3 O .. 010 (0.25) 
0.040(102) 

SEATING PLANE . 

TO-99 

Ultra Low Drift 
'BIFET Operational Amplifiers 

AD547/AD647 I 
TAB 

v-

ADS47 SINGLE VERSION 

v-

AD647 DUAL VERSION 

2. Analog Devices BIFET processing provides 2SpA max 
(10pA typic;u) bias currents specified after 5 minutes of 
wlilIm-up. 

3. Low voltage noise, high open loop gain and outstanding 
offset performance make the series true precision BIFET 
amplifiers. 

4. The AD647 dual has tight matching specifications to ensure 
high performance, eliminating the need to match individual 
devices. 

S. Laser-wafer-trimming reduces offset voltage to as low as 
O.2SmVmax and matched side to side toO.2SmV (AD647L), 
thus eliminating the need for external nulling. 

6. The standard dual amplifier pin out allows the AD647 to 
replace lower performance duals without redesign. 

ORDERING GUIDE 

Initial Offset Offset Voltage Temperature 
Model Voltage Drift l\ange 

ADS47JH l.Omv spvfc o to +70oC 
ADS47KH O.SmV 2pvfc o to +70oC 
ADS47LH O.2SmV 1pV/oC o to +70oC 
ADS47SH O.SmV sjJ.vlc -55°C to +12SoC , 
AD647JH 1.0mV 10jJ.V/oC o to +7,OoC 
AD647KH O.SmV spvlc o to +70oC 
AD647LH O.2SmV 2pvfc ° to +70

o
C 

AD647SH O.SmV 10jJ.V/oC -55°C to +12SoC 

ONE TECHNOLOGY WAY • P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 
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r.ANALOG 
~DEVICES Operational Amplifiers 

FEATU RE SELECTION CHART I GENERAL PURPOSE / HIGH ACCURACY 7 
wWVos DRIFT / 

I FET INPUT / / L j FET INPUT / J WIDEBAND 

!t));j~)!t!t'jj/;/!/;hhh/;1 ! ! I ! l l l ~ ... .f ! f ~,f I ! ! f 
Monolithic Bipolar Input • · • • • • 

Technology J-FET • • • • 
Dual J-FET • • • 

Multi-Device Hybrid · • • • 
Technology Module 

High Open ",IOOdB • • • • • · · • 
Loop Gain ",14OdB 

HighCMR >IOOdB · • · · 
Low Offset ";SmV • • • • • • • · • • • • · Voltage ":lmV • • • • · · ":SOjAV • • 
Low Offset ";S/JV/oC • • • • • • • • • · • 

VI vs. Temp :os:.:;l~V!oC 

I I I I · · ":0.6/JVt"C · • • 
Low Bias ":SOpA • • • • • • 

/ 

• 
1 

I I 
• · · • 

Current ~SpA 
I I I ! ! I · • 

";O,SpA • 
Fast Settling ":Ips toO.I% • · ":Sps to 0.01% • · Wideband ",2MHz • • ! • 

(Uniry Gain) ;;'IOMHz 

High Slew ",IOV//Js • • I • Rate ;;'30V//Js I ;;'IOOV//Js I 
;;'IOOOV/IiS i ! I 

• • 
Low Noise (0.1 to 10Hz) l I • • • · • • • • · 211V p-p 

High Voltage Out ;;'IOOV I ! High Current Out ;;;'20mA f I : I I i I 

Low Power ":7SmW i I • • • • • • · • • • 
Second Source • • • 
Te~~~,:~o'; cRange ! 

• • • • • • • • • • • • · • • · • 
-2SoC to +8S·C • 
-SS·C to +12So C • • • • · • • • • • • • • · • 

Dice Availability • • • • • · • • 

GENERAL PURPOSE BIPOLAR INPUT SPECIFICATIONS (typical @Vs = ±15V, TA = +2S
o
C unless otherwise noted) 

Output vos 6Vos/6T Ib CMR 
Gain VlmA Unity Gain Slew Rate mV Ilvfc nA dB Temp 

Model min min MHz VIlIS max max max min Rangel Package2 

AD101A 50k 1015 1.0 to S.O 0.5 to 10 2.0 15 75 SO M H 
AD201A 50k 1015 1.0 to S.O 0.5 to 10 2.0 15 75 SO H,N 
AD301A 25k 1015 1.0 to S.O 0.5 to 10 7.5 30 250 70 C H,N 
AD301AL 80k 1015 1.0 to 10.0' 0.25 to 9.0 1.0 5.0 30 90 C H,N 
AD108 50k 13/1.3 0.3 to 3.0 0.3 to 1.3 2.0 15 2.0 85 M H 
AD20S 50k 13/1.3 0.3 to 3.0 0.3 to 1.3 2.0 15 2.0 85 I H 
AD30S 25k 13/1.3 0.3 to 3.0 0.3 to 1.3 7.5 30 7.0 80 C H 
AD10SA 80k 13/1.3 0.3 to 3.0 0.3 to 1.3 0.5 5.0 2.0 96 M H 
AD208A 80k 13/1.3 0.3 to 3.0 0.3 to 1.3 0.5 5.0 2.0 96 I H 
AD30SA 80k 13/1.3 0.3 to 3.0 0.3 to 1.3 O.S 5-.0 7.0 96 C H 
AD741 SOk 1nJ~ 1.0 0.5 5.0 500 70 M H,N LVI;) 

AD741C 20k 1015 1.0 O.S 6.0 500 70 ,.. H,N '-0, 

AD741J 50k 10/10 1.0 0.5 3.0 20 200 80 C H,N 
AD741K 50k 1015 1.0 O.S 2.0 15 75 90 C H,N 
AD741L 50k 1015 1.0 0.5 0.5 5.0 50 90 C H,N 
AD741S 50k 10/10 1.0 0.5 2.0 15 75 80 M H 
NOTES 
I C =0 to +70°C, I =-2SoC to +8SoC, M= -SSoC to +12SoC 
2 H = TO-99 can, N = 8-pin mini DIP 

ONE TECHNOLOGY WAY. P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700' 
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r.ANALOG 
a...OEVICES Operational Amplifiers 

3352 

GENERALPUR~SEFETINPUT 

SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2S
o
C unless otherwise noted) 

Gain 
Model min 

ADsGl) 20.k 
ADs0.3K so.k 
AD50.lS 50.k 
AD506) 20.k 
AD506K 50.k 
AD506L 75k 
AD506S 50.k 
AD540.) 20.k 
AD540.K 50.k 
AD540.S 50.k 
AD542) lOOk 
AD542K lOOk 
AD542L 300k 
AD542S 300k 
AD544) 30.k 
AD544K 50.k 
AD544L 5Gk 
AD544S 50.k 
AD547J Io.o.k 
AD547K 250.k 
AD547L 25Gk 
AD547S 250.k 
AD642) lOOk 
AD642K 300k 
AD642L 300k 
AD642S 300k 
AD644) 3Gk 
AD644K SDk 
AD644L 50k 
AD644S 50.k 
AD641)1I Io.o.k 
AD647KII 2So.k 
AD647L11 250.k 
AD641SIlI 250.k 

Output 
V/mA 
min 

10./5 
1015 
10./5 
1015 
1015 
10./5 
10./5 
10.15 
10.15 
10.15 
1015 
10.15 
10.15 
10./5 
10.15 
10.15 
10.15 
10.15 
1015 
10.15 
1015 
10.15 
1015 
10./5 
10.15 
10.15 
1015 
10.15 
10./5 
1015 
10./5 
10./5 
10.15 
10.15 

Unity Gain 
MHz 

1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
2.0. 
2.0. 
2.0. 
2.0. 
1.0. 
1.0. 
1.0 
1.0. 
1.0. 

1.0. 
1.0. 
1.0. 
2.0. 
2.0. 
2.0. 
2.0. 
1.0. 
1.0. 

1.0. 
1.0. 

Ie", 0 to +70~C; M. -.5s=c to +12S=C 
111 = T0-99 can; z. Module' 

Slew Rate 
Vllls 

l.o. 
3.0. 
l.o. 
l.o. 
3.0. 
l.o. 
3.0. 
6.0. 
6.0. 
6.0. 
3.0. 
3.0. 
l.o. 
l.o. 
13 
13 
13 
13 
3.0. 
3.0. 
3.0. 
3.0. 
3.0. 
3.0. 
3.0. 
3.0. 
13 
13 
13 
13 
3.0. 
3.0. 
3.0. 
3.0. 

Vos AVos/AT 
mV Ilvfc 

50. 75 
20. 25 

20. 50. 
l.5 75 
1.5 25 
1.0. 10. 
1.5 50. 
50. 75 
20. 25 
20. 50. 
2.0. 20. 
1.0. 10. 
0..5 5 
1.0. 15 
2.0. 20. 
1.0. 10. 
0..5 5 
1.0. 15 
1.0. 5 
U.S 
0..25 
0..5 
2.0.' 
1.0.3 

0..5' 
1.0.' 
2.0.3 

1.0.' 
0..5' 
1.0.' 
1.0.' 
0..5' 

I 
5 
l.5mV' 
2.o.mV' 
1.00mV' 
3.5mV' 
3.5mV' 
2.o.mV' 
1.00mV· 
J.5mV' 
10 
5 

0..25' 2.5 
0..5 3 10 

15 
10 
10 
IS 
10 
5 
10 
50. 
25 
25 
50. 
25 
25 
25 
50. 
25 
25 
25 
50. 
25 
25 
25 
75 
35 
35 
75 
75 
35 
35 
75 
75 
35 
35 
35 

J Dual amplifiers wi.th matched side to sid,e offset voltage 
4 Guaranteed max offset error from T rOn to T max 

HIGH ACCURACY LOW VOS DRIFT 

CMR 
dB 
min 

70. 
80. 
80. 
70. 
80. 
80. 
80. 
70. 
70. 
70. 
76 
80. 
80 
80. 
74 
80. 
80. 
80. 
76 
SO 
SO 
so. 
76 
$0 
SO 
80 
76 
80. 
80. 
80. 

76 
80. 
80. 
80. 

Temp 
Range' 

C 

C 
M 
c 

M 

C 
C 
M 
C 

C 

M 
C 
C 

M 

M 

c 
C 
M 

c: 
C 
M 

C 

M 

Package' 

II 

II 
II' 

II 
II 

SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2S
o
C unless otherwise noted) 

Model 

AD504) 
AD504K 
AD504L 

'AD504M 
AD504S 
ADS 10.) 
AD510.K 
AD51o.L 
AD510S 
AD517) 
AD517K 
AD517L 
AD5175 
AD547) 
AD547K 
AD547L 
AD547S 
AD641)H 
AD641K11 
AD641LII 
AD647S11 
ADOP·0.7EH 
ADOP-01CH 
ADOP-07DH 
ADOP-01AH 
ADOP-07H 

Goin 
min 

250.k 
500k 

lOOOk 
lOOOk 
IOOOk 
250k 

IOOOk 
lOOOk 
lOOOk 
lOOOk 
lOOOk 
Io.OOk 
IOOOk 

lOOk 
2S0k 
250.k 
2so.k 
lOOk 
250.k 
2s0.k 
250.k 

2000k 
J200k 
1200k 
lOOOk 
2000k 

Output 
VIrnA 
min 

10.15 
10.1S 
10./5 
10./5 
1015 
10.1S 
10./5 
10.1S 
10.!5 
10/10 
10.110 
10./10. 
10./10. 
10.15 
10./5 
10./5 
10./5 
10./5 
10./5 
10.1S 
10.15 
10110. 
10./10. 
10110. 
10./10. 
10110 

vnityGllin 
MH. 

0..3 to 1.0.' 
0..3 to 1.0' 
0..3 to 1.0.' 
0..3 to 1.0' 
0..3 to 1.0' 
0..3 
0..3 
0..3 
0..3 
0..25 
0..25 
0..25 
0..25 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
1.0. 
0..6 
0..6 
0..6 
0..6 
0.6 

Slew !late 
V/jlt. 

0.12 to 2.5' 
0..12t02.S~ 
0..12 to 2,5' 
0..12 to 2.S' 
0..12 t02.5' 
0..1 
0..1 
0..1 
0..1 
0..1 
0..1 
0..1 
0..1 
3.0. 
3.0. 
3.0. 
3.0. 
3.0. 
3.0. 
3.0. 
3.0. 
0..17 
0..17 
0..17 
0..17 
0..17 

Vos AVoslAT 
mV Ilvfc 

2.5 5.0 
I.S 3.0. 
0..5 1.0. 
0..5 0..5 
0..5 1.0. 
0..1 3.0. 
0..05 1.0. 
0..0.25 O.S 
0..0.5 1.0. 
0,150 3.0. 
0.0.75 1.8 
0..0.5 J.l 
0.015 \.8 
1.0 

'0..5 
0.25 I 
0..5 5 
1.0' 10 
0.53 

0..25' 2.5 
0..5' 10 
0..0.75 J.l 
0.150. 1.6 
0..150 2.S 
0.025 0..6 
0.Q15 J.l 

It, 
nA 

200 
100 
80. 
80 
80 
25 
Il 
10. 
Il 
5 
2 

50 
25· 
25 
25 
75 
3S 
35 
3S 
±4 
±7 
±I2 
±2 
±l 

CMR 
dB Temp 
min Raner' 
94 C 
100 C 
110. C 
110. C 
110 M 
94 C 
110. C 
liD C 
liD M 
94 C 
liD C 
liD C 
liD M 
16 C 
80 C 
80. C 
80 M 
76 C 
80. C 
80 C 
80. M 
106 C 
100 C 
94 C 
\10. M 
liD M 

H 
H 
H 

II 
H 
H 

H 
H 
H 

Ie -0 to +10'C; M --5SoC to +125cC ) H ., TO-99 can; N "" 8-pin mini DIP I Dependent on compeDation capacitor sc1ection 

HIGH ACCURACY LOW BIAS CURRENT 
SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2S

o
C unless otherwise noted) 

Model 

AD515) 
AD515K 
ADSl5L 
AD545) 
AD545K 
AD54SL 
AD545M 

'C.Oto+70·C 

Oulput 
Goin V/mA Unity Goin Slew !late 
min min MHz VIlli 

20.k 10/5 0..35 o..l 
40.k 10./5 0.35 0..3 
25k 10/5 0.35 0..3 
20.k 1015 0..7 1.0. 
40k 10/5 0..7 1.0. 
40k 10.1S 0..7 1.0. 
40.k 10.1S 0..7 1.0. 

I H • yo..99 un, Z '" Module J AdjUlltablc to zero 

Vos AVOS/AT Ib 
mV Ilvtc pA 

CMR 
dB Temp 
min Ranfe' PaeJ<aae' 

3.0. 50. 0.300 66 C H 
1.0 IS 0..150 80 C H 
1.0. 25 0..075 70 C H 
1.0. 2S 2 66 C 
1.0 IS 70. C 
0.5 5 76 C H 
0..25 3 16 
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~ANALOG 
-"OEVICES Operational Amplifie·rs 

FEATURE SELECTION CHART 

~lonoli[hh.· BlplJlJrlnput 

Techn'ology )·HT 
Du.I)·FET 

~tultl·Dc\"lce H\'bnd 
TC',hnolo~ .\Iudule 

Hilh Open ;;>\oOdB 
loop Gain ;;>HOdB 

HighC\lR >100d8 

lowOffs<t ,;;sm\' 
\'olt~e ';;lm\' 

';;SOI'\' 

lowOffsct ,;;slJ\··'C 
\',\'s. Temp ';II'\'I'C 

';;;0.61'\'I'C 

Low Bias ';;;500..1. 
Current ';;SpA 

';O.SpA 

Fast Serthng ';11'''00.1% 
:S;;:SJ.!~ to O.O!% 

Wldeband ;;>2.\1111 
(lnn), Galnl ;'111.\1111 

;;>511.\1111 

High Sic .. ;;'IOVlj.I' 
Rate ;;'30VII" 

;;'100Vlj.I' 
;;'1000VII" 

1.0\\ ",olSC,,<01 to 10HI.) 

;'ZuV P'p 

High Volt~<Out ;'IOOV 
High Current Out ;'ZOmA 
low Power <.7SmW 

Second Source 

Tempcratut; Range 
0[0 +70 C 
-2S'C to +~5'C 
-SSoCro+12SoC 

Dice Availability 

I 

• I • 

• I 

I • I • I 

FAST/WIDEBAND 

I • 

! 
. 

I • I 

• I • 

• I 

• I 

SPECIFICATIONS (typical @ Vs = ±lSV, TA = +2S
o
C unless otherwise noted) 

0, .. 1'''' Slew~ Se .... Vos ~~?J~AT Ib CMR 
GoiD V/mA UnilyGaio V//3 T_ mV DA dB Temp 

Model mill min MHz min /3 "'0.1'l1> min IW¥' Pac.' 
AD380JH 25k 10150 40 200 0.13 2.0 50 100 60 X 
AD380KlI 25k 10150 40 200 0.13 1.0 20 100 60 X 
AD380LlI 25k 10/50 40 200 0.13 LO 10 iOO 60 X 
AD380S11 25k 10150 40 200 0.13 1.0 50 100 60 M X 

AD381JH 60k lOIS 5 20 0.7 1.0 IS 100 76 C II 
AD381KH lOOk 1015 5 20 0.7 0.5 10 100 80 C II 
AD381LH lOOk 1015 5 20 0.7 0.2S 5 100 80 C 1\ 
AD381SH lOOk lOIS 5 20 0.7 1.0 10 100 80 M II 

AD382JH 25k 10150 5 20 U' 1.0 IS 100 76 X 
AD382KH 3Sk 10/50 5 20 1.3' 0.5 10 SO 80 X 
AD382LH 3Sk 10150 5 20 1.3' 0.25 5 SO 80 C X 
AD382S11 3Sk 10lSO 5 20 1.3' 1.0 10 SO 80 M X 

ADS07J &Ok 10/10 3S 20 0.9 IS 25 74 C /I 
ADS07K lOOk 10/10 3S 25 0.9 IS IS 80 C 
AD507S lOOk 10/10 3S 20 0.9 20 IS 80 M II 
ADS09J 75k lOIS 20 80 0.2 10 20 250 74 C /I 
AD509K 10k lOIS 20 80 0.2 8 30 200 80 C 
ADS09S 10k lOIS 20 100 0.5 30 200 80 M /I 
ADSI8J 251. 10/10 12 SO 0.8 10 10 500 70 C 11 
ADSl8K SOk 10/10 12 SO 0.8 4 IS 250 80 C H 
ADSI85 SOk 10/10 12 SO 0.8 20 250 80 M /I 

AD3SS4AM 31.6k 101100 90 1000 0.12 2.0 SO SO 60 y 
AD3SS4BM 31.6k 10/100 90 1000 0.12 1.0 IS SO 60 y 
AD3SS4SM 31.6k 10/100 90 1000 0.12 1.0 25 SO 60 M Y 

ADLHOO!2CG - 12/:0 'v roc C.3 25 u.v:i.:i 6V X 
ADLH0032G Ik 12110 70 SOD 0.3 2S om 60 M X 
ADLHOOBCG 0.98' 121100 100' 1400 ),2ns' 12 SO O.OS I X 
ADLHOOBG 0.98' 121100 100' ISOO 2.9ns' 5 SO 0.05 M X 

HOS~SO lOOk 10/100 100 300 0.1 B ISO 2 70 M X 
HOS~SOA lOOk 101100 100 300 0.1 IS 35 2 70 M X 
HOS~SOC lOOk 101100 100 300 0.1 65 200 2' 70 1 X 
HOS.(J60SH lOOk 10/100 100 300 0.1 1.0 10 2' 70 M X 
HOS-lOOAH 0.96' 121100 125' 1400 2.0ns' 10 25 S,..A I X 
IIOS-IOOSH 0.97' 121100 125' 1500 2.On,' 5 25 S,..A M X 

NOTES 
Ie -Oro+7d'C,I,., -2~Cto+8S"C.N.-25"C to+12s"C 
:I H • TO-99 em, X .. 12-1nd 1'0-8 CIlII, V. TO--J can. Z • Module 
'Seldiac time to 0.01'" 
4S«di111Ii111CIOOJ)1'lo;1I'I:U. 
'UDiryGaiD Buffers 
'l.aF S;p.I JeiB BW 
'tRileTIIDt 
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r.ANALOG 
-"OEVICES Precision Instrumentation Amplifier 

FEATURES 
Low Noise: 0.3fJ.V p-p 0.1Hz to 10Hz 
Low Nonlinearity: 0.003% (G = 1) 
High CMRR: 120dB (G = 1000) 
Low Offset Voltage: 5OfJ.V 
Low Offset Voltage Drift: 0.5fJ.VrC 
Gain Bandwidth Product: 25M Hz 
Pin Programmable Gains of 1, 10, 100, 1000 
Input Protection, Power On - Power Off 
No External Components Required 
Internally Compensated 

PRODUCT DESCRIPTION 
The AD524 is a precision monolithic instrumentation amplifier 
designed for data acquisition applications requiring high accuracy 
under worst-case operating conditions. An outstanding combina
tion of high linearity, high common mode rejection, low offset 
voltage drift, and low noise makes the AD524 suitable for use in 
many data acquisition systems. 

The AD524 has an output offset voltage drift of less than 2Sf.L V 1°C, 
input offset voltage drift of less than 0.5f.L V/oC, CMR above 
90dB at unity gain (120dB at G = 1000) and maximum nonlinearity 
of 0.003% at G = 1. In addition to the outstanding dc specifications 
the ADS24 also has a 2SMHz gain bandwidth product (G = 
100). To make it suitable for high speed data acquisition systems 
the ADS24 has an output slew rate of 5V/f.Ls and settles in ISf.Ls 
to 0.01% for gains of 1 to 100. 

As a complete amplifier the AD524 does not require any external 
components for fixed gains of 1, 10, 100 and 1,000. For other 
gain settings between 1 and 1000 only a single resistor is required., 
The ADS24 input is fully protected for both power on and 
power off fault conditions. 

The ADS24 IC instrumentation amplifier is available in four 
different versions of accuracy and operating temperature range. 
The economical "An grade, the low drift "B" grade and lower 
drift, higher linearity "C" grade are specified from - 25°C to 
+ 85°C. The "S" grade guarantees performance to specification 
over the extended temperature range - 55°C to + 125°C. 

PIN CONFIGURATION 

-INPUT 1 

INPUT NULL .. 13G~10} SHORT TO 
RG,FOR 

12 G = 100 DESIRED 
GAIN 

11 G=looo 

~NUlL 5 

REFERENCE e 

AD524 I 

AD524 FUNCTIONAL BLOCK DIAGRAM 

,PRODUCT HIGHLIGHTS 
1. The AD524 has guaranteed low offset voltage, offset voltage 

drift and low noise for precision high gain applications. 

2. The AD524 is functionally complete with pin programmable 
, gains of 1, 10, 100 and 1000, and single resistor programmable 
for any gain. 

3. Input and output offset nulling terminals are provided for 
very high precision applications and to minimize offset voltage 
changes in gain ranging applications. 

4. The AD524 is input protected for botb power on and power 
off fault conditions. 

5. The AD524 offers superior dynamic performance with a gain 
bandwidth product of 25MHz, full power response of 75kHz 
and a settling time of 15f.Ls to 0.01% of a lOV step (G = 

100). 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

0.040R I-- 0.430 --l 
I ..:. (10.922)....:.. I 0·290 ± 0.01,1 ~~~ !~~~) 

(7.37 ± 0.254) . .F~(0=.2=54=-:!: ... 0_.OS .. )_..;.--

0310:!: 0.01 
(7.874 ± 0.254) 

• D 0.300(7.62' 
REF 

I . 0.800 + 0 010 I 
1(2O·32±0.254)1 

--l rO.09512.411 

•. ,O! •• ,;r-MWm, ~ D-f-i-
(4.57±0.7621_'_1_ ~'/=::1i.' 

j --!~7+0.~~lO"2513"75' ~ '- MIN 
(1.19 ± 0.18' 0.43 +-o~O: 

0.100(254IBSC 

. ~0.700(17.78'BSC 

16-PIN CERAMIC DIP PACKAGE 
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~ANALOG 
-"'OEVICES Precision Instrumentation Amplifier 

FEATURES 
Low Noise: 0.2f.lV p-p 0.1Hz to 10Hz 
Low Gain Te: 10ppm 
Low Nonlinearity: 0.001% max (G = 1 to 500) 
High CMRR: 130dB max (G = 500) 
Low Offset V!lltage: 25f.l V, max 
Low Offset Voltage Drift: 0.25f.l V/oC max 
Gain Bandwidth Product: 25MHz 
Pin Programmable Gains of 1, 100,200,500, 1000 
No External Components Required 
Internally Compensated 

PRODUCT DESCRIPTION 
The A D624 is a high precision ultra low noise instrumentation 
amplifier designed primarily for use with low level transducers, 
inciuuing ioau ceiis, strain gauges and pressure transducers. An 
outstanding combination of low noise, high gain accuracy, low 
gain temperature coefficient and high linearity make the AD624 
ideal fo( use in high resolution data acquisition systems. 

The AD624C has an input offset voltage drift of less than 0.25f-l VI 
"C, output offset voltage drift of less than 1Of-l V;oC, CMR above 
90dB at unity gain (130dB at G = 500) and a maximum nonlinearity 
of 0.001 'Y«, at G = 1. In addition to these outstanding dc specifi
cations the AD624 exhibits superior ac performance as well. A 
25MHz gain bandwidth product, 5V/f-ls slew rate and 15f-ls 
settling time permit the use of the AD624 in high speed data 
acquisition applications. 

The AD624 does not need any external components for pre
trimmed gains of 1, 100, 200, 500 and 1000. Additional gains 
such as 250 and 330 can be programmed within a few percent 
accuracy with external jumpers. A single external resistor can 
also be used to set the 624'sgain to any value in the range of 1 
to 1000. 

PIN CONFIGURATION 

-INPUT 1 

AD624 

13 G ~ l00} SHORT TO 
RG,FOR 

G ~ 200 DESIRED 
GAIN 

G ~ 500 

INPUT NUll 4 

INPUT NUll 5 

REFERENCE 6 

::: ~L. ___ ---'~ ::, FOR GAIN OF 1000 SHORT RG, TO PIN 12 
AND PINS 11 AND 13 TO RG, 

AD624 I 

AD624 FUNCTIONAL BLOCK DIAGRAM 

PRODUCT HIGHLIGflTS 
I. The AD624 offers outstanding noise performance. Input 

noise is typically less than 4nV/\/Hz at 1kHz. 
2. The AD624 is a functionallY complete instrumentation am

plifier. Pin programmable gains of 1, 100, 200, 500 and 1000 
are provided on the chip. Other gains are achieved through 
the use of a single external resistor. 

3. The offset voltage, offset voltage drift, gain accuracy and 
gain temperature coefficients are guaranteed for all pre-trimmed 
gains. 

4. The AD624 provides totally independent input and output 
offset nulling terminals for high precision applications. This 
minimizes the effect of offset voltage in gain ranging applica
tions. 

5. A sense terminal is provided. to enable the user to minimize 
the errors induced through long leads. A reference terminal 
is also provided to permit level shifting at the output. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 

0.040R 

..1 
k- 0.430 ---l I _ (10922) _ I 0.299:!: 0.010~ 17.0~:S;~~~9) 

54! I 10.254 :!: 0.05) 
.;.=;===--.",.--+-

17.37:!: 0.2 , 
1I.~10:!: 0.01 \~ 17.874:!: 0.254) 

• D 0.~6S 
(6.73) 

+ 

0.300(7.62) 
REF 

1 0.800 :!: 11.010 I 
1120.32:!: 0.254)---j 

-1 1--0.09512.41) 

'1:;,:.~T~1 _ +-t ·m···" __ J~I U U ~ U U ~ U -. (0.889 :!: 0.254) 

~11'1--i~7+0'0031:_ 'I L O.12S 13.17S) 0047 + 0007 . -0 DOll MIN 
11.19:;;0:18) 1- (0.43+_01i~J:) I 

-...: f--- 0.100 (254) SSC 

:--- 0.700 117.78) SSC ---i 

16-PIN CERAMIC DIP PACKAGE 
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r.ANALOG 
~DEVICES 

Monolithic Thermocouple Amplifier 
with Cold Junction Compensation 

FEATURES 
Pretrimmed for Type J (AD594) or 

Type K (AD595) Thermocouples 
Can Be Used with Type T Thermocouple Inputs 
Low Impedance Voltage Output: 10mVrC 
Built-In Ice Point Compensation 
Wide Power Supply Range: +5V to ± 15V 
Low Power: <1mW typical 
Thermocouple Failure Alarm 
Laser Wafer Trimmed to 1°C Calibration Accuracy 
Set-Point Mode Operation 
Self-Contained Celsius Thermometer Operation 
High Impedance Differential Input 

PRODUCT DESCRIPTION 
The ADS941 ADS9S is a complete instmmentation amplifier and 
thermocouple cold junction compensator on a monolithic chip. 
It combines an ice point reference with a precalibrated amplifier 
to produce a high level (lOmV/OC) output directly from a ther
mocouple signal. Pin-strapping options allow it to be used as a 
linear amplifier-compensator or as a switched output set-point 
controller using either fixed or remote set-point control. It can 
be used to amplify its compensation voltage directly, thereby 
<'nr"' .. ,rti ........ it to a stand-alone Celsius transducer with a low-im
pedance voltage output. 

The ADS94! AD59S includes a Thermocouple Failure Alarm 
that indicates if one or both thermocouple leads become open. 
The alarm output has a flexible format which includes TTL 
drive capability. 

The ADS941 ADS9S can be powered from a single ended supply 
(including + SV) and by incluciing a negative supply, temperatures 
below O°C can be measured. To minimize self-heating, an unloaded 
ADS941 AD595 will typically operate with a total supply current 
of 160J,LA, but is also capable of delivering in excess of ± SmA 
to a load. 

The AD594 is precalibrated by laser wafer trimming to match 
the characteristic of type J (iron-constantan) thermocouples and 
the AD595 is laser trimmed for type K (chromel-alumel) inputs. 
The temperature transducer voltages and gain control resistors 
are available at the package pins so that the circuit can be re
calibrated for other thermocouple types by the addition of two 
or three resistors. These terminals also allow more precise cali
bration for both thermocouple and thermometer applications. 

The AD594/ADS9S is available in two performance grades. The 
C and the A v~rsions have calibration accuracies of ± 1°C and 
± 3°C, respectively. Both are designed to be used from 0 to 
+ 50°C, and are available in a 14-pin, hermetically scaled, side
brazed ceramic DIP. 

*Protected by U.S. Patent No. 4,029,974. 

AD594* IAD595* I 
AD594/AD595 FUNCTIONAL B~OCK DIAGRAM 

+IN +C +T COM -T -c v-

PRODUCT HIGHLIGHTS 
I. The AD5941 ADS9S provides cold junction compensation, 

amplification, and an output buffer in a single IC package. 
2. Compensation, zero, and ~cale factor are all precalibrated by 

laser wafer trimming (LWT) of each IC chip. 
3~ Flexible pin-out provides for operation as a set-point controller 

or a stand-alone temperature transducer calibrated in degrees 
Celsius. 

4. Operation at remote application sites is facilitated by low 
quiescent current and a wide supply voltage range of + SV to 
,dual supplies spWning 30V. 

5. Differential input rejects common-mode noise voltage on the 
thermocouple leads. 

O.CMOR 11.021 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (rom). 

1= 0.'-30 (10.921--1 

0.017 ~g:gg~ 

(0.43~:g~ ) 

TO-1l6 

ONE TECHNOLOGY WAY. P.O. BOX 280 • NORWOOD, MA 02062 • (617) 329-4700 

3356 @) Ie MASTER 1984 



r.ANALOG 
L.III DEVICES 

FEATURES 
2.2ns Propagation Delay - AD9685BD/BH 
2.7ns Propagation Delay ~ AP9687BD 
0.5ns Latch Set-Up Time 
Pin-Compatible to Am685/687 but FASTER 
+5V, -5.2V Supply Voltages 

APPLICATIONS 
Ultra-High-Speed AID Converters 
Ultra-High-Speed Line Receivers 
Peak Detectors 
Threshold Detectors 

GENERAL DESCRIPTION 
The AD9685BD/BH and AD9687BD are ultra-fast comparators 
manufactured with a high performance bipolar process which 
makes it possible to obtain incredibly short propagation delays 
and latch set-up times. 

The AD9685BD/BH is a single comparator which is pin-compatible 
with the Am685, but has speed capabilities that far outstrip the 
earlier unit. The AD9687BD is pin-for-pin compatible with the 

, Am687 and, like its predecessor, is a dual comparator; its speed 
capabilities are far superior to the Am687. 

Both Analog Devices units have differential inputs and com
plementary outputs fully compatible with ECL logic levels. 
Their output current levels are capable of driving SOn terminated 
transmission lines, and their high resolution make them ideally 
suited for a variety of analog-to-digital signal processing applica
tions. 

Uttra-Fast Comparators 
AD9685/AD9687 I 

AD9685BDIBH Single Comparator 
A latch function allows the AD9685BD/BH to be operated in a 
sample-hold mode. When the Latch Enable (LE) is ECL HIGH, 
the comparator functions normally. When the Latch Enable is 
driven LOW, its outputs are lock~d in the logic state dictated 
by the input conditions at the time of the latch input transition. 
If the latch function is not used, the Latch Enable input should 
be connected to ground. 

In addition to its speed advantages over the earlier Am685, the 
AD9685BD/BH also dissipates less power because it operates on 
a positive 5 volt supply instead of the 6 volts required by the 
AMD device. 

AD9687BD Dual Comparator 
The latch fu~ctiQn of the AD9687BD provides an ability to 
operate the unit in either a track-hold or sample-hold mode. 
The latch function inputs are separated on the two comparators 
and are designed to be driven from the complementary outputs 
of a standard EeL logic gate. When LE is High and LE is 
LOW, the normalcorpparator function is in operation. When 
LE is forced LOW and LE is driven HIGH, the outputs of the 
comparator being exercised are locked in their existing logical 
states, as determined by the input conditions present at the time 
of arrival of the latch signal. If the latch function is not used on 
either one of the two comparators in the AD9687BD, the appro
priate Latch Enable input should be connected to ground; the 
companion Latch Enable input can be left open. 

The AD9687BD is basically two AD9685BD/BH units in a 
single package and operates in a similar fashion to a pair of the 
single comparators. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (rom). 

~ 16 9 

~7 ~ I::J~ ]=::~7:~ 
0.188 (4.781 \1 +0 QOO 8 I 

BOTTOM VIEW 

AD9685BH 

0.145

1
(3.68) • 0.807 -0'019 • 

...-----------. (205 ~.~) o 165 MAX 
0.02 (051) ~~=-==-:=-=_=::_==__==-I 1421 

O·04(T O'019MIN~1' 
0.13513.43~ IL 

----=-! 135 ' 0.031 
0.115 (2.92i I 1- U ~ 0138 '0.011 

~:= I~::I ~'~1 r- I -1FT 
NONCUMUL~nYI! --, r- O.055!14~ 0.018 ~.::: 

AD9685BD 

0.1012.541 (0.45 ~:~) 

D.OO9~.= 
(0.25 ~:J) 

1·0.300 ,0.021' I 
11.62 +0.61 

AD9687BD 
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r.ANALOG 
~DEVICES 

INSTRUMENTATION AMPLIFIERS 

Instrumentation Amplifiers 
Comparators 

SPECIFICATIONS (typical @ Vs = ±15V, RL ='2kU and TA = 25°C unless otherwise noted) 

Model 

GAI:-': 
Range VIV 
Nonlinearity (G = 100) - % max 

RATED OUTPUT - V dc/mA 

DY:-JAMIC RESPONSE 
Small Signal (-3dB) 

G=I000 
full Power Frequency 
Slew Rate - V IjJs 

OFFSET VOLTAGE 
Input Offset Voltage 

vs. Temperature 
OutpUt Offset Voltage 

vs. Temperature 

INPUT BIAS CURRENT - nA max 

INPUT IMPEDANCE 
Common Mode - n 

COMMON MODE 
REJECTION RATIO 

min @ lkn Source Unbalance. 
CMV=±lOV 

G= 1 - dB 
G= 10 - dB 
G= 1000 - dB 

NOTES 
I Processing to MlL·STO·8838 available. 
'OCtO 60Hz. 

COMPARATORS 

Monolithic IC 
AD521J(K)(L)(S)' 

0.1 to 1000 
0.2(0.2)(0.1)(0.2) 

+10/±10 

40kHz 
100kHz 
10 

3(1.5)(I}(L5)jJV max 
IS(5)(Z)(5)jJV/oC 
400(1200)(1oo)(200)jJV max 
4oo(l50)(75)(150)jJVt"C, 

±80(40)(40)(40) 

6 X 1010 

70(74)(74)(74)' 
90(94)(94)(94)' 
100( 110)( 110)(1 10)' 

Hybrid IC Monolithic: Monolithic 
AD522A(B)(S), AD524A(B)(C)(S) AD624A(B)(C)(S) 

1 to 1000 1 to 1000 1 to 1000 
0.01(0.005)(0.005) 0.01(0.005)(0.003)(0.005) O.ot(0.005 )(0.003 )(0.005) 

+10/+5 +10/+5 +10/±5 

300Hz 25kHz 25kHz 
15kHz - -
0.1 5 5 

±400(2oo)(2oo)jJV max 250(100)(50)(1oo)jJV 100(50)(25)( l00)jJV 
±6(2)(6)jJV/C Z(0.75)(0.5)(2)jJV /C 1(0.5)(0.Z)(I)jJVt"C 

5(3)(2)(3)mV 5(3)(2)(3)mV 
lOO(SO)(2S)(SO)jJV/oC 100(50)(25)(50)jJV/C 

±25(15)( 25) 50(25)(15)(25) 100(50)(30)(100) 

10" 10"IlOpF 10" flOpF 

75(80)(85) dc to 30Hz 70(75)(80)(70) 
90(95)(90) de to 10Hz 90(95)(100)(90) 
100(110)(100) de to 1Hz 100(115)(120)(110) l00(110)(11S)(1oo) 

The AD9685 BD/BH and AD9687BD areultra-fast comparators 
which make it possible to obtain incredibly short propagation 
delays and latch setup times. The AD968SBD/BH is a single 
comparator, with the BD and BH suffixes indicating a DIP or 
TO-IOO configuration; the AD9687BD is a dual comparator 

The Analog Devices units are pin-for-pin compatible with the 
Am685 and Am687 comparators, but are far superior in speed 
to their forerunners. The ADI devices are an alternate source, 
not a second source, for the earlier units because of their 
greater speed capabilities but can be used as a higher-per
formance replacement for most applications. in a DIP. 

SPECIFICATIONS (typical @ +2S
o
C unless otherwise noted) 

Input Max. Input Input Input Output Levels Propagation Delays (ns) Latch Enable Times 
Model Offset Offset Bias Voltage (Volts) Inpu t to Outpu t (nanoseconds) 
Number Voltage· Current Current Range High Low High Low Setup Hold 

AD9685 5mV 51lA 10ilA ±5V -0.88 -1.75 2.2 2.2 0.5 1.0 
AD9687 SmV 51lA 10ilA ±5V -0.88 -1.75 2.7 2.7 0.5 1.0 
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FEATl,jRES 
True rms-to-dc Conversion 
200mV Full Scale 
Laser-Trimmed to High Accuracy 

0.5% max Error (AD636K) 
1.0% max Error (AD636J) 

Wide Response Capability: 
Computes rms of ac and dc Signals 
1MH,z -3dB Bandwidth: Vrms>100mV 
Signal Crest Factor of 6 for 0.5% Error 

dB Output with SOdB Range 
Low Power: 800J,tA Quiescent Current 
Single or Dual Supply OperatiQn 
Monolithic Integrated Circuit 
Low Cost 

PRODUCT DESCRIPTION "-
The AD636 is a low power monolithic IC which performs true 
rms-to-dc conversion on low level signals. It offers perform
ance which is comparable or superior to that of hybrid and 
modular converters costing much more. Similar in operation 
to the ADS36A, the AD636 is specified for a signal range of 
o to 200 millivolts rms. Crest factors up to 6 can be accom
modated with less than 0.5% additional error,_ allowing ac,. 
curate measurement of complex input waveforms. 

The low power supply current requirement of the AD636, 
typically 800J,LA, allows it to be used in battery-powered 
portable instruments. A wide range of power supplies can be 
used, from ±2.SV to ±12V or a single +SV to +24V supply. 
The ~nput and output terminals are fully protected; ~he in
put signal can exceed the power supply with no damage to 
the device (allowing the presence of input signals in the 
absence of supply voltage) and the output buffer amplifier 
is short-circuit protected. 

The AD636 includes an auxiliary dB output. This signal is 
derived from an internal circuit point which represents the 
logarithm of the rms output. The OdB reference level is set 
by an externally supplied current and can be selected by the 
user to correspond to any input level from OdBm (774.6mV) 
to -20dBm (77.46mV). Frequency response ranges from 
1.2MHz at a OdBm level to over 10kHz at -SOdBm. 

The AD636 is designed for ease of use. The device is factory
trimmed at the wafer level for input and output offset, posi
tive and negative waveform symmetry (dc reversal), and full 
scale accuracy. Thus no external trims are required to achieve 
fun rated accuracy. 

Low Level 
True 'rms-to-dc Converter 

AD636 I 
AD636 FUNCTIONAL BLOCK DIAGRAMS 

TO-1l6 
TOP VIEW 

louT 

-Vs 

TO-lOO 
TOP VIEW 

The £A\0636 is available in t\VO accuracy grades; the ,,~D636J 
has a total error of ±O.5mV ±1.0% of reading, and the AD636K 
is accurate within ±0.2mV ±O.S% of reading. Both versions 
are specified for the 0 to 70°C temperature range, and are of
fered in either a hermetically sealed 14-pin DIP or a 10 pin 
TO-IOO metal can. 

OUTLINE DIMENSIONS 
Dimellsions ~own in inches and (mm). 

"1l"PACKAGE 
(TO-tOO) 

REf PLANE~ 
0.16514.191 I 
0.18514.701 I ~I 
t ' 0.562 114.31 

0.335Ia.SIIT! =1 
~ll 

l~ I~ 
0.03210.811 jtl ~ IDIM 81 
0.044 11.121 ~ 0.02110.531 

0.01 10.251 0.016 10.411 
c:o;rmm J L 0.01910.8!IDIM. AI 

SEATING PLANE:J -

"D"PACKAGE 
(TO-116) 

, 1= 0430 110921-1 

0'040R11'021~ 

,~ 
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-"OEVICES 

FEATURES 
High Accuracy 

0.02% Max Nonlinearity, 0 to 2V rms Input 
0.10% Max Error to Crest Factor of 3 

Wide Bandwidth 
8M Hz at 2V rms Input 
600kHz at 100mV rms 

Computes: 
True rms 
Square 
Mean Square 
Absolute Value 

dB Output( - 60dB Range) 
Chip Select-Power Down Feature Allows: 

Analog "3-State" Operation 
Quiesent Current .Reduction from 2.2mA to 350 .... A 

PRODUCT DESCRIPTION 
The AD637 is a complete high accuracy monolithic rms to dc 
converter that computes the true rms value of any complex 
waveform. It offers performance that is unprecedented in inte
grated circuit rms to dc converters and comparable to discrete 
and modular techniques in accuracy, bandwidth and dynamic 
range. A crest factor compensation scheme in the AD637 permits 
measurements of signals with crest factors of up to 10 with less 
than 1% additional error. The circuit's wide bandwidth permits 
the measurement of signal up to 600kHz with inputs of 200m V 
rms and up to 8MHz when the input levels are above 2V rms. 

As with previous monolithic rms converters from Analog Devices, 
the AD637 has an auxiliary dB output available to the user. The 
logarithm of the rms output signal is brought out to a separate 
pin allowing direct dB measurement with a useful range of 
60dB. An externally programmed reference current allows the 
user to select the OdB reference voltage to correspond to any 
level between 0.1 V and 2.0V rms. 

A chip select connection on the AD637 permits the user to 
decrease the supply current from 2.2mA to 3S0j.LA during periods 
when the fInS function is not in use. This feature facilitates the 
addition of precision rms measurement to remote or hand-held 
applications where minimum power consumption is critical. In 
addition when the AD637 is powered down the output goes to a 
high impedance state. This allows several AD637s to be tied 
together to form a wide-band true rms multiplexer. 

PIN CONFIGURATION 

AD637 

Integrated Circuit 
True rms-to-dc Converter 

AD637 I 
AD637 FUNCTIONAL BLOCK DIAGRAM 

The input circuitry of the AD637 is protected from overload 
voltages that are in excess of the supply levels. The inputs will 
not be damaged by input signals if the supply voltages are lost. 

The AD637 is available in two accuracy grades 0, K) for com
mercial (0 to + 70°C) temperature range applications and one 
(S) rated over the - 55°C to + 125°C military temperature range. 
All versions are available in ceramic 14-1ead DIP packages. 

PRODUCT HIGHLIGHTS 
1. The AD637 computes the true root-mean-square, mean square, 

or absolute value of any complex ac (or ac plus de) input 
waveform and gives an equivalent dc output voltage. The 
true rms value of a waveform is more useful than an average 
rectified signal since it relates directly to the power of the 
signal. The rms value of a statistical signal is also related to 
the standard deviation of the signal. 

2. The AD637 is laser wafer trimmed to achieve rated performance 
without external trimming. The only external component 
required is a capacitor which sets the averaging time period. 
The value of this capacitor also determines low frequency 
accuracy, ripple level and settling time. 

3. The chip 'select feature of the AD637 permits the user to 
power down the device down during periods of nonuse, 
thereby, decreasing battery drain in remote or hand-held 
applications. 

4. The on-chip buffer amplifier can be used as either an input 
buffer or in an active filter configuration. The filter can be 
used to reduce the amount of ac ripple, thereby, increasing 
the accuracy of the measurement. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 
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r.ANALOG 
LIllI DEVICES 

FEATURES 
Recovers Signal from + 100dB Noise 
2M Hz Channel Bandwidth 
45V/f.1s Slew Rate 
-120dB Crosstalk @.. 1 kHz 
Pin Programmable Closed Loop Gains of ± 1 and ± 2 
0.05% Closed Loop Gain Accuracy and Match . 
100f.1V Channel Offset Voltage (AD630BD) 
350kHz Full Power Bandwidth 

PRODUCT DESCRIPTION 
The AD630 is a high precision balanced modulator which combines 
a flexible commutating architecture with the accuracy and tem
perature stability afforded by laser wafer trimmed thin film 
resistors. Its signal processing applications include balanced 
mpdulation and demodulation, synchronous detection, phase 
detection, quadrature detection, phase sensitive detection, lock-in 
amplification and square wave mUltiplication. A network of on
board applications resistors provides precision closed loop gains 
of ± 1 and ± 2 with 0.05% accuracy (AD630B). These resistors 
may also be used to accurately configure multiplexer gains of 
+ 1, +2, +3 or +4. Alternatively, external feedback may be 
employed allowing the d~signer to implement his own high gain 
or complex switched feedback topologies. 

The AD630 may be thought of as a precision op amp with two 
independent differential input stages and a precision comparator 
which is used to select the active front end. The rapid response 
time of this comparator coupled with the high slew rate and fast 
settling of the linear amplifiers minimize switching distortion. 
In addition, the AD630 has extremely low crosstalk between 
channels of -100dB ((i 10kHz. 

The AD630 is intended for use in precision signal processing 
and instrumentation applications requiring wide dynamic range. 
When used as a synchronous demodulator in a lock-in amplifier 
configuration, it can recover a small signal from l00dB of inter
fering noise (see lock-in amplifier application). Although optimized 
for operation up to 1kHz, the circuit is useful at frequencies up 
to several hundred kilohertz. 

Other features of the AD630 include pin programmable frequency 
compensation, optional input bias current compensation resistors, 
common mode and differential offset voltage adjustment, and a 
channel status output which indicates which of the two differential 
inputs is active. 

PIN CONFIGURATION 

OlFFOFF ADJ 3 

DlFFOFFADJ 4 

CMOFFADJ 5· 

CMOFF ADJ 6 

CHANNEl STATUS BlA 7 

ca.oAllA TOR IN B 9 

COMPARATOR IN A 10 

~::: 
AD630 

11 +Vs 

Balanced Modulator
, Demodulator 

AD630 I 
AD630 FUNCTIONAL BLOCK DIAGRAM 

PRODllCT HIQHLIGHTS 
1. The configuration of the AD630 makes it ideal for signal 

processing applications such as: balanced modulation and 
demodulatiQn, lock=in a...rnplification, phase detection, and 
square wave multiplication. 

2. The application flexibility of the AD630 makes it the best 
choice for many applications requiring precisely fixed gain, 
switched gain, multiplexing, integrating-switching functions, 
and high-speed precision amplification. 

3. The 100dB dynamic range of the AD630 exceeds that of any 
hybrid or IC balanced modulator/demodulator and is com
parable to that of costly signal processing instruments. 

4. The op-amp format of the AD630 ensures easy implementation 
of high gain or complex switcheq feedback functions. The 
application resistors facilitate the implementation of most 
common applications with no additional parts. 

5. The AD630 can be used as a two channel multiplexer with 
gains of + 1, +2, +3 or +4. The channel separation of 
lOOdB (il) 10kHz approaches the limit which is achievable 
with an empty IC package. 

6. The AD630has pin-strappable frequency compensation (no 
external capacitor required) for stable operation at unity gain 
without sacrificing dynamic performance at higher gains. 

7. Laser trimming of comparator and amplifying channel offsets 
elill)inates the need for external nulling in most cases. 

OUTLINE DIMENSIONS 
Dimensions shown in inches and (mm). 
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r.ANALOG 
WDEVICES 

FEATURES 
Two Quadrant Multiplication/Division 
Two Independent Signal Channels 
Signal Bandwidth of 60MHz (lOUT) 
Linear Control-Bandwidth of 5MHz 
Fully-Calibrated, Monolithic Circuit 

APPLICATIONS 
Precise AGC and VCA Systems 
Voltage-Controlled Filters 
Video-Signal Processing 
High-Speed Analog Division 
Automatic Signal-Leveling 
Square-Law Gain/Loss Control 

PRODUCT DESCRIPTION 
The AD539 is a low-distortion analog multiplier having two 
identical signal channels (YI and Y2), with a common X-input 
providing linear control of gain. Excellent ac characteristics up 
to video frequencies and a 3dB bandwidth of over 60MHz are 
provided. Although intended primarily for applications where 
speed is important the circuit exhibits good static accuracy in 
"computational" applications. Scaling is accurately determined 
by a band-gap voltage reference and all critical parameters are 
laser-trimmed during manufacture. 

The full bandwidth can be realized over most of the gain range 
using the AD539 with simple resistive loads of up to lOOn. 
Output voltage is restricted to a few hundred millivolts under 
these conditions. Using external op amps in conjunction with 
the on-chip scaling resistors, accura~e multiplication and large 
output voltages can be achieved, but with a reduction in bandwidth 
typically to 25MHz. 

The two channels provide flexibility. In single-ch,annel applications 
UJ they may be used in parallel, to double the output current, or in 
~ series, to achieve a square-law gain function with a control 

"S; range of over lOOdB, or differentially, to reduce distortion. 
Q) Alternatively, they may be used independently, as in audio 
C stereo applications, with low crosstalk between channels. Voltage-
0> controlled filters and oscillators using the "state-variable" approach o a; are easily designed, taking advantage of the dual channels and 
C common control. The AD539 can also be configured as a divider 
« with signal bandwidths up to 15MHz. 

Power consumption is only 135mW using the recommended 
± 5V supplies. The AD539 is available in three versions: the 
"j" and "K" grades are specified for 0 to + 70°C operation and 
"S" grade is guaranteed over the extended range of - 55°C to 
+ 125°C. All versions are packaged in 16-pin DIPs. 

Wideband Dual-Channel 
Log-Linear Multiplier/Divider 

AD539 I 
AD539 FUNCTIONAL BLOCK DIAGRAM 

Z1----~~--__ ----~~--~--W1 

Z2----~~ __ ~~----~~--~ W2 

PIN CONFIGURATION & DIMENSIONS 
Dimensions shown in inches and (mm). 

CONTROL (Vxl 1 

CH1 INPUT (v.,) J 

CH2 INPUT (Vd 6 

INPUT COMMON 7 

OUTPuT" COMMON 8 

• 

AD539 

TO-116 

FEEDBACK W1] 
Zl . RESISTORS 

CH10UTPUT 

13 ] BASE 
COMMON 

11 CH2 OUTPUT 

Z2J FEEDBACK 
W2 RESISTORS 

0.040R ~ 0.430 --l 0.290 .. 0.010 ---.Tr I _ (10.922) _ I (7.37 ~ 0.254) 

~:7~';:~~]~ ~~~[}f 1 
I . 0.800 .. 0.010 I 
II2o.32:!: 0.254)1 

,:;~:.~) 1 mmw--,-~ -----;l,.- 0.035" 0.01 

~;~~; ~::;jl~~7 ;~;"~Il 0.12;"(1~~7::9:t 0.254) 

~ 0.100(254)BSe 

0700 117.78) BSe 

l ' 
1

--0.085 (2.159) 
0.010 :!: 0.002 

.;..:::;::1 (=0.=254=--:!:.0 .... 05!!!!!'_+--

0.300 (7.62) 
REF 

--j t-- 0.095(2.41) 
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r.·ANALOG 
a... DEVICES Analog Computational Circuits 

I 
COMPUTATIONAL CIRCUITS 
SPECIFICATIONS (typical @ +2S

oC and rated supply voltage unless noted otherwise) 

Full Scale Accuracy Bandwidth Operating Operating 
Transfer Accuracy -% 

Max 
vs. Temperature 
%tc 

X Nonlinearity Y Nonlinearity Small Signal Power Supply Temperature 
Rangel Model Function 

ADS31j XY/klz 
ADS31K XY/klz 
ADS31L XY/klz 
AD531S XY/klz 

ADS32j 
(Xl - X2)(Y 1- Y2) 

10 

AD532K 
(Xl-X2)(Yl -Y2) 

10 

ADS32S 
(Xl-X2)(Y l -Y2) 

10 

ADS33j XY/I0 
ADS33K XY/I0 
ADsHL XY/lO 
ADs33S XY/lO 

ADs34j 
(Xl - X2) (Y 1 - Y 2) 

10 + Z2 

AD534K 
(Xl-X2)(Y l -Y2) 

10 + Z2 

AD534L 
(Xl-X2)(Yl-Y2) 

10 + Z2 

AD534S 
(Xl -X2)(Y l -Y2) 

10+ Z2 

AD534T 
(XI-X2)(Yl-Y2) 

10 + Z2 

ADs39j Vx Vyl, Vx Vy2 (Note 2) 
ADs39K Vx Vyl' Vx Vy2 (Note 2) 
AD539S Vx Vyl' Vx Vy2 (Note 2) 

NOTES 

2 
1 
0.5 

1 
0.5 

0.5 

0.25 

0.5 

2.5 
1.5 
2.5 

0.04 
0.03 
0.01 
0.03 max 

0.04 

0.Q3 

0.04 max 

0.04 
0.Q3 
0.01 
0.01 

0.022 

0.015 

0.008 

0.02 max 

0.01 max 

5% Total3 

2% Total3 

5% Total3 

% of Full Scale % of Full Scale MHz 

0.8 0.3 
0.5 0.2 
0.3 0.2 
0.5 0.2 

0.8 0.3 

0.5 0.2 

O.S 0.2 

0.8 0.3 
O.S 0.2 
O.S 0.2 
O.S 0.2 

0.4 0.01 

0.3 max 0.01 max 

0.12 max 0.01 max 

0.4 0.01 

0.3 max 0.01 max 

0.5dB4 30 min 
0.2dB4 30 min 
0.5dB4 30 min 

IC: 0 to +70·C, M: -ss"c to +12S·C 'Channels 1 & 2 3 Multiplier scaling voltage • Absolute gain error 

RMS-TO-DC CONVERTERS 
SPECIFICATIONS (typical @ +2S

o
C and rated supply voltage unless otherwise noted) 

Conversion Input 
Transfer Conversion Accuracy Signal loUT Scale 

Model Function Accuracy VS. TemperaUire Range Factor 

ADS36Aj VOUT =~avg. (VIN)2 ±5mV ±o.5% of RDG max ±(O.lmV ±0.01% of RDG)/oC ±IOV 40pAlVrms 
ADS36AK Vom = ...; avg. (VIN )2 ±2mV ±o.2% of RDG max ±(O.OSmV±o.OOS% of RDG)/C ±10V 40~A/Vrms 

AD536AS Vom = avg. (VIN)2 ±SmV ±O.S% of RDG max ±(O.lmV ±0.01% of RDG)lC ±IOV 40stA/V rms 

AD636J Vom =~avg. (VIN)2 ±O.SmV ±1.0% of RDG max ±(O.lmV ±O.OOl% of RDG)tC ±200mV lOO~/V rms 
AD636~ VOUT = avg. (VIN)2 ±0.2mV ±O.S% of RDG max ±(0.1mV ±O.OOOS% of RDG)/oC ±200mV 100~N rms 

AD637j VOUT = ~avg. (VIN)2 ±1mV ±o.2% of RDG max ±0.4% ±lOV 
AD637K VOUT = avg. (VIN)2 ±O.SmV ±O.l% of RDG max ±o.2% ±lOV 

NOTE 
IC: 0 to +7c:fC, M: -ss"c to +12S·C 

BALANCED MODULATOR-DEMODULATOR 
SPECIFICATIONS (typical @ +2S

o
C and ±lSV dc unless otherwise noted) 

Model 

Gain 
Gain Accuracy ±I, ±2 
Gain Match 

Input Characteristics, Amplifiers & Comparator 
Input Offset Voltage 
fnput Bias Current 
Input Offset Current 
Input Impedance 

AD630 

0.05% 
0.03% 

2S0~V 

250nA 
SOnA 
15MSlIl1.5pF 

Model 

AC Characteristics 
Comparator Hysteresis 
Comparator Response Time 
Small Signal -3dB Bandwidth 
Slew Rate 

System Characteristics 
CMRR 
PSRR 
Channel Separation @ 10kHz 

Volts 

±Is to ±I8 C 
±IS to ±I8 C 
±IS ·to ±I8 C 

M I 

±lS to ±I8 C 

±IS to ±I8 C 

M 

±I5 to ±I8 C 
±IS to ±18 C 
±Is to ±I8 C 

M 

±S to ±I8 C 

±8 to ±18 C 

±S to ±IS C 

±8 to ±IS M 

±S to ±tS M 

±4.S to 16.5 C 
±4.s to 16.5 C 
±4.S to 16.5 M 

Operating 
Bandwidth Power Supply 
Full Scale 

2MHz 
2MHz 
2MHz 

1.3MHz 
1.3MHz 

sMHz 
SMHz 

Volts 

+5 to ±IS 
+5 to ±IS 
+5 to ±IS 

+2/-2.5 to ±I2 
+21-2.5 to ±I2 

±3.0 to ±IS 
±3.0 to ±IS 

AD630 

ImV (0 min) 
200ns 
2MHz 
4OV/~s 

90dB 
SOdB 
-SOdB 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohio Sci Ohio Scientic 

OF 
OKI OKI Semiconductor 
Omnibyta Omnibyte Corp. 
Onsat Onset Computer Corp. 

COMPANY Panasonic Panasonic 
Pico Design Pico Design 
Polycore Polycore Electronics 
Plessey , Plessey Semiconductors 

NAMES 
PMI Precision Monilithics. Inc. 
PragDes Pragmatic Design Inc. 
Pro·Log Pro-log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 
GI General Instrument RCA RCA Solid State Division Action Ins Action Instruments RCI Data RCI Data AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational MemorY Systems ADT Advanced Digital Technology Reticon Reticon Adyent Advent Products, Inc. 
Harris Harris Semiconductor RIFA RIFA 

Alphatron Alphatron Rockwell Rockwell, Microelectronic Devices AMA American Automation Heurikon Heurikon Corp. RTC Riehl Time Corporation AMD Advanced Micro Devices Hileyel ' Hilevel Technology, Inc. 
AMI, American Microsystems, Inc. Hitachi Hitachi ,America, ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Analogic Analogic HP Hewlett-Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si·Fab Si-Fab 
Appl Sys Applied Systems Corp. Signetics Signetics 
APT APftlied Microtechnology SGS SGS Semiconductor 
Aptek Ap ek Microsystems ICC International Cybernetics Sharp Sharp 
Array Tech Array Technology IDT Integrated Device Technology Silicon G Silicon General 
AWl AWl Electronics IMI International Microcircuits, Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products SiJtronics Siltronics 

BarYon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. 
Bedford Bedford Computer Systems Inc. Infosphere Infosphere S MOS S MOS Systems 
Burr·Brown Burr-Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solitron Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE IntCompSys Integrated Computer Systems SSM Solid State Micro Technology Cal DeYices California Devices Int Tech Integrated Technology Corp. for Music Cermetek Cermetek Intech Intech Microcircuits Diy. SSS Solid State Scientific CGRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cherry Cherry Semiconductor Intenlesign Interdesign STC Storage Technology Corp. CIC Custom Integrated Circuits Intersi! Intersil STD STD Microsystems CirTech Circuit Technology Intronics Intronics Struc Des Structured Design Inc. Citel Citel In In Semiconductors Stynetic Stynetic Systems Comlinear Com linear Corporation Sunrise Sunrise Electronics CMA Custom MOS Arrays Sunshine Sunshine Semiconductor Comark ' Comark Corp. Kinetic Sys Kinetic Systems Supertex Supertex Inc. Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. Comp Auto Computer Automation Synertek Synertek Compas Com pas Microsystems 
lambda Semiconductor 

Sys Innoy Systems Innovations cont Logic Control logic ,Inc. Lambda 
Control Sys Control Systems Microsystems Div. Linear Tech linear Technology 

Tau Zero Tau Zero Inc. CreMicro Creative Micro Systems LSI Comp lSI Computer Systems 
Cromemco Cromemco, Inc. LSI Logic lSI logic Corporation Technitrol Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne CrYstalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics TI Texas Instruments 
Data 1/0 Data I/O Micrel Micrel Thinl Domain Third Domain 
Data Trans Data Translation Microlnnoy Micro Innovators Thmnson·CSF Thomson-CSF Components Corp. 
Datel Datel Micropac Micropac Industries Toshiba Toshiba America 
Datricon Datricon Corporation Micro Net Micro Networks Trans·Data Trans-Data 
DDC Data Devices Corporation Micro Pwr Micro Powr- Systems TRW TRW 1S I Products 
DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. Die-Tech Die-Tech Micro Tech Microcircuits Technology Unitrode Unitrode Digelec Digelec Corp. Micro-Link Micro-lin!t Corporation Universal Universal Semiconductor, Inc. Digitek Digitek, Inc. Micron Micron Technology Dionics Dionics Inc. MilerTron MilerTronics DistComp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Mitel Mitel Semiconductor VLSI Desilll VlSI Design Associates 

Mitsubisbi Mitsubishi Electronics YTI VlSI Technology, Inc. 
E·HI E-H International. Inc. MMI Monolithic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. Mostek Monolithic Systems Corp. Elind Elind Elettronica Industriale 

Motorola Mostek Weitek Weitek Corporation EMM·SESCO EEM-SESCO MRC Motorola Semiconductor Westel'll Western Digital EmuloJic Emulogic Inc. Murray MRC Systems Wintek Wintek Corp. ETI MIcro Ell Micro Monosil Murray Consulting Exar Exar Integrated Systems 
Exel Exel Microelectronics Xicor Xicor, Inc. 

National National Semiconductor 
Xycom Xycom 

Fa ircbild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex Zendex Corp. 
Force Force Computers Division Zilog Zilog 
Fujitsu A Fujitsu America NEC NEC Electronics ZyMOS ZyMOS Corporation 
Fujitsl fujitsu Microelectronics, Inc. Nitron Nitron lytrex Zytrex Corp. 
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Phase-Locked Loops 

XR-210 fSK MODULATORI 
DEMODULATOR· 

The XR-210 is a highly versatile monolithic phase-locked 
loop system especially designed for data communications. 
It is particularly well suited for FSK modulation/demodu
lation (MODEM) applications, frequency synthesis, track
ing filters and tone decoding. The X R-21 0 operates over a 
power supply range of 5V to 26V I and over a frequ!=!ncy 
band of 0.5 Hz to 20 MHz. The circuit can accomodate 
analog signals between 300 JlV and 3V, and can interface 
with conventional DTL, TTL, and ECL logic families. 

FUNCTIONAL BLOCK DIAGRAM 

VOLTAGE 
COMPARATOR 

INPUT 

r 
PHASE 

DETECTOR 
OUTPUTS 

VCO 
OUTPur 

1 L_.,..... __ .,I 
INPUT 

#1 

,.. ... ::::::::~=::: ¥fJiNG CAPACITOR 

BIAS 

INPUT 
112 

GROUND 
VEE 

LOGIC 
OUTPUT 

FEATURES 

Digital Programming Capability 

J 
1 
VCOGAIN 
AND SWEEP 
CONTROLS 

J 
VCO 
KEYING 
INPUT 

VCO 
FINE-TUNE 

RS~232C Compatible Demodulator Output 
ON-OFF Keying & Sweep Capability 
Wide Tracking Range 
Good Temperature Stability 
High Current Logic Output 
Independent "Mark" and "Space" 

± 1% to ± 50% 
200 ppmfC 

50mA 

Frequency Adjustment 
VCO Duty Cycle Control 

APPLICATIONS 

Data Synchronization 
FSK "Generation 
Frequency Synthesis 
Tracking Filter 
FM and Sweep Generation 

ORDERING INFORMATION 

Part Number 
XR-210M 
XR-210CN 

@ Ie MASTER 1984 

Package 
Ceramic 
Ceramic 

Signal Conditioning 
Tone Decoding 

FSK Demodulation 
FM Detection 

Wideband Discrimination 

Operating Temperature 
-55°C to +125°C 

O°C to +70°C 

XR-2211 FSK DEMODULATORI 
TONE DECODER· 

The XR-2211 is a monolithic phase-locked loop systerr 
especially designed for data communications, and partic
ularly well-suited for FSK modem applications. It has a 
supply voltage range of 4.5V to 20V and a wide frequency 
range of 0.01 Hz to 300 kHz. The circuit accomodates 
analog signals between 2 mV and 3V, and interfaces with 
conventional DTL, TTL, and ECL logic families. The 
XR-2211 consists of a basic PLL for tracking an input 
signal within the passband, a quadrature phase detector 
for carrier detection, and an FSK voltage comparator for 
FSK demodulation. independent external components set 
the center frequency, bandwidth, and output delay. 

FUNCTIONAL BLOCK DIAGRAM 

+Vec 

INPUT 

LOCK 
DETECT 

FILTER 

GROUND 

r 
LOCK Q 

DETECT 
OUTPUTS 0 

L 
DATA 

OUTPUT 

FEATURES 

Wide Frequency Range 
Wide Supply Voltage Range 
DTL!TTL!ECL Logic Compatibility 

l 
TIMING 
CAPACITOR 

J 
TIMING 
RESISTOR 

LOOP 
OET. 
OUT 

REF 
VOLTAGE 
OUT 

NC 

FSK 
COMPINPUT 

0.01 Hz to 300 kHz 
4.5V to 20V 

Wide Dynamic Range 2 mV to 3V rms 
Adjustable Tracking Range ± 1% to ± 80% 
Excellent Temperature Stability 20 ppmfC, Typical 
FSK Demodulation with Carrier-Detection 

APPLICATIONS 

FSK Demodulation 
Data Synchronization 
Tone Decoding 

ORDERING INFORMATION· 

Part Number 
XR-2211M 
XR-2211 N 
XR-2211P 
XR-2211CN 
XR-2211CP 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

FM Detection 
Carrier Detection 

Operating Temperature 
-55°C to +125°C 
-40°C to +85°C 
-40° C to +85° C 
O°C to +70°C 
O°C to +70°C 
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Phase-Locked Loops 

XR-2212 PRECISION 
PHASE-LOCKED LOOP 

The XR-2212 .is an ultra-stable monolithic phase-locked 
loop (PLL) system especially designed for data commu
nication and control 'system applications. It is ideally 
suited for frequency synthesis, FM detection, and tracking 
filter applications. The circuit consists of a PLL system 
made up of an input preamplifier, a phase detector, a 
stable voltage-controlled oscillator (VCO), and a high-gain 
differential amplifier. The center frequency, bandwidth, 
and tracking range of the PLL are controlled indepen
dently by the choice of external components. 

FUNCTIONAL BLOCK DIAGRAM 

+Vcc 

SIGNAL 
INPUT 

VCO 
OUTPUT 

CURRENT 

GROUND 

VCO 
OUTPUT 

VOLTAGE 

COMP 
CAP 

IN\!. 
INPUT 

OUTPUT 

FEATURES 

Quadrature VCO Outputs 
Wide Frequency Range 
Wide Supply Voltage Range 
Adjustable Tracking Range 
Excellent Temperature Stability 

APPLICATIONS 

Frequency Synthesis 
Data Synchronization 
FM Detection 
Signal Conditioning 

ORDERING INFORMATION 

Part. Number Package 
XR-2212M Ceramic 
XR-2212N Ceramic 
XR-2212P Plastic 
XR-2212CN Ceramic 
XR-2212CP Plast:c 

3366 

DET 
INPUT 

VCOQUAD 
OUTPUT 

-, 
TIMING CAPACITOR 

..) 

TIMING RESISTOR 

DET 
OUTPUT 

NONINV 
INPUT 

0.01 Hz to 300 kHz 
4.5V to 20V 

± 1% to ± 80% 
20 ppmfC, Typical 

FSK Demodulation 
Tracking Filters 

Clock Extraction 

Operating Temperature 
-55°C to +125°C 
-40°C to +85°C 
-40°C to +85°C 
0°Cto+70oC 
aOc to +70°C 

XR-221l PRECISION PHASE-LOCKED 
LOOprrONE DECODER 

The X R-2213 is a high-stability phase-locked loop system 
designed for control systems and tone detection applica
tions. The circuit features a high-stability VCO, an input 
preamplifier and a high-gain voltage comparator, in addi
tion to loop and quadrature-phase detectors. 

The X R-2213 has an operating frequency range of 0.01 
Hz to 300 kHz. The input preamplifier allows an. input 
signal range of 2 mV to 3 volts rms, while the VCO and 
comparator supply TTL-compatible output signals. The 
VCO and voltage comparator provide both Q and Q out
puts for greater flexibility and reduced external parts 
count. All of the loop parameters are independently 
adjustable by the choice of external components~ 

FUNCTIONAL BLOCK DIAGRAM 

OSCILLATOR 
OUTPUTS 

0 

POWER 
SUPPLY 

SIGNAL 
INPUT 

LOOP PHASE 
DETECTOR 

INPUT 

LOOP PHASE 
DETECTOR 

OUTPUT 

GROUND 

FEATURES 

Wide Frequency Range 
Wide Supply Voltage Range 
Uncommitted VCO Q and Q Outputs 
Wide Dynamic Input Voltage Range 
Excellent VCO Stability 

APPLICATIONS 

Tone Detection 
Frequency Synthesis 

ORDERING INFORMATION 

REFERENCE 
VOLTAGE 

Vco TIMING 
RESISTOR 

l 
TIMING. 
CAPACITORS 

J 
1 
LOCK 
DETECT 
OUTPUTS 

6 ...... 
LOCK 
DETECT 
FILTER 

0.01 Hz to 300 kHz 
4.5V to 15V 

2 mV to 3V rr-ns 
20 ppmfC, Typical 

FM Detection 
Tracking Filters 

Part Number Package Operating Temperature 
XR-2213M Ceramic -55°C to +125°C 
XR-2213N Ceramic -40°C to +85°C 
XR-2213P Plastic -40°C to +85°C 
XR-2213CN Ceramic O°Cto +70°C 
XR-2213CP Plastic aOc to +70°C 

@ Ie MASTER 1984 



rEMR 

Tone Decoders 

XR-567/561A MONOLITHIC 
TON~ DECO DER 

The X R-567 is a monol i th ic phase-locked loop system 
designed for general purpose tone and frequency decoding. 
I t offers a wide frequency band of 0.01 Hz to 500 kHz, 
and has a logic compatible output capable of sinking up to 
100 rY!A of load current. Four independent external com
ponents determ ine the bandwidth, center frequency, and 
output delay. The XR-567A offers improved frequency 
accurancy and drift characteristics over the standard 567. 
The improved design enhances overall circuit performance, 

ilvhile reducing initial circuit adjustments. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUT 
FILTER 

LOW-PASS 
LOOP FILTER 

INPUT 

+Vcc 

FEATURES 

Direct Replacement for SE/NE567 
Adjustable Bandwidth 
Logic Compatible Output 

with Current Sinking Capability 
Adjustable Center Frequency 
Inherent Immunity 

to False Signals 
High Rejection 

of Out-of-Band Signals and Noise 
Adjustable Range Frequency 

by External Resistor 

APPLICATIONS 

Touch-Tone@ Decoding 

Sequential Tone Decoding 
Communications Paging 

OUTPUT 

GROUND 

-, 
TIMING 
RESISTOR 
AND 
CAPACITOR 

-l 

0% to 14% 

100 mA 
0.01 Hz to 500 kHz 

over 20: 1 range 

Ultrasonic Remote Control and Monitoring 
Carrier-Tone Transceiver 
Wireless Intercom 
Precision Oscillator 

ORDERING INFORMATION 

Part Number 
XR-567M/AM 
XR-567CN/ACN 

XR-567CP/ACP 
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Package 
Ceramic 

Ceramic 
Plastic 

Operating Temperature 
_55° C to +125° C 

0° t to +70°C 
O°C to +70°C 

XR-L567 MONOLITHIC 
TONE DECODER 

The XR-L567 is a micropower phase-locked loop (PLL) 
circuit designed for general purpose tone and frequency 

decoding. It is a direct replacement for the popular 567-
type tone decoder ICs, designed for applications requiring 
very low power dissipation. The XR-L567 offers approx

imately 1/1 Oth the power dissipation of the conventional. 
567-type tone decoder, without sacrificing its key fea
tures, such as oscillator stability, frequency selectivity and 
detection threshold. At 5-volt operation, typical quiescent 
power dissipation is iess than 4 mW. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUT 
FILTER 

LOW-PASS 
LOOP FILTER 

INPUT 

Vee 

FEATURES 

Very Low Power Dissipation 
Adjustable Bandwidth 
Logic Compatible Output with 

lOrnA Current Sinking Capability 

Highly Stable Center Frequency 
Adjustable Center Frequency 
Inherent Immunity 

to False Signals 
High Rejection of Out-of-Band 

Signals and Noise 
Adjustable Frequency Range 

by External Resistor 

APPliCATiONS 

Battery Operated Tone Detection 
Touch-Tone@ Decoding 

Communications Paging 
Ultrasonic Remote Control 
Telemetry Decoding 

ORDERING INFORMATION 

OUTPUT 

-, 
TIMING 
RESISTOR 
AND 
CAPACITOR 

-l 

<4 mWat 5V 
0% to 14% 

0.01 Hz to 50 kHz 

over 20: 1 range 

Part Number 
XR-L567CN 
XR-L567CP 

Package 
Ceramic 
Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 
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Filters 

XR-2103 FSK MODEM FILTER 

The, XR-2103 is a Monolithic Switched-Capacitor Filter 
designed to perform the complete filtering function nec
cessary for a Bell 103 Compatible Modem. The X R-21 03 
is specifically intended for use with the X R-14412 Modula
tor/Demodulator to form a complete stand alone two-chip 
Modem. In addition to complete high and low bandpass 
filters, the XR-2103 contains internal mode switching, 
auto-zeroing limiter and dedicated duplexer op amp. An 
on-board carrier detect circuit is also included to com
plete the over-all system. Designed for crystal-controlled 
operation, the XR-2103 may operate from a 4.0 MHz 
crystal or 1 MHz input from the XR-14412. A self-test 
circuit is included to complement that of the X R-14412. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Single 5 Vol t Operation 
4.0 MHz/1 MHz Clock Input 
Complete On-board Output 
Active Filters 
low Supply Current 
I nternal Answer/Originate Mode Switch ing 
Programmable Input Receive Gairt 

APPLICATIONS 

Bell 103 Transmit/Receive Filtering 
Complement to XR-14412 or other 

Modu lator /Demodu lators 

ORDERING INFORMATION 

Part Number 
XR-2103CP 
XR-2103CN 

3368 

Package 
Plastic 
Ceramic 

Operating Temperature 
O°C to 70°C 
0°Ct070°C 

XR-2120 PSK MODEM FILTER 

The XR-21~0 is a self-contained bandpassfilter set designed 
for realization of Bell 212A compatible 1200 bits/sec PSK 
MODEMS. The X R-2120 utilizes CMOS technology and 
switched capacitor circuit techniques to minimize external 
components to a single crystal or frequency source. Con
tained in the device are two complete bandpass filters cen

tered around the Bell standard 1200 Hz and 2400Hz send 
and receive frequencies. These filters also provide compro

mise line equalization. Additional features included are 
digitally programmable transm it· and receive gains as well 

as input anti-aliasing and complete output smoothing fil

ters. Separate VSS pins for transmit, receive, and digital 
sections are provided to minimize crosstalk. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

On-board Crystal Oscillator With Buffered Output 
Internal Anti-aliasing Filters 
Complete On-board Output Active Filters 

Digitally Programmable Transmit and Receive Gains 
MODE Input Internally Switches Filters 

for Answer/Originate 
Single or Split Supply Operation 
Center Frequencies Movable with Input Clock 
High-Impedance Inputs (100 kn min) 
Low Supply Current 
1 % Center Frequency Accuracy 
Separate CLK IN and ClK OUT Pins 

APPLICATIONS 

Bell 212A Transmit/Receive Filtering 
Answer Back Signal Filtering 

ORDERING INFORMATION 
Part Number 
XR-2120CN 
XR-2120CP 

Package 
Ceramic 

Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 
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Modem 

XR-14412 FSK MODEM SYSTEM 

The XR-14412 contains all the necessary Circuitry to con
struct a complete FSK modulator/demodulator (MODEM) 
system. Included is circuitry for pin-programmable fre-. 
quency bands, either U.S. or foreign (CCITT) standards 
for low-speed MODEMS. The XR-14412 provides TTL
compatible inputs and outputs. Included in the XR-14412 
are featuresf'or self-testing and an echo suppression tone 

generator. The XR-14412 utilizes complementary MOS 
technology for low-power operation. 

FUNCTIONAL BLOCK DIAGRAM 

RXCAFI Voo 

ST TILD 

OSCOUT TYPE 

OSC'N ECHO 

RS TXEi"II 

Ax RATE TXOATA 

RXOATA. MOOE 

Vss TXCAR 

FEATURES 

Simplex, Half-Duplex, and Full Duplex Operation 
Crystal Controlled 
Answer or Originate Modes 
Single Supply Operation 
Self-test Mode 
Selectable Data Rates 300 or 600 bps 
TTL, or CMOS-Compatible Inputs and Outputs 
Echo Suppressor Disable Tone Generator 

. U.S. or Foreign (CCITT) Compatible 

APPLICATIONS 

Stand-Alone MODEMS 
Remote Terminals 

Acoustical Couplers 
Built-in MODEMS 

ORDERING INFORMATION 

Part Number 
XR-14412FN 
XR-14412VN 
XR-14412FP 
XR-14412VP 
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Package 
Ceramic 
Ceramic 
Plastic 
Plastic 

Operating Temperature 
_40

0 
C to +85° C 

_40° C to +850 C 
_40° C to +85

0 
C 

_400 C to +85° C 

Circuits 

XR-2121 BELL 212A MODULATOR 

The XR-2121 is designed to provide the complete modula
tor function for the Bell Standard 212APSK Modem. It 
can be used with the XR-2120 PSK Filter, XR-2122 De
modulator, and XR-2125 Sync/Async Converter to pro
vide a four chip solution for realizing this 1200/300 bps 
Modem System. 

The XR-2121 Modulator provides either a 1200 bps PSK or 

o to 300 bps FSK output. Crystal controlled operation 

offers extremely accurate and stable 1200/2400 Hz carriers 
for the PSK and 1170/2125 Hz carriers for the FSK. An 
enable/disable pin is provided for bianking the modu
lator output. Atransm it clock of 1200 Hz is also pro-
vided for synchronization of the terminal and other facili,-
ties. The X R-2121 is designed to operate from dual 5- volt 
power supplies and utilizes CMOS technology for low 
power consumption. 

FUNCTIONAL BLOCK DIAGRAM 

VDD 

elK OUT 

X OUT 

x IN 

TRANS CLK 

EXT TRANS 
CLK 

DGND 

I 
R ADJ 

L 
FEATURES 
Bell Standard 212A Compatible 
6-Bit Synthesized Sine Wave Output 
I nternal Scrambler 
Enable/Disable Input 
1200 Hz Transm it ·Clock Output 

T.DATA 

SCRAM EN 

SPEED SEL 

MODE 

VSS 

AGND 

CaMP 

hEN 

Tx CAR 

Crystal Controlled with Buffered Clock Output 
External Clock Input 
CMOS/TTL Compatible Inputs 

APPLICATIONS 
Stand-Alone Modems 
Remote Terminals 

Built-In Modems 
ORDERING INFORMATION 
Part Number 
XR-2121CN 
XR-2121CP 

Package 
Ceramic 
Plastic 

Operating Temperature 
O°C to +70°C 
OoC to +70°C 
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· Modem Circuits 
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XR-2122 BELL 212A DEMODULATOR 

The X R-2122 is designed to provide the complete demodu
lator function for the Bell Standard 212A PSK Modem. It 
can be used with the XR-2120 PSK Filter, XR-2121 Mod
ulator, and XR-2125 Sync/Async Converter to provide a 
four ch ip solution for realizing this 1200/300 bps Modem 
System. 
The X R-2122 Demodulator provides the complete demodu
lation function for either 1200 bps PSK or 0 to 300 bps 
FSK incoming carriers. An internal descrambler, automa-
tic gain control circuit, and carrier detect circuit are also 
provided. The X R-2122 is designed to operate from dual 
5-volt power supplies and utilizes CMOS technology for 
low power consumption. 

FUNCTIONAL BLOCK DIAGRAM 

VDD 

CD I r- AGC 
CaNT 

CO 

~ 
DELAY 

L 
Cu< IN I 

vco 
t;APACITOR 

RC ClK ~ 

vco RES 

,",ODE vco CaNT 

DGND 

V55 

A.OATA 

~ FEATURES 
C) 

2 Bell Standard 212A Compatible 
C Automatic Speed Selection in Answer Mode 
'- 36 dB (-9 to -45 dBm) Dynamic Input Range 
~On-Board Descrambler 
W Carrier Detect Output 

Crystal Controlled Operation 
CMOS/TTL Compatible Inputs and Outputs 

APPLICATIONS 

Stand-Alone Modems 
Remote Terminals 
Built-In Modems 

ORDERING INFORMATION 
Part Number 
XR-2122CN 
XR-2122CP 

3370 

Package 
Ceramic 
Plastic 

Operatin!;l Temperature 
O°C to +io°c 
O°C to +70

D
C 

XR·2123 PSK MODULATOR/DEMODULATOR 

The X R-2123 provides the phase-shift keying (PSK) Mod
ulator and Demodulator Functions for implementing a 
Full-Duplex 1200 bps or Half-Duplex 2400 bps Modem 
System. Using fully digital circuit techniques allows the 
X R-2123 to be externally programmed for operation for 
Bell Standards 201B and Cor 212A (1200 bps only), and 
CCITT V.22 or V.26. Internal logic and timing functions 
minimize external parts while crystal controlled operation 
provides stable and accurate operation. 

FUNCTIONAL BLOCK DIAGRAM 

PSK 

DEMDDULATOH 

v. ~,--__ O __ _ 
FEATURES 

CMOS Technology 
Single +5 Volt Operation 
Low Power Consumption (Typ 10mw) 
1200 bps Full-Duplex 
2400 bps Half-Duplex 

LSD 

Programmable for US or European Standards (CCITT) 
Dibit PSK (DPSK) Operation 
Crystal Controlled 
Synthesized Sine Wave Modulator Output 
Adjustable Modulator Output 
Input Protection 

AP~LlCATIONS 
Bell Standard 201 or 212A Modems 
CCITT Standard V.22 or V.26 Modems 

ORDERING INFORMATION 
Part Number 
XR-2123CN 
XR-2123CP 

Package 
Ceramic 
Plastic 

Operating Temperature 
ODC to +70DC 
QD eto +70DC 
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Modem Circuits 

XR-2125 SYNC/ASYNC CONVERTER 

The XR-21 25 is designed to provide the interface between 
asynchronous digital equipment and the synchronous op
peration of the modulator and demodulator functions in a 
Bell Standard 212A PSK Modem. It can be used with the 
XR-2120 PSK Filter, XR-2121 Modulator. and X R-21 22 
Demodulator to provide a four chip solution for realizing 

this 1200/300 bps Modem System. 

The XR-2125 maintains proper timing of data by insert
ting or removing stop bits when interfacing with asynchron
ous digital equipment. Enable/Disable pins are provided 
to allow straight-through operation when interfacing 
with synchronous equipment. Operation with character 
lengths of either 9 or 10 bits may be sp.lected also. The 
XR-2125 is designed to operate from a single 5-volt supply 
and utilizes CMOS technology for low power consumption. 

FUNCTIONAL BLOCK DIAGRAM 

VDD 

TxD 
ASYNC 

EN/DIS! 

9/10 BIT 
SEL 

AxD 
ASYNC 

EN/DIS II 

NC 

FEATURES 

Bell Standard 212A Compatible 

Enable/Disable Inputs 
Crystal Controlled Operation 

CMOS/TTL Compatible Inputs 
9 or 10 Bit Selection 

APPLICATIONS 

Stand-Alone Modems 
Remote Terminals 
Built-In Modems 

ORDERING INFORMATION 
Part Number 
XR-2125CN 
XR-2125CP 
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Package 
Ceramic 

Plastic 

NC 

TxD 
SYNC 

TxC 

CLK 

AxD 
SYNC 

RxC 

DGND 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 

XR-2247 FLOPPY DISK WRITE AMPLIFIER 

The XR-2247 is a write amplifier designed to provide the 
complete interface between write data signa~s and tunnel
erase magnetic heads. Although' primarily intended for 
floppy disk 9rivesystems, the X R-2247 can also be used 
in other magnetic media systems such as tape drives. Com

plete internal active transistor switching is provided to 

minimize external parts for dual head systems. Write and 

erase currents are each externally programmable with a 

single resistor. Also included is circuitry for inner track writE 
current compensation. To prevent false write current 
outputs on povver-on, an inhibit input has been provided. 

Turn-on and turn-off times for the tunnel-erase systems are 
each externaiiy programmable. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Fully Programmable Write and Erase Currents 
Fully Programmable Tunnel Delay 

for Turn-on/Turn-off 
Internal Switching Diodes (active transistors) 

for Dual Head Drives 
Single Supply Operation 
Inner Track Write Current Compensation 
Inhibit Input 
TTL Compatible Inputs 
Low External Parts Count 

APPLICATIONS 
Floppy Disk Drives 

Single/Double Head Systems 
Magnetic Tape Write Amplifier 

ORDERING INFORMATION 
Part Number 
XR-2247CN 
XR-2247CP 

Package 
Ceramic 
Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 
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Disk Drive Circuits 

XR·2247A FLOPPY DISK WRITE AMPLIFIER 

The XR-2247A is a write amplifier designed to provide the 
complete interface between write data signals and tunnel
erase magnetic heads. Although primarily intended for 
floppy disk drive systems, the XR-2247 A can also be used 
in other magnetic media systems such as tape drives. Com
plete internal diode connected transistor switching is 
provided to minimize external parts for dual head systems. 
Write and erase currents are each externally programmable 

with a single resistor. Also included is circuitry for inner
track write current compensation. To prevent false write 
current outputs on power-on, an inhibit input has been pro
vided. Turn-on and turn-off times for the tunnel-erase 
systems are each externally programmable. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Fully Programmable Write and Erase Currents 
Fully Programmable Tunnel Delay 

for Turn-on/Turn-off 
Internal Switching Diodes (Diode connected transistors) 

for Dual Head Drives 
Single Supply Operation 
Inner track Write Current Compensation 
.Inhibit Input 
TTL Compatible Inputs 
Low External Parts Count 

APPLICATIONS 
Floppy Disk Drives 
Single/Double Head Systems 
Magnetic Tape Write Amplifier 

ORDERING INFORMATION 
Part Number 
XR-2247ACN 
XR-2247ACP 

3372 

Package 
Cerarnic 
Plastic 

Operating Temperature 
O°C to +70°C 
aOe to + 700 e 

XR·3470A FLOPPY DISK READ AMPLIFIER 

,The XR-3470A is a read amplifier system designed pri
marily for use in a floppy disk system. It is designed to 
perform the complete readback function, by accept
ing the readback signal from a magnetic head and convert
ing it into digital output pulses. To perform this function, 
the XR-3470A contains a high frequency amplifier, an ac
tive differentiator, a zero-crossing detector, and a time 
domain filter. 

The X R-3470A is suited for systems with data transfer 
rates ~p to 3 megabaud. High input sensitivity allows 
operation with signal levels as low as 1.4 mV pp, which 
gives it the flexability to be used for single or double 
density floppy disk systems. 

FUNCTIONAL BLOCK DIAGRAM 

r 
AMPLIFIER 

INPUTS 

L 
r 

OFFSET 
OECOUPLING 

L 
GROUND 

r 
~TONE-SHOT 

COMPONENTS 

L 
r 

DIGITIZER 
ONE-SHOT 

COMPONENTS 

L 

FEATURES 

Complete Floppy Disk Read f\mplifier 
Low Input Voltage Detection 

Low Peak Shift 

Low Amplifier Gain Variation 

High Amplifier Frequency Response 

APPLICATIONS 

Vcc12 

l 
AMPLIFIER 
OUTPUTS 

J -, 
ACTIVE 
DIFFERENTIATION 
INPUTS 

.J 

:lERENTIATOR 
COMPONENTS 

J 

DATA 
OUTPUT 

1.4 mV pp 
2.0% Maximum 

100 V /V Min 

130 V/V Max 
10 MHz, Min 

Single/Double Density f=loppy Disk Read Amplifier 
Magnetic Read Amplifier 

ORDERING INFORMAtiON 
Part Number 
XR-3470ACN 
X R-3470l\CP 

,Package 
Ceramic 
Plastic 

Operatirig Temperature 
O°C to +70°C 
oOe to +70o e 
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Disk Drive Circuits 

XR-3410BFLOPPY DISK READ AMPLIFIER 

The X R-3470B is a read amplifier system designed pri
marily for use in a floppy disk system. The circuit is 
designed to accept the readback signal from a magnetic 
head and convert the peaks of this signal to digital pulses. 
The circuit consists of a high-frequency amplifier, an 
active diffrentiator. a zero-crossing detector. and a time 
domain filter. 

The XR-3470B can be used to transfer data up to 3 mega
baud. This device can also detect voltage levels as low as 
1.4 mV pp, 'vvhich gives it the flexibi!ity to be used for 

single or double density floppy disk systems. The chip 
contains aii the circuitry essential for a floppy disk read 

amplifier system. 

FUNCTIONAL BLOCK DIAGRAM 

r 
AMPLIFIER 

INPUTS 

L 
OFFJ: 

DECOUPLING 

L 
GROUND 

r 
~TONE-SHOT 

COMPONENTS 

L 
r 

DIGITIZER 
ONE-SHOT 

COMPONENTS 

L 

FEATURES 
Less Than 4% Peak Shift 
Low Input Voltage Detection' 
Complete Floppy Disk Read System 
Up to 3 MBaud Operation 
High Preamp Gain 

APPLICATIONS 

Vcd2 

l 
AMPLIFIER 
OUTPUTS 

J 
I 
ACTIVE . 
DIFFERENTIATION 
INPUTS 

.J 

JFERENTIATOR 
COMPONENTS 

J 

OATA 
OUTPUT 

i iO V/V, Typical, 
(100 VN. min) 

Single/Double Density Floppy Di~k Read Amplifier 

Magnetic Tape Read Amplifier 

ORDERING INFORMATION 
Part Number 
XR-3470BCN 
XR-3470BCP 
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Package 
Ceramic 

Plastic 

Operating Temperature 
O°C to +70°C 
O°C to +70°C 

Function Generators 

XR-2206 MONOLITHIC 
FUNCTION GENERATOR 

The XR-2206 is a monolithic function generator inte
grated circuit capable of producing high quality sine, 
square, triangle, ramp, and pulse waveforms of high-stability 
and accuracy. The output waveforms can be both amplitude 
and frequency modulated by an external voltage. Frequency 

of operation can be selected externally over a range of 0.01 

Hz to more than 1 MHz. 

The circuit is ideally suited for communications, instru

mentation, and function generator applications requiring 

sinusoidal tone, AM, FM, or FSK generation. 

FUNCTIONAL BLOCK DIAGR;\M 

AM 
INPUT 

-ORN 
OUTPUT 

MULTOUT 

+Vcc 

TIMlk 
CAPACITOR 

L 
r 

TIMING 
RESISTORS 

L 

FEATURES 
Low-Sine Wave Distortion 

Excellent Stability 
Wide Sweep Range 
Linear Amplitude Modulation 
Adjustable Duty Cycle 

APPLICATIONS 
Waveform Generation 
Sweep Generation 
AM/FM Generation 

ORDERING INFORMATION 
Part Number Package 
XR-2206M Ceramic 

XR-2206N Ceramic 

XR-2206P Plastic 

XR-2206CN Ceramic 

XR-2206CP Plastic 

l 
SYMMETRY 
ADJ. 

J 
l 
WAVEFORM 
AOJ. 

J 
GROU~D 

SYNC 
OUTPUT 

,BYPASS 

FSK 
INPUT 

.5%, Typical 
20 ppmfe, TYPical 

2000: 1, Typical 

1% to 99% 

V IF Conversion 
FSK Generation 

Phase-Locked Loops 

Operating Temperature 
-55°C to +1 25°C 

oOe to +70°C 

O°C to +70
o
e 

O°C to +70°C 
OOC to +70o C . 
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Flinction Generators 

XR-2209 PRECISION OSCILLATOR 

The XR-2209 is a monolithic variable frequency oscillator 

circuit featuring excellent temperature stability and a 
wide linear sweep range. The circuit provides simultaneous 
triangle and square wave outputs over a frequency range 
of 0.01 Hz to 1 MHz. The frequency is set by an external 

RC product. The device is ideally suited for frequency 
modulation, voltage-to-frequency or current-to-frequency 
conversion, sweep or tone generation, as· well as for 

phase-locked loop applications when used in conjunction 

with a phase comparator such as the X R-2208. 

The circuit is comprised of three functional blocks: A 
variable frequency oscillator and two buffer amplifiers. 
The X R-2209 has a typical drift specification of 20 
ppmfC. The frequency can be linearly swept over a 
1000: 1 range, by an external control signal. 

FUNCTIONAL BLOCK DIAGRAM 

r 
TIMING 

CAPACITOR 

L 
TIMING 

RESISTOR 

FEATURES 

Excellent Temperature Stability 

Linear Frequency Sweep 
Wide Sweep Range 
Wide Supply Voltage Range 
Low Supply Sensitivity 

TRIANGLE 
OUTPUT 

SQUARE WAVE 
OUTPUT 

BIAS 

20 ppmfC 

1000: 1, Minimum 
±4V to ± 13V 

0.15%/V 

Wide Frequency Range 0.01 Hz to 1 MHz 
Simultaneous Triangle and Square Wave Outputs 

APPLICATIONS 

V IF Conversion 
CIF Conversion 
FM and Sweep Generation 

ORDERING INFORMATION 

Part Number 
XR-2209M 
XR-2209CN 
XR-2209CP 

3374 

Package 
Ceramic 
Ceramic 

Plastic 

Waveform Generation 
Stable Phase-Locked Loop 

Operating Temperature 
_55° C to +125°C 

O°C to +70°C 
OOC to +700 C 

XR-SOls/aOlSA PRECISION 
WAVEFORM GENERATOR 

The X R-8038/8038A is a precision waveform generator Ie 
capable of producing sine, square, triangular, sawto~th, 
and pulse waveforms with a minimum of external com
ponents and adjustments. Its operating frequency can be 
selected over hine decades of frequency, from 0.001 Hz to 
1 MHz, by the choice of external RC components. The 
frequency of oscillation is highly stable over a wide tem
perature and supply voltage range. The frequency modu
lation and sweeping can be accomplished with an external 
control voltage, without affecting the quality of the out
put waveforms. The frequency can be programmed digit
ally through the use of either resistors or capacitors. 

FUNCTIONAL BLOCK DIAGRAM 

SINE ADJ 

M 

r 
DUTY CYCLE 

ADJ 

L 

FM BIAS 

FEATURES 

Direct Replacement for Intersil 8038 
Low Frequency Drift· 50 ppmfC 
Simultaneous Sine, Triangle and Square Wave Outputs 
Low Distortion THO 1% 
High FM and Triangle Linearity 
Wide Frequency Range 0.001 Hz to 1 MHz 
Minimum External Component Count 
Variable Duty Cycle 2% to 98% 

APPLICATIONS 
Precision Waveform Generation 
Test I nstrumentation Design 
Phase-Locked Clock Generation 

ORDERING INFORMATION 
Part Number 
XR-8038M/AM 
XR-8038N/AN 
XR-8038P/AP 

Package 
Ceramic 
Ceramic 
Plastic 

XR-8038CN/ACN Ceramic 
XR-8038CP/ACP Plastic 

Sweep Generation 
Precision PLL Design 

Tone Generation 

Operating Temperature 
-55°C to +125°C 

OOC to +70°C 

O°C to +70°C 
OoC to +70°C 

O°C to +70°C 
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Display Drivers 

XR-2277/XR-227B 
DOT AND BAR-GRAPH 
DISPLAY GENERATORS 

The XR-2277 and XR-2278 are 12-point level detector 
circuits designed for interfacing. directly with LED moving 
dot or bar-graph displays. Each circuit is comprised of an 
input buffer amplifier, a set of 12 comparators which are 
biased from an internal voltage reference, and a resistor 
string. Each comparator provides a high-impedance cur
rent source output; each of the output currents is very 
closely matched and can be adjusted, simultaneously, with 

a single external setting resistor. 
The XR-2277 has 12 discrete output 'levels, over a range 
of -30 dB to +6 dB, referenced to an externally set zero 
dB reference level. The XR-2278 has similar electrical 

. characteristics, except for a dynamic range of -20 dB to 

+8dB. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Direct LED Interface Adjustable Zero dB Reference 
Constant-Current Outputs Adjustable Output Currents 
External Mode-Select High InpL:lt Impedance 

for Dot/Bar-Graph Format 

APPLICATIONS 

Bar-Graph Display Generator and Driver 

Dot Display Generator 

ORDERING INFORMATION 

Part Number 
XR-2277CP 
XR-2278CP 

@ Ie MASTER 1984 

Package 
Plastic 

Plastic 

Operating Temperature 
O°C to +70°C 

O°C to +70°C 

XR-2279 DOT AND BAR-GRAPH 
DISPLAY GENERATOR 

The X R-2279 is a 12-point logarithmic level-detector 
-circuit comprised of an input buffer amplifier and a set 
of 12 voltage comparators. The circuit produces 12 dis
crete output levels, spaced in three dB intervals, over a 
dynamic range of -27 dB to +6 dB, referenced to an exter
nally adjusted zero dB level. It is designed for interfacing 
directly with LED moving dot or bar-graph displays. Each 
of the comparator outputs provides a high-impedance 

constant-current drive which is well-matched and can be 
adjusted by an external resistor setting. The circuit output 
is either a moving dot or a continuous bar-graph format, 
based on'control voltage applied to the mode-seiectpin. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

Direct LED Interface 

Constant 3 dB 
per Step Logarithmic Scale 

External Mode-Select 
for Dot/Bar-Graph Formats 

Adjustable Output Current Levels 
Adjustable Zero dB Reference 

APPLICATIONS 

Bar-Graph Generator 
Moving Dot Display Generator 

ORDERING INFORMATION 

Logarithmic Level Indicator 
Sequential Level Indicator 

Part Number 
XR-2279CP 

Package 
Plastic 

Operating Temperature 
OoC to +70°C 
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Display Drivers 

XR-6118/6128 FLUORESCENT 
DISPLAY DRIVER 

The XR-6118 and XR-6128 are high-voltage display driver 
arrays which are designed to interface between low-level 
digital logic and vacuum fluorescent displays. Each circuit 
consists of eight independent signal channels comprised 
of Darlington output stages and common-emitter inputs. 
All channels on the chip share common power supply and 
ground connections. Both device types are cap
able of driving digits and/or segments of fluorescent dis
plays, and all of the eight outputs can be activated simul
taneously. The XR-6118 is compatible ~ith TTL and 5V 
CMOS logic while the X R-6128 interfaces with 6V to 15V 
PMOS or CMOS. The XR-6118 amd XR-6128 are designed 
to operate with a supply voltage of 80V, and the XR-
6118-2 with a supply voltage of 60V. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUTS 

FEATURES 
Direct Replacement for Sprague 6118A/6128A 
Digit or Segment Drivers 
Low Power and Input Current 
Internal Output Pulldown Resistors 
High Output Breakdown Voltage 77V, Minimum 

APPLICATIONS 
Fluorescent Driver High-Voltage Switching 
Gas Discharge Display Driver 

ORDERING INFORMATION' 
Part Number Package Operating Temperature 
XR-6118P Plastic _40° C to +85° C 

Xfi-6128CP Plastic -40°C to +85°C 
XR-6118CP Plastic O°C to +70°C 
XR6128CP Plastic O°C to +70°C 
XR-6128CP Plastic O°C to +70°C 
XR-6118CP-2 Plastic O°C to +70°C 

3376 

.Operational Amplifiers 

XR-082/083 DUAL BIPOLAR JFET 
OPERATIONAL AMPLIFIER 

The XR-082/083 family of junction FET input dual oper
ational amplifiers are designed to offer higher perform
ance than conventional bipolar op amps. Each amplifier 
features high slew rate, low input bias and offset currents, 
and low offset voltage drift with temperature. These oper
ational amplifier circuits 3re fabricated using ion implan
tation technology to combine well-matched junction 
F ET's and h iflh-performance bipolar transistors on the 
same monolithic chip. 

The XR-082 family of dual bipolar JFET op amps are 
packaged in an 8-Pin dual-in-line package. The XR-D83 
family of op amps offers an independent offset adjust
ment for each of the individual op amps on the same chip, 
and are available in a 14-Pin dual-in-line package. 

FUNCTIONAL BLOCK DIAGRAM 

Vee 

OUTPUT B 

INPUT B 

-INPUT B 

FEATURES 

Direct Replacement for TL082/083 (See Chart) 
Low Power Consumption 
Wide Common-Mode and Differential Voltage Ranges 
Low Input Bias and Offset Currents 
Output Short Circuit Protection 
High-Input Impedance .... FET Input Stage 
Internal Frequency Compensation 
Latch-Up-Free Operation 
High Slew Rate 13V /IJ.S, Typical 

APPLICATIONS 

Transducer Amplifier 

ORDERING INFORMATION 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
PI,astic 

High-Impedance Buffer 

Operating Temperature 
-55° C to +125° C 
-25°C to +85°C 
-25°C to +85°C 
O°C to +70°C 
O°C to +700 C 

Part Number 
XR-082M 
XR-082N 
XR-082P 
XR-082CN 
XR-082CP 
XR-083 Available in 14-Pin 

© Ie MASTER 1984 



Operational Amplifiers 

XR-084 QUAD BIPOLAR JFET 
OPERATIONAL AMPLIFIER 

'The XR-084 junction FET input quad operational ampli
fier is designed to offer higher performance than conven
tional bipolar quad op amps. Each of the four op amps on 
the chip is closely matched in performance characteristics, 
and each' amplifier features high slew rate, low input bias 
and offset currents, and low offset voltage drift with 
temperature, The XR-084 FET input quad op amp is 
fabricated using ion implantation bipolar/FET technology, 
to combine well-matched junction FET's and high
performance bipoiar transistors on the same mono
lithic chip. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUT A OUTPUTD 

INPUT A ·INPUT D 

+INPUT A -INPUT D 

-Vee -VEE 

-INPUT B -INPUT C 

INPUT B INPUT C 

OUTPUT B OUTPUTC 

FEATURES. 
Direct Replacement for TL084 (See Table 1) 

Same Pin Configuration as X R-3403 and LM324 
High-Impedance Junction F ET Input Stage 
Low-Power Consumption 
Wide Common-Mode and Differential Voltage Ranges 
Low J nput Bias and Offset Currents 
Output Short-Circuit Protection 
Internal Frequency Compensation 
Latch-Up Free Operation 
High Slew Rate 

APPLICATIONS 
Transducer Amplifier 

ORDERING INFORMATION 
Part Number 
XR-084M 
XR-084N 
XR-084P 

XR-084CN 
XR-084CP 

@)Ie MASTER 1984 

Package 
CeramiC 
Ceramic 

Plastic 
Ceramic 
Plastic 

13V I P.Si Typical 

High-I mpedance Buffer 

Operating Temperature 
-55°C to +125°C 
-25°C to +85°C 

-25°C to +85°C 
O°C to +70°C 

O°C to +70
o

C 

XR-146/246/346 PROGRAMMABLE 
QUAD OPERATIONAL AMPLIFIER 

The XR-146 family of quad operational amplifiers contain 
four independent high-gain, low-power, programmable op 
amps on a monolithic chip. The use of external bias set
ting resistors perm it the user to program the gain band
Width product, supply current, input bias current, input 
offset current, input noise, and slew rate. 

The basic XR-146 family of circuits offers partitioned 
programming of the internal op amps. One setting resistor 
is used to set the bias levels in the three op amps, and a 
second bias setting is used for the remaining op amp. Its 
modified version, XR-346-2, provides a separate bias set
ting resistor for each of the two op amp pairs. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUT A OUTPUT D 

-INPUT A -INPUT D 

+INPUT A -INPUT 0 

-Vee -VEE 

+INPUT B +INPUT C 

INPUT B -INPUT C 

OUTPUT B OUTPUT C 

ISET I SET 

FEATURES 

Direct Replacement for lM146/246/346 
Direct Replacement for LM346-2 
Programmable Electrical Characteristics 
Low Supply Current 350 p.A per Amplifier 
Large dc Voltage Gain 120 dB 
Low Noise Vbltage 25 nV /IHZ 
VVide Povver Supply Range 
Class AS Output Stage 

ORDERING INFORMATION 

Part Number 
XR-146M 
XR-246N 
XR-246P 
XR-346CN 
XR-346CP 
XR-346-2CN 
XR-346-2CP 

Package 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Plastic 

Ceramic 
Plastic 

± 1.5V to ± 22V 
No Crossover Distortion 

Operating Temperature 
-55°C to +125°C 
-25°C to +85°C 
-25°C to + 75°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
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XR·3403/3503 QUAD 
OPERATIONAL AMPLIFIER 

The XR-3403 is an array of four independent operational 
amplifiers, each with true differential inputs. The device 
has electrical characteristics similar to the popular 741. 
However, the XR-3403 has several distinct advantages 
over standard operational amplifier -types in single supply 
applications. The XR-3403 can operate at supply voltages 
as low as 3.0 volts, or as high as 36 volts. Quiescent cur
rents remain about one-fifth of those associated with the 
741 (on a per amplifier basis). The common-mode input 
range includes the negative supply, thereby eliminating 
the necessity for external biasing components in many 
applications. The output voltage swing extends to the 
negative supply. 

FUNCTIONAL BLOCK DIAGRAM 

OUTPUT A 

-INPUT A 

+INPUT A 

+Vee 

+INPUT B 

-INPUT B 

OUTPUTB 

FEATURES 

Direct Pin for Pin Replacement 
for MC3403/3503, LM324 & RC4137 

Suitable for Single Supply Operation 
C Short Circuit Protected Outputs 
"- Class AB Output Stage 
~ Single Supply Operation 

No Crossover Distortion 
3.0V to 36V 

W Split Supply Operation 
Low Input Bias Currents 
Internally Compensated 

APPLICATIONS 

± 1.5V to ± l8V 
500 nA Maximum 

Circuits Requiring Ground Sensing at Inputs 
Low Supply Voltage Systems 

ORDERING INFORMATION 
Part Number 
XR-3503M 
XR-3403CN 
XR-340~CP 

3378 

Package 
Ceramic 
Ceramic 
Plastic 

Operating Temperature 
-55°C to +125°C 

O°Cto+70°C 
O°C to +70°C 

XR·5532/5532A DUAL LOW·NOISE 
OPERATIONAL AMPLIFIER 

The X R-5532 ultralow noise dual operational amplifier is 
especially designed for high quality audio and instrumen
tation applications. Compared to standard 741- or 301 A
type op amps, these operational amplifiers offer an order 
of magnitude improvement in both noise performance 
and small signal bandwidth. Higher output drive capa
bHity and internal compensation are added features. The 
X R-5532A is specially screened for a guaranteed ultralow 
noise specification. This ultralow noise specification 
makes the XR-5532A ideally suited for audio preamplifier 
and other low level applications. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 
Pin for Pin Replacement MC1458, 

RC4558, TL072 TL082 & LF 353 
Direct Replacement 

for NE5532/NE5532A 
Ultralow Input Noise 
Wide Small Signal Bandwidth 
High Output Drive Capability 
Wide Supply Range 
Wide Power Bandwidth 
High Slew Rate 

APPLICATIONS 
Professional Audio Equipment 
Instrumentation and Servo Control 
Telephone Channel Amplifier 
Low-Level Signal Processing 
Audio Preamplification 
Transducer Amplifiers 

ORDERING INFORMATION 

-Vee 

OUTPUT B 

-INPUT B 

-INPUT B 

4 nV / Hz, Typical -

10 MHz, Typical 
10V rms into 600n 

± 3V to ± 20V 

200 kHz 
6V /Ilsec 

Part Number 
XR-5532ACN 
XR-5532CN 
XR-5532ACP 
XR-5532CP 

Package 
Ceramic 
Ceramic 

Operating Temperature 
aOc to +70°C 

Plastic 
Plastic 

O°C to +70°C 
O°C to +70o C 
nOe to + 700e 
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Operational Amplifiers 

XR-5533/5533A DUAL LOW-NOISE 
OPERATIONAL AMPLIFIER 

The XR-5533 ultralow. noise dual operational amplifier is 
especially designed for high quality audio and instrumen
tation applications. Compared to the standard 741- or 
301 A-type op amps, these operational amplifiers offer an 
order of magnitude improvement in noise performance, 
and small signal bandwidth, in addition to higher output 
drive capability. The XR-5533 is internally compensated 
for a voltage gain of three or more, and offers independ
ent offset adjustments for each of the two op amps. The 
X R-5533A is specially screened for a guaranteed ultralow 
noise specification. 

FUNCTIONAL BLOCK DIAGRAM 

BALANCE 

COMPo 

OUTPUT A 

+Vcc 

OUTPUT B 

COMPo 

BAlANCE 

FEATURES 

Direct Replacement for NE5533/NE5533A 
Dual Version of X R-5534 or N E5534 
Ultralow Input Noise 
Wide SfTlall Signal Bandwidth 
High OUtput Drive Capability 
Wide Su pply Range 
Wide Po wer Bandwidth 
High Slew Rate 

APPLIC ATIONS 
Professi <mal Audio Equipment 
Instrum entation and Servo Control 
Telephone Channel Amplifier 
Low-Le vel Signal Processing 
Audio Preamplification 

ORDERING INFORMATION 

4 nV / Hz, Typical 
10 MHz, Typical 

10V rms into 600n 
± 3V to ± 20V 

200 kHz 
13V /psec 

Part N~mber 
XR-5533ACN 
XR-5533CN 
XR-5533ACP 
XR-5533CP 

Package 
Ceramic 
Ceramic 

. Operating Temperature 
O°C to +70°C 

@ Ie ~STER 1984 

Plastic 
Plastic 

O°C to +70°C 
O°C to +70°C 
O°C to +7DoC 

XR-5534/5534A LOW-NOISE 
OPERATIONAL AMPLIFIER 

The XR-5534 isa high performance, ultralow noise opera
tional amplifier. Compared to the standard 741- or 301 A
type op amps, it offers an order of magn itude improve
ment in noise performance, and small signal bandwidth; 
as well as significantly better output drive capabil ity. The 
XR-5534 is ideally suited for applications in high quality 
and profeSSional audio equipment, instrumentation, con
trol circuits, and telephone channel amplifiers. The'op 
amp is internally compensated for a gain of three or 
greater. The frequency response can be optimized with an 
external compensation capacitor for applications requiring 
unity-gain, low-overshoot response, or capacitive load 
driving. The X R-5534A is specially screened for a guaran
teed ultralow noise specification. 

FUNCTIONAL BLOCK DIAGRAM 

FEATURES 

BALANCE COMP 

+Vcc 

OUTPUT 

OUTPUT 
COMPENSATION 

Direct Replacement for NE5534/NE5534A 
Ultralow Input Noise . 4 nV /"fHZ, Typical 
Wide Small Signal Bandwidth 10 MHz, Typical 
High Output Drive Capability 10V rms into 600n 
Wide Supply Range ± 3V to ± 20V 
High-Voltage Gain Av = 100,000 at dc 
High Slew Rate 13V /psec 

APPLICATIONS 

Professional Audio Equipment 
Audio Preamplification 

ORDERING INFORMATION 

Part Number 
XR-5534AM 
XR-5534M 
XR-5534ACN 
XR-5534CN 
XR-5534ACP 
XR-5534CP 

Package 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Plastic 
Plastic. 

Operating Temperature 
-55°C to +125°C 
-55°C to +125°C 

O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
O°C to +70°C 
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XR-494 PULSE-WIDTH 
MODULATING REGULATOR 

All functions required to construct a pUlse-width modu
lating regulator are incorporated on a single monolithic 
chip in the X R-494. The device is primarily designed for 
power supply control and contains an on-chip 5-volt reg
ulator, two error amplifiers, an adjustable oscillator, a 
dead-time control comparator, a pulse-steering flip-flop, 
and output control circuits. Either common emitter or 
emitter follower output capability is provided by the 
uncommitted output transistors. 

FUNCTIONAL BLOCK DIAGRAM 

NON NON 
INV INV 

INPUT INPUT 

INV INV 
INPUT INPUT 

FEED REF 
BACK OUT 

OEAD OUTPUT TIME CONTROL 
CONTROL 

CT Vee 

RT C2 

GROUND E2 

Cl 

~ FEATURES 
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Complete PWM Power Control Circuitry 
Uncommitted Outputs for 200 mA Sink or Source 
Output Control Selects Single-ended 

or Push-pull Operation 
Internal Circuitry Prohibits Double Pulse at Either Output 
Variable Dead-time Provides Control Over Total Range 
Internal Regulator Provides a Stable 5V Reference Supply 
Circuit Architecture Provides Easy Synchronization 

APPLICATIONS 
Pulse-Width Modulated Power Control Systems 
Switching Regulators 
Motor Speed Control 
Power Inverters 

ORDERING INFORMATION 
Part Number 
XR-494M 
XR-494CN 
XR-494CP 

3380 

Package 
Ceramic 
Ceramic 
Plastic 

Operating Temperature 
-55°C to +125°C 

o°c to +70°C 
O°C to +70°C 

XR-495 PULSE·WIDTH 
MODULATING REGULATOR 

All functions required to construct a pUlse-width modu
lating regulator are incorporated on a single monolithic 
chip. The device is primarily designed for power supply 
control and contains an on-chip 5-volt regulator, two error 
amplifiers, an adjustable oscillator, a dead-time control 
comparator, a pulse-steering flip-flop, and output control 
circuits. Either common emitter or emitter follower out
put capability is provided by the uncommitted output 
transistors. 
The X R-495 also contains an on-chip 39-volt Zener diode 
for high-voltage applications, where VCC is greater than 
40 volts, and an output steering control that overrides the 
internal control of the pulse-steering flip-flop. 

FUNCTIONAL BLOCK DIAGRAM 

NON NON 
INV INV 

INPUT INPUT 

IN.". INV 
INPUT INPUT 

FEED REF 
BACK OUT 

DEAD 
TIME 

CONTROL 

OUTPUT CT CONTROL 

RT STEERING 
INPUT 

GROUND Vee 

Cl C2 

E2 

FEATURES 

Complete PWM Power Control Circuitry 
Uncommitted Outputs for 200 mA Sink or Source 
OutpUt Control Selects Single-ended 

or Push-pull Operation 
Internal Circuitry Prohibits Double-Pulse at Either Output 
Variable Dead-time Provides Control Over Total Range 

APPLICATIONS 

Pulse-Width Modulated Power Control Systems 
Switching Regulators 

ORDERING INFOHMATION 
Part Number 
XR-495M 
XR-495CN 
XR-495CP 

Package 
Ceramic 
Ceramic 
Plastic 

Operating Temperature 
-55°C to +125°C 

O°C to +70°C 
OOC to +70°C 
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Line Interface Circuits 

XR-1488 QUAD LINE DRIVER 

The XR-1488 is a monolithic quad line driver designed to 
interface data terminal equipment with data communica
tions equipment, in conformance with the specifications 
of E IA Standard No. RS232C. This extremely versatile 
integrated circuit can be used to perform a wide range of 
applications. The circuit f.eatures output current limiting 
circuitry, and independent positive and negative power 
supply driving elements. Compatibility with all DTL and 
TTL logic families enhances the versatility of the circuit. 

The XR-1488 quad line driver along with its companion 
circuit, the XR-1489A quad line receiver, provides a com
plE~te interface system between DTL and TTL logic levels, 
and the RS232C defined voltage and impedance levels. 

FUNCTIONAL BLOCK DIAGRAM 

VEE • Vee 

INPUT INPUT 

OUTPUT INPUT 

INPUT OUTPUT 

INPUT INPUT 

OUTPUT INPUT 

GROUND OUTPUT 

FEATURES 

Current Limited Output 
Independent Positive Power Supply Driving Elements 
Independent Negative Power Supply Driving Elements 
Compatible with DTL and TTL Logic Families 
Data Terminal/Data Communication Interface 
Conforms to E IA Standard No. RS232C 

APPLICATIONS 

R S232 C Interface 

ORDERING INFORMATION 

Part Number 
XR-1488N 
XR-1488P 

3384 

Package 
Ceramic 
Plastic 

Operating Temperature 
OoC to +70°C 
O°C to +70°C 

XR-1489A QUAD LINE RECEIVER 

The XR-1489A is a monolithic quad line receiver especi
ally designed for data bus interface. Each of the line 
receiver sections has adjustable hysteresis characteristics 
for improved noise rejection. The input and- output levels 
of the circuit are designed to provide direct interface be
tween RS232C data bus standards and the DTL or TTL 
type logic levels. 

The XR-1489A quad line receiver along with its compan
ion circuit, the X R-1488 quad I ine driver, provides a com
plete interface between DTL and TTL logic levels, and the 
RS232C defined voltage and impedance levels. 

FUNCTIONAL BLOCK DIAGRAM 

iNPUT 

CONTROL 

OUTPUT 

INPUT 

CONTROL 

OUTPUT 

GROUND 

FEATURES 

Direct Replacement for MC1489A 
Current Limited Output 
Compatible with DT Land TT L Logic 
Meets E IA Standard RS232C 

APPLI CATIONS 

Data Bus Interface 
Microprocessor Interface 
Remote Terminal Interface 
RS232 Interface 

ORDERING INFORMATION 

~Vcc 

INPUT 

CONTROL 

OUTPUT 

INPUT 

CONTROL 

OUTPUT 

Part Number 
XR-1489AN 
XR-1489AP 

Package 
Ceramic 
Plastic 

Operating Temperature 
O°C to +70°C 
oOe to +70oe 
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Special Functions 

XR-4151 VOLTAGE-TO
FREQUENCY CONVERTER 

The XR-4151 is a device designed to provide a simple, 
low cost, method for converting a dc voltage into a pro
portional pulse repetition frequency. It is also capable 
of converting an input frequency into a proportional out
put voltage. The X R-4151 is useful in a wide range of 
applications, including AID and DIA conversion and data 

transmission. 

FUNCTIONAL BLOCK DIAGRAM 

CURRENT 
SOURCE OUTPUT 

SCALE FACTOR 

LOGIC OUTPUT 

GROUND 

FEATURES 

Single Supply Operation 
Pulse Output Compatible 

with all Logic Forms 
Programmable Scale Factor 
Linearity (Precision Mode) 

Temperature Stabi lity 
HighcNoise Rejection 
Inherent Monotonicity 
Easily Transmittable Output 
Simple Full Scale Trim 
Single-ended Input 

Frequency-to-Voltage Conversion 

+Vcc 

INPUT VOLTAGE 

THRESHOLD. 

ONE-SHOTRC 

+ 8V to + 22V 

± 0.05%, Typical 
± 100 ppmfC, Typical 

Direct Replacement for RC/RV/RM4151 

APPLICATIONS 

Voltage-to-Frequency Conversion 
AID and D I A Conversion 
Data Transmission 
Frequency-to-Voltage Conversion 

Transducer Interface 
System Isolation 

ORDERI~G INFORMATION 

Part Number 
XR-4151 P 
XR-4151 CP 

@ Ie MASTER 1984 

Package 
Plastic 

Plastic 

Operating Temperature 
_40° C to +85° C 

O°C to +70°C 

XR-7000 LOGARITHMIC AMPLIFIER 

The XR-7000 provides an internal band-gap voltage refer

ence, a differential video summing amplifier, and a pre
cision die temperature sensor, to aid in its system inter
facing. Also included is an internal power supply to pro
vide excellent power supply rejection. 
The XR-7000, available ·in a 24-Pin ceramic or plastic 
package, is designed to operate from dual 8-volt power 

supplies. 

FUNCTIONAL BLOCK DIAGRAM 
XR-7000 fUNCTIONAL 

BLOCK OIAGRAM 

FEATURES 

Seven Uncommitted Logging Elements Internal Band-Gap' 
Voltage Reference Dual Tracking Regulator On-Board 
Precision Die Temperature Sensor 

APPLICATIONS 

Receiver Subsystems 
Radar Subsystems 
Spectrum Analyzers 
Power Meters 

Test Equipment 
Video Cartridge Tape Recorders 
Audio Tape Recorders 
Smoke Detectors 

ORDERING INFORMATION 

Part Number 
XR-7000M 
XR-7000CP 

Package 
Ceramic 
Plastic 

Operating Temperature 
-55°C to +125°C 

O°C to +70°C 
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Semi-Custom Development 

SEMI-CUSTOM BIPOLAR PROGRAM 
The Exar bipolar semi-custom design program offers a 

variety of semi-custom chips to fulfill various application. 

performance requirements and complexities. 

These semi-custom chips offer a unique method of manu
facturing an almost unlimited variety of custom linear and 
digital integrated circuits, with greatly reduced cost and 
development time. Exar makes this possible by stocking 
wafers that are completely fabricated except for the final 
process step of device interconnection, which metalizes 
the selected components together in the required circuit 
configurations. 

BIPOLAR SEMI-CUSTOM CHIPS 
Chip Size Breakdown 

Chip Type in Mils Voltage NPN PNP JFET's 

Al00 73 x 83 20V 60 18 
Bl00 85 x 85 20V 69 12 
Cl00A 56 x 62 20V 23 8 
0100 80 x 80 36V 50 16* 
El00 80 x 81 20V 48 15 
Fl00 91 x 110 20V 97 32* 
Gl00 90 x 90 20V 60 18* 

Hl00 82 x 92 20V 72 22* 
Jl00 61 x 65 20V 38 12* 

Ll00 86 x 105 20V nn ov 24 
Ml00 176 x 121 20V 149 52 
U10a ** 36V ** ** ** 
Vl00 130 x 100 36V 124 44 8 
Wl00 130 x 160 36V 200 68 8 
Xl00 115 x 95 75V 34 16 

* Dual collector PNP transistors 
* * Contact Custom Product Application Engineering 

for more details. 

E xar offers a design l it which contains simple instructions 
and guidelines for designing the metal mask as well as the 
actual breadboard components (consisting of npn and pnp 
arrays and integrated resistors), which are representative 
of the devices available on the semi-custom chips. This 

provides the design engineer with the ability to closely 

evaluate his design's performance prior to integrating it 

. on a monolithic chip. 

SEMI-CUSTOM 12L PROGRAM 

With the introduction of the 12L Gate Array chips, Exar 
has extended its semi-custom design program to the Inte
grated Injection Logic (l2L) technology. This unique 
method of custom LSI development technique now makes 
it possible to manufacture an almost unlimited variety of 
digital or analog/digital circuits using 12L technology, 
with greatly reduced development cost and time. 

3386 

12L Semi-Custom Chips 

CHIP SIZE 
Characteristics' XR-200 XR-300 XR-400 XR-500 

Chip Size 
(mils) 98 x 119 104 x 146 119 x 156 122 x 185 

12L Gates 192 288 256 520 
Max. Operating 

Voltage 7V 7V 7V 7V 
Bipolar I/O 

Interfaces 24 28 18 40 
Bonding Pads 30 34 40 42 

The XR-300 and XR-500 gate arrays are intended pri
marily for digital LSI designs. The XR-400 gate array fea
tures the advantage of combining analog and digital func
tions on the same IC chip. These 12L gate array chips are 
customized by three custom mask patterns, which are 
simultaneously generated from a pencil layout, using 
Exar's unique computerized mask generation technique. 
In this manner, the chip layout is greatly simplified and 
gate utilization efficiency is increased. 

Exar also offers an 12L design kit which is intended to 
familiarize the designer with the basic features of 12L 
technology, provides helpful design guidelines in reducing 
his design concept to breadboard and, finally, the IC 
layout stage. 

TYPICAL FLOW FOR 
SEMI-CUSTOM DEVELOPMENT 

'0 
BREADBOARD 

ANALYSIS 
'0 

COMPUTER SIMULATION 
FOR WORST CASE ANALYSIS 

OR LOGIC SIMULATION 
'0 

CHIP PENCIL LAYOUT 
o 

CUSTOMER DATA PACKAGE 
SUBMITTAL 

'0 
TECHNICAL FEASIBILITY 

AND COST PROPOSAL 
'0, 

CUSTOMER/EXAR 
INITIAL DESIGN REVIEW 

'0 
MASK TAPING 

OR DIGITIZING 
FOR CUSTOM METALIZATION 

'0 
MASK TOOLING 

'0 
PROTOTYPE WAFER 

FABRICATION 
'0 

PROTOTYPE ASSEMBLY 
AND EVALUATION 
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Semi-Custom Development 

SEMI-CUSTOM CMOS PROGRAMS 

Metal Gate CMOS 

Exar now offers two families of CMOS Gate Arrays. The 
first fam ily consists of four ch ips featuring from 112 to 
544 uncommitted logic gates, fabricated with 7.5p. metal 
gate technology. 

CMOS Master-Chips 

Chip Type CMOS Gates I/O Cells Bonding Pads 

XR-CMA 112 29 32 
XR-CMB 162 34 38 
XR-CMC 216 40 44 
XR-CMD 544 46 53 

A CMOS design kit is also available to familiarize the 
designer with the basic features of CMOS technology and 
to assist in the breadboarding layout of the IC chip. 

Silicon Gate CMOS 

The newest family of semi-custom Master-Chips to be 
added to Exar's product line is a series of four sil icon gate 
arrays (4p. channel length drawn approximately 3p. actual) 
and range in size from 500 gates to 1600 gates. These 

. devices feature dual layer metal and an extensive library 
of standard cells. Please contact E xar Custom Product 
Applications Engineering for more information. 

ECONOMICS OF SEMI·CUSTOM 

As the Amortized Unit Price Ratio graph in the figure 
below indicates, for production runs of 50,000 units or 
less, development costs are a significant influence, and a 
semi-custom program is clearly the best option. Over 
150,000 pieces, production costs become the most impor
tant factor, and you are better off with a full custom chip. 

Converting Semi-Custom 
To Full Custom 

When production levels get closer to 150,000 units, con
verting from semi-custom to full custom is most cost 
effective. The conversion is simple and you get the lower 
production cost advantages of full custom without giving 
up the development benefits of semi-custom. In addition, 
the semi-custom prototypes often serve as a monolithic 
breadboard to optimize and debug the final design. The 
actual conversion is a relayout, rather than a r~design. 
The unused undedicated components are eliminated, and 
the circuit is laid out on a smaller chip. 

Cost Savings Of Two-Step ConversiOn 

Semi-custom design requires only 10-200;6 of .the full 
custom development costs. Conversion from semi-custom 
to full custom costs about 50% of the total cost of full 
custom development. Therefore, the total development 
costs of the two-step conversion are only 60-70% of a 
complete full custom program. 

3.0 ~~~~~~~~----------~~----------~-------------r------------~------------~ 

o 
1k 3k 
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Semi-custom 
more economical 

10k 

Typical "spre.ct" of cost 
distribution depending 
on circuit type, test Met 
screening requirements, 
pKkllge type, etc. 

lOll 100k 

Total Quantity of lC's Purcha ... (in thouunca.) 

1000k 
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Processing sparks improvement 
of semicustom linear chips 

A number of modern sem iconductor processing 
techniques previously not used for sem icustom 
linear ICs were implemented in the XR-W100 and 
X R-V1 00 Master Chips. 

Ion implantation. Ion implantation ballistically' 
introduces dopant ions into the surface of a semi
conductor material. Because a machine simHar to 
a linear accelerator shoots the dopant into the 
surfface, their penetration and concentration can 
be precisely controlled by varying the particle-beam 
dosage and energy. Th~s technology produces having 
very high sheet resistivity; thus high-value resistors 
can fit into much smaller areas on the chip than 
previously. In addition, ion-implanted resistors 
have about 300% better absolute-value tolerance and 
matching than their diffused coun terparts, which 
depend on the diffusion of dopants into the semi
conductor surface (Fig. A). 

With ion implantation, p-channel J FETs can be 
built on the same semiconductor surface as standard 
bipolar components. JFETs are basically implanted 
resistors with a second n-implant on top of the 
channel region that serves as a gate (Fig. B). They 
are useful in high-input-impedance amplifiers, auto
matic gaincontroi circuits, current sources, anaiog 
switches, multiplexers, and similar applications. 

lon-implanted 
resistor 

Diffused-baS& 
resistor 

Source-drain SOUrce-drain n [ffi-GOW I (~r~:\11 

Isolation 

n++ buried layer 
Implanted deposit 

Reprinted from ELECTRONIC DESIGN - December 9, 1982 ' 
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pimplant 

Isolation 

Substrate 

(B) 

Double isolation. Double isolation, also called 
"iso-up," employs a rich ion-implanted p-type deposit 
in the substrate prior to growing the epitaxial layer. 
With conventional top-bottom diffusion, the bottom 
deposit diffuses downward. If everything is aligned 
correctly, the two deposits meet in the middle 
(Fig. Cl, leading not only to substantial reductions 
in lateral diffusions, but also to a smaller die. 

Contrasting with that iso-up process is the 
traditional single isolation, which depends on a rich 
p-type diffusion penetrating through the epitaxial 
layer and into the substrate, thereby isolating regions 
of the 'epitaxial layer (Fig. 0). This method does 
have its disadvantages~ though. For one, it requires a 
long, high-temperature diffusion cycle. More critical, to 
the user, however are the wider spacing needed 
between the isolation and subsequent diffusions to 
permit the significant lateral diffusion ot the is
olation. That extra spacing accumulates acro?S the 
die," consuming a large amount of silicon. With the 
cost of manufacturing the die related largely to its 
area, the wasted space is reflected in a higher selling 
price to the user. 

Oxide capacitance. By adding a special oxidation 
step to the processing, oxide capacitors are easilv 
placed on a semicustom IC (Fig. E). These com-

,----Iso down---

Implanted deposit 

Iso up 

Side Side 
diffusion diffusion 

Buried layer 

Isolation diffusion 

Epitaxial layer 

Substrate 

(C) 

Epitaxial layer 

Substrate 

(D) 

. , 
. . 

Metal-~op Pla,te 
Capacitor OXide 

(dielectric) 

. ....' . n+ diffusior, 
(bottom pin) 

Epitaxial layer 

(E) Substrate 
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ponents are identical in constuction to those that 
internally compensate standard op amps; but un
like junction capacitors, they are not voltage
dependent. 

36-V process. In the past, high-density semicustom 
linear ICs were offered only with 20-V processing. 
Users needing 24V or the standard ±15-V op-amp 
supply were forced to externally regulate down to 
a voltage compatible with the chip or to place all 
high-voltage components off chip. Both cases 
severe'ly limited higher levels of system 'integration. 
With the new 36-V process, these limitations be 
come a thing of the past. 

, Nitride passivation. Applied over the standard 
purposes: it helps to eliminate ionic contamination 
from the chip surface, and it seals the active chip 

, area from moisture. Both functions are aimed at 
reducing failure rates and improving the chip's 

Master Chip 

overall reliability. Furthermore, with nitride pass:
ivation, a user can employ a plastic package in 
applications that might otherwise require a more 
expensive, hermetically sealed ceramic housing. 

Ie components. Though many characteristics of 
integrated ~ components are similar to those of their 
discrete counterparts, there are important differences. 
Discrete componentS are individually produced and 
connected into circuits as required. Each component 
is manufac:tured by the most suitable process, 'thus 
optimizing performance. In the microscopic setting of 
integrated circuitry, such luxuries do not exist. 
Because the components are produced simul
taneously, 'compromises must be made on 
performance. Despite these limitations, integrated 
components have unique advantages that allow 
them to overcome most design problems. 

System typical building block cell 

Inputs 

+o-----~~----+_--~ 

~----+--------I 06 

30k R. 

1 

A typical building-block cell in the Master Chip system, 
this JFET operational amplifier is similar to one of 

a" 

Exar's standard di$crete op amps. This type of high-performance 
device relieves designers of the difficult 
task of creating their own amplifiers to satisfy each new application. 

Reprinted from ELECTRONIC DESIGN - December 9, 1982 

@ Ie MASTER 1984 

150 

R,o Output 

3389 

"-co 
X II' &.&,jI 



"-as 
x 
w 

3390 

Semi-Custom Arrays 

© Ie MASTER 1984 



~ 

o .... 
o 
::J 
-0 
c: 
o 
.2 
E 
CD en 
en . .:: 
~ 

as 
J: 

m HARRIS 

FEATURES 

• MONOLITHIC CONSTRUCTION 

• INITIAL ACCURACY +10V ± O.OlOV 

• OUTPUT VOLTAGE ERROR, TOTAL ±.1/4 ~SB 

• LOW NOISE ,20IlVp-p 

• WIDE INPUT RANGE 12V TO 30V 

• LOW POWER DISSIPATION 30mW 

• OUTPUT SHORT CIRCUIT PROTECTION 

• ADJUSTABLE OUTPUT 

APPLICATIONS 

• AN ECONOMICAL EXTERNAL REFERENCE FOR: 
HI-5608; CAC OB; AD140B; AD559 

• VOLTAGE REGULATOR REFERENCE 

• PORTABLE BATTERY OPERATED EQUIPMENT 

• NEGATIVE.l0V REFERENCE 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

NC 

3392 

HA-1608 
+IDV Adjustable Voltage 

Reference 

DESCRIPTION 

HA-160B is a monolithic +10V adjustable voltage reference featuring 
accuracy and. temperature stability, specifications detailed exclusively 
for 8 bit data conversion systems. A stable + 1 OV output is provided by 
a reference zener and buffer amplifier coupled with laser trimmed feed
back and zener bias resistors. Long term stability is ensured through 
integration of all reference components into a monolithic design. Flex
ibility of HA-1608 is provided through an external trim control which 
allows the user to adjust the output voltage for binary or BCD applica
tions without affecting overall performance. 

These devices' p.rovide a total output voltage error of ±. 1/4 LSB for B 
bit D/A or A/D converters. Low standby power (O.3mW) makes HA-
160B a natural selection for portable battery operated equipment, 
comparator references, and reference stacking circuits. These devices 
can also be used on -10V references. 

HA-160B is packaged in B pin metal cans (TO-99) and the pinout 
is arranged for convement replacement of other less accurate 
regulators in applications demanding minimal change With temperature 
and time. HA-1608-2 is specified for -550 C to + 1250C operation 
while the HA-~60B-5 operates from DoC to +750C. 

FUNCTIONAL SCHEMATIC 

TRIM 

OUT 

VIN 

VIN 

GND 

----...-~-.rt GND 
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SPECIFICA TIONS -31 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

I nput Voltage 

Output Short Circuit Duration 

Power Dissipation 

40V 

Indefinitely 

500mW 

Storage Temperature Range -650C to +1500 C 

Operating Temperature Range 

HA-1S08-2 

HA-1S08-5 

-550C to + 1250 C 

OOC to +750C 

ELECTRICAL CHARACTERISTICS (Note 2) (VIN == +15V, Il = OmA, unless otherwise specified) 

HA-1S08-2 
-550C to + 1250C 

PARAMETER TEMP MIN 

I 
POWER INPUT CHARACTERISTICS I input yoitage Range, YIN 1'"' •• 11 12 rUIi 

Quiescent Current, I Q 250C 
Full 

REGULATED OUTPUT CHARA.'S 

Output Voltage, Vo 250C 9.990 

Output load Current, I L Full 10 

I line Regulation (VIN = 12V to 30V) 250C 
Full 

Load Regulation (IL = Open to lOrnA) 250C 
Full 

Output Voltage Error Total 
IL = OmA 
(Relative to 8-bit accuracy, Full 
see Definition:tt 3) 

Output Noise Voltage, EN Full 
O.lHzto 10Hz 

Dynamic Load Settling Time to'±'O.l% 250C 
to± 0.01% 250C 

Warm-up Time (to'± 0.01%) 250 C 
Full 

NOTES: 
1. Absolute maximum ratings are limiting values beyond which 

the serviceability of the circuit may be impaired. Functional 
operation under any of these conditions is not necessarily 
implied. 

2. The specified electrical characteristics apply to suggested 
hook-up only. 

© Ie MASTER 1984 

TYP MAX 

I I .~ .,n . ., ,)u 

1.9 
3.0 

10.00 10.010 

20 

i 0.006 I 

0.015 

O.OOS 
0.015 

± 1/4lSB 

35 

2.5 
5 

1 
3 

HA-1S08-5 
OOC to +750 C 

MIN TYP MAX UNITS 

I I I I . ., .~ .,n \I 
IL H' ,)U v 

1;9 

3.0 rnA 

9.990 10.00 10.010 V 

10 20 rnA 

I O.OOS I 

0.015 %/V 

O.OOS- . 

0.015 %/mA 

±1/4lSB 

35 pVp_p 

2.5 
5 

p.s 

1 
3 sec 

I 

I 
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m HARRIS HA-2400/2404/2405 

FEATURES 

• PROGRAMMABILITY 

• HIGH SLEW RATE 

• WiDE GAIN BANDWIDTH 

• HIGH GAIN 

• LOW OFFSET CURRENT 

• HIGH INPUT IMPEDANCE 

• SINGLE CAPACITOR COMPENSATION 

• DTl/TTL COMPATIBLE INPUTS 

APPLICATIONS 

• THOUSANDS OF NEW APPLICATIO'NS; 

- SIGNAL SELECTION/MULTIPLEXING 

- OPAMP GAIN 

- OSCILLATOR FREQUENCY 

- FILTER CHARACTERISTICS 

- ADO-SUBTRACT FUNCTiONS 

- INTEGRATOR CHARACTERISTICS 

- COMPARATOR LEVELS 

PINOUT 

30V/p-s 

40MHz 

150,000 

5nA 

30Mn 

PROGRAM 

TOP VIEW 
Section 11 for Packaging 

TRUTH TABLE 

~v-~t DECODE\~Dl'@ 
3 r- CONTROi, 01 

IT- S 
~~ ~8 
~v GNDEJ 

SELECTED 
01 DO EN CHANNEL 

L l H 1 

L H H 2 

H l H 3 

H H H 4 

X X l NONE 

~ ~~COMP2!}-l 
II ~ V+ :ill--'r-o 

IZV~ S 
2 OUTPUT ~ + AMP v- t!J 
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PRAM Four Channel 
Programmable Amplifier 

DESCRIPTION 

HA-2400/2404/2405 comprise a series of four-channel 
programmable amplifiers providing a level of versatility unsur
passed by any other monolithic operational amplifier. Versa
tility is achieved by employing four input amplifier channels, 
anyone (or none) of which may be electronically selected and 
conmicted to a single output stage through DTl/TTL compatible 
address inputs. The device formed by the output and the 
selected pair of inputs is an op amp which delivers excellent 
slew rate, gain bandwidth and power bandwidth performance. 
Other advantageous features for these dielectrically isolated 
amplifiers include high voltage gain and input impedance cou
pled with low input offset voltage and offset current. External 
compensation is not required on this device at closed loop 
gains greater than 10. 

Each channel of the HA-2400/2404/2405 can be con
trolled and operated with suitable feedback networks in any of 
the standard op amp configurations. This specialization makes 
these amplifiers excellent components for multiplexing, signal 
selection, and mathematical function designs. With30V / J.l. s 
slew rate, 40MHz gain bandwidth, and 30M ohms input imped
ance these devices are ideal bu ilding blocks for signal generators, 
active filters, and data acquisition designs. Programmability 
coupled with 2m V typical offset voltage and 5nA offset current 
makes these amplifiers outstanding components for signal 
conditioning circuits. 

HA-2400/2404/2405 are available in a 16 pin dual-in-line 
package. HA-2400 is specified from -550 C to +1250 C. HA-
2404 is specified over the -250 C to +850 C range, while HA-
2405 operates from OOC to + 750 C. 

SCHEMATIC 

Condensed circuit diagram for a programmable amplifier 

(PRAM HA-24001 

11.~ liN Comp tvcc 

.t ~·1. ,'':' ~l~ Q:~~ :: II O~ II J~: J.. 
02i~1IO""'~V' 02l~ ry. ".lI ~~"~i ~r'~·v;'::~2 .. ~ Oil .3S " I I .,~ I N iii. : 14. 
2~."i.oo 027 0 Oil ~ '-~1I::0~ ~~ r- -----, .OUT .. T 

E,1 RS RI4 ~QI83~11 "]!!l·~RlD_J:.-'M,Iv. III 

DO GO :J" 18." 02> Q fQlil;>r U" Oil ' .. :il 0 ~~ .... •••• I.'~ •• I t, -r-n 
.. 

-.j; a'fQ' Q>O~, I '... -~Q" .... ~O"~Q22;:t-~~ t-Cl 
GOQ .. ~~:. 1- "3" II..) $' 1 ~f\ 

c-itoll ~ ~. 
~v'" ~ ~~ 

O"I~ n " ' ''i' 
Il. ~17 VA ",1042 I.PU.TSTAGES R~ }

TOAODITIOllAl I: 
FL~. ,",I ftt ~]' Rll HI!! HII Itll.... 'U9 UI( 

fU' to'I '·5It1101( 10K "* 18K 1.11 1.11( 

oe 1>., 

Diagram includes: ONE INPUT STAGE, DECODE CONTROL, 

BIAS NETWORK AND OUTPUT STAGE 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 45.0V Internal Power Dissipation 300mW 

(Note 13) 

Differentiai input Voitage 
Digital Input Voltage 
Output Current 

±VSupply Operating Temperature Range -55Q C ~ TA ~ +125uC (HA-2400) 

-0.76V to +10.0V 
Short Circuit Protected 
(lsc ~ ± 33mA) 

-25°C ~ T A ~ +850C (HA-2404) 
OOC ~TA ~ +750 C (HA-2405) 

Storage Temperature Range -65°C ~ TA ~ +1500C 

ELECTRICAL CHARACTERISTICS Test Conditions: VSupply = ±t5.0V unless otherwiSe specified. 

Digital inputs' VI L - +0 5V VIH - +2 4V - , -
Limits apply to each of the HA-2400/HA-2404 HA-2405 
four channels, when addressed. LIMITS -LIMITS 

. PARAMETER TEMP . MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 
+250C -4 9 4 9 mV 

Offset Voltage Full 11 11 mV 

Bias Current (Note 12) 
+250C 50 200 50 250 nA 

Full 400 500 nA 

Offset Current (Note 12) 
+250 C 5 50 5 50 nA 

I 
Full 

I I 100 

I I 
100 nA 

Input Resistance (Note 12) +250C 30 30 MQ 
Common Mode Range Full ±9.0 

I ±9.0 I I 
V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 1.5) 
+250 C 50K 150K 50K 150K V/V 

I 
Full 25K 25K V/V 

Common Mode Rejection Ratio (Note 2) Full 80 100 74 tOO dB 

Gain Bandwidth (Note 3) I +250C 20 40 20 . 40 MHz 
(Note 4) I +250C 4 8 4 8 MHz 

OUTPUT CHARACTERISTICS I 
Output Voltage Swing (Note 1) Full ±10.0 ±12.0 ±10.0 I ±12.0 V 

Output Current +250C 10 20 10 20 rnA 

Full Power Bandwidth (Notes 3, 5) +250C 200 500 200 500 kHz 
(Notes 4,5) +250C 100 200 100 200 kHz 

TRANSIENT RESPONSE 
Rise Time (Notes 4,6) +250C 20 45 20 50 ns 

Overshoot (Notes 4,6) +250C 25 40 25 40 % 

Slew Rate (Notes 3j 7) +250C 20 30 20 30 VIps 
(Notes 4,7) +250C 6 8 6 8 . VIps 

Settling Time (Notes 4, 7, 8) +250C 1.5 2.5 1.5 2.5 ps 

CHANNEL SELECT CHARACTERISTICS 
Digital Input Current (VIN = OV) Full . 1 1.5 1 1.5 rnA 

Digital Input Current (VIN = +5.0V) Full 5 5 nA 

Output Delay (Note 9) +250C 100 250 100 250 ns 

Crosstalk (Note 10) +250C -SO -110 -74 -110 dB 

POWER SUPPLY r.HARACTER!ST!CS 

I I I I I 
Supply Current +25

0
C I 4.S 6.0 4.S 6.0 rnA 

Power Supply Rejection Ratio (Note 11) Full 74 90 74 90 dB 

NOTES: 1. RL = 2Kn 8. To 0.1 % of final value 
2. VCM = ±5V.D.C. 9. To 10% of final value; output then slews at normal 
3. Av = +10. CCOMP = O. RL = 2Kn. CL = 50pF , rate to final value. 
4. Av = +1. CCOMP = 15pF, RL = 2Kn. CL = 50pF JO. Unsele.cted input to output; VIN = ±10 V.D.C. 
5. VOUT = 20V peak-to-peak 
6. VOUT = 200mVpeak-to-peak 
7. VOUT = 10.0V peak-to-peak 

@) Ie MASTER 1984 

11. VSUPP =±10V.D.C. td ±20V.D.C. 
12. Unselected channels have approximately the same 

. input parameters. 
13. Derate by 4.3mWJOC above 105°C 
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mHARRIS 

FEATURES 

• HIGH SLEW RATE 

• FAST SETTLING 

• WIDE POWER BANDWIDTH 

• HIGH GAIN BANDWIDTH 

• HIGH INPUT IMPEDANCE 

• LOW OFFSET CURRENT 

• INTERNALLY COMPENSATED 

APPLICATIONS 

• DATA ACQUiSTiON SYSTEMS 

• R.F. AMPLIFIERS 

• VIDEO AMPLIFIERS 

• SIGNAL GENERATORS 

• PULSE AMPLIFICATION 

PINOUT 

COMPENSATION 

TOP VIEWS v-

BALANCE 

IN-

IN+ 

v-

3396 

30V IllS 

330ns 

500kHz 

12MHz 

50M!} 

10nA 

Section 11 for Packaging 

COMPENSATION 

v+ 

OUT 

BALANCE 

HA-2500/02/05 
Precision High Slew Rate 

Operational Amplifiers 

DESCRIPTION 

HA-2500/2502/2505 comprise a series of monolithic opera
tional amplifiers whose designs are optimized to deliver excellent 
slew rate, bandwidth, and settling time specifications. The 
outstanding dynamic features of this internally compensated 
device are complemented with low offset voltage and offset 
current. 

These dielectrically isolated amplifiers are ideally suited for 
applications such as data acquisition, R.F., video, and pulse 
conditioning circuits. Slew rate of ±25V I JJ. sand 330ns (0.1%) 
settling time make these devices excellent components in fast, 
accurate data acquisition and pulse amplification designs. 12 
MHz bandwidth and 500kHz power bandwidth make these 
devices well suited to R.F. and video applications. With 2mV 
typical offset voltage ·plus offset trim capability and 10nA 
offset current, HA-25001250212505 are particularly useful 
components in signal conditioning designs. 

The gain and offset voltage figures of tHe HA-2500 series are 
optimized by internal component value changes while the 
similar design of the HA-25l0 series is maximi.zed for siew rate. 

HA-25001250212505 are available in metal can lTO-99) pack
ages. HA-2500 and HA-2502 are specified over the, -550C to 
+1250 C range. HA-2505 is speCified from DoC to +750 C. 

SCHEMATIC 

~ALANCE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 

40.0V 
±15.0V 
50mA 
300mW 

Operating Temperature Range - HA-2500/HA-2502 
HA-2505 

-550C ~TA ~ +1250C 
OoC ~ TA ~ +750C 
-65°C ~ TA ~ +150oC Peak Output Current 

Internal Power Dissipation 

ELECTRICAL CHARACTERISTICS 

V+ = +15V D.C., V- =-15V D.C. 

Storage Temp.erature Range 

HA-2500 
-55°C to + 125°C 

LIMITS 

HA-2502 
-55°C to +1250 C 

LIMITS 

HA-2505 
OOC to +750C 

LIMITS 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX_ UNITS 

INPUT 
CHARACTERISTICS 

Offset Voltage 

Offset Voltage Average Drift full 

8ias CUiieil! 

Offset Current 

I nput Resistance (Note 10 ) 

Common Mode Range 

TRANSFER 
CHARACTERISTICS 
Large Signal Voltage Gain 
(Note 1,4) 

I +250 C 

1 +:::c 1 

Full 

Full 

.. 

25 

±10.0 

20K 
15K I 

2 

20 

100 

50 

30K 

5 
8 

200 

I 
400 

25 
50 

20 

±10.0 

15K 
10K 

4 

20 

125 

20 

50 

25K 

Common Mode Rejection I' 

Ratio (Note 2) I 

Gain Bandwidth Product 
(Note 3) 

Full I 80 
90 74 90 

OUTPUT 
CHARACTERISTICS 
Output Voltage Swing 
(Note 1) 

Output Current (Note 4) 

Full Power Bandwidth 
(Note 4) 

TRANSIENT RESPONSE 

Full 

Rise Time (Notes 1,5,6 & 8) +250 C , 
Overshoot (Notes 1, 5, 7 & 8) I +25Ci C 

Slew Rate (Notes 1 ,5,8 & 121 +250 C 

Settling Time to 0.1% I +250 C 
(Notes 1 ,5,8& 12) 

POWER SUPPLY 
CHARACTERISTICS 
Supply Current +250C 

±10.0 

±10 

350 

±25 

12 12 

±12.0 ±10.0 ±12.0 

±20 ±10 ±20 

500 300 500 

25 50 25 

25 I 40 25 

±30 I' 

0.33 

±20 ±30 

0.33 

4 6 4 

Power Supply Rejection 
Ratio (Note 9) I Full I 80 74 90 

NOTES: 1. RL = 2K 
2. VCM =± 10V 
3. Av >10 
4. Va = ~10.0V 
5. CL = 50pF 
6. Va = ~ 200mV 

@ Ie MASTER 1984 

7. Va ± 200m V 

8. See transient response test 
circuits and waveforms page four. 

9. L1 V = ~5.0V 

8 
10 

50 

50 

6 

20 

±10.0 

15K 
10K 

74 

±10.0 

±10 

300 

±20 

74 

4 

20 

125 

1 20 

8 
10 

250 

1 :71 
I 100 

50 I 

12 

±12.0 

±20 

500 

25 

25 

±30 

0.33 

4 

90 

50 

50 

6 

mV 
mV 

nA 
nA 

nA 
nA 

MQ 

V 

v/v 
V/V 

dB 

MHz 

V 

mA 

kHz 

ns 

% 

V//1s 

/1s 

mA 

dB 

10. Th is parameter value is based on 
design calculations. 

11. Full power bandwidth guaranteed based 
on slew rate measurement using 
FPBW = S.R.l21T Vpeak. 

12. VOUT = ± 5V 
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mHARRIS 

FEATURES 

• HIGH SLEW RATE 

• FAST SETTLING 

• WIDE POWER BANDWIDTH 

• HIGH GAIN BANDWIDTH 

• HIGH INPUT IMPEDANCE 

• LOW OFFSET CURRENT 

• INTERNALLY COMPENSATED 

APPllCA TIONS 

• DATA ACQUISITION SYSTEMS 

• .R.F. AMPLIFIERS 

• VIDEO AMPLIFIERS 

• ' SIGNAL GENERATORS 

• PULSE AMPLIFICATION 

PINOUT 

COMPENSATION 

TOP VIEWS 

BALANCE 

IN-

IN+ 

v-

3398-

60V!J.ls 

250ns 

l,OOOkHz 

12MHz 

100Mn· 

lOnA 

Section 11 for Packaging 

COMPENSATION 

v+ 

OUT 

BALANCE 

HA-2510/2512/2515 
High Slew Rate 

Operational Amplifiers 

DESCRIPTION 

The HA-25101251212515 are a series of high performance 
operational amplifiers which set the standards for. maximum 
slew rate, highest accuracy and widest bandwidth for internally 
compensated monolithic devices. In addition to excellent 
dynamic charaJl,teristics, these dielectrically isolated amplifiers 

, also offer low offset current and high input impedance. 

The ±60V! J.ls slew rate and 250ns (0.1%) settling time of these 
amplifiers is ideally suited for high speed DIA, AID, and pulse 
amplification designs. HA-2510/251212515's superior 12MHz 
gain bandwidth and 1000kHz power bandwidth is extremely 
useful in R. F. and video applications. For accurate signal condi
tioning these amplifiers also provide 10nA offset current, coup
led with 100 M n input impedance, and offset trim capability. 

The HA-2510i25i2 are availabie in metai can (70-99; and 
14-pin flat packages. HA-2510 and HA-2512 are specified from 
-550 C to + 1250 C. HA-2515 is specified over the OOC to + 750 C 
range, and is available in the TO-99 package . 

SCHEMATIC 

BALANCE 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 

Differential Input Voltage 

40.0V 

.± 15.0V 

Peak Output Current 
internal Power 0 issipati on 

Storage Temperature Range 

50mA 

300mW 
-650C~TA~ +150oC Operating Temperature Range 

HA·2510/HA·2512 
HA·2515 

-550C~ TA~ +1250C 
OOC~TA ~ +750C 

ELECTRICAL CHARACTERISTICS 

V+ = +15V D.C., V- = 15V D.C. 

HA·2510 HA·2512 HA·2515 
-5SoC to + 1250 C -550 C to +1250 C OOC to +750 C 

PARAMETER TEMP. MIN. 

INPUT CHARACTERISTICS 

Offset Voltage 
+250C 
hll 

Offset Voltage AVCiage Oiift Fill: 

I +250 C 
Bias Current Full 

Offset Current 
+250C 

Full 

Input Resistance (NotelOJ +250C 50 

Common Mode Range Full ±10.0 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 1,4) 
+250C 10K 

Full 7.5K 

Common Mode Rejection Ratio Full 80 
(Note 2) 

Gain Bandwidth Product (Note 3) +250C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10.0 

Output Current (Note 4) +250 C ±10 

Full Power Bandwidth (Note 4, 11) +25 0C 750 

TRANSIENT RESPONSE 

Rise Time (Notes 1, 5) S'& 8) +250C 

Overshoot (Notes 1,5,7 & 8) +250C 

Slew Rate (Notes 1,5,8 & 12) +250C ±50 

Settling Time (Notes 1, 5,8 & 12) +250 C 

POWER SUPPLY CHARACTER!ST!CS 

Supply Current +250C 

Power Supply Rejection Ratio (Note 9) Full 80 

NOTES: 1. RL = 2K 
2. V CM = ± 10V 

© Ie MASTER 1984 

3. AV >10 
4. Va =:!: 10.0V 
.5. CL = 50pF 
6. Va = ± 200mV 

I 

I 
t 

I 

LIMITS LIMITS 

TYP. MAX. MIN. TYP. 

4 8 5 
11 

20 25 

I I I· 100 200 125 I 
I 400 I 

10 

I 
25 

I 
20 

50 

100 
I 

40 100 

±10.0 

15K 7.5K 15K 
5K 

I 90 74 90 

12 12 

±12.0 ±10.0 ±12.0 

±20 ±10' ±20 

1000 SOO 1000 

25 50 25 

25 40 25 

±S5 ±40 ±60 

0.25 0.25 

4 6 4 

90 74 90 

7. Va = ± 200m\( 
8. See transient response test 

circuits and waveforms 
9 . .1 V = :!:5.0V 

I 

LIMITS 

MAX. MIN. TYP. MAX. UNITS 

10 5 10 mV 
14 14 mV 

.,n I iJ.V!°C 

I I 
,)u 

I 250 125 250 nA 
500 500 

50 20 50 
100 100 

40 100 

±10.0 

7.5K 15K 
SK I 

I 74 90 

12 

±10.0 ±12.0 

±10 ±20 

SOO 1000 

50 25 50 

50 25 50 

±40 ±SO 

0.25 

6 4 6 

74 90 

10. Th is parameter value is based 
upon design calculations .. 

nA 

nA 
nA 

Mn 

V 

V/V 
V/V 

dB 

MHz 

V 

mA 

kHz 

ns 

% 

VI jJ. S 

JJs 

mA 

dB 

11. Full power bandwidth guaranteed 
based upon slew rate measurement 
FPBW = S.R.l21TVpeak. 

12. VaUT=:tSV 
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mJHARRIS 

FEATURES 

• HIGH SLEW RATE 

• FAST SETTLI N G 

• WIDE POWER BANDWIDTH 

• HIGH GAIN BANDWIDTH 

• HIGH INPUT IMPEDANCE 

• LOW OFFSET CURRENT 

APPLICA TIONS 

• DATA ACQUISITION SYSTEMS 

• R.F. AMPLIFIERS 

• VIDEO AMPLIFIERS 

• SIGNAL GENERATORS 

• PULSE AMPLIFICATION 

PINOUT 

COMPENSATION 

TOP VIEWS 

3400 

120V/J,J.s 

200ns 

2,OOOkHz 

20MHz 

100Mn 

10nA 

Section 11 for Packaging 

COMPENSATION 

v+ 

OUT 

BALANCE 

HA-2520/22/25 
Uncompensated High Slew 

Rate Operational Amplifiers 

DESCRIPTION 

HA-2520!2522/2525 comprise a series of monolithic opera
tional amplifiers delivering an unsurpassed combination of 
specifications for slew rate, bandwidth and settling time. These 
dielectrically isolated amplifiers are controlled at closed loop 
gains greater than 3 without external compensation. In additon, 
these high performance components also provide low offset 
current and high input impedance. 

120V/ J,J. s slew rate and 200ns (0.1%) settling time of these 
amplifiers make them ideal components for pulse amplification 
and data acquisition designs. These devices are valuable com
ponents for R.F. and video circuitry requiring up to 20M Hz 
gain bandwidth and 2MH.z power bandwidth. For accurate 
signal conditioning designs the HA-252012522/2525's superior 
dynamic specifications are complimented by 10nA offset cur
rent, 100 M n input impedance and offset trim capability. 

The HA-2520/2522 are available in metal can (T0-99) and 
14-pin flat packages. HA-2520 and HA-2522 are specified 
over -550 C to +1250 C range. HA-2525 is specified from 
DoC to + 750 C, and is available in the TO-99 package . 

SCHEMATIC 

BALANCE 
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SPECIFICA TlfiNS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+and V- Terminais 
Differential Input Voitage 

40.0V 
± 15.0V 

m 

Peak Output Current SOmA 
I nternal Power Dissipation 300mW 

Oper.ating Temperature Range 
HA-2520/2522 -550C~ TA~+1250C 

OOC~TA~+750C 

Storage Temperature Range 

HA-2525 

ELECTRICAL CHARACTERISTICS 

V+ = +15V D.C., V- = -15V D.C. 

HA-2520 HA-2522 HA-2525 
-55°C to +1250C -55°C to +1250C OOC to +750C 

PARAMETER TEMP. MIN. 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 
Full 

Offset Voltage Average Drift I Full I 
Bias Current +250C 

Full 

Offset Current +250 C 
Full 

I nput Resistance (Note 9) +250C 50 

Common Mode Range Full ±lO.O 

TRANSFER CHARACTERISTICS I 

Large Signal Voltage Gain (Note 1,4) +250 C 10K 

I Full 7.5K 

Common Mode Rejection Ratio 
Full 80 (Note 2) 

Gain Bandwidth Product (Note 3) +250C 10 

OUTPUT CH~RACTERISTICS 

Output Voltage Swing (Note 1) Full ±10.0 

Output Current (Note 4) +250C ±10 

Full Power Bandwidth (Note 4, 10) +250C 1500 

TRANSIENT RESPONSE (AV =+3) 

Rise Time (Notes 1, 5,6 & 8) +2SoC 

Overshoot (Notes 1,5,6 & 8) +250C 

Slew Rate (Notes 1,5,8 & 11) +250 C ±100 

Settling Time (Notes 1,5,8 & 11) +250 C 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250C 

Power Supply Rejection Ratio (Note 7) Full ~o 

NOTES: 1. R L = 2K 4. Vo = ±10.0V 

2. VCM = ± 10V 5. CL = 50pF 

3. AV > 10 6. Vo = ±200mV 

@ Ie MASTER 1984 

LIMITS' LIMITS 
TYP. MAX. MIN. TYP. 

4 8 5 
11 

20 I I 25 

100 200 125 
400 

10 25 20 
50 

100, 40 100 

±10.0 

I 
15K 7.5K 15K 

5K 

90 74 90 , 

20 10 20 

±12.0 ±10.0 ±12.0 

±20 ±10 ±20 

2000 1200 1600 

25 50 25 

25 40 25 

±120 ±80 ±120 

0.20 0.20 

4 6 4 

90 74 90 

7 . .1v = ±5.0V 

8. See transient response test 
circuits and waveforms 

I 

/ 

LIMITS 

MAX. MIN. TYP. MAX. UNITS 

10 5 10 mV 
14 14 mV 

I 30 I /.lV/oC 

250 125 250 nA 
500 500 nA 

50 20 50 nA 
100 100 nA 

40 100 Mn 

±10.0 V 

I 
7.5K 15K V/V 
5K V/V 

74 90 dB 

10 20 MHz 

±10.0 ±12.0 V 

±10 ±20 rnA 

1200 1600 kHz 

50 25 50 ns 

50 25 50 % 

±80 ±120 V//.ls 

0.20 

6 4 6 

74 90 J 

9. This parameter value is based 
upon design calculations. 

J,ls 

rnA 

dB 

10. Full power bandwidth guaranteed 
based upon slew rate measurement 
FPBW = S.R.l2'TTVpeak. 

11. VOUT=±5V 
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m HARRIS 

FEATURES 

• VERY HIGH SLEW RATE 

• OPEN LOOP GAIN 

• WIDE GAIN-BANDWIDTH 

• POWER BANDWIDTH 

• LOW'OFFSET VOLTAGE 

• INPUT VOLTAGE NOISE 

• OUTPUT VOLTAGE SWING 

APPLICATIONS 

• PULSE AND VIDEO AMPLIFIERS 

• WIDEBAND AMPliFIERS 

600V/ps 

30kV/V 

600MHz 

9.5MHz 

3mV 

15nV/v0h 

1:. 10V 

• HIGH SPEED SAMPLE-HOLD CIRCUITS 

• RF OSCILLATORS 

PINOUT 

TOP VIEW 

+INPUT -INPUT 

N.C. N.C. 

-VSUPPLY N.C. 

N.C . N.C. 

N.C. + VSUPPLY 

N.C. N.C. 

N.C. OUTPUT 

Copyright@ Harris Corporation 1982 

3402 

HA-2539 
Very High Slew Rate 

Wideband 
Operational Amplifiers 

GENERAL DESCRIPTION 

The Harris HA-2539 represents the ultimate in high slew rate 

wideband, monolithic, operational amplifiers. It has been design

ed and constructed with the Harris high frequency BIPDIP 

(Bipolar dielectric isolation process), and features dynamic para

meters never before available from a truly differential device. 

With a 600V/ ps slew rate and a 600MHz gain-bandwidth

prOduct, the HA-2539 is ideally suited for use in video and R F 

amplifier designs. Full ± 10V output swing coupled with out

standing A.C. parameters and complemented by high open loop 

gain makes these devices useful in high speed data acquisition 

systems. 

The HA-2539 is available in the 14 pin CERDIP. The HA-

2539-2 denotes -550C to +1250C operation while the HA-

2539-5 operates over the OOC to + 750C range. 

SCHEMATIC 

R22 

OUTPUT 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage between V+ and V- Terminals 
Differential Input Voltage 
Output Current 
I nternal Power Dissipation (N ote 2) 
Operating Temperature Range: (HA-2539-2) 

(HA-2539-5) 

Storage Temperature Range 

35V 
SV 

50mA(Peak) 
870mW (Cerdip) 

-550C< T A < + 1250 C 
00~TA~+750C 

-S50C~TA~+1500C 

ELECTRICAL CHARACTERISTICS VSUPPI:.Y =±.15 Volts; RI:.= 1K ohms, unless otherwise specified. 

HA-2539-2 HA-2539-5 
-550 C to + 1250C OOC to +750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 3 5 3 15 mV 
FULL 10 20 mV 

Average Offset Voltage Drift 

I 
FULL 

I I 
20 

I I I 
20 

I I 
I1V/oC 

Bias Current +250C 5 « 20 5 20 pA 
FULL 25 I 25 I1A . 

I 
Offset Current +250C 1 6 1 6 I1A 

FULL 8 8 I1A 

Input Resistance I +250C 10 I 10 Kohms 

Input Capacitance I +250 C 1.0 
I I 1.0 pF 

Common Mode Range 
I 

FULL 
I ± 10 I ± 10 I 

I 

I 
I 

I I V I 
Input Voltage Noise (f = 1kHz, Rg = On) I +250 C I 15 i 15 I nV/JHz 

TRANSFER CHARACTERISTICS 
I I I I 

Large Signal Voltage Gain (Note 3) +250C 15K 30K I 10K 30K V/V 
FULL 5K <, 5K V/V 

Common-Mode Rejection Ratio (Note 4) FULL 60 60 dB 

Gain-Bandwidth-Product (Notes 5 & S) +250 C 600 600 MHz 

OUTPUT CHARACTERISTICS -
Output Voltage Swing (Note 3) FULL ± 10 .±. 10 V 

Output Current (Note 3) +250C 10 I 19 rnA 

Output Resistance +250 C 30 

I 
30 Ohms 

Full Power Bandwidth (Not~ 3 & 7) +250 C 8.7 9.5 8.7 9.5 MHz 

TRANSIENT RESPONSE (Note 8) I 
Rise Time +250 C 7 I 

7 i ns 

Overshoot +250 C 15 
I 

8 % 

Slew Rate +250C 550 SOO 550 600 I V/Jis 
I i I I 

I 
I Settling Time: I I I 

I 
I 

10V Step to 0.1% +250 C I 350 350 I ns I 

POWER REQUIREMENTS 

Supply C~rrent FULL 20 25 20 25 rnA 

Power Supply Rejection Ratio (Note 9) FULL SO SO dB 

@ Ie MASTER 1984 
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II HARRIS 

Preliminary 

FEATURES 

• VERY HIGH SLEW RATE 

• FAST SETILING TIME 

• WIDE GAIN-BANDWIDTH 

• POWER BANDWIDTH 

• LOW OFFSET VOLTAGE 

• INPUT VOLTAGE NOISE 

• OUTPUT VOLTAGE SWING 

• MONOLITHIC BIPOLAR CONSTRUCTION 

APPLICA TIONS 

• PULSE AND VIDEO AMPLIFIERS 

• WIOEBAr~D AMPLIFIERS 

• HIGH SPEED SAMPLE-HOLD CIRCUITS 

• FAST, PRECISE D/A CONVERTERS 

PINOUT 

400V//Js 

250ns 

400MHz 

6MHz 

5mV 

15nVI JHz 
±fOV 

Section 11 for Packaging 

TOP VIEW 

3404 

HA-2540 
Wideband, Fast Settling 

Operational Amplifiers 

GENERAL DESCRIPTION 

The Harris HA-2540 is a wideb~nd, very high slew rate, mono.
lithic operational amplifier featuring superior speed and ~and
width characteristics. Bipolar construction coupled with dielectric 
isolation allows this truly differential device to deliver out
standing performance. Additionally, the HA-2540 has a drive 
capability of ± 10V into a 1 K ohm load.. Other desirable 
characteristics include low input voltage noise, low offset Voltage, 
and fast settling time. 

A 400V I ps slew rate ensures high performance in video and 
pulse ilmplification circuits, while the 400MHz gain-bandwidth
product is ideally suited for wideband signal amplification. A 
settling time of 250ns also makes the HA-2540 an excellent 
selection for high speed Data Acquisition Systems. 

The HA-2540-2 is specified over the -550 C to +125 0 C range 
while the HA-2540-5 is specified from OOC to + 750 C. 

SCHEMATIC 

OUTPUT 
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SPECIF/~A TIONS . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage between V+ and V- Terminals 
Differential Input Voltage 
Output Current 
Internal:Power Dissipation (Note 2) 
Operating Temperature Range: {HA-2540-2} 

(HA-2540-5) 
Storage Temperature Range 

35V 
6V 

50mA (Peak) 
870mW (Cerdip) 

-550 C< TA < +1250 C 
OOC<TA<+750 C 

-650C~TA~~J50o~ 

ELECTRICAL CHARACTERISTICS VSUPPl Y = ±.15 Volts; Rl = 1 K ohms, unless otherwise specified. 

I 

I 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage 

~ .. .. " .. 
Average UTTset VOltage Dmt 

Bias Current 

Offset Current 

I nput Resistance 

Input Capacitance 

Common Mode Range 

Input Noise Voltage (f = 1kHz, Rg = On) 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 3) 

Common-Mode Rejection Ratio (Note 4) 

Gain-Bandwidth-Product (Notes 5 & 6) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) 

Output Current (Note 3) 

Output Resistance 

Full Power Bandwidth (Note 3 & 7) 

TRANSIENT RESPONSE (Note 8) 

Rise Time 

Overshoot 

Slew Rate 

SeHiiny Time: 

10V Step to 0.1% 

POWER REQUI REMENTS 

Supply Current 

Power Supply Rejection Ratio (Note 9) 

@ Ie MASTER 1984 

TEMP 

+25O.c 
FUll 
~ .... 

I 
rUlL 

+250 C 
FUll 

+250C 
FUll 

+250 C 

+250C 

FUll 

+250C 

+250 C 
FUll 

FUll 

+250C 

FUll 

+250C 

+250 C 

+250C 

+250 C 

+250 C 

+250C 

+250C 

FUll 

FUll 

I 

I 

HA-2540-2 HA-2540-5 
-550 C to +1250C OOC to +750 C 

MIN TYP MAX MIN TYP MAX 

3 5 3 15 
10 20 

"n "n lU lU 

5 20 5 20 
I 25 25 

1 

I 
6 1 6 
8 8 

10, 

I 
to 

1.0 I 
1.0 

±10 I ±10 I 

I 15 I I 15 

15K 30K I 10K 30K 
5K 5K 

60 60 

400 400 

±10 - ±10 

10 10 

30 30 

5.5 6 5.5 6 

14 14 

5 5 

350 400 350 400 

250 I 250 

I 
20 25 20 25 

60 60 

UNITS 

mV' 
mV 

~, In 

J.LA 

J.LA 
J.LA 

Kohms 

pF 

V 

nV/JHZ 

V/V 
V/V 

dB 

MHz 

V 

rnA 

Ohms 

MHz 

ns 

% 

V/J.Ls 

ns 

rnA 

dB 

3405 
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mHARRIS HA-2600/2602/2605 

FEATURES 

• WIDE BANDWIDTH l2MHz 

• HIGH INPUT IMPEDANCE 500Mn 

• LOW INPUT BIAS CURRENT lnA 

• LOW INPUT OFFSET CUR RENT lnA 

• LOW INPUT OFFSET VOLTAGE 0.5mV 

• HIGH GAIN l50K V!V 

• HIGH SLEW RATE 7V//ls 

• OUTPUT SHORT CIRCUIT PROTECTION 

APPLICA TIONS 

• VIDEO AMPLIFIER 

• PULSE AMPLIFIER 

• AUDIO AMPLIFIERS AND FILTERS 

• HIGH-Q ACTIVE FILTERS 

• HIGH-SPEED COMPARATORS 

• LOW DISTORTION OSCILLATORS 

PINOUT 
COMPENSATION Section 11 for Packaging 

Case Connected to V- v- TOP VIEWS 

BALANCE COMPENSATION 

IN- v+ 

IN+ OUT 

v- BALANCE 

3406 

Wide Band, High Impedance 
Operational Amplifiers 

DESCRIPTION 

HA-26001260212605 are internally compensated bipolar opera
tional amplifiers that feature very high input impedance (500 
Mn, HA-2600) coupled with wideband AC performance. 7he 
high resistance of the input stage is complemented by low offset 
voltage (O.5mV, HA-2600) and low bias and offset current 
(lnA, HA-2600) to facilitate accurate signal processing. Input 
offset can be reduced further by means of an external nulling 
potentiometer. l2MHz unity gain-bandwidth product, 7V/ /l s 
slew rate and l50,OOOV IV open-loop gain enables HA-2600/ 
260212605 to perform high-gain amplification of fast, wideband 
signals. These dynam ic characterisitics, coupled with fast 
settling times, make these amplifiers ideally suited to pulse 
amplification designs as wei! as high frequency (e.g. video) 
applications. The frequency response of the amplifier can be 
tailored to exact design requirements by means of an external 
bandwidth control capacitor. 

In addition to its application in pulse and video amplifier de
signs, HA-26001260212605 is particularly suited to other high 
performance designs such as high-gain low distortion audio 
amplifiers, high-Q and wideband active filters and high-speed 
comparators. 

HA-2S00 and HA-2602 are guaranteed over -550 C to + 1250 C. 
HA-2605 is specified from OOC to + 750 C. All devices are 
available in TO-99 cans, and HA-2600/2602 are available in 
10 lead flat packages. 

SCHEMATIC 

COIiPENSATION 
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SPECIFICATIONS 

ABSOLUTE ,v1AXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Peak Output Current 
I nternal Power 0 issipation 
Operating Temperature Range - HA-2600/HA-2602 

HA-2605 
Storage Temperature Range 

45.0V 
±12.0V 
Full Short Circuit ~rotection 
300mW 
-55°C ~TA~+1250C 
0° ~TA ~+750C 
~650C ~ TA ~ +1500C 

ELECTRICAL CHARACTERISTICS V+ = +15VDC, V- = -15VDC 

PARAMETER TEMP. 

INPUT CHARACTERISTICS 

Offset Voltage +250C 
Full 

Offset Voltage Average Drift I Full 

+250C 
Bias Current - Fuil 

Offset Current 
+250C 

Full 

Input Resistance tNote 10) +250C 

Common Mode Range Full 

TRANSFER CHARACTERISTICS 
+250C 

Large Signal Voltage Gain I Notes '. 411 Full 

Common Mode Rejection Ratio 
Full (Note 2) 

Unity Gain Bandwidth (Note 31 +250C 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) Full 

Output Current (Note 4) +250 C 

Full Power Bandwidth (Note 4 &11) +250C 

TRANSIENT RESPONSE 
Rise Time (Notes 1, 5, 6 & 8) +250C 

Overshoot (Notes 1, 5,7 & 8) +250C 

Slew Rate (Notes 1, 5, 8 & 12) +250~ 

Settling Time (Notes 1,5,8 & 12) +250C 

POWER SUPPLY CHARACTERISTICS -
Supply Current +250C 

PowerSupply Rejection Ratio (Note 911 Full 

TEST CONDITIONS 

NOTES: 1. RL = 2K 
2. V CM =:10V 
3. V o <90mV 
4. Vo = :10V 
5. C L = 100pF 
6. Vo = :200mV 

@ Ie MASTER 1984 

HA-2600 HA-2602 HA-2605 
-55°C to+1250C -55°C to + 125°C OOC to +750C 

LIMITS LIMITS 

MIN. TYP. MAX. MIN. TYP. 

0.5 4 3 
2 6 

I 5 I I I 
1 10 15 

10 30 

1 10 5 

I 
5 30 

100 500 40 300 

±11.0 I ±11.0 I I I 

lOOK! ! 

I 
150K 80K 150K 

70K I 
I 

60K 

80 100 14 100 

12 12 

±10.0 ±12.0 ±10.0 ±12.0 

±15 ±22 ±10 ±18 

50 15 50 75 

30 60 30 

25 40 25 

±4 ±1 ±4 ±7 

1.5 1.5 

3.0 3.7 3.0 

I 80 90 I 74 90 

7. Vo = :200mV 
8. See Transient response test circuits 

and waveforms 
9. 6vs = .!5V 

I 

I 

I 

LIMITS 

MAX. MIN. TYP. MAX. UNITS 

5 
7 

25 
60 

25 
60 

60 

40 

4.0 

3 5 inV 
7 mV 

I I /lV/DC. 

5 I 25 nA 

I 
40 nA 

5 25 nA 

I 
40 nA 

40 300 MQ 

±11.0 I V 

I 
80K 150K V/V 
10K V/V 

14 100 dB 

12 MHz 

±10.0 ±12.0 V 

±10 ±18 
. 

mA 

50 1~ kHz 

30 60 ns 

25 40 % 

±4 ±7 V//ls 

1.5 /1s 

3.0; 4.0 mA 

I 74 90 I dB 

10. Th is parameter value guaranteed 
by design calculations. 

11. Full power bandwidth guaranteed 
by slew rate measurement. 
FPBW = S.R./21TV pea k. 

12. VOUT=±'5V 
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mHARRIS HA-2620/2622/2625 
Very Wide Band, 

Uncompensated Operational Amplifiers 

FEATURES 

• GAIN BANDWIDTH PRODUCT(AV = 5) lOOMHz 

• HIGH INPUT IMPEDANCE 500Mn 

• LOW INPUT BIAS CURRENT lnA 

• LOW INPUT O'FFSET CURRENT' lnA 

• LOW INPUT OFFSET VOLTAGE O.5mV 

• HIGH GAIN l50K VIV 

• HIGH SLEW RATE 35V/p.s 

• OUTPUT SHORT CIRCUIT PROTECTION 

APPLICATIONS 

• VIDEO AN.D R.F. AMPLIFIERS 
• PULSE AMPLIFIER 
• AUDIO AMPLIFIERS AND FILTERS 
• HIGH-Q ACTIVE FILTERS 
• HIGH-SPEED COMPARATORS 
• LOW DISTORTION OSCILLATORS 

PINOUT 
COMPENSATION Section 11 for Packaging 

Case Connected to v-
V-

3408 

BALANCE 

IN-

IN+ 

NC 1 

NC 2 

BALANCE 3 

v-

INVERTING INPUT 4~1----f ..... 

NON.INVE~J~~¥ 5 --li---i.,r 

V- 6 

NC 7 

8 COMPENSATION 

v+ 
TOP VIEWS 

OUT 

BALANCE 

14 COMPENSATION 

13 NC 

12 NC 

11 V+ 

10 OUTPUT 

9 BALANCE 

8 NC 

DESCRIPTION 

HA-262012622/2625 are bipolar operational amplifiers that 
feature very high input impedance (500Mn, HA-2620) coupled 
with wide band AC performance. The high resistance of the 
input stage is complemented by low offset voltage (O.5mV, 
HA-2620) and low bias and offset current (lnA, HA-2620) to 
facilitate accurate signal processing. I nput offset can be reduced 
further by means of an external nulling potentiometer. lOOMHz 
gain-bandwidth product (HA-2620/2622/2625 are stable for 
closed loop gains greater than 5), 35V I fJ.. s slew rate and 
150,OOOV IV open-loop gain enables H A-2620/2622/2625 to 
perform high-gain amplification of very fast, wideband signals. 
These dynamic characterisitcs, coupled with fast settling times, 
make these amplifiers ideally suited to pulse amplification 
designs as well as high frequency (e.g. video) ~pplications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an external bandwidth control 
capacitor. 

In addition to its application in pulse and video amplifier de
signs HA-2620/262212625 is particularly suited to other high 
performance designs such as high-gain low distortion audio 
amplifiers, high-Q and wideband active filters and high-speed 
comparators. 

HA-2620 and HA-2622 are guaranteed over -550 C to +1250 C. 
HA-2625 is specified from OOC to + 750 C. All devices are 
available in TO-99 cans, and 14 lead D.I.P. packages. 

SCHEMATIC 

CDMPENSATIDN 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voitage Between V+ and V- Terminals 

o ifferentiall nput Voltage 

Peak Output Current 

I nternal Power 0 issipation 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

45.0V 

±12.0V 
Full Short Circuit Protection 

300mW 

-650C:5 TA ~ +150oC 

V+:: +15 VDC, V~:: -15 VDC HA-2620 HA-2622 HA-2625 
OOC to +750 C 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage (Note 1) 

Bias Current 

Offset Current I 
Input Resistance.(Note.ll) 

Common Mode Range 

TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 
(Notes 2 &3) 

Common Mode Rejection Ratio 
(Note 4) 

Gain Bandwidth Product 
(Notes 2, 5, &6) 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 2) 

Output Current (Note 3) 

Full Power Bandwidth 
(Notes 2, 3, 7 &12) 

TRANSIENT RESPONSE 
Rise Time (Notes 2, 7 & 8) 

Slew Rate,(Notes 2, 7, 8 & 10) 

POWER SUPPLY 
CHARACTERISTICS 

Supply Current 

Power Supply Rejection Ratio I 
(Note 9) 

TEMPERATURE 

+250C 
Full 

+250 C 
Full 

+250C I Full 

+250 C 

Full 

+250C 
Full 

Full 

+250 C 

Full 

+250 C 

+250C 

+250C 

+250C 

+250C 

Full 

-55°C to +1250 C -550C to +1250C 
MIN. TYP. MAX MIN. TYP. MAX. MIN. TYP. MAX. 

0.5 4 3 5 3 5 
6 7 7 

1 15 5 25 5 25 
10 35 60 40 

I 1 I 15 5 I ~~ I I 5 I 25 
5 35 40 

65 500 40 300 40 300 

±11.0 ±11.0 ±11.0 

lOOK l50K 80K 150K I 80K l50K 
70K 60K I 70K I 

I I I 
80 

1

100 74 100 ! 

I 
74 

1

100 

1 
100 100 100 

±10.0 ±12.0 ±10.0 ±12.0 ±10.0 ±12.0 

±15 ±22 ±10 ±18 ±10 ±18 

400 600 320 600 320 600 

17 45 17 45 17 45 

t25 ±35 ± 20 ±35 ±20 ±35 

I 

1 3•0 3.7 3.0 4.0 3.0 4.0 

I 

1 

NOTES: 1. Offset may be externally adjusted to zero. 8. AV = 5 (The HA-2620 family is not stable 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

M~ 

V 

V/V 
V/V 

dB 

MHz 

V 

rnA 

kHz 

ns 

V/~s 

rnA 

2. RL=2KQ. CL=5QpF at unity gain without external compensation.) 

@ Ie MASTER 1984 

3. Vo = ±10.0V 
4. VCM = ±10V 
5. Vo <90mV 
6, 40dB Gain 
7. See transient response test circuits and 

waveforms 

9. a VSup = ±5V 

10. VOUT = ±5V. 
11. This parameter value based upon 

design calculations. 
12. Full power bandwidth guaranteed 

based upon slew rate measurement 
FPBW = S.R./2:rrVpeak. 
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mHARRIS HA-2630/2635 
High Performance Current Booster 

FEATURES 

• OUTPUT CURRENT 

• SLEW RATE 

±400mA 

500V/ps 

• BANDWIDTH 8MHz 

• FULL POWER BANDWIDTH 8MHz 

• ·INPUT RESISTANCE 2.0 x 106n 
• OUTPUT RESISTANCE 2.0 n 
• POWER SUPPLY RANGE ±5V to ±20V 

• PACKAGE IS ELECTRICALLY ISOLATED 

APPLICA TIONS 

• COAXIAL CABLE DRIVERS 

• AUDIO OUTPUT AMPLIFIERS 

• SERVO MOTOR DRIVERS 

• POWER SUPPLIES (BIPOLAR) 

• PRECISION DATA RECORDING 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

* Optional Current 
Limiting Resistor 

3410 

DESCRIPTION 

HA-2630 and HA-2635 are monolithic, unity voltage gain 
current amplifiers delivering extremely high slew rate, wide 
bandwidth, and full power bandwidth even under heavy output 
loading conditions. This dielectrically isolated current booster 
also offers high input impedance and low output resistance. 
These devices are intended to be used in series with an opera
tional amplifier and inside the feedback loop whenever addi
tional output current is required. Output current levels are 
programmable by selecting two optional external resistors. 

These current amplifiers offer an exceptional 500V / p s slew 
rate and 8MHz bandwidth which allows them to be used with 
many high performance op amps in precision data recording 
and high speed coaxial cable driver designs. 2.0M ohm input 
resistance and 2 ohm output resistance coupled with ±400mA 
output current make HA-2630 and HA-2635 ideal components 
in high fidelity audio output amplifier designs. 

HA-2630 and HA-2635 are available in an electrically isolated 
TO-8 type can for ease of mollnting with or without a heat 
sink. HA-2630 is specified over the -550 C to +1250 C range. 
HA-2635 is specified from OOC to +750 C. 

SCHEMATIC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals 

Input Voltage Range 

Output Current (Note 2) 

Internal Power Dissipation (Note 6; Free Air: 
I n Heat Sink: 

ELECTRICAL CHARACTERISTICS 

VSupply = ±15 Volts RL = 50 Ohms 

40V 

± V Supply 

±700mA 

1W 
4W 

R 1 = R2 = 0 Ohms 

HA-2630 

Operating Temperature R'ange: 
-55°C ~ TA ~ +1250C 

OOC S T A ~ + 75°C 

Storage Temperature Range: 
-65°C ~ TA ~ +1500C 

Unless otherwise specified. 

HA-2635 

(HA-2630) 
(HA-2635) 

-550C to +1250C OOC to +75~C 

PARAMETER TEMP. MIN. T TYP. 

INPUT CHARACTERISTICS 

Bias Current 

I 
+250C I nput Resistance 

I . Input Capacitance +250C 

TRANSFER CHARACTERISTICS 

Voltage G'ain (Note 1) Full I .85 

I 
+250C 

I 
Offset Voltage (VOUT - VIN) 

I 
I 

Full I 
Bandwidth (-3d B) +250C I 
OUTPUT CHARACTERISTICS 

Output Voltage Swing Full ±10 

Output Current (Note 1) Full ±300 

Output Resistance +250C 

Full Power Bandwidth (Note 1) +250C 

TRANSIENT RESPONSE 

Rise Time (Note 3) +250C 

Slew Rate (Note 4) 
/ 

+250C 200 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 

Suppiy Voitage Range Fuii ±5 

Power Supply Rejection Ratio (Note 5) Full 

NOTES: 1. Vo = ±.10V 
2. Heat sink is required for continuous short circuit 

protection, regardless of current limit setting. 
3. Vo = O.4V p-p. 
4. Vo = 10V p-p. 

@ Ie MASTER 1984 

I 
30 

2.0 

5.0 

.95 

70 

8.0 

±12 

±400 

2.0 

8.0 

30 

500 

15 

66 

I 
I 

I 
I 
I 

I 
I 

MAX. 

150 
200 

±200 
±300 

20 

±20 

MIN. 

.85 

±10 

±300 

200 

±5 

TYP. 

30 

2.0 

5.0 

.95 

I 

I 
70 

I 

8.0 

±12 

±400 

2.0 

8.0 

30 

500 

15 

66 

5. ~VSUPPLY=±.5V. 

I 
I 

I 

I 
I 

MAX. UNITS 

150 I· llA 
200 llA· 

Mn 

pF 

V/V 

I 
mV ±200 

I ±300 mV 
t 

MHz 

V 

rnA 

n 

MHz 

ns 

V/lls 

23 rnA 

±20 V 

dB 

6. Without heat sink, derate by 14mW/oe ambient 
temperature above 100°C ambient, with heat 
sink, derate by 67mW/oe case temperature above 
11Soe case. 
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.I)HARRIS 

FEATURES 

• OUTPUT VOLTAGE SWING 

• SUPPLY VOLTAGE 

• OFFSET CURRENT 

• BANDWIDTH 

• SLEW RATE 

±35V 

±10V TO ±40V 

5nA 

4MHz 

5V!p.s 

• COMMON MODE INPUT VOLTAGE SWING ±35V 

• OUTPUT OVERLOAD PROTECTION 

APPllCA TIONS 

• INDUSTRIAL CONTROL SYSTEMS 

• PO WE R SUPPLI ES 

• HIGH VOLTAGE REGULATORS 

• RESOLVER EXCITATION 

• SIGNAL CONDITIONING 

PINOUT 

COMPENSATION Section 11 for Packaging 

TOP VIEWS v-

BALANCE COMPENSATION 

IN- v+ 

IN+ OUT 

v- BALANCE 

3412 

HA-2640/2645 
High Voltage 

Operational Amplifier 

DESCRIPTION 

HA-2640 and HA-2645 are monolithic operational amplifiers 
which are designed to deliver unprecedented dynamic specifica
tions for a high voltage internally compensated device. These 
dielectrically isolated devices offer very low values for offset 
voltage and offset current coupled with large output voltage 
swing and common mode input voltage. 

For maximum reliability, these amplifiers offer unconditional 
output overload protection through current limiting and a chip 
temperature sensing circuit. This sensing device turns the 
amplifier "off", when the chip reaches a certain temperature 
level. 

These amplifers deliver ±35V common mode input voltage 
swing, ±35V output voltage swing, and up to ±40V supply range 
for use in such designs as regulators, power supplies, and indus
trial control systems. 4MHz gain bandwidth and 5V! P. s slew 
rate make these devices excellent components for high perfor
mance signal conditioning applications. Outstanding input and 
output voltage swings coupled with a low 5nA offset current 
make these amplifiers excellent components for resolver excit
ation designs. 

HA-2640 and HA-2645 are available in metal can (TO-99) 
packages and can be used as high performance pin-to-pin 
replacements for many general purpose op amps. HA-2640 is 
specified from -550 C to + 1250 C and HA-2645 is specified over 
the OOC to + 750 C range. 

SCHEMATIC 

COMPENSATION 
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· SPECIFICATIONS 

ABsotUT~MAXIMtJM 'RATINGS 

Voltage BetweenV+ and V- Terminals 100 V 

Input Voltage Range ±37V 

Output Current/Full Short Circuit Protection 

Internal Power Dissipation 680mW* 

*Derate by 4.6mW/oC above +25 0 C 

"ELECTRICAL CHARACTERISTICS 

VSupply = ±40V, RL = 5K, Unless Otherwise Specified. 

-···i';. 

Operating Temperature Range 

-55°C ~ TA ;; +1250 C (HA-2640) 

OOC S T A S +750 C (HA-2645) 
Storage Temperature Range 

-65°C S TA S +1500 C 

HA-2640 HA-2645 
-55°C to +1250 C OOC to +750 C 

PARAMETER. TEMP. MIN. TYP. 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 2 
r .. 11 

I I 
run 

Offset Voltage Average Drift Full , 15 I 
I 

Bias Current +250 C 

I 

10 
Full 

+25 0C 5 Offset Current Full I 
Input Resistance (Note 10) +250 C 50 I 250 

I 
Common Mode Range Full ±35 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 8) +250 C lOOK 200K 
Full 75K 

Common Mode Rejection Ratio (Note 1) Full 80 100 
-

Unity Gain Bandwidth (Note 2) +250 C 4 

OUTPUT CHARACTERISTICS 
Output Voltage Swing Full ±35 

Output Current (Note 9) +250C ±12 i.15 

Output .. Resistance +25OC 500 

Full Power Bandwidth (Notes 3 & 11) +250 C 23 

TRANSI ENT RESPONSE (Note 7), 
Rise Time (Notes 4, 6) +250C 60 

Overshoot (Notes 4, 6) +250 C 15 

Slew Rate (Note 6) +250 C ±3 ±5 

POWER SUPPLY CHARACTERISTICS 
Supply Current +250 C 3.2 

Supply Voltage Range Full ±10 

Power Supply Rejection Ratio (Note 5) Full 80 90 

NOTES: 1. VCM = ± 20V 5. Vs = ~1 OV to 2:,40V 
2. Vo = 90mV 6. AV = 1 

3. Vo = 2:,35V 7. CL = 50pF 

4. Vo = 2:,200mV ,8. Vo = ±30V 

9. RL=lK 

© Ie MASTER 1984 

MAX. 

4 

I 
6 

25 
50 

12 
35 

100 

30 

3.8 

±40 

MIN. TYP. MAX. UNITS 

2 6 mV 

I I 
7 I 

mV 

15 )JV 1°C 

12 30 nA 
50 nA 

15 30 nA 
50 nA 

40 200 Mst 

±35 V 

lOOK 200K V/V 
75K V/V 

74 100 dB 

4 MHz 

±35 V 

±10 ±12 mA 

500 D 

23 kHz 

60 100 ns 

15 40 % 

±2.5 ±5 V//.1s 

3.2 4.5 mA 

±10 ±40 V 

74 90 dB 

10. Th is parameter based upon 

design calculations. 

11. Full power bandwidth 

guaranteed based upon 

slew rate measurement. 

FPBW = S.R.l2TTVpeak. 
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m HARRIS 

FEATURES 

• SLEW RATE 

• BANDWIDTH 

• BIAS CURRENT 

• AV. OFFSET VOLTAGE DRIFT 

• POWER CONSUMPTION 

• SUPPLY VOLTAGE RANGE 

APPLICATIONS 

• VIDEO AMPLIFIERS 

5V/ps 

8MHz 

35nA 

8pV/oc 

75mW 

±2V TO ±20V 

• HIGH IMPEDANCE, WIDEBAND BUFFERS 

• INTEGRATORS 

• AUDiO AMPliFiERS 

• ACTIVE FILTERS 

PINOUT 
TOP VIEW 

V+ 

NOTE: Case Connected to v- v-

NIC 1 

OUT 2 

TOP VIEW 

BALAIICE { : _---,~~_ .. 

Section 11 for Packaging 

14 V+ 

13 NIC 

12 OUT 

BALANCE 

'N {: 

11} 
~-=.x··11--1O 

V- 7 : }'N 
NOTE: 80llom of plthge ;seo_ted to V-. 

3414 

HA-2650/2655 
Dual High Performance 

Operational Amplifier 

DESCRIPTION 

HA-2650/2655 contains two ,internally compensated opera
tional amplifiers offering high slew rate and high frequency 
performance combined with exceptional DC characteristics. 
5V/p sec slew rate and 8MHz bandwidth make th,ese amplifiers 
suitable for processing fast, wideband signals extending into the 
video frequency spectrum. Signal processing accuracy is en
hanced by front-end performance that includes 1.5mV offset 
voltage, 8 p V 10C offset voltage drift and low offset and bias 
current (lnA and 35nA respectively). Offset voltage can be 
trimmed to zero on the devices offered in dual-in-line packages. 
Signal conditioning is further enhanced by 500Mn input imp
edance. 

Applications for HA-265012655 include video circuit designs 
such as high impedance buffers, integrators, tone generators 
and filters. These amplifiers are also ideal components for 
active filtering of audio and voice signals. 

HA-265012655 are offered in 14 pin D.I.P. and metal TO-99 
packages and are also available in dice form. HA-2650 is spec
ified from -550 C to +1250 C. HA-2655 operates from OOC 
to +750 C. 

SCHEMATIC 

I--- IIOS0ETWO" --+1 _____ OOE,HAlfHA,~A,2iO. -----------!' 
I I , 

: -+-.r---~~-___,_-r--___,_---r--r-__r____r___r___r_<'y. I 
I : 
I , 
I I ,... , 
I , 
, I 

I : I •• _ I 

: OUT: 
I I 
I I 
, I 
I I 
I I 

I : 
I I 
I I 
I v- I 
, I 

I I 
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SPECIFIC A TIONS· 

ABSOLUTE MAXIMUM RATINGS 
T A = +250 C Unless Otherwise Stated 

Voltage Between V+ and V- Terminals 
Differential I nput Voltage 
Input Voltage (Note 1) 

Output Short Circuit Duration 

ELECTRICAL CHARACTERISTICS 
V+= 15V V-=-15V 

PARAMETER 

INPUT CHARACTERISTICS 
Offset Voltage 

Av. Offset Voltage Drift 

Bias Current 

Offset Current 

Common Mode Range 

Differential I nput Resistance (N ote 9) 

Common Mode Input Resistance 

I nput Capacitance 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 3ab) 

Common Mode Rejection Ratio (Note 4) 

OUTPUT CH~RACTERISTICS 

*Output Voltage Swing (Note 3c) 

Full Power Bandwidth (Notes 5 &10) 

Output Current (Note 3a) 

Output Resistance 

TRANSIENT RESPONSE (Note 6) 

Rise Time (Note 7) 

Overshoot (Note 7) 

Slew Rate 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

Power Supply Rejection Ratio (Note 8) 

NOTES: 1. For supply voltages less than !15V, 

the absolute maximum input voltage 
is equal to the supply voltage. 

2. Derate at 4.7mW/oC at ambient tem
peratures above +110oC. 

3. (a) Va = !10V (b) RL = 2K 
(c) RL = 10K 

© Ie MASTER 1984 

40.DV 
±30.0V 
:t15.0V 

Indefinite 

Power Dissipation (Note 2)' TO-99 
TO-116 

Operating Temperature Range: 

300mW 
300 mW 

HA-2650 -55°C S T A S + 125°c 
HA-2655 ' OoC S T A S +750 C 

Storage Temperature Range -65°C S T A S +1500 C 

HA-2650 HA-2655 
-55°C to +1250C OoC to +750C 

I 

I 

TEMP. MIN. TYP. MAX. 

+250 C 1.5 3 
Full 5 

Full 8 

+250C 35 100 
Fuil 

I I 200 

+250C 1 30 
Full 60 

Full ±13 

+250C 5 20 

+250C 500 

+250C ,5 

+250 C 20K 40K 
Full 15K 

+250C 80 100 
Full 80 

+250C ±13 ±14 
Full ±13 

+250C 30 80 

+250 C :t20 

+250C 100 

+250C 40 80 

+250C 15 30 

+250C ±2 :t5 

+250C 2.5 4 

+25
0
C I 80 I 100 I Full 80 

4. VCM = !5.0V 
5. AV = 1, RL = 2K, Va = 20Vpp 
6. See transient response/slew rate 

circuit. 
7. Vin = 200m V 
8. A V = ±5.0V 

I 

I 

I 

MIN. TYP. MAX. UNITS 

2 5 mV 
7 mV 

8 /LV/oC 

50 200 nA 

I I 300 I nA 

2 60 nA 
100 nA 

±13 V 

5 20 Mfl 

500 Mfl 

5 pF 

15K 40K V!V 
10K VIV 

74 100 dB 
74 dB, 

±13 ±14 V 
:t13 V 

30 80 KHz 

:t18 rnA 

100 Q 

40 90 ns 

15 40 % 

:t2 :t5 V/J1s 

3 5 rnA 

74 100 dB 
74 dB 

9. This parameter value based upon 
design calculations. 

10. Full power bandwidth guaranteed 
based upon slew rate measurement 
FPBW = S.R.l2rrVpea k. 
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mlHARRlS 

FEATURES 

• WIDE PROGRAMMING RANGE 

SLEW RATE 
BANDWIDTH 
BIAS CURRENT 
SUPPLY CURRENT 

• WI DE POWER SUPPLY RANGE 

0.06 TO 6V/p.s _ 
5kHz TO 10MHz 

0.4 TO 50nA 
lp.A TO 1.5mA 

±1.2 TO ±18V 

• CONSTANT AC PERFORMANCE OVER SUPPLY 
RANGE 

APPllCA TIONS 

• ACTIVE FILTERS 

• CURRENT CONTROLLED OSCILLATORS 

• VARIABLE ACTIVE FILTERS 

• MODULATORS 

• BATTERY-POWERED EQUIPMENT 

PINOUT 

Section 11 for Packaging 

NOTE: Case tied to V 
TOP VIEWS 

BALANCE 

INVERTING INPUT 2 

3416 

NON-INVERTING 
INPUT 

v-

v+ 

OUTPUT 

BALANCE 

HA-2720/25 
Wide Range Programmable 

Operational Al11,plifier 

DESCRIPTION 

HA-2720/2725 programmable amplifiers are internally compen
sated monolithic devices offering a wide range of performance, 
that can be controlled by adjusting the circuits' "set" current 
USET). By means of adjusting an external resistor or current 
source, power dissipation, slew rate, bandwidth, output current 
and input noise can be programmed to desired levels. This 
versatile adjustment capability enables HA-2720/2725 to pro
vide optimum design solutions by delivering the required level 
of performance with minimum possible power dissipation. 
HA-2720 and HA-2725 can, therefore, be utilized as the stand
ard amplifier for a variety of designs simply by adjusting their 
programming current. 

A major advantage of HA-2720/2725 is that operating charac
teristics remain virtually constant over a wide supply range 
(±1.2V to ±15Vl, allowing the amplifiers to offer maximum 
performance in almost any system including battery-operated 
equipment. A primary application for HA-272012725 is in 
active filters for a wide variety of signals that differ infrequency 
and amplitude. Also, by modulating the "set" current, HA-
2720/2725 can be used for designs such as current controlled 
oscillators modulators, sample and hold circuits and variable 
active filters. 

HA- 2720 is guaranteed over -550 C to +1250 C. HA-2725 is 
specified from OOC to + 750 C. Both parts are available in TO-99 
cans or dice form. 

SCHEMATIC 

© Ie MASTER 1984 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voitage Between V+ and V- Terminais 
Differential Input Voltage 
Input Voltage (Note 1) 

ISET (Current at ISET) 
VSET (Voltage to Gnd. at ISET) 

ELECTRICAL CHARACTERISTICS 

V+ = +3.0V, V- = -3.0V 

PARAMETER TEMP. 

INPUT CHARACTERISTICS 
1250C Offset Voltage 

Full 

Offset Current 25°C 
Full 

Bias Current 25°C 
Full 

Input Resistance (Note 10) 250 C 

Input Capacitance 250C 

TRANSFER CHARACTERISTICS 
large Signal Voltage Gain (Note 9) 25°C 

Full 

Common Mode Rejection Ratio (Note 4) Full 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 3) 25°C 

Full 

Output Current (Note 5) 25°C 

Output Resistance 25°C 

Output Short-Circuit Current 25°C 

TRANSIENT RESPONSE 
Rise Time (Note 6) 250C 

Overshoot (Note 6j 25Q C 

Slew Rate (Note 7) 25°C 

POWER SUPPLY CHARACTERISTICS 
Supply Current 250C 

Full 

Power Supply Rejection Ratio(Note 8) Full 

@ Ie MASTER 1984 

45.0V Power 0 issipation (Note 2) 300mW 

Operating Temperature Range: 
HA-2720 -55°C s: TA s: +1250 C 
HA-2725 OOC ~ T A ~ +75 0 C 

. ±30.0V 

±15.0V 
500J.iA 
V+ - 2.0V s: VSET s: V+ 

Storage Temperature Range -65°C ~. T A ~ + 150°C 

HA-2720 HA-2725 
-55°C to + 125°C OOC to +750C 

ISET = 1.5J1A ISET = 15J.iA ISET = 1.5J.iA ISET = 15J.iA 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

2.0 I 2,0 I 12.0 I 3.0 2.0 3.0 5.0 5.0 mV 
5.0 5.0 7.0 I 7.0 mV 

I 
0.5 3.0 1.0 10 0.5 5.0 1.0 10 nA 

. 7.5 20 7.5 20 nA 

2.0 5.0 8.0 20 2.0 I 10 8.0 I 30 nA 
10 40 I 10 I 40 nA 

I 

I 50 5 50 I 5 MQ 

3.0 3.0 3.0 3.0 pF 

15K 40K 15K 40K 15K 40K 15K 40K V/V 
10K 10K 10K 10K V/V 

80 80 74 74 dB 

±2.0 ±.2.2 ±.2.0 ±2.2 ±2.0 ±2.2 ±2.0 ±2.2 V 
±2.0 ±1.9 ±2.0 ±2.0 V 

±0.2 ±2.0 ±0.2 ±2.0 rnA 

2K 500 2K 500 Q 

2.8 14 2.8 14 rnA 

2.5 0.25 2.5 0.25 J.is 

5 10 5 10 % 

0.07 0:70 0.07 0.70 V/J.is 

15 170 15 170 J.iA 
25 250 25 250 J.iA 

100 100 150 150 JiV/V 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 
V+ = +15.DV, V- = -15.DV 

HA-272D HA-2725 
-55°C to + 125°C DOC to +750C 

ISET = 1.5J1A ISET:: 15J1A ISET:: 1.5J1A ISET = 15J1A 
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. 

INPUT CHARACTERISTICS 

Offset Voltage 25°C 2.0. 3.0. 2.0. 3.0. 2.0. 5.0. 2.0. 
Full 5.0. 5.0. 7.0. 

Offset Current 25°C 0..5 3.0. 1.0. 10. 0..5 5.n 1.0. 
Full 7.5 20. 7.5 

Bias Current 25°C. 2.0. 5.0. 8.0. 20. . 2.0. 10. 8.0. 
Full 10. 40. 10 

. I nput Resistance (Note 10.) 25°C 50. 5 50. 5 

I nput Capacitance 25°C 3.0. 3.0. 3.0. 3.0. 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Notes 3 & 9) 25°C 3DK lDDK 3DK 12DK 25K lDDK 25K 12DK 
Full 2DK 2DK 2DK 2DK 

Common Mode Rejection Ratio (Note 4) 250C 90. 90. 90. 90. 
Full 80. 80. 74 74 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) 

I 
2SoC ±.12 '±.13.5· ±.12 ±.13.5 ±12.±13.51 ± 12 . ±13.5 
Full ±lD ±lD ±lo. ±1O 

Output Current (Note 5) 25°C ±D.5 ±5.D ±D.5 ±5.D 

I Output Resistance 250C 2K 50.0. 2K 50.0 

Output Short-Circuit Current I 25°C I 3.71 I 19 I 3.7 19 

TRANSIENT RESPONSE 

Rise Time (Note 6) 25°C 2.0. 0..2 2.0. 0..2 

Overshoot (Note 6) 250 C 5 15 5 15 

Slew Rate (Note 7) 250C 0..1 0..8 0..1 0..8 

POWER SUPPLY CHARACTERISTICS 

Supply Current 25°C 20. 210. 20. 210 
Full 50. 450. 50. 

Power Supply Rejection Ratio (Note 8) Full 10.0. 10.0. 150. 150. 

NOTES: 1. For supply voltages less than :t1S.0V. the absolute maximum input voltage is equal to supply voltage. 
2. Derate at 6.8mW"oC for operation ambient temperatures above 7So C. 

VSUPPL Y :. ±3.0V 

3. T = +2SoC and Full 

4. V CM = ±1.SV 

S. Vo = :t2.0V 

VSUPPLY = :tlS.0V 

T.'" +2S0C 

T = Full 

V CM '" ±5.0V 

Vo = :tl0.0V 

ISET = 1.5J.LA 

RL = 75Kn 

RL = 75KH 

6. -------AV = +1, V;N = 400mV. RL = SK. C L = 100pF 

7. Vo '" :t2.0V Va = :tl0.0V RL = 20K 

8. ~V = 11.5V .lv = t5.0V 

9. VO'" il.0V Vo = tl0.0V 

10. This parameter based upon design calculations. 

ISET= lSJ.LA 

RL = SKn 
RL = 7SKH 

R = 5K .L 

MAX. 

5.0. 
7.0. 

10. 
20. 

3D. 
40. 

450. 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

MQ 

pF 

V/V 
V/V 

dB 
dB 

V 
V 

rnA 

Q 

rnA 

J1s 

% 

V/J1s 

I1A . 
J1A 

J1V/V 
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mHAAR _ ... IS HA-2730/35 
Wide Range Dual Programmable 

Operational Amplifier 

FEATURES 

• WIDE PROGRAMMING RANGE 

SET CURRENT 
SLEW RATE 
BANDWIDTH 
BIAS CURRENT 
SUPPLY CUR RENT 

• WIOE POWER SUPPLY RANGE 

0.1 TO 100MA 
0.06 TO 6V Ip s 

5kHz TO 10MHz 
0.4 TO 50nA 

lMA TO 1.5mA 

i1.2 TO i18V 

• CONSTANT AC PERFORMANCE OVER SUPPLY 
RANGE 

APPLICATIONS 

• ACTIVE FILTERS 

• CURRENT CONTROLLED OSCILLATORS 

• VARIABLE ACTIVE FI LTERS 

• MODULATORS 

• BATTERY-POWERED EQUIPMENT 

PINOUT 

TOP VIEW 

OUT 

V-

Section 11 for Packaging 

V+ 

'SET 

OUT 

NOTE: Bottom of package is connected to V-. 

@ Ie MASTER 1984 

DESCRIPTION 

HA-273012735 Dual Programmable Amplifiers are internally 
compensated monolithic devices offering a wide range of perfor
mance, that can be controlled by adjusting the circuits' "set" 
current (lSET). By means of adjusting an external resistor or 
current source, power dissipation, slew rate, bandwidth, output 
current and input noise can be programmed to desired levels. 
Each amplifier on the chip can be adjusted independently. This 
versatile adjustment capability enables HA-2730/2735 to pro
vide optimum design solutions by delivering the required level 
of performance with minimum possible power' dissipation. 
HA-2730/2735 can, therefore, be utilized as the standard 
amplifier for a variety of designs simply by adjusting their 
programming current. 

A major advantage of HA-273012735 is that operating charac
teristics remain virtually constant over a wide supply range 
(±1.2V to ±15V), allowing the amplifiers to offer maximum 
performance in almost any system including battery-operated 
equipement. A primary application for HA-2730/2735 is in 
active filters for a wide variety of signals that differ in frequency 
and amplitude. Also, by modulating the "set" current, HA-
2730/2735 can be used for designs such as current controlled 
oscillators, modulators, sample and hold circuits and variable 
active filters. 

HA-2730 is guaranteed over -550 C to +1250 C. HA-2735 is 
specified from OOC to + 750 C. Both parts are available in 14 
lead D.I.P. package or dice form; 

SCHEMATIC 

lONE HALF) 
\ ONLY 
HA-2730/35 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Input Voltage (Note 1) 

'SET (Current at 'SET) 

45.0V 
±30.0V 
±15.0V 
500,llA 

VSET (Voltage to Gnd. at 'SET) V+ - 2.0V ~ VSET ~ V+ 

ELECTRICAL CHARACTERISTICS (Each Side) 

V+ = +3.0V, V- = -3.0V 

/ HA-2730 

Power Dissipation (Note 2) '" 500mW 
Operating Temperature Range: 

HA-2730 -55°C ~ TA ~ +1250 C 
HA-2735 OOC ~ T A ~ + 75°C 

Storage Temperature Range -65°C ~ T A ~ +1500C 

HA-2735 
,-55°C to +1250 C OOC to +75 0 C 

ISET = 1.5J1A ISET = 15,llA ISET = 1.5,llA ISET = 15J1A 
PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 25°C 2.0 3.0 2.0 3.0 2.0 5.0 2.0 5.0 mV 
Full 5.0 5.0 7.0 7.0 mV 

Offset Current 25°C 0.5 3.0 1.0 10 0.5 5.0 1.0' . ,10 nA 
Full 7.5 20 7.5 2a nA 

Bias Current 25°C 2.0 5.0 8.0 20 2.0 10 8.0 30 nA 
Full 10 40 10 40 nA 

I nput Resistance (Note 10) 25°C 50 5 50 5 MQ 

I nput Capacitance 25°C 3.0 3.0 3.0 3.0 pF 

TRANSFER CHARACTERISTICS I 
40K I 40K I 15K 140K 15K 140K I Large Signal Voltage Gain (Notes 3 & 9) 25°C 15K 15K V/V 

Full 10K 10K 10K 10K V/V 

Common Mode Rejection Ratio (Note 4) Full 80 80 74 74 dB 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 3) 25°C ±2.0 ±2.2 ±2.0 ±2.2 ±2.0 ±2.2 ±2.0 ±2.2 V 

Full ±2.0 ±1.9 ±2.0 ±2.0 V 

Output Current (Note 5) 25°C ' ±0.2 ±2.0 ±0.2 ±2.0 rnA 

Output Resistance 25°C 2K 500 2K 500 Q 

Output Short-Circuit Current 25°C 2.8 14 2.8 14 rnA 

TRANSIENT RESPONSE 
Rise Time (Note 6) 25°C 2.5 0.25 2.5 0.25 ps 

Overshoot (Note 6) 2SoC 5 10 5 10 % 

Slew Rate (Note 7) 2SoC 0.07 0.70 0.07 0.70 Vips 

POWER SUPPLY CHARACTERISTICS 
Supply Current (Each'Amp) 2SoC 15 170 15 170 pA 

Full 25 250 25 250 pA 

Power Supply Rejection Ratio (Note 8) Full 100 100 150 150 ,llV/V 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS (Each Sid!!) 

V+=+15.0V, V-=-15.0V 

HA-2730 HA-2735 
-55°C to +1250 C OOC to +150 C 

ISET = 1.5/lA ISET = 15/lA ISET = 1.5/lA ISET = 15/lA 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. 

INPUT CHARACTERISTICS 

Offset Voltage 25°C 2.0 3.0 2.0 3.0 2.0 5.0 2.0 
Full 5.0 5.0 7.0 

Offset Current 25°C 0.5 3.0 1.0 10 0.5 5.0 1.0 
Full 7.5 20 7.5 

Bias Current 25°C 2.0 5.0 8.0 20 2.0 10 8.0 
Full 10 40 10 

I nput Resistance (Note 10) 25°C 50 5 50 5 

I nput Capacitance 25°C 3.0 3.0 3.0 3.0 

TRANSFER CHARACTER!ST!CS 

Large Signal Voltage Gain (Notes 3 & 9) 25°C 30K lOOK 30K 120K 25K lOOK 25K 120K 
Full 20K 20K 20K 20K 

Common Mode Rejection RatiQ (Note 4) 25°C 90 90 90 90 
Full 80 80 74 74 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) 250 C ±12 ±13.5 ±12 ±13.5 ±12 ±13.5 +12 1+13.5 
Full ±10 ±10 ±1O ±1O I-

Output Current (Note 5) 25°C ±0.5 :1:5.0 I ±0.5 1:1:5.0 

Output Resistance 25°C 2K 500 2K 500 

Output Short-Circuit Current 25°C 3.7 19 3.1 19 

TRANSIENT RESPONSE 

Rise Time (Note 6) 25°C 2.0 0.2 2.0 0.2 

Overshoot (Note 6) 25°C 5 15 5 15 

Slew Rate (Note 7) 25°C 0.1 0.8 0.1 0.8 

POWER SUPPLY CHARACTERISnCS 

Supply Current (Each Amp) 25°C 20 210 20 210 
FuJI 50 450 50 

Power Supply Rejection Ratio (Note 8) Full 100 100 150 150 

NOTES: 1. For supply voltages less than ±1S.0V. the absolute maximum Input voltage is equal to supply voltage. 
2. Der~te ~t 4.7mW/oC at ambient temperatuia abcY.:; 6Soe. 

@ Ie MASTER 1984 

VSUPPL Y = ±3.0V 

3. T = +2SoC and Full 

VSUPPLY = ±1S.0V 

T = +2SoC 

T = Full 

4. V CM =.±.1.SV V CM = ±'5.0V 

5. Vo = ±2 .• 0V Vo = ±10.0V 

ISET = 1.S1J.A 

RL = 7SKr2 

RL = 7SKr2 

6. -------AV = +1, V IN = 400mV, RL = SK, C L = 100pF 

7. Vo = ±2.0V Vo = ±10.0V RL = 20K 

8. 6v = ±1.SV 6v = ts.OV 

9. Vo = ±1.0V Vo = ±10.0V 

10. This parameter value based upon design calculations. 

'SET = 1SJ.l.A 

RL=SKn 
RL = 7SKr2 

MAX. 

5.0 
7.0 

10 
20 

30 
40 

450 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

MQ 

pF 

V/V 
V/V 

dB 
dB 

V 
V 

rnA 

Q 

rnA 

/ls 

% 

V/f..Ls 

f..LA 
f..LA 

f..LV/V , 
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m:iHARRlS 

FEATURES 

• WIDE PROGRAMMING RANGE 

• SLEW RATE 
• BANDWIDTH 
• BIAS CURRENT 
• SUPPLY CU RRENT 

• WIDE POWER SUPPLY RANGE 

• CONSTANT AC PERFORMANCE OVER 
SUPPLY RANGE 

APPLICATIONS 

• ACTIVE FILTERS 

• CURRENT CONTROLLED OSCILLATORS 

• VARIABLE ACTIVE FILTERS 

• MODULATORS 

• BATIERY-POWEREO EQUIPMENT 

PINOUT 

O.BV/ps ' 
lMHz 

BnA 
250pA 

Section 11 for Packaging 

TOPVIEW 

OUT A ---:-+---. r---_.,....f-...ll~6 - OUT D 

~--f--"'~5 - _ IN D 

+ IN A --+--1...., NI---I..-.:.'4.;...... + IN D 

+v 13 -v 

./.Io~---"'2"-- + IN C 

- IN B --'"-+--1:-' ~--I-...-l-"=-- _ IN C 

OUT B ----+--~ '--f---+~10~ OUT C 

SET A, B, D ---..;;--t------I '---1---':"- SET C 

3422 

DESCRIPTION 

-HA-2740 
Quad Programmable 

Operational Amplifier 

The Harris HA-2740 programmable amplifier is an internally compensated 
monolithic device offering a wide range of performance, that can be con
trolled by adjusting the circuit '''set'' current (lSET). By means of adjust
ing an external resistor or current source, power dissipation, slew rate, 
bandwidth, output current and input noise can be programmed to desired 
levels. This versatile adjustment capability enables the HA-2740 to provide 
~ptimum design solutions by delivering the required level of performance. 
with minimum possible power dissipation. The HA-2740 can, therefore, 
be utilized as the standard amplifier for a variety of designs simply by 
adjusting programming current. 

A majGr advantage of the HA-2740 is that operating characteristics remain 
virtually constant over a wide supply range ( ± 1.2V to .± lBV), allowing 
the amplifier to offer maximum performance in almost any 'system includ
ing battery-operated equipment. A primary application for the, HA-2740 
is in active filters for a wide variety of signals that differ in frequency 

• and amplitude. Also, by modulating the "set" current, the HA-2740 
can be used for designs such as current controlled oscillators, modulators, 
sample and hold circuits and variable active filters. 

The HA-2740-2 is guaranteed over -550 C to +1250 C. The HA-2740-5 
is specified from OOC to + 750 C. Both parts are available in a 16 pin 
dual-in-l ine package. 

SCHEMATIC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Input Voltage (Note 2) 
ISET (Current at 'SET) 
VSET (Voltage to Gnd. at 'SET) 

45.0V 
±30.0V 
± 15.0V 
500tlA 

V+ - 2.0~ VSET ~ V+ 

Power Dissipation 

Operating Temperature Range: 
HA-2740-2 
HA-2740-5 

Storage Temperature Range 

300mW 

-550 C ~ TA ~ +1250 C 
ooC ~ TA ~ +750C 

-650 C ~ TA ~ +1500 C 

ELECTRICAL CHARACTERISTICS V+ = +15.0V, v- = -15.0V 

HA-2740-2 HA-2740-5 
-550 C to + 1250 C OOC to +750 C 

ISET = 1.5,uA 

PARAMETER TEMP MIN TYP 

INPUT CHARACTERISTICS 

Offset Voltage 250 C 2.0 
Full ' 

Offset Current 250 C 0.5 

I Bias Current 

Full 

250 C 
I Fuii 

Input Resistance (Note 3) 250 C 50 

I nput Capacitance 250 C 3.0 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) 250 C 30K lOOK 
Full 20K 

Common Mode"Rejection Ratio (Note 5) 250C 

1

100 
Full 80 

OUTPUT CHARACTERISTICS 

I ±14 Output Voltage Swing (Note 6) 250 C ±12 
± 10 Full 

Channel Separation (Note 7) 250 C 110 

Output Current (Note 8) 250C ±0.5 

Output Resistance 250 C 2K 

Output Short Circuit Current 250 C 3.6 

TRANSIENT RESPONSE 

Rise Time (Note 9) 250 C 2.0 

Overshoot (Note 9) 250 C 2 

Slew Rate (Note 10) 250 C 0.1 

POWER SUPPLY CHARACTERISTICS 

Supply Current (each amp) 250 C 
Full 

Power Supply Rejection Ratio (Note 111 Full 100 

NOTES: 

1. Absolute maximum ratings are limiting values, 
applied individually, beyond which the service
ability of the circuit may be impaired. Functional 
operability under any of these conditions is not 
necessarily implied. 

2. For supply voltages less than ±. 15V, the absolute 
maximum input voltage is equal to the supply 
Voltage. 

3. This parameter based upon design calculations. 

4. Vo = ± 10V, RL == 5K @ ISET = 15,uA 
RL = 75K @ ISET = 1.5,uA 

25 
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MAX 

3.0 
5.0 

3.0 

I 10 

50 

ISET= 15,uA 

MIN TYP 

2.0 

1.0 

8.0 
I 

5 

3.0 

30K 120K 
20K I 

I 100 
80 

±.12 ±14 
:il0 

110 

±5.0 

500 

16 

0.2 

10 

0.8 

250 

100 

MAX 

3.0 
5.0 

10 
20 

20 
I 40 

: 

450 

5. VCM =±5V 

ISET = 1.5,uA 

MIN TYP MAX 

2.0' 5.0 
7.0 

0.51 5.0 

I 10 

50 I 
3.0 t 

lOOKj 25K 
20K 

100 I 
74 

±.12 ±14 
±.10 

110 

±0.5 

2K 

3.6 

2.0 

2 

0.1 

25 
50 

150 

-
ISET = 15,uA 

MIN TYP MAX 

2.0 5.0 
7.0 

1.0 10 

I I 40 

5 

3.0 

25K 1120K 
20K 

I 100 

74 I 

±.12 ±14 
:il0 

110 

±5.0 

500 

16 

0.2 

10 

0.8 

250 
450 

150 

6. Rl = 5kQ @ ISET = 15,uA, RL = 75K @ ISET = 1.5,uA 

7. RS= lkH, f= 100Hz. 

8. Va=±' 10V 

9. AV = 1, VIN = 200r .V, Rl = 5k, Cl = 100pF. 

10. Vo =± 10V, Rl = 5K,@ ISET = 15J,JA. 
RL = 20K @ ISET = 1.5,uA 

11. AV='!:.5V. 

UNITS 

mV 
mV 

nA 
nA 

nA 
nA 

MQ 

pF 

V/V 
V/V 

dB 
dB 

V 
V 

dB 

rnA 

n 
rnA 

,us 

% 

V!,u s 

,uA 
,uA 

,,uV/v 

I 

I 

I 
I 
I 

I 

I 
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FEATURES· 

• SLEW RATE 

• BANDWIDTH 

1.6 VIlIS (TYPJ 

3.5 MHz (TYPJ 

• INPUT VOLTAGE NOISE (f = 1KHz) 9 NV/!Hz (TYP.) 

0.5 mV (TYPJ • INPUT OFFSET VOLTAGE 

• INPUT BIAS CURRENT 60 nA (TYPJ 

• SUPPLY RANGE 

• NO CROSSOVER DISTORTION 

• STANDARD QUAD PIN-OUT 

PINOUT 

PIN OUT Section 11 for Packaging 

Out Out 
1 4 

Inputs Inputs 

1 4 

Inputs Inputs 

2 3 

Out .out 
2 3 

3424 

HA-4156 
High Performance Quad 

Operational Amplifier 

DESCRIPTION 

The H A-4156 contains ·four general purpose operational 
amplifiers on a monolithic chip. The performance of each 
amplifier is equal to or better than the 741 type amplifier 
ih all respects. Its superior bandwidth, slew rate and noise 
characteristics make it an excellent choice for active filter 
or audio amplifier applications. 

The HA-4156-5 is guaranteed over OOC to +750 C. 

SCHEMATIC 

+IN 

-IN 

RZ 
12.1K 

+V 

Rl 
3K 

(%)HA-4156 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

TA = +250 C Unless Otherwise Stated 
Voltage Between V+ and V- Terminals 

Differential I nput Voltage 
Input Voltage (Note 1) 

Output Short Circuit Duration (Note 2) 

ELECTRICAL CHARACTERISTICS 

V+ = 15V, V- = -15V 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage 

Av. Offset Voltage Drift 

Bias Current 

Offset Current 

Common Mode Range 

D ifferentiall npu t Resistance 

Input Noise Voltage If = 1 KHz) 
(f = 20Hz to 20kHz) 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 4) 

Common Mode Rejection Ratio (Note 8) 

Channel Separation (Note 5) 

Small Signal Bandwidth 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Rl = 10K) 

(RL = 2K) 

Full Power Bandwidth (Note 4) 

Output Current (Note 6) 

Output Resistance 

TRANSIENT RESPONSE (Note 7) 

Rise Time 

Overshoot 

Slew Rate 

POWER SUPPLY CHARACTERISTICS 

Supply Current (1+ or 11 
Power Supply Rejection Ratio (Note 8) 

40.0V 
±30.0V 

± 15.0V 

Indefinite 

TEMP. 

+250C 

FUll 

Full 

+250C 

Full 

+250 C 

Full 

Full 

+250 (. 

+250C 
+250C 

+250C 

Full 

+250C 

Full 

+250 C 

+250C 

Full 

Full 

+250C 

Full 
+250C 

+250C 

+250C 

+250C 

+250C 

Full 

I 

I 

Power Dissipation (Note 3) 

Operating Temperature Range 

HA-4156-5 

Storage Temperature Range 

MIN. 

.:t12 

25K 

15K 

80 

74 

2.8 

112 

110 

20 

15 

1.3 

80 

HA-4156:'5 
OOC to +750C 

TYP. MAX. 

1.0 5.0 
-
~.O 

5 

60 

I 6.5 I 
300 I I 

I 
400 

30 50 

100 

I 5 

9 
1.4 2.0 

50K 

-108 

3.5 

113.7 

112.5 

25 

115 

300 

75 

25 

±lo6 

7.0 

UNITS 

mV 

mV 

/-lV/DC 

nA 

nA 

nA 

nA 

V 

Mn 
nV/.JHZ 
/-LVRMS 

VIV 

VIV 

dB 

dB " 
dB 

MHz 

V 

V 

KHz 

rnA 

n 

ns 

% 

. V//-l s 

mA 

dB 

880mW 

OOC5TA~ +750C 

-650C:$TA~+150oC 

NOTES: 1. For supply voltagt;s less than ± 15V, the absolute 
maximum input voltage is equal to the supply 

voltage. 

4. VOUT = 110, RL = 2K 
5. Referred to input; f = 10KHz, RS = 1 K 
6. VOUT =±10 

2. One amplifier may be shorted to ground indefinitely. 7. See pulse response characteristics 
3. Derate 5.8mW/oC above T A = +250 C. 8. ~V = ±5.0V 

@ Ie MASTER 1984 3425 
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FEATURE .. ~ 

• LOWOFFSETVOLTAGE 

• HIGH SLEW RATE 

• WIDE BANDWIDTH 

• LOW DRIFT 

• FAST SETTLING (0.01%, 10V STEP) 

• LOW POWER CONSUMPTION 

• SUPPLY RANGE 

APPLICATIONS 

• HIGH 0, WIDE BAND FILTERS 

• INSTRUMENTATlON AMPLIFIERS 

• AUDIO AMPLIFIERS 

• DATA ACQUISITION SYSTEMS 

• INTEGRATORS 

• ABSOLUTE VALUE CIRCUITS 

• TONE DETECTORS 

PINOUT 

0.3mV 

±4V/lls 

8MHz 

2p.V IOC 

4.2p.s 

35mW/AMP 

±5V TO ±20V 

Section 11 for Packaging 

3426 

Out 
1 

Inputs 
1 

V+ 

Inputs 

2 

Out 
2 

TOP VIEW 

Out 
4 

Inputs 

4 

V-

Inputs 

3 

Out 
3 

HA-4600/02 / 05 
High Performance 

Quad Operational Amplifier 

DESCRIPTION 

The HA-4S00 series are high performance dielectrically isolated 
monolithic quad operational amplifiers with superior specifica
tions not previously available in a quad amplifier. These amp
lifiers offer excellent dynamic performance coupled with low 
values for offset voltage and drift, input noise voltage and 
power consumption. 

A wide range of applications can be achieved by using the 
features made available by the HA-4S00 series. With wide. 
bandwidth (8MHz), low power (35mW/amp), and internal 
compensation, these devices are ideally suited for precision 
active filter designs. For audio applications' these amplifiers 
offer low noise (8nV / v'HZ) and excellent full power bandwidth 
(SOkHz). The HA-4602/4S05 is particularly useful in designs 
requiring low offset voltage (0.3mV) and drift (2IN/OC), such as 
instrumentation and signal conditioning circuits. The high slew 
rate (4V/ ps) and fast settling time,(4.2ps to 0.01%, 10V step) 
makes these amplifiers useful compoinents in fast, accurate data 
acquisition systems. 

The HA-4S00 series are available in 14 pin CERDIP packages 
which are interchangeable with most other quad op amps. 
HA-4600/4S02-2 is specified from -550 C to + 1250 C and 
HA-4600/4S05-5 is specified over DoC to +150 C range. 

SCHEMATIC 

ONE FOURTH ONLY (HA-4S00) 

(jj) Ie MASTER 1984 



SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

T A = +250C Unless Otherwise Stated 
Voltage Betweeli V+ and V- Terminals 
Differential Input Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duration (Note 3) 

40.0V 
±7V 

±15.0V 
Indefinite 

Power Dissipation (Note 4) 
Operating Temperature Range 
HA-4600/4602-2 
HA-4600/4605-5 
Storage Temperature Range, 

ELECTRICAL CHARACTERISTICS V+ = +15V, V- = -15V 

PARAMETER 

INPUT CHARACTERISTICS 
n" ... "" .. \1_1.. ,.. I v,,~, vu"ag. 

Av. Offsei Voiiage Drift 

Bias Current 

Offset Current 

Common Mode Range 

Input Noise Voltage (f = 1kHz) 

Input Resistance 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 5) 

Common Mode Rejection Ratio (Note 9) 

Channel Separation (Note 6) 

Small Signal Bandwidth 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (RL = 10K) 
(RL = 2K) 

Full Power Bandwidth (Note 5) 

Output Current (Note 7) 

Output Resistance 

TRANSIENT RESPONSE (Note 8) 

Rise Time 

Overshoot 

Slew Rate 

Settling Time (Note 10) 

POWER SUPPLY CHARACTERISTICS 

Supply Current 

Power Supply Rejection Ratio (Note 9) 

@ Ie MASTER 1984 

I 

TEMP 

,'\ n TLS"C 
Full 

Fuii 

I +250C 
Full 

+250C 
Full 

Full 

+250C 

Full 

Full 

+250C 

+250C 

Full 
Full 

+250C 

Full 

+250 C 

+250C 

+250C 

+250C 

+250C 

Full 

MIN 

±12 

lOOK 

86 

±12 
±1O 

±10 

1 

86 

HA-4600-2 HA-4602-2 
HA-4600-5 HA-4605-5 

TYP MAX MIN TYP 

n .. n 

I 
u.3 I L.S 

3.0 

I 2 I I 5 I 

I 
130 200 

I 
200 

I 
325 

30 75 70 
125 I 

±12 , 
8 8 I 

I 
500 500 I 

, 

250K 75K 250K 

80 

-108 -108 

8 a 

±13 ±12 ±13 
±12 ±10 ±12 

60 60 

±15 ±a ±15 

200 200 

50 50 

30 30 

±4 ±4 

4.2 4.2 

4.6 5.5 5.0 

74 

880mW 

-550C~TA ~+1250C 
OOC~TA ~+750C 

-650C~TA~+150oC 

MAX 

n ;, 

10 

400 
500 

150 
175 

7.5 

UNITS 

" mv 
mV 

jJ.Vt°r:, 

nA 
nA 

nA 
nA. 

V 

nV/fo 
kn 

VIV 

dB 

dB 

MHz 

V 
V 

kHz 

rnA 

n 

ns 

% 

Vl,us 

J.l.s 

rnA 

dB 
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FEATURES 

• Wide Gain Bandwidth Product 

• High Slew Rate 

• Low Offset Voltage 

• Fast Settling (0.01%, 10V Step) 

70MHz 

±20V/J.Ls 

0.3mV 

2.5J.Ls 

• Total Harmonic Distortion <.01% to 30kHz 

• Low Drift - 2p.V/oC 

• Low Power Consumption 35mW/Amp 

• Supply Ra,nge ±5V to ±20V 

APPLICATIONS 

• High Q Wide Band Filters 

• Pulse Amplifiers 

• Audio Amplifiers 

• Data Acquisition Systems 

• Absolute Value Circuits 

• Video and R.F. Amplifiers 

PINOUT 

3428 

Out 
1 

Inputs 
1 

V+ 

Inputs 
2 

Out 
2 

Section 11 for Packaging 

TOP VIEW 

HA-4620/22/25 
Wideband, High Performance 

Quad Operational Amplifier 

DESCRIPTION 

The HA-4620 series are wide band quad operational amplifiers fea
turing high slew rate, wide bandwidth and fast settling time specifica
tions complemented by low input _offset voltage, low drift and input 
noise voltage. 

These dielectrically is01ated devices are optimized to offer excellent 
features suitable for applications where a gain of 10 or greater is to be 
used. The 35mW/amp and a 70MHz gain-bandwidth-product make 
these monolithic amplifiers valuable components for many active filter 
circuits. HA-4620 series offers 0.3mW offset v~ltages and 2 p V 10C 
offset voltage drift for very accurate signal conditioning designs. In 
high performance audio applications, these amplifiers deliver 260kHz 
full power bandwidth and 8nV JTfZ noise voltage. For fast accurate 
data acquisition systems HA-4620 series offer 20V p. s slew rate and 
settling time of 2.5psecs to 0.1% 10V step. 

HA-4620 series are available in 14 pin CERDIP packages and are 
interchangeable with most other quad op amps. HA-4625 is also 
available in chip form. HA-4620/4622-2 is specified from -550C to 
+1250C and HA-4620/4625-5 is specified over OOC to +750C range. 

SCHEMATIC 

RPt 

ONE FOURTH ONLY (HA-4620) 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

T A:: +250 C Uniess otherwise stated. 

Voltage between V+ and V- Terminals 40.0V 

Differential Input Voltage ±7V 

input Voltage (Note 2) ± 15.0V 

Output Short Circuit Duration (N ote 3) Indefinite 

ELECTRICAL CHARACTERISTICS 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 
ns.t...,_ .. \ _I ... - .ft ......... I u" .. ' Vu,,"g. 

Av. Offset Voitage Drift I Full 

Bias Current +250C 
Full 

Offset Current +250C 
Full 

Common Mode Range Full t12 

Input Noise Voltage (f:: 1kHz) +25OC 

Input Resistance +250C 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 5) Full lOOK 

Common Mode Rejection Ratio (Note 6) Full 86 

Channel Separation (Npte 7) +250C 

Gain Bandwidth Products (Note 8) +250C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Rl = 10K) Full ±12 
(Rl = 2K) Full tlO 

Full Power Bandwidth (Note 9) +250C 

Output Current (Note 7) Full ±10 

Output Resistance +250C 

TRANSIENT RESPONSE (Note 11) 

Rise Time +250C 

Overshoot +250C 

Slew Rate +250G I ±12 

Settling Time (Note 10) 

POWER SUPPl Y CHARACTERISTICS 

Supply Current +250C 

Power Supply Rejection Ratio (Note 9) Full 86 

@ Ie MASTER 1984 

Power Dissipation (Note 4) 880mW 

Operating Temperature Range 
HA-4620/4822-2 
HA-4620/4625-5 

Storage Temperature Range 

HA-4620-2 
HA-4620-5 

TYP 

-.. U.J 

2 

130 

30 

8 I 
500 

250K 

-108 

70 

±13 
t12 

260 

±15 

200 

38 

45 

±20 

2.5 

4.6 

MAX 

;;'" ---l.5 
3.0 

200 
325 

75 
125 

60 

60 

5.5 

MIN 

t12 

75K 

80 

±12 
±lO 

±8 

+1,) 
-" 

74 

-550C.S TA ~ +1250 C 

OOC ~ TA~ +750 C 

-650 C ~ TA ~ +1500 C 

HA-4622-2 
HA-4625-5 

TYP 

I 3.0 , 

5 

200 

70 

8 

500 

250K 

-108 

70 

±13 
±12 

260 

:1;15 

200 

38 

45 
-t-'Jn 
-LU 

2.5 

5.0 

MAX 

9 
10 

400 
500 

150 
175 

7.5 

UNITS 

mV 
mV 

IN/OC 

nA 
nA 

nA 
nA 

V 

nV/.jHz 
kn 

VIV 

dB 

dB 

MHz 

V 
V 

kHz 

rnA 

n 

ns 

% 
"1 _ __ 
Y IllS 

p.s 

rnA 

dB 
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FEATURES 

• SLEW RATE 
• BANDWIDTH 
• INPUT VOLTAGE NOISE 
• INPUT OFFSET VOLTAGE 
• INPUT BIAS CURRENT 
• SUPPLY RANGE 
• NO CROSSOVER DISTORTION 
• STANDARD QUAD PIN-OUT 

APPllCA TIONS 

• UNIVERSAL ACTIVE FILTERS 

• 03 COMMUNICATIONS FILTERS 

• AUDIO AMPLIFIERS 

• BATTERY-POWERED EQUIPMENT 

PINOUT 

TOP VIEW 

1.6V!J,ls (TYP.). 
3.5MHz (TYP.) 

9nVJHZ (TYP.) 
O.5mV (TYP.) 
60nA (TYP.) 

±2V TO ±20V 

Section 11 for Packaging 

Out Out 

3430 

1 4 

I nputs Inputs 
1 4 

Inputs 

2 

Out 
2 

QUAD OP AMP 

Inputs 
3 

Out 
3 

HA-4741 
Quad Operational Amplifier 

DESCRIPTION 

The HA-4 741, which contains four amplifiers on a monolithic 
chip, provides a new measure of performance for general purpose 
operational amplifiers. Each amplifier in the HA-4741 has 
operating specifications that equal or exceed those of the 741-
type amplifier in all categories of performance. 

HA-4741 is well suited to applications requiring accurate signal 
processing by virtue of its low values of input offset voltage 
(Q.5mV), input bias current (60nA) and input voltage noise 
(9nVl {HZ at 1 kHz). 3.5MHz bandwidth, coupled with high 
open-loop gain, allow the HA-4741 to be used in designs requir
ing amplification of wide band signals, such as audio amplifiers. 
Audio application is further enhanced by the HA-4 741's neg
ligible output crossover distortion. These excellent dynamic 
characteristics also make the HA-4741 ideal for a wide range of 
active filter designs. Performance integrity of multi-channel 
designs is assured by a high level of amplifier-to-amplifier 
isolation (108dB at 1 kH z). 

A wide range of supply voltages (±2V to ±20V) can be used to 
power the HA-4741, making it compatible with almost any 
system including battery-powered equipment. 

The HA-4741 has guaranteed operation Qver -550 C to +1250 C 
and can be furnished to meet MIL-STD-883 (HA-4741-8). 
The HA-4741-5 is guaranteed over OOC to +750 C and is avail
able in ceramic and plastic dual-in-line packages and in dice 
form . 

SCHEMATIC 

(~) HA-4741 

@ Ie MASTER 1984 



SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

TA = +250C Unless Otherwise Stated 
Voltage Between V+ and V- Terminals 
Differential Input Voitage 
Input Voltage (Note 1) 

Output Short Circuit Duration (Note 2) 

ELECTRICAL CHARACTERISTICS 

V+ = 15V. V- = -15V 

PARAMETER 

INPUT CHARACTERISTICS 

Offset Voltage 

Av. Offset Voltage Drift 

Bias Current 

Offset Current 

Common Mode Range 

Differential Input Resistance 

Input Noise Voltage (f = 1KHz) 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 4) 

Common Mode Rejection Ratio (Note 8) 

Channel Separation (Note 5) 

Small Signal Bandwidth 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Rl = 10K) 

(Rl = 2K) 

Full Power Bandwidth (Notes 4 & 9) 

Output Current (Note 6) 

Output Resistance 

TRANSIENT RESPONSE (Notes 7 &10) 

Rise Time (Note 11) 

Overshoot (Note 11) 

Slew Rate (Note 12) 

POWER SUPPLY CHARACTERISTICS 

Supply Current 
Power Supply Rejection Ratio (Note 8) 

40.0V 
±30.0V 

± 15.0V 
Indefinite 

TEMP. 

+250C 

Full 

Full 
I +250C 

Full 

+250C 

Full 

Full 

+250C 

+250C 

+250C 

Full 

+250C 

Full 

+250C 

+250C 

Full 

Full 

+250C 

Full 

+250C 

+250C 

+250C 

+250C 

+250 C 

Full 

Power Dissipation For 
Epoxy Package. (Note 3) 
Operating Temperature Range 

HA-4141-2 
HA-4141-5 

Storage Temperature Range 

HA·4741-2 

880mW 

- 550C5TA~+1250C 
OOC5TA~+150C 

-650C5TA~+150oC 

HA-4141-5 
-550C to +1250C OOC to +750C 

MIN. 

I 
t12 

5DK 

25K 

80 

74 

90 

2.5 

:t12 
:t10 

14 

:t5 

80 

TYP. 

0.5 

4.0 

5 

60 

15 

5 

9 

lOOK 

-108 

3.5 

:t13.1 
:t12_S 

25 

±15 

300 

75 

25 

±t.6 

MAX. MIN. 

3.0 

I 5.0 I 
200 I 
325 

30 

15 

:t12. 

I 

25K 

I 15K 

80 

74 

90 

2.5 

:t12 
:tl0 

14 

±5 

140 

40 

5.0 

80 

TYP. MAX. 

1.0 5.0 

5.0 I 6.5 I 
60 I 300 

I 
400 

30 50 

I 
100 

5 

9 

I 

50K 

I 
-108 

3.5 

:t 13.7 

±12.5 

25 

:t15 

300 

75 140 

25 40 

±1.6 

1.0 

UNITS 

mV 

mV 

p,V/OC 

nA 

nA 

nA 

nA 

V 

Mn 
nV/jHz 

V!V 

V!V 

dB 

dB 

dB 

MHz 

V 

V 

kHz 

rnA 

n 

ns 

% 

V/p,s 

rnA 

dB 

NOTES: 1. For supply voltages less than ± 1SV, the absolute 
, maximum input voltage is equal to the supply 

7. See pulse response characteristics 
8. ~V =±S.OV 

@ Ie MASTER '1984 

voltage. 
2. One amplifier may be shorted to ground indefinitely. 

3. Derate S.8mW/oC above T A = +2So C. 

4. VOUT = .!'lO, RL = 2K 
S. Referred to input; f = 10KHz, RS =. 1 K 
6. V OUT =±10 

9_ Full power bandwidth guaranteed based upon 

Silew rate measurement FPBW = S.R./2TTVpeak 

10.RL "" 2K, CL "" SOpf. 

11.VOUT "" ±200mV 

12. VOUT = ± SV 

3431 
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Preliminary 

FEATURES 

• HIGH INPUT IMPEDANCE 

• LOW INPUT BIAS CURRENT 

• LOW INPUT OFFSET CURRENT 

• VERY LOW POWER CONSUMPTION 
TYPICAL SUPPLY CURRENT 

• INTERNAL FREQUENCY COMPENSATION 

• HIGH SLEW RATE 

• PIN COMPATIBLE WITH LM1458 
• DIRECT REPLACEMENT FOR TL062 

APPLICATIONS 

• ACTIVE FILTERS 
• INSTRUMENTATION AMPLIFIERS 

• AUDIO AMPLIFIERS 

• BATTERY OPERATED EQUIPMENT 

• SIGNAL CONDITIONING 

PINOUT 
V+ 

lo12n 

200pA 

100pA 

200pA 

4V/p.s 

NOTE: Case Conn8l:ted to v-
TOP VIEWS 

Copyright © Harris Corporation 1982 
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HA-5062 Series 
low Power JFET Input 

Dual Operational Amplifiers 

DESCRIPTION 

The HAR R IS HA-5062 operational amplifiers are a series 
of dual monolithic JFET -input amplifiers featuring low 
input bias and offset currents, high input impedence and 
very low power operation. In addition to being a direct 
replacement for the TL062 series, the HA-5062 series 
offers 'improved performance with a minimum open loop 
gain 20K V IV and a slew rate of 4v/ ps. 

This improved performance is a result of the HARRIS 
FET/Bipolar technology and makes the HA-5062 series 
of amplifiers ideally suited for applicat'ions in industrial 
control, communication, and battery powered instru
mentation equipment. 

The HA-5062-2 is characterized for operation over the 
full military temperature range of -550C to +1250 C. 
The HA-5062A-5, HA-5062B-5 and HA-5062-5 are 
all characterized over the commercial temperature range 
of OOC to + 750 C. 

SIMPLIFIED SCHEMATIC 

-IN OUT 

(ONE HALF ONLY) 
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SPECIFICATIONS 

. ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 

Differential Input Voltage 

InputVoltage (Note 2) 

Output Short Circuit Duration 

± 20V 

±40V 

±'15.0V 

Indefinite 

ELECTRICAL CHARACTERISTICS 
V+ = 15V V - = 15V 
Parameters are guaranteed at indicated HA-S062-2 
ambienttemperature after warm-up. -550C to +1250C 

PARAMETER TEMP. MIN. TYP. MAx. 

INPUT CHARACTERISTICS 
Offset Voltage (Note 3) +250C 3 

Full 
Av. Offset Voltage Orift Full 10 
Bias Current +250C 30 

Full I Offset Current I +250C I 
Full 

Common Mode Range Full ±10 ±12 
Input Resistance +250C 1012 

TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain (Note 4) +250C 20K 25K 

Full 10K 
Common Mode Rejection Ratio (Note 5) Full 80 86 

OUTPUT CHARACT-ERISTICS 
Output Voltage Swing (NoteS) +250C !10 ±12 

Full ±10 
Unity Gain Bandwidth (Note 6) +250C 1 
Full Power Bandwidth (Note 7) +250C 63 

TRANSIENT RESPONSE 
Rise Time (Note 8) . +250 C 80 
Overshoot (Note 8) +250C 10 
Slew Rate (Note 9) +250C 4 
Settling Time (Note 10) +250 C 3.5 

POWER SUPPLY CHARACTERISTICS 
Supply Current (Note 11) +2SoC 
Power Supply Rejection Ratio (Note 12) Full 80 9S 

NOTES: 

1. Absolute ~aximum ratings are limiting values, applied 
individually, beyond which the serviceabil ity of the 
circuit' may be impaired. Functional operability 
under any of these conditions is not necessarily implied. 

2. For supply voltages less than ±15V, the absolute max
imum input voltage is equal to the supply voltage. 

3. RS = 50n. 

4. RL~10KQ, VO = ±10V.' 

5. ~VIN=±10V. 

6. RL = 10K!2. 

@ Ie MASTER 1984 

6 
9 

200 
50 

0.4 

Power Dissipation SOOmW* 

Operating Temperature Range: 

HA-5062-2 -550C~TA~1250C 
HA-5062-5 'OOC~T A~+ 750C 

Storage Temperature Range -S50C~T A~1500C 
* To-99 Derate by S.75mW/oC above +850 C 

Dip Derate by 5.57mW/oC above +S50C 

HA-S062A"-S HA-S062B-S HA-S062-S 
OOC to 750C OOC to 750C OOC to +750C 

MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

3 6 2 3 3 15 mV 
7.5 5 20 mV 

10 10 10 p.V/OC 
30 200 30 200 30 400 pA 

7 7 10 nA 

5 1100 I 
I 3 

±10 I :t12 ±10 !12 I !10 !:12 V 
1012 1012 1012 Mn 

20K 25K 20K 2SK 10K 2SK V/V 
lSK 15K SK V/V 
80 86 80 86 70 76 dB 

I 
I 

±10 ±12
1 

±10 ±12 110 ±12 V 
±10 ±10 .110 V 

1 1 1 MHz 
63 63 63 KHz 

80 80 80 osee 
10 10 10 % 
4 4 '4 V/Jj.s 

3.5 3.5 3.5 J.lSec 

0.4 0.4 O.S mA 
80 95 80 9S 70 9S dB 

7. RL =10K; Full power bandwidth guaranteed based on 

I . FPBW SLEW RATE 
sew rate measurement uSing = 21TVPEAK. 

8. VIN = 50mV, CL = -50pF, RL = 10KS1. 

9. VIN = 10V, CL = 50pF, RL = 10Kn. 

10. Settling time ismeasured to 0.1% of final value for a 
10 volt output step and AV = -1. 

11. No load, No signal. 

12. VSUPP = .:t5V.D.C. to .:t15 V.D.C. 
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mHARRIS 

JUL Y 1982 Preliminary 

FEATURES 

• LOW INPUT BIAS CURRENT 100pA 

• LOW POWER DISSIPATION 24mW/Pkg. 

• FAST SLEWING 4V/lls 

• LOW VIO DRIFT 101lV/oC 

• HIGH INPUT IMPEDANCE lo12n 
• GOOD CHANNEL SEPARATION 120dB 

• POWER SUPPLY RANGE ±5V TO ±20V 

APPLICA TIONS 

WHERE DENSITY AND POWER REQUIREMENTS 
ARE DEMANDING: 

• ACTIVE FILTERS 

• SIGNAL CONDITIONING 

• SIGNAL GENERATION 

• INSTRUMENTATION AMPLIFIERS 

PINOUT 

TOP VIEW 

OUT ""-----'14 OUT 
~~--~I~'r-----r-

1 13 4 

INPUTS 
1 

OUT 7 
2 ---11--------' 

INPUTS 
12 4 

11 
V-

10 
INPUTS 

9 3 

8 OUT 
L------Ir-- 3 

Copyright © Harris Corporation 1982 
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HA-5064 Series 
low Power, JFET Input 

Quad Operational Amplifiers 

DESCRIPTION 

The HARRIS HA-5064 series JFET input monolithic, quad 
operational amplifiers feature very low power requirements 
coupled with excellent AC and DC characteristics. Maximum 
power dissipation of 24 mW/package is achieved by using com
plementary design, process, and layout techniques. 

A 4V!lJ.s slew rate coupled with lMHz gain-bandwidth makes 
these devices most suitable for active filter and signal conditioning 
designs. The HA-5064 series is ideally suited for those applica
tions demanding low power and high density without comprom
ising other performance characteristics. High input impedance 
and low drift also makes the HA-5064 series useful as instru
mentation amplifiers. 

The HA-5064 is packaged in a 14-pin DIP and is pin compatible 
with most other quad operational amplifiers. The HA-5064-2 
is specified for -550 C to +1250 C operation while the HA-5064 
A-5/HA-5064B-5/HA-50B4-5 are specified over the OOC to 
+750C range. 

SIMPLIFIED SCHEMATIC 

OUT 

ONE-FOURTH ONLY 
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SPECIFICATIONS 

ABSOLUTE MAXIMOM~RATINGS 

Voitage Between V+ and V

Differential Input _Voltage (Note 2) 

Output Current (Note 3) 

Internal Power Dissipation (Note 4) 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

V+ = 15VDC; V- = -15VDC 

HA-5064-2 
-550C to + 1250C 

! 
PARAMETER I TEMP MIN TYP MAX 

I 
I I I I INPUT CHARACTER-ISTICS 

1 

-I 
Offset Voltage +250C 2 6 

FiJll 9 
Offset Voltage Average Drift Full 10 
Bias Current +250C 200 

Full 50 
Offset Current +250C 

1012 1 

100 
Full 20 

Input Resistance +250C 
Common Mode Range Full ~10 

I 

TRANSFER CHARACTERISTICS ! 

I 
large Signal Voltage Gain (Note 5) +250C 20K 25K 

Full 10K 
Common Mode Rejection Ratio (Note 6) Full 80 
Gain Bandwidth +250C 1 
Channel Separation (Note 7) +250C 120 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 8) +250C !10 :tt2 
Full ~19 

Output Current (Note 9) Full ~1 
Full Power BandVllidth(Note 10) +250C 63 
Output Resistance (Note 11) +250C 300 

TR.ANSIENT RESPONSE (Note 12) 

Rise Time (10% TO 90%) +250C 80 
Sll!w Rate , +250C 2 4 
Settling Time (Note 13) +250C 3.5 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250C .8 
P. S. R. R. (Note 14) Full 80 

@ Ie MASTER 1984 

HA-5064A-5 
OOC to +750C 

MIN TYP MAX 

I 
2 6 

7_5 

10 
200 
7 

100 
3 

1012 

~10 

20K 25K 
15K 
80 

1 
120 

110 :t12 
~:10 
:tl 

63 
300 

80 
2- 4 

3.5 

.8 
80 

40V 

±30V 

Continuous 

500mW 

-650C to + 1500 C 

HA-5064B-5 HA-5064-5 
OOC to +750C OOC to +750C 

MIN TYP MAX MIN TYP MAX 

2 3 15 
5 20 

10 20 
200 400 
7 10 

100 200 
3 5 

1012 1012 

::10 ~10 

20K 25K 10K 25K 
15K 5K 
80 70 

1 1 
120 120 

:tl0 112 :t10 i12 
:tl0 ~10 

~1 :!J 
~ 

63 63 
300 300 

80 80 

2 4 2 4 
3.5 3.5-

.8 1 
80 7.0 

UNITS I 
. 

I 
I 

mV 
mV 

p.V/oC 
pA 
nA 
pA 
nA 
n 

I V 

V/V 
V/V 
dB 

MHz 
dB 

V 
V 

rnA 
kHz 
n 

. nsec 

V/J.l.sec 
J./sec 

rnA-
dB 
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mJ HARRIS HA-50B2 Series 
JFET Input 

Preliminary Dual Operational Amplifiers 

FEATURES DESCRIPTION 

• HIGH INPUT IMPEDANCE lo12n 

• LOW INPUT BIAS CURRENT 

• LOW INPUT OFFSET CURRENT 

• LOW POWER CONSUMPTION 
TYPICAL SUPPLY CURRENT 

• HIGH SLEW RATE 
• PIN COMPATIBLE WITH LM1458 
• DIRECT REPLACEMENT FOR TL082 

APPLICATIONS 

• ACTIVE FILTERS 
• INSTRUMENTATION AMPLIFIERS 

• AUDIO AMPLIFIERS 

• SIGNAL CONDITIONING 

PINOUT 

V+ 

NOTE: Casa Connected to V- V-

Copyright © Harris Corporation 1982 
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200pA 

100pA 

3.5mA 
15V/p.s 

TOP VIEWS 

The HARRIS HA-5082 operational amplifiers are a series 
of dual monolithic JFET -input amplifiers featurin9 low 
input bias and offset currents, high input impedance 
and, high slew rate. In addition to being a direct replace
ment for the TL082 series, the HA-5082 series offers im
proved performance with an input offset voltage of 2mV, 
a slew rate of 15V / p.s, and bandwidths of 4M Hz. 

This improved perfotmance is a result of the HARRIS 
FET/Bipolar technology and makes the HA-5082 series 
of amplifiers ideally suited for applications in industrial 
control, communication, and computer peripheral equip
ment. 

The HA-5082-2 is characterized for operation over the 
full military temperature range of -550C to +1250C. 
The HA-5082A-5, HA-5082B-5 and HA-5082-5 are all 
characterized over the commercial temperature range of 
DoC to +750C .. 

SIMPLIFIED SCHEMATIC 

-IN OUT 

(ONE HALF ONLY) 
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SPECIFICA TIONS 

ABSOLUTE MAXIMOM~ATINGS (Note 1) 

Voltage Between V+ and V- Terminals 

Oifferentiallnput Voltage 

:'nput Voltage (Note 2) 

Output Short Circuit Duration 

.t20V 

±40V 

±15.0V 

Indefinite 

ELECTRICAL CHARACTERISTICS 
V+= 15V V-=-15V 

HA-S082-2 

m 
Power Dissipation SOOmW* 
Operating Temperature Range: 

HA-5082-2 -550C~TA:S+1250C 

HA-5082-5 OOC~TA:S+750C 
Storage Temperature Range -S50C:STA~+1500C 

* To-99 Derate by S.75mW/oC above +850 C 
Dip Derate by 5.57mW/oC above +S50C 

HA-S082A-S HA-S082B-S HA-5082-~ 
Parameters are guaranteed at indicated 
ambient temperature after warm-up. -550 C to + 1250 C DoC to 750 C OOC to 7SoC DoC to + 750C 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

INPUT CHARACTERISTICS 
Offset Voltage (Note 3) 

Av. Offset Voltage Drift 
Bias Current 

-I Offset Current 

Common Mode Range 
Input Resistance 

TRANSFER CHARACTERISTICS 

+250C 
Full 
Full 

+2SoC 

I Full I 
+250C 

I Full 

3 5 
8 

10 
30 200 

I 5 11

5

0

0

0 
I 20 

Full ±10 i12 
+250 C 1012 

large Signal Voltage Gain (Note 4) +250 C 50K 200K 
Full lSK 

Common Mode Rejec-tion Ratio (Note 5) +250 C 80 86 

Unity Gain Bandwidth 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 6) 

Output Current (Notp 7) 

Full Power Bandwidth (Note 8) 

TRANSIENT RESPONSE 

+250C 4 

+250 C !10 !12 
Full ±10 
Full ± 5 

+250C 240 

Rise Time (Note 9) +2S{)C 60" 
Overshoot (Note 9) +250 C 10 
Slew Rate (Note lal +250 C 15 
Settling Time (Note 11) +250 C 2 

POWER SUPPLY CHARACTERISTICS 
Supply Current (Note 12) +250C 3.5 5.6 
Power Supply Rejection Ratio (Note 13) +250C 80 86 

NOT~S: 

1. Absolute maximum ratings are limiting values, applied 
individually, beyond which the serviceability of the 
circuit may be impaired. Functional operability 
under any of these conditions is not necessarily implied. 

2. For supply voltages less than !15V,the absolute max
imum input voltage is equal to the supply voltage. 

3. RS = 50n. 

4. RL ~ 2K U, VO = :!:10V. 

5. dVIN=±10V. 

S. RL = 2Kn. 

@ Ie MASTER 1984 

3 5 
7 

10 
30 200 

10 

2 
4 

30 200 

5 15 
20 

10 
30 400 

mV 
mV 
~V/oC 

pA 

I 5 l-l~O I I 5 11~0 I 
4 I ! 2 

±10 ::12 ±10 !12 !10 ±12 

nA 
pA 
nA 
V 

1012 1012 1012 Mn 

50K 200K 
2SK 

50K 200K 

25K 

25K 200K 
15K 

vtv 
vtv 
dB 80 86 80 86 70 76 

4 4 4 MHz 

±10 ±12 ±10 :!:12 
.!10 

!10 :!:12 V 
V 

rnA 

KHz 

.!to .±10 

±5 ±5 ±5 

240 240 240 

00 60 flO osec 
10 10 10 % 
lS 15 lS V/J,1s 
2 2 2 jJ sec 

3.S 5.6 3.5 5.6 3.5 5.6 rnA 
80 86 80 86 70 76 dB 

7. VOUT = ± 10V 

8. R L = 2K; Full power bandwidth guaranteed based on 
. SLEW RATE 

slew rate measurement USInO FPBW = '" _,,_ _ . 
~ L 1/ VPEAK -

9. VIN=50mV,CL=100pF,RL= 2Kr1. 

10. VIN = 10V, CL = 100pF, RL = 2KU. 

- 11. Settling time is measured to 0.1% of final value for a 
10 volt output step andAv = -1. 

12. No load, No signal. 

13. VSUPP = ±5V .D.C. to !15 V.D.C. 

3437 

~ 

o ...... 
o 
::l 
"C 
c: 
o 
.2 
E 
Q) 

C/) 
U) 
.~ 

~ 

ca 
J: 



~ 

0 ...... 
0 
::::J 
"C 
C 
0 
.2 
E 
Q) 

en 
en 
.~ 

~ 

C\'S :r: 

m HARRIS 

Preliminary 

FEATURES 

• LOW INPUT BIAS CURRENT 

• HIGH SLEW RATE 

• WIDE BANDWIDTH 

• LOW DRIFT 

• HIGH INPUT IMPEDANCE 

• LOW SUPPLY CURRENT 

• SUPPLY RANGE 

APPLICATIONS 

• HIGH Q, WIDEBAND FILTERS 

• INTEGRATORS 

• TONE DETECTORS 

• SAMPLE/HOLD CIRCUITS 

• DATA ACQUISITION SYSTEMS 

• ABSOLUTE VALUE CiRCUITS 

PINOUT 

3438 

OUT 
1 

INPUTS 
1 

V+ 

OUT 
2 

TOP VIEW 

200pA 

15V/lls 

4MHz 

10,.N /oC 

1012Q 

7.2mA 

±5V TO ±20V 

Section 11 for Packaging 

14 OUT 
4 

V-

OUT 
3 

HA-5ot4 Series 
JFET Input 

Quad Operational Amplifiers 

DESCRIPTION 

Th~ Harris HA-5084 is a JFET input, monolithic, quad opera
tional amplifier featuring low input bias and offset currents, 
high input impedance, and high slew rate. Manufactured us
ing FET/Bipolar technology coupled with advanced layout 
considerations, these devices also feature excellent channel 
separation and offset voltage drift specifications. 

High slew rate (15V / 11 s) coupled with excellent input bias 
(30pA) and offset current (3pA) make the HA-5084 ideally _ 
suited for righ speed analog designs such as integrators, fast 
D/A converters, and sample-and-hold circuits. 

The HA-5084 is available in ceramic and plastic 14 pin DIP's 
and is pin compatible with the LM324, LM348, and MC3403 
quad operational amplifier pinout. 

The HA-5084-2 is specified from -550 C to +1250C while 
the HA-5084-5 operates from OOC to +750C. 

SIMPLIFIED SCHEMATIC 

-IN OUT 

(ONE FOURTH ONLY) 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V-

Differential Input Voltage (Note 2) 

Output Current (Note 3) 

Internal Power Dissipation (Note 4) 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

V+ = 15VDC: V- = -15VDC 

HA-5084-2 
-550C to +1250C 

HA-50S4A-5 
ooc to +750C 

40V 

.:t40V 

Full Short Circuit Protection 

500mW 

-650 C to + 1500 C 

HA-5084B-5 
OOC to +750C 

I 

HA-5084-5 
OOC to +750 C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 
Offset Voltage 

Offset Voltage Average Drift 
Bias Current 

Offset Current 

Input Resistance 
Common Mode Range 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 5) 

Common Mode Rejection Ration (Note 6) 

Unity Gain Bandwidth 
Channel Separation (Note 7) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note8) 

Output Current (Note 9) 

Full Power Bandwidth (Note 10) 
Output Resistance (Note 11) 

TRANSIENT RESPONSE (Note 12) 

Rise Time 
Slew Rate 

Settling Time (Note 13) 

POWER SUPPLY CHARACTERISTICS 

Supply Current 
P. S. R. R. (Note 14) 

@ Ie MASTER 1984 

+250C 5 
Full 8 
Full 8.3 

+250C 200 
Full I i 50 

+250C I 1 100 

Full I . I 20 
+25

0
C 11012

1 

Full ~10 

+250C 
Full 
Full 

+250C 

+250C 
Full 
Full 

+250C 

+250C 

+250C 
+250C 

+250C 

+250C 
Full 

25K 
15K 
70 

10 
10 
:5 

80 

4 
-120 

240 
300 

60 I' 

15 

2 I 
I 

7021'1 

:!:10 

50K 
25K 
80 

10 
10 
:5 

80 

8.3 

I 
1012

1 

4 

-120 

240 
300 

60 
15 
2 

7.2 

5 
7 

200 

1~0 I 
4 

11 

~10 

50K' 
25K 

80 

10 
10 
:5 

80 

8.3 

I 
1012

1 

4 
-120 

240 
300 

60 
15 
2 

2 
4 

200 
8.3 

15 
20 

400 
4 'i 10 

100 I I I 200 

2 tl6l'0'2i 5 

25K 

15K 
70 

10 
10 
i5 

4 
-120 

240 
300 

60 
15 
2 

7.2 111 

i I
i 7.2 

70 
12 

mV 
mV 

p.v/oC 
pA 
nA 

pA 
nA 
n 
V 

V!V 
V!V 
dB 

MHz 

dB 

V 
V 

rnA 
kHz 
n 

nsec 

V 1#1 sec 
JJ.sec 

rnA 
dB 
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mHARRIS 

FEATURES 

• LOW INPUT OFFSET VOLTAGE ...... O.5mV 

• LOW OFFSET DRIFT ............ 5p.V/OC 

• LOW INPUT BIAS CURRENT ......... 50pA 

• LARGE VOLTAGE GAIN ........ 150K V!V 

• WIDE BANDWIDTH .............. 18MHz 

• HIGH SLEW RATE ............. 8V/p.sec 

• FAST LARGE SIGNAL SETTLING TIME: 1.7p.sec 

APPLICA TIONS 

• PRECISION, HIGH SPEED, DATA ACQUISITION 
SYSTEMS 

• PRECISION SIGNAL GENERATION 

• PULSE AMPLIFICATION 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

COMPENSATION 

v-

3440 

CASE 
CONNECTED 

TO V-

Wideband, JFET Input 
Operational Amplifier 

GENERAL DESCRIPTION 

The HA-5100/5105 are monolithic wideband operattonal amplifiers 
manufactured with FET /Bipolar technologies and dielectric isolation. 
Precision laser trimming of the inputstage complements the amplifier 
high frequency capabilities with excellent input characteristics. 

The HA-5100/5105 offer a number of important advantages over 
similar FET input op amps from other manufacturers. In addition to 
superior bandwidth and settling characteristics the Harris devices 
have quite constant slew rate, bandwidth, and settling characteristics 
over the operating range. This provides the user predictable perform
ance in applications where settling time, full power bandwidth, closed 
loop bandwidth, or phase shift is critical. The slewing waveform is 
symmetrical to provide reduced distortion. Note also that Harris spe
cifies all parameters at ambient (rather than junction) temperature to 
provide the designer meaningful data to predict actual operating per
formance. 

Complementing HA-5100/5105's predictable and excellent dynamic 
characteristics are very low input offset voltage, very low input bias 
current, and extremely high input impedance. This ideal combination 
of features make these amplifiers most suitable for precision, high 
speed, data ~cquisition system designs and for a wide variety of signal 
conditioning applications. * 

* -2 denotes a range of -550 C to +1250 C and -5 denotes a OOC to 
+750 C range. 

SCHEMATIC DIAGRAM 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V

Differential I nput Voltage 

Peak Output Current 

Internal Power Dissipation (Note·2) 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS 

HA-5100-2 
-550 C to + 1250 C 

PARAMETER TEMP MIN TYP MAX 

I 
INPUT CHARACTERISTICS 

I I I I Offset Voltage +250 C 0.5 1.0 
Full 0.50 2.0 

Offset Voltage Average Drift Full 5 

Bias Current +250 C 20 50 
Full 5 10 

Offset Current +250 C 2 10 
Full 2 5 

Input Resistance +250 C I 1012 I 

Common Mode Range Full I il0 ±11 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) +250 C 75K 150K 
Full 60K lOOK 

Common Mode Rejection Ratio (Note 4) Full 80 86 

Gain Bandwidth Product at AV = 10 Full .. ' 18 

OUTPUT CHARACTERISTICS .' 

Output Voltage Swing (Note 5) +250 (} .±12 .±13 
Full ±12 ±13 

Short Circuit Output Current (Note 6) Full .±10 ±15 

Full Power Bandwidth (Note 7l +250 C 90 150 

Output Resistance (Note 8) +250 C 30 

TRANSIENT RESPONSE (Note 9) 

Rise Time I +25
0
C 15 35 

Slew Rate +250 C 6 8 

Settling Time (Note 10) i +250 C 1.7 

POWER SUPPL Y CHARACTERISTICS 

I 
Suppiy Current Fuii 5 7 

P.S.R.R. (Note 11) Full 80 86 

© Ie MASTER 1984 

I 

I 
I 

1 

40V 

±40V 

Full Short Circuit PiOtection 

510mW 

-650 C to +150oC 

HA-5100-5 HA-5105-5 
OOC to +750 C OOC to +750 C 

MIN TYP MAX MIN TYP MAX 

I 0.5 I 1.0 I I 0.5 I 1.5 
0.50 2.0 0.75 3.5 

10 15 

20 50 50 100 

I 
10 10 20 

2 10 5 50 
2 5 5 10 

1012 I I 10 12 

±10 ±11 I i10 ±10.5 

75K 150K 50K lOOK 
60K lOOK 40K 8.0K 

80 86 80 86 

18 18 
~ 

.±12 .±13 . ±n ±12 
±12 ±13 ±11 ±12 

±10 i15 ±8. ±15 

90 150 75 125 

30 40 

15 35 -20 

6 8 5 8 

1.7 2.0 

5 7 6 8 

80 86 80 86 

UNITS 

mV 
mV 

pV/oC 

pA 
nA 

pA 
nA 

n 
V 

V!V 
V!V 

dB 

MHz 

V ) 
V 

mA 

kHz 

n 

I 
nsec 

V}psec 

psec 

rnA 

dB 

m 

I 
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FEATURES 

• WIDE GAIN BANDWIDTH ......... 60MHz 

• HIGH SLEW RATE ............. 50V/jJ.s 

• SETTLING TIME ............... 850ns 

• POWE R BAN OWl DTH .......... 800KHz 

• OFFSET VOLTAGE ............. 0.5mV 

• BIASCURRENT ................ 50pA 

APPllCA TIONS 

• VIDEO AND RI: AMPLIFIERS 

• DATA ACQUISITION 

• PULSE AMPLIFIERS 

• PRECISION SIGNAL GENERATION 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

COMPENSATION 

CASE CONNECTED TO V-

3442 

DESCRIPTION 

HA-5110/5115 
Wideband, JFET Input, 

Uncompensated, 
Operational Amplifier 

HA-511 0/5115 are wideband, uncompensated, operational ampli
fiers manufactured with FET /Bipolar technologies and dielectric 
isolation. These monolithic amplifiers feature superior high fre
quency capabilities further enhanced by precision laser trimming of 
the input stage to provide excellent input characteristics. These 
devices are controlled at closed loop gains greater than 10 without 
compensation. 

With excellent dynamic and input characteristics, HA-5110/5115 
are well suited for many wideband, pulse, and video applications. 
These amplifiers are ideal components for video and R F circuitry 
requiring up to 60MHz gain-bandwidth-product and 800KHz power 
bandwidth. 50V / jJ. s slew rate and 850ns settling time make these 
devices useful in pulse amplification and data acquisition designs. 
HA-5110/5115's 0.5mV offset Voltage, 10pA offset current, and 
extremely high impedance coupled with excellent AC parameters 
make these amplifiers ideal selections for accurate signal condition
ing designs. For applications requiring less critical input character
istics, HA-5115 is available in untrimmed form. 

HA-511 0/5115 are available in metal can (TO-99) packages. Suffix 
-2 denotes a range to -550 C to + 1250 C and -5 denotes a OOC to 
+750 C range. 

SCHEMATIC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V

Differential Input Voltage 

Peak Output Current 

40V 

±40V 

Full Short Circuit Protection 

ELECTRICAL CHARACTERISTICS 

V+ = 15VDC;V- = -15VDC 

Internal Power Dissipation (Note 2) 

Storage Temperature Range 

510mW 

-650 C to +1500 C 

Parameters are guaranteed at indicated 
HA-5110-2 HA-5110-5 HA-5115-5 

ambient temperature after warm-up. -550C to + 1250C OOC to +750C OOC to +750 C 

I 
I 
I 
I 

1 

I 

I 
I 

PARAMETER TEMP MIN TYP 

INPUT CHARACTERISTICS 

Offset Voltage +250C 0.5 
Full 0.50 

Offset Voltage Average Drift Full 5 

Bias Current I +2SoC I 
I 

20 I Full 5 I 
Offset Current 1+250 (; 2 I 

1 Full 
10

212
1 Input Resistance +250C 

Common Mode Range i Full .ilO ±11 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain (Note 3) 75K 150K I +2SoC 
I Full 60K I lOOK I 
I 

I I Common Mode Rejection Ratio (Note 4) I Full 80 86 

Gain Bandwidth Product (AV = 10) I Full .1 60 I 
OUTPUT CHARACTERISTICS I 
Output Voltage Swing (Note 5) +250C ±12 ±13 

Full i12 i13 

Output Current (Note 6) +250C ±10 ±15 

Full Power Bandwidth (Note 7) +250C 550 625 

Output Resistance (Note 8) +250C 30 

. TRANSIENT RESPONSE (Note 9) 

Rise Time (AV = 10) +250C 20 

Slew Rate (AV = 10) +250C 35 50 

Settling Time (Note 10) +250C .85 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 
.. 

5 

Power Supply Rejection Ratio (Note 11) +250C 80 94 

NOTES: 

1. Absolute maximum ratings are limiting values, applied individ
ually, beyond which the serviceability of the circuit may be 
impaired. Functional operability under any of these conditions 
is not necessarily implied. 

2. Derate at 6.8mW/oC for operation at ~mbient temperatures 
above + 750C. 

3. VOUT = ±lOV. Rl = 2K 

4. VCM = ±10 V.D.C. 

5. Rl = 10K 

I 

@ Ie MASTER 1984 

MAX MIN TYP MAX MIN TYP MAX I-U N ITS 

1.0 0.5 1.0 0.5 1.5 mV 
2.0 0.50 2.0 0.75 3.5 mV 

10 15 p.V/OC 

50 

I 
20 

I 
50 

I I 
50 

I 
100 

I 
pA 

I 10 10 10 20 nA 

10 2 iO 5 50 pA I 
5 2 5 5 10 nA 

1 

1012 1012 n 
±10 ill ilO ±10.5 V 

75K 150K 50K lOOK V!V 
60K lOOK 40K 80K V!V I 

I I 80 86 80 86 dB 

60 
I 

50 
I 

MHz i 
! 

i12 ±13 ±ll i12 V 
i12 ±13 ill i12 V 

±10 ±15 i8 ±15 rnA 

550 625 550 625 kHz 

30 40 n 

20 20 nsec 

35 50 . 35 40 VIp. sec 

.85 1.0 /Jsec 

7 5 7 6 8 rnA I 
80 94 80 94 dB I 

6. VOUT = OV 

7. Rl = 2K; Full power bandwidth guaranteed, based on slew 

rate measurement using FPBW = Si~~ RATE. 
PEAK 

8. Output resistance measured under open loop conditions. 

9. Refer to Test Circuits section of the data sheet. 

10. Settling Time is measured to 0.1% of final value for a 10 volt 
output step and A V = -10. 

11. VSUPP = ilO V.D.C. toi20 V.D.C. 
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FEATURES 

• LOW OFFSET VOLTAGE 

• LOW OFFSET VOLTAGE DRIFT 

• LOW NOISE 

• OPEN LOOP GAIN 

• BANDWIDTH (UNITY GAIN) 

• ALL BIPOLAR CONSTRUCTION 

APPLICATIONS 

• HIGH GAIN INSTRUMENTATION 

• PRECISION DATA ACQUISITION 

• PRECISION INTEGRATORS 

• BIOMEDICAL AMPLIFIERS 

• . PRECISION THRESHOLD DETECTORS 

PINOUT 
Section 11 for Packaging 

BALANCE 
TOP VIEW 

v-

BALANCE 

IN-

IN+ 

v-

* Pins 5 and 8 are internally connected 

3444 

.25J.1.V 

0.4pV/oC 

9nV/[Hz" 

107 

2.5MHz 

BALANCE 

v+ 

OUT 

BALANCE 

HA-513 0/5135 
Precision 

Operational Amplifier 

DESCRIPTION 

HA-5130/5135 are precision operational amplifiers manufactured using a 
combination of key technological advancements to provide ,outstanding 
input characteristics. 

A Super Beta input stage is combined with laser trimming, dielectric isola
tion, and matching techniques to ptoduce 25J.lV (Max.) input offset volt
age and 0.4 J.1. V IOC input offset voltage average drift. Other features en-: 
hanced by this process include 9nV (Typ.) Input Noise Voltage, lnA 
Input Bias Current, and 140dB Open Loop Gain. 

These features coupled with 120dB CMRR and PSRR make HA-51301 
5135 an ideal device for precision DC instrumentation amplifiers. Excel
lent input characteristics in conjunction with 2.5M Hz bandwidth and 0.8V I,;.s 
slew rate, makes this amplifier extremely useful for precision integrator 
and biomedical amplifier designs. These amplifiers are also well suited for 
precision data acquisition and for accurate threshold detector applications. 

HA-5130/35 is packaged in an 8 pin (TO-99) can and an 8 lead Cerdip' 
and is pi.n compatible with many existing op amp configurations. 

HA-5130/5135-2 is specified for -550C to +1250 C operation while 
HA-5130/5135-5 operate from OOC to +750 C. 

SCHEMATIC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

TA = +25Q-C Unless otherwise stated 
Voltage Between V+ and V- Terminals 
Differential Input Voltage 

Output Short Circuit Duration 

40.0V 
± 15.0V. 

Indefinite 

Power Dissipation (Note 2) 

Operating Temperature Range 
HA-5130/5135-2 
H A-51 30/5135-5 

Storage Temperature Range 

300mW 

-550 C ~TA~ +1250 C 
OOC~TA$.. +750 C 

-650C 5. TA S +150oC 

ELECTRICAL CHARACTERISTICS V+ = 15\1, \1- = -15V 

PARAMETER 

INPUT CHARACTERISTICS 
Offset Voltage 

Average Offset Voltage Drift 
Bias Current 

Bias Current Average Drift 
Offse~ Current 

Offset Current Average Drift 
r.nmmnn Mnde Ranoe ..:- ... .. - . - -- .. - .., 

Differential Input Resistance 
Input Noise Voltage 
O.lHz to 10Hz (Note 3) 
Input Noise Voltage Density (Note 3) 

fO = 10Hz 
fO = 100Hz 
fO = 1000Hz 

Input Noise Current (Note 3) 
O.lHz to 10Hz 
Input Noise Current Density (Note 3) 

fO = 10Hz 
fO = 100Hz 
fO = 1000Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) 

Common Mode Rejection Ratio (Note 5) 
Closed Loop Bandwidth (AVCL = +1) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 6) 

Full Povyer Bandwidth (Note 7) 
Output Current (Note 8) 
Output Resistance (Note g) 

TRANSIENT RESPONSE(Note 10) 

Rise Time 
Slew Rate 
Settling Time (Note 11) 

POWER SUPPL Y CHARACTERISTICS 

Supply Current 
Power Supply Rejection Ratio (Note 12) 

NOTES: 

I 

TEMP. 

+250C 
Full 
Full 

+250 C 
Full 
Full 

+250 C 
t-ull 
Full 
Full 

I +250C 

I +25'C 

+250C 

I +25'C 

I +250C 
I 
I 

I 
[ 
I +250C 

Full 
Full 

+250C 

+250C 
Full 

+250C 
+250C 
+250C 

+250C 
+250 C 
+250C 

Full 
Full 

I 

I 

I 
I 

I 
I 

I 
T , 
i 
I 

MIN. 

+12 -
20 

120 
120 
110 
0.6 

± 10 
±10 

8 
:!: 25 

0.5 

100 

HA-5130-2/-5 
. TYP, 

10 
50 
0.4 
± 1 

0.02 

I 0.02 I 
, 

30 
I 

I 13.0 I 10.0 

I I 9.0 

I 15 I 

I 
I I 

I 
I 

0.4 I 0.17 
I 0.14 i 
I ! 
! ! 

140 I 

I 120 
2.5 

I 
± 12 

10 
:t30 
45 

340 
0.8 
11 

I 
I 1.0 

I 130 

MAX. 

25 
60 
0.6 
±2 
:!4 
0.04 

2 
'+ 

0.04 

0.6 

18.0 
13.0 
11.0 
30 

0.8 
0.23 
0.17 

1.3 

HA-5135-2/-5 

MIN. TYP. MAX. 

10 75 
50 130 
0.4 1.3 
±1 :!4 

:!:6 
0.02 0.04 

4 .... 

I +12 I 
0.:> 

0.02' 0.04 

-
20 

, 
30 

, 

I I 
0.6 

13.0 18.0 

I 
10.0 I 13.0 
9.0 I 11.0 

I 15 I 30 
I 

I 
I I 
I I 
I 0.4 I 0.8 
I 0.17 I 0.23 

0.14 J 0.17 

! 

I 120 140 
120 

I 106 120 
0.6 2.5 

± 10 ± 12 
:!: 10 

8 10 
± 25 ±30 

45 

340 I 
0.5 0.8 

11 i 
I 

1.0 

I 
1.7 

94 130 

I 

I 
I 
I 
I 

I 
I 

UNITS 

p.V 
PoV 

p.V/oC 
nA 
nA 

nAloC 
nA 

A 
IiA 

nA/OC 
V 

Mn 
p.Vp_p 

nV/fHz 

pAp-p 

pA/jHz 

dB 
dB 
dB 

MHz 

V 
V 

kHz 
mA 
n 

ns 
V/p.s 

p.s 

mA 
dB 

I 

1. Absolute maximum ratings are limiting values, applied individually 
beyond which the serviceability of the circuit may be impaired. 
Functional operability under any of these conditions is not 
necessarily implied. 

7. R L = 2 k; Full power bandwidth guaranteed based on slew rate 

measurement using FPBW = SLEW RATE 
211" VPEAK 

2. Derate at 6.8mW/oC for operation at ambient temp:sabove +750 C. 

3. Not tested. 90% of units meet or exceed these specifications. 

4. VOUT =:!: 10V; RL = 2k. Gain dB = 20 1091O Average 
:. 120dB = 1000V/mV 

5. VCM =± 10V DC 
140dB = 10,000V/mV 

6. RL = 600n 

@ Ie MASTER 1984 

8. VOUT = 10V 

9. Output resistance measured under open loop conditions 
(f = 100Hz) 

10. Refer to test circuits section of the data sheet. 

11. Settling time is measured to 0.1% of final value for a 10V output 
step and AV = -1. 

12. VSUPP = ± 5V DC to ± 20V DC. 
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FEATURES 

• LOW SUPPLY CURRENT 

• WIDE OPERATING VOLTAGE RANGE 

• SINGLE SUPPLY OPERATION 

• HIGH SLEW RATE 

• HIGH GAIN 
• AVAILABLE IN SINGLES, DUALS AND QUADS 

APPllCA TIONS 

• PORTABLE INSTRUMENTS 

• METER AMPLIFIERS 

• TELEPHONE HEADSETS 

• MICROPHONE AMPLIFIERS 

• INSTRUMENTATION 

PINOUTS 

TOP VIEW 

N l 

3446 

60pA 

2V to 30V 

l.SV/ps 

lOOK V!V 

HA-5M1/42/44 
Ultra-low Power 

Operational ~mplifier 

DESCRIPTION 

The HA-5141/42/44 ultra-low power operational amplifiers provide 
AC and DC performance characteristics similar to or better than 
most general purpose amplifiers while only drawing 1/30 of the 
supply current of most general purpose amplifiers. These amp
lifiers are well suited to applications which require low power 
dissipation and good electrical characteristics. 

The HA-S141/42/44 provides accurate signal processing by virtue 
of its low input offset voltage (O.SmV), low input bias current 
(SOnA), high open loop gain (100KV/V) and low noise, for low 
power operational amplifiers (20nV \fHZ). These characteristics 
coupled with 1.SV 1 p s slew rate and 400KHz bandwidth make 
the HA-S141/42/44 ideal for use in low power instrumentation, 
audio amplifier and active filter designs. The wide range of supply 
voltages (2V to 30V) also allow these amplifiers to be very use
fui in iow voitage battery powered equipment. 

These amplifiers are available in singles (HA-S141, can or minidip), 
duals (HA-5142, can or minidip) or quads (HA-5144, 14 pin dip) 
with industry standard pinouts which allow the HA-5141/42144's 
to be interchangeable with most other operational amplifiers. 

TOP VIEW 

V+ 

TOP VIEW 

V-

@ Ie MASTER 1984 
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SPECIFIC A TIONS 

ABSOLUTE MAXIMUM RATINGS 

Volta~e Between V+ and V- Terminals 40V Operating Temperature Range OOC~TA~+750C 
Differential Input Voltage ±7V -550C~TA<i+1250C 
Output Current SIC Protected Storage Temperature Range -65o~TA~+1500C 
Internal Power Dissipation 500mW 

ELECTRICAL CHARACTERISTICS V+ = +5V 

HA:'5141/42/44A HA-5141/42/44 

PARAMETER TEMP. MIN lYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 
Offset Voltage +250C 0.5 6 0.1 7 mV 

Full 8 9 mV 
Bias Current +250 C 45 75 45 100 nA ~ 

0 
Full 100 125 nA ..... 

Offset Current' +250C 0,3 10 0.3 10 nA 0 
I ::::s 

Full 15 20 nA "0 
Common Mode Range Full o to 4 o to 3 V c::: 

0 
TRANSFER CHARACTERISTICS 0 
large Signal Voltage Gain +250C 50 100 20 100 KV/V E I (Note 1) Full 30 15 I KV/V Q) 
Common Mode Rejection Full 80 105 77 105 dB en 
OUTPUT CHARACTERISTICS en 

"i: 
Output Voltage Swing Full o to 4 o to 3 V ~ 

(Note 1) as 
TRANSIENT RESPONSE J: 
Slew Rate -t25GC 1 1.5 0.5 1 V/p.s 
(Notes 1,2,3) I 
POWER SUPPLY CHARACTERISTICS I Supply Current (per Amplifier) +250C 45 65 50 80 p.A 

Full 75 100 J..I.A 
Power Supply Rejection Full 80 105 77 105 dB 
Ratio 

NOTES: 

1. Rl = SOK 
2. Cl = SOpf 
3. VIN = +3V Pulse 

@ Ie MASTER 1984 3447 
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FEATURES 

• WIDE GAIN BANDWIDTH 100MHz 

• HIGH SLEW RATE 120V/Jj.s 

• SETTLING TIME (0.2%) 280ns 

• POWER BANDWIDTH 1000kHz 

• OFFSET VOLTAGE 1.0mV 

• BIAS CURRENT 20pA 

APPllCA TIONS 

• VIDEO AND RF AMPLIFIERS 

• DATA ACQUISITION 

• PULSE AMPLI FIERS 

• PRECISION SIGNAL GENERATION 

PINOUT 

Section 11 for Packaging 

COMPENSATION 

TaP VIEW 

v-

Case connected to V-

3448 

HA-5160/5162 
Wideband, JFET Input, 

High Slew Rate~ Uncompensated, 
Operational Amplifier 

DESCRIPTION 

The HA-5160/5162 is a wideband, uncompensated, operational amplifier 
manufactured with F ET IBipolar technologies and dielectric isolation. This 
monolithic amplifier features superior high frequency capabilities further 
enhanced by precision laser trimming of the input stage to provide excel
ent input characteristics. This device has excellent phase margin at a closed 
loop gain of 10 without external compensation. 

The HA-5160/5162 offers a number of important advantages over similar 
FET input op amps from other manufacturers. In addition to superior 
bandwidth and settling characteristics, the HAR RIS devices have nearly 
constant slew rate, bandwidth, and settling characteristics over the operating 
temperature range. This provides the user predictable performance in 
applications where settling time, full power bandwidth, closed loop band
width, or phase shift is critical. Note also that HAR RIS specified all para
meters at ambient (rather than junction) temperature to provide the designer 
meaningful data to predict actual operating performance. 

Complementing the HA-5160/5162's predictab!e and excellent dynamic 
characteristics are very low input offset voltage, very low input bias current, 
and extremely high input impedance. This ideal combination of features make 
these amplifiers most suitable for precision, high speed, data acquisition 
system designs and for a wide variety of signal conditioning applications.* 
The HA-5160 provides excellent performance for applications which require 
both precision and high speed perfornance. The HA-5162 meets or exceeds 
the performance specifications of National's hybrid op amp, the LH0062. 

* -2 denotes a range of -550 C to + 1250 C and -5 denotes a OOC to +7 50 C 
range. 

SCHEMATIC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

Voltage Between V+ and V

Differential Input Voltage 

Peak Output Current 

Internal Power Dissipation (Note 2) 

Storage Temperature Range 

ELECTRICAL CHARACTERISTICS V+=+15V, V-=-15V 

HA-51S0-2 
-550C to +1250C 

PARAMETER TEMP MIN TYP MAX 

INPUT CHARACTERISTICS 

Offset Voltage +250 C 1.0 3.0 
Full 3.0 5.0 

10 I I 7n !in 

Full 

u.loa \JUIIGIIL ._- ....; -- ~-

I Full 5 10 

I Offset Current +250 C 2 10 
Full 2 5 

I nput Resistance +250C 1012 

Common Mode Range Full .± 10 2:.11 

TRANSFER CHARACTERISTICS 

I Large Signal Voltage Gain (Note 3) +250 C 75K 150K 
Full SOK lOOK 

I Common Mode Rejection Ratio (Note 4) Full 74 80 

Gain Bandwidth Product (A V = 10) Full 100 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 5) +250C .± 10 .±. 11 
Full .±.10 2:.11 

Output Current (Note S) +250 C .±15 ±. 20 

Full Power Bandwidth (Note 7) +250C .1000 

Output Resistance (Note 8) +250 C 50 

TRANSIENT RESPONSE (Note 9) 

Rise Time (AV = 10) +250C 20 

Slew Rate (AV = 10) +250C 100 120 

Settling Time (Note 10) +250C 280 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 8.0 10 

Power Supply Rejection Ratio (Note 11) +250 C 74 8S 

@ Ie MASTER 1984 

40V 

±'40V 

Full Shott Circuit Protection 

675mW 

-650 C to +150oC 

HA-51S0-5 HA-5162-5 
DoC to +750 C 

MIN 1 

I 

I 

2:.10 

75K 
SOK 

74 

2:.10 
±. 10 

±.15 

100. 

74 

TYP 

1.0 
3.0 

20 

20 --

2 
2 

1012 

.± 11 

150K 
lOOK 

80 

100 

±. 11 
2.11 

.± 20 

1000 

50 

20 

120 

280 

8.0 

86 

MAX 

3.0 
5.0 

50 
! 10 

10 
5 

10 

MIN 

± 10 

25K 
25K 

70 

±10 

±.10 

±.15 

50 

70 

OOC to 750C 

! 

I 

MAX 

3 
5 

20 

20 

2 
2 

10
12 I 

±.11 
i 

I 
lOOK I 
75K 

I 

80 

100 

± 11 
±.11 

±.20 

1000 

50 

20 

70 

400 

8.0 

86 

TYP 

15 

20 

35 

65 
10 

10 
5 

12 

UNITS 

mV 
mV 

J1V JOC 

pA 

nA 

pA 
nA 

n 
V 

V/V 
V/V 

dB 

MHz 

V 
V 

rnA 

kHz 

n 

ns 

V IllS 

ns 

rnA 

dB 

I 
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FEATURES 

• LOW OFFSET VOLTAGE 

• LOW OFFSET VOLTAGE DRIFT 

• LOW NOISE 

• HIGH OPEN LOOP GAIN 

• WIDE BANDWIDTH 

APPLICATIONS 

100pV 

2pV/oC 

·10nV/$z 

SOOK V/V 

5MHz 

• HIGH GAIN INSTRUMENTATION AMPLIFIERS 

• PRECISIQt,I DATA ACQUISITION 

• PRECISION INTEGRATORS 

• PRECISION THRESHOLD DETECTORS 

PINOUT 
Section 11 for Packaging 

TOP VIEW 

NIC 

v-

BALANCE NIC 

IN- V+ 

IN+ OUT 

v- BALANCE 

. Copyright © Harris Corporation .1983 

3450 

HA-5170 
Precision JFET Input 

Operational Amplifier 

DESCRIPTION 

The Harris HA-5170 is a precision, JFET input, operational amplifier 
which features low noise, low offset voltage and low offset voltage drift. 
Constructed using FET/Bipolar technology, the Harris Dielectric Isolation 
(01) process, and laser trimming this amplifier offers .low input bias and 
offset currents. This operational amplifier design also completely elimin
ates the troublesome errors due to warm-up drift. 

Complementing these excellent input characteristics are dynamic perfor
mance characteristics never before available from precision operational 
amplifiers. An 8V /Il s slew rate and 5MHz bandwidth allow the designer 
to extend precision instrumentation applications in both speed and band
width .. These characteristics make the HA-5170 well suited for precision 
integrator amplifier designs. 

The superior input characteristics also make the HA-5170 ideally suited 
for transducer signal amplifiers, precision voltage followers and piecision 
data acquisition systems. 

Packaged in an B-pin (TO-99) can or an 8 lead Minidip, the HA-5170 
is pin compatible with most existing op amp configurations. 

SCHEMATIC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

TA = +250 C Unless otherwise stated 
Voltage Between V+ and V-Terminals 
Differential Input Voltage 

Output Short Circuit Duration 

44.0V 
± 30.0V 

Indefinite 

Power Dissipation (Note 2) 
Operating Temperature Range 

HA-5170-2 
HA-5170-5 

Storage Temperature Range 

675mW 

-550C~T A ~+ 1250C 
OOC~TA~+750C 

-650C~T A ~ + 1500C 

ELECTRICAL CHARACTERISTICS V+ = 15V, V- = -15V 

PARAMETER TEMP. MIN 

INPUT CHARACTERISTICS 

Offset Voltage +250C 
Full 

Average Offset Voltage Drift (Note 3) Full 

Bias Current +250C 
Full 

Bias Current Average Drift Full 

Offset Current +250C 

I Full I Offset Current Avera e Drift Fuii 

I Full I !10 Common Mode Range 

Differential Input Resistance +250C 

I nput Capacitance +250C 

Input Noise Voltage O.lHz to 10Hz (Note 3) +250C 

Input Noise Voltage Density (Note 3) +250C 
fO = 10Hz 
fO = 100Hz 
fO = 1000Hz 

Input Noise Current Density (Note 3) +250C 
to = 10Hz 
fO = 100Hz 
fO = 1000Hz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) +250C 300K 
Full 200K 

Common Mode Rejection Ratio (Note 5) Full 85 

Closed Loop Bandwidth (AVCL = +11 +250C 4 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 6) +250C ±10 

Full Power Bandwidth (Note 7) +250C 80 

Output Current (Note 8) +250C ±10 

Output Resistance (Note 9) +250C 

TRANSIENT RESPONSE 

Rise Time +250C 

Slew Rate +250C 5 

Settling Time (Note 10) +250C 

POWER SUPPLY CHARACTERISTICS 

Supply Current Full 

Power Supply Rejection Ratio (Note 111 Full 85 

NOTES: 

@ Ie MASTER 1984 

1. Absolute maximum ratings are limiting values, applied 
individually beyond which the serviceability of the circuit 
may be impaired. Funciional opliriliility uiilliif iiiy lif 
these conditions is not necessarily implied. 

2. Derate at 6.8 mW/oC for operation at ambient temper
atures above + 750 C. 

3. Parameter is not 100% tested. 90% of all units meet 
or exceed these specifications. 

4. VOUT = ±10V; RL = 2k. 

5. VCM = ±10V D. C. 

6. RL = 2kn. 

HA-5170-2 HA-5170-5 

I 

TYP 

0.1 

2 

20 
3 

3 

3 

0.3 

+15.1 
-12 

I 

MAX MIN 

~ 

0.3 
0.5 

5 

100 
30 

30 
5 I 

I ±10 I 

TYP 

0.1 

2 

20 
0.1 

3 

3 

0.3 

+15.1 
-12 

MAX 

0.3 
0.5 

5 

100 
2 

60 
0.1 

UNITS 

mV 
mV 

p.VloC 

pA 
nA 

pA/oC 

pA 

I nA 

ftA'OC 

I v 

S x 1010 S x 1010 12 

12 12 pF 

0.5 5 0.5 5 p.Vp_p 

20 150 20 150 nV/JFJj 
12 50 12 50 nV/JHz 
10 25 10 25 nV 1.jFfZ 

.05 .05 pA/.jHz 

.01 .01 pAl./Ffi 

.01 .01 pA/JHi 

-
SOOK 300K 600K VIV 

100 

8 

:!12 

120 

45 

45 

8 

1 

1.9 

105 

250K VIV 

90 100 dB 

4 8 MHz 

±10 :!12 V 

80 120 kHz 

±10 mA 

45 n 

100 45 100 ns 

5 8 V/p.s 

1 IJs 

2.5 1.9 2.5 mA 

90 105 dB 

7. RL = 2k; Full power bandwidth guaranteed based on 

slen iits measurcmeiit using fPBW - SLEW RATE 
27TVPEAK 

8. VOUT = 10V. 

9. Output resistance measured under open loop conditions 
(f = 100Hz). 

10. Settling time is measured to 0.1% of final value for a 10V 
output step and AV = -1. 

11. VSUPP = ±5V D. C. to ±20V D. C. 
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m HARRIS 

APRIL 1982 Preliminary 

FEATURES 

• ULTRA LOW BIAS CURRENT 

• LOW POWER SUPPLY CURRENT 

• LOW OFFSET VOLTAGE 

• BANDWIDTH 

• SLEW RATE 

APPLICATIONS 

• ELECTROMETER AMPLIFIER DESIGNS 

• PHOTO CURRENT DETECTORS 

• PRECISION LONG-TERM INTEGRATORS 

250fA 

0.8mA 

0.5mV (max.) 

2 MHz 

7VI f..Ls 

• LOW DRIFT SAMPLE & HOLD CIRCUITS 

• VERY HIGH IMPEDANCE BUFFERS 

• HIGH IMPEDANCE BIOLOGICAL MICRO PROBES 

PINOUT 

TOPVIEW 

CASE 

\/-

BALANCE NIC 

IN- \/+ 

IN+ OUT 

\/- BALANCE 

Copyright © Harris Corporation 1982 
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HA·5180/5180A 
Low Bias Current, Low Power 

JFET Input Operational Amplifier 

DESCRIPTION 
The HARRIS HA-5180/5180A is an ultra low input bias current. JFET 
input, monolithic operational amplifier which also features low power, 
low offset voltage and excellent AC characteristics. Employing 
FET IBipolar construction coupled with dielectric isolation this 
operational amplifier offers the lowest input bias currents (250fA 
typ.) available in any monolithic operational amplifier. The HA-' 
5180/5180A has another unique feature in which the offset bias 
current may be nulled by externally adjusting the offset voltage. For 
applications which require precision performance the HA-5180A of
fers an input offset voltage of 0.5 mV (max) while the HA-5180 offers 
3 mV (max.) 

The HA-5180/5180A also offers excellent AC performance not 
previously available in similar hybrid or monolithic op amp designs. 
The 2 MHz bandwidth and 7V/JJ.s slew rate of the HA-5180/5180A 
extends the bandwidth and speed for applications such as very low 
drift sample and hold amplifiers and photo~current detectors. Other 
applications include use in electrometer designs, pH/lon sensitive 
electrodes, low current oxygen sensors, long term precision in
tegrators and very high impedance buffer measurement deSigns. 

The HA-5180/5180A is packaged in an 8-pin (TO-99) can and an 8-
lead cerdip and is pin compatible with most existing op amp con
figurations. The case of the TO-99 package is internally connected to 
pin 8 so that it may be connected to the same potential as the input. 
This feature helps minimize stray leakage to the case, helps shield 
the amplifier from external noise and reduces common mode input 
capacitance . 

SCHEMATIC 

o 
Balance Balance 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
TA = + 25°C Unless otherwise stated 
Voltage Between V + and V - Terminals 
Differential Input Voltage 

Output Short Circuit Duration 

40.0V 
±40V 

Indefinite 

Power Dissipation (Note 2) 
Operating Temperature Range 

HA-5180/5180A-2 
HA-5180/5180A-5 

Storage Temperature Range 

ELECTRICAL RATINGS v + = 15V, V - = -15V 
5180A-2 5180A-5 

PARAMETER TEMP. MIN TYP MAX MIN TYP 

INPUT CHARACTERISTICS I Offset Voltage 

+ 25°C 0.1 0.5 0.1 
Full 1 

Average Offset Voltage Drift Full 5 5 
Bias Current (Note 3) + 25°C 250 1000 250 

Full 100 500 6 

Offset Current (Note 3) + 25°C 30 200 30 
Full 6 30 1 

Common Mode Range Fuli ±10 ± 12 ±10 ± 12 
Differential Input Resistance + 25°C 10'2 10'2 
Input Noise Voltage (h 1 kHz) + 25°C 70 70 
Input Noise Curreni (T=1kHz) + 25°C 0.01 0.01 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) + 25°C 200k 1M 200k 1M 
Full 150k 150k 

Common Mode Rejection Ratio (Note 5) Full 90 110 90 110 
Closed Loop Bandwidth (AVCL = + 1 ) + 25°C 2 2 

OUTPUT CHARACTERiSTICS 

Output Voltage Swing (Note 6) + 25°C ±10 ±12 ±10 ±12 
Full ±10 ± 10 

Full Power Bandwidth (Note 7) + 25°C 110 110 
Output Current (Note 8) + 25°C ±10 ± 15 ±10 ± 15 
Output Resistance (Note 9) + 25°C 25 25 

TRANSIENT RESPONSE 

Rise Time + 25°C 15 75 
Slew Rate + 25°C 4 7 4 7 
Settling Time (Note 10) + 25°C 2 2 

POWER SUPPLY CHARACTERISTICS 
Supply Current Full o 7 1 08 
Power Supply Rejection Ratio (Note 11) Full 85 105 85 105 

@ Ie MASTER 1984 

MAX 

0.5 
1 

1000 
30 

200 
5 

1 

300rr'W 

-55°C9A ~+125°C 
O°CS;TA S;+ 75°C 

-65°CST A5+ 150°C 

UNITS 

mV 
rilV 

/1V/ oC 
fA 
pA 

fA 
pA 

V 
n 

nV/~ 
pA/~ 

V/V 
V/V 
dB 

MHz 

V 
V 

kHz 
rnA 
n 

ns 
V/J.1s 

J.1s 

rnA 
dB 
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SPECIFICATIONS (Continued) 

ELECTRICAL RATINGS V+ =15V,V-=-15V 

3454 

PARAMETER TEMP MIN 

INPUT CHARACTERISTICS 

, Offset Voltage + 25°C 
Full 

Average Offset Voltage Drift Full 
Bias Current (Note 3) + 25°C 

Full 

Offset Current (Note 3) + 25°C 
., . Full 
. , 

Common Mode Range Full ±10 
Diff~rential Input Resistance + 25°C 
Input Noise Voltage (f=lkHz) + 25°C 
Input Noise Current (f= 1kHz) + 25°C 

, 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 4) + 25°C 200k 
Full 150k 

Common Mode Rejection Ratio (Note 5) Full 90 
Closed Loop Bandwidth (AVCL = + 1) +25°C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 6) + 25°C ±10 
Full ±10 

Full Power Bandwidth (Note 7) + 25°C 
Output Current (Note 8) + 25°C ±10 
Output Resistance (Note 9) + 25°C 

TRANSIENT RESPONSE 

Rise Time + 25°C 
Slew Rate + 25°C 4 
Settling TIme (Note 10) + 25°C 

POWER SUPPLY CHARACTERISTICS 
Supply Current Full 
Power Supply Rejection Ratio (Note 11) Full 85 

NOTES: 

1. Absolute maxImum ratings are limiting values, applied individually 
beyond which the serviceability of the circuit may be impaired. Fun
ctional operability under any of these conditions is not necessarily 
implied. 

2. Deraie ai 6.9 ,TlW/oC for operation at ambient tBmperatures above 
+ 75°C. 

3. This parameter is guaranteed by design and is not 100% tested. 

4. VOUT= ± 10V: Rl =2k. Gain dB = 20 log 1OAv. 
5. VCM = ± 10V D.C. 
6. RI = 2k 

5180A-2 5180A-5 

TYP MAX I MIN TYP MAX UNITS 

1 3 1 3 mV 
4 4 mV 

mV 
mV 

5 5 J..1V/oC 
250 1000 250 1000 fA 
100 500 6 30 pA 

30 _200 30 200 fA 
6 30 1 5 pA 

± 12 ±10 ±12 V 
10'2 10'2 n 
70 70 nV/VHZ 

0.01 0.01 pA/YHZ 

.1M 200k 1M V/V 
150k V/V 

110 90 110 dB 
2 2 MHz 

± 12 ±10 ± 12 V 
±10 V 

110 110 kHz 
±15 ±10 ±15 mA 
25 25 n 

75 75 ns 
7 4 7 V/J..1s 
2 2 J..1s 

07 1 0.8 1 mA 
105 85 105 dB 

7. RL = 2k: Full power bandwidth guaranteed based on slew rate 

measurement using FPBW = SLEW RATE 

27TVpE4K 

8. VOUT = ± 10V. 

9 Output resistance measured under open loop conditions (f = 100Hl) 

10. Settling tlmp. is measured to 0.1 % of final value for a 10V output 
stepandAV= -1. 

11. VSUPP = + 5V DC to ±20V D.C 
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FEATURES 

• FAST SETTLING TIME 

• VERY HIGH SLEW RATE 

• WinE GAIN-BANDWIDTH 

• POWER BANDWIDTH 

• LOWOFFSETVOLTAGE 

• INPUT VOLTAGE NOISE 

• MONOLITHIC BIPOLAR CONSTRUCTION 

ApPLICATIONS 

• FAST, PRECISE D/A CONVERTERS 

• HIGH SPEED SAMPLE-HOLD CIRCUITS 

• PULSE AND VIDEO AMPLIFIERS 

• WIDEBAND AMPLIFIERS 

• REPLACE COSTLY HYBRIDS 

SCHEMATIC 

© Ie MASTER 1984 

70ns 

200V/J,J.s 

150MHz 

6.5MHz 

5mV 

15nV/$z 

HA-5190/5195 
Wideband, Fast Settling 

Operational Amplifier 

GENERAL DESCRIPTION 

HA-5190/5195 are monolithic operational amplifiers featuring 
an ultimate combination of speed, precision, and bandwidth. 
Employing monolithic bipolar construction coupled with di
electric isolation, these devices are capable of delivering an un
paralleled 200V I J,J. s slew rate with a settlin"g time of 70ns (0.1%, 
5V output step). These truly differential amplifiers are designed 
to operate at gains ~ 5 without the need for external compensa
tion. Other outstanding HA-5190/5195 features are 150MHz 
gain-bandwidth-product and 6.5MHz full power bandwidth. In 
addition to these dynamic characteristics, these amplifiers also 
have excellent input characteristics such as 5mV offset voltage 
and 15nV input voltage noise (at 1 kHz). 

With 200V / J,J. s slew rate and 70ns settling time, these devices 
make ideal output amplifiers for accurate, high speed D/A con
verters or the main components in high speed sample/hold cir-

'cuits. 150MHz gain-bandwidth-product, 6.5MHz power band
width, and 5mV offset voltage make HA-5190/5195 ideally 
suited for a variety of pulse and wideband video amplifier appli
cations. 

At temperatures above +750C, a heat sink is required for HA-
5190. "(See note 2). HA-5190 is specified over the -550C to 
+1250C range while HA-5195 is specified from DoC to +750C. " 

PINOUTS 

TOPVIEW 

IN+ 5 + 10 OUTPUT 

v-m ~ rn 

Section 11 for Packaging 

TOPVIEW 

CASE TIED TO V

LH0032 PINOUT 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage between V+ and V- Terminals 
Differential Input Voltage 
Output Current 
Internal Power Dissipation (Note 2) 
Operating Temperature Range: (HA-5190) 

(HA-5195) 
Storage Temperature Range 

35V 
6V 

50mA (Peak) 
870mW (Cerdip); lW (TO-8) Free Air 

-550 C<TA<+1250C 
00C~TA~+750C 

-650C ~ T A ~+1500C 

ELECTRICAL CHARACTERISTICS VSUPPLY = ±.15 Volts; RL == 1 K ohms, unless otherwise specified. 

HA-5190 HA-5195 
-550C to + 1250C OOC to +750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage +250C 3.0 5.0 3.0 6 mV 
FULL 10.0 10.0 mV 

Average Offset Voltage Drift FULL 20 20 JlV/oC 

Bias Current +250C 5 15 5 15 IJA 
FULL 20 20 JlA 

Offset Current +250C 1 4 1 4 JlA 
FULL 6 6 JlA 

Input Resistance +250C 10 10 Kohms 

Input Capacitance +250C 1.0 1.0 pF 

Common Mode Range FULL ±5 ±5 V 

Input Noise Voltage (f = 1kHz, Rg = On) +250C 15 15 nV/JHz 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 3) -t250C 15K 30K 10K 30K V/V 
FULL 

I 
5K 5K V/V 

Common-Mode Rejection Ratio (Note 4) FULL 74 I 74 I dB 

Gain-Bandwidth-Product (Notes 5 & 6) +250C 150 150 MHz 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 3) FUll ±5 ±8 ±5 ±8 V 

Output Current (Note 3) +250C 25 30 25 30 rnA 

Output Resistance +250C 30 30 Ohms 

Full Power Bandwidth (Note 3 & 7) +250 C 5 6.5 5 6.5 MHz 

TRANSiENT RESPONSE (Note 8) 

Rise Time +250C 13 18 13 18 ns 

Overshoot +250 C 8 8 % 

Slew Rate +250C 160 200 160 200 V/JlS 

Settling Time: 
. 5V Step to 0._1% +250C 70 70 ns 

5V Step to 0.01% +250C 100 100 ns 

2.5V Step to 0.1% +250C 50 50 ns 

2.5V Step to 0.01% +250C 80 80 ns 

POWER REQUI REMENTS 

Supply Cumnt FULL 19 28 19 28 rnA 

Power Supply Rejection Ratio (Note 9) FUll 70 90 70 90 dB 
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FEATURES 

• FAST RESPONSE TIME 

• LOW OFFSET VOLTAGE 

• LOW OFFSET CURRENT 

• SINGLE OR DUAL-VOLTAGE SUPPLY 
OPERATION 

• SELECTABLE OUTPUT LOGIC LEVELS 

• ACTIVE PULL-UP/PULL-DOWN OUTPUT 
CIRCUIT - NO EXTERNAL RESISTORS 
REQUIRED 

APPLICA TIONS 

• TH RESHOLD DETECTOR 

• ZERO-CROSSING DETECTOR 

• WINDOW DETECTOR 

130ns 

2.0mV 

10nA 

• ANALOG iNTERFACES FOR MICROPROCESSORS 

• HIGH STABILITY OSCILLATORS 

• LOGIC SYSTEM INTERFACES 

PINOUT 

Section 11 for Packaging 

Top View 

16 

2 

© Ie MASTER 1984 

HA-4900/02/05 
Precision Quad Comparator 

DESCRIPTION 

The HA-4900 series are monolithic, quad, precision compar
ators offering fast response time, low offset voltage, low 
offset current, and virtually no channel-to-channel crosstalk 
for applications requiring accurate, high speed, signal level 
detection. These comparators can sense signals at ground 
level while being operated from either a single +5 volt supply 
(digital systems) or from dual supplies (analog networks) up 
to ±15 vo!ts. The HA-4900 series contains a unique current 
driven output stage which can be connected to logic system 
!:lInnlip.!: tv I nn;,.+ and V I nni,.-) to make the outout levels --rr'--- .- L.U~'''' - -- - .... uMI.\it· -- - • 

directly compatible (no external components needed) with 
any standard logic or special system logic levels. In com
bination analog/digital systems, the design employed in the 
HA-4900 series input and output stages prevents trouble
some ground coupling of signals between analog and digital 
portions of the system. 

These comparators' combination of features makes them 
ideal components for signal detection and processing in data 
acquisition systems, test equipment, and microprocessor/ 
analog signal interface networks. 

All devices are available in 16 pin dual-in-line ceramic pack
ages. The HA-4900/4902-2 operates from -550C to +1250C 
and the HA-4905-5 operates over a OOC to +750C temp-
erature range. 

SCHEMATIC 

ONE FO·URTH ONLY (HA-4900 SERIES) 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V-

Voltage Between V Logic(+) and V LogicH 

Differential I nput Voltage 

Peak Output Current 

Internal Power Dissipation (Note 7, 8) 

Storage Temperature Range 

33V 

18V 

±15V 

±50mA 

880mW 

-650c':~ TA ~ 1500C 

ELECTRICAL CHARACTERISTICS V+ = +15.0V, V- = -15.0V, VLogid+) = 5.0V, VLogic(-) = GND. 

HA-4900-2 HA-4902-2 HA-4905-5 
-550C to + 1250C -550C tq + 1250 C OOC to +750C 

PARAMETER TEMP MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage (Note 2) 250C 2 3 2 5 4 7.5 mV 
Full 4 8 10 mV 

Offset Current 250C 10 25 10 35 25 50 nA 
Full 35 35 70 nA 

Bias Current (Note 3) 250C 50 75 50 150 100 150 nA 
Full 150 200 300 nA 

Input Sensitivity (Note 4) 250C Vio+.3 Vio+.5 Vio+.5 mV 
Full Vio+.4 Vio+.6 Vio+.7 mV 

Common Mode Range Full V- V+-2.4 V- V++2.4 V- V++2.4 V 

TRANSFER CHARACTERISTICS 

large Signal Voltage Gain 250C 400K 400K 400K V!V 

Response Time (T pdO) (Note 5) 250C 130 200 130 200 130 200 ns 

Response Time (T pd1) (Note 5) 250C 180 215 180 215 180 215 ns 

OUTPUT CHARACTERISITICS 

Output Voltage Level 

logic "low State" (VOL) (Note 6) Full 0.2 0.4 0.2 0.4 0.2 0.4 V 

logic "High State" (VOH) (Note 6) Full 3.5 4.2 3.5 4.2 3.5 4.2 V 

Output Current 

ISink Full 3.0 3.0 3.0 mA 

'Source Full 3.0 3.0 3.0 mA 

POWER SUPPLY CHARACTERISTICS 

Supply Current, Ips (+) 250C 6.5 20 6.5 20 7 20 mA 

Supply Current, Ips (-) 250C 4 8 4 8 5 8 mA 

Supply Current, Ips (logic) 250C 2.0 4 2.0 4 2.0 4 mA 

Supply Voltage Range 

Vlogic (+) (Note 7) Full 0 +15.0 0 +15.0 0 +15.0 V 

Vlogic {-I (Note 7) Full -15.0 0 -15.0 0 -15.0 0 V 

3458 ~ Ie MASTER 1984 
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Preliminary 

HA-51D2/04/12/14 
Low Noise High 

Performance 
Operational Amplifiers 

FEATURES DESCRIPTION 

• LOW NOISE 4.3 nVA/Hi 

• . WIDE BANDWIDTH 8MHz (CaMP.) 
60MHz (UNCOMP.) 

• HIGH SLEW RATE 3V/JIS (CaMP.) 
20V/JIS (UNCOMP.) 

• LOW OFFSET VOLTAGE 2mV 

• SiNGLE SUPPLY OPERATiON 

• AVAILABLE IN DUALS OR QUADS 

APPllCA TIONS 

• HIGH Q, ACTIVE FILTERS 

• AUDIO AMPLIFIERS 

• INSTRUMENTATION AMPLIFIERS 

• INTEGRATORS 

• SIGNAL GENERATORS 

PINOUTS 

TOP VIEW TOP VIEW 

V+ 

Low noise and high performance are key words describing 
HA-51 02104/12/14. These general purpose amplifiers offer 
an array of dynamic specifications ranging from 3V / JI s slew 
rate and 8MHz bandwidth (5102104) to 20V/JIs slew rate and 
60MHz gain-bandwidth-product (HA-5112!14L Complement
ing these outstanding parameters is a very low noise specification 
of 4.3 nV /yIFfi. at 1 KHz. . 

Fabricated using the Harris standard high frequency process, 
these operational amplifiers also offer excellent input spec
ifications such as 2.0mV offset voltage and 30nA offset current. 
Complementing these specifications. are 108dB open loop gain 
and 108dB channel separation. Consuming a very modest 
amount of power (90mW!package for duals and 150mW/pack
age for quads), HA-5102/04/12/14 also provide the flexibility 
of operating from a single +5V supply. 

This impressive combination of features make this series· of 
amplifiers ideally suited for designs ranging from audio amp
lifiers and active filters to the most demanding signal condi
tioning and instrumentation circuits. 

These operational amplifiers are available in dual or quad form· 
with industry standard pinouts allowing for immediate inter
changeability with most other dual and quad operational amp-
lifiers. -

HA-5102 
HA-5112 
HA~5104 

HA-5114 

·Dual, Compensated 
Dual, Uncompensated 
Quad, Compensated 
Quad, Uncompensated 

TOP VIEW 

OUT~V+ 

V-

HA-5102/12 HA-5102/12 HA-5104/14 

Copyright © Harris Corporation 1983 
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SPECIFICA TIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

T A = +250 C Unless Otherwise Stated 
Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Input Voltage (Note 2) 
.output Short Circuit Duration (Note 3) 

ELECTRICAL CHARACTERISTICS 
V+ = 15VDC; V- = -15VDC 

PARAMETER TEMP 

INPUT CHARACTERISTICS 

Offset Voltage +250 C· 
Full 

Offset Voltage Average Drift Full 
Bias Current +250 C 

Full 
Offset Current +250 C 

Full 
Input Resistance +250C 
Common Mode Range Full 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 5) t250 C 

I Common Mode Rejection Ratio (N()te 6) 
Full 
Full 

Small Signal Bandwidth +250 C 
HA-5102/5104 

Gain Bandwidth Product +250C 
HA-5112/5114 AV = 10 

Channel Separation (Note 7) +250 C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (RL = 10K) Full 
(RL = 2K) Full 

Output Current (Note 8) Full 
Full Power Bandwidth 
(Note 9) HA-5102/5104 +250C 

HA-511215114 +250 C 
Output Resistance +250 C 

3460 

40.0V 
tJV 

:!:.15.0V 
Indefinite 

HA-5102-2 
HA-5112-2 

-550 C to +1250C 

MIN TYP MAX· 

0.5 2.0 
2.5 

3 
130 200 

325 
30 75 

125 
500 

.112 

11~~K I250K 

8 

60 
108 

±12 ±13 
±10 ±12 
±10 ±15 

50 
250 
110 

Power Dissipation (Note 4) 
Operating Temperature Range 
HA-51 02/51 04/5112/5114-2 
HA-51 02/51 04/5112/5114-5 
Storage Temperature Range 

HA-5104-2 HA-5102-5 
HA-5114-2 HA-5112-5 

-550 C to +1250 C OOC to +750 C 

MIN TYP MAX MIN TYP MAX 

0.5 2.5 0.5 2.0 
3.0 2.5 

3 3 
130 200 130 200 

325 325 
30 75 30 75 

125 125 
500 • 500 

±12 ±12 

lOOK 250K lOOK 250K I 
86 86 

8 8 

60 60 
108 180 

±12 ±13 ±12 :!:13 
±10 i12 ±10 ±12 
±10 ±15 ±.10 ±15 

50 50 
250 250 
110 110 

880mW 

-550C~TA~+1250C 

OOC~TA~+750C 

-650C ~TA~ +150oC 

HA-5104-5 
HA-5114-5 

OOC to +750 C 

MIN TYP MAX UNITS 

0.5 2.5 mV 
3.0 mV 

3 IN/OC 
130 200 nA 

325 nA 
30 75 ·nA 

125 nA 
500 kH 

±l2 V 

lOOK 250K VIV 
86 dB 

8 MHz 

60 MHz 
108 dB 

±12 ±13 V 
±10 ±12 V 
±.10 ±15 rnA 

50 kHz 
250 kHz 
110 n 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS 
V+ = 15VOC; V:.. = -15VOC 

PARAMETER TEMP 

TRANSIENT RESPONSE (Note 10) 

Rise time 
HA-5102/5104 +250C 
HA-5112/S114 +250 C 

Overshoot 
HA-Sl02/5104 +250 C 
HA-5112/5114 +250C 

Slew Rate 
HA-51 02/5 i 04 +250 C 
HA-5112/5114 +250C 

I Settling ~ime (Note 11) 
I HA-5102l5104 

HA-5112/5114 +250C 

NOISE CHARACTERISTICS 

Input Noise Voltage +250C 
f = 10Hz 
f = 1KHz 

I nput Noise Current +250C 

I f = 10Hz 
f = 1KHz 

[ Broadband Noise Voltage +250C 
f = DC to -30KHz 

POWER SUPPLY CHARACTERISTICS 

Supply Current 
HA-5102/5112 +250C 
HA-5104/5114 +250C 

Pow~r Supply Rejection Ratio Full 
(Note 6) 

@ Ie MASTER 1984 

I 
I 

HA-5102-2 HA-5104-2 
HA-Sl12-2 HA-5114-2 

-550 C to + 12SOC -550C to + 1250C 

MIN TYP MAX MIN TYP MAX 

SO 100 SO 100 
38 60 38 60 

20 35 20 35 
30 40 30 40 

:!J ±3 :!:1 :!:3 
±12 ±20 i12 ±20 

0.6 0.6 

17 17 
4.3 4.3 

I 

I 
I 

5.1 I I 5.1 
.57 

I I I 
i .57 

870 1870 

I 

3.0 5.0 3.0 5.0 
5.0 6.5 5.0 6.5 

86 86 

HA-5102-S 
HA-5112-5 

OOC to +750 C 

MIN TYP MAX 

50 100 
38 60 

20 35 
30 40 

;!:1 :!:3 
i12 ±20 

0.6 

17 
4.3 

I 

1
5
.
1 

I 
I 

I .57 
I 

870 

3.0 5.0 
5.0 6.5 

86 

HA-5104-5 
HA-5114-5 

OOC to +750 C 

MIN TYP MAX 

50 100 
38 60 

20 35 
30 40 

±1 ±3 
i12 i20 

0.6 

17 
4.3 

I 5.1 
I .57 i 

870 

3.0 5.0 
5.0 6.5 

86 

UNITS 

ns 
ns 

% 
% 

Vips 
V!IJS 

J.ls 

nV/jHi 
nV/..;Hi. 

pA/.,fHz 
pA/YHz 

nVrms 

rnA 
rnA 
dB 
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m HARRIS 

Preliminary 

FEATURES 

• DIFFERENTIAL PHASE ERROR .10 

• DIFFERENTIAL GAIN ERROR .1% 

• HIGH SLEW RATE 1000V//Js 

• WIDE POWER BANDWIDTH DC TO BOMHz 

• FAST RISE TIME 3ns 

• WIDE POWER SUPPLY RANGE 1"5 to ±16V 

APPLICA TIONS 

• VIDEO BUFFER 

• HIGH FREQUENCY BUFFER 

• OP AMP ISOLATION BUFFER 

• HIGH SPEED LINE DRIVER 

• IMPEDANCE MATCHING 

PINOUT 

VIDEO BUFFER PINOUT 
CASE 

NC 

METAL CAN PACKAGE 

TOP VIEWS 

MINI- DIP 

Copyright © Harris Corporation 1983 
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HA-5033 
Video Buffer 

DESCRIPTION 

The HA-5033 is a high performance voltage follower designed for use 
in high frequency applications requiring a high speed wideband b~ffer. 

Specifically designed for driving coaxial cable and featuring a bandwidth 
of 250MHz and outstanding differential gain and phase characteristics, 
the HA-5033 is an excellent device for the line driver and buffer applica
tions common to video circuit design. In addition, the HA-5033 offers 
a minimum slew rate of 1000V//Js. 

This device is fabricated using the HA R R IS dielectric isolation process. 
Reduced parasitic capacitance and leakage currents along with improved 
high frequency PNP transistor performance are among the benefits derived 
from the superior electrical isolation of the D.I. process. 

Available in a 12 pin (T0-8) metal can or an 8 pin epoxy mini-dip, the 
HA-5033-2 is specified over the military temperature range of -550 C 
to + 1250C. The HA-5033-5 is characterized over the commerical tem
perature range of OOC to +750 C. 

SCHEMATIC 

R2 R12 

06 010 

""""',,-"+--0 VOUT 

Rl R13 
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m HARRIS 

Preliminary 

FEATURES 

• LOW OFFSET VOLTAGE 0.3mV 

• HIGH SLEW RATE 50V//-Ls 

• AOJUSTABLE/GATEABLE GAIN 

• LOW OFFSET CURRENT 120nA 

• ADJUSTABLE POWER CONSUMPTION 

APPLICATIONS 

• USE AS BUILDING BLOCKS FOR: 

• MULTIPLEXERS 

• SAMPLE AND HOLD CIRCUITS 

• COMPARATORS 

• VOLTAGE FOLLOWERS 

PINOUT 

Nt 

TOP VIEWS 

Nt 

IN-

IN+ 

v-

~yright © Harris Corporation 1983 

Nt 

v+ 

OUT 

AMP BIAS 
INPUT 

DESCRIPTION 

HA~23080 
Operational 

Transconductance 
Amplifier 

HA-23080 is an operational transconductance amplifier offering 
an unique blend of DC and AC electrical characteristics coupled 
with a bias input control for additional versatility. Fabricated 
using Harris Semiconductor's standard dielectric isolation process, 
these gateable-gain blocks provide input characteristics such as 
0.3mV offset voltage, 120nA offset current and 150 /-LV IV offset 
voltage sensitivity. Combined with these input characteristics are 
outstanding dynamic specifications including 50V I /-L s slew rate 
and 2MHz bandwidth. 

Using these ~eatures plus the flexibility afforded by the amplifier 
bias input, HA-23080 may be easily employed as the main 
component in multiplexer, comparator, multiplier, and samplel 
hold designs. This OT A is also useful as a fast voltage follower. 

Using the popular operational amplifier pinout, HA-23080 comes 
available in 8 pin (T0-99) cans and 8 pin cerdips. Its specified 
temperature range is OOC to + 750C for -5 and -550 C to + 1250C 
for -2. 

SCHEMATIC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Common Mode Input Voltage 
Input Signal Current 
Amplifier Bias Current 
Output Short Circuit Duration 

36V 
.±SV 

V +to V-
1mA 
2mA 

Indefinite 

Power Dissipation 
Operating Temperature Range 

HA-23080-2 
HA-23080-5 

Storage Temperature Range 

12SmW 

-SsoC S:TAs:+12SoC 
OOC S:TAS+7SoC 

-6SoC S:T A s:+ lS00 C 

ELECTRICAL CHARACTERISTICS V+ = lSV, V- = -lSV 
IABC = SOOpA (Unless IndiCated Otherwise) (Note 2) 

I 
I 

I 
I 

I 

@) Ie MASTER 1984 

PARAMETER TEMP. 

INPUT CHARACTERISTICS 

Offset Voltage -IABC = 5pA +250C 

Full 

Offset Voltage Change 
IABC = 5pA to IABC = 500IJA +250C 

Average Offset Voltage Drift - IABC = l00IJA Full I 
Bias Current 

I 
+250C 

I Full 

IABC = 500nA +250 C 

Offset Current +250 C 

Common Mode Range +250C 

Differential I nput Current 
IABC = 0, VOIFF = 4V +250C 

Leakage Current (See Test Circuit) 
IABC = 0, VTP = OV +250C 
IABC = 0, VTP = 36V +250 C 

Input Capacitance (Note 3) +250C 

Input Resistance +250 C 

TRANSFER CHARACTERISTICS 

Forward Transconductance (large Signal) +250 C 
Full 

Common Mode Rejection Ratio +250 C 

Open Loop Bandwidth +250C 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 4) - IABC = SpA +250 C 
+250 C 

Output Current (Note 5) -IABC = 5/JA +250C 
+250C 

Full 

Output Capacitance (Note 3) +250 C 

Output Resistance +250C 

Input-to-Output Capacitance (Note 3) +250C 

TRANSIENT RESPONSE (See Test Circuit) 

Slew Rate - Compensated +250C 
Uncompensated +250 C 

NOISE CHARACTERISTICS 

Total Input Noise Voltage (Note 6) +250C 

POWER SUPPLY CHARACTERISTICS 

Supply Current +250 C 

Input Offset Voltage Sensitivity +250 C 

Amplifier Bias Voltage +250C 

NOTES: 

1. Absolute maximum ratings are limiting values applied 
individually beyond which the serviceability of the 
circuit may be impaired. Functional operability under 
any of these conditions is not necessarily implied. 

2. IABC (Amplifier Bias Current) The current supplied to 
the amplifier bias terminal (Pin 5) to establish its opera
ting point. 

HA-23080-2/-5 

MINIMUM TYPICAL MAXIMUM UNITS 

0.3 2 mV 
0.4 2 mV 

5 mV 

0.1 3 mV 

I 3 18 IJV/oC 

I 
2 

I 
5 

I 
IJA 

8 IJA 
I 

2 5 nA 

0.12 0.6 nA 

±12 ±13.6 V 

0.008 5 nA 

' 0.08 5 nA 

I 
0.3 5 

I 
nA 

3.6 pF 

10 26 kfl 

7700 9900 15000 /Jmho 
4000 IJmho 

SO 110 dB 

20 MHz 

±12 ±13.S V 
±12 ±13.5 V 

3 5 7 IJA 
350 500 750 IJA 
300 IJA 

5.6 pF 

15 Mfl 

0.024 pF 

50 V//Js 
75 V//Js 

12 liVPEAK 

O.S I 1 1.5 mA 

! 
150 IJvtv 

0.71 V 

3. f=lMHz 

5. Rl = 0 

6. Vs =.±S.5V,IABC = 500nA, Bandwidth = 1kHz, 
RSOURCE = 100kQ, Test Time = 30 sec. 
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m HARRIS 

FEATURES 

• MONOLITHIC INTEGRATED DEVICE 

• UNIQUE 01 HIGH VOLTAGE PROCESS 

• COMPATIBLE WITH WORLDWIDE PABX 
PERFORMANCE REQUIREMENTS 

• CONTROLLED SUPPLY OF BATTERY FEED 
CURRENT FOR SHORT LOOPS 

• IN1ERNAL RING RELAY DRIVER 

• LOW POWER CONSUMPTION DURING STANDBY 

• SWITCH HOOK, GROUND KEY AND RING TRIP 
DETECTION FUNCTIONS 

• SELECTIVE DENIAL OF POWER TO SUBSCRIBER 
LOOPS 

APPLICATIONS 

• SOLID STATE LINE INTERFACE CIRCUIT FOR 
ANALOG AND DIGITAL PBX SYSTEMS 

PINOUT 

TOP VIEW 

T TX 

R AG 
Vs+ CAP 4 

CAP 1" Rx 
CAP 3 +IN 

DG -IN 

RS OUT 
RD CAP 2 
TF RC 
RF PO 

VS- GKD 
SG SHD 

"Optional 

COPyright © Harris Corporation 1981 
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HC-5502 
SlIC-lC Subscriber Line 

Interface Circuit 

DESCRIPTION 

The HARRIS SLlC-LC incorporates many of the BORSHT 
functions on a single IC chip. This includes DC battery 
feed, a ring relay driver, supervisory and hybrid functions. 
Using the unique HAR R IS dielectric isolation process, the 
SLlC-LC can operate directly with a wide range of station 
battery voltagees. 

The SLlC-LC also provides selective denial of power. If the 
PABX system becomes overloaded during an emergency, 
the SLlC-LC will provide system protection by denying 
power to selected subscriber loops. 

The HARRIS SLlC-LC is ideally suited in the design of new 
digital PABX systems, by eliminating bulky, expensive 
hybrid transform~rs. 

SUC-lC is available in either a 24 pin dual-in-line plastic 
or ceramic package. 

FUNCTIONAL DIAGRAM 

2WIRE 
LOOP 

150f2 

SWITCH HOOK 
t----++DETECTION 

-. t-+---~ 
POWER DENIAL PO I L ___ ";;~M~!~«;!!!! ______ .J 

@ Ie MASTER 1984 



m HARRIS 

FEATURES 

• MONOLITHIC INTEGRATED DEVICE 

• UNIQUE 01 HIGH VOLTAGE PROCESS 

• COMPATIBLE WITH WORLDWIDE PABX 
. PERFORMANCE REQUIREMENTS 

• CONTROLLED SUPPLY OF BATTERY FEED 
CURRENT FOR SHORT LOOPS 

• INTERNAL RING RELAY DRIVER 

• ALLOWS INTERFACING WITH NEGATIVE 
t'IIDrDIIIDnt'rn Dlllf!llU:! t'Vt'TCIlt' 
.;Jur&;nll,.ru.;J!;,u nll .. ulI .. u '" I '" I ... ".", 

• LOW POWER CONSUMPTION DURING STANDBY 

• SWITCH HOOK, GROUND KEY AND RING TRIP 
DETECTION FUNCTIONS 

• SELECTIVE DENIAlOF POWER TO SUBSCRIBER 
LOOPS 

APPLICATIONS 

• SOLID STATE LINE INTERFACE CIRCUIT FOR 
ANALOG AND DIGITAL PBX SYSTEMS 

PINOUT 

TOPVIEW 

T TX 
R AG 

RFS CAP4 

VB+ Rx 
CAP 3 +IN 

DG -IN 

RS OUT 
RD CAP 2 
TF RC 
RF Po 

VB- GKD 
BG SHD 

Copyright © Harris Corporation 1982 
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HC-5504 
SLIC-LC Subscriber 

Line Interface Circuit 

DESCRIPTION 

The HARRIS SlIC-LC incorporates many of the BORSHT 
functions on a single IC chip. This includes DC battery 
feed, a ring relay driver, supervisory and hybrid functions . 
Using the unique HAR RIS dielectric isolation process, the 
SLlC-LC can operate directly with a wide- range of station 
battery voltages. 

The SLlC-LC also provides selective denial of power. If the 
PABX system becomes overloaded during an emergency, 
the SlIC-LC will provide system protection by denying 
power to selected subscriber loops. 

The HARRIS SLlC-LC is ideally suited for the design 
of new PABX systems, by eliminating bulky, expensive 
hybrid transformers. 

SLI C-LC is available in either a 24 pin dual-in-line plastic 
or ceramic package. The SLlC-LC is also available in die form. 

FUNCTIONAL DIAGRAM 

TX TRANSMIT 
OUTPUT 

-POWER OENfAL ;0 I L ___ ~~M~!~~ ______ ...J 
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m HARRIS 

FEATURES 

• EXCEEDS ALL 03/04 AND CCITT SPECIFICATIONS 
• +5V, -5V POWER SUPPLI ES 
• LOW POWER CQNSUMPTION: 

45mW (SOOn OdBm LOAD) 
30mW (POWER AMPS DISABLED) 

• POWER DOWN MODE: O.5mW 
• 20dB GAIN ADJUST RANGE 
• NO EXTERNAL ANTI-ALIASING COMPONENTS 
• SIN x/x CORRECTIQN IN RECEIVE FILTER 
• 50/60Hz REJECTION IN TRANSMIT FI L TER 
• TTL AND CMOS COMPATIBLE LOGIC 
• ALL INPUT PROTECTED AGAINST STATIC DISCHARGt 

DUE TO HANDLING 

PINOUT 
DUAl-IN-L1NE PACKAGE 

TOP VIEW 

FUNCTIONAL DIAGRAM 

HC-5512/5512A 
PCM Monolithic Filter 

DESCRIPTION 

The HC-5512/H'C-5512A filter is a monolithic circuit contain
ing both transmit and receive filters specifically designed for 
PCM CODEC filtering applications in 8kHz sampled systems. 

The filter is manufactured using double-poly silicon gate 
CMOS technology. Switched capacitor integrators are used 
to simulate classical LC ladder filters which exhibit low 
component sensitivity. 

TRANSMIT FILTER STAGE 

The transmit filter is a fifth order elliptic low pass filter in 
series with a fourth order Chebyshev high pass filter. It pro
vides a flat response in the passband and rejection 'of signals 
below 200Hz and above 3.4kHz. 

RECEIVE FILTER STAGE 

The receive filter is a fifth'order elliptic low pass filter designed 
to reconstruct the voice signal from the decoded/demultiplexed 
signal which, as a result of the sampling process, is a stair
step signal having the inherent sin xIx frequency response. 
The receive filter approximates the function required to com
pensate for the degraded frequency response and restore 
the flat passband response. 

Vaa GNDD GNDA PDN 

FIGURE 1 

Copyright © Harris Corporation 1982 
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mHARRIS HC-55564 
All-Digital Continuously Variable 

Slope Delta Modulator lCVSDj 
Preliminary 

FEATURES DESCRIPTION 

• REQUIRES FEW EXTERNAL PARTS 

• LOW POWER DRAIN: 6mW FROM SINGLE 4.5V-7V SUPPLY 

• TIME CONSTANTS DETERMINED BY CLOCK 
FREQUENCY; NO CALIBRATION OR DRIFT PROBLEMS; 
AUTOMATIC OFFSET ADJUSTMENT 

• HALF DUPLEX OPERATION UNDER DIGITAL CONTROL 

• FILTER RESET UNDER DIGITAL CONTROL 

• AUTOMATIC OVERLOAD RECOVERY 

• AUTOMATIC "QUIET" PATTERN GENERATION 

• AGC CONTROL SIGNAL AVAILABLE 

APPLICATIONS 

• VOICE TRANSMISSION OVER DATA CHANNELS 

• VOICE ENCRYPTION/SCRAMBLING 

• VOICE I/O FOR DIGITAL SYSTEMS AND SPEECH 
SYNTHESIS 

• AUDIO MANIPULATIONS: DELAY LINES, TIME 
COMPRESSION, ECHO GENERATION/SUPPRESSION, 
SPECIAL EFFECTS, ETC. 

The HC-55564 is a half duplex modulator/demodulator CMOS 
.integrated circuit used to convert voice signals into serial N RZ 
digital data, and to reconvert that data into voice. The conver
sion is by delta modulation, using the .continuously variable 
slope (CVSD) method of companding. 

While the signals are compatible with other CVSD circuits, the 
internal design is unique. The analog loop filters have been re
placed by digital filters, using very low power, and requiring no 
external timing components. This approach allows inclusion of 
many desirable features which would be difficult to implement 
using other approaches. 

The HC-55564 is usable from 9K bits/sec to above 64K bits/sec. 
The unit is available in a 14 pin ceramic or plastic DIP package in 
commercial and military temperature ranges including MIL-STD 
883-8 processing. 

PINOUT FUNCTIONAL DIAGRAM 

Top View 

Analog Gnd. 

AUd. Out 

Aud.ln 

NC Clock 

~'---__ """'';'''' Digital Gnd. 

Copyright © Harris Corporation 1983 
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111 1121 

Voo R. 
+5107V 

~ 

IS) VOICE 
IN 

/3IVOICEi 

141 AGe 

OUT 

[13J 

FORCE 

191 
CLOCK 

IN 

~ 

181 
OIG.GNO 

h 

~r-----_DIGITAl 
OUT 
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mHARRIS HC-55536 
All-Digital Continuously Variable 
Slope Delta Demodulator (CVSD) 

FEATURES 

• REQUIRES FEWER EXTERNAL PARTS 

• LOW POWER DRAIN: 6mW FROM SINGLE 5V-7V 
SUPPLY 

• TIME CONSTANTS DETERMINED BY CLOCK FRE
QUENCY; NO CALII3RATION OR DRIFT PROBLEMS; 
AUTOMATIC OFFSET ADJUSTMENT 

• FILTER RESET BY DIGITAL CONTROL 

• AUTOMATIC OVERLOAD RECOVERY 

• AUTOMATIC "QUIET" PATTERN GENERATION 

APPLICATIONS 

• SPEECH SYNTHESIS 

• AUDIO MANIPULATIONS; DELAY LINES, ECHO 
GENERATION/SUPPRESSION, SPECIAL EFFECTS, ETC. 

PINOUT AND PIN DESCRIPTION 

TOP VIEW 

VDD NC 

NC 2 F. Z. 

AUDIO OUT 3 DIGITAL INPUT 

NC 4 NC 

NC 5 NC 

NC 6 CLOCK 

NC GROUND 

Copyright © Harris Corporation 1983 
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DESCRIPTION 

The HC-55536 is a CMOS integrated circuit used to convert 
serial NRZ digital data to an analog (voice) signal. Conversion 
is by delta demodulation, using the continuously variable slope 
(CVSD) method. 

While signals are compatible with other CVSD circuits, the 
internal design is unique. The analog loop filters have been 
replaced by digital filters which use very low power and 
require no external timing components. This digital approach 
allows inclusion of many desirable features, which otherwise 
would be difficult to implement. Internal time constants are 
optimized for a 16K bit/sec data rate. However, the device 
is usable from 9K bits/sec to above 64K bits/sec. 

The package is a 14 pin DIP, available in plastic (OoC to 
~700C) or cefamic (-400C to +850 C), Chips are available, 
probe tested at +250 C. 

FUNCTIONAL DIAGRAM 

(13) 
FORCE 
ZERO 

VOICE 
OUT 
(3) 

6 CLOCK 
IN 
(9) 

1 Scil~~~:~C 6 DIGITAL 6 
FILTER MODULA-
4.0m_ TOR !:1 

SIGNAL 
10 ESTIMATE 

I+---+----i DIGITAL ...-----' 
FILTER 
1.0_ 

6GND 
(8) 
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m HARRIS 

FEATURES 

• OPERATES DIRECTLY OFF 120V1240V AC LINE -
NO POWER SUPPLY REQUIRED 

• 50Hz OR 60Hz OPERATION 

• PRODUCES POWER SAVINGS FROM 10010 TO 50010 
FOR MOTORS WITH LIGHT OR VARIABLE LOADS 

• SCR OUTPUT STAGE TRIGGERS TRIAC DIRECTLY 

• LOAD ANTICIPATOR SENSES SHOCK LOADS AND 
RESPONDS INSTANTLY WITH FULL POWER 

• WITHSTANDS LINE SURGES TO 3500V 

• CAUSES MOTO,R TO RUN QUIETER, COOLER 

• CAN BE MOUNTED INSIDE MOTOR 

• NEEDS ONLY 3 RESISTORS, 3 CAPACITORS AND A 
TRIAC TO ASSEMBLE COMPLETE CONTROLLER 

APPllCA TIONS 
-, 

• MACHINE TOOLS 

• INDUSTRIAL SEWING MACHINES 

• HEAT PUMPS 

• PRESSES 

• CONVEYORS 

• DISC PACK DRIVES 

• ANY APPLICATIO'N WHERE FOR SOME OF THE 
TIME THE MOTOR IS DRIVING LESS THAN ITS 
RATED LOAD 

FUNCTIONAL DIAGRAM 

HV-l000/l000A 
Induction Motor 

Energy Saver 

DESCRIPTION 

The HV-l000 and HV-l000A are energy saving induction 

motor . control circuits designed to reduce the power 

consumed by single phase induction motors. HV-l000 is for 

120V AC use and HV-l000A for 240V AC use. 

The controller circuit senses the load on the motor-and then 

contro!s a TR !AC to apply reduced voltage to lightly loaded 

motors, full volt'age to heavily loaded motors. 

The HV-l 000/1 OOOA are available in a 16 lead plastic 

DIP. Ideal for mounting inside induction motors, they can 

also be mounted in a heat sunk circuit box for external, 

after market application. 

PINOUT 

TOP VIEW 

·AC RET Cr;--v-;s~AC IN 

EXT CAP HI C 2 15 P NC 

EXT CAP LO C 3 14 P NC 

POT CCW C 4 13 ~ OVERRIDE 

POT CT C 5 12 0 PHASE SENSE 

~OTrwc 6 11 ~COMPENSATION 
MODE C 7 10 ONC 

TRIAC GATE RETURN C 8 9 t:JTRIAC GATE 

POT POT POT CAP CAP PHASE 

I 
AC1~~/U:-""'ov-+-~1 

A.C. I A.C. SERIES I 
REGULATOR 

AC RET 00--+-----11 

() 
COMPENSATION 

Copyright © Harris Corporation 1983 
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LINEAR 

Operational Amplifiers - General Purpose 
Vos Ib AWL GBW (typ) Isupp 

Type Description (mV) (nA) (V/V) (MHz) (mA) Packages- Remarks 

108 Low Level, Un\;ompensated 2.0 50,000 0.6 - 55, + 125 J, F, T 
108LN Guaranteed Noise lOS 

2.0 
2.0 2.0 50,000 

1.0 
1.0 0.6 - 55, + 125 T 7Cnv/.jHz@10Hz 

30S Low Level, Uncompensated 7.0 25.000 O.S 0, +70 F, J, P, T 
30SLN Guaranteed Noise 30S 

7.5 
7.5 7.0 25,000 

1.0 
1.0 O.S 0, +70 T 70nVl.jHz@10Hz 

777 General Purpose Comparator 0.7 25 150,000 O.S 
777C General Purpose Comparator 0.7 25 150,000 O.S 

SOOSM Low Bias Current, Compensated 5.0 10 20,000 1.0 
800SC Low Bias Current, Compensated 6.0 25 20,000 1.0 

lH210S Dual Super Beta 2.0 3.0 25,000 1.0 

2.5 -55, +125 
2.5 0, +70 

2.S -55, +125 
2.S 0, +70 

0.4 -55to +125 
0.4 -55 to +125 

P, T 
P, T 

J, T 
J, P, T 

lH210SA Dual Super Beta 0.5 3.0 40,000 1.0 
lH2308 Dual Super Beta 7.5 10 15,000 1.0 0.4 Oto +70 

o~O } Build to Order 

lH230SA Dual Super Beta 0.5 10 60,000 1.0 0.4 Oto +70 

Operational Amplifiers - Low Power Programmable 
Vos It. AwL GBW ISUpp @ 1111 @ VI 

Type Description (mV) (nA) (V/V) (MHz) (,&A) (,&A) (V) 

S021 M Programmable, Compensated 
8021 C Programmable, Compensated 

8022M Oual8021M 
S022C Dual 8021 C 

8023M Triple 8021M 
8023C Triple 8021C 

7611 CMOS 
7612 CMOS, Extended CMVR 
7613 CMOS, Input Protected 

to :t 200V 
7631 CMOS, Triple 
7632 CMOS, Triple, Uncompensated 

3.0 
6.0 

3.0 
6.0 

3.0 
6.0 

20 50,000 0.27 
30 50,000 0.27 

20 50,000 0.27 
30 50,000 0.27 

20 50,000 0.27 
30 50,000 0.27 

2.0 0.001 100.000 1.4 
2.0 0.001 100,000 1.4 
2.0 0.001 100,000 1.4 

5.0 0.001 100,000 1.4 
5.0 0.001 100,000 1.4 

40 
50 

40 
50 

40 
50 

20 
20 
20 

60 
eo 

Operational Amplifiers - CMOS 
Type CompIIIItIon 

7611 Single, Selectable 10 Internal 
7612 Single. Selectable 10 Internal 

Extended CMVR 
7613 Single, Selectable 10 Internal 

Input Protected 10 :t 200v 
7614 Single, Fixed 10 External 
7615 Single, Fixed 10 External 

Input Protected 
7621 Dual, Fixed 10 Internal 
7622 Dual. Fixed 10 Internal 
7631 Triple. Selectable 10 Internal 
7632 Triple, Selectable 10 None 
7641 Quad, Fixed IQ Internal 
7642 Quad. Fixed 10 Internal 
7650 Chopper StabIlized In1ema1 

Offut Nul 

Yes 
Yes 

Yes 

Yes 
Yes 

No 
Yes 
No 
No 
No 
No 

Vos SIIIctian 

2,5,15mV 
2.5.15mV 

2.5.·15mV 

2.5.15mV 
2.5.15mV 

2.5.15mV 
2.5.15mV 
5.10.2OmV 
5.10.2OmV 
5.10.2OmV 
5.10.2OmV 

O.OlmV 

los I, 

0.5pA 1pA 
O.SpA lpA 

O.SpA lpA 

O.SpA lpA 
0.5pA 1pA 

O.SpA lpA 
O.SpA lpA 
0.5pA lpA 
a.SpA lpA 
O.SpA 1pA 
O.SpA lpA 

10pA 

30 
30 

30 
30 

30 
30 

+6.0 -55to +125 
+6.0 0, +70 

+6.0 -55to +125 
+6.0 0, +70 

+6.0 -55 to +125 
+6.0 0 to +70 

C,I,M 
C,I,M 
C,I,M 

C.I,M 
C,!,M 

Output Swing Input CMR 

VSupp-l00mV Vsupp-100mV 
Vsupp+3OOmV Vsupp-100mV 

Vsupp-100mV Vsupp-l00mV 

Vsupp-l00mV Vsupp-l00mV 
Vsupp-l00mV Vsupp-l00mV 

Vsupp-l00mV Vsupp-l00mV 
Vsupp -l00mV Vsupp -l00mV 
Vsupp-l00mV Vsupp-l00mV 
Vsupp-l00mV Vsupp-l00mV 
Vsuw-100mV Vsupp-l00mV 
V supp -l00mV V supp -10OmV 
Vsupp- loomV 

J, T 
T 

J, F 
J, P 

J 
J, P 

T, P 
T, P 
T, P 

D. P 
D, P 

Packages-

P. T 
P. T 

P. T 

p. T 
P. T 

P. T 
P. J 
P. J 
p. J 
P. J 
P. J 
P, T 

·Package Key: O-Solder lid side brazed ceramic dual-in-line. F-Ceramic flat package. J-Glass frit seal ceramic dual-in-line. P-Plastic dual-in-line. 
T-Metal can. 
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1I0~OlL 
Operational Amplifiers - FET Input (also see Operational Amplifier, CMOS) 

Slew 

Vas Ib AYOl GBW (typ) Rate IsuP!' TA 
Type Description (mV) (pAl (V/V) (MHz) (VIi'S) (mA; (CC) Packages· R.marlc;s 

S007M General Purpose, Compensated 20 20 50,000 1.0 6 5.2 -55, +125 T 
S007AM S007M, Low Ib 30 1.0 20,000 1.0 2.5 6 -55, +125 T 
S007C General Purpose, Compensated 50 50 20,000 1.0 6 6 0, +70 T All BIFET amplifiers 

8007AC ao07C. Low Ib 30 1.0 20.000 1.0 2.5 6 O. +70 T offer low noise-

S043M Dual8007M 20 20 50.000 1.0 6.0 6 -55. +125 
see data sheets 

ao43C Dual8007C SO 50 20.000 1.0 6.0 6.S -55. +125 J. P 

S500 MOSFET Input. Compensated SO 0.1 20.000 0.7 0.5 2.7 -25. +S5 T 
S500A MOSFET Input. Super Low Ib 50 0.01 20.000 0.7 0.5 2.7 -25. +S5 T 

Operational Amplifiers - High Performance 
Slew 

Vos Ib AYOl GBW Rate fsuP!' TA 
Type Description (mV) (pA) {VI V) (MHz) (VIpS) (mA) (CC) PackJges* 

S017M High Speed, Inverting 5.0 200 25.000 10 130 7.0 -55; +125 T. F 
S017C High Speed. Inverting 7.0 200 25.000 10 130 S.O O. +70 T. F 

OP-05 Low Bias. Low Drift 0.07 700 SOO,OOO 0.6 0.2 4,0 -55. +125 T. J 
OP-07 Ultra Stable 0.025 300 500,000 0.6 0.17 4.0 -55. +125 T. J 

Operational Amplifiers- High Slew Rate 
Slew 

Vos Ib AVOL 68W IIaII Isupp TA 
TYIII DlacrlplllNl (.V) (pA) (V/V) (MHz) (V/"S) (IIA) (OC) PIck ... • 

8017M High speed. inverting 5.0 200 25000 10 130 7.0 -55 + 125 T.F 
B017e High speed. Inverting 7.0 200 25.000 10 130 8.0 0·70 T.F 

·Package Key: O-Solder lid side brazed ceramic dual-in-line. F-Ceramic flat package. J-Glass frit seal ceramic dual-in-line. P-Plastic dual-in-line. 
T -Metal can. 
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[l]D~Dll 
Precision Operational Amplifiers, Vsupp = ± 2V to ± BV 

Slew 
Vos AVos AVos Ay Rate 'BIAS 

Type Description ("V) ("VI "C) ("V/year) (da min) Rate (VI I£S) (pA) Packages· 

ICL76SOC Chopper Stabilized ±1 ±0.01 100nV/..jmonth 126 2.5 +1.5 J, P, T 
ICL76S01 Chopper Stabilized ±1 ±0.01 100nVl..jmonth 126 2.5 +1.5 J, P, T 
ICL7652 Chopper Stabilized ±1 ± 0.7 1 OOnVl..j month 120 0.5 +1.5 J, P, T 

Precision Instrumentation Amplifiers, Vsupp = ± 2V to ± 5V, Isupp = 1.7mA 

Vos AVos AVos Ay 
Type Description ("V) ("VI "C) ("V/year) (118 min) Packages· 

ICL7605C Compensated ±2 ±0.01 0.5 90 J, P 
ICL76051 Compensated ±2 ±0.01 0.5 90 J,P 
ICL7605M Compensated ±2 ±0.05 0.5 90 J, P 
ICL760SC Uncompensated ±2 ±0.01 0.5 90 J, P 
ICL76061 Uncompensated ±2 ±0.01 0.5 90 J, P 
ICl7606M Uncompensated ±2 ±0.05 0.5 90 J,.P 

Precision Voltage References 
Type Description 

ICL8069 Low Voltage Reference The ICL8069 is a 1.2V temperature compensated voltage reference. It uses the band
gap principle to achieve excellent stability and low noise at reverse currents down to 
SOpA. 

ICL8075-9 Ultra PreciSion Temperature The ICL8075-9 is a family of precision laser-trimmed voltage references that incor-
Stabilized Voltage References porate a substrate heater to produce extremely low overall voltage temperature coeffi

cients. The series of devices is produced so that exact voltages are available for the 
most popular AID and DIA converters. This avoids the necessity to perform ad
justments in most cases, and reduces the problems with trim range and temperature 
coefficient loss in all others. 

Video Amplifiers 
. Gains (typ) Bandwidths (typ) e. Output Isupp TA 

Type Description (V/V) (MHz) "V(rms) Offset (V) (mA) ("C) 

TA 
("C) 

o to +70 
-25to +85 
-20to +85 

TA 
("C) 

Oto +70 
-25 to +85 
-55 to +125 

Oto +70 
-25 to +85 
-55 to +125 

Packages· 

NE/SE592 Gain Selectable Video Amp 400,100,10 40,90 12 0.75 10 0, +70/-55, +125 J,T 
NE592-8 Gain Selectable Video Amp 400,100,10 40 12 0.75 10 0, +70 P 

·Package Key: D-Solder Ud side brazed ceramic dual-in-line. F-Ceramic flat package. J-Glass frit seal ceramic dual-in-line. P-Plastic dual-in-line. 
T-Metal can. 
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[l]D~DIL 
Comparators 

VoS Ib Ay tpd Is.,., VOL 10l TA 
Type Description (mV) (nA) (V/mV) (ns)(typ) (mA) (V) (mA) (OC) Packages-

8001M Low Power Comparator 3 100 15 2SO 2 0.5 2 -55. +125 T 
8OO1C Low Power Comparator 5 2SO 15 2SO 2 0.4 2 O. +70 T 

Notes: tpd measured for 100mV step with 5mV overdrive. 

Isupp measured for Vsupp + ::l: 15V. 

Power Amplifiers 
Slew Quiescent 

Output Output Vos Ib AWL Rate Isupp TA 
Type Description Use Current (A) Swing (V) (mV) (nA) (V/V) (V/pS) (mA) (oe) 

ICH8510M Hybrid Power Amplifier 1.0 ::l:26 3.0 2SO 100.000 0.5 40 -55. +125 
ICH85101 Hybrid Power Amplifier 1.0 ::l:26 6.0 SOO 100.000 0.5 50 -25. +85 
ICH85151 Hybrid Power Amplifier 1.25 ±12 6.0 500 100.000 0.5 80 - 20°C - + 85°C 
ICH8515M Hybrid Power Amplifier Servo 1.5 ±12 3.0 250 100.000 0.5 70 -55°C - +125°C 
ICH8520M Hybrid Power Amplifier and 2.0 ::l: 26 3.0 250 100,000 0.5 40 -55. +125 
ICH85201 Hybrid Power Amplifier Actuator 2.0 ::l:26 6.0 500 100.000 0.5 50 -25. +85 
ICH8530M Hybrid Power Amplifier 2.7 ::l: 25 3.0 250 100.000 0.5 40 -55. +125 

ICH85301 Hybrid Power Amplifier 
Power 

2.7 ::l:25 6.0 500 100.000 0.5 50 -25. +85 
ICL8063C Monolithic Power Amplifier 

Transistors 
2.0 ::l:27 50 6 2SO 0 •. +70 

ICL8063M Monolithic Power Amplifier 2.0 ::l:27 75 6 300 -55. +125 

Nate 1: Specifications apply at ::l: lOV supplies. Note 3: Fully protected against inductive current flow. 
Note 2: All units packaged in 8 lead TO-3 can. Note 4: Externally senable output current limiting. 

*Package Key: O-Solder lid side brazed ceramic dual-in-line. F-Ceramic flat package. J-Glass frit seal ceramic dual-in-line. P-Plastic dual-in-line. 
T-Metal can. 
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IIO~Ol6 
Special Function Circuits 

VSUPf» TA 
Type Description Accuracy (V) (OC) Packages· 

AD590 Temperaturetransducer-output linear at l~/oK :1"C 40 to 30 -55to +150 F, H 
ICL7667C Dual Power MOS Driver 22 0, +70 J, P, T 
ICL7667M Dual Power MOS Driver 22 -55, +125 J, T 
,8013AM Four quadrant multiplier. Output proportional to algebraic products :0.5% :15 -55, +125 T 
8013BM of two input sIgnals, Features: 0.5% accuracy; internal op amp :1.0% :15 -55, +125 T 
8013CM for level Shift, division and square root functions; full: 10V :2.0% :15 -55, +125 T 
8013AC input/output range; lMHz bandwidth. :0.5% :15 0, +70 T 
8013BC :1.0% :15 0, +70 T 
8013CC :2.0% :15 0, +70 T 

8038AM Simultaneous Sine, Square, and Triangle wave outputs T2l com- 1.5% :510 :15 -55, +125 J 
8038AC patible to 28V over frequency range from O.OlHz to 1.0MHz. 1.5% :5to :15 0, +70 J 
8038BM low distortion « 1%); high linearity (0.1 %); low frequency drift 3.0% :5to :15 -55, +125 

with temperature (SOppm/"C max); variable duty cycle (2%-98%). 
8038BC 3.0% :5to : 15 0, +70 P 

8038CC External frequen~y modulation. 5.0% :5to :15 0, +ZO P 

8048BC log amp lV/decade (Adjustable). 120dB range. :3OmV :15 0, +70 J, P 
8048CC with current Input. Error referred to output. :6OmV :15 0, +70 J, P 

8049BC Antilog amplifier adjustab:a scale factor. :10mV :15 0, +70 J, P 

8049CC Error referred to input. :30mV :15 0, +70 J, P 

8211M Micropower voltage detector/indicator/voltage regulatorl 2 to 30 -55, +125 T 
8211C programmable zener. Contains 1 .15V micropower reference 2 to 30 0, +70 P. T 
8212M plus comparator and hysteresis output. Main output 2 to'3O -55, +125 T 
8212C inverting (8212) or non-inverting (8211). 2 to 30 O. +70 P, T 

Hole: All parameters are specified at Vsupp = : 15V and TA = + 25"C unless otherwise noted. 

*Package Key: D-Solder lid side brazed ceramic dual-in-line. F-Ceramic flat package. J-Glass frit seal ceramic dual-in-line. P-Plastic dual-in-line. 
T-Metal can. 

CMOS Power Supply Circuits 
Type 

ICL7660 

ICl7663 
ICL7664 

ICl7665 

Description 

Voltage Converter 

Positive Regulator 
Negative Regulator 

Programmable 
Micropower 
Voltage Oetector 

The ICl7660 performs the complete supply voltage conversion from positive to negative for an input range of + 1. 5V to 
+ 10. av. resulting in complementary output voltages of -1.5V to -10. OV. 

The ICl7663 (positive) and ICl7664 (negative) series regulators are low-power, high-efficiency devices which accept 
inputs from 1.6V to 16V and provide adjustable outputs over the same range. at currents up to 40mA. Operating current is 
typically less than 4a~, regardless of load. 

The ICL7665 contains two individually programmable voltage detectors on a single chip. Requiring only - 3~ for opera
tion, the device is intended for battery-operated systems and instruments which require high or low voltage warnings, 
settable trip points. or fault monitoring and correction. 

@ Ie MASTER 1984 



FEATURES 
• Input diode protection 
• Input bias current less than 0.01 pA at all 

operating temperatures 
• No frequency compensation required 
• Offset Yoltage null capability 
• Short circuit protection 
• Low power consumption 

APPLICATIONS 
• Femto Ammeter 
• Electrometers 
• Long time Integrators 
• Flame detectors 
• pH meter 
• Proximity detector 
• Sample and Hold Circuits 

I 

SCHEMATIC DIAGRAM 

NON-INVERTING 
INPUT 

OFFSET 
NUll 12K 

OFFSET 
-NUll 

1K 

1K 
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ICH8500/A 
Ultra Low Bias Current 
Operational Amplifier 

GENERAL DESCRIPTION 
The ICM8500 and ICH8500A are hybrid circuits 
designed for ultra low input bias current operational 
amplifier applications. They are ideally suited for 
analog and electrometer applications where high input 
resistance and low input current are of .prime 
importance. 

Functionally, they are pin for pin identical to the 
popular 741 monolithic amplifier. These amplifiers are 
unconditionally stable and the input offset voltage 'can 
be adjusted to zero with an external20k potentiometer. 
The input bias current for the inverting and non
inverting inputs is _0.1 pA maximum for the ICH8500, 
and 0.01 pA maximum for the ICH8500A and are 
constant over the operating temperature range of 
-25°C to +85°C. 

Pin 8 is connected to the case. This permits the 
designer to operate the case at any desired potential, 
the key to achieving the ultra low input currents 
associated with these two amplifiers. Forcing the case 
to the same potential as the inputs eliminates current 
flow between the case and the input pins, and leakage 
currents that may have otherwise existed between any 
of the other pins and the inputs are intercepted by the 
case. 

ORDERING INFORMATION 

ICH 8500A TV 

~
LPACKAGE 

TV= TO-99 metal can 

DEVICE TYPE 

. INTERSIL HYBRID 

CIRCUIT 

PIN CONFIGURATION (outline dwg TV) 

CASE 
(GUARDI 
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ICH8500/A 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ............................ ±18V 
Internal Power Dissipation l11 ••••••••••••• SOO mW 
Differential Voltage ........................ ±O.SV 
Storage Temperature ........... -6SoC to +1S0°C 
Operating Temperature .......... -2So C to +8So C 
Lead Temperature (Soldering 10 sec) ...... 300°C 
Output Short Circuit Duration .......... Indefinite 

Note: 1. Rating applies for ambient temperature to +700 C. 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other ~onditions above those indicated in the 
operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

ELECTRICAL CHARACTERISTICS (TA = 2SOC unless otherwise specified, Vsupp = ±15V) 

CHARACTERISTICS 

Input Leakage Current 
(Inverting and Non-Inverting) 

Input Offset Voltage 

Offset Voltage Adjustment Range 

Change in Input Offset 
Voltage Over Temperature 

Common Mode Rejection Ratio 

Output Voltage Swing 

Common Mode Voltage Range 

Large Signal Voltage Gain 

Feedback Capacitance 

Long Term Input Offset 
Voltage Stability 

Slew Rate 

Input Capacitance 

Input Capacitance 

CIRCUIT NOTES 

VOLTAGE OFFSET 
NULL CIRCUIT 

ICH8500 
SYMBOL MIN TYP. 

IILK 

Vos 

±Vos 

j.vosl .n 
CMRR 60 75 

±VO ±11 

CMVR ±10 

AVOL 20,000 105 

Cfb 

aVos/at 

SR 0.5 

CIN 0.7 

CIN 1.5 

VOLTAGE FOLLOWER 

CASE 
GUARD 

MAX 

0.1 

50 

±50 

0.1 

±3.0 

ICH8500A TEST 
MIN TYP MAX UNITS CONDITIONS 

0.01 pA Case at same 
potential as inputs 

50 mV 

±50 mV 20kO Potentiometer 

±5.0 mV +25 to +85°C 
±5.0 mV -25 to +25°C 

60 75 dB ±5 volts common 
mode voltage 

±11 V RL:;::: 10kO 

±10 V 

20,000 105 -
0.1 pF Case guarded 

±3.0 mV At 25°C 

0.5 V/fJ·.s RL:;::: 2kO 

0.7 pF Case guarded 

1.5 pF Case grounded 

LOW LEVEL CURRENT MEASURING CIRCUIT 

OUTPUT 
Vo = 1 VOLTlpA 
= l012.IIN 

NOTE: Adjust input offset voltage to OV ± lOI'V before measuring leakage. 
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KEY FEATURES: 
• Delivers up to 2.7 amps @ 24·28V DC 

(30V supplies) 
• Protected against inductive kick back with internal 

power limiting 
• Programmable current limiting (short circuit protec

tion) 
• Package is electrically isol~ted (allowing easy heat 

sinking) 
• DC gain> 100dB 
• 20mA typical standy quiescent current 
• Popular 8 pin TO-3 package 
• Internal frequency compensation· 
• Can drive up to 0.1 horsepower motors. 

SCHEMATIC DIAGRAM 

ORDERING INFORMATION 
ICH8510MKA 

@ IC MASTER 1984 

Tr ~ P~~:lead T0-3 can 

Temperature Range 
M=Military -55"C to +125"C I 1=lndustrial -20"C to +85"C 

L-. ___ Basic Part Number 
8510=1A output 
8520 =2A output 
8530=2.7A output 

ICH851 0/8520/8530 
Power Amplifier I 

Motor & Actuator Driver 

DESCRIPTION: 
The ICH8510/8520/8530 is a family of hybrid power 
amplifiers that have been specifically designed to drive 
linear and rotary actuators, electronic valves, push-pull 
solenoids. and DC & AC motors. 

There are three models available for up to + 30V power 
supply operation: 2.7 amps @ 24 volt output levels, 2 amps 
@ 24V and 1 amp @ 24V. All amplifiers are protected 
against shorts to ground by the addition of 2 external pro
tection resistors. For a device operating at lower voltages, 
see the ICH8515. 

The design uses a conventional 741 operational amplifier, 
a special monolithic driver chip (BL8063), NPN & PNP 
power transistors, and internal frequency compensating 
capacitors. The chips are mounted on a beryllium oxide 
substrate for optimum heat transfer to the metal package; 
this substrate provides electrical isolation between 
amplifiers and metal package. 

The I.C. power driver chip has built-in regulators to drive 
the 741 @ typically ±13V supply voltages. 

v+ 

7 
t---.--..J<,.!V'\r-6-0RSC+ 

6 -= ....... ------'f-----oVOUT 
5 

....... ---+".!V'\,--<...-oRSC-

v-

PIN CONFIGURATION (outline dwg KA) 

(TOP VIEW) 

GROUNO~V+ 

~N~_0Rtc 
+IN~VOUT 
~ 

y- Rsc 
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ICH851 0/8520/8530 
ABSOLUTE MAXIMUM RATINGS @TA=25°C 

Supply Voltage .......................................................... ±32V 
Power Dissipation, Safe Operating Area ............................. See Curves 
Diff!3rential Input Voltage ................................................. ±30V 
Input Voltage .................................................... ±15V (Note 1) 
Peak Output Current ....................................... See Curves (Note 2) 
Output Short Circuit Duration (to ground) ................... Continuous (Note 2) 
Operating Temperature Range M .............................. -55°C - +125°C 

I ............................... -20°C - +85°C 
Storage Temperature Range ................................... -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) ............................... 300°C 
Max Case Temperature ................................................. 150°C 

Note 1: Rating applies to supply voltages of ±15V. For lower supply voltages. VINMAX = VsuPP. 

Note 2: Ratings apply as long as package dissipation is not exceeded. Device must be mounted on heat sink, see Figures 8 and 12. 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL SPECIFICATIONS TA = +25°C. Vsupp = ±30V (unless otherwise stated) 

ICH85101 ICH8510M ICH85201 ICH8520M ICH85301 1CH853OU 
DESCRIPTION SYMBOL CONDITIONS MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX MIN. MAX. UNITS 

Input Offset Voltage .lVos/.lPd Mtd. on Wakefield 4 2 4 2 4 2 mV/W 
Change with 403 Heat Sink 
Power Dissipation 

Input Offset Voltage Vos Rs' 10 k!! -6 +6 -3 +3 -6 +6 -3 +3 -5 +6 -3 +3 mV 
Pd .' lW 

Input Bias Current IBlAS Rs' lOkI! SOO 250 500 2SO 500 2SO nA 
Pd ,.' lW 

Input Offset Current los Rs' 10k!! 200 100 200 100 200 100 nA 
Pd.; lW 

Large Signal AVOL RL -2011 100 100 100 100 100 100 dB 
Vonage Gain Vo ·2/3 Vsupp 

Input Voltage Range VCMA -10 +10 -10 +10 -10 +10 -10 +10 -10 +10 -10 +10 V 
----

Common Mode CMRR Rs = 10 k!! 70 70 70 70 70 70 dB 
Rejection Ratio 

Power Supply PSRR Rs = 10 k!l 77 77 77 77 77 n dB 
Rejection Ratio 

Slew Rate SR CL =3 pF. Av = 1 0.5 0.5 0.5 0.5 0.5 0.5 VI'S 
RL = 1011 
Voe 2/3 Vsupp 

Output Voltage Swing VOMAX RL ~ 20!! (RL -3011) (RL ~3O!l) :!:26V :!:26V :!:25V :!:25V V 
Av = 10 :!:26V :!:26V 

Output Current (3) IMAX RL = al! 1.0 1.0 2.0 2.0 2.7 2.7 A 
Av = 10 

Power Supply 10 RL = x 125 100 125 100 125 100 mA 
Quiescent Current VIN = OV 

Note 3: See Figure #9 If Power Supplies are less than! 3OV. 

ELECTRICAL SPECIFICATIONS (continued) TA = -55"C. to +125°C.(M) orTA = -20°C. to +85°C.(I) 

Input Offset Voltage Vos Pd < 1W -10 +10 -9 +9 -10 +10 '-9 +9 -10 +10 -9 +9 MV 

Input Bias Current ISlAS Pd < 1W 1S00 750 1500 7SO 1500 7SO nA 

Input Offset Current los 500 200 500 200 500 200 nA 

Large Signal AVOL RL = 20!! 90 90 90 90 90 90 dB 
Voltage Gain .lVo =2/3 VsuPP 

Output Voltage Swing VOMAX RL = 20!1. Av = 10 :!:24 ;:24 ;:24 :!:24 :!:24 :!:24 V 

Thermal Resis1ance RHJA Without 40 40 40 40 40 40 'C/W 
Junction to Ambient Heat Sink 

Thermal Resistance R"JC 2.5 2.5 2.5 2.5 2.5 2.5 "C/W 
Junction to Case 

Thermal Resistance RHJA Mtd. on Wakefield (Typ.) (Typ.) (Typ.) (Typ.) (Typ.) (Typ.) 'C/W 
Junction to Ambient 403 Heat Sink 4.0 4.0 4.0 4.0 4.0 4.0 

Supply Vonage Range Vsupp :!:la :!:30 :!:18 :!:30 :!:18 :!:30 :!:18 :!:30 :!:18 :!:30 :!:18 :!:30 V 
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ICL761X/ 
762X/763X/764X 
Low Power CMOSTM 

Operational Amplifiers' 

FEATURES 
• Wide operating voltage range ±1.0V to ±av 
• High input impedance - 10120 
• Programmable power consumption - as low as 

20j.LW 
• Input current lower than BIFETs - typ 1pA 
• Available as singles, duals, triples, and quads 
• Output voltage swing ranges to within millivolts of 

v- to V+ 

• Low power replacement for many standard op amps 
• Compensated and uncompensated versions 

I SCHEMATIC 
INPUT 
STAGE 

I 

:Q 
SETTING 

STAGE 
I 

APPLICATIONS 
• Portable instruments. • Meter amplifiers 
• Telephone headsets • Medical instruments 
• Hearing aid/microphone • High impedance buffers 

amplifiers 

A number of special options are available. They include: 
• Single, dual, triple, and quad configurations 
• Internally compensated and uncompensated 

versions 
• Inputs protected to ±200V(ICL7613/15) 
• Input common mode voltage range greater than 

supply rails (ICL7612) 

OUTPUT 
STAGE 

I 

r-----~--------~~--~--~--------~~----~----~--~~--oV+ 

3K 
900K 

3K 

® OFFSET@ 

OFFSET >-----------,.. 

+INPUT +~I 
-INPUT 

TABLE OF JUMPERS 

ICL··76l1 B.F,H 
ICL·7612 B. F, H 
ICL·7613 B, F, H 
ICL·7614 C. D. E 
ICL·76l5 C, D, E 
ICL·7621 C, E 
ICL· 7622 C, E 
ICL·7631 B, F. H 
ICL·7632 B. F, H 
ICL·7641 C, G 
ICL·7642 A, E 

NOTES: 
1. HIGH VALUE THIN FILM RESISTORS ARE PRESENT ONLY ON 

ICL·7613 AND 7615. FOR ALL OTHER DEVICES, THEY ARE 
REPLACED BY DIRECT CONNECTIONS 

2, OFFSET NUlliNG PINS ARE NOT AVAILABLE ON TRIPLE 
(ICL·763XI AND OUAD OCL·764XI VERSIONS, 

3,10 AND COMP TERMINALS ARE METAL MASK OPTIONS OF THE 
SAME BONDING PAD; ONLY ONE OF THESE FUNCTIONS IS 
AVAILABLE IN A GIVEN DEVICE 

4. FOR INTERNALL Y COMPENSATED VERSIONS ONL Y. THIS 
CAPACITOR IS ABSENT FOR All OTHER DEVICES. 

@ Ie MASTER 1984 
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ICL761X/762X/763X/764X 
GENERAL DESCRIPTION 
The ICL761X/7.62X1763X/764X series is a family of 
monolithic CMOS op amps. These amplifiers provide 
the designer with high performance operation at low 
supply voltages and selectable quiescent currents, 
and are an ideal design tool when ultra low input 
current and low power drain are essential. 

The basic amplifier will operate at supply voltages 
ranging from ±1.0V to ±8V, and may be operated from 
a single Lithium~ cell. 

A unique quiescent current programming pin allows 
setting of standby current to 1 mA, 100 p.A, 'or 10 p.A, 
with no external components. This results in power 
drain as low as 20 p.W. Output swings range to within a 
few millivolts of the supply voltages. 

SELECTION GUIDE 

BASIC TYPE 

Of particular significance is the extremely low (1 pA) 
input current, input noise current of .01 pAl /Hz, and 
1012n input impedance. These features optimize 
performance in very high source impedance applica
tions. 

The inputs are internally protected and require no 
special handling procedures. Outputs are fully protect
ed against shorts to ground or to either supply. 

AC performance is excellent, with a slew rate of 
1.6V/p.s, and unity gain bandwidth of 1 MHz at 10= 

1 mA. 

Becau$e of the low power dissipation, operating 
temperatures and drift are quite low. Applications 
utilizing these features may include stable instru
ments, extended life designs, or high density packages. 

~ BASIC TYPE ORDER SUFFIX 

I I MINI PLASTIC CERAMIC 
TO-99 DIP DIP(1l DIP(1l 

OFFSET 
NULL CAPABILITY 
Y"'YES 

ED 
laSETTING 
L'" 10j.LA FIX 
M'" 100j.LA FI 
H = 1mA FIXE 
P"'PROGRAM 

0 0 

N=NO· 

ORDERING 
INFORMATIQI",PI 

ICL76XX M N 0 P 

~ 
VOS SELECTION 
A"'2mV 
B=SmV 
C = 10mV 
0= 1SmV 

i=2OmV 

TEMP. RANGE 
C '" O°C TO 70°C 
M = -SSoC TO +12SoC 

PACKAGE CODE 
TV - TO-99. 8 PIN 
PA - PLASTIC 8 PIN MINIDIP 
PO - 14 PIN PLASTIC 
PE - 16 PIN PLASTIC 
JD - 14 PIN CERDIP 
JE - 16 PIN CERDIP 

a: 
XED 0 >0 QW >o~ > u u 
0 

W -,w w~ -,wu :e u oil) u u u 1:, ~ -'~ ~u -'~w u 'b 'b 'b 'b « «w N N 
MABLE (/) «« ~b ««~ 0 " " " " z I~~ ~~~I W + + + I + + + 

-a: g S ;! g W 
~~ ~C1. W~C1. 0 

I 
g I g 

II. Z U U U c..\ u u :e IX~ ~~ ~~~ W I 0 ~ 'b 1:, °0 CO 'b 1:, 
U !wu uCl. wu~ X III Il) 

~ W i 
I 

7611 7614 7613 7615 7612 ACTV AMTV ACPA 
SINGLE 

Yt Y1M YIP YIM Y! 
BCTV BMTV BCPA 
OCTV OCPA 

DUAL 7621 ACTV AMTV ACPA 

lNF 
BCTV BMTV BCPA 

1458 PINOUT DCTV - OCPA 

DUAL 7622 ACPD ACJD AMJD 

747 PINOUT lylM 
BCPD BCJD BMJD 
DCPD OCJD --

[3i BCPE BCJE BMJE 
TRIPLE 7631 7632 

CCPE CCJE CMJE 
Nip Nip ECPE ECJE --

aUAD 

~ 
BCPD BCJD BMJD 
CCPD CCJD CMJD 

High la ECPD ECPD --
aUAD 7642 

BCPD BCJD BMJD 

NfL 
CCPD CCJD CMJD 

Lowla ECPD ECJD -

NOTES: 1. Duals and quads are available in 14 pin DIP packages, triples in 16 pin only. 
2. Ordering code must consist of basic device and order suffix, e.g.,ICL7611BCPA. 
3. ICL 7632 is not compensatable. Recommended for use in high gain circuits only. 

DIE 

u 
u 1:, 
'b ~ 
" + + 

~ S 

I 
u u 

1:, 'b Il) 

octo 

octo 

octo 

EC/D 

ECtD 

EC/D 
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ICL761X/762X/763X/764X 
PIN CONFIGURATIONS 

DEVICE 

ICL7611XCPA 
ICL7611XCTV 
ICL7611XMTV 
ICL7612XCPA 
ICL7612XCTV 
ICL7612XMTV 
ICL7613XCPA 
ICL7613XCTV 
ICL7613XMTV 

ICL7614XCPA 
ICL7614XCTV 
ICL7614XMTV 
!Cl7615XCPA 
ICL7615XCTV 
ICL7615XMTV 

ICL7621XCPA 
ICL7621XCTV 
ICL7621XMTV 

ICL7622XCPD 

@ Ie MASTER 1984 

DESCRIPTION 

I nternal compensation, plus 
offset null capability 
and external 10 control. 

Fixed 10 (100,uA), external 
compensation, and offset 
null capability. 

Dual op amps with internal 
compensation; 10 fixed 
at 100jJA 

Pin compatible with 
Texas Inst. TL082 
Motorola MC1458 
Raytheon RC4558 

Dual op amps with internal 
compensation and offset 
nutl capability; 10 fixed 
at 100jJA 

Pin compatible with 
Texas Inst. TL083 
Fairchild ,uA747 

TO.99JTOP VIEW) 
(outline dwg TV) 

10 SET 

*Pin 7 connected to case. 

TO·99 (TOP VIEW) 
(outline dwg TV) 

COMP 

v 
* Pin 7 connected to case. 

TO·gg (TOP V lEW) 

(outline dwg TV) 

v+ 

v-
* Pin 8 connected to case. 

PIN ASSIGNMENTS 

8 PIN DIP (TOP VIEW) 
(outline dwg PAl 

8 PIN DIP (TOP VIEW) 
ioutiine dwg PAl 

OFFSET 

-IN 

+IN 

v-

8 PIN DIP (TOP VIEW) 
(outline dwg PAl 

COMP 

v+ 

OUT 

OFFSET 

v+ OUTs -INs +INs 

14 PIN DIP (TOP VIEW) 
(outline dwgs JO, PO) 

OFFSET" v+ OUT" N/C OUTs v+ OFFSETs 

14 

• 
1 

-IN .. 

Note: Pins 9 and 13 are internally connected. 

-INs 
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ICL761X/762X/763X/764X 
PIN CONFIGURATIONS (Cont.) 

DEVICE 

ICl7631XCPE 
tCl7632XCPE 

ICL7641XCPD 
IcL7642XCPD 

DESCRIPTION 

Triple op amps with inte;nal 
compensation (lCl7631) and 
no compensation (lCL7632). 

Adjustable 10 

Same pin configuration as 
ICl8023. 

Quad op amps with internal 
compensation. 

10 fixed at lmA (lCL7641) 
10 fixed at 10JJA (lCl7642) 

Pin compatible with 
Texas Instr. TL084 
National LM324 
Harris HA4741 

GENERAL INFORMATION 
STATIC PROTECTION 

All devices are static protected by the use of input 
diodes. However, strong static fields should be avoided, 
as it is possible for the strong fields to cause degraded 
diode junction characteristics, which may result in 
increased input leakage currents. 

LATCHUP AVOIDANCE 

Junction-isolated CMOS circuits employ configura
tions which produce a parasitic 4-layer (p-n-p.:n) 
structure. The 4-layer structure has characteristics 
similar to an SCR, and under certain Circumstances 
may be triggered into a low impedance state resulting 
in excessive supply current. To avoid this condition, no 
voltage greater than 0.3V beyond the supply rails may 
be applied to any pin.· (An exception to this rule 
concerns the inputs of the ICL7613 and IcL7615, 
which are protected to ±200V.) In general, the op amp 
supplies must be established simultaneously with, or 
before any input signals are applied. If this is not 
possible, the drive circuits must limit input current flow 
to 2 mA to prevent latchup. 

CHOOSING THE PROPER 10 

Each device in the ICL76XX family has a similar 10 
set-up scheme, which allows the amplifier to be set to 
nominal quiescent currents of 10 JJ.A, 100 JJ.A or 1 mAo 

PIN ASSIGNMENTS 

16 PIN DIP (TOP VIEW) 
(outline dwgs JE, PEl 

lOA laB 
SET v+ OUT. +IN. -IN. SET 

.16 

• 
-IN. +IN. OUT. V+ lac -INc +INe 

SET 

Note: Pins 5 and 15 are internally connected. 

14 PIN DIP (TOP VIEW) 
(outline dwg JO, PO) 

OUTo -INo +INo v- +INe -III/e OUTc 

14 

• 
OUT. -IN. +IN. v+ +IN. -IN. OUT. 

These current settings change only very slightly over 
the entire supply voltage range. The ICL7611/12/13 
and ICL7631/32 have an external io control terminal, 
permitting user selection of each amplifiers' quiescent 
current. (The ICL7614/15, 7621/22, and 7641142 have 
fixed I a settings - refer to selector guide for details.) 
To set the 10 of programmable versions, connect the 
10 terminal as follows: 

10 = 10JJ.A - 10 pin to V+ 
10 = 100JJ.A -10 pin to ground. If this is not possible, 
any voltage from V+ -0.8 to V- +0.8 can be used. 

10 = 1 mA - 10 pin to V-

NOTE: The negative output current available is a 
function of the quiescent current setting. For max
imum p-p ouput voltage swings into low impedance 
loads, loof 1 mA should be selected. 

OUTPUT STAGE AND LOAD 
DRIVING CONSIDERATIONS 

Each amplifiers' quiescent current flows primarily in 
the output stage. This is approximately 70% of the 10 
settings. This allows output swings to almost the 
supply rails for output loads of 1M, 100K, and 10K, 
using the output stage in a highly linear class A mOde. 
In this mode, crossover distortion is avoided and the 
voltage gain is maximized. However, the output stage 
can also be operated in Class AB, which can supp!y 
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ICL761X/762X/763X/764X 
higher output currents. (See graphs under Typical 
Operating Characteristics). During the transition from 
Class A to Class B operation, the output transfer 
characteristic is non-linear and the voltage gain 
decreases. 

A special feature of the output stage is that it 
approximates a transconductance amplifier, and its 
gain is directly proportional to load impedance. 
Approximately the same open loop gains are obtained 
at each ofthe lasettings if corresponding loads of 10K, 
100K, and 1 M are used. 

INPUT OFFSET NULLING 

For those models provided with OFFSET NULLING 
pins, nulling may be achieved by connecting a 25K pot 
between the OFFSET terminals with the wiper con
nected to V+. At quiescent currents of 1 mA and 100 J.LA, 
the nulling range provided is adequate for all Vas 
selections; however with I 0= 10 J.LA, nulling may not be 
possible with higher values of Vas. 

FREQUENCY COMPENSAT!ON 

Th3 IC'.7611/12/13, 7621/22, 7631, 7641/42 are 
internally compensated, and are stable for closed loop 
gains as low as unity for capacitive loads up to 100pF 

The ICL7614 and 15 are externally compensated by 
connecting a capacitor between the COMP and OUT 
pins. A 39pF capacitor is required for unity gain 
compensation; for greater than unity gain applications, 
increased bandwidth and slew rate can be obtained by 
reducing the value of the compensating capacitor. 

Since the gm of the first stage is proportional to .jiQ, 
greatest compensation is required when 10= 1 mAo The 
ICL7632 is not compensated internally, nor can it be 
compensated externally. The device is stable when 
used as follows: 

10 of 1 mA for gains 2: 20 
10 of 100 J.LA for gains 2: 10 
10 of 10 Jl.A for gains 2: 5 

ABSOLUTE MAXIMUM RATINGS 1 

Total Supply Vol~age V'" to V- .................... 18V 
Input Voltage ...................... V-+0.3 to V- -0.3V 
Input Voltage ICL7613/15 Only .... V'" +200 to V- -200V 
Differential Input Voltage 2 ••• ±I' V- +0.3 - I V- -0.3IjV 
Differential Input Voltage 2 

ICL7613/150nly ........ ±\!V"'+200 -IV--200,jV 
Duration of Output Short Circuit 3 . . . . . • . . . .• Unlimited 
Continuous Power Dissipation @ 25°C Above 25°C 

d6iat6 as follows: 
TO-99 250mW 2mW/o C 
8 Lead Minidip 250mW 2mW/oC 
14 Lead Plastic 375mW 3rnW/oC 
14 Lead Cerdip 500mW 4mW/o C 
16 Lead Plastic 375mW 3mW/oC 
16 Lead Cerdip 500mW 4mW/oC 

Storage Temperature Range .......... -55°C to +150°C 

@) Ie MASTER 1984 

HIGH VOLTAGE INPUT PROTECTION 

The ICL7613 and 7615 include on':'chip thin film 
resisitors and clamping diodes which allow voltages of 
up to ±200 to be applied to either input for an indefinite 
time without device failure. These devices will be 
useful where high common mode voltages, differential 
mode voltages, or high transients may be experienced. 
Such conditions may be found when interfacing 
separate systems with separate supplies. Unity gain 
stability is somewhat degraded with capacitive loads· 
because of the high value of input resistors. 

EXTENDED COMMON MODE INPUT RANGE 

The ICL7612 incorporates additional processing which 
allows the input CMVR to exceed each power supply 
rail by 0.1 volt for applications where V supp 2: ::::1.5V. 
For those applications where Vsupp:S ::::1.5V, the input 
CMVR is limited in the positive direction, but may 
exceed the negative supply rail by 0.1 volt in the 
negative direction (eg. for V supp = ::::1.0V, the input 
C~Y1VR 'y·,:ould be + 0.6 volts to -1.1 volts). 

OPERATION AT Vsupp = ::::1.0 VOLTS 

Operation at Vsupp= ±1.0V is guaranteed at 10= 10Jl.A 
only. This applies to these devices with selectable 10, 
and those devices are set internally to I 0= 10Jl.A (i.e., 
ICL7611 ,7612,7613,7631,7632, 7642): 

Output swings to within a few millivolts of the supply 
rails are achievable for RL2: 1 Meg!!. Guaranteed input 
CMVR is ::::0.6V minimum and typically TO.9V to -0.7 at 
V supp= ±1.0V. For applications where greater common 
mode range is desirable, refer to description of 
ICL7612 above. 

The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, 
construction, board cleanliness, and supply filtering to 
avoid hum and noise pickup. 

Operating Temperature Range 
M Series ........................... -55°C to +125°C 
C Series .............................. 0° C to +700 C 

Lead Temperature' Soldering. 10 sec ........... 300°C 
Notes: 

1. Stresses above those listed under Absolute Maximum 
Ratings may cause permanent damage to the device. These 
are stress ratings only. and functional operation of the device 
at these or any other conditions above those indicated in 
the operational sections of tha specifications is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may affect device reliability. 

2. Long term offset voltage stability will be degraded if large 
input differential voltages are applied for iong periods of 
time. 

3. The outputs may be shorted to ground or to either supply. 
for VsuPP :510V. Care must be taken to insure that the dissi
pation rating is not exceeded. 
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ICL761 X/762X 
ELECTRICAL CHARACTERISTICS VSUPP = ±5 OV TA = 25°C unless otherwise specified 

PARAMETER SYMBOL 

Input Offset Voltage VOS 

Temperature Coefficient of VOS ~Vosl.H 

Input Offset Current lOS 

Input Bias Current ISlAS 

Common Mode Voltage Range VCMR 
I Except ICL7612, 

Extended Common Mode Voltage VCMP 
Range IICL7612 Only 

Output Voltage Swing 

Large Signal Voltage Gain 

Unity Gain Bandwidth 

Input Resistance 

Common Mode Rejection Ratio 

Power Supply Rejection Ratio 

Input Relerred Noise Voltage 

Input Referred Noise Current 

Supply Current 
I Per Amplifier I 

Channel Separation 

Slew Rate l3 ; 

Rise Tirne i3i 

Overshoot Factorl 31 

VOUT 

AVOL 

GBW 

RIN 

CMRR 

PSRR 

en 

in 

ISUpp 

SR 

" 

76XXA 76XXB . 76XXD 

CONDITIONS MIN.] TYP.]MAX. MIN.l TYP. MAX. MIN.LTYP. MAX. UNITS 

RS:5100KO. TA=25·C 
TMIN:5T A:5TMAx 

RS:5100KO 

TA=25°C 
~TA=C 2 

~TA=M 2 

TA=25°C 
~TA=C 
~TA=M 

10=10J.lA' 
10=loo~A 

io=lmA' 

10=100J.lA 

10=lmA 

(1) 10 = 101lA. RL = lMU 
TA = 25°C 
~TA=C 

~TA=M 

10 = loollA. RL = 100kll 

1:4.4 
1:4.2 
:t3.7 

:t5.3 
+5.3 
-5.1 
..-5.3 
-4.5 

:t4.9 
:t4.8 
:t 4.7 

i 10 ! 

I 0.5 

I 

TA = 25°C :t 4.9 
~TA=C :t4.8 
~TA = M :t 4.5 

(1) 10 = lmA. RL = 10k!! 
TA = 25°C :t 4.5 
~TA =C :t4.3 
.:.TA = M :t 4.0 

i Vo=:!:40V. RL=lMU 
I 10=10J.lA'." A=25° C 
I ~TA=C 
j iTA=M 

I 
Vo=::4.0V, RL=lookH 
10=looJ.lA. T A=25° C 

~TA=C 
~TA=M 

I
, Vo=:!:4.0V. RL=10kU 

10=lmA 1 TA=25°C 
~lA=C 

! 

~TA=M 

16=10J.lA' 
10= 1 00J.l A 
10=lmA' 

I Rs:51ooKIl. 10=10J.lA ' 
i Rs:5100KH. 10=100J.lA 

Rs:51ooKH. 10=lmA ' 

RS:5100Kn. 10=10J.lA 1 
Rs:5100Kn. 10=100J.lA 
Rs:5100Kn. la=lmA' 

RS=loon. 1=1 KHz 

Rs=100n. f=lKHz 

86 104 
80 
74 

86 102 
80 
74 

80 83 I 
76 
72 l 

0.0441 
i 0.48 ' 
j 1.4 

I 1012 

76 96 
76 91 
66 87 

80 94 
80 86 
70 77 

100 

0.D1 

30 
300 
800 

50 
400 

4000 

No Signal. No Load 
10=10"A' 
la=loo"A 
la=lmA' 

0.D1 i 0.02 

AVOL =1. CL =100pF. 
VIN = 8Vp-p 

lo=10"Ai1'. RL=lMO 
lo=l00"A. RL=100KO 
lo=lmA 1. RL=10KO 

VIN=50mV. CL=loopF 
lo=10"A' . Fk=lMO 
la=100"A. RL=100KO 
lo=lmA,'. RL=10KO 

VIN=50mV. CL=loopF 
10=10J.lA:1. RL=lMO 
lo=looJ.lA. RL=looKO 
lo=lmA 1,. RL=10KO 

0.1 0.25 
1.0 2.5 

120 

0.016 
0.16 
1.6 

20 
2 

0.9 

5 
10 
40 

:t4.4 
::4.2 
1:3.7 

::5.3 
+5.3 
-5.1 
+5.3 
-4.5 

:t4.9 
:t4.8 
:t4.7 

:t4.9 
:t4.8 
:t4.5 

:t4.5 
:t4.3 
:t4.0 

: 15 

! 0.5 

I 

80 104 I 
75 i 
68 I 

80 102 
75 
68 

76 83 I" 

~i 
10.044 

I
, 0.48 

1.4 

I 1012 

70 I 96 
70 ' 91 
60 87 

80 94 
80 86 
70 77 

100 

0.D1 

30 
300 
800 

50 
400 

4000 

0.01 0.02 
0.1 0.25 
1.0 2.5 

120 

0.016 
0.16 
1.6 

20 
2 

0.9 

5 
10 
40 

25 J.lV/OC 

0.5 30 
300 pA 
800 

1.0 50 
400 pA 

:t4.4 
:t4.2 
:t3.7 

:!:5.3 
+5.3 
-5.1 
... 5.3 
-4.5 

:t4.9 
:t4.8 
:t4.7 

:t4.9 
:t4.8 
:t4.5 

:t4.5 
:t4.3 
:t4.0 

80 'I' 1041 
75. I 
68! I 

I 
1 

80 102 I 

75 I 
68' I 

76 1 83 I 

~ i i 
10.0441 

0.48 ; 
1.4 ! 

1012 ! 

70 96 I 
70 91 i 
60 87 I 
80 94 
80 86 
70 77 

100 

0.D1 

4000 

0.01 i 0.02 
0.1 0.25 
1.0 2.5 

120 

0.016 
0.16 
1.6 , 

20 
2 

0.9 

5 
10 
40 

v 

V 

V 

dB 

MHz 

n 

dB 

dB 

nV!/Hz 

pAI/Hz 

rnA 

dB 

V/,.s 

% 

Note: I. ICL7611, 7612, 7613 only. 2. C = Commercia! Temperature Range: DOC to .,.7DoC 
M = Military Temperature Range: -55°C to i-125°C 

3. ICL7614/15; 39pF from pin 6 to pin 8. 
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ICL761 X/762X 
ELECTRICAL CHARACTERiSTiCS Vsupp =± 1.0V. 10 = 10pA. TA = 25°C. unless otherwise specified. 

Specs apply to ICl76111761217613 only. 

76XXA 76XXB 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. MIN TYP. MAX 

Input Offset Voltage Vos RS$100Kn. TA=25°C 2 5 
TMIN$TA$TMAX 3 7 

Temperature Coefficient of Vos ~Vos/~T RS$100Kn 10 15 

Input Offset Current los TA=25°C 0.5 30 0.5 30 
~TA=C 300 300 

Input Bias Current IBIAS TA=25°C 1.0 50 1.0 50 
aTA=C 500 500 

Common Mode Voltage Range VCMR ±0.6 ±O .6 
(Except ICL7612) 

Extended Common Mode Voltage VCMR +0.6 +0.6 
Range (lCL7612 Only) 

I to I to I -1.1 -1.1 

Output Voltage Swing VOUT RL=lMn. TA=25°C ±0.98 ±0.98 
aTA=C ±0.96 ±0.96 

Large Signal Voltage Gain I AVOL Vo=±O.1V, RL=lMn 
TA=25°C 90 90 
~TA=C 80 80 

Unity Gain Bandwidth GBW 0.044 0.044 

Input Resistance RIN 1012 1012 

Common Mode Rejection Ratio CMRR RS$looKn 80 80 

Power Supply Rejection Ratio PSRR RS$100Kn 80 80 

Input Referred Noise Voltage en Rs=loon, f=l KHz 100 100 

Input Referred Noise Current in Rs=loon. f=lKHz 0.01 0.01 

Supply Current Isupp No Signal, No Load 6 15 6 15 
(Per Amplifier) 

Slew Rate SR AVOL=l, CL=100pF, 0.016 0.016 
VIN=O.2Vp-p 

RL=lMn 

Rise Time tr VIN=50mV, CL=100pF 20 20 
RL=lMn 

Overshoot Factor VIN=50mV. CL =loopF 5 5 
RL=lMn 

Note: C = Commercial Temperature Range (O°C to +70°C); M = Military Temperature Range I-55°C to +125°CI. 
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ICL7650 
Chopper Stabilized 

Operational Amplifier 
·F-EATURES 
• Extremely low Input offset voltage -1/N over 

temperature range 
• Low long·term and temperature drifts of input 

offset voltage 
• Low DC Input bias current - 10pA 
• Extremely high gain, CMRR and PSRR - . 

min 120dB 
• High slew rate - 2.5V/p,s 
• Wide bandwidth - 2MHz 
• Internally compensated for unlty-galn operation 
• Very low Intermodulatlon effects (open loop phase 

shift < 100 @ chopper frequency) . 
• Clamp circuit tQ avoid overload recovery problems 

and allow comparator use 
• Extremely low chopping spikes at Input and 

output 

GENERAL DESCRIPTION 
The ICL7660 chopper-stabilized amplifier is a high· 
performance device which offers exceptionally low off
set voltage and input-bias parameters, combined with 
excellent bandwidth and speed characteristics. Inter
sil's unique CMOS approach to chopper-stabilized 
amplifier design yields a versatile precision compo
nent which can replace more expensive hybrid or 
modular parts, while at the same time out-performing 
them and other monolithic devices. ' 

CEXTA 1 
EXT:::=O:: 
Cl.KOUT~C 

INTE'=-I 
+~~~---------------~ 

>--+-t-o OUTPUT 
-~~~~------------~ 

The chopper amplifier achieves its low offset by com
paring the inverting and non-inverting input voltages in 
a nulling amplifier, nulled by alternate clock phases. 
Two external capacitors are required to store the cor· 
recting potentials on the two amplifier nulling inputs; 
these are the only external components necessary. 

The clock oscillator and all the other control circuitry 
is entirely self-contained, however the 14-pin version 
includes a provision for the use of an external clock, if 
required for a particular application. In addition, the 
ICL7650 is internally compensated for unity-gain 
operation. 

ORDERING INFORMATION 
PART TEMP RANGE PACKAGE 

ICl7650 CPA 0° - 70°C 8-Pin Plastic 

ICl7650 CPO 0° - 70°C 14-Pin Plastic 

ICl7650 CTV 0° - 70°C 8-Pin TO-99 

ICl7650 IJA - 20°C - 85°C 8-Pin Cerdip 

tCl7650 IJO - 20°C -85°C 14-Pin Cerdip 

ICl7650 lTV - 20°C - 85°C a-Pin TO-99 

ICl7650 MJO - 55°C - 125°C 14-Pin Cerdip 

tCl7650 MTV - 55°C - 125°C 8-Pin TO-99 

ICl7650 CPA-1 0° - 70°C 8-Pin Plastic 

ICl 7650 CTV-1 0° - 70°C 8-Pin TO-99 

ICl7650 IJO-1 -20°C - 85°C 8-Pln Cerdip 

ICl7650 ITV-1 - 20°C - 85°C 8-Pin TO-99 

ICl7650 MTV-1 - 55°C - 125°C 8-Pin TO-99 
NOTE: By usmg the tCl 7650-1 versions and connectmg CRETN• better noise 

performance can be attained. 

PIN CONFIGURATION 

CEXTB 1 

CEXTA 2 

7 V+ICASE NC(GUARD) 3 

INTIEXT 

EXT ClK IN 

INT CLK OUT 

OUTPUT 

9 OUTPUT CLAMP 
CLAMP 5 CRETN 

T 

~EXTCLK~ 

~A.Cl.KOUT 

~A 

~. 

-.r-L..- c 

FIG. 1 BLOCK DIAGRAM 

(-1 VERSION) 
8 PIN DIP OUTPUT CLAMP 

(STD. VERSION) 
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ICL7850 
ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V+ to V-) ......... ~ 18 Volts CQ[lt. Total Power Dissipn (TA =2S0C) 
Input Voltage ......••. (V+ + 0.3) to (V- - 0.3) Volts CERDIP Package ....................... 500 rnW 
Storage Temp. Range ............ -55°C to 150°C Plastic Package ........................ 375 rnW 
Operating Temp. Range ............... See Note 1 TO-99 .................... , ............ 250 rnW 
Lead Temperature (Soldering, 10 sec) ....... soooC 
Voltage on oscillator control pins •..•... V+ to V
except EXT CLOCK IN: . (V + + 0.3) to (V + - 6.0) Volts 
Duration of Output short circuit ......... Indefinite 
Current into any pin ...................... 10mA 
- while operating (Note 4) ................ 100 I&A 

Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent damage to the device. These are stress ratings 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of the 
specifications is not implied. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

OPERATING CHARACTERISTICS: Test Conditions: V+ = +5V, V- = -5V, TA = +25°C, Test Ckt 
(unless otherwise specified) 

LIMITS 
PARAiiit:IER SYiiiBOL fESf CONDifiONS MiN. TYP. MAX. 

Input Offset Voltage VOS TA = +25°C ±0.7 ±5 
-55°C <TA < +85°C ±1.0 
-55°C <TA < + 125°C 5.0 

Average Temp. Coefficient .6VOS -20°C <TA < +85°C 0.01 0.05 
of Input Offset Voltage .6T 50 

Input Bias Current IBIAS TA = +25°C 1.5 10 
(doubles every 10°C) O·C<TA < +70°C 35 

-2O°C<TA < +85°C 100 

Input Offset Current "lOS TA = 25°C 0.5 

Input Resistance RIN 1012 

Large Signal' Voltage Gain AVOL RL = 10kD 1x1Q8 5x1Q8 

Output Voltage Swing VOUT RL = 10kD ±4.7 . ±4.85 
(Note 3) RL = 100kD ±4.95 

Common Mode Voltage Range CMVR -5.0 -5.2 to +2.0 1.6 

Common Mode Rejection Ratio CMRR CMVR = -5V to + 1.6 120 130 

Power Supply Rejection Ratio PSRR ±3V to ±8V 120 130 

Input Noise Voltage enp-p Rs = 1000 2 
o to 10Hz 

Input Noise Current In f = 10Hz 0.01 

Unity Gain Bandwidth GBW 2.0 

Slew Rate SR CL = 5OpF, RL = 10kO 2.5 

Rise Time tr 0.2 

Overshoot 20 

Operating Supply Range V+ to V- 4.5 16 

Supply Current ISUpp no load 2.0 3,5 

Internal Chopping Frequency fch pins 12·14 open (DIP) 120 200 375 

Clamp ON Current (note 2) RL = 100kD 25 70 200 
Clamp OFF Current (note 2) -4.0V < VOUT < +4.0V 1 

UNIT 

p.V 

p.V/oC 

pA 

pA 

0 

VN 

V 

V 

dB 

dB 

p.Vp-p 

pA/..,fFfi 

MHz 

V/p.S 

p.S 

% 

V 

rnA 

Hz 

p.A 

pA 
nffCl4+ \/,....I.ftft,ft ue TJ .......... ...... _., I ___ &.C 

, ,...n,,, ... .., .... v ...... ,...... I .uu I nV'v·llurnn I 

NOTE 1: Operating temperature range for M series parts Is -55·C to +125°C, for I series Is -20·C to +85OC, for C series Is O·C to +70·C 
NOTE 2: See OUTPUT CLAMP under detailed description. 
NOTE 3: OUTPUT CLAMP not connected. See typical characteristic curves for output sw10g vs clamp current characteristics. 
NOTE 4: Limiting Input current to 100pA Is recommended to avoid latch-up problems. Typically 1mA Is safe, however this Is not guaranteed. 
NOTE 5: los = 2· IBIAS 
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leL78S0 
TYPICAL OPERATING CHARACTERISTICS 
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ICL7850 

TEST CIRCUIT 
R2 

>-....... --.. OUTPUT 

O.1/LF EACH 

DEl AILED DESCRIPTION 

AMPLIFIER 
The block diagram shows the major elements of the 
ICl7650. There are two amplifiers, the main amplifier, 
and the nulling amplifier; both have offset-null capabil
ity. The main amplifier is connected full-time from the 
input to the output, while the nulling amplifier, under 
the control of the chopping frequency oscillator and 
clock circuit, alternately nulls itself and the main 
amplifier. The nulling connections, which are MOSFET 
back gates, are inherently high impedance, and two ex
ternal capacitors provide the required storage of the 
nulling potentials and the necessary nulling-loop time 
constants. The nulling arrangement operates over the 
full common-mode and power-supply ranges, and is 
also independent of the output level, thus giving ex
ceptionally high CMRR, PSRR, and AVOl. 

Careful balancing of the input switches, and the in
herent balance of the input circuit, minimizes chopper 
frequency charge injection at the input terminals, and 
also the feedforward-type injection into the compensa
tion capacitor, which is the main cause of output 
spikes in this type of circuit. 

INTERMODULATION 
Previous chopper-stabilized amplifiers have suffered 
from intermodulation effects between the chopper fre
quency and input signals. These arise because the 
finite AC gain of the amplifier necessitates a small AC 
signal at the input. This is seen by the zeroing circuit 
as an error signal, which is chopped and fed back, thus 
injecting sum and difference frequencies and causing 
disturbances to the gain and phase vs. frequency 
characteristics near the chopping frequency. These ef
fects are sustantially reduced in the ICl7650 by 
feeding the nulling circuit with a dynamic current, cor
responding to the compensation capacitor current, in 
such a way as to cancel that portion of the input signal 
due to finite AC gain. Since that is the major error con
tribution to the ICl765O, the . intermodulation and 
gain/phase disturbances are held to very low values, 
and can generally be ignored. 

CAPACITOR CONNECTION 
The null-storage capacitors should be connected to 
the CEXTA and CEXTB pins, with a common connection 
to the CRETN pin (in the case of 14-pin devices) or the 
V- pin (In the case of the 8-pin devices). This connec
tion should be made directly by either a separate wire 
or PC trace to avoid injecting load current IR drops into 

IID~DIL 
the capacitive circuitry. The outside foil, where 
available" should be connected to CRETN (or V-). 

OUTPUT CLAMP 
The OUTPUT CLAMP pin allows reduction of the 
overload recovery time inherent with chopper-stabi
lized amplifiers. When tied to the inverting input pin, or 
summing junction, a current path between this pOint 
and the OUTPUT pin occurs just before the device out
put saturates. Thus uncontrolled input differential in
puts are avoided, together with the consequent charge 
build-up on the correction-storage capacitors. The out
put swing is slightly reduced. 

CLOCK 
The ICl7650 has an internal oscillator giving a chop
ping frequency of 200 Hz, available at the CLOCK OUT 
pin on the 14-pin devices. Provision has also been 
made for the use of an external clock in these parts. 
The INT/EXT pin has an internal pull-up and may be left 
open for normal operation, but to utilize an external 
clock this pin must be tied to V- to disable the in
ternal clock. The external clock signal may then be ap
plied to the EXT. CLOCK IN pin. At low frequencies, the 
duty cycle of the external clock is not critical, since an 
internal divide-by-two provides the desired 50% swit
ching duty cycle. However, since the capacitors are 
charged only when-EXT ClK IN is HIGH, a 50-80% 
positive duty cycle is favored for frequencies above 
500Hz to ensure that any transients have time to settle 
before the capaCitors are turned OFF. The external 
clock should swing between V+ and GROUND for 
power supplies up to ±6V, and between V+ and V+ 
-6V for higher supply voltages. Note that a Signal of 
about 400Hz will be present at the EXT ClK IN pin with 
INT/EXT high or open. This i,s the internal clock signal 
before the divider. 

In those applications where a strobe Signal is 
available, an alternate approach to avoid capacitor 
misbalancing during overload can be used. If a strobe 
signal is connected to EXT ClK IN so that it is low dur
ing the time that the overload signal is applied to the 
amplifier, neither capacitor will be charged. Since the 
leakage at the capacitor pins is quite low at room 
temperature, the typical amplifier will drift less than 
10,N/sec, and relatively long measurements can be 
made with little change in offset. 

BRIEF APPLICATION NOTES 

COMPONENT SELECTION 
The two required capacitors, CEXTA and CEXTB, have 
optimum values depending on the clock or chopping 
frequency. For the preset internal clock, the correct 
value is 0.1I'F, and to maintain the same relationship 
between' the chopping frequency and the nulling time 
constant 'this value should be scaled approximately in 
proportion if an external clock is used. A high-quality 
film-type capacitor such as mylar is preferred, 
although a ceramic or other lower-grade capaCitor may 
prove suitable in many applications. For quickest settl
ing on initial turn-on, low dielectric absorbtlon capaci
tors (such as poly propylene) should be used. With 
ceramic capacitors,several seconds may be required 
to settle to 11'V. 
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ICL7850 

STATIC PROTECTION 
All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges 
should be avoided, as they can cause degra~ed diode 
junction characteristics, which may result in increased 
input-leakage currents. 

LATCH-UP AVOIDANCE 
Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (p-n-p-n) structure which has 
characteristics similar to an SCA. Under certain cir
cumstances this junction may be triggered into a low
impedance state, resulting in excessive supply cur
rent. To avoid this condition, no voltage greater than 
0.3V beyond the supply rails should be applied to any 
pin. In general, the amplifier supplies must be 
established either at the same time or before any input 
signals are applied. If this is not possible, the drive cir
cuits must limit input current flow to under 1mA to 
avoid latchup, even under fault conditions. 

OUTPUT STAGE/LOAD DRIVING 
The output circuit is a l1igh-impedance stage (approx
imately 18kO), and therefore, with loads less than this 
the chopper amplifier behaves in some ways like a 
transconductance amplifier whose open-loop gain is 
proportional to load resistance. For exam pip, the open
loop gain will be 17dB lower with a 1 kG load than with a 
10kG load. If the amplifier is used strictly for DC, this 
lower gain is of little consequence, since the DC gain 
is typically greater than 120dB even with a 1 KG load. 
However, for wideband applications, the best frequen
cy response will be achieved with a load resistor of 
10K or higl1er. This will result in a smooth SdB/octave 
response from 0.1 Hz to 2MHz, with pha$e shifts of less 
than 10° in the transition region where the main 
amplifier takes over from the null amplifier. 

THERMO-ELECTRIC EFFECTS 
The ultimate limitations to ultra-high precISion DC 
amplifiers are the thermo-electric or Peltier effects 
arising in thermocouple junctions of dissimilar metals, 
alloys, silicon, etc. Unless all junctions are at the same 

IIO~IL 
temperature, thermoelectric voltages typically around 
0.1I1V/oC, but up to tens of IlV/oC for some materials, 
will be generated. In order to realize the extremely low 
offset voltages that the chopper amplifier can provide, 
it is essential to take special precautions to avoid 
temperature gradients. All components should be 
enclosed to eliminate air movement, especially that 
caused by power-dissipating elements in the system. 
Low thermoelectric-coefficient connections should be 
u$ed where possible and power supply voltages and 
power dissipation should I;>e kept to a minimum. High
impedance loads are preferable, and good separation 
from surrounding heat-dissipating elements is 
advisable. 

GUARDING 
Extra care must be taken in the assembly of printed cir
cuit boards to take full advantage of the low input cur
rents of the ICL7650. Boards must be thoroughly 
cleaned with TCE or alcohol and blown dry with com
pr4;tssed air. After cleaning, the boards should be 
coated with epoxy or silicone rubber to prevent 
contamination. 

Even with properly cleaned and coated boards, 
leakage currents may cause trouble, particularly since 
the input pins are adjacent to pins that are at supply 
potentials. This leakage can be significantly reduced 
by using guarding to lower the voltage difference be
tween the inputs and adjacent metal runs. Input guar
ding of the 8-lead TO-99 package is accomplished by 
using a 10-lead pin circle, with the leads of the device 
formed so that the holes adjacent to the inputs are 
empty when it is inserted in the board. The guard, 
which is a conductive ring surrounding the inputs, is 
connected to a low impedance point that is at approx
Imately the same voltage as the inputs. Leakage cur
rents from high-voltage pins are then absorbed by the 
guard. 

The pin configuration of the 14-pin dual in-line package 
is designed to facilitate guarding, since the pins adja
cent to the inputs are not used (this is different from 
the standard 741 and 101A pin configuration, but cor
responds to that of the LM 1 08). 

CONNECTION OF INPUT GUARDS 

INPUT«R1 A2 Y R3· 

OUTPUT . OUTPUT 
+ INPUT + 

- R3· 

INVERTING AMPLIFIER 
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·USE A3TO COMPENSATE FOR LARGE 
SOURCE RESISTANCES, OR FOR CLAMP 
OPERATION ( ... FIG. 2) 

FOLLOWER 

A2 

OUTPUT 

NOTE: R1 A2. SHOULD BE LOW 
R1 + A2 IMPEDANCE FOR 

NON·INVERTING AMPLIFIER 

EXTERNAL 
CAPACITORS 

v+ A 
OUTPUT __ '71 , 
~.~1 .5 2 

EXTERNAL , 

CAPACITORS 7 ~ ~~ 
GUARD .:t 

BOTTOIIVIEW 
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ICL7850 
PIN COMPATIBILITY 
The basic pinout of the 8-pin device corresponds, where 
possible, to that of the industry-standard 8-pin devices, 
the LM741, LM101, etc. The null-storing external 
capacitors are connected to pins 1 and 8, usually used 
for offset null or compensation capacitors, or simply 
not connected. The output-clamp pin (5) is similarly us
ed. In the case of the OP-05 and OP-07 devices, the re
placement of the offset-null pot, connected between 
pins 1 and 8 and V+, by two capacitors from those pins 
to V-, will provide easy compatibility. As for'the LM108, 
replacement the compensation capacitor between pins 
1 and 8 by the two capacitors to V- is all that is 
necessary. The same operation, with the removal of any 
connection to pin 5, will suffice for the LM101, pA748, 
and similar parts. 

The 14-pin device pinout corresponds most closely to 
that of the LM108 device, owing to the provision of 
"NC" pins for guarding between the input and all other 
pins. Since this device does not use any of the extra 
pins, and has no provision for offset-nulling, but re
quires a compensation capacitor, some changes will 
be required in layout to convert to the ICL7650. 

TYPICAL APPLICATIONS 
Clearly the applications of the ICL7650 will mirror 
those of other op. amps. Thus, anywhere that the per
formance of a circuit can be significantly improved by 
a reduction of input-offset voltage and bias current, the 
ICL7650 is the logical choice. Basic non-inverting and 
inverting amplifier circuits are shown in Figs. 2 aod 3. 
Both circuits can use the output clamping circuit to 
enhance the overload recovery performance. The only 
limitations on the replacement of other op. amps by 

ILl"" 

>--____ OUTPUT 

IID~OI1. 
the ICL7650 are the supply voltage (± 8V max.) and the 
output drive capability (10kO load for full swing). Even 
these limitations can be overcome using a simple 
booster circuit, as shown in Fig. 4, to enable the full 
output capabilities of the LM741 (or any other standard 
device) to be combined with the input capabilities of 
the ICL7650. The pair form a composite device, so loop 
gain stability, when the feedback network is added, 
should be watched c·arefully. 
Fig. 5 shows the use of the clamp circuit to advantage -
in a zero-offset comparator. The usual problems in us
ing a chopper stabilized amplifier in this application 
are avoided, since the clamp circuit forces the inver
ting input to follow the input signal. The threshold in
put must tolerate the output clamp current =:: V'N/R 
without disturbing other portions of the system. 
Normal logarithmic amplifiers are limited in dynamic 
range in the voltage-input mode by their input-offset 
voltage. The built-in temperature compensation and 
convenience features of the ICL8048 can be extended 
to a voltage-input dynamic range of close to 6 decades 
by using the ICL7650 to offset-null the ICL8048, as 
shown in Fig. 6. The same concept can also be used 
with such devices as the HA2500 or HA2600 families of 
op amps. to add very low offset voltage capability to 
their very high slew rates alid bandwidths. Note that 
these circuits will also have their DC gains, CMRR, and 
PSRR enhanced. 
Mixing the ICL7650 with circuits operating at ±15V 
supplies requires the provision of a lower voltage. 
Although this can be met fairly easily, a highly efficient 
voltage divider can be built using the ICL7660 voltage 
converter circuit 'backwards'. A suitable connection is 
shown in Fig. 7. . 

>""-+---OUTPUT 

"3 + (111,/112> '" lOO1cf1 
FOR FULL CLAMP EFFECT 

NOTE: R111R2 INDICATES THE 
PARALLEL COMBINATION 
OF R1 AND R2 O.I.F O.I.F 

1II11f112t'"101IIII 
FOR FUlL ClAIIII' EFFECT 

FIG. 2 NON INVERTING AMPLIFIER WITH 
(OPTIONAL) CLAMP 

+7.SY 

10k 

OUT 

FIG. 4 USING 741 TO BOOST OUTPUT DRIVE 
CAPABILITY 

FIG. 3 INVERTING AMPLIFIER WITH (OPTIONAL) 
CLAMP 

v .. >------.1 

>----VOUT 

FIG. 5 LOW OFFSET COMPARATOR 
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ICL7850 
TYPICAL APPLICATIONS (Continued) 

FIG. 6 ICL8048 OFFSET NUllED BY ICl7650 FIG. 1 SPLITTING + 15V WITH ICl7660. 
SAME FOR -15V. >95% EFF. 

FOR FURTHER APPLICATIONS ASSISTANCE, SEE A053 AND ROi7 

0.061" 
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FEATURES 

• Extremely low input offset voltage-1,N over tem· 
perature range 

• Ultra low long·term a"J temperature drifts of input 
offset voltage (100nV/ month,10nV/oC) 

• Low DC input bias current-15pA 
• Extremely high gain, CMRR and PSRR-min 110dB 
• Low input noise voltage-O.2,Np-p (DC-1Hz) 
• Internally compensated for unity·gain operation 
• Very low intermodulation effects (open· loop phase 

shift < ~ @chopper frequency) 
• Clamp circuit to avoid overload recovery problems 

and allow comparator use 
• Extremely low chopping spikes at input and output 

GENERAL DESCRIPTION 

The ICL7652 chopper-stabilized amplifier offers excep
tionally low input offset voltage and is extremely stable with 

. ORDERING INFORMATION 

TEMP RANGE PACKAGE ORDER# 

O°C to + 70°C 14-pin plastic ICL7652CPD 

- 20°C to + 85°C 14-pin CERDIP ICL76521JD 

O°C to + 70°C 8-pin TO-99 ICL7652CTV 

- 20°C to + 85°C 8-pin TO-99 ICL76521TV 

'-B' EXT ClK IN OSC. : 

CLKOUT C 

INTER:'~-I 
+ IN 

OUTPUT 

- IN 

A 
CLAMP 

T 

~EXTCLKIN 

~A=CLKOUT 

~A 

~B 

~c 

Figure 1. Block Diagram 

ICL7652 
Chopper-Stabilized 

Operational Amplifier 

respect to time and temperature. It is similar to INTERSIL's 
ICL7650 but offers improved noise performance and a wider 
common-mode input voltage range. The bandwidth and slew 
rate are reduced slightly. 

INTERSIL's unique CMOS chopper-stabilized amplifier cir
cuitry is user-transparent, virtually eliminating the traditional 
chopper amplifier problems ofintermodulation effects, chop
ping spikes, and overrange lock-up. 

The chopper amplifier achieves its low offset by comparing 
the inverting and non-inverting input voltages in a nulling 
amplifier, nulled by alternate clock phases. Two external 
capacitors are required to store the correcting potentials on 

- the two amplifier nulling inputs; these are the only external 
components necessary. 

The clock oscillator and all the other control circuitry is en
tirely self-contained, however the 14-pin version includes a 
provision for the use'of an external clock, if required for a 
particular application. In addition, the ICL7652 is internally 
compensated for unity-gain operation. 

PIN CONFIGURATIONS 

14 Lead 

v-

TO-99 
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ICL7652 

ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V + to V -) . . . . . . . . . . . . . . . . . ... 18V Current into Any Pin. . . . . . . . . . . . . . . . . . . . . . . . . . .. 10mA 

Input Voltage .... ; ............. (V+ +0.3)to(V- -0.3)V -whileoperating(Note4) ...................... 100""A 

Storage Temperature Range. . . . . . . . . . .. - 55°C to 150°C 

Operating Temperature Range. . . . . . . . . . . . . .. See Note 1 

Continuous Total Power Dissipation (TA = 25°C) 
CERDIP Package .......................... 500mW 

Lead Temperature (Soldering, 10 sec) ............... 300°C 
Plastic Package ............................ 375mW 
TO-99 ........ '. . . . . . . . . . . . . . . . . . . . . . . . . . .. 250mW 

Voltage on Oscillator Control Pins. . . . . . . . . . . .. V + to V-

Duration of Output Short Circuit .............. Indefinite 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections 0; the specifica· 
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

OPERATING CHARACTERISTICS: Test Conditions: V+ = + 5V, V- =, - 5V, TA = + 25·C, Test Circuit (unless otherwise specified) 

LIMITS 
PARAMETER SYMBOL TEST CONDITIONS 

MIN TYP 

Input Offset Voltage Vos TA= +25·C ±0.7 

Over Operating Temperature ±1.0 

Range (Note 1) 

Average Temperature Coefficient c>Vos Operating Temperature 0.01 

of Input Offset Voltage ~T Range (Note 1) 

Input Bias Current ISlAS TA= + 25·C 15 

(Doubles every 10·C above O·C<TA< + 70·C 35 

about sa·C) -20·C<TA< + 85·C 100 

, Input Offset Current los TA= + 25·C 25 

Input Resistance RIN 1012 

Large Signal Voltage Gain AVOL RL = 10kf!, VOUT = ±4V 120 150 

Output Voltage Swing (Note 3) VOUT RL = 10kf! ±4.7 ±4.85 

RL = 100kf! ±4.95 

Common-Mode Voltage'Range CMVR -4.3 -4.8 to +4.0 

Common· Mode Rejection Ratio CMRR CMVR = - 4,3V to + 3,5V 110 130 

Power Supply Rejection Ratio PSRR ±3V to ±8V 110 130 

Input Noise Voltage enp.p Rs = tOOf!, DC to 1 Hz 0.2 

DC to 10Hz 0.7 

Input Noise Current in f=10Hz 0.01 

Unity-Gain Bandwidth GBW 0.45 

Slew Rate SR CL = 50pF, RL = 10kf!' 0.5 

Rise Time tr 0.8 

Overshoot 20 

Operating Supply Range V+ to V- 5.0 

Supply Current Isupp No Load 2.0 

Internal Chopping Frequency fCh Pins 12-14 Open (DIP) 400 

Clamp ON Current (Note 2) RL = 100kf! 25 100 

Clamp OFF Current (Note 2) - 4.0V<VOUT < + 4.0V 1 

Offset Voltage vs Time 100 
... 

Note 1: Operating temperature range for I series parts is - 20·C to + 85·C, for C series is O·C to + 70·C. 

Note 2: See OUTPUT CLAMP under detailed description. 

UNIT 
MAX 

±5 
p.V 

0.05 
p.V/·C 

30 

pA 

60 pA 

f! 

dB 

V 

3.5 V 

dB 

dB 

p.Vp-p 

pA/.JHz 

MHz 

V/p.s 

p's 

% 

16 V 

3.5 mA 

Hz 

p.A 

pA 

nV/.Jmonth 

Note 3: OUTPUT CLAMP not connected. See typtcal characteristics curves for output swing vs clamp current characteristics. 

Note 4: Limiting input current t.o 1oop.A is recommended to avoid latch-up problems. Typically 1 mA is safe, however this is not guaranteed. 
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FEATURES 
• Simple Conversion of +SV Logic Supply to ±SV 

Supplies 
• Simple Voltage Multiplication (Vour = (-) "VIN) 
• 99.9% Typical Open Circuit Voltage Conversion 

Efficiency 
• 98% Typical Power Efficiency 
• Wide Operating Voltage Range 1.SVl>to 10.0V 
• Easy to use - Requires only 2 Extemal Non-

Critical Passive Components 

APPLICATIONS 
• On Board Negative Supply for up to 64 DynamiC RAMs. 
• Localized ~-Processor (8080 type) Negative Su'pplies 
• Inexpensive Negative Supplies 
• Data Acquisition Systems 

PIN CONFIGURATIONS 
V+ (and CASE) 

(outline dwg PAl (outline dwg TV) 

ORDERING INFORMATION 

PART NUMBER TEMP, RANGE PACKAGE 
ICL7660CTV 
ICL7660CPA -20° to +70°C 8 PIN MINI DIP 
ICL7660MTV -55° to +125°C TO-99 
ICL7660/D DICE 

BLOCK DIAGRAM 

ICL7860 
Monolithic MAXCMOS™ 

Voltage Converter 

GENERAL DESCRIPTION 

The Intersil ICL7660 is a monolithic MAXCMOSTM power 
supply circuit which offers unique performance advantages 
over previously available devices. The ICL7660 performs the 
complete supply voltage conversion from positive to 
negative for an input range of +1.5V to +10.0V, resulting in 
complementary output voltages of -1.5 to -10.0V with the 
addition of only 2 non-critical external capacitors needed for 
the charge pump and charge reservoir functions. Note that 
an additional diode is required for VSUPPL Y >6.5V. 

Contained on chip are a series DC power supply regulator, 
RC OSCillator, voltage level translator, four output power 
MOS switches, and a unique logic element which senses the 
most negative voltage in the device and ensures that the 
output N-channel switches are not forward biased. This 
assures latch-up free operation. 

The oscillator, when unloaded, oscillates at a nominal 
frequency of 10kHz for an input supply voltage of 5.0 volts. 
This frequency can be lowered by the addition of an external 
capacitor to the "OSC" terminal, or the oscillator may be 
overdriven by an external clock. 

The "LV" terminal may be tied to GROUND to bypass the 
internal series regulator and improve low voltage (LV) 
operation. At medium to high voltages (+3.5 to +10.0 volts), 
the LV pin is left floating to prevent device latch up. 

Typical applications for the ICL7660 will be data acquisition 
and microprocessor based systems where there is a +5 volt 
supply available for the digital functions and an additional-5 
volt supply is required for the analog functions. The ICL7660 
is also ideally suited for providing low current, -5V body bias 
supply for dynamiC RAMs. 

~----------~~------------~----~r-----------------~V+ 

~---------------oCAP+ 

____ --------0 CAP-

Vour 

OSC LV 
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ICL7660 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .................................. 10.5V 
LV and OSC Input Voltage 
(Note 1) ................ -O.3V to IV"! +0.3V) for V+ < 5.5V 

(V+ -S.5Vi to iV+ +0.3V) for V+ > S.5V 
Current into LV I Note 1) ............ 20iJA for V + > 3.5V 
Output Short Duration I VSUPPL Y :S 5.5V) .... Continuous 
Power Dissipation I Note 2) 

ICL7660CTV ................................ 500mW 
ICL7660CPA ................................ 300mW . 
ICL7660MTV ............................ : . .. 500mW 

Operating Temperature Range 
ICL7660M .......................... -55°C to +125°C 
ICL7660C .............................. O°C to 70°C 

Storage Temperature Range ........... -65"C to 150°C 
Lead Temperature 
(Soldering, 10 sec.) ............................. 300°C 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

OPERATING CHARACTERISTICS V" = 5V, TA = 25° C, Cose = 0, Test Circuit Figure 1 (unless otherwise ~pecified) 

LIMITS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT TEST CONDITIONS 
1+ Supply Current 170 500 iJA RL = co 

V+H1 Supply Voltage Range - Hi 3.0 6.5 V O°C::5 TA::570°C, RL = 10kn, LV Open 
(Ox out of circuit) (Note 3) 3.0 5.0 V -55°C::5 TA::5 125°C, RL = 10kn, LV Open 

V+L1 Supply Voltage Range - Lo 1.5 3.5 V MIN::5 TA::5 MAX, RL = 10kn, LV to GROUND 
(Dx out of Clicuit) 

V+H2 Supply Voltage Range - Hi 3.0 10.0 V MIN::5TA::5MAX, RL= 10kn, LV Open 
(Ox in circuit) 

V+L2 Supply Voltage Range - Lo 1.5 3.5 V MIN::5 TA::5 MAX, RL = 10kn, LV to GROUND 
(Ox in circuit> 

55 100 n lOUT = 20mA, T A = 25° C 
120 n lOUT = 20mA, -20°C < TA::5 +70°C 
150 n lOUT = 20mA, -55°C < TA < +125°C (Note 3) 

ROUT I Output Source Resistance 300 n V+ = 2V, lOUT = 3mA, LV to GROUND 
-20°C::5 TA::5 +70°C 

I 
400 n V+ = 2V,IOUT =3mA, LV to GROUND, -55°C::5 

TA::5 +125°C, Ox in circuit (Note 3) 
fose Oscillator Frequency 10 kHz 
PEt Power Efficiency 95 98 % RL = 5kn 
VOUT Et Voltage Conversion Efficiency 97 99.9 % RL = co 

Zose Oscillator Impedance 1.0 Mn V+ = 2 Volts 
100 kn V = 5 Volts 

Notes: 1. Connecting any input terminal to voltages greater than V+ or less than GROUND may cause destructive latch up. It is recommended 
that no inputs from sources operating from external supplies be applied prior to "power up" of the ICL7660. 

2. Derate linearly above 50° C by S.SmW/o C. 
3. ICL7660M only. 

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 1) 

OPERATING VOLTAGE AS A 
FUNCTION OF TEMPERATURE 

2.0 

--55 -25 0 .,.25 -r-50 .,.75 .,.100 .,.125 

TEMPERATURE COC) 
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OUTPUT SOURCE RESISTANCE AS A 
FUNCTION OF SUPPLY VOLTAGE 
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ICL7660 
TYPICAL APPLICATIONS 
1. Simple Negative Voltage Converter 

The majority of applications will undoubtedly utilize the 
ICL7660 for generation of negative supply voltages. Figure 4 
shows typical connections to provide a negative supply 
where a positive supply i,s available. A similar scheme may be 
employed for supply voltages anywhere in the operating 
range of +1.5V to +10.0 volts, keeping in mind that pin 6 (LV) 
is tied to the supply negative (GNO) only for supply voltages 
below 3.5 volts, and that diode Ox must be included for 
proper operation at higher voltages and/or elevated 
temperatures. 

The output characteristics of the circuit in Figure 4 are those 
of a nearly ideal voltage source in series with 70 ohms. Thus 
for a load current of -10mA and a supply voltage of +5 volts, 
the output voltage will be -4.3 volts. The dynamic output 
impedance due to the capacitor impedances is approximately 
1/wC where 

giving 
27r fosc x 10-5 

= 3 ohms 

for C = 10,uF and fosc = 5kHz (1/2 of oscillator frequency) 

Ox 
r":"~-' 
I I 

"NOTE: 1. YOUT = -nY+ FOR 
1.5Y $ y+ $ 6.5Y 

2. YOUT = -n(Y+ -YFDX) 
FOR 6.5 $ v+ $ 10.0Y 

I ?--r...----10 YOUT" 
L _____ J 110l'F 

Figure 4: Simple Negative Converter 

2. Paralleling Devices 

Any number of ICL7660 voltage convertors may be 
paralleled to reduce output resistance. The reservoir 
capacitor, C2, serves all devices while each device requires 

its own pump capacitor, C1. The resultant output resistance 
would be approximately 

ROUT = 
ROUT (of ICL7660l 

n (number of devices) 

~o----,", 
Ox 

~., -

L __ ..J I ~C2 

Figure 5: Paralleling Device:; 

3. Cascading Devices 

The ICL7660 may be cascaded as shown to produce larger 
negative multiplication of the initial supply voltage, however, 
due to the finite efficiency of each device, the practical limit 
is 10 devices for light loads. The output voltage is 

y+ 

defined by: 
VOUT = -n (VIN), 

where n is an integer representing the number of devices 
cascaded. The resulting output resistance would be 
approximately the weighted sum of the individual ICL7660 
ROUT yalues. 

"NOTE: 

Ox 
r-l4--, 

h--oYOUT* 
L __ ..J .1.."" '1'10

I'F 

1. YOUT = -nY+ FOR = 
1.SY $ y+ $ 6.5Y 

2. YOUT = -n (y+ -YFDX) FOR 
6.5Y $ y+ $ 10.0Y 

Figure 6: Cascading Devices for Increased Output Voltage 
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POWER CONVERSION EFFICIENCY AS A 
FUNCTION OF OSC. FREQUENCY 
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Figure 1: ICL7660 Test Circuit Figure 2: Chip Topography 
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ICL7660 
CIRCUIT DESCRIPTION 

The ICL7660 contains all the necessary circuitry to complete 
a voltage doubler, with the exception of 2 external capacitors 
which may be inexpensive 10J,LF polarized electrolytic 
capacitors. The mode of operation of the device may be best 
understood by ~onsidering Figure 3, which shows an 
idealized voltage doubler. Capacitor C1 is charged to a 
voltage, V+, for the half cycle when switches S1 and S3 are 
closed. (Note: Switches S2 and S4 are open during this half 
cycle) During the second half cycle of operation, switches 
S2 and S4 are closed, with S1 and S3 open, thereby shifting 
capacitor C1 negatively by V+ volts. Charge is then 
transferred from C1 to C2 such that the voltage on C2 is 
exactly V+, assuming ideal switches and no load on C2. The 
ICL7660 approaches this ideal situation more closely than 
existing non-mechanical circuits. 

In the ICL7660, the 4 switches in Figure 3 are MOS power 
switches; S1 is a P-channel device and S2, S3 & S4 are N
channel devices. The main difficulty with this approach is 
that in integrating the switches, the substrates of S3 & 54 
must always remain reverse biased with respect to their 
sources, but not so much as to degrade their "ON" 
resistances. In addition, at circuit startup, and under output 
short circuit conditions (VOUT = V+), the output voltage must 
be sensed and the substrate bias adjusted accordingly. 
Failure to accomplish this would result in high power losses 
and probable device latch up. 

I 
I 

S3: 541 C2 T 

JUUl~~~: 
Figure 3. Idea!ized Voltage Doubler 

This problem is eliminated in the ICL7660 by a logic network 
which senses the output voltage (VOUT) together with the 
level translators and switches the substrates or S3 & 54 to the 
correct level to maintain necessary reverse bias. 
The voltage regulator portion of the ICL7660 is an integral 
part of the anti-latch up circuitry, however it's inherent 
voltage drop can degrade operation at low voltages. 
Therefore, to improve low voltage operation the "LV" pin 
should be connected to GROUND, disabling the regulator. 
For supply voltages greater than 3.5 volts the LV terminal 
must be left open to Insure" latchup proof operation, and 
prevent device damage. 

THEORETICAL POWER EFFICIENCY 
CONSIDERATIONS 
hi theory a voltage multiplier can approach 100% efficiency if 
certain conditions are met: 

A The drive circuitry consumes minimal power 
B The output switches have extremely low ON resistance 

and virtually no offset. 
C The impedances of the pump and reservoir capacitors 

are negligible at the pump frequency. 

The ICL7660 approaches these conditions for negative 
voltage multiplication if large values of C1 and C2 are used. 
ENERGY IS LOST ONLY IN THE TRANSFER OF CHARGE 
BETWEEN CAPACITORS IF A CHANGE IN VOLTAGE 
OCCURS. The energy lost is defined by: 

E = 1/2 C1 (V1 2 - V22) 

where V1 and V2 are the voltages on C1 during the pump and 
transfer cycles. If the impedances of C1 and C2 are relatively 
high at the pump frequency (refer to Fig. 3) compared to the 
value of RL, there will be a substantial difference in the 
voltages V1 and V2. Therefore it is not only desirable to make 
C2 as large as possible to eliminate output voltage ripple, but 
also to employ a correspondingly large value for C1 in order 
to achieve maximum efficiency of operation. 

DO'S AND DON'TS 
1 Do not exceed maximum supply voltages. 
2 Do not connect LV terminal to GROUND for supply 

voltages greater than 3.5 volts. 
3 Do not short circuit the output to V+ supply for supply 

voltages above 5.5 volts for extended periods, however, 
transient conditions including startup are okay. 

4 When using polarized capacitors, the + terminal of C1 
must be connected to pin 2 of the ICL7660 and the + 
terminal of C2 must be connected to GROUND. 

S Add diode Ox as shown in Fig. 1 for hi-voltage, elevated 
temperature applications. 

CONSIDERATIONS FOR HI VOLTAGE & 
ELEVATED TEMPERATURE 
The ICL7660 will operate efficiently over its specified 
temperature range with only 2 external passive components 
(storage & pump capacitors), provided the operating supply 
voltage does not exceed 6.5 volts at HO° C and 5.0 volts at 
+125° C. Exceeding these maximums at the temperatures 
indicated may result in destructive latch-up of the ICL7660. 
(Ref: Graph "Operating Voltage Vs. Temperature") 
Operation at supply voltages of up to 10.0 vQlts over the full 
temperature range without danger of latCh-Up can be 
achieved by adding a general purpose diode in series with 
the ICL7660 output, as shown by "Ox" in the circuit 
diagrams. The effect of this diode on overall circuit per
formance is the reduction of output voltage by one diode 
drop (approximately 0.6 volts). 
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ICL7660 
4. Changing the iCL7660 Osciiiator Frequency 
It may be desirable in some applications, due to noise or 
'other considerations, to increase the oscillator frequency. 
This is achieved by overdriving the oscillator from an external 
clock, as shown in Figure 7. In order to pre~ent possible 
device latch up, a 1 kO resistor must be used in series with the 
clock output. In the situation where the designer has gener
ated the external clock frequency using TTL logic, the addi
tion of a 10kO pullup resistor to V'" supply is required. Note 
that the pump frequency with external clocking, as with 
internal clocking, will be 1/2 of the clock frequency. Output 
transitions occur on the positive-going edge of the clock. 

v+ v+ 

1k 

----r------<ovour 

-:'10"F 

J; 
Figure 7: External Clocking 

5. Positive Voltage Multiplication 

The ICL7660 may be employed to achieve positive voltage 
multiplication using the circuit shown in Figure 9. In this 
application, the pump inverter switches of the ICL7660 are 
used to charge C,· to a voltage level of V+ - VF (where V+ is the 
supply voltage and VF is the forward voltage drop of diode 
O,l. On the transfer cycle, the voltage on C, plus the supply 
voltage (V+) is applied through diode 02 to capacitor C2. The 
voltage thus created on C2 becomes (2V+) - (2VFl or twice the 
supply voltage minus the combined forward voltage drops of 
diodes 0, and 02. 
The source impedance of the output (Vour) wili depend on 
the output current, but for V+ = 5 volts and an output current 
of 10mA it will be approximately 60 ohms. 
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v+ 

NOTE: 

Your = 
(2V+) - (2VF) 

0, " D2 CAN BE ANY 
SUITABLE DIODE 

Figure 9: Positive Voltage Multiplier 

It is also possible to increase the conversion efficiency of the 
ICl7660 at low load levels by lowering the oscillator fre- , 
quency. This reduces the switching losses, and is achieved 
by connecting an additional capacitor, Cose, as shown in 
Figure 8. However, lowering the oscillator frequency will 
cause an undesirable increase in the impedance of the pump 
(C,) and reservoir (C2) capacitors; this is overcome by in
creasing the values of C, and C2 by the same factor that the 
frequency has been redu,ced. For example, the addition of a 
100pF capacitor between pin 7 (Osc) and V+ wiJIlower the 
oscillator frequency to 1 kHz from its nominal frequency of 
10kHz (a multiple of 10), and thereby necessitate a corre
sponding increase in the value of C, and C2 (from 10,uF to 
100,uF). 

Case 

--r--_-c-,--o Vour 

J--
Figure 8: Lowering Oscillator Frequency 

6. Combined Negative Voltage Conversion and 
Positive Supply Multiplication 

Figure 10 combines the functions shown in Figures 4 and 9 to 
provide negative voltage conversion and positive voltage 
multiplication simultaneously. This approach would be, for 
example, suitable for generating +9 volts and -5 volts from an 
existing +5 volt supply. In this instance capacitors C, and C3 
perform the pump and reservoir functions respectively for 
the generation of the negative voltage, while capacitors C2 
and C4 are pump and reservoir respectively for the multiplied 
positive voltage. There is a penalty in this configuration 
which combines both functions, however. in that the source 
impedances of the generated supplies will be somewhat 
higher due to the finite impedance of the common charge 
pump driver at pin 2 of the device. 

v+ 

vour = -(nVIN-VFDX) 

Figure 10: Combined Negative Converter and Positive Multiplier 
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ICL7680 
7. Voltage Splitting 
The bidirectional characteristics can also be used to split a 
higher supply in half, as shown in Figure 11. The combined 
load will be evenly shared between the two sides. Once 
again, a high value resistor to the LV pin ensures start-up. 
Because the switches share the load In parallel, the output 
impedance is much lower than in the standard circuits, and 
higher currents can be drawn from the device. By using 
this circuit, and then the circuit of Figure 6, + 15V can be 
converted (via + 7.5, and -7.5) to a nominal -15V, though 
with rather high series resistance ( - 2500). 

~-o------~~----------------~v+ 

~~------~~----------------~v-

Figure 11: Splitting a Supply in Half. 

ICL7660's output does not respond instantaneously to a 
change in input, but only after the switching delay. The cir
cuit shown supplies enough delay to accommodate the 
7660, while maintaintng adequate feedback. An increase in 
pump and storage capacitors Is desirable, and the values 
shown provides an output impedance of less than 50 to a 
load of 10mA. 

Figure 12: Regulating the Output Voltage 

+ 5V LOGIC SUPPLY 

M.DATA 
INPUT 

16 

15 

12 

I 
.J 

IH5142 

13 

11 

14 

RS232 DATA 
OUTPUT 

+5V r-1 n 
-5V I L-..J L 

Figure 13: RS232 Levels from a Single 5V Supply 

8. Regulated Negative Voltage Supply 
In some cases, the output impedance of the ICL7660 can be 
a ·problem, particularly if the load current varies substantial
ly. The circuit of Figure 12 can be used to overcome this by 
controlling the input voltage, via an ICL7611 low-power 
CMOS op amp, in such a way as to maintain a nearly cons
tant output voltage. Direct feedback is inadvisable, since the 

OTHER APPLICATIONS 
Further information on the operation and use of the ICL7660 
may be found in AOS1 "Principals and Applications of the 
ICL7660 CMOS Voltage Converter" by Peter Bradshaw and 
Dave Bingham. 
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ICL 7663/7664 
CMOS Programmable 

Micropower Voltage Regulators 

FEATURES 

• Ideal for battery-operated systems: less than 4JLA 
typical current drain 

• Will handle Input voltages from 1.6V to 16V 
• Very low input·output differential voltage 
• 1.3V bandgap voltage reference 
• Up to 40mA output current 
• Output shutdown via current·limit sensing or exter· 

nallogic signal 
• Output voltages programmable from 1.3V to 16V 
• Output voltages with programmable negative tem· 

perature coefficients (lCL7663 only) 

PIN CONFIGURATIONS (outlinedwgsPA;TV) 

ICL7883 Positive Regulator 

ORDERING INFORMATION 

Positive Regulator 

ICL7663CPA O·Cto + 70·C 8·pin minidip 
ICL7663CTV O·C to + 70·C TO·99 
ICL76631D DICE 

@ Ie MASTER 1984 

GENERAL DESCRIPTION 
The ICL7663 (positive) and ICL7664 (negative) series 
regulators are low-power, high-efficiency devices which 
accept inputs from 1.6V to 16V and provide adjustable out· 
puts over the same range at currents up to 40mA. Operating 
current is typically less than 4pA, regardless of load. 

Output current sensing and remote shutdown are available 
on both devices, thereby providing protection for the 
regulators and the circuits they power. A unique feature, on 
the ICL7663 only, is a negative temperature coeffident out· 
put. This can be used, for example, to efficiently tailor the 
voltage applied to a multiplexed LCD through the driver (e.g., 
ICM723112J3I4) so as to extend the display operating tem· 
perature range many times. 

The ICL7663 and ICL7664 are available in either an a·pin 
plastic minidip package or a TO-99 can. 

ICL7884 Negative Regulator 

GROUND 

Negative Regulator 

ICL7664CPA O·C to + .70·C 8·pin minidip 

ICL7664CTV O·C to + 7Q·C TO·99 

ICL7664/D DICE 
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ICL 7663/7664 

ABSOLUTE MAXIMUM RATINGS, ICL7663 POSITIVE REGULATOR 

Input Supply Voltage ............................ + 18V Output Sinking Current (Terminal?) .............. -10mA 
Any Input or Output Voltage (Note 1) (GN D - O.3V) to Power Dissipation (Note 2) 

(Terminals 1, 2, 3, 5, 6, 7) ................... (V it + O.3V) Minidip ................................... 200mW 
Output Source Current TO·gg Can .................................. 300mW 

(Terminal 2) ................................. 50mA 
(Terminal 3) ................................. 25mA 

Stresses above those fisted under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

OPERATING CHARACTERISTICS V It = 9V, VOUT = 5V, TA = + 25'C, test circuit unless otherwise specified. 

PARAMETER SYMBOL TEST CONDITIONS 
MIN 

LIMITS 
UNIT 

TYP MAX 

Input Voltage Vlt 
TA= + 25'C 1.5 16.0 

V 
20'C:sTA:s + 70'C 1.6 16.0 

Quiescent Current 10 !f Rl = 00 J V~ =16V 4.0 12 
p.A 

1.4V:s VOUT:S 8.5V Vlt =9V 3.5 10 

Reference Voltage VSET 1.2 1.3 1.4 V 

Temperature Coefficient 
.aVSET 

8.5V<V lt <9V ±200 -- ppm 
.aT 

Line Regulation 
.aVSET 

2V<V~ <15V 0.03 %/V ---
VSET.aVIN 

VSET Input Current ISET ±0.01 10 nA 

Shutdown Input Current ISHDN ±0.01 10 nA 

Shutdown Input Voltage VSHDN 
VSHDNHI: Both VOUT Disabled 1.4 

V 
VSHDNLO: Both VOUT Enabled 0.3 

Sense Pin Input Current ISENSE 0.01 10 nA 

Sense Pin Input Threshold Voltage VCl 
VCl = VOUT2 - VSENSE 0.7 V 
(Current·Limit Threshold) 

Input-Output Saturation Resistance 
V~ =2V 200 

RSAT Vlt =9V 70 n 
(Note 3) 

V~ =15V 50 

Load Regulation 
.aVOUT .aIOUT1 = 100/LA @ Voun = 5V 2.0 n 
.alouT .alouT2 = 10mA @ VOUT2 = 5V 1.0 

Vlt =3V VOUT = VSET 10 

Available Output Current (VOUT2) IOUT2 V~ =9V VouT =5V 25 mA 

V~ =15V VouT =5V 40 

VTC Open·Circuit Voltage 0.9 V 
Negative·Tempco Output (Note 4) 

ITC Maximum Sink Current 0 8 2.0 mA 

Temperature Coefficient 
.aVTC 

Open Circuit +2.5 mVl'C 
~ 

Minimum Load Current Il(min) (Includes VSET Divider) 1.0 /LA 

Note 1: Connecting any terminal to voltages greater than (V It + 0.3V) or less than (GND - 0.3V) may cause destructive device latch·up. 
It is recommended that no inputs from sources operating on external power supplies be applied prior to ICL7663 power-up. 

Note 2: Derate linearly above 50'C at 5mW/'C for minidip and 7.5mW/'C for TO-99 can. 

Note 3: This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input~output voltage differential at low 
current (under 5mA), can be determined by multiplying the load current (including set resistor current, but not quiescent current) by this 
resistance. 
Note 4: This output has a positive temperature coefficient. Using it in combination with the inverting input of the regulator at VSET, a 
negative coefficient results in the output voltage. See Figure 3 for details. Pin will not source current. 
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ICL7663/7664 

ABSOLUTE MAXIMUM RATINGS, !CL7664 NEGATIVE REGULATOR 

Input Supply Voltage ..... , ....... , .............. -18V Power Dissipation (Note 2) 
Any Input or Output Voltage (Note 1) (GND + O.3V)to Minidip ................................... 200mW 

(Terminals 1,2,3,5,6,7) ................... (V iN - O.3V) TO-99 Can ................................. 300mW 
Output Sink Current 

(Terminals 1, 7) ............................. - 25mA 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

OPERATING CHARACTERISTICS V I~ = - 9V, VOUT = - SV, TA = + 2S·C, test circuit unless otherwise specified. 

PARAMETER SYMBOL TEST CONDITIONS 
MIN 

LIMITS 
UNIT 

TYP MAX 

Input Voltage V;;:; 
TA= +2SoC -1,S -16.0 

V 
O°C S TA S + 70·C -1.6 -16.0 

{RI = 00 ... YiN = 16V 4.0 12 
p.A Quiescent Current iQ 

--1.4VsVOUT :S -8.SV] V;;:; =9V 3.S 10 

Reference Voltage VSET -1.2 -1,3 -1.4 V 

Temperature Coefficient 
.1VSET 

-8.SV<V;;:; < -9V ±200 -- ppm 
.1T 

Line Regulation 
.1VSET 

-2V<V;;:; < -1SV 0.03 %/V ---
VSETAVIN 

VSET Input Current ISET ±0.01 10 nA 

Shutdown Input Current I 1SHi5N ±0.01 10 nA 

Shutdown Input Voltage I VSHDNHI: Both VOUT Enabled -0.3 
VSHDN 

VSHDNLO: Both VOUT Disabled I -1.4 
V 

I 

Sense Pin Input Current ISENSE 0.01 10 nA 

Sense Pin Input Threshold Voltage VCl 
VCl = VOUT2 - VSENSE -0.3S V 
(Current-Limit Threshold) 

Input-Output Saturation Resistance 
VI~ =2V 150 

RSAT VI~ =9V 40 n 
(Note 3) 

VI~ = 1SV 30 

Load Regulation 
.1VOUT .110UT= 100!'A @ 2.0 n 
.1louT VOUT= -SV 

VIN =3V VOUT=VSET -2 

Output Current, VOUT1 or VOUT2 lOUT V;N =9V VOUT= -SV -20 rnA 

V;;:; =1SV VOUT= -SV -40 

Minimum Load Current 

(Includes VSET Divider) Il(min) 1.0 p.A 

Note 1: Connecting any terminal to voltages greater than (GND + 0.3V) or less than (V I~ - 0.3V) may cause destructive device latch-up. 
It is recommended that no inputs from sources operating on external power supplies be applied prior to ICL7664 power-up. 

Note 2: Derate linearly above SO·C at SmW/oC for minidip and 7.SmW/oC for TO-99 can. 

Note 3: This parameter refers to the saturation resistance of the MOS pass transistor. The minimum input-output voltage differential can be 
determined by multiplying the load current (including set resistor current, but not quiescent current) by this resistance. 
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ICL7663/7664 

APPLICATIONS 

I 
VI~ SENSE 

RcL 
VOUT2 ~ 

I I ~ R, I GND SHDN 

I VOUT1 ~ .. VSET VOUT 

11-
V\N_r-
I O.047I'F 

I 

I 

ICL7663
VTC 

~R2 
,.--

VSET VOUT 

I 
GND SHDN R1 I 
1 1 
1 v OUT = R2+R1 V seT 

ICL= O.7V 
RCL 

, -I.... 

VIN -r-

I O.047I'F VOUT1 
I ICL7664 

1 
VOUT2 

vi;' SENSE 

I 

n RCL ~I 
--

VOUT = R2 ~ R1 VSET 

I _ O.35V 
CL- RCL 

Figure 4. Basic Application of ICL7663 as Positive Regulator with 
Current Limit 

Figure 5. Basic Application of ICL7664 as Negative Regulator with 
Current Limit 

SENSE 
ICL7663 RcL 

r----...------------..... -----IVI~ VOuTI-MIv----4i----O+5V 

Cosc 
100pF 

BV+ CAP + 
2 

CAP- 4 

ICL7660 

GND 

GND~3~--~-~---~------~~~ ___ 

V-

01 
1N4148 

RcL 

VINICL7664VOUTJ--.ItoAIv-~I--~-.(')-5V 'Values depend on load 
SENSE' characteristics 

Figure 6. Generating regulated split supplies from a single supply. The oscillation frequency of the ICL7660 is 
reduced by the external oscillator capacitor, so that it inverts the battery voltage more efficiently. 

+5V -~ I 
VI~ 

VOUT1 v+ 

J 1.BMO LOGIC VOUT2 
SYSTEM, - ~ MUX'D LCD DISPLAY 

PROCESSOR,- ICL7663 

ETC. VSET 

~ ~~~~ ~k!l ICM7233 
VTC hi . ~~ 

GND 2.7MO:: 

T 
L 

VDISP 

~ GND 

DATA BUS 

'~ 
Figure 7. Driving a Multiplexed LCD Display. The negative temperature coefficient drive voltage 

to the displays allows consistent operation over more than 40°C temperature span, as 
opposed to about 10°C with a fixed drive voltage. Values based on EPSON LDB·728 
display or similar. 

@ Ie MASTER 1984 



ICL 766317664 
TYPiCAL CHARACiERISiiCS 

ICL7663 
Output Voltage as a 

Function of Output Current 
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Input Power Supply 
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ICL7664 
Output Voltage as a 

Function of Output Current 
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VOUT1 Input·Output Differential 

vs Output Current 
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ICL7664 
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Quiescent Current as a 
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ICL7663/7664 

TEST CIRCUIT . 

SENSEt------, 
VOUT 

VOUT21--..--.........J\o,..".,-+-....... ~ '1 
VOUT1 

VTC 
VSET~ ______ "" 

SHDN 

ON 

53 

OFF 
1MO 

1,J<MIN 

L--4-----J\M~~1.4V<VSHDN< VI!. 

Note 1: S1 when closed, disables output current limiting 
Note 2: For ICL7664, exchange VOUT1 and VOUT2' S2 action differs, 
as follows: 

Device S2Closed 

ICL7663 VOUT1 

ICL7664 VOUT1 + VOUT2 

R2+R1 
Note 3: VOUT = ~ VSET 

~Open 

VOUT2 

VOUT1 

Note 4: 10 quiescent current is measured at GND pin by meter M 
NoteS: S3 when ON, permits normal operation, when OFF, shuts 
down both VOUT1 and VOUT2 

Test Circuit for ICL7663/64 (Polarities shown are for ICL7663. Reverse for ICL7664) 

DETAILED DESCRIPTION 
The ICL7663 and ICL7664 are CMOS integrated circuits which 
contain all the functions of a voltage regulator plus protec
tion circuitry on a single monolithic chip. Referring to the 
block diagrams (Figures 1 and 2), each contains a bandgap
type voltage reference of 1.3 Volts; this voltage, therefore, is 
the lowest output voltage the regulators can control (-1.3V 
for the ICL7664). Error amplifier A drives either a P-channel 
(ICL7663) or an N-channel(ICL7664) pass transistor which is 
sufficient for low (under about 5mA) curr~nts; this transistor 
is augmented by a duplicate in the ICL7664, which permits 
higher current outputs. In the ICL7663, the high current 
output is formed by an NPN transistor connected as a 
follower. This configuration gives more gain and lo~er output 
impedance. 

Logic-controlled shutdown is implemented via an MOS tran
sistor of the appropriate polarity. Current-sensing is 
achieved with comparator C, which functions with the VOUT2 
line on each chip. Finally, the positive regulator (ICL7663 
only) has an output (VTC) from a buffer amplifier (8), 
which can be used to generate programmable-temperature
coefficient output voltages. 

VI~ 0-=-8 ~-...,. ....--+----t--------::-QVOUT1 
........... "N....-+-------'='OVOUT2 

....... 1---------'<> SENSE 

~~---------o~ET 

L..-_~-_+--------:"O SHUTDOWN 

o-____ ~~-~-------~GND 

Figure 1. Block Diagram of the ICL7663 

The amplifiers, reference and comparator circuitry all 
operate at bias levels well below 1pA to achieve the extremely 
low quiescent current. This does limit the dynamic response 
of the Circuits, however, and transients are best dealt with 
outside the regulator loop. 

BASIC OPERATION 
The ICL7663 and ICL7664 are designed to regulate battery 
voltages in the 5V to 15V region at maximum load currents of 
about 5mA to 3OmA. Although intended as low power de
vices, power dissipation limits must be observed. For exam
ple, the power dissipation in the case of a 15V supply 
regulated down to 5V with a load current of 30mA clearly ex
ceeds the power dissipation rating of the minidip: (15-5) (30) 
(10 - 3) = 300mW. The test circuit illustrates proper use of the 
devices. Although the following discussion refers to the 
ICL7663, it applies as well to the parallel features of the 
ICL7664 as long as the appropriate polarities are reversed. In
dividual features and precautions will be discussed where 
appropriate. 

....--........ ----.:.0 VOUT2 

...... r---v SENSE 

1------"<> VSET 

Figure 2. Block Diagram of the ICL7664 
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ICL7663/7664 
CMOS devices generaliy require two precautions: every input 
pin mustgo somewhere, and maximum values of applied 
voltages and current limits must be rigorously observed. 
Neglecting these precautions may lead to, at the least, incor
rect OJ non-operation, and at worst, destructive device failure. 
To avoid the problem of latchup, do not apply inputs to any 
pins before supply voltage is applied. 

Input Voltages-These regulators accept working inputs ot 
about 1.4V to 16V. When power is applied, the rate-of-rise of 
the input may be hundreds ot volts per microsecond. This is 
potentially harmful to the regulators, where internal 
operating currents are in the nanoampere range. The O.047J!F 
capacitor on the device side ot the switch will limit inputs to a 
safe level around 2V/J!s. Use of this capacitor is suggested in 
all applications. In severe rate-ot-rise cases, it may be ad
visable to use an RC network on the SHutDowN pin to delay 
output turn-on. Battery charging surges, transients, and 
assorted noise signals should be kept trom the regulators by 
RC tiltering, zener protection, or even fusing. 

Output Voitages- The resistor divider R2/R1 is used to scale 
the reference voltage, VSET, to the desired output using the 
formula VOUT = (1 + R2/R1) VSET. In the ICL7664, VIN and VSET 
are negative, so VOUT wiii be aiso. Suitabie arrangements of 
these resistors, using a potentiometer, enables exact values 
for VOUTtObe obtained. Because of the low leakage current of 
the VSET terminal, these resistors can be tens of megohms for 
minimum additional quiescent drain current. However, some 
load current is required for proper operation, so for extremely 
low-drain applications it is necessary to draw at least 1pA. 
This can include the current for R2 and R1. 

Output voltages up to nearly the VIN supply may be obtained 
at low load currents, while the low limit is the reference 
voltage. The minimum input-output differential in each 
regulator is obtained using the VOUT1 terminal. 

Output Currents- For the ICL7663, low output currents of 
less than 5mA are obtained with the least input-output dif
ferential from the Voun terminal (connect VOUT2 to Voun). 
Either output may be used on the ICL7664, with the unused 
output connected to VIN. Where higher currents are needed, 
use VOUT2 on the ICL7663 (VOUT1 should be left open in this 
case) and parallel Voun and VOUT2 on the ICL7664. 

. High output currents can be obtained only as far as package 
dissipation allows. It is strongly recommended that output 
current-limit sensing be used in such cases. 

VOUT 

Current·limit Sensing- The on-Chip comparator (C in the 
block diagrams) permits Shutdown of the regulator output in 
the event of excessive current drain. As the test circuits 
show, a current-limiting resistor, RCl, is placed in series with 
VOUT2, and the SENSE terminal is connected to the load side 
of RCl. When the current through RCl is high enough to pro
duce a voltage drop equal to VCl (0.7V for ICL7663, 0.35V for 
ICL7664) the voltage feedback is bypassed and the regulator 
output will be limited to this current. Therefore, when the 
maximum load current (I lOAD} is determined, simply divide 
VCl by ILOAD to obtain the value for RCl. 

Logic·Controllable· Shutdown-When equipment is not 
needed continuously (e.g., in remote data-acquisition 
systems), it is desirable to eliminate its drain on the system 
until it is required. This usually means switches, with their 
unreliable contacts. Instead, the ICl7663 and ICL7664 can be 
shut down by a logic signal, leaving only IQ (under 4p.A) as a 
drain on the power source. Since this pin. must not be left 
open, it should be tied to ground if not needed. A voltage of 
less than, O.3V for the ICL7663, and greater than - 0.3V for the 
ICL7664 will keep the regulator ON,and a voltage level of 
more than 1.4V but less than V ~ for the ICL7663, and less 
than -1.4V but not less than V iN for the ICL7664 control will 
turn the outputs OFF. If there is a possibility that the control 
signai couid exceed the reguiatoF input {V It Oi V iN}, the cur
rent from this signal should be limited to 100pA maximum by 
a high-value (1 MO) series resistor. This situation may occur 
when the logic signal originates from a separately-powered 
system from that of the regulator. 

Additional Circuit Precautions-These regulators have poor 
rejection of voltage fluctuations from AC sources above 10Hz 
or so. To prevent the output from responding (where this 
might be a problem), a reservoir capacitor across the load is 
advised. The value of this capacitor is chosen so that the 
regulated output voltage reaches 90% of its final value in 
2Oms. From 

1= C .lV, C = lOUT (20 X 10~3) = 0.022 lOUT 
.It 0.9VOUT VOUT 

In addition, where such a capacitor is used, a current-limiting 
resistor is also suggested (see "Current· limit Sensing"). 

Producing Output Voltages With Negative Temperature 
Coefficients-The ICL7663 has an additional output (not 
present on the ICL7664) which is 0.9V relative to GND and has 
a tempco of + 2.5mV/oC. By applying this voltage to the 
inverting input of amplifier A (i.e., the VSET pin), output 
voltages having negative TC may be produced. The TC of the 
output voltage is controlled by the R2/R3 ratio (see Figure 3 
and its design equations). 

EQ.1: VOUT = VSET (1 + ~) + ~ (VSET - VTC) 

EQ. 2:, TC VoUT = - ~ (TC VTC) In mVFC 

WHERE: VSET = 1.3V 
YrC~O.9Y 

TCVTC = + 2.5mVFC 

Figure 3. Generating Negative Temperature Coefficients 
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ICL 7663/7664 

APPLICATIONS (Continued) 

v+ GND 

OSCE~:~~~----------------------1SHUTDOWN 
IN VSET 1------. 

SEG~-----------' 
O/PSI---------, 

ICM7223A LCD DISPLAY 

OSC 
OUT 

PM • ZZl 

BStBS 

ICL7664 

VOUT1 H,JI,IVv--+----J 

VOUT2 

SENSE 1-----' 

VIN 

Figure 8. Once a Day System. This circuit will turn on a regulated supply to a system for one minute every day, via the SHUTDOWN 
pin on the ICL7664, and under control of the ICM7223A Alarm Clock circuit. If the system decides it needs another one minute ac· 
tivation, pulling the REPEAT line to y+ (GND) during one activation will trigger a subsequent activation after a snooze interval set 
by the choice of SN pins (2 mins shown). Alternatively, activation of the Sleep timer, without pause, can be achieved. See 
ICM7223A data sheet for details. 

CHIP TOPOGRAPHIES 

1

1 ________ 0.065 in 

(1.65)mm 

SENSE 

ICL7663 

SHDN 

O.065ln 

·:.r 
YoUT2 

i 

~ 

L . ______ 0.065 in 

r--- (1.65)mm 
VseT 

YoUT2 

ICL7664 

0.065 in 

~ 

VIN I 
SHDN 

SENSE; 

i 
I 
1 

-'-
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FEATURES 
• Exceptionally low supply current 4~3,u\ typ) 
• Individually programmable upper and lower trip 

voltages and hysteresis levels 
• Accurate on-chip bandgap reference, used by both 

detectors 
• Up to 20mA output current sinking ability' 
• Wide supply voltage range 

BLOCK DIAGRAM 

HYST2 
SU1O---~------~ 

-..... ----~HYST1 

1------~OUT2 

SU2o---~------~ 
OUT1 

~-----------~~--~~-oGND 

Condition,· 

VSET1 > 1.3V. OUT1 switch ON HYST1 switch ON 
VSET1 < 1.3V,OUT1 switch OFF HYST1 switch OFF 

VSET2 > 1.3V, OUT2 switch OFF HYST2 switch ON 
VSET2 < '1.3V, OUT2 switch ON HYST2 switch OFF 

"See Operating Characteristics for exact thresholds .. 

ORDERING INFORMATION 

PART NUMBER 
TEMPERATURE 

PACKAGE 
RANGE 

ICL7665PA - 20°C to + 70·C 8 Lead irAiniDIP 

ICL7665TV - 20°C to + 70·C 8 Lead TO-99 

ICL7665/D - DICE Only 

@ Ie MASTER 1984 

ICL7665 
Micropower Under-I 

Over-Voltage Detector 

GENERAL DESCRIPTION 
The ICL7665 contains two individually programmable voltage 
detectors on a single chip. Requiring only - 3pA for oper
ation, the device' is intended for battery-operated systems 
and instruments which require high or low voltage warnings, 
settable trip points, 9r fault monitoring and correction. 
Typical applications are battery-backup computer memories, 
battery-operated medical devices, radiation dosimeters, 
pocket pagers, portable calibrators and test instruments, 
and charging systems. 

I PIN CONFIGURATIONS 

(outline dwg PAl 

y+ 
(CASE) 

GND 
(outline dwg TV) 
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ICL7665 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ......................... - O.3V to + 18V 

Output Voltages OUT1 and OUT2 
(with respect to GN D)(Note 2) ........... - O.3V to + 18V 

OutP.ut Voltages HY2T1 and HYST2 , 
(with respect to V )(Note 2) ............ + O.3V to -18V 

Input Voltages SET1 and SET2 
(Note 2) ................... (G N D - O.3V) to (V + + O.3V) 

Note 1: Derate above + 25·C ambient temperature at 4mW/·C. 

Maximum Sink Output Current OUT1 and OUT2 _ ..... 25mA 

Maximum Source Output Current 
HYST1 and HYST2 ~ ......................... - 25mA 

Power Dissipation (Note 1) ...................... 200mW 

Operating Temperature Range ........... - 20°C to + 70°C 

Storage Temperature Range ........... -55°C to + 125°C 

Note 2: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater 
than (V + + 0.3V) or less than (GND - 0.3V) may cause destructive device latchup. For this reason, it is recommended that no inputs from 
external sources not operating from the same power supply be applied to the device before its supply is established, and that in multiple 
supply systems, the supply to the ICL7665 be turned on first. If this is not possible, currents into inputs andlor outputs must be limited to 
±0.5mA and voltages must not exceed those defined above. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only 
and functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifica
tions is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

DC OPERATING CHARACTERISTICS (v+ = 5V, TA = + 25·C, test circuit unless otherwise specified.) 

LIMITS 
PARAMETER SYMBOL TEST CONDITIONS UNITS 

MIN TYP MAX 

Operating Supply Voltage V+ TA= + 25·C 1.6 16.0 V 

-20·C s TA S +70·C 1.8 16.0 

Supply Current 1+ GND S VSET1 , VSET2 S V+ 

All Outputs Open Circuit 

V+ =2V 2.5 10 

V+ =9V 2.6 10 p.A 
V+ =15V 2.9 15 

Input Trip Voltage VSET1 1.15 1.3 1.45 
V 

VSET2 1.2 1.3 1.4 

Temperature Coefficient ~VSET 200 ppm/·C 

of VSET AT 
Supply Voltage Sensitivity ~VSET ROUT1' ROUT2' RHySn , RHYST2 = 1 MO 0.004 %/V 

of V:;1:11, V:;ET2 ,!.Vs 

Output Leakage Currents 10LK 
VSET = OV or VSET ~ 2V 

10 200 

on OUT and HYST IHLK -10 -100 
nA 

IOLK V+ =15V, TA =70·C 2000 

IHLK V+ = 15V, TA = 70·C -500 

Output Saturation Voltages VOUT1 V + = 2V, VSET1 = 2V, IOUT1 = 2mA 0.2 0.5 

VOUT1 V + = 5V, VSET1 = 2V, IOUT1 = 2mA 0.1 0.3 

Voun V + = 15V, VsEn = 2V, IOUT1 = 2mA 0.06 0.2 

VHYST1 V+ = 2V, VSET1 = 2V, IHYSn = - 0.5mA -0.15 -0.3 

VHYSn V + = 5V, VsEn = 2V, IHYST1 = - 0.5mA -0.05 -0.15 

VHYST1 V+ = 15V, VSET1 =2V, IHYST1 = -0.5mA -0.02 -0.10 
V 

VOUT2 V + = 2V, VSET2 = OV, IOUT2 = 2mA 0.2 0.5 

VOUT2 V + = 5V, VSET2 = OV, IOUT2 = 2mA 0.15 0:3 

VOUT2 V + = 15V, VSET2 = OV, IOUT2 = 2mA 0.11 0.25. 

VHYST2 V + = 2V, VSET2 = 2V, IHYST2 = - 0.2mA -0.25 -0.8 

VHYST2 V + = 5V, VSET2 = 2V, IHYST2 = - 0.5mA -0.43 -1.0 

VHYST2 V + = 15V, VSET2 = 2V, IHYST2 = - 0.5mA -0.35 -0.8 

VSET Input Leakage Current ISET GND s VSET S V+ 0.01 10 nA 

~VSET Input for Complete ~VSET ROUT = 4.7kO, RHYST = 20kO 1 

Output Change VouTLO=l% V+, VouTHI=99% V+ 

Difference in Trip Voltages VSET1 - VSET2 ROUT, RHYST = lMO ±5 ±50 mV 

Output/Hysteresis Difference ROUT, RHYST = lMO ±1 
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ICL7665 
APPLICATIONS 

Rp2 

1121 ....... ..--

Rll 

OUTl 

SETl 

VIN 

1 
1 

v+ 
Rpl 

OUT2 -~ 

ICl7665 

SET2 

1 
.L 

(a) Circuit Configuration 

Your 

OFF 

• . 

~ 

ON I '"" v,~· "'" -J V" 

[--DETECTOR 2---!-DETECTOR 1----1 

(b) Transfer Characteristics 

Figure 1. Simple Threshold Detector 

Figure 1 shows the simplest connection of the ICL7665 for 
threshold detection. From the graph (b), it can be seen that 
at low input voltages OUT1 is OFF, or high, while OUT2 is 
ON, or low. As the input rises (e.g. at power·on) toward VNOM 
(usually the eventual operating voltage), OUT2 goes high on 
reaching VTR2. If the voltage rises above VNOM as much as 
VTR1, OUT1 goes low. The equations giving VSET1 and VSET2 
are, from Figure 1(a): 

Since the voltage to trip each comparator is nominally 1.3V, 
the value of VIN for each trip pOint can be found from 

VTR1 = VSET1 (R11 + R21) = 1.3 (R11 + R21) for detector 1 and 
R11 R11 

VTR2 ::: VSET2 (R12 + R22) = 1.3 (R12 + R22) for detector 2. 
R12 R12 

Either detector may be used alone, as well as both together, 
in any of the circuits shown here .. 

When VIN is very close to one of the trip voltages, normal 
variations and noise may cause it to wander back and forth 
across this level, leading to erratic output ON and OFF condi-

VIN 

I I 
I R3l • R32 I 
I HYSTl 

v+ I 
~ HYST2 ----< 

J .L 
." R2l R22'· 
j" j" 
~ SETl ICl7665 SET2 ----< 

I I 
I 

I 
I 

1 OUTl OUT2 1 
OYER-VO!..TAGE' ! GND UNC~R·VOLTAGE 

(a) Circuit Configuration 

tions. The addition of hysteresis, making the trip points 
siightiy different for rising and falling inputs, wili avoid this 
condition. 

Figure 2(a) shows how to set up such hysteresis, whiie Figure 
2(b) shows how the hysteresis around each trip point pro
duces switching action at different points depending on 
whether VIN is rising or falling (the arrows indicate direction 
of change). The HYST outputs are basically switches which 
short out R31 or R32 when VIN is above the res~ective trip 
point. Thus if the input voltage rises from a low value, the trip 
point will be controlled by R1n, R2n and R3n, until the trip point 
is reached. As this value is passed, the detector changes 
state, R3n is shorted out, and the trip point becomes con
trolled byonly R1n and R2n, a lower value. The input will then 
have to fall to this new point to restore the initial comparator 
state, but as soon as this occurs, the trip point will be raised 
again. 

An alternative circuit for obtaining hysteresis is shown in 
Figure 3. In this configuration, the HYST pins put the extra 
resistor in parallel with the uppersetting resistor. The values 
of the resistors differ, but the action is essentially the same. 
The governing equations are given in Table 1. These ignore 
the effects of the resistance of the HYST outputs, but these 
can normally be neglected if the resistor values are above 
about 100kO. 

OUT 

ON 

I 
I V'L.l...1.VU-l-.... t---1 

L I .I VIN 

i-DETECTOR 2--I--DETECTOR l--L 

OFF !---"--:':V~L2~VU2 

'lNOM 

(b) Transfer Characteristics 

Figure 2. Threshold Detector with Hysteresis 
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FEATURES· 
• AVos = 3 mV max (adjustable to zero). 
• ±W to ±18V Power Supply Operation. 
• Power Consumption - 20 p,W @ ± W. 
• Input Bias Current - 30 nA max. 
• Internal Compensation. 
• Pin-Far-Pin Compatible With 741. 
• Short Circuit Protected. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ............. . 

Differential I nput Voltage (Note 1) .. . 

Common Mode I nput Voltage (Note 1) 

Output Short Circuit Duration 

Power Dissipation (Note 2) .. 

Operating Temperature Range 

±1BV 

±15V 
±15V 

. Indefinite 

.. 300 mW 

B021M ........ . 
B021C ......... . 

Storage Temperature Range .. 

Lead Temperature (Soldering, 10 sec) 

-55°C to +125°C 

. .. O°C to +70
o

C 
-65°C to +150°C 

. ..... +300
o

C 

NOTE 1: For supply voltages less than ±15V. the absolute maximum 
input voltage is equal to the supply voltage. 

NOTE 2: Rating applies for case temperatures to + 125°C; derate 
linearly at 5.6 mW/oC for ambient temperatures above 
+ 95°C. 

SCHEMATIC DIAGRAM 

VOLTAGE OFFSET NULL CIRCUIT 
v· 

~
' 

6 

3 ,s ,. 
100K(I 

AU! 

v· 

ORDERING -INFORMATION 

1a.lD21 

-r 
Baic 

Pert Number 
8021~ingle 
8022-OUei 
8023-Triple 

C TV 

l
"1:...P~TO-99 Metal Can 8021 only 

PA- 8 pin Minidip 

~~: ~~ ~: DIP 8022 only 

~ ~: ~~ ~~~P DIP 8023 only 
Temperature 

C- Commerciel- O"C to 7f1'C 
M- Military -55"C to +125"<: 

ICL8021-ICL8023 
Low Power 

Operational Amplifiers 
GENERAL DESCRIPTION 
The Intersil8021 integrated circufl is a low power operational 
amplifier specifically designed for applications requiring very 
low standby power consumption over a wide range of supply 
voltages. The electrical characteristics of the 8021 can be tail
ored to a particular application by adjusting an external resis
tor, RSET• which controls the quiescent current. This is advan
tageous because IQ can be made independent of the supply 
voltages: it can be set to an extremely low value where power 
is critical, or to a larger value for high slew rate or wideband 
applications. 

Other features of the 8021 include low input current that re
mains constant with temperature, low noise, high input im
pedance, internal compensation and pin-far-pin compatibil
ity with the 741. 

The Intersil 8022 (8023) consists of two (three) low power op
erational amplifiers in a single 14-pin DIP. Each amplifier is 
identical to an 8021 low power op amp, and has separate con
nections for adjusting its electrical characteristics by means 
of an external resistor, RSET, which controls the quiescent cur
rent of that amplifier. 

PIN CONFIGURATIONS 

BALO-· la

SET 

-IN • 7 V+ 

+IN 3 • OUT 

V-' sSAL e
la7ET 

SAl I 1 V· 

-IN , -: • OUT 

+IN ' s BAl 

v- (outline dwg PAl 
(outiine dwg TY) 

NOTE: Pin 4 connected to case. 

(outline dwg JO, PO) 

(outline dwg JE, PEl 
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ICL8021-tCL8023 

ELECTRICAL CHARACTERISTICS (Vs = ±6V, IQ = 30 fJ.A, unless otherwise specified.) 

CHARACTERISTICS CONDITIONS 
MIN 

The following specifications apply for T A = 25°C: 

Input Offset Voltage Rs :s: 100 kSl 

Input Offset Current 

Input Bias Current 

I nput Resistance 3 

Input Voltage Range Vs = ±15V ±12 

Common Mode Rejection Ratio Rs :S:l0kn 70 

Supply Voltage Rejection Ratio Rs:S: 10 kQ 

Output Resistance Open Loop 

, Output Voltage Swing RL ~ 20 kH, Vs = ±15V I ±12 

Output Short-Circuit Current 

I RL~10kQ,Vs=±15V I ±11 

Power Consumption VOUT = 0 

Slew Rate (Unity Gain) 

Unity Gain Bandwidth RL = 20 kQ, V IN = 20 mV 

Transient Response (Unity 

Gain) RL = 20 kQ, V IN = 20 mV 

Risetime 
Overshoot 

8021M 

TYP 

2 

5 

10 

±13 

80 

30 

2 

±14 

±13 

±13 

360 

.5 

0.16 

270 

1.3 
10 

MAX 

3 

7.5 

20 

150 

480 

MIN 

3 

±12 

70 

±12 

802le 

TYP 

2 

7 

10 

±13 

80 

30 

2 

±14 
±13 

±13 

360 

.7 

0.16 

270 

1.3 
10 

The following specifications apply for 0 C <; TA < +70 C (8021C) -55 C < +125 C (8021M) 

Input Offset Voltage Rs:S: 10 Hl 2.0 4.0 2,0 

I nput Offset Current 1.0 11 1.5 

Input Bias Current 10 32 15 

Average Temperature Rs:S: 10 kQ 5 5 
Coefficient of Input 
Offset Voltage 

Average Temperature 1.7 0.8 

. Coefficient of Input 
Offset Current 

Large Signal Voltage Gain RL = 10 kQ 50 200 50 200 

Output Voltage Swing RL ~ 10 kQ ±10 ±13 ±10 ±13 

QUIESCENT CURRENT ADJUSTMENT QUIESCENT CURRENT 

QUIESCENT CURRENT SETTING RESISTOR 

SETTING RESISTOR (PIN 8 TO V-) 

(PIN 8 TO V-) 

~ 10"" JO,.A 100"" JOO,.A ~ Vs 
' ...... -,., 10"A 

,15 1.SMH 470k12 lSOkU 10M!! 

1 _ 1n ,,4 
:. 3 33MH i i MU 330 .~l iOOkil -::;..,... 
, 6 75 Mil 27MI! 7S0ka 220 k~2 J M~l LL. ~ HX)j.JA 

,9 13M!l 4MH 130,,\! 350 kil 10 JOO.A 
1. L 

'12 18 Mil 56M!! lSM\, 510kU 100 k~! I/. i 

MAX 

6 

10 

30 

150 

600 

7.5 

15 

50 

22M!! 22Mll 
0 2 4 6 8 10 12 14 16 18 

'15 7SM\! 620 kll 
SUPPLY VOLTAGE l-V~ 

@) Ie MASTER 1984 

UNITS 

mV 

nA 

nA 

MU 

V 

dB 

fJ.VIV 

kU 

V 
V 

mA 

fJ. W 

V/fJ.s 

kHz 

fJ.S 
% 

mV 

nA 

. nA 

fJ.vtc 

pAlc 

V/mV 

V 
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FEATURES 

ICL8038 
Precision Waveform 

Generator /Voltage 
Controlled Oscillator 

GENERAL DESCRIPTION 
• Low frequency drift with temperature - 50ppm/o C The ICL8038 Waveform Generator is a monolithic integrated 

circuit capable of producing high accuracy sine, square, 
triangular, sawtooth and pulse waveforms with a minimum of 
external components. The frequency (or repetition rate) can 
be selected externally from .001 Hz to more than 300kHz 
using either resistors or capacitors, and frequency 
modulation and sweeping can be accomplished with an 
external voltage. The ICL8038 is fabricated with advanced 
monolithic technology, using Schottky-barrier diodes and 
thin film resistors, and the output is stable over a wide range 
of temperatl,lre and supply variations. These devices may be 
interfaced with phase "locked loop circuitry to reduce 
temperature drift to less than 50ppm/o C. 

• Simultaneous sine, square, and triangle wave 
outputs 

• Low distortion - 1% (sine wave output) 
• High linearity - 0.1% (triangle wave output) 
• Wide operating frequency range - 0.001 Hz to 

0.3MHz 
• Variable duty cycle' - 2% to 98% 
• High level outputs - TTL to 28V 
• Easy to use - just a handful of external components 

required 

BLOCK DIAGRAM PIN CONFIGURATION (outline dwg JO) 

CURRENT 
SOURCE 

111 

FLIP-FLOP 

ORDERING INFORMATION 

TYPE TEMPERATURE RANGE 
8038CC O°C to +70°C 
8038 BC O°C to +70°C 
8038AC O°C to +70°C 
8038 BM -55°C to +125°C 
8038 AM -55°C to +125°C 

Y+ 
6 

V-orGND 
11 

STABILITY 
250ppm/oC typ 
150ppm/oC max 
80ppm/oC max 

150ppm/oC max 
80ppm/oC max 

SINE WAVE 
ADJUST 

SINEWAYE 
OUT 

TRIANGLE 
12 !~J~~:YE OUT 

DUTY! • CYCLE 
FREQUENCY TIMING 

ADJUST 5 CAPACITOR 

SQUARE WAVE 
OUT 

BI~~ 7 
FMSWEEP 
INPUT 

PACKAGE ORDER PART NUMBER 
CERDIP ICL8038 CC JD 

CERDIP ICL8038 BC JD 
CERDIP ICL8038 AC JD 
CERDIP ICL8038 BM JD 
CERDIP ICL8038 AM JD 
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ICLS038 
MAXIMUM RATINGS 

Supply ~ol~age, .. ,;, ........................................... ±18V or 36V Tota~ 
Power DIssipation' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 750mW 
Input Voltage (any pin) ......................... Not To Exceed Supply Voltages 
Input Current (Pins 4 and 5) .............................................. 25mA 
Output Sink Current (Pins 3 and 9) ........................................ 25mA 
Storage Temperature Range ................................... -65°C to +125°C 
Operating Temperature Range: 

8038AM,8038BM .............................. , ............ -55°C to +125°C 
8038AC, 8038BC, 8038CC ..................................•... O°C to +70°C 

Lead Temperature (Soldering,.10 sec.> ................................... 300°C 

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections Of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

NOTE 1: Derate ceramic package at 12.5mW/oC for ambient temperatures above 100°C. 

ELECTRiCAL CHARACTERISTICS 
(Vsupp = ±10V or +20V, TA = 25°C, RL = 10k!1, Test Circuit Unless Otherwise Specified) 

8038cC 8038BC(BM) 8038AC(AM) 

SYMBOL GENERAL CHARACTERISTICS MIN TYP MAX MIN TYP MAX MIN TYP MAX 
VsuPp Supply Voltage Operating Range 
V+ Single Supply +10 +30 +10 30 +10 30 
V+, V- Dual Supplies ±5 +15 +5 +15 +5 +15 
Isupp Supply Current (Vsupp - ±10V)12) 

8038AM, 8038BM 12 15 12 15 
.8038AC. 8038BC, 8038CC 12 20 12 20 12 20 

FREQUENCY CHARACTERISTICS (all waveforms) 
fmax Maximum Frequency of Oscillation 100,000 100,000 100,000 
fsweep Sweep Frequency of FM 10 10 

Sweep FM Range(3) 35:1 35:1 
FM Linearitv 10:1 Ratio 0.5 0.2 

.:1f/.:1T Frequency Drift With Temperature(5) 
+25'Cto +70·C(+125·C) 250 150 
O·C (- 40·C) to + 25·C 250 200 

.:1f1.:1V Frequency Drift With Supply Voltage 
(Over Supply Voltage Range) 0.05 0.05 
Recommended Programming 
Resistors (RA and Rs) 1000 1M 1000 1M 

OUTPUT CHARACTERISTICS 
Square-Wave 

10LK Leakage Current (Vg = 30V) 1 1 
VSAT Saturation Voltage (ISINK - 2mAl 0.2 0.5 0.2 0.4 
tr Rise Time (RL - 4.7knJ 180 180 
tf Fall Time (RL -4.7knJ 40 40 

Duty Cycle Adiust 2 98 2 98 
Triangle/Sawtooth/RlMnp 
Amplitude (RrRI =: 100knJ 0.30 0.33 0.30 0.33 
Linearity 0.1 0.05 

ZoUT Output Impedance (fOUT - SmA) 200 200 
Slne:'Wave 
Amplitude (RSINE =: 100knJ 0.2 0.22 0.2 0.22 
THO (Rs - 1MnJ(4) 2.0 5 1.5 3 
THO Adjusted (Use Fig. 8b) 1.5 1.0 

NOTE 2: RA and Rs currents not included. 
NOTE 3: Vsupp =: 20V; RA and Rs =: 10kn, f S! 9kHz; Can be extended to 1000.1. See Figures 13 and 14. 
NOTE 4: 82kn connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use RA and RsJ 
NOTE 5: Fig. 2, pins 7 and 8 connected, Vsupp =: ±10V. See Fig. Be for T.C. vs VsuPP. 
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10 
35:1 
0.2 

80 
120 

0.05 

1000 1M 

1 
0.2 0.4 
180 
40 

2 98 

0.30 0.33 
0.05 
200 

0.2 0.22 
1.0 1.5 
O.B 

UNITS 

V 
V 

rnA 
rnA 

Hz 
kHz 

% 

ppm/oC 

%/Vsupp 

n 

p.A 
V 
ns 
ns 
% 

xVsupp 
% 
n 

xVsupp 
% 
% 
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ICLB038 
APPLICATIONS 

V+ 

RA RS 

2 AMPLITUDE 

ICL8038 

10 11 

C 

~----------------~----------~----_oV-
figure 4: Sine Wave Output Buffer Amplifiers. 

The sine wave output has a relatively high output impedance 
(lkO Typl. The circuit of Figure 4 provides buffering, gain and 
amplitude adjustment. A simple op amp follower could also be 
used. 

~~IN457 

DUTY 
PCLE .. 

1k 

::r:;.1I'F : 4.7k 
~ 

~ 

~ .. 
~ 

5 4 

r-------~--------------------_.-----O+15V 

RS 

11 10. 

~~~~~STROSE 

C 

-15V 

Figure 5: Strobe-Tone Burst Generator. 
With a dual supply voltage the external capacitor on Pin 10 can be 
shorted to ground to halt the 8038 oscillation. Figure 5 shows a 
FET switch, diode ANDed with an input strobe signal to allow the 
output to always start on the same slope. 

+10 v 

~ 

4.7k .. 15k 
< 

6 9~ .nn 

10k 
FREQUENCY !-~ -8 ICL8038 3~ 

10 

~> ~15M/. ~ ::r=.0047I'F 

> '. > 
20k 

11 12 2~ 

~DISTORTIO 
-'> lOOk -10 

N 

V 

Figure 6: Variable Audio Oscillator, 20Hz to 20kHz. 
To obtain a 1000:1 Sweep Range on the 8038 the voltage across external resistors RA and Rs must decrease to nearly zero. This requires that the 
highest voltage on control Pin 8 exceed the vOJtage at the top of RA and Rs by a few hundred millivolts. 
The Circuit of Figure 6 achieves this by using a diode to lower the effective supply voltage on the 8038. The large resistor on pin 5 helps reduce 
duty cycle variations with sweep. 

HIGH 
FREQUENCY 

SYMMETRY 

1kfl 

1N753A 
(6.2V) 4.7kfl 

1MO 

1kfl ICL8038 
~-""rv----I8 FUNCTION GENERATOR 3 

10kfl 
OFFSET 

10 

3,900pF 

11 12 

100kO 

+ 

SOI'F 
15V 

SINE-WAVE 
DISTORTION 

100kO 

LOW 
FREQUENCY 
SYMMETRY 

L-____ ~----~~----+-------------~------------~~-15V 

Figure 7: Linear Voltage Controlled Osciilator 

SINE-WAVE 
OUTPUT 

A...., 

The linearity of input sweep voltage versus output frequency can be significantly improved by using an op amp as shown in Figure 7. 
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FEATURES 
• Temperature Coefficient guaranteed to 10 ppmrC 

max. 
• Low BlalCurrent ••• SO#'A min 
• Low Dynamic Impedance 
• Low Reverse Voltage 
• Low COlt 

TYPICAL CONNECTION DIAGRAMS 

ICLS089 Series 
Low Voltage Reference 

+ 15V 

GENERAL DESCRIPTION 
The ICL8069 is a 1.2V temperature compensated voltage 
reference. It uses the band-gap principle to achieve excellent 
stability and low noise. at reverse currents down to SO#,A. 
Applications includeanalog-to-digital converters, digital-to
analog converters, threshold detectors, and voltage 
regulators. Its low power consumption makes it especially 
suitable for battery operated equipment. 

-_---_�__-+$y 

2.21t11 

Y+ 

11*!1 

ICLlOlt ~ 
ICL7107 

11111 
AEFHI 2 

I 
t-----I COMMON 

'-------t AEF LO 

(a) Simple Reference (1.2 Yolts or less) (b) Buffered 10V Reference using a 
single supply. 

(c) Double regulated 100mV reference' 
for ICL7107 one-chip DPM circuit. 

ORDERING INFORMATION 

Max. Temp. Coeff. Order PIN 
ofVREF Temp. Range TO-92 

0.OO1%1°C O°Cto +70°C 
0.OO25%/OC O°Cto +70°C 
0.OO5%1°C O°C to +70°C ICL8069CCZR 
O.OO5%1°C -55°C to +125°C -
0.01 %10 C O°C to +70°C ICL8069DCZR 
0.01 %10 C -55°C to +125°C -

PACKAGE DIMENSIONS 

TO-92 

@ IC MASTER 1984 

OrderP/N 
TO-52 

ICL8069ACSQ 
ICL8069BCSQ 
ICL8069CCSQ 
ICL8069cMSQ 
ICL8069DCSQ 
ICL8069DMSQ 

T0-52 

PIN CONFIGURATION 

T0-52 TO-92 

CHIP TOPOGRAPHY' 

r 0._ 

L~~ 
I 

o.aSl----...r.11 
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FEATURES 
• High accuracy voltage sensing and generation: 

internal reference 1.15 volts typical 
• Low sensitivity to supply voltage and temperature 

variations 
• Wide supply voltage range: Typ. 1.8 to 30 volts 
• Essentially constant supply current over full supply 

voltage range 
• Easy to set hysteresis voltage range 
• Defined output current limit - ICL8211 

High output current capability - ICL8212 

PIN CONFIGURATION 

NIC 

(outline dwg PAl 

ORDERING INFORMATION 

Part Number Temperature Range 
ICL8211CPA a to +7aoC 
ICL8211CTY a to +7aoc 
ICL8211MTY -55° to +125°C 
ICL8212CPA a to 7aoC 
ICL8212CTY a to 70°C 
ICL8212MTY -55 to +125°C 
ICL8211D Dice only 
ICL8212D Dice only 

HYSTERESIS 

4 

GROUND 

(outline dwg TV) 

Package 

8 lead Mini blP 
TO-99 Can 
TO-99 Can 
8 lead Mini DIP 
TO-99 Can 
TO-99 Can 

ICL8211,ICL8212 
Programmable Voltage Reference 

GENERAL DESCRIPTION 
The Intersil ICL8211/12 are micropower bipolar monolithic 
integrated circuits intended primarily for precise voltage 
detection and generation. These circuits consist of an 
accurate voltage reference, a comparator and a pair of 
output buffer/drivers. 
Specifically, the ICL8211 provides a 7mA current limited 
output sink when the voltage applied to the 'THRESHOLD' 
terminal is less than 1.15 volts (the internal reference). The 
ICL8212 requires a voltage in excess of 1.15 volts to switch its 
output on (no current limit!. Both devices have a low current 
output (HYSTERESIS) which is switched on for input 
voltages in excess of 1.15V. The HYSTERESIS output may be 
used to provide positive and noise free output switching 
using a simple feedback network. 
Applications include: 
1. Low voltage sensor/indicator 
2. High voltage sensor/indicator 
3. Non volatile out-of-voltage range sensor/indicator 
4. Programmable voltage reference or zener diode 
5. Series or shunt power supply regulator 
6. Fixed value constant current source 

SCHEMATIC DIAGRAM 

2 '----+----0 HYST 

- - - - ICL8211 option 
x x x x ICL8212 option 

x 

~R6 
~ 100kll 
x 

THRESHOLD 

GROUND 
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ICL8211/ICL8212 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage ............................................... -o.S to +30 volts 
Output Voltage .............................•................. -o.S to +30 volts 
Hysteresis Voltage ............................................ +O.S to -10 volts 
Threshold Input_Voltage ................ +30 to -5 volts with respect to GROUND 

and +0 to -30 volts with respect to V+ 
Current into Any Terminal .............................................. ±30mA 
Power Dissipation (Note 1 & 2) ......................................... 300mW 
Operating Temperature Range ICL8211M/12M ................. -5SoC to +12SoC 
Operating Temperature Range ICL8211C/12C ....................... 0 to +70°C 
Storage Temperature Range ................................... -6SoC to +1S0°C 

Stresses above those listed under Absolute Maxinium Ratings may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

NOTE 1: Rating applies for case temperatures to 125°C to ICL8211MTY/12MTY products. Derate linearly at -10mW/oC for ambient 
temperatures above 100°C. 

NOTE 2: Derate linearly above sooC by -1 OmW/o C for ICL8211C/12C products. The threshold input voltage may exceed +7 volts for short 
periods of time. However for continuous operation this voltage must be maintained at a value less than 7 volts. 

TYPICAL OPERATING CHARACTERISTICS (v+ = SV, TA = 2SOC unless otherwise specified) 

PARAMETER SYMBOL CONDITIONS ICL821 ICL821 
UNITS 

MIN TYP MAX MIN TYP MAX 

Supply Current 1+ 2.0 < V+ < 30 
VT = 1.3V 10 22 40 SO 110 250 ILA 
VT = 0.9V SO 140 250 10 20 40 ILA 

Threshold Trip Voltage VTH lOUT = 4mA V+ = 5V 0.98 1.15 1.19 1.00 1.15 1.19 V 
VOUT = 2V V+ = 2V 0.98 1.145 1.19 1.00 1.145 1.19 V 

V+ = 30V 1.00 1.165 1.20 1.05 1.165 1.20 V 

Threshold Voltage Disparity VTHP lOUT = 4 rnA VOUT = 2V -B.O --0.5 mV 
Between Output & Hysteresis IHYST = 7Jl.A VHYST = 3V 
Output 

Guaranteed Operating Supply VsuPP +25°C 2.0 30 2.0 30 V 
Voltage Range o to +70°C 2.2 30 2.2 30 V 

--55°C to +125°C 2.8 30 2.8 30 V 

Typical Operating Supply VsuPP +25°C 1.8 30 1.8 30 V 
Voltage Range +125°C 1.4 30 1.4 30 V 

--55°C 2.5 30 2.5 30 V 

Threshold Voltage .lVTH/.lT lOUT = 4mA +200 +200 ppmloC 
Temperature Coefficient VOUT = 2V 

Variation of Threshold Voltage .;lVTH/.lV+ .1 V+ = 10% at V+ = 5V 1.0 1.0 mV 
with Supply Voltage 

Threshold Input Current ITH VTH = 1.15V 100 250 100 250 nA 
VTH = 1.00V 5 5 nA 

Output Leakage Current IOLK VOUT = 30V VTH = 1.0V 10 Jl.A 
VOUT = 30V VTH = 1.3V 10 Jl.A 
VOUT = 5V VTH = 1.0V 1 ILA 
VOUT = 5V VTH = 1.3V 1 Jl.A 

Output Saturation Voltage VSAT lOUT = 4mA VTH = 1.0V 0.17 0.4 V 
VTH = 1.3V 0.17 0.4 V 

Max Available Output Current lOH (Note 3 & 4) VTH = 1.0V 4 7.0 12 rnA 
VOUT = 5V VTH = 1.3V 15 35 rnA 
--55°C < TA < 125°C VTH = 1.0V 15 12 rnA 

Hysteresis Leakage Current ILHYS V+ = 10V VTH = 1.0V 0.1 0.1 Jl.A 
VHYST = V-

Hysteresis Sat Voltage VHYS (max) IHYST = -7Jl.A VTH = 1.3V --0.1 --0.2 --0.1 --0.2 V 
measured with respect to V" 

Max Available Hysteresis Current IHYS (max) VTH = 1.3V -15 -21 -15 -21 Jl.A 

NOTE 3: The maximum output current of the ICL8211 is limited by design to 15ma under any operating conditions. The output voltage maybe 
sustained at any voltage up to +30 as long as the maximum power dissipation of the device is not exceeded. 

NOTE 4: The maximum output current of the ICL8212 is not defined, and systems using the ICL8212 must therefore ensure that the output 
current does not exceed 30ma and that the maximum power dissipation of the device is not exceeded. 
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FEATURES 
• Low cost system with minimum component count 
• Fully integrated oscillator uses 3.58 MHz color TV 

crystal 
• High current bipolar output driver 
• Low output harmonic distortion 
• Wide operating supply voltage range: 3 to 6 volts 
• Uses inexpensive single contact per key 

calculator type keyboard (ICM7206/C/D) 
• Extremely low power S S.SmW with a S.SV supply 
• Single and dual tone capabilities 
• Multiple key lockout 
• Disable output: provides output switch function 

whenever a key is pressed 
• Custom options available 

GENERAL DESCRIPTION 
The Intersil ICM7206/A/B/C/D are 2-of-8 sine wave tone 
encoders for use in telephone dialing systems. Each circuit 
contains a high frequency oscillator, two separate program
mable dividers, a D/Aconverter, and a high level output 
driver. 
The reference frequency is generated from a fully integrated 
oscillator requiring only a 3.58 MHz color TV crystal. This 
frequency is divided by 8 and is then gated into two divide by 
N counters (possible division ratios 1 through 128) which 
provide the correct division ratios for the upper and lower 
band of frequencies. The outputs from these two divide by N 
counters are further divided by 8 to provide the time 
sequencing for a 4 voltage level synthesis of each sinewave. 
Both sinewaves are added and buffered to a high current 
output driver, with provisions made for up to two external 
capacitors for low pass filtering, if desired. Typically, the 
total output harmonic distortion is 20"10 with no L.P. filtering 
and it may be reduced to typically less than 5"10 with filtering. 
The output drive level of the tone pairs will be approximately 

PIN CONFIGURATION (OUTLINE DRAWING PEl 

lP1 C 1. 16 P v+ 

lP2 C 2 15 P OUTPUT 

ROW 1 C 3 14 P COll 

ROW 2 c:::: 4· 
ICM 13 P COL 2 

ROW 3 c:::: 
7206/AiB/C/D 

5 12 b COL3 

ROW 4 c:::: 6 11 b COl4 

DISABLE C 7 10 P OSCOUT 

v- C 8 9 P OSCIN 

Pin 1 is deSignated either by a dot or a notch. 

ICM7206 
CMOS Touch 

ToneM Encoder 

-3dBV into a 900 ohm termination. The skew between the 
high and low groups is typically 2.5 dB without low pass 
filtering. 

The 7206 uses either a 3 x 4 or 4 x 4 single contact keyboard; 
the oscillator will run whenever the power is applied, and the 
DISABLE output consists of a p-channel open drain FET 
whose source is connected to V+. 

The 7206A can also use a 3 x40r4x4 keyboard, but requires 
a double contact type with the common line tied to V+ . The 
oscillator will be on whenever power is applied; the DISABLE 
output consists of a p-channel open drain FET; its' source is 
connected to V+. . 

The 7206B requires a 4 x 4 double contact keyboard with the 
common line tied to V-. The oscillator will be on only during 
the time that a ROW is enabled, and the DISABLE output 
consists of an n-channel open drain FET with its' source tied 
to V-. 

The 7206C uses either a 3 x 4 or 4 x 4 single contact keyboard; 
the oscillator will be on only during the time that a key is 
depressed. The DISABLE output consists of an n-channel 
open drain FET with its source tied to V-. 
The 7206D uses a single contact 3 x 4 or 4 x 4 keyboard. The 
oscillator will be on only during the time that a key is 
depressed. DISABLE output consists of a p-channel open 
drain FET with its source tied to V+. 

OSC IN 0----+---1 

~----4---I---oV-

~OUTO----------------~ 

ICM7206 Oscillator 

ORDERING INFORMATION 

PART TEMPERATURE PACKAGE NUMBER RANGE 
ICM7206JPE -400 C to +850 C Plastic 
ICM7206A JPE -400 C to +850 C Plastic 
ICM7206B JPE -400 C to +850 C Plastic 
ICM7206C JPE -400 C to +850 C Plastic 
ICM7206D JPE -400 C to +850 C Plastic 
ICM7206/D -400 C to +850 C DICE 
ICM7206A/D -400 C to +850 C DICE 
ICM7206B/D -400 C to +850 C DICE 
ICM7206C/D -400 C to +850 C DICE 
ICM7206D/D _~Oo C to +850 C DICE 
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ICM7206 Family 
ABSOLUTE MAXIMUM RATINGS (Note 1) Output Volt. (term. 15). Not more pos. than +5V with respect to V+, 
Supply Voltage (Note 2) .................................. 6.0V nor more neg. than -1.0 with respect to V-
Supply Current V- (terminal 8) ........................... 25mA Output Current (terminal 15) ............................. 25mA 
Supply Current V+ (terminal 16) .......................... 40mA Power Dissipation .................................... 300mW 
Disable Output Volt. (term. 7) .. Not more pos. than V+ nor more Operating Temperature Range ................. -40°C to +85°C 

neg. than -f3V with respect to V+ Storage Temperature Range' .................. -55°C to +125°C 

NOTE 1. Stresses above those listed unc')r Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings only, 
and functional operation of the device at these or any other conditionS above those indicated in the operational sections of the 
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

NOTE 2. The ICM7206 family has a zener diode connected between V· and V- having a breakdown voltage between 6.2 and 7:0 volts. If the 
currents into terminals 8 and 16 are limited to 25 and 40mA maximum respectively, the supply voltage may be increaseJj above 6 volts 
to zener voltage. With no such current limiting, the supply voltage must not exceed 6 volts. 

TYPICAL OPERATING CHARACTERISTICS 
TEST CONDITIONS: V+ = 5.5V, Test Circuit, T A = 25° C unless otherwise specified. 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNITS 
Supply Current 1+ RLdisconnected 450 1000 ;;.A 
Guaranteed Operating Supply Voltage Range 

VOP -40° C:5 TA::; +85°C 3.0 6.0 
(Note 31 

C1. C2 disconnected - Low Band 0.90 1.15 1.45 V 

Peak to Peak Output Voltage VOUT RL = 1 kfl, no filtering - High Band 1.10 1.40 1.70 
RMS Output Voltage RL = 1 kil. fOUT = 697Hz I C2 Only 480 

1

480 

I 
490 I mV 

I RL = 1 kil, fOUT:= 1633Hz C1 490 I 
C1 toC2 580 
Nofiltering 655 

Skew Between High and Low Band 
RL = 1 kH, C1, C2 disconnected 2.5 3.0 dB 

Output Voltages 

Output Impedance Zo Rl = 1kH 
Operating 90 200 n 
Quiescent I 25 Kn 

Total Output Harmonic Distortion I THD1 
Either Hi or Low Bands 

20 I 25 J 

1 No Low Pass Filtering ! I 
I Rl = 1kH, C1 = .002/lF I tOUT = 697Hz 2.3 10 % 

I Total Output Harmonic Distortion I THD2 C2 =0.02J.LF I tOUT = 1633Hz 
I 1.0 . 10 I 

Maximum Output Voltage Level VOH Rl = 1kO 4.6 
V 

Minimum Output Voltage Level i VOL Rl =1kn 0.5 ! 

Keyboard Input Pullup Resistors RIN Terminals 3,4,5,6,11,12,13,14 35 100 150 KO 
Keyboard Input CapaCita.nce CIN Terminals 3,4,5,6,11,12,13,14 5 pF 
Guaranteed Oscillator Frequency Range 

fose 3:5 I V+ - V- I :5 6V 2.0 4.5 
(Note 41 I MHz 
Guaranteed Oscillator Frequency Range 4V:5 IV+ - V-I:5 6V 2.0 7 
S~stem Startup Time on ApPlication of Power ton ICM7206, ICM7206A 10 
System Startup Time on Application of Power 

ICM7206B, ICM7206C, ICM7206D 7 
ms 

and Key Depressed Simultaneously 
DISABLE Output Saturation Resistance 1 RD 

See Logic Table for Input Conditions 

I 1330 1
700 n 

(ON STATE 1 Current = 4mA 
DISABLE Output Leakage ! I I 

! : 10lK See Logic Table for Input Conditions I 10 J.LA (OFF STATE I i 

I Measured between terminals 9 & 10, I I j ! i 
Oscillator Load Capacitance ! Case no supply voltage applied to circuit i 7 I pF 

I -40° C :5 T A :5 85° C 1 ! I 
I Any output frequency 

i 1 I Guaranteed Output Frequency Tolerance j fa Crystal tolerance ±60ppm 

I 
I ±0.75 1 % 

Crystal load capacitance CL = 30pF I I 
Oscillator Startup Time ICM7206B, C, D tstart V+=3V INote51 7 ms 

NOTE 3: Operation above 6 volts must employ supply current limiting. Refer to 'ABSOLUTE MAXIMUM RATINGS' and the Application Notes 
for further information. 

NOTE 4: The ICM7206 family uses dynamiC high frequency circuitry in the initial 23 divider resulting in low power dissipation and excellent per
formance over a restricted frequency range. Thus, for reliable operation with a 6 volt supply an oscillator frequency of not less than 
2MHz must be used. 

NOTE 5: After row input is enabled. 

@ Ie MASTER 1984 

I 

3525 

I 



en 
~ 

Q) ...... 
c 

~S26 

ICM7206 Family 

<D® 
®@ 
0® 
0® 
4X3MATRIX 

KEYBOARD 
(ONE CONTACT 

PER KEY) 

Rl 
2.2K 

COM 

R2 
2.7K 

RS 
5.1K 

NOTE: If dual contact keyboard is used, common should be left floating. 

FIGURE 5: Telephone Handset Touch Tone Encoder 

0) 0 0 
0 ® ® 
0 ® ® 
0 ® 0 
4 X 3 KEYBOARD 

2 CONTACTS 
PER KEY 

FIGURE 6: Portable Tone Generator 
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IID~DlL ICM7555/7556 
CMOS 

General PurpOse Timers 

FEATURES GENERAL DESCRIPTION 
• Exact equivalent In mOlt ca .. 1 for SElNE555/ 

556 or the 355. 
• Low Supply Current - IOIIA Typ. (lCM1555) 

160IIA Typ~ (ICM7556) 
• Extremely low trigger, threthokl and ..... t 

~urrents - 20pA Typical 
• High speed operation ~ 500 kHz gUaranteed 
• Wide operation IUPply voltage range guaranteed 

2 to 18 volts 
• Normal Re .. t function - No crowbarrlng of 

supply during output trant1tlon. 
• Can be used with higher Impedance timing elements 

than regullr 555/6 for longer RC time conltants. 
• Timing from mlcrosecondl through hours 
• Operatei In both altable and mon~table model 
• AdJultable duty cycle 
• High output source/link driver cart drive 

TTL/CMOS 
• Typical temperature ltability of 0.005% per ° C at 

25°C 
• Outputs have verj low off ..... HI and LO 

APPLICATIONS 

• Precision Timing 
• Pulse Generation 
.• Sequential Timing 
• Time Delay Generation 
• Pulse Width Modulation 
• Pulse Position Modulation 
• Missing Pulse Detector 

ORDERING INFORMATION 

ORDER TEMPERATURE 
PACKAGE 

PART NUMBER RANGE 

ICM7555IPA -20 to +8S°C 8 Lead MiniDip 
ICM7S55ITV -20to+85°C TQ-gg Can 
ICM?5-55MTV -55 to +125-0· TO=OO C;n 
ICM7556IPD -20to+8S°C 14 Lead Plastic DIP 
ICM7556MJD -55 to +125·C· 14 Lead CERDIP 

ICM7555/D DICE 
ICM75561D DICE 

• Add /8838 to order number If 8838 processing is desired. 

@ IC MASTER 1984 

The ICM7555/6 are CMOS RC timers providing significantly 
improved performance over the standard SElNE555/6 and 355 
timers, while at the same time being direct replacements for 
those devices in most applications. Improved parameters 
Include low supply current, wide operating supply voltage 
range, low THRESHOLD, TRIGGER and RESE'F currents, no 
crowbarringof the supply current during output transitions, 
higher frequency performance and no requirement to decou
ple CONTROLVOLTAGE for stable operation. 

Specifically, the ICM7555/6 are stable controllers capable of 
producing accurate time delays or frequencies. The ICM7556 
is a dual ICM7555, with the two timers operating indepen
dently of each other, sharing only VT and GND. In the one 
shot mode, the pulse width of each circuit is precisely con
trolled by one external resistor and capacitor. For astable 
operation as an oscillator, the free runnihg frequency and the 
duty cycle are both accurately controlled by two external 
resistors and one capaCitor. Unlike the regular bipolar 555/6 
devices, the CONTROL VOLT AGE terminal need not be 
decoupled with a capacitor. The circuits are triggered and 
reset on falling (negative) waveforms, and the output inverter 
can source or sink currents large enough to drive TTL loads, 
or provide minimal offsets to drive CMOS loads. 

PIN CONFIGURATIONS (Top VieW) 

v+ AND CASE 

(OUTLINE DRAWING TV) 

7 DISCHARGE 

8 THRESHOLD 
CONTROL 
YOLTAGE 

(OUTLINE DRAWING PA) 

DISCHARGE 

THRESHOLD 2 

~&a."im 3 
RiiE'f 4 

OUTPUT 5 

T'iiiGciEii • 

12 THRESHOLD 

11 ~~lM~ 
10 iiiiii' 
• OUTPUT 

• TRiiiGEii 

(OUTLINE DRAWING JD, PO) 
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ICM7555/1CM7556 
APPLICATION NOTES 
GENERAL 
The ICM7555/6 devices are, in most instances, direct replace
ments for the NEISE 555/6 devices. However, it is possible to 
effect economies in the external component count using the 
ICM7555/6. Because the bipolar 555/6 devices produce large 
crowbar currents in the output driver, it is necessary to decou
ple the power supply lines with a good capacitor clos) to the 
device. The 7555/6 devices produce no such transients. See 
Figure 2. 

SOO 

400 

c 
~300 

ffi 
a: 
~200 
U 
>-
t. 
~1oo 

T. =2S·C 

A I 

VSE/NE555 

\ 
·~55S/56 

200 400 

TIME - n. 
Figure 2. Supply Current Transient Compared with a 
Standard Bipolar 555 During an Output Transition 

The ICM7555/6 produces supply current spikes of only 2-3 
mA instead of 300-400 mA and supply decoupling is 
normally not necessary. Secondly, in most instances, the 
CONTROL VOLTAGE decoupling capacitors are not 
required since the input impedance of the CMOS 
comparators on chip are very high. Thus, for many applica
tions 2 capacitors can be saved using an ICM7555. and 3 
capacitors with an ICM7556. 

POWER SUPPLY CONSIDERATIONS 
Although the supply current consumed by the ICM7555/6 
devices is very low. the total system supply can be high 
unless the timing components are high impedance. 
Therefore, use high values for R and low values for C in 
Figures 3 and 4. 

OUTPUT DRIVE CAPABILITY 
The output driver consists of a CMOS inverter capable of 
driving most logic families including CMOS and TTL. As 
such, if driving CMOS, the output swing at all supply 
voltages will equal the supply voltage. At a supply voltage of 
4.5 volts or more the ICM7555/6 will drive at least 2 standard 
TTL loads. 

ASTABLE OPERATION 
The circuit can be connected to trigger itself and free run as a 
multivibrator, see Figure 3. The output swings from rail to rail, 
and is a true 50% duty cycle square wave. (Trip pOints and 
output swings are symmetrical). Less than a 1% frequency 
variation is observed, over a voltage range of +5 to +15V. 

1 
f= 1.4 RC 

y. 

10K 

OUTPUT 0-.---+---1 

Figure 3: Astable Operation 

MONOSTABLE OPERATION 
In this moae of operation, the timer functions as a one-shot. 
Initially the external capacitor (C) is held discharged by a 
transistor inside the timer. Upon application of a negative 
TRIGGER pulse to pin 2, the internal flip flop is set which 
releases the short circuit across the external capacitor and 
drives the OUTPUT high. The voltage across the capacitor 
now increases exponentially with a time constant t = RAC. 
When the voltage across the capacitor equals 2/3 V+, the 
comparator resets the flip flop, which in turn discharges the 
capacitor rapidly and also drives the OUTPUT to its low 
state. TRIGGER must return to a high state before the OUT
PUT can return to a low state. 

SL OUTPuT 

t- iilliT 

Y':S 11Y 

6 THRESHOLD 

CONTROL 

S V~..!~ 
I 
I 

OPTIONAL.J.. 

CAPACITOR::r: * 
Figure 4: Monostable Operation 

CONTROL VOLTAGE 
The CONTROL VOLTAGE terminal permits the two trip 
voltages for the THRESHOLD and TRIGGER internal 
comparators to be controlled. This provides the possibility of 
oscillation frequency modulation in the astable mode or 
even inhibition of oscillation, depending on the applied 
voltage. In the monostable mode, delay times can be 
changed by varying the applied voltage to the CONTROL 
VOLTAGE pin. 

RESET 
The RESET terminal is designed to have essentially the same 
trip voltage as the standard bipolar 555/6, i.e. 0.6 to 0.7 volts. At 
all supply voltages it represents an extremely high input impe
dance. The mode of operation of the RESET function is, how
ever, much improved over the standard bipolar 555/6 in that it 
controls only the internal flip flop, which in turn controls simul
taneously the state of the OUTPUT and DISCHARGE pins. 
This avoids the multiple threshold problems sometimes en
countered with slow falling edges in the bipolar devices. 

@ IC MASTER 1984 



a MICRO 
PO\NER Voltage References & Op Amps 
SVSTEMS ___________________ _ 

Note: See other MPS parts in Interface and Military Sections . 

.. Precision Voltage References 
o Second source to PMI o Guaranteed long term-stability 
o Low temperature coefficient o Low noise 

Temp Reverse 
Output Regulating Coefficient Dynamic 

Model Packages Voltage Current (max, full temp) Impedance Noise Replaces 

MP5010 All 1.22V 50 /.LA - 500 J.lA 50 ppm/Co 2 ohm 5/.LV ICL8069 
LMl13 
ZN423 

MP5532/REF01 All +10V 1 .4 mA - ., 0 rnA 85 ppm/Co 20 J.lV p.-p REFOl 

MP5531 / REF02 All +5V 1.4mA-l0mA 8.5 ppm/Co 20 /.LV POp REF02 

MPREF05 A!! +5V 1.4mA-10mA 8.5 ppm/Co ..,n .. \/ [l [) REF05 LV,... V r ~r 

MPREF10 All +10V 1.4 mA -10 mA 8.5 ppm/Co 20 /.LV POp REF10 

Precision Operational Amplifiers 
o Second source to PMI o Improved long term-stability 
o Lowest noise in the industry o High slew rate DAC follower 

Noise 
Vas 18 (nV/Jj=iZ Gain CMRR Slew Rate 

Model Type (Max) (Max) at10Hz) (Min) (Min) (typ) Replaces 

MP4136 Quad (741 Type) 6mV 1.5pA 25V/mV 70dS 1.5V/psec PM4136 

MP5501/0POl DAC Follower, Hi-speed 1 mV SOnA' 3OV/mV 85dS 18V/psec OPOl 

MP5502/0P02 Low Noise, Gen. Purpose 1.0mV 60nA 25 (typ) SOV/mV BOdS .25V/psec OP02 
MP5503/0P03 Dual, Matched 1.5mV 60nA 25 (typ) SOV/mV BOdS .5 V/psec OP03 

MP55Q4/0P04 Dual, Matched 1.5mV 60nA 25 (typ) SOV/mV BOdS .5V/psec OP04 

MP5505/0POS Low Noise, Instrumentation .24mV ±4nA 18 (max) 2OOV/mV 110dS .1 V/psec OP05 

MP5507/0P07 Ultra Low Noise, Low VCl6 Instr. 6Of,N 4nA 18 (max) 2OOV/mV l06dS .1 V/psec OP07 

MP5508/0P08 Low Input Current .35f,N 3nA 22 (typ) 4OV/mV l00dS .12v/psec OP08 

MP5509/0P09 Quad Matched lmV 375nA 18 SOV/mV l00dS 1.0V/psec OP09 

MP5510/0Pl0 Dual 5505/0POS .7mV ±6nA 18 (max) lSOV/mV l06dS .2v/psec OP10 
MP5511/0Pll Quad Matched 1 mV 375nA 18 SOVlmV l00dS 1.0Vlpsec OP11 
MP551210P12 Low Input Current .26mV 2.6nA 22 (typ) 25V/mV l00dS .12v/psec OP12 
MP5514/0P 14 Dual Matched High Performance 1.5mV 60nA 25 SOV/mV BOdS .5V/psec OP14 
MP552710P27 Ultra Low Noise 6Of,N SOnA 5.5 (max) 6OOV/mV l08dS 2.8V/psec OP27 
MP5537 lOP 37 Ultra Low Noise, High Speed 6Of,N SOnA 5.5 (max) 6OOV/mV l08dS 17v/psec OP37 
MP207 lOP 207 Dual, Matched OP07 23Of,N 5.6nA 18.0 (max) lSOV/mV 130dS 0.2V1psec OP207 
MP227/0P227 Ultra Low Noise, Low VCl6 Instr. lBOf,N ±60nA 6.0 (max) 6OOV/mV l08dS 2.8V/psec OP227 
MPLM1081208/308 Super Beta 1.0mV 3nA 4OV/mV 96dS LM108/208/308 
MPOP21 0812208/2308 Low Input Current 1.0mV 3nA 4OV/mV 96dS OP2108/2208/2308 

Note: All specifications: _55
0 

C to +125° C 

All Micro Power Systems' Ie's are available with 883B 
processing, in dice form, or to customer's specifications. 

.. MICRO 3100 Alfred Street 
IfI\W:POWER Santa Clara, CA 95050 

SYSTEMS (408) 727-5350 
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® MOTOROLA 

SEMICONDUCTORS 
OPERATIONAL 
AMPLIFIERS 

PO. BOX 20912 • PHOENIX, ARIZONA 85036 

HIGH SLEW RATE, WIDE BANDWIDTH, 
SINGLE SUPPLY QUAD 

OPERATIONAL AMPLIFIER 
A standard low-cost Bipolar technology with innovative 

design concepts is employed for the MC34074 series of 
monolithic quad operational amplifiers. These devices offer 
4;5 MHz of gain bandwidth product, 13 V/IJS slew rate, and 
fast settling time without the use of JFET device technology. 
In addition, low input offset voltage can economically be 
achieved. AUhough these devices can be operated from 
split supplies, they are particularly suited for single supply 
operation, since the common mode input voltage range in
cludes ground potential (VEE). The all NPN output stage, 
characterized by no deadband crossover distortion and 
large output voltage swing, also provides high capacitive 
drive capability, excellent phase and gain margins, low 
open-loop high frequency output impedance and symmet
ric.al source/sink ac frequency response. 

The MC34074/33074/35074 series of devices are avail
able in standard or prime performance (A Suffix) grades 
and specified over commercial, industrial/vehicular or mili
tary temperature ranges. 

Features 
• Wide Bandwidth: 4.5 MHz 

• High Slew Rate: 13 V/IJS 

• Fast Settling Time: 1.1 IJS to 0.10% 

• Wide Single Supply Operating Range: 3.0 to 44 Volts 

• Wide Input Common Mode Range Including Ground 
(VEE) 

• Low Input Offset Voltage: 2.0 mV Maximum (A Suffix) 

• Large Output Voltage Swing: -14.7 V to + 14.0 V for Vs 
= ±15 V 

• , Large Capacitance Drive Capability: 0 to 10,000 pF 

• Low T.H.O. Distortion: 0.02% 

• Excellent Phase Margins: 60° 

General Purpose Op-Amps 
GENERAL OP-AMP SELECTOR GUIDE 

Low Noise 
Single Dual Quad 

Compensated LF351 LF353 LF347 
LF355 LM358 LM324 
LF356 MC1458 MC3403 
LF357 MC1747 MC4741 
MC1741 MC3458 MC34004 
MC34001 MC4558 TL084 
TL081 MC34002 

TL082 

Uncompensated LM301 A MCl437 
MC1709 
MC1748 

JFET (BIFET) INPUT - High Impedance 

Single Dual Quad 

LF351 LF353 LF347 
LF355 MC34002 MC34004 
LF356 TL072 TL074 
LF357 TL082 TL084 
MC34001 
TL07l 
TL081 

High Slew Rate 
Slew Rate (VI".) 

5.0 8.0 to 20 50 

LF355 LF347 MC34001 LF357 
LF351 MC34002 
LF353 MC34004 

OP·37 
LF~ TL07l 
MC1458S TL072 
MC1741S TL074 
MC34074 TL081 

TL082 

I TlO84 

Programmable 
Adjustable bias current varies noise bandwidth, power 
consumption, etc. 

3530 

SIngle 

MCln6 
MC3476 

SIngle Dual Qqad 

MC1741N MC1458N TL074 
OP·27IOP-37 TL072 
TL07l 

Wide Bandwidth 
Bandwidth (Mt4) 

3.0 4.0 5.0 20 100 

MC45S8S MC34001 MC3401 LF357 NE592 
MC34002 LF356 MC1733 
MC34004 MC34074 

Low Offset Voltage 
V,O Max ("V) 

",,200 500 2000 

OP·27/0P-37 LA111C 
MC34001A I MC1709A 

LM308A MC34OO2A LM301A 
MC34074A LM308 

Low Drift Over Temperature (TCVIO) 
TCVIO "" 5.0 "VfOC Max* 

LMll I lM308A 
OP·27/0P·37 

*Input offset voltage temperature coefficient 

$Ingle-Supply 
I Dual 

LM358 
LM2904 
MC3458 
MC3405 

Quad 

lM324 
LM2900 
LM2902 
l.M39OO 
MC3301 
MC3401 
MC3403 
MC34074 

@ Ie MASTER 1984 
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Voltage Regulators (continued) 
Fixed Output Voltage Regulators 
• Low-cost monolithic circuits for positive and/or negative. 

regulation at currents from 100 mA to 3.0 A 
• Ideal for on-card regulation of subsystems 

, • Internal current limiting thermal shutdown and 
safe-area compensation 

FixedNoltage, 3-Terminal Regulators for Positive or 
Negative Polarity Power Supplies 

Vom 
Volts 

2 

3 

S 

5.2 

6 

Tol.t 
Volts 

+0.1 

±O.lS 

+0.3 

±O.S 

±0.2S 

I ±0.4! 
! , 

I ±O.
2s l 

±0.35 

I ±0.2sl 

I I 
~ ±O.2 I 

±0.2S 

±0.2 

±0.2S. 

±0.2 

+0.1 

±0.2S 

±0.2 

±0.4 

±0.2S 

±0.2 
i 

I 
±O.26 ! 
:£0.3 ! 

±0.35 I 

±0.3 

±0.24 

±0.3 

@ Ie MASTER 1984 

10 
rnA 
Max 

1S00 

100 

100 

500 

1S00 

i 

I 

! 

3000 

i 

1500 I 

500 

1S00 
I 

I 

3000 I 
I 

Device Device 
Positive Output Negative Output 

- MC7902C 

- MC79L03AC 

MC79L03C 

MC78LOSC MC79LOSC 

MC78LOSAC MC79L05AC 
., 

MC,8MOSC 
., 

MC,9M05C 

LM109 

LM209 -
LM309 -

MC780S* -
MC780SB# -
MC780SC MC790SC 

MC780SA * -
MC7805AC MC7905AC 

LM140-S* 

LM140A-5* 

LM340-5 -
LM340A-5 -
TL780-0SC -
MC78TOS* -
MC78TOSC -

MC78TOSA* -
MC78TOSAC -

LM123* -
LM223 -
LM323 -

LM123A I -
LM223A -
LM323A -

- i MC790S.2C 

MC78M06C 

MC7806* 
I -

MC7806B# -
MC1806C MC7906C 

MC7806A* -
MC7806AC I -
LM140-6* -
LM340-6 J' -i 

MC78T06* -
MC78T06C I -

Vout Tol.t 
Volts Volts 

8 ±0.8 

±0.4 

±0.3 

±0.4 

I 
12 

~ ±0.6 

I ±0.5 

I I 

I ±0.6 
I 

I ±O.S 

I ±0.6 

±0.5 

±0.24 

±0.6 

±0.5 

lS ±1.S 

±0.7S 

±0.6 

±0.7S 

±0.6 

±0.75 

±0.6 

±0.3 

±0.75 

±0.6 

#TJ = -40 to + 125"C 
*TJ = -55 to +15O"C 

10 
rnA 
Max 

100 

500 

1S00 

3000 

100 

SOO 

1S00 

3000 

100 

500 

lS00 

3000 

Device 
Positive Output 

MC78L08C 

MC78L08AC 

MC78M08C 

MC7808* 

MC7808B# 

MC7808C 

MC7808A* 

MC7808AC 

LM140-8* -
LM340-8 

MC78T08* 

MC78T08C 

MC78L12C 

MC78Ll2AC 

MC78M12C 

MC7812* 

MC7812B# 

MC7812C 

MC7812A* 

MC7812AC 

LM140-12* 

LMl40A-12* 

LM340-12 

LM340A-12 

TL780-12C 

MC78T12* 

MC78T12C 

MC78T12A* 

MC78T12AC 

MC78L1SC 

MC78L1SAC 

MC78M1SC 

MC781S* 

MC781SB# 

MC781SC 

MC7815A* 

MC781 SAC 

LMl40-1S* 

LM140A-15* 

LM340-15 

LM340A-15 

TL780-15C 

MC78T1S* 

MC78T15C 

MC78T15A* 

MC78Tl5AC 

tOutput Voltage Tolerance for Worst Case 

I 
! 

I 
! 

i 
I 

I 

i 

I 
I 

r 

I 
I 

Device 
Negative Output 

-
-
-
-
-

MC7908C 

-
-
-
-
-
-

MC79L12C 

MC79L12AC 

MC79M12C 

-
-

MC7912C 

-
- I 
-
- I 
- I 
......, 'I 
-
-
-
-
-

MC78L15C 

MC78L1SA 

MC79M15C 

-
-

MC791SC I 
-
-
-
-
-

-
-
-
- i 
- i 
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@ MOTOROLA 

Fixed Output Voltage Regulators (continued) Positive Output Regulators (continued) 
10 

Vout ToU mA Device Device 
Volts Volts Max Positive Output Negative Output 

18 ±1.8 100 MC78l18C MC79l18C 

±0.9 MC78l18AC MC79l18AC 

500 MC78M18C -
1500 MC7818* -

MC7818B# -
MC7818C MC7918C 

±0.7 MC7818A* -
MC7818AC -

±0.9 lM140-18* -
lM340-18 -

3000 MC78T18* -
MC78T18C -

20 ±1.0 500 MC78M20C -
24 ±2.4 100 MC78l24C MC79l24C 

±1.2 MC78l24AC MC79l24AC 

500 MC78M24C 

1500 MC7824* -
MC7824B# -
MC7824C MC7924C 

± 1.0 MC7824A* -
MC7824AC -

± 1.2 lM14O-24* -
lM340-24 -

I 
3000 II--_M_C_78_T_2_4*_-+-_____ -i 

. . MC78T24C 
#TJ = -40 to + 1250C tOutput Voltage Tolerance for Worst Case 
*TJ = -55 to +15O"C ... 

o '0 Adjustable Output Voltage Regulators 
-6 Positive Output Regulators 
c: 
o 
o 
E 
CD 

C/) 

ca 
(5 ... 
o 
+-' o 
::E 

10 
mA 
Max Device 

100 lM317l 

lM217l# 

lM117l* 

150 MC1723 

250 MC1469 

MC1569 

#TJ = -40 to + 1250C 
*TJ'" -66to +15O"C 

S 
u 

Vout f 
f Volts 

i 
x Min Max 

H,Z 1.2 37 

CP 2.0 37 -
CG -
G -
Cl -

I 

~ 
CD 

G 2.5 32 

37 

tOutput Voltage Tolerance for Worst Case 

3532 

Vin-

vin 
Vout 

Differ-
Volts ential 

Volts 
Min Max Min 

5.0 40 3.0 

9.5 40 3.0 

9.0 35 3.0 

8.5 40 2.7 

10 
mA 
Max Device 

500 lM317M 

lM317M 

lM217M# 

lM117M* 

600 MC1469 

MC1569 

1500 lM317 

lM317 

lM217# 

lM117* 

3000 lM350 

lM350 

lM250# 

lM150* . 

#TJ = -25 to +150°C 
*TJ = -55 to +150°C 

S 
u 

Vout f 
f Volts 

i 
x Min Max 

T 1.2 37 

R 

R 2.5 32 

37 

T 1.2 37 

H,K 

T 1.2 33 

K 

Negative Output Regulators 

10 
mA 
Max Device 

250 MC1463 

MC1563 

500 lM337M 

lM337M 

lM237M# 

lM137M* 

600 MC1463 

MC1563 

1500 LM337 

lM337 

lM237# 

lM137* 

#TJ = -25 to + 15O"C 
*TJ = -55 to +15O"C 

S 
u 

Vout f 
f Volts 

i 
x Min Max 

G -3.8 -32 

-3.6 -33 

T "'-1.2 -37 

R 

R -3.8 -34 

-3.6 -37 

T -1.2 , -37 

H,K 

Vln-

Vin 
Vout 

Differ-
Volts ential 

Volts 
Min Max Min 

5.0 40 3.0 

9.0 35 3.0 

8.5 40 2.7 

5.0 40 3.0 

5.0 36 3.0 

Vin-

Vin 
Vout 
Differ-

Volts ential 
Volts 

Min Max Min 

9.0 35 3.0 

8.5 40 2.7 

5.0 40 3.0 

9.0 35 3.0 

8.5 40 2.7 

5.C 40 3.0 
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® MOTOROLA 

Switching Regulators 
Used as the control circuit in PWM, push-pull, bridge and series type switchmode supplies. The devices include 

the reference, oscillator, pulse-width modulator, phase splitter and output sections. Frequency and dutY cycle are 
independently adjustable. 

10 Vee to 

mA Volts kHz TA 
Max Min Max Min Max Device Suffix OC Case 

40 1 30 2.0 100 MC3420 P o to + 70 648 

L 620 

MC3520 L -55 to + 125 620 

250* 7.0 40 1.0 300 MC34060 P o to +70· 646 

L 632 

MC35060 L -55 to + 125 632 

250 7.0 40 1.0 300 TL494 CN o to + 70 648 

CJ 620 

IN 648 

I I I I I 
-25 to +.85 

IJ 620 

MJ -55 to + 125 620 

I 250 I I >40 I 1,,0 I 300 TL4..95** eN o to + 70 707 

I 

I 

I I I I 

CJ 726 

IN -25 to +85 707 

IJ -25 to +85 726 

I 
SG3525A N 0° to + 70 648 

SG3525A J o to + 70 620 
I ±400 8 40 0.1 I 400 SG2525A I N 648 

I 
I I 

I I -40 to +85 
SG2525A J 620 

I I 

SG1525A J -55 to +125 620 

SG3527A 
I 

N 648 ! 
I o to + 70 

SG3527A J 620 

±400 8 40 0.1 400 SG2527A N 648 

SG2527A 
-40 to +85 

J 620 

SG1527A J -55 to + 125 620 

SG3526 N 707 
o to + 70 

SG3526 J 726 

±200 8 40 0.001 400 SG2526 N 707 
-40 to +85 

SG2526 J 726 

SG1526 J -55 to + 125 726 

I I 
,.,A78S40 PC 648 

o to + 70 
1500* 2.5 40 0.1 100 ,.,A78S40 DC 

I 620 
,.,A78S40 I DM -55 to +125 

MC34063 PI 626 
o to + 70 

MC34063 U 693 

1500* 2.5 i 40 0.1 100 MC33063 I PI 626 

I I 
-40 to +85 

MC33063 U 693 

MC35063 
I 

U -55 to +125 693 I I I I I 

*Single output device 
**Intemal 39 V zener for <40 volt operation 

I 

@ Ie MASTER 1984 3533 
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® MOTOROLA 

SEMICONDUCTORS 
P.O. BOX 20912. PHOENIX, ARIZONA 85036 

PRECISION REFERENCES 
MCl400 MCl400A 
MC1500 MC1500A 

Tight-Tolerance, Low-Drift Voltage Reference Family 

PRECISION 
VOLTAGE REFERENCES 

The MC1400 series of ICs is a family of temperature-compen
sated voltage references for precision data conversion and in
strumentation applications. Advances in thin-film resistors, laser
trimming techniques,ion-imp!anted devices, and monolithic fab
rication techniques make this reference both temperature and 
time stable in applications demanding accuracy to the 12-bit level. 

2.5, 5.0, 6.25 and 10-VOLT 

LASER-TRIMMED SILICON 
MONOLITHIC 

INTEGRATED CIRCUIT 

Features 
• Four Different Output Voltages: 2.5, 5.0, 6.25, 10 V 
• Tight Ab$olute Accuracy: ± 0.2% Maximum Initial 

Toleranc~ 
• Single-Compo'nent Output Trimming Without 

Degrading Temperature Coefficient 
• Wide Input Voltage Range: (Vout + 1.0V)~ Vin ~ 40V 
• Three-Terminal Operation: 

Positive References That Can Source and Sink 
Current 

Special Regulators 

Roating Voltage and Current Regulators 

• Two-Terminal Operation: 
Positive or Negative References 
Floating References 

• Low Current Consumption: 1.0 mA Typical 
• Very Low Temperature Coefficient 
• Low Output Noise Voltage 
• Excellent Ripple Rejection: 87 dB Typical at 120 Hz 
• Excellent Long Term Stability: 25 ppm/1000 Hrs 

Typical 

Designed for laboratory type power supplies. Voltage is limited only by the break down voltage of associated, 
external, series-pass transistors. 

s 
u 
f 

Vaux AVretfVref Vout 10 f PD AILILL TC Vout 
Volts rnA i Volts Watts % % %fOe 

Min Max Max Device x Min Max Max Une Load Max Typ Case 

0 * * MC1466 L 21 30 0.75 0.015 0.015 0.2 0.001 632 

MC1566 L 20 35 0.004 0.004 0.1 0.006 

*Dependent on characteristics of external series-pass elements. 

Dual ± 15 V Tracking Regulators 

Internally, the device is set for ± 15 V, but an external adjustment can change both outputs simultaneously, from 
8.0 V to 20 V. 

s 
u TC 
f %fOe 

Vout 10 Vin f PD (Tlow to 
Volts rnA Volts i Watts Regline Regload Thigh) TA 

Min Max Max Min Max Device x Max mV mV Typ OC Case 

14.8 15.2 ±100 17 30 MC1468 G 0.8 10 10 3.0 o to +75 603C 

L 1.0 632 

I R 2.4 614 

MC1568 G 0.8 -55 to + 125 603C 

L 1.0 632 

R 2.4 614 

I 

(continued) 
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® MOTOROLA 
Special Regulators (continued) 

Low Temperature Drift, Voltage References 

Vout 10 A.Vo~A.T 
Volts mA pprnrc 
Typ Max Max Device 

1.235 ± 12.mV LM3858Z-1.2 

LM285Z-1.2 

1.235 ± 25 mV LM385Z-1.2 
20 20 Typ 

2.5 ± 38 mV LM3858Z-2.5 

LM285Z-2.5 

2.5 ± 75 mV LM385Z-2.5 

2.5 ± 5.0 mV ±10 25 MC1400G2 

10 MC1400AG2 

40 MC1500G2 

10 MC15OOAG2 

2.5 ± 25 mV 10 40 MC1403 

25 MC1403A 

55 MC1503 

, .. UI1'1~n'lJ\ 
I.''''I''''V~'-'' 

5.0 ± 10 mV ±10 25 MC1400G5 

10 MC1400AG5 

40 MC1500G5 

10 MC15OOAG5 

5.0 ± 50 mV 10 40 MC1404U5 
I . 25 I MC1404AU5 

I I 
i 55 i MC1504U5 

25 MC1504AU5 

·6.25 ± 10 mV ±10 . 25 ! MC1400G6 

10 MC1400AG6 

40 MC1500G6 

10 MC15OOAG6. 

6.25 ± 60 mV 10 40 MC1404U6 

25 MC1404AU6 

55 MC1504U6 

25 MC1504AU6 

10 ± 20 mV ±10 25 MC1400G10 

10 MC1400AG10 

40 MC1500G10 

10 MC1500AG10 

10 ± 100 mV 10 40 MC1404U10 

25 MC1404AU10 

55 MC1504U10 

25 MC1504AU10 

I TL431C 

2.5 to 37 100 

I 
50Typ TL431 I 

TL431M 

Notes: 

Reglina Regload 
mVMax mVMax 

1.0 
(Note 2) 

(Note 1) 

2.0 
(Note 3) 

3.0 10 

(Note 4) (Note 7) 

3.0/4.5 10 

(Note 5) (Note 8) 

4.0 20 

(Note 4) (Note 7) 

6.0 I 10 
I 

(Note 6) 
I 

(Note 8) I 

4.0 20 

(Note 4) (Note 7) 

6.0 10 

(Note 6) (Note 8) 

4.0 20 

(Note 4) (Note 7) 

6.0 10 

(Note 6) 

I 
(Note 8) 

Shunt Reference 
Dynamic Impedance 

z os;; 0.50 

1. Micro-Power Reference Diode Dynamic Impedance (zl E; 1.0 n at IR = 100 p.A 
2. 10 p.A E; IR E; 1.0 rnA 
3. 20 p.A E; IR E; 1.0 rnA 
4. (Vout +1.0 VI E; Vin E; 40 V 
5. 4.5 V E; Vin os; 15 V/15 V os; Vin E; 40 V 
6. (Vout + 2.5 V) .. Vin" 40 V 
7. -10 rnA .. IL os; + 10 rnA 
8. 0 rnA .. IL .. 10 rnA 

© Ie MASTER 1984 

TA 
OC 

o to +70 

-40 to +85 

o to +70 

-40 to +85 

o to +70 

o to + 70 

-55 to + 125 

o to + 70 

I -55 to + 125 I 
o to + 70 

-55 to + 125 

I o to + 70 I 
I I 
I 

I I -55 to +125 

I 
I 

I o to + 70 
I 

-55 to + 125 

o to + 70 

-55 to +125 

o to + 70 

I 
-55 to + 125. 

i 
I o to + 70 
I 
L 
I -55 to +125 

! I 
! o to +70 I 

I -40 to +85 I 
-55 to + 125 

Case 

29 

601 

693, 79, 751 

693, 79 

693 

I 

601 

693 

601 

693 

29,626 

693 

693 
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® MOTOROI.A 

SEMICONDUCTORS 
MOS 

Telecommunications 
Products 

3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

MC14400/01/02/03/05 Mono-Circuit 
• On-board Reference 
• A-Law/Mu-Law Companding and D3/D4/CCITT Format 
• Synchronous and Asynchronous Operation 
• 16/18/22 Pin Packages 

MC14407 
• Per-Channel Full-Duplex Capability 
• Power-Down Input 
• Mu-Law Digital Format (MC14406/07) 
• A-Law CCITT Digital Format (MC14404) 

MC14408/09 Binary to Pulse Dialer 
• On-Chip Oscillator 
• Dialing of Numbers Up to 16 Digits 
• Memory Storage and Re-Dialing of Last Telephone 

Number 

MC14410 Tone Encoder 
• Single-Tone Capability 
• Fast Oscillator Turn-On and Turn-Off Times 

MC14411 Baud Rate Generator 
• Sixteen Different Output Clock Rates 
• Prograr')mable Time Bases for One-of-Four Multiple 

Output Rates 
• Buffered Outputs Compatible with Low-Power TTL 

MC144120-600 Baud Modem 
• Originate and Answer Mode 
• Simplex. Half-Duplex and Full-Duplex Operation 

MC14413/14 and 145414 PCM Low Pass/Bandpass Filters 
• Transmit Bandpass and Received Low Pass 

(MC14413) 
• Transmit and Receive Low Pass (MCl4414/5414 
• Single-Supply Capability 
• ± 5 to ± 8 Volt Power Supply Ranges 
• Two Operational Amplifiers Available 

MC14416/17/18 Time Slot Assigner Circuit 
• Independent Transmit and Receive Frame Syncs and 

Enables 
• Up to 64 Times Slots Per Frame 
• TTL and CMOS Level Compatibility 

MC14419 2-of-8 Tone Encoder 
• Suppressed Output for Illegal Input Codes 
• Codes for Numbers 0-9 Produce a Strobe Pulse 

MC1421oo/51oo Crosspoint Switch 
• Power-On Reset (MC1451oo Only) 
• Large Analog Range 

MC145415 Linear Phase Filter 
• Dual Low Pass Linear Phase Filter 
• ± 5 to ± 8 Volt Power Supply Range 
• Two Op Amps Available 

MC145422 2-Wire UDL T 
• 2-Wire Master Universal Data Loop Transceiver 
• For Voice/Data Transceiver Applications 
• Data Rate of 80 kbps 

3536 

MC145426 2-Wire UDL T 
• 2-Wire Slave Universal Data Loop Transceiver 
• For Voice Data Transceiver Applications 
• Data Rate of 80 kbps 

MC145428 Data Set Interface Chip 
• Provides Synchronous to Asynchronous Data Conversion 
• Provides. Asynchronous to Synchronous Data Conversion 
• Synchronous Data Rates of 2.048 Mbps 
• Asynchronous Data Rates of 128 kbps 

MC145429 Tel set' Audio Interface Chip 
• Provides CPU Control of an Analog Signal for Earpiece, 

Mouthpiece and Speaker Phone 
• Provides CPU Control of Analog Signal Gain and 

Attenuation 
• Loop Back Test Feature 

MC145432 2600 Hz Tone Signaling Filter 
• 2600 Hz Notch and Bandpass Filter 
• 2600 Hz Sinewave Generator 
• Uncommitted Op Amp Capable of Driving a 600 ohm 

Load 
• On Board Crystal Oscillator or External Clock 

MC145433 TuneableNotch/Bandpass Filter 
• Independently Tuneable Notch and Bandpass Filter 
• Clock Output Pin 
• Includes an Uncommitted Op Amp Capable of Driving 

600 Loads 
• TTL or CMOS Compatible Digital Inputs 
• On Board Crystal Oscillator or External Clocks 

MC145440/441 300 Baud Modem Filter (Bell 103/CCITI) 
• Answer or Originate Mode 
• Low Band Bandpass Filter 
• High Band Bandpass Filter 

MC145445 0-600 Baud Modem 
• Originate and Answer Mode 
• Bell 103/113 and CCITT V.21 

MC145450 0-.1200 Baud Modem 
• Bell 202 and CCITT V.23 
• On Board Crystal Oscillator or External Clock 

MC6860 0-600 bps Digital Modem 
• Originate and Answer Modes 
• Crystal or External Reference Control 
• Full-Duplex or Half-Duplex Operation 
• Automatic Answer and Disconnect 

MC61722400 bps Digital Modulator (Formerly 6862) 
• 511-Bit CCITT Test Pattern 
• CCITT and U. S. Phase Options (Bell 201) 
• 1200/2400 bps operation 
• Answer-Back Tone 

MC6173 2400 bps Demodulator 
• Compatible with MC6172 Modulator 
• CCITT and U.S. Phase Options 
• Compatible Functions for 201 BI C Data Sets 

@ Ie MASTER 1984 



I~NatiOnal 
. Semiconductor 
ADC0844 8-Bit ",p Compatible AID Converter 
with 4-Channel Multiplexer 

Junel~ I ~ 

I~ 
General Description 
The ADC0844 is a CMOS 8-bit successive approximation 
A/D converter with a versatile analog input multiplexer. 
The 4-channel multipiexer can be software configured for 
single-ended, differential or pseudo-differentiat modes of 
operation. 

The differential mode provides low frequency input 
common-mode rejection and allows offsetting the analog 
range of the converter. In addition, the AID's reference can 
be adjusted enabling the conversion of reduced analog 
ranges with 8-bit resolution. 

This A/D is designed to operate from the control bus of the 

I 
NSC800 ™ and the wide variety of 8080 ILP derivatives. 
TRI-STATE@ output latches that directly drive the data bus 
permit this AiD to be configured as a memory location or 
as an I/O device to the microprocessor with no interface 
logic necessary. 

Block and Connection Diagrams 

~V ee 

Features 
• Compatible with 8080 ILP derivatives-no interface 

logic needed 

• Easy interface to all microprocessors 

• Operates ratiometricallyor with 5 V DC voltage reference 

• No zero or full-scale adjust required 

• 4-channel multiplexer with address logic 

• Internal clock 
• OV to 5V input range with single 5V power supply 
.T2UMOS input/output compatible 

• 0.3" standard width 20-pin DIP 

Key Specifications 
• Resolution 
• Total Unadjusted Error 

• Single Supply 

• LowPower 
• Conversion Time, 

8 Bits 
± 112 LSB and ± 1 LSB 

5Voc 
10mW 

40JLS 

!2 !1 ! 19 ~DGND 

18 INTERNAL 
CONTROL LOGIC CLOCK 

~ 

DB7 
9 LADOER AND DECOOER DAC 

OUT 
11 

I ,~ 
DB6 

DB5 
12 

, 

13 
TRI-STATE DB4 
OUTPUT ... 14 LATCHES MA3/DB3 

MA2/DB2 
15 

~ 

MA1/DB1 
16 

17 
4 SAR LATCHES 

~ I+---- MUX 
ANALOG MUX ADORESS 

LATCHES AND .. DECODER 

f3 f4 f5 f6 f7 

CH1 CH2 CH3 CH4 AGND 

NScaoo ™ is a trademark of National Semiconductor Corp. 

TRI.STATee is a registered trademark of National Semiconductor Corp. 

©1983 National Semiconductor Corp. TLlH/5016 
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~VREF Dual·ln·Line Package 

iijj Vee 

cs Wii 

CH1 INTR 

CH2 DBD/MAO 

CH3 DB1/MA1 

CH4 DB2IMA2 

AGND DB3/MA3 

K*= 
VREF DB4 

10"l'"9' "p~ DGND 10 11 DB6 

TOP VIEW TLlHI5016-2 

~ 
TLlHJ5016-1 

IM·B30M63/Printed in U.S.A. 
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~National 
D Semiconductor 

PRELIMINARY 
July 1983 

LF13006, LF13007 Digital Gain Set 

General Description 
The LF13006, LF13007 are precision digital gain sets used 
for accurately setting non-inverting op amp gains. Gains 
are set with a 3-bit digital word which can be latched in 
with WR and CS pins. All digital inputs are TTL and CMOS 
compatible. 

The LFl3006 shown below will set binary scaled gains of 1, 
2,4,8, 16,32,64, and 128. The LFl3007 will set gains of 1, 2, 
5~ 10,20,50, and 100 (a common attenuator sequence). In 
addition, both versions have several taps and two uncom
mitted matching resistors which allow customization of 
the gain. 

The gains are set with precision thin film resistors. The 
low temperature coefficient of the thin film resistors and 
their excellent tracking result in gain ratios which are vir
tually independent of temperature. 

The LFl3006, LFl3007 used in conjunction with an ampli
fier not only satisfies the need for a digitally program
mable amplifier in microprocessor based systems, but is 
also useful for discrete applications, eliminating the need 
to find 0.5% resistors in the ratio of 100 to 1 which track 
each other over temperature. 

Features 
• TTL and CMOS compatible logiC levels 
• Microprocessor compatible 

• Gain error 0.5% max 
• Binary or scope knob gains 
• Wide supply range + 5V to ± 18V 

• Packaged in 16-pin DIP 

Block Diagram and Typical Application (LF13006) 

I 
I 
L 

DIG IN 
1 

DIG IN 
2 

DATA BUS 

© 1983 National Semiconductor Corp. TLlH/5114 

Lf13006 - -- --, 
~------------~~aJ 

~---"""-BOUT 

2ft AOUT 

DECODE 

-1- - -1-
DIGIN ~ WI 

3 

CONTROl 
LINES 

IM·B30M731Prlnted in U.S.A. 
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~National PRELIMINARY ~. 
~ Semiconductor Issue date: 4/1/83 

Industrial Blocks 

LM1893 CARRIER-CURRENT TRANSCEIVER 2 BI-LINE" 

General Description 

Carrier-current systems use the power mains to transfer 
information between remote locations. This bipolar carrier
current chip performs as a power· line interface for hal f
duplex (bi-directional) communication of serial bit streams 
of virtually any coding. In transmission, a sinusoidal 
carr ier is fSK modulated and impressed on most any power 
line via a rugged on-chip dr i ver. In reception, a PLL
based demodulator and impulse noise filter combine to give 
maximum range A complete system may consist of the 
~M1893, a coPSi controller, and di~crete components. 

I 1 BI-LINE and COPS are trademarks of National 
Semiconductor Corp. 

2 Carrier-current transceivers are also called power line 
carrier (PLC) transceivers. 

< 

Features 
:J Noise re-sistant FSK .modulation 
o User-se lected impulse noise- fi lter ing 
o Up to 4.8 KBaud data transmission rate 
o Strings of O'sor l's in data allowed 
o Sinusoidal line drive for low RFI 
o Output pOWE'r easily boosted 10-fold 
o 58 to 300 KHz carr ier fre-quency choice 
o TTL and ~10S compatiblp digital levels 
o Regulated voltage to power logic 
o· Drives all conventional power lines 

Applications 
o Energy management systems 
o Home convenience control 
o Inter-office conmunication 
o Appliance ('ontrol 
o Fire alarm systems 
o Security systems 
o Telemetry 
o Computer terminal inter face 

TYPICAL APPLICATION FIGURE 1. Block diagram of carr ier - current chip with a complement of 
discrete components making a complete transceiver. lise caution with 
this circuit - dangerous line voltage are- present. 

v+ 

1i7 

rr-+ 11 rl~ 
712 

MOD. ALC 
~ SINE 
~ SHAPER 

.. -10 , 
• I 

9 OUTPUT 
AMP. 

leo t-. I--_____ ~r--

c 
8 

v+ t 

T LIMITER~ 
.-----~o-~~~ 

~ 
15 

T - 14 16 

~ 
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~Nation'al 
D Semiconductor 

PRELIMINARY 
October 1983 

LM2935 Low Dropout Dual Regulator 

General Description 
The LM2935 positive voltage regulator features a low 
quiescent current of 3 mA or less when supplying 10 mA 
loads from the standby regulator output. This unique 
characteristic and the extremely low input-output dif· 
ferential required for proper regulation (0.55V for output 
currents of 10 mA) make the LM2935 the ideal regulator for 
power systems that include standby memory. Applica· 
tions include processor power supplies demanding as 
much as 750 mA of output current. 

Designed primarily for automotive applications, the 
LM2935 and all regulated circuitry are protected from 
reverse battery installations or 2 battery jumps. During 
line transients, such as a load dump (60V) when the input 
voltage to the regulator can momentarily exceed the 
specified maximum operating voltage, theO.75A regulator 
will automatically shut down to protect both internal cir· 
cuits and the load while the standby regulator will con· 
tinue to power any standby load. The LM2935 cannot be 
harmed by temporary mirror·image insertion. Familiar reg
ulator features such as short circuit and thermal overload 
protection are also provided. 

Typical Application Circuit 
VIN 

) 

Fixed outputs of 5V are available in the plastic TO-220 
power package. 

Features 
• Two regulated outputs 
• Output current in excess of 750 mA 
• Low quiescent current standby regulator 
• Input-output differential less than 0.6V at 0.5A 
• Reverse battery protection 
• 60V load dump protection 
• - 50V reverse transient protection 
• Short circuit protection 
• Internal thermal overload protection 
• Available in plastic TO-220 
• ON/OFF switch for high current output 

• Reset error flag 
• 100% electrical burn-in 

b lC1* 
S1 ~ ~ """"'01 F 

ON/OFF S * . INPUT OUTPUT 2 _ VOUT 5V 

: R1 

VOLTAGE VOLTAGE + T - 750 mA 
.:....&.... C2** * Required if regulator is located far from 

power supply filter. ;.20k 
S 4 SWITCH/ 

RE ET o---4II"-'---~ RESET LM2935 

*10p.F 
* * Required for stability. May be increased 

without bound. Capacitor must be rated 
to operate at the minimum temperature 
expected for the regulator system. 

FLAG - (FOR VOUT ONLY) 

Connection Diagram 

© 1983 National Semiconductor Gorp. TLlH/5232 

GND 

3 

5 _ --. STANDBY 5V 
+ T - OUTPUT 10 mA 
~C3** 
1'10F _----..-1 

*- TlIH/5232·1 

FIGURE 1. Test and Application Circuit 

TO·220 5·Lead 

~J I 
FRONT VIEW 

~ 5 STAODBY OUTPUT 
4 SWITCH/RESET 
3 GROUND 
2 OUTPUT VOLTAGE (VOUT) 
1 INPUT VOLTAGE (VIN) 

TlIH/5232·2 

,... 
3: 
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MF4 4th Order Switched Capacitor Butterworth 
Lowpass Filter 

General Description 
The MF4 is a versatile, easy to use, precision 4th order 
Butterworth lowpass active filter. Switched capacitor tech
niques eliminate external component requirements and al
Iowa clock tunable cutoff frequency. The ratio of the clock 
frequency to the lowpass cutoff frequency is internally set to 
50 to 1 (MF4-50) or 100 to 1 (MF4-100). A Schmitt trigger 
clock input stage allows two clocking options, either self
clocking (via an external resistor and capacitor) for stand
alone applications, or for tighter cutoff frequency control, a 
TIL or CMOS logic compatible clock can be directly ap
plied. The maximally flat passband frequency response to
gether with a DC gain of 1 V IV allows cascading MF4 sec
tions for higher order filtering. 

Block and Connection Diagrams 

RLTER .... 8 .... ......jN 
IN 

AGND 

CLK 
IN 

RLTER 
OUT 

5 

NON-OVERLAPPING 
CLOCK GENERATOR 

2 3 

CLKR L. SII 

TRI-ST A TEe is a registered trademark of National Semiconductor Corp. 

Features 
• Low Cost 
.·Easy to use 
• No external components 
• a-pin mini-DIP 
• Cutoff frequency accuracy of ±0.3% 
• Cutoff frequency range of 0.1 Hz to 20 kHz 
• 5V to 14V operation 
• Cutoff frequency set by external or internal clock 

Dual;.tn-Llne Package 
7 V+ 

CLKIN 
4 V-

CLKR 2 

MF4CN 

LSII 6 

V- 5 

TOP VIEW 

RLTER 
IN 

v+ 

AGND 

RLTER 
OUT 

TL/H/5064-2 

TUH/5064-1 

Order Number MF4CN 
See NS Package N08E 
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Read/WritelC For Disk Drive System 
The J,LPC751 8/7528 is a monolithic bipolar integrated 
circuit writing and reading data in a high performance 
magnetic disk storage system. The circuit is intended for 
use on a data head support arm. Each circuit can be used 
with up to four independent heads. Each I.C. contains four 
write drivers, four read preamplifiers, an'outputline driver, 
head select logic, and some fault monitoring circuitry, and 
has three modes of operation: Read, Write and Idle. The 
J,LPC7528 is similar to the ;.tPC751 8 in function, but 
provides a lower differential gain in the read mode for use 
with higher inductance and higher output heads. All signal 
levels and currents are fully compatible with IBM Model 
3350 head/arm assembly. ' 
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J,LPC751B/J,LPC752B 
BIPOLAR ANALOG 

INTEGRATED CIRCUITS 

Pin Configuration 

VEE 
HS1 (Head Select 1) 

Vee 
US (Unsafe) 

we (Wr1 te Current) 

HC 

NC 
ftC 

ilX (Data X) 

OY (Data Y) 

H52 (Head Select 2) 

Va 

( TOP VIEW ) 

Absolute "aximum Ratings 

Parameter Min. 

Positive Supply Voltage, Vee -0.6 

Negative Supply Voltage. VEE -5.5 

Input Voltage VEE-D. 3 

Storage Tempera ture Range -65 

Operating Moving-air 0 
Temperature Range 

Operating Junction 
Temperature Range 

Recommend" Operating Limits 

Parameter Mode 

Vee Read/Write/l dle 

VEE Read/Wri tel I dl e 

Unsa fe Vo 1 ta ge Read/Write/ I dl e 

Head Center Write 
Tap Voltage 

Write Current (Iwe) Write 

God 
WS (Write Select) 

H21(Head 2-1) 

H22(Head 2-2) 

H01(Head 0..:1) 

, H02(Head 0-2) 
, H31 (Head 3-1) 

H32(Head 3-2) 

Hl1(Head 1-1) 

H12(Head 1-2) 

Max. 

7 .0 

0.6 

CE (Chip Enable) 

GIld 

Units 

Vee+0.3 

150 °C 

70 °C 

150 °C 

Min. Max. Uni ts 

5.7 6.3 

-4.2 -3.B 

Vee+0.3 

3.2 3.B 

45 lilA 
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NEe Electronics 

AC Test Conditiona 
(Unle .. otherwl .. apeelfled) 

Parameter Mode 

VCC Read/Write/I d1 e 6.00.10.01 

VEE Read/Write/Idle -4.00tO.Ol 

Vws Read O.OOtO.Ol 

Vws Write 3.50tO.01 

VCE Read/Write O.OOtg:g~ 
lh Read/Wri tell dl e Max. 0.1 

·Rh Read/Write/Idle Max. 0.01 

VCT Read 0.00±0.01 

VCT Write 3.50±0.01 

Vus Read/Writelld1e 6.00tO.01 

RLl Read/Wr1te/Id1e 200 t 1 

RL2 Read/Wr1te/Idle 101 t ~ 
lwe Read 0 

lwe Write 40 t 1 

Ambient 
Temperature Read/Write/Idle 25 t 2 

Head Selection Table 

Head Selected VHSl VHS2 

0 VnHS \lIIHS 

\lLHS \lHHS 

V HilS VLHS 

\lLHS VLHS 

3544 

Units 

V 

IJH 

n 

V -

n 

n 

rnA 

rnA 

°c 

JLPC751B/JLPC752B 

Mode Select 
The Circuit has three modes of operation: Read, Write, and 
Idle. The state of the Chlp Enable and I-Jrite Select determines 
the mode of operation as follows: 

Characteristics Conditions Min. Max. Units 

(Chip Enable) 

VIICE Idle 5.5 6.3 

VLCE Read/Write 0.0 0.7 

IHCE Idle, VCE=VCC - 0.5V -110 -50 ~A 

I LeE Read/Wrl te, VCE=O. OV -1.3 -0.7 rnA 

(Write Select) 

VHWS Write/Id1e 3.2 3.8 

VLWS Read/ldh -0.1 0.1 

laws Write/Id1e (transition 0.35 2.7 rnA 
unsafe current off) 

Write ( transit i on 0.7 3.5 rnA 
unsafe current on) 

h.ws Read/ld1e 0.1 rnA 

Swltch1ng Delay All Modes 0.5 ~S 

Connection Diagl'llm 

,..-----------._- ----- -- ----- --- --------"\ 
we : ..I!:!. I us 

~o'----'" 

~ IifM, I .-----

~ Hc»2. 

-:l HcM.e» .----... 
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Supply Current: 

Characteristics 

Icc(R/W) 

Icc(ID) 

IEE(R/W) 

IEE(ID) 

Conditions 

Read/Write 

Idle 

Read/Write 

Idle 

Total H .. d Input Current: 

Sum of all head input currents with Iwc:=O 

Characteristics 

IHC(W) 

IHC(R) 

IHc(ID) 

Conditions 

Write, VCT=3.5V 

Read. VCT=O.OV 

Idle. VCT=3.5 or O.OV 

Read Mode: (~PC751B) 

Min. Max. Units 

12 20 m' 

150 l!A 

70 m' 

40 m' 

Min. Max. Units 

3.0 m' 

0.16 m' 

0.10 ml\ 

I n the Read mode the ci rcui t functions as a low noise differential 

amplifier. The state of .the head select inputs determines which 

amplifier is active. 

Characteri sti cs Conditions Min. Max. Units 

Input Current Vin=Ov 20 lolA 

Differential Vin=Ov 18.8 pF Input Capaci ty 

Differential 25°C 585 915 0 

Input Resistance Vin=Ov DoC 565 915 11 
70°C 585 984 n 

(Damping Resistor) 
Output Offset Vin=Ov 100 mV Voltage 

, Convnon Mode Vin=Ov -0.7S -0.50 Output Vol tage 

Differential Vin=lmVp-p, OVDe 25°C 28 43 V/V 

Gain f"300KHz DoC 30 45 V/V 
70 D C 27 40 V/V 

Gain Linearity v~in=smvl- vo~n=DIIIV) Is.DIIIV 0.9 1.1 
(DC) VO Vln=O.SmV)-Vo V1n=OmV) o.siiiv 

Band Width Zin=OO Vin=lmVp-p 30 Niz 
Gain @ faw 
Ga 1 n . @ 306kHZ' - 3dB 

Input Noise Vin=Ov Zin=On 
15Wiz Power Bandwidth 

6.6 lJVRMS 

Conilion r-t>de I n-
put to Diffcrell- Vln=5mVp-p, OVDC, 45 dO 
tfal Output f~5MHz 
Rejection Ratio 

Power Supply 
Rejection Ratio Vi n=Dv, f:55M1lz 45 dB 
(referred to the ~vcc or.6Vt.:E=O.lVp-p 
input) 

Channel Vin=lmVp-p, OVDC, 40 dB 
Separation f"300KHz, 3Channcls driven 

Unsafe Write Current· DmA 0.1 n»\ 

Current Wri te Current • 45111/\ 40 45 mil 

© Ie MASTER 1984 

J,LPC751B/J,LPC752B 

H .. d Select: 
One of four heads may be selected by controlling the state of 
two head se 1 ect 1 nputs • The head is selected as specified below 

Characteristics Conditions Min. Max. Units 

VHHS Te~=0°C"'70°C -0.97 -0.61 

VLHS Te~=0°C"'70oC -2.38 -1.52 

IHHS 240 IlA 
ILHs 60 lJA 

Switch i ng De 1 ay 50 ns 

U) 

.2 
C 
0 .... ..-
0 
~ 
W 

0 
W 
Z 
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.... d Mode: (iJPC752B) 

The sallie as jJPC7518 except for the following characteristlcs. 

Characterl st1 cs Conditlons Min. Max. Units 

Output Offset Yin=Ov 50 Yoltage mV 

01 fferent ia 1 Yin"lmYp-p, OVOC 25.oC 8.5 12.5 

Galn f"300KHz O°C 8.5 13.25 
70°C 7.5 12.5 

V/V 
V/V 
V/V 

Gain Linearity 
(DC) 0.9 1.1 

Input Noise Vln&Ov Zln'"OO 25 \JVRI4S 
15lftz Power Bandwidth 

3546 

JLPC751B/JLPC~52B 

Write Mode: 

In the Wrlte lOde the drcuit functions as a current gate. 

Externally supplied Wrlte current is gated by the state of 

the head select and data inputs to one side of one head. 

Characteri st; cs Conditions Min. Max. Units 

Differential 0.225 Input Voltage 

Single Ended -2.0 -0.45 V 
Input Voltage 

OX DY Input -2.0 +2.0 lIlA 
Current 

Current Gain Iwc=4511lA 0.95 1.0 

Wri te ,tUl'Tl!l1 t IWC"'45mA -3.7 -3.0 V 
Voltage 

Head Current Iwc=45mS. lh=O 15 oS 
Transi tion tillie f=5Ktz 

Head CUTTent Iwcz45mA. lh=O Switching Delay f=5Itiz 15 nS 
Tille 

Head Current Iwc--4Smk. lh=O 
Switching faSlttz 2 nS 
Hysterisis Dati rlse & fall tillle~lnS 

Unsafe lwc=3OIrA. f=2Kiz, lh=9J,:H 0.1 rnA 
Current lwc=3OmA. f=2tttz. Lh=OJ,di 20 lIlA 

lwc--4Sm.l.. Rh- one 20 rnA 
side of head only 

Unsafe lwc=:JlM.. f=2Pfiz. lh=9pH 1.0 liS 
Switching lwc=3Qm.4.. f=2Pfiz. Lh"'OJ,di 1.0 4.0 }IS 
Delay Tille I~SIIIA. f=2Ktz. Rh- 1.0 4.0 liS 

Unselected Iwc-004SmP.. f=2ft'.z. 
1.5 aV\o-p Head CUTTent lh:s9.5pH 

Oi fferenti a 1 
lwc:4~. lh=)()pH 9.0 Vo-p Head Voltage 
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General Description 
The /-LPC754D is a two-stage wideband differential ampli
fier. It is intended for use as a pre-amplifier for the mag
netic servo head of a magnetic disc memory system. 

FEATURES 
• Very narrow gain range 

• 30 M Hz bandwidth 

ABSOLUTE MAXIMUM RATINGS 
Power Supply Voltage (VEE) 

Differential Input Voitage 

Operating Temperature Range 

Storage Temperature Range 

-12V 

:!:lV 

Oto +700(; 

-65to + 150°C 

CONNECTION DIAGRAM (Top View) 

INPUT(+) 1 t---....,. S TEST (See Note 1) 

NON CONNECTION 3 

L-.-_-I 5 OUTPUT( + ) 

Note 1. Pin 8 can NOT be CQMeCIed to any circuit. 

@ Ie MASTER 1984 

JLPC754D 
BIPOLAR ANALOG 

INTEGRATED CIRCUIT 

CONNECTION DIAGRAM 
Recommended Load Condition 

-S.3V 

OUTPUT 

Note. A 0.1 j,LF ceramic capacitor is recommended for good power supply noise 
filtering. 
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RECOMMENDED OPERATING CONDITIONS 

PARAMETER SYMBOL MIN TYP MAX 

Supply Voltage VEE -7.45 -8.3 -9.15 

Input Signal VI 2 

Ambient Temperature Ta 0 70 

ELECTRICAL CHARACTERISTICS (Ta = 25°C, VEE = -8.3V±10%) 

CHARACTERISTICS CONDITIONS MIN TYP MAX 

Differential Gain RL = 130n 77 93 110 

Bandwidth Vi = 2mVpp 10 30 

Input Resistance 800 1000 1250 

Input Capacitance 3 

Output Dynamic Range 
RL = 130n, VEE- = -8.3V 350 

(Differential) 

Power Supply Current VEE = -9.15V 26 35 

Output Offset Rs-= 0, RL = 130n ±600 

Equivalent Input Noise Rs = 0, RL = 130n, BW = 4MHz 8 14 

PSPR, Input Referred Rs = 0, f ~ 5 MHz 50 65 

Gain Sensitivity (Supply) I1VEE = ± 10%, At = 130n ±1.3 
... 

= - -Gam SenSitiVity (Temp) 

CMRR, Input-Referred 

I Ta 25"C to 7O"C. It. - 1300 0.2 

f ~ 5MHz 55 .70 

3548 

J,LPC754D 

UNITS 

V 

mVpp 

°C 

UNITS 

MHz 

n 

pF ,--

mVpp 

rnA 

mV 
--

JLV 

dB 

0/0 

0 Yo/OC 

dB 
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Description 
The circuit is an integr~ted Read/Write chip intended for 
use with non-center tapped thin film heads in disk driv~ 
systems. Each chip controls four heads, and has three 
modes of oper~tion: read, write and idle. 

The chip has four channels of read amplifiers and write 
drivers. It also has an internal write current source. The 
write current magnitude is determined by laser trimmed 
internal resistors. The chip cpntains fault qetection 
circuits. 

RECOMMENDED OPERATING LIMITS 

PARAMETER MODE MIN MAX UNIT 

vcc ReadlWrite/ldle 4.75 5.25 V 

vEE ReadlWrite/ldle -5.46 -4.75 V 

Write Mode Duty 50 % 

@) Ie MASTER 1984 

MC4290 
BIPOLAR INTEGRATED CIRCUIT 

PIN CONFIGURATION (Top View) 

GND I 1 24 VEE 

NC 2 23 1 CE 

WV 3 22 -] WS 

HS1 I 4 21 -] HOX 

HS2 5 20 1 HOY 

WDY 6 19 H2X 

WDX 7 18 H2Y 

WUS 8 17 1 H1X 

~~ft 
16 J H1Y IMF 

:: .... '-====== .. 1:_: __________ : ... :1 ... -----'::: 

PIN NAMES AND DEFINITIONS 

CE Chip Enable 

WS WriteSeI~t 

HS1 Head Select 1 

HS2 Head Select 2 

WDX Write Data X 

WDY Write Data Y 

RDX Read Data X 

ROY Read DataY 

WV Write Verify (write Select OK) 

IMF Input Multi Fault 

WUS Write Unsafe (Write Operation OK) 
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BLOCK DIAGRAM 

R6 
.A yyy- . T 

v 
r------------------..:--------------~~< >g-~~ts-~R.!:-----------., 

fC 
1 

R5 wv 13 WRITE FUNCTION I 
.o. .. 

y 

T VERIFY WRITE VERIFY HEAD 

1 r CURRENT TRANSITION 
1 , SOURCE DETECTOR 
1 

WS 122 READIWRITE 

C :E T SELECT 

r I R3 J / 211 HOX 111 .... 
I ~ 

y 

RDXI 

~ 
<AMP R4 12 r 201 ... 

yyy 
RDYI' 

t 
i HOY 

R1 wDx17 

~ 
1 ...... 1 .. 

T ·1 
1 WRITE 1 
1 DRIVER 1 

R2 WDY16 1 ...... 1 

~~r 
ill"" 1 

"1.I' 

~ r 171 H1X cc 

1 ~ <AMP -= -= 123 CHIP r 161 

~ 
.1.. CEl' ENABLE lH1Y 

1 1 I 1 1 1 1 I RITE I 1 ~IVER 1 I 1 
HS114 

READ 
1 

± T r I 

/ 191 H2X 
I 

181l 

I SELECT 
<AMP I r I AND 

I 

~ 
1H2 I OPENUNE 

I I I 
HS2 15 I 

DETECT I 

± 
r DRIVER i 

I 
I 
I 

'l r I 
151 H3X 

T ~ ~AMP 
14j 

~ 
."( H3 

DRIVER 

VCC VEE GND 

HEAD 0 

YC 

v 

HEAD 1 

HEAD 2 

Y 

HEAD 4 

y 

----~~--~---:l2~~----------------------------------~ 

PIN NAMES AND DEFINmONS RESISTOR VOLTAGE 

CE Chip Enable R1 100n ± 1% 

WS Write Select R2 100n ± 1% 

HS1 Head Select 1 R3 100n ± 1% 

HS2 Head Select 2 R4 100n ± 1% 

WDX Write Data X RS 1k ± 1% 

WDY Write DataY R6 330n ± 1% 

RDX Read Data X R7 1k ± 1% 

ROY ReadOataY 

WV Write Verify (write Select OK) 

IMF Input Multi Fault 

WUS Write Unsafe (Write Operation OK) 
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ELECTRICAL SPECIFICATIONS 

Unless otherwise specified, 4.75 V ~ VCC ~ 5.25 V, 

- 5.46 V ~ VEE ~ - 4.75 V, 25°C ~ TJ ~ 125°C 

POWER SUPPLY CURRENT 

CHARACTERISTICS CONDITION TYP 

ICC Idle VCE=2V 

Read VCE=OV. VWS=2V 47 

Write VCE=OV. VWS=OV 37 

lEE Idle VCE=~V 

Read VCE=OV. VWS=2V 50 

Write VCE=OV. VWS=OV 120 

HEAD SELECT 

CHARACTERISTICS CONDITION MIN MAX 

VHS1H. VHS2H 2.0 

VHS1L. VHS2L -0.3 0.8 

IHS1 H. IHS2H 50 

IHS1L.IHS2L -1.6 

Switching Delay AJIMode 0.4 

@) IC MASTER 1984 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

UNIT 

V 

V 

!LA 
rnA 

fJ.8 

H~SE~CnONTABLE 

HEAD SELECTED VHS1 

0 L 

1 H 

2 L 

3 H 

L=lOWlevel H = HIGH level 

MODE SELECT 

CHARACTERISTICS CONDITION 

Chip Enable 

VCEH Idle 

VCEl Read or Write 

ICEH Idle VCE = 5.0 V 

ICEl Read or Write. 
VCE= OV 

Switching Delay All Mode 

Write Select 

VWSH Read or Idle 

\/WSL Write or Idle 

IWSH Read or Idle 

IWSl Write or Idle 

Switching Delay AJIMode 

MC4290 

VHS2 

L 

L 

H 

H 

MIN MAX UNIT 

2.0 V 

-0.3 0.8 V 

50 !LA 

1-4
.
0 rnA 

0.5 .... S 

2.0 V 

-0.3 0.8 V 

50 !LA 
-1.6 rnA 

0.5 fJ.8 
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WRITE MODE 

CHARACTERISTICS 

Differential Input Voltage 

Single-ended Input Voltage 

Input Current'Side 

Input Capacitance/Side 

Write Current 

Write Current Tolerance 

Write Current Transition Time 

Write Current Switching Delay Time 

Write Current Switching 

Delay Time Asymmetry 

Unselected Head Current 

Output Resistance 

Output Capacitance 

Differential Head Voltage Swing 

AEADMODE 

CHARACTERISTICS 

Input Bias Current 

Input Offset Current 

Oifferentiallnput Resistance 

Oifferentiallnput Capacitance 

Differential Input Noise Voltage 

Differential Voltage Gain 

Input Dynamic Range 

Voltage Band Width 

CMRR 

PSRR 

Channel Separation 

Output CM Voltage 

Output Offset Voltage 

Output Leak Current 

Output Resistance 

Output Capacitance 

3552 

CONDITION 

IWC = 70mAo-p, RH = 80 

LH = 0.1 ""H 

'WC =70mAo-p, LH = O""H 

I NC = 70 mA o-p, LH = 0 ""H 

IWC = l00mAo-p. f=5MHz 

RH = 80, LH = 0.1 ""H 

CONDITION 

VlN = OV 

V,N = OV 

V,N = OV 

V,N = OV 

V,N = OV.ZIN = 00, BW = 15MHz 

V'N = 1 mVp-p, t = 1 MHz 

TA = 25"C 

TA = OOC 

TA = 7O"C 

Gain Is 90% of the Gain 

With 0.5 mV p-p Input 

Signal 

f=l MHz 

:t 1 dB 
V,N = 1 mVp-p 

-3dB 

f = 10MHz 
V'N = 5mVp-p 

(f = 20 MHz) 

f = 10MHz 
V,N = OmV 

(f = 20 MHz) 

V,N = OmV f = 10MHz 

3 Channel Driven 

RL = l00OtoVCC 
Tj = 75°C 

RL = l00OtoVCC 

VCE = 2 V (Idle) 

Single-ended 

Single-ended 

MC4290 

MIN MAX UNIT 

0.2 V 

-1.87 0:1 V 

-20 120 ~ 

10 pF 

67.9 72.1 mAo-p 

-3 +3 % 

17 nS 

15 nS 

1 nS 

2 mAo-p. 

840 1260 0 

30 pF 

6 Vo-p 

MIN MAX UNIT 

36 ~ 

20 ~ 

520 1170 0 

40 pF 

6.6 ""Vrrns 

100 150 VN 

VN 

VN 

6 mVp-p 

25 MHz 

45 MHz 

54 dB 

48 dB 

58 dB 

50 dB 

40 dB 

VCC VCC V 
-0.75 -0.50 

-360 360 mV 

10 ~ 

10 kG 

10 pF. 

@) Ie MASTER 1984 
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FAULT DETECTION 

I CHARACTERISTICS < 

IIMFH 

IIMFL 

IMF 
Switching Delay Time 

VWVL 
Write Select OK 

IWVH 
Write Select OK 

WV 
Switching Delay Time 

IWUSH 
Write Operation OK 

I 
I 
I 

VWUSL 
Write Operation OK 

WUS 
Switching Delay Time 

@ Ie MASTER 1984 
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CONDITION 

VCE = OV.ReadorWrite 

VCE = 2 V.ldle 

Chip Enable ON/OFF 

VCE = OV. VWS = OV 
IWV = 16rnA 

VCE,= OV. VWS = 2V 

VCE = 2V 

Write Mode ON/OFF 

VCE = 2V 

VCE = OV. VWS = 2V 

VeE = OV. VWS = OV 
LH = 0 jLH. RH = 00 
f (Write Date) = 5MHz 

VCE = OV. VWS = OV 
RH = 00 

f (Write Date) - 5 MHz -

VCE = OV. VWS = OV 
LH = 0.1 ILH. RH = 80 
f (Write Date) = 200 kHz 

VCE = OV. VWS = OV 
LH = 0.1 ILH. RH = 80 

. f (Write Date) = 5 MHz 
Head Select Line -+ Open 

VCE = OV. Vws = OV 
LH = 0.05 ILH. RH = 50 
f (Write Date) = 1 to 10 MHz 

Unsafe -+ Safe 

Safe -+ Unsafe 

MIN 

2.85 

0 

0 

0 

0 

0 

I 0 

I 

I 
I 0 
I 

0 

I 
0 

I 
0 

(1) 

MAX 

3.15 

20 

0.5 

0.4 

250 

250 

0.5 

250 

250 

I 
250 

250 

250 

250 

I 

0.4 

1 

3.6 

MC4290 

UNIT 

rnA 

lolA 

ILS 

V 

lolA 

lolA 

ILS 

t£.A 

lolA 

I 
lolA 

I 

lolA 

lolA 

I 
V 

ILS 

ILS 
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NEe 
NEe Electronics 

Description 
The #-,PC1651G is a silicon monolithic integrated circuit 
especially designed as wide band amplifier covered from 
HF band to UHF band. 

F.atur.s 
D Excellent frequency response; TYP. 1200 MHz @3 dB 

down 
D High power gain; TYP. 19 dB @f= 500 MHz 
D Low voltage operation; 5V 
D Small package 

ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 
Supply Voltage Vcc 6 V 
Total Power DisSipation PT 250 mW 
Operating Temperature T opt -20 to + 75°C 
Storage Temperature T stg -40 to + 125°C 

J-LPC1651G 
BIPOLAR ANALOG 

INTEGRATED CIRCUIT 

PACKAGE DIMENSIONS 
in millimeters 

~-+ -}:::~~4=f~ 
10.0 MIN. 

3 +0.65 
MARKING 

~--"'--I '~!==t-~-:;=-("i==l ====:J::::i=! 
q, 4.0 MAX. 

1. Vcc 
2. INPUT 
3. GND 
4. OUTPUT 

EQUIVALENT CIRCUIT ELECTRICAL CHARACTERISTICS (Ta = 25°C) 

CHARACTERISTIC SYMBOL MIN. TYP. MAX. UNIT TEST CONDITIONS 

Circuit Current ICC 15 20 25 mA Vcc'" 5 V 

Gain GV 16 19 dB VCC'" 5 V, f '" 500 MHz 

Noise Figure NF 5.5 6.5 dB VCC'" 5 V, f .. 500 MHz 

Band Width BW 1000 1 200 MHz VCC'" 5 V, 3 dB down 

Isolation Iso 20 24 dB Vee'" 5 V, f '" 500 MHz 

Input Return Loss IS111 15 dB Vee'" 5 V, f '" 500 MHz 

Output Return Loss IS221 10 dB Vce'" 5 V, f = 500 MHz 

Maximum Output Leve VOM 112 dBI-'V Vee= 5 V, f oc 500 MHz 

3 
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TYPICAL CHARACTERISTICS (T a = 25°C) 
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CD ~ 0 
"01 
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TOTAL POWER DISSIPATION VS. 

AMBIENT TEMPERATURE 

I I I 

l'l I I i 
! "'I'-. : i ! I 

I 1 I I 
' .......... 

l'-... 
.~r-... 

"-

'" 25 50 75 100 

T a - Ambient Temperature -'C 

NOISE FIGURE AND VOLTAGE 
GAIN VI. FREQUENCY 

125 

20 50 100 200 500 10002000 

f - Frequency - MHz 

INPUT AND OUTPUT RETURN LOSS 
VI. FREQUENCY 

VCC=5 V 

~ \ 
~ ~ 

\} 

I~ V ~ I j-

I 
~ ~ _30111111 I,! lllifJ 11111111 I, I ! I 

10 20 50 100 200 500 10002000 

III ~ 
IS111 

f-Frequency-MHz 
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ILPC1651G 

CIRCUIT CURRENT VS. SUPPLY VOLTAGE 
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VCC-Supply Voltage-V 

OUTPUT LEVEL VI. INPUT LEVEL 

VCC=5 V 
f=500 MHz 

~ I--" 
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P · PANASONIC INDUSTRIAL COMPANY anasonlc Division of Matsushita Electric Corporation of America / Electronic Components Division 
® One Panasonic Way, Secaucus, N.J. 07094 • Tel: (201) 348-5269 • TWX: 710-992-8920 

Linear Ie COP AMPS/Comparators/Voltage Regulators) 

Operational Amplifiers 
Input Input Input 

I .. Power Offset Offset Bias Output 
• Voltage Current Current Voltage 

Supply Voltage lion' MAX MAX MAX MIN 
Package (V) (mW) (mV) (nA) (nA) (V) 

AN6550 ±2to±124t024 15 6 200 500 ±1 
AN6551 9~SIP ±4 to ±15 8 to 30 170 6 200 500 ±10 
AN6555 ±4 to ±15 8 to 30 170 6 200 500 ±10 

AN6557 9-SIP(LP) ±4 to ±15 8 to 30 240 3 200 - ±10 

AN6558 
Low Dual (AN6552) ±4 to ±15 8 to 30 170 6 200 500 ±10 

Noise AN6553 ±4 to ±15 8 to 30 170 6 200 500 ±10 
Types AN6556 8-DlP ±4 to ±15 8 to 30 170 6 200 500 ±10 

AN6558 ±4 to ±15 8 to 30 240 3 200 - ±10 

AN6558S 50-80 ±4 to ±15 8 to 30 170 6 200 500 ±10 
AN6556S ±4 to ±15 8t030 170 6 200 500 ±10 

Dual Quad AN6554 14-DlP ±2 to ±15 4 to 30 240 5 50 300 ±10 
Power AN6554NS 50-140 ±2to±154t030 240 5 50 300 ±10 
Supply 

AN6573 7-SIP ±2 to ±15 4to 30 85 4 100 250 ±10 

AN6593 9-SIP(LP) ±1 to ±18 2 to 36 3 6 20 75 ±12 

AN1741 
Single (AN6570) 8-DIP ±2 to ±15 4 to 30 85 4 100 250 ±10 

General AN4250 ±1 to ±18 2 to 36 3 6 20 75 ±12 
Purpose 

AN1741S 50-80 ±2 to ±15 4 to 30 85 4 100 250 ±10 
AN4250S 50-80 ±1 to ±18 2 to 36 3 6 20 75 ±12 

AN6571 9-SIP(LP) ±2 to ±15 4t030 170 4 100 250 ±10 

Dual AN1458 
(AN6572) 8-DIP ±2to±154t030 170 4 100 250 ±10 
AN1458S 50-80 ±2 to ±15 4 to 30 170 4 100 250 ±10 

AN6561 9-SIP ±1.5 to ±15 3 to 30 6 7 50 250 Vee-1.5 

Dual AN1358 

General 
(AN6562) 8-DIP ±1.5 to ±15 3 to 30 6 7 SO 2S0 Vee-1.S 

Purpose AN1358S 50-80 ±1.S to ±15 3 to 30 6 7 SO 2S0 Vee .1.5 

Single AN1324 
Power Quad (AN6564) 14-DIP ±1.5 to ±15 3 to 30 10 7 SO 2S0 Vee-l.S 
Supply 

AN1324NS SO-14D ±1.5 to ±15 3 to 30 10 7 50 250 Vee-l.S 

Equiv. 
Slew Vn 
Rate (Input) 
TYP TYP 

(V/J.'s) (J.'Vrms) 

0.8 2.5 
1.0 2.5 
2.0 1.5 

6.0 0.9 

1.0 2.5 
2.0 2.5 
2.0 1.5 
6.0 0.9 

1.0 2.5 
2.0 .5 

1.6 2.5 
1.6 2.5 

0.7 4.0 

- -
0.7 4.0 
- -
0.7 4.0 
- -

0.7 4.0 

0.7 4.0 
0.7 4.0 

0.3 6.0 

0.3 6.0 

0.3 6.0 

0.3 6.0 

0.3 6.0 
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Linear Ie (OP AMPS/Comparators/Voltage Regulators) . 
Comparators 

Supply . Input Offset Input Offset Input Bias Output 
Supply Voltage Current Voltage Current Current Current 

Package (V) MAX (mA) MAX (mV) MAX (nA) MAX (nA) MIN (mA) 

AN6913 9-SIP ±1 to ±18 2 to 36 1.5 5 50 250 10 
AN6915 ±1 to ±18 2 to 36 5.3 5 50 200 70 

AN1393 
Dual (AN6914) ±1 to ±18 2to 36 1.5 5 50 250 10 

AN6916 . 8-DIP ±1 to ±18 2 to 36 5.3 5 50 200 70 

AN1393S SO-8D ±1 to ±18 2 to 36 1.5 . 5 50 250 10 
AN6916S ±1 to ±18 2to 36 5.8 5 50 200 70 

AN1339 ±1 to ±18 2 to 36 1.5 5 50 250 6 
Quad- ' (AN6912) 14-DlP ±1 to ±18 2t036 1.5 5 50 250 6 . 

ruple AN6918 ±1 to ±18 2to 36 10.0 5 50 200 70 

AN1339S SO-14D ±1 to ±18 2 to 36 1.5 5 50 250 6 

Voltage Regulators 
Positive Output 3 Terminals (AN78001 AN78MOOI AN78LOO Series) 

10 

1A 

Package: AN7800/ AN78MOO Series = TO-220, AN78LOO Series = TO-92 

Negative Output 3 Termina,s (AN7900 Series) 

Output Voltage (V) 

10 ....,5 -6 -7 -8 -9 -10 -12 -15 -18 -20 

1A AN7905 AN7906 AN7907 AN7908 AN7909 AN7910 AN7912 AN7915 AN7918 AN7920 

Package: TO-220 

© Ie MASTER 1984 

Response 
Time 

TYP (ms) 

1.3 
2.0 

1.3 
2.0 

1.3 
2.0 

1.3 
1.3 
2.0 

1.3 

-24 

AN7924 
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Hall Ie Series 
Specifications 

Selection Guide 
Operating 

Package 
Supply Ambient Temp. 

Type No. Type VoltageM Range (OC) 

DN834 Switch Type 4.5 to 5.5 -20 to +75 
DN835 Linear Type 4.5 to 5.5 -20 to +75 

4-Lead DN837 Switch Type 4.5 to 5.5 -20to +75 
DN838 Switch Type 8 to 16 -40 to +100 
DN839 Switch Type 4.5 to 16 -20 to +75 
DN6835 Linear Type 4.5 to 5.5 -20 to +75 
DN6836 Linear Type 4.5 to 5.5 -20to +75 

4-Lead DN6837 Switch Type 4.5 to 5.5 -20 to +75 
DN6838 Switch Type 8 to 16 -40 to +100 
DN6839 Switch Type 4.5to16 -20to +75 

Dimensions 
unit: mm (inch) 

l '2 

o 6ma •. (.0241 
127 j 051 

O.6max 

( 0241 

1.01.0391 

O.B'O.1 

j 0311 

I Vee 
2 GNO 
3 OUTPUT 

3-Lead Plastic Package 

Circuit Block. Diagram 

DN834, DN837, DN6837 

Note: DN6837 Vee = (1), Output = only (3) 
GND = (2) 

DN835, DN6835, DN6836 

Magnetic Flux Output Current 
Density (mA) 
(Gauss) (Value for One Output) 

100 to 750 15 
-350 to 350 -15 to 4.4 

100 to 750 15 
-300 to 300 -1 to 20 

100 to 750 20 
-500 to 500 -15 to 4.4 
-500 to 500 -15 to 4.4 

100 to 750 15 
-300 to 300 20 

100 to 750 20 

unit: mm 

1.0'0.1 rT 7.0±0'1=i11.0±0., 

T r----

~ 

t I I I 
i I I I 

i I I c 

I I I I ~ 

I II :j i I I 

j 0.65m. 

-r-~' 

f--,-----rTo 1 Vee 
o 2.01 

I\-------'---t-_+'_ 3 02 
4 GND 

4-Lead Plastic Package 

DN838, DN6838 

Note: DN6838 Vee = (1). Output = only (3). 
GND = (2) 

DN839, DN6839 

Note: DN6839 Vee = (1), Output = only (3), 
GND = (2) 

Output 

DTL 
Emitter Follower 
Open Collector 
DTL 
Open Collector 
Emitter Follower 
Emitter Follower 
Open Collector 
DTl 
Open Collector 

Note: DN6835, DN6836 Vee = (1) 
Output = only (3) GNG = (3) 

Specifications subject to change without notice. 
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~ BBD (Bucket Brigade Devices) 
~ BBD QUICK ,REFERENCE TABLE 

i I I Item I Svmbo'll MN3001 I MN3002 I MN3003 I MN3004 I MN30051 MN3007 I MN30071 MN:300B 
-~- --

Item Symbo'l MN3001 MN3002 MN3003 MN3004 MN3005 MN3007 MN3007 MN 
.... 

Number of BBD N Dual-512 512 Dual-64 512 4096 128 1024 2( = I Number of BBD I N I Dual-512I 512 I Dual-64 I 512 4096 128 1024 I 2048 .po 

(,) 
U1 
U1 
CD 

Circuit Clock Generator 
Construc-
tion Output Terminal 

Drain Supply'Voltage 

Gate Supply Voltage 

Back-Gate 
Bias Voltage 

Operating 
Conditions Clock Voltage 

"H" Level 

Clock Voltage 
"L" Level 

Input DC Bias 

Input Signal 
Frequency 

Input Signal Swing 

Insertlon,loss 

Electrical Total Harmonic 
Charac- Distortion terlstles 

Noise VoHage 

Signal to Noise 
Ratio 

Signal Delay Time 

Package (Molded Package) 

Voo 

VGG 

VBB 

VCPH 

VCPL 

VBias 

fi 

Vi 

Li 

THD 

Vno 

SIN 

tD 

External Built-in 

-15 -9 -15 

-14 -8 -14 

+5 

0 0 0 

-15 -9 -15 

-3.3 -- -4.9 -2.5---6 -5---10 

12 

1.B 0.8 1.B 

8.5 3.5 1.5 

0.4 0.5 0.4 

250 (typ.) 140 210 

70 75 85 

51.2 25.6 6.4 25.6 

14-Pin DIP 

Panasonic 

-15 

-14 

0--....;.1 

-15 

-5---10 

10 

1.2 

0 

1 

400 

75 

204.8 

Larger 
8-Pin DIP 

External 

Pair 

-15 -15 - 15 

-14 -14 - 14 

Not Needed 

0---1 0---1 0,.. .. -1 
-

-15 -15 - 15 

-5---10 -5---10 -5, .... -10 

12 

1.8 1.5 

0 0 

0.2 0.5 

200 300 

90 80 

6.4 51.2 

8-Pin DIP 

1 

L 
8-1 

.5 

o 

0.5 

00 

78 

02.4 

rger 
n DIP 

LINEAR 

MN3009 MN3010 MN3011 

256 Dual-512 3328 
6-Tap 

6 Different, 
Taps 

-15 -15 -15 

-14 -14 -14 

0---1 0---1 0---1.3 

-15 -15 -15 

-5---10 -5---10 -

14 12 10 

1.7 1.8 1.0 

0 0 0 

0.3 0.4 0.4 

150 210 0.4 

88 85 76 

tDI=19.8133.1 
12.8 51.2 59.7/86.3 

139.5/166.4 

8-Pin DIP. 14-Pin DIP 12-Pin DIP 

"MN3012 

190,3,5 
3-Tap 

Built-in 

3 Different 
Taps 

-15 

-

-0---0.4 

-15 

-3---12 

12 

1.2 

0 

0.4 

0.14 

OUT1=90 
OUT2=97 
OUT3=98 

0.475-9.5 
0.0125.-0.25 
0.0075-0.15 

14-Pin DIP 

UnH 

Stage 

V 

V 

V 

V 

V 

V 

kHz (max.) 

Vrms (max.) 

dB ,(typ.) ! -
% (typ.) 

I 

p.Vrms' (max.) 

dB (Iyp.) 

msee (ma".) 

., 

~. 
@) 

~S?'V 
:5.~ 

~5'Z 
~:::I~ 
en 0 (/I 
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:eet
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cns=
gm Z 
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~~IC MASTER~!!!!!!!!!!! 
BELONGS ON YOUR 

BOOKSHELF 
If you use Ie MASTER frequently, you can obtain your own copy by ordering 

. now. Use the order cards contained in this publication, or order by 
telephone as described below. 

Ie MASTER is a two-volume set of technical data carefully organized to 
direct the engineer to the integrated circuits and related products that are 
closest to his specific needs. It is the surest way to find the optimum 
device to answer an engineering design requirement. By ordering now, you 
won't have to borrow or search for Ie MASTER the next time you need it. 

Typical Use of Ie MASTER 
Can an engineer find out who makes a 64K dynamic RAM with an access 
time of 120 nanoseconds or faster in less than 30 seconds? 
He can if he turns to the Memory section of IC MASTER and looks for the 
64K organization (words and bits per word) that he needs. 
Because each device is listed in order of access time, he can easily 
determine the devices that satisfy his speed requirements. 

In the United States only: 
You can order Ie MASTER simply by charging it to your VISA or Master 
Card credit card. To place your order, call now: (516) 222-2500. 
Ask for Extension 314. . 

ORDER YOUR COpy 
iiiiiiiiiiiiiii~iiiiiiiiiiiNOW~~ 



• PLESSEY PRELIMINARY INFORMATION Solid State ______ ...... iliiiiiiiiiiii ____ .... ____ _ 

Preliminary Information is issued to advise Customers of potential new products which are designated 'Experimental' but are, never
theless, serious development projects. Details given may, therefore, change without notice and no undertaking is given or implied as 
to current or future availability. Customers incorporating 'Experimental' product into their equipment designs do so at their own risk. 
Please contact your local Plessey Semiconductors Saiesl Office for details of current status. . 

SP8612B 
1800MHz 7- 4 

The SP86128 is an asynchronous emitter coupled logic 
counter which provides Eel 10K compatible outputs and 
can drive 100 ohm lines. They operate from a -S.BV or +5, 
-1.BV supply but are otherwise similar to the SP8610 and 
8611. . 

FEATURES 
ClOCKIIPUT 4 11 OUTPUT 

• ECl Compatible Output IITERIIAl BIAS DECDUPUIG 6 9 Ie 

• AC Coupled Input (Internal Bias) 

• Typical Operating Frequency 2GHz 
Ie d~7 ____ 8..1blC 

QUICK REFERENCE DATA 
Fig.,1 Pin connections - top view 

• Supply Voltage: -6.8V 

• Power Consumption: 500mW 

• Output Voltage Swing: 60mV typ, 

ABSOLUTE MAXIMUM RATINGS 

• Supply Voltage: (Vee-VEE) 8V 

• Output Current: 15mA 

• Storage Temperature Range: -55°C to +150°C 

• Max. Junction Temperature: +150°C 

• Max. Input Voltage: 2.5V p-p 

-----------~I---~~-----~ I I 
I I 
I I 
I 111 OUTPUT ~~ ~~ 1 

a..OCK IM'UT 4 0 BY 2 BY 21 
I _10OUTPUT 
I I ,I I 

L-----J-----r----------J • 5 
INTBIIML 

BIAS DECOUPUNG v ... , .... 1'1) 

Fig.2 Functional diagram 
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ELECTRICAL CHARACTERISTICS 
Supply voltage: Vcc = OV, VEE =-6.8V ± 0.25V 
Temperature: T 8mb = O°C to +70°C 

Characteristics Symbol Value 
Min. Max. 

Maximum frequency fmax 1.8 
sinewave input 
Minimum frequency fmin 900 
sinewave input 
Power supply current lEE 110 

Output low voltage VOL -1.9 -1.62 

Output high voltage VOH -0.93 -0.75 

Minimum output swing VOUT 500 

NOTES 

Units Conditions Temperature 

GHz Inp~t = s00-1200mV As specified 
p-p 

MHz Input = 400-1200mV As specified 
p-p 

rnA Outputs unloaded As specified 
VEE = -7.15V 

V Outputs loaded with 25°C 
6200 to VEE = -6.8V 

V Outputs loaded with 25°C 
6200 to VEE + -6.8V 

mV Outputs loaded with As specified 
6200 to VEE = -6.8V 

1. Unless otherwise stated, the electrical characteristics are guaranteed over specified supply, frequency and temperature range. 
2. The temperature coefficients of VOH = +l.2mV/oC and VOL = +0.24mV/oC: 
3. The test configuration for dynamic testing is shown in Fig. 5 

1_ 

V'~~ I 

Z7 / r+70OC
-

. / J 
2110 

V 
o I 

o 2110 

_ _ 1_ 
12110 1. 1_ 1_ 

NIUT FREQUENCY (MHz) 

Fig.3 Typical input characteristics SP8612B 

OPERATING NOTES 

1. The clock input (pin 4) should be capacitively coupled to 
the signal source. The input signal path is completed by 
connecting a capacitor from the internal bias decoupling, pin 
6 to ground. 
2. If no signal is present the device will self-oscillate. If this 
is undesirable it may be prevented by connecting a 10k 
resistor from the input to VEE (i.e. pin 4 to pin 7). This reduces 
sensitivity by approximately 100mV. 
3. The input can be operated at very !ow frequencies but 
slew rate must be better than 2OOVlJJs. 
4. The input impedance of the SP8612 is a function of 

3562 

frequency. See Fig. 4. 
5. The emitter follower Outputs require external load 
resistors. These should not be less than 330 ohms. and a 
value of 620 ohms is recommended. Interfacing to ECl 
III/10K is shown in Fig. 7. 
6. These devices may be used with split suPply lines by 
means of the circuit of Fig. 6. Some improvement in the 
upper frequency of operation may be obtained under these 
conditions. but suitable circuit layout must be employed to 
achieve this improvement. 
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-11 

Fig.4 Typical input impedance. Test conditions: supply voltage .6.BV, ambient temperature 25° C. Frequencies in MHz, impedances 
normalised to 50 ohms. 
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Fig.5 Toggle frequency test circuit 
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Fig.6 Operation on split supply voltages 
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Fig.7 Interfacing SP8612 series to ECL 10K and ECL III 

14 r-------
I 
I 

-------l 

DIVIDE 
BV2 

I 
I 

~ __ ~1~1~1----~~--E~~ 

.---~--~--------~-.u 

;t'ft 
GIl 

~-------------------+--~--~~ 

Fig.B Typical application showing interfacing 
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~~~~~~~~-LINEARAND

-------~CONVERSION 
--------PRODUCTS-
-~-EP-M-I-CO-M-M-I-~-EN-T~~~~~~FROMPMI~ 

PMI is committed to building long term customer 
relationships resulting in mutual growth. 

At PMlwe dedicate ourselves to leadership in customer. 
service, quality, and technology. 

Our goal is flawless performance and professional 
exce!lence. 

PMI is a leading manufacturer of precision, high quality, 
linear integrated circuits. Our full line of analog signal 
processing products includes: 

Operational Amplifiers 
Instrumentation Amplifiers 
Voltage Followers/Buffers 
Voltage Comparators 
Matched Transistor Pairs 

. Voltage References , 
Digital-to-Analog Converters 
Analog Switches/Multiplexers 
Sample-and-Hold Amplifiers 
Communications Products 

Applications range from instrumentation, data acquisition 
and process control to telecommunications and 
military/aerospace equipment. 

For comprehensive information write to Precision 
Monolithics, Incorporated on your company letterhead and 
you'll receive your FREE copy of PMI's 1984 Data Book. 

Precision Monolithics Incorporated 
1500 Space Park Drive 
Santa Ciara, CA 95050 

~. Precision Monolithics Incorporated 
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PMI---------

OPERATIONAl--------
~A~PLIFIER5~~~~~~~~ 

SELECTION GUIDE 
The Operational Amplifier Selection Guide 
chart highlights PMI's line of operational ampli
fiers. The matrix indicates the most essential 
parametric differences for each product group. 

"General Purpose" op amps are usually the 
least expensive and are recommended for appli
cations where impedance levels are relatively 
low, closed-loop gain is low, and speed 
requirements are moderate. BIFET inputs pro
vide lower input-bias-currents and better 
bandwidth than standard bipolar inputs, but 
input voltage offsets and noise are generally 
better for the bipolar input amplifiers. 

The "High Accuracy" category presents the 
best amplifiers for high-gain applications. 
A combination of low input-offset-voltage, 
high open-loop gain, and high CMRR provide 
excellent DC accuracy even at high closed-loop 
gain. The OP-27/37 are best for minimum input 

voltage noise. The OP-08/12 provide an excel
lent combination of low input-bias-current, low 
offset voltage, and moderate power drain. The 
OP-07 offers a s~lection of the lowest offset 
voltages (60~V max to 250~V max) combined 
with low input-bias-current (±2nA max to 

. ± 12nA max) and has become an industry 
standard for high-precision applications. 

PMI is a leader in op amps featuring low power 
consumption. The OP-20/21/22 are micropower 
op amps that operate with only a few microamps 
of supply drain. PSRR and CMRR are high, and 
the input-VOltage-range is wide. Such features 
work together to make these amplifiers ideal for 
battery-powered applications or for operation 
from a single supply voltage. The OP-22 can 
be programmed to operate over any supply 
current from 1~A to 400~A and is excellent for 
battery-powered designs. 

General Purpose Precision High Low Mlcropower 
High Accuracy Power 

Bipolar BIFET Speed ,..., Low 
BIFET Input 0 Input 

I ~I I~ ,..., I Bias I :! ,..., ~ 
,..., ~ Current N 

~ M M 
c:i.. c:i.. ~ d: c:i.. c:i.. c:i.. 

~ c:i.. 
0 0 a.. 

0 0 0 0 0 
GO 0 

~ 0: 
It) ..0 It) 00 «i " GO 0 N 0 .... 0 .... 

0 N ~ ~ It) 
..01 .... "10 ~ N 0 N N N N N 

Monolithic 0 0 ":" .... N 0 0 N N N N N N 'It 'It 

Technology c:i.. c:i.. c:i.. c:i.. ~ ~ a.. 0:. cL c:i.. c:i.. Q. cL ~ ~ c:i.. c:i.. c:i.. c:i.. c:i.. c:i.. c:i.. 
0 0 0 0 a.. a.. 0 o 0 0 0 o 0 ~ a.. 0 0 0 0 0 0 0 

Bipolar Input • • • • • • • • • • • • • • • • • 
BIFET • • • • • 

Packages 

Single • • • • • • • • • • • • • 
Dual • • • • • • 
Quad • • • 

Low Offset, vos:'S 1 mV • • • • • • • • • • • • • • 
Low Bias Current 

18 < 100pA • • 
18< 2nA • • • • • • 

High Gain, AVOl ? 200,000 • • • • • • • • • 
High Slew Rate, SR ? 10V/lls • • • • 
Low Power 

ISY:'S 1mA/Amplitier • • • • • • 
ISY:'S 1OOIlA/Amplitier • • • • 

I~MIl Precision Monolithics Incorporated 
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----------------D~-----
---------------CONVERTERS 

SELECTION GUIDE 
PMI offers a complete.line of digital-to-analog 
converters (DACs), all which are guaranteed to 
be monotonic over their operating temperature 
ranges, and some which have become industry 
standards. The DACs have been arranged in a 

Voltage Output 

I 
<") 
0 

u 
C§ 
N 

co 
0 lO -0 0 

0 0 0 ('oj 

~ ~ u ~ ~ Resolution ~ 0 

6-Bits • 
8-Bits • 
10-Bits • • • 
12-Bits 

Input Coding 

BCD 

Binary 

Complementary Binary • 
Sign Magnitude • • • 
Companding 

Two's Complement • 
Complementary Current Outputs 

Internal Reference • • • • • 
logic Threshold Control 

JAN Qualified 

Operating Temp. Range 

Military • • • • 
Industrial 

Commercial • • • • • 

matrix which highlights their primary charac
teristics so that the user can easily narrow the 
selection according to specific requirements. 
More detailed specifications are then tabulated 
in each product group. 

Current Output I 
"p Icompo7 

, I 
Comp I ~ 

~ 
~ 0 ('oj co co 

«i co 
~ 

0 
~ M 0 co -0 

('oj 0 ('oj co co co co 
u ~ u ~ u u ~ u ~ U 
~ « ~ ~ ~ ~ 0 0 

• • • • • • 
• • • 

• 
• 

• • • • • 
• 

• 
• • 

• • • • • • 
• • 

• • • • • • 
• 

• • • • • • • 
• • • • 

• • • • • • • • • 
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PMI---------
AMP_01------------LO-W--N-O-ISE 

PRECISION 
PRELIMINARY 

FEATURES 
• Low Offset Voltage ...... . . . . . . . . . . . . . . . . . . . . . .. 15#l V 
• Very Low Offset Voltage Drift ............... 0.1 #l V/O C 
• Low Noise ........ ........... O.2#lVp-p (0.1Hz to 10Hz) 
• Excellent Output Drive ............... ± 10V at ± 50mA 
• Capacitive Load Stability ...................... to 1 #IF 
• Gain Range ............................ 0.1 to 10,000 
• Excellent Linearity ................. 16-Blt at G = 1000 
• High CMR .......................... 140dB (G = 1000) 
• Low Bias Current ............................... 1 nA 
• May be Configured as a Precision Op-Amp 
• Output-Stage Thermal Shutdown 

GENERAL DESCRIPTION 
The AMP-Ol is a monolithic instrumentation amplifier 
designed for high-precision data acquisition and general 

ORDERING INFORMATIONt 

PACKAGE 

CERDIP 
18-PIN 

AMP01AX· 
AMP01BX· 
AMP01EX 
AMP01FX 

OPERATING 
TEMPERATURE 

RANGE 

MIL 
MIL 
IND 
IND 

* Also aYailable with ~.~!L-STD-e838 Processing. To order add /883 as a suffix to 
the part number. Screening Procedure: 1984 Data Book, Section 3. 

t All commercial and industrial temperature range parts are available with burn-in 
per MIL-STD-883. Ordering Information: 1984 Data Book. Section 2. 

SIMPLIFIED SCHEMATIC 

INSTRUMENTATION AMPLIFIER 

instrumentation applications. The design combines the con
ventional features of an instrumentation amplifier with a 
high-current output stage. The output remains stable with 
high capacitance loads (1#lF), a unique ability for an instru
mentation amplifier. Consequently, the AMP-Ol can amplify 
low-level signals for transmission through long cables with
out requiring an output buffer. The output stage may be 
configured as a voltage or current generator. 

Input offset voltage is very low (lS#lV) which generally 
eliminates the need for an external null potentiometer. 
Temperature changes have minimal effect on offset; TCVlos 
is typically O.1#lV/o C. Excellent low-frequency noise perfor
mance is achieved with a minimal compromise on input 
protection. Bias current is very low, less than 10nA over the 
industrial temperature range. 

PIN CONNECTIONS 

*MAKE NO ELECTRICAL 
CONNECTION TO PIN 6 

18-PIN HERMETIC DIP 
(X-Suffix) 

r-----------~----------------------~OV+ 

-IN O----'V\I\r---------+-------------i--------, 

+IN O---JV.w"v------..----£ 

R2 

,--------o+VOP 

>----<> OUTPUT 

'---------0 -vop 

R3 
47.5kl! 

1----+-....JVVIr---O SENSE 

R4 

2.5kr! 

L-------------+----------~----------~--------_OV-

The premium performance of this product is achieved through an advanced processing technology. All Precision Monolithics products are 
guaranteed to meet or exceed published speCifications. Patents applied for. ©PMI 1983 Technical Specifications November 1983 

IPMIl Precision Monolithics Incorporated 
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_lO_W_-N_O_IS_Ei _M_AT_CH_E_D _________ MAT -02 
DUAL MONOLITHIC 

TRANSISTOR 

FEATURES 
• Low Offset Voltage ......................... 50~ V Max 
• Low Noise Voltage at 100Hz ......... 1.8nV/yHz Typ 
• High Gain (hFE) .... ~ .............. 500 Min at Ie = 1mA 

.............. : .... 300 Min at Ie = 1 ~A 
• Excellent Log Conformance ............... rBE "'" 0.3.0 

ORDERING INFORMATION 

TA= 25°C OPERATING 
VOS Max TEMPERATURE 

(/-LV) PACKAGE RANGE 

50 MAT02AH' MIL 
·50 MAT02EH IND 
150 MATO~BH· MIL 
150 MAT02FH IND 

• Also available with Mil-ST~B Processing. To order add 1883 as a suffix to 
the part number. Screening Procedure: 1984 Data Book, Section 3. 

t All commercial and industrial temperature range parts are available with burn-in 
per Mll-STD-883. Ordering Information: 1984 Data Book. Section 2. 

GENERAL DESCRIPTION 
The design of the MAT-02 series of NPN dual monolithic 
transistors is optimized for very low noise. low drift. and low 
rBE. Precision Monolithics' exclusive Silicon Nitride "Triple
Passivation" process stabilizes the critical device parameters 
over wide ranges of temperature and elapsed time. Also, the 
high current gain (hFE) of the MAT-02 is maintained over a 
wide range of collector current. Exceptional characteristics 
of the MAT-02 include offset voltage of 50~V max (AlE 
grades) and 150~V max (B/F grades). Device performance is 
specified over the full military temperature range as well as 
at 25°C. 

PRELIMINARY 

Input protection diodes are provided across the emitter-base 
junctions to prevent degradation of the device character
istics due to reverse-biased emitter current. The substrate is 
clamped to the most negative emitter by the parasitic 
isolation junction created by the protection diodes. This 
results in isolation between the transistors. 

The MAT-02 should be used in any application where low 
noise is a priority. The MAT-02 can be used as an input stage 
to make an amplifier with noise voltage of less than 
2.0nVly'HZ at 100Hz. Other applications, such as log/anti
log circuits may use the excellent logging conformity of the 
MAT-02. Typical excess emitter resistance is only 0.3!l to 
0.4.0. The MAT-02 electrical characteristics approach those 
of an ideal transistor when operated over a collector current 
range of 1 ~A to 10mA. 

PIN CONNECTIONS 

B, 2 

TO-78 
(H-Suffix) 

NOTE: Substrate is connected to case. Substrate potential is held 
at one VBE above the most negative emitter potential. 

ELECTRICAL CHARACTERISTICS at VCB = 15V, Ic = 10~A, TA = 250 C, unless ot~erwise noted. 

MAT-Q2A1E MAT-02B/F 
PARAMETER SYMBOL eONl)lTIONS MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage Vos le= 10p.A 50 150 p.V 

Bias Current Ie le= 10p.A 33 50 nA 

Offset Current los le= 10p.A 0.6 2 nA 

le= 1mA 500 400 

Current Gain 
le= 1oop.A 500 400 

hFE 
le= 10p.A 400 300 

Ic= 1p.A 300 200 

Current Gain Match hFE Match 10pA:S le:S 1mA 2 4 % 

Excess Emitter Resistance reE 0.3 0.5 0.3 0.5 II 

Noise Voltage en Ie = 100pA, f"" 100Hz 1.8 1.8 nVlvHz 
Collector Base Voltage Vee 40 40 V 

The premium performance of this product is achieved through an advanced processing technology. All Precision Monolithics products are 
guaranteed to meet or exceed published specifications. ©pMI 1983 Technical Specifications November 1983 

IPMIl Precision Monolithics Incorporated 
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OP 3· 2 HIGH-SPEED 
- ----------------PR-O-G-~-M-M-~-·-LE-M-I-C-RO-P-O-W-ER 

PRELIMINARY OPERATIONAL AMPLIFIER (SINGLE OR DUAL SUPPLy) 

FEATURES 

• Programmable Supply Current . . . . . . . . . . .. 1 ",A to 2mA 
• Single Supply Operation ................ + 3V to + 30V 
• Dual Supply Operation ................ ± 1.5V to ± 15V 
• Low Input Offset Voltage ...................... 100pV 
• Low Input Offset Voltage Drift ............. 0.75pVfO C 
• High Common':'Mode Input Rancie ... V- to V+ (-'1.5V) 
• High CMRR and PSAR ........................ 115dB 
• High Open-Loop Gain . . . . . . . . . . . . . . . . . . . .. 2000V/mV 
• ± 30V Input Overvoltage Protection 
• Fast ............................ 1V1ps@ ISET= 20pA 
• LM4250 Pinout 
• Compensated for Minimum Gain of 10 

GENERAL DESCRIPTION 
The OP-32 is a high-speed, high-gain programmable opera
tional amplifier. Both offset voltage and offset current are 
low, and both are stable with changes in temperature, supply 

SIMPLIFIED SCHEMATIC 

lkn 

-IN 

+IN 

C1 

ISET 

voltage, and set current. High CMRR and PSRR ensure 
precision performance when the OP-32 is used with an 
unregulated battery or vehicular electrical systems. 

The wide input voltage range, including the negative supply 
Or ground, allows use in single-battery applications. The 
OP-32 is characterized over a wide supply range of ± 1.5V to 
± 15V. This guarantees predictable performance with any 
commonly available supply. 

The ability to operate at relatively high speed with low power 
consumption makes this amplifier ideal for remote applica
tions where power is limited. The programmability allows 
each amplifier in a system to be set for the minimum power 
consumption necessary for each specific application. 
Programmability also makes it possible to adjust the band
width and phase shift. 

The OP-32 pinout is identical to the LM4250 and many other 
micropower operational amplifiers. This allows easy up
grading of system performance. 

OUTPUT 

V-

The premium performance of this product is achieved through an advanced processing technology. All Precision Monolithics products are 
guaranteed to meet or exceed published specifications. @PMI 1983 Technical Specifications November 1983 
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OP-32 HIGH-SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPliFIER - PRELIMINARY 

ABSOLUTE MAXIMUM RATINGS (Note 1 ) 

Supply Voltage •••••.•••.•..•••••..••..••••..•..•. ± 18V 

Power Dissipation •••..••••..••••••...•..••.•... 500mW 

Differential Input Voltage ••.••.••.••..•• , ••••...•.•. ±30 

Input Voltage ••••••.•••••••••.••••••...•. Supply Voltage 

Storage Temperature Range 

Z Package ••.•.•••••..••••••••••.•. -65° C to + 150° C 

P Package ••.••••.••..••••.•••.••.• -55° C to + 125° C 

Operating Temperature Range 

OP-32A. B (Z package) ••••••••••••• -55°C to +125°C 

OP-32E. F & G (Z or P package) •••••• -25°C to +85°C 

Lead Temperature Range (Soldering. 60 sec) •••••• 300° C 

DICE Junction Temperature ••••••••••• -65° C to + 150° C 

NOTE: 

1. Absolute ratings apply to both DICE and packaged parts, unless otherwise 
noted. 

ELECTRICAL CHARACTERISTICS at Vs= ±1.5V to ±15V, 1J.LA$lsET$ 30J.LA. TA = +25°C. unless otherwise noted, 

OP-32A1E OP-328/F OP-32G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Input Offset Voltage VOS 100 300 200 500 400 1000 f.&V 

!nput Offset current los Vc;.;=O 0.2 0,3 2 0.5 3 nA 

Input Bias Current 
I SET = 1f.&A 2.6 5 3.0 7.5 4.0 10 

(Note 1) 
!s !SET= 10#A 19 30 24 35 30 50 nA 

I SET = 3Of.&A 45 75 50 100 60 125 

Input Voltage Range IVR Vs = ±15V -15.0/13.5 -15.0f13.5 -15.0/13.5 V 

Common-Mode 
CMRR 

Vs = ±15V 
100 115 95 110 

Rejection Ratio -15V::;VCM ::;+13.5V 
85 100 dB 

Power Supply 
Vs = ±1.5V to ±15V; 

Rejection Ratio 
PSRR and V-= OV, 6 3 12 10 25 f.&V/V 

V+ = 3V to 3OV. 

Large-Signal 
VS= ±15V, 

Voltage Gain Avo RL = l00kO 1000 2000 750 1500 500 1000 VlmV 
RL = 10kO, l0f.&A::; ISET ::; 3Of.&A 

VS= ±1.5V 

RL = l00kO, ISET = If.&A ±O.8 ±0.88 ±0.8 ±0.88 ±0.75 ±0.85 V 
Output Voltage 

Vo 
RL = 10kO, l0f.&A::; ISET ::; 30f.&A 

Swing Vs ±15V 

RL = 100kO, ISET= If.&A ±14 ±14.2 ±14 ±14.2 ±13.8 ±14.2 V 
RL = 10kO, l0f.&A::; I SET ::; 30f.&A 

Gain-Bandwidth ISET = If.&A, RL = l00kO 100 100 100 
Product I SET = 3Of.&A, RL = 10kO 4500 4500 4500 

kHz 

Slew Rate SR 
Vs = ± 15V, ISET = 10f.&A, 

0.6 0.6 0.6 V/f.&S RL = 10kO 

Vs= ±15V, ISET= If.&A 15 17 15 19 15 21 
ISET= lOf.&A 150 170 150 190 150 200 

Supply Current 
ISY 

ISET= 3Of.&A 450 525 450 600 450 650 
No Load Vs= ±1.5V, ISET= 1f.&A 10.5 12.5 11 15 11 18 

f.&A 

I SET = 10f.&A 105 125 110 150 110 180 
I SET = 30f.&A 350 400 350 450 350 500 

NOTE: 
1. IB and los are measured at VCM = O. 

IE'MIl Precision Monolithics Incorporated 
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PMI---------
OP-32 HIGH-SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER - PRELIMINARY 

ELECTRICAL CHARACTERISTICS at Vs = ± 1.5V to ± 15V. 1 p.A ::; ISET::; 30p.A. -550 C ::; TA::; + 1250 C for OP-32AZ and 
OP~32BZ. unless otherwise noted. 

PARAMETER 

Average Input Offset 
Voltage Drift (Note 1 ) 

Input Offset Voltage 

Input Offset Current 

~verage Input Offset 
Current Drift 

Input Bias Current 
(Note 2) 

Input Voltage Range 

Common-Mode 

Rejection Ratio 

Power Supply 

Rejection Ratio 

Large-Signal 

Voltage Gain 

Output Voltage 

Swing 

Supply Current 

No Load 

NOTE: 
1. Sample tested. 

SYMBOL 

TCVos 

Vos 

los 

TClos 

Is 

IVR 

CMRR 

PSRR 

Avo 

Vo 

ISY 

2. Is and los are measured at VCM = O. 

CONDITIONS MIN. 

Unnulled 

VCM=O 

(Note 1) 

IseT= 1"A 
ISET= 1O~A 

IsET =30"A 

Vs = ±15V -15.0/13.5 

Vs = ±15V 
90 

-15V:S VCM:S + 13.5V 

Vs = ± 1.5V to ± 15V & 
V-=OV, 

V+=3Vto30V 

Vs= ±15V 
Rl = 100kfl 200 

Rl = 10kfl, 1O"A:S ISET:S 3O"A 500 

Vs =±1.5V 

Rl = 100kfl, ISET= 1"A ±0.65 

Rl = 10kfl, 10"A:S ISET:S 3O"A 

Vs =±15V 

Rl = 100kfl, ISET= 1"A ±13.6 

Rl = 10kfl. 10"A:S ISET:S 3O"A 

Vs = ±15V, ISET= 1"A 

ISET= 1O"A 
IseT= 30pA 

Vs =±1.5V.ISET= 1"A 

IseT= 10"A 

IseT= 3O"A 

OP-32A OP-32B 
TYP MAX MIN TYP MAX UNITS 

0.75 2.0 1.0 2.0 

175 400 350 600 "V 
0.2 0.3 2 nA 

10 3 15 pArC 

2.8 5 3.3 7.5 
21 30 27 35 nA 
40 75 50 100 

-15.0/13.5 V 

110 86 105 dB 

2 10 2.5 20 "VlV 

400 200 500 VlmV 
1000 300 750 

±0.75 ±0.65 ±0.75 V 

±14.0 ±13.0 ±13.5 V 

i6 18 16 20 
160 180 160 200 
450 550 450 600 

12 14 12 17 "A 

120 140 120 170 
360 450 360 500 

WMIl Precision Monol ith ics Incorporated 
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. OP-32 HIGH-SPEED PROGRAMMABLE MICROPOWER OPERATIONAL AMPLIFIER - PRELIMINARY 

ELECTRICAL CHARACTERISTICS at Vs = ±1.5V to ±15V, 1ILA::; ISET::; 30ILA, -25°C::; TA ::; +85°C for OP-32EP/EZ, 
OP-32FP/FZ, OP-32GP and OP-32GZ, unless otherwise noted. 

OP-32E OP-32F OP-32G 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNITS 

Average Input Offset 
TCVos Voltage Drift (Note 1 ) 

Unnulled 0.75 1.5 1.0 2.0 1.5 3.0 IlVioC 

Input Offset Voltage VOS 100 300 200 600 500 1200 IlV 

Input Offset Current los VCM=O 0.2 0.3 2 0.5 3 nA 

Average Input Offset 
TClos Current Drift 

(Note 1) 2 10 3' 15 5 25 pAlGC 

I SET = lilA 2.6 5 3.0 7.5 . 4.0 10 
Input Bias Current 

Ie I SET = 10llA 19 30 24 35 30 50 nA 
(Note 2) 

I SET = 30IlA 45 75 50 100 60 125 

Input Voltage Range !VA Vs= ±15V -15.0/13.5 -15.0/13.5 -15.0/13.5 V 

Common-Mode 
CMRR 

Vs= ±15V & 
95 

Rejection Ratio -15V S Vc:at. S + 13.5V 
110 90 105 80 100 dB 

Power Supply 
Vs = ± 1.5V to ± l~V & 

PSRR V-= OV. 3.2 10 10 32 32 56 IlV/V 
Rejection Ratio 

V+=3Vt03OV 

Large-Signal 
Vs =±15V 

Voltage Gain Avo RL = l00kO 750 1000 500 1200 400 1000 V/mV 

RL = 10kO. 10IlA S ISETS 30IlA 750 1000 500 1200 400 1000 

VS= ±1.5V 

RL = 100kO. I SET = lilA ±0.70 ±0.75 ±0.65 ±0.75 ±0.6 ±O.7 V 
Output Voltage 

Vo 
RL = 10kO. 10IlA S I SET S 30IlA 

Swing VS= ±15V 

RL = l00kO. 'SET = lilA ±13.8 ±14.1 ±13.6 ±14.1 ±13.0 ±14.0 V 

RL = 10kO. 10IlA S I SET S 30IlA 

Vs =±15V. 'SET=lIlA 16 18 16 20 16 25 

'SET= 10llA 160 180 160 200 160 250 
Supply Current 

'SY 
'SET = 30IlA 450 550 450 600 450 650 

No Load Vs =±1.5V. 'SET = lilA 12 14 12 17 12 25 
IlA 

'SET = 10IlA 120 140 120 170 120 200 

ISET=30IlA 360 450 360 500 360 550 rJ) 

NOTE: .2 
1. Sample tested. .s:::. 
2. Ie and 'os are measured at VCM = O. :: 

'0 
c 

ORDERINGINFORMATIONt PIN CONNECTIONS 0 
~ 

PACKAGE 

TA= 25°C EPOXY HERMETIC OPERATING C 

VOSMAX DIP DIP TEMPERATURE 0 

("V) a-PIN a-PIN RANGE 
SAL [2: ~ rTI ISET 

·iii 
8-PIN EPOXY DIP 0 

300 OP32AP OP32AZ* MIL (P-Suffix) CD 
300 OP32EP OP32EZ I.NO -'N[I0~V+ ~ 

500 OP32BP OP32BZ* MIL +IN IT + ~ OUT c.. 
500 "n~"t:'O OP32FZ V-~0SAl 

8-PIN HERMETIC DIP 
vr~'rr !NO (Z-Sufflx) 

1000 OP32GP OP32GZ INO 

"Also available with MIL-STD-883B Processing. To order add /883 as a suffix to 
the part number. Screening Procedure: 1984 Data Book. Section 3. 

t All commercial and industrial temperature range parts are available with burn-in 
per MIL-STD-883. Ordering Information: 1984 Data Book. Section 2. 

IPMll Precision Monolithics Incorporated 
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PMI-------------

-SALES---------
OFFICES----------

Headquarters, 
Factory and 
Regional Sales Offices 

Santa Clara 
1500 Space Park Dr. 
Santa Clara, CA 95050 
(408) 727-6616 
TWX 910-338-2102 

Los Angeles 
6033 W. Century Blvd., Suite 595 
Los Angeles, CA 90045 
(213) 642-0124 
TWX 910-328-6591 

Chicago 
1325 Remington Rd., Suite "0" 
Schaumburg, IL 60195 
(312) 885-8440, (800) 323-8755 
TWX 910-222-1808 

Dallas 
11325 Pegasus St., Suite W-126 
Dallas, TX 75238 
(214) 341-1742, (800) 323-8755 
TWX 910-861-4079 

Boston 
209 W. Central St. 
Natick, MA 01760 
(617) 655-8900 
TWX 710-386-0114 

Europe 

Headquarters 
Bourns/PMI 
Zugerstrasse 74 
6340 Baar 
Switzerland 
Phone: 042-33 33 33 
Telex: 868 722 

Ben.elux 
Bourns (Nederland) B.V. 
Van Tuyl van Serooskerkestr. 85 
P.O. Box 37 
2270 AA Voorburg 
Phone: 070-87 44 00 
Telex: 32023 

France 
Ohmic SA 
21123 rue des Ardennes 
75019 Paris 
Phone: 01-2039633 
Telex: 230008 

Germany 
Bourns GmbH 
Postfach 1155 
Eberhardstrasse 63 
7000 Stuttgart 1 . 
Phone: 0711-24 29 36 
Telex: 721 556 

Switzerland 
Bourns (Schweiz) AG 
Zugerstrasse 74 
6340 Baar 
Phone: 042-33 33 33 
Telex: 868 722 

United Kingdom 
Bourns Electronics Ltd. 
Hodford House 
17/27 High Street 
Hounslow, Middlesex TW3 1TE 
Phone: 01-5726531 
Telex: 264485 

Japan 

Nippon PMI Corporation 
Haratetsu Building 
4-1-11, Kudan Kita 
Chiyoda-ku, Tokyo ' 
Phone: (03)' 234-1141 
Telex: 781 J 27632 

Precision Monolithics Incorporated reserves the right to make changes leading to improved performance, reliability or manufacturability. 
Although every effort is made to ensure accuracy of the information contained in this publication, PMI assumes no responsibility for circuitry 
unless entirely contained within a PMI product. 
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Preliminary 
PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

~AYTHEO~ Inverting 
Switching Regulator 4391 

Features 
• Converts a Positive Voltage into a Negative 

Voltage 
• Specifically Designed for Low Power 

Applications, Including Batteries 
• Adjustable Output Voltage 
• High Switch Current Capability 
• Low Quiescent Supply Current - 1'75,uA 

Typical 
• Eight Pin Mini Package 
• Low Battery Detection Circuitry 

Functional Block Diagram 

65-01610A 

Thermal Characteristics 
a-Lead a-Lead 

Plastic DIP Ceramic DIP 

Max. Junction Temp. 12SoC 17SoC 

Max. PD TA < SO°C 468mW 833mW 

Therm. Res. (}JC 4SoC/W 

Therm. Res. (}JA 160°C/W 150°C/W 

For T A > Soo C Derate at 6.2SmW 8.33mW 
per °C per °C 

Description 
Raytheon's micro-power inverting switching 
regulator, RM/RC4391, is a monolithic low 
power switching regulator specifically designed 
for low power inverting applications. The 
RC4391 contains an internal 1.25 Volt bandgap 
voltage reference, switch transistor, comparator, 
free running oscillator and low battery detection 

. circuitry. These components are interconnected 

. to minimize the number of external components 
required in typical inverting applications (see 
Figure 2). The RC4391 requires an inductor, 
diode, timing capacitor, and an H2, R1 network 
to achieve a negative output voltage. The 
RC4391 allows the designer the flexibility in 
designing unconventional applications such as 
replacing the internal bandgap reference with 
an external or system reference, or using the 
low battery detection comparator and transistor 
as voltage level detectors or for signal 
generation. 

A typical application would combine the 
RC4391 with the RC4193 micro-powerswitching 
regulator to convert a single input voltage into a 
±12 Volt or ±15 Volt power supply. The single 
voltage can be either from a battery, bridge 
rectifier or existing +5.0 Volt line on card forthis 
application (see Figure 3) . 

Mask Pattern 

Die Size: 69 x SO mils 
Min. Pad Dimensions: 4 x 4 mils 

RAYTHEON COMPANY. Semiconductor Division. 350 Ellis Street. Mountain View, CA 94039-7016 
(415) 968-9211 TWX: 910-379-6484 
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4391 Inverting Switching Regulator 

Electrical Characteristics (Circuit of Figure 2., VIN = 6.0V, T A = +250 C unless otherwise noted) 

Parameter Symbol Condition Min Typ Max Units 

Supply Voltage VIN 3.0 30-IVoUTI Volts 

Vs = 4.0V, 170 250 
Supply Current liN 

No External Loads jJ.A 
Vs = 25V, 300 500 No External Loads 

Output Voltage VOUT 
VOUT nom = -5.0V -5.35 -5.0 -4.65 Volts 
VOUT nom = -15V -15.85 -15 -14.15 

VOUT nom = -5.0V, 
Cx = 150pF, 1.5 3.0 

Line Regulation VIN = 5.8V to 20V 
% VOUT 

I VOUT nom = -15V, 
r 1r.;O F 101 20 "'x = ."..,p., 
VIN = 5.8V to 15V 

VOUT nom = -5.0V, 
Cx = 350pF, VIN = 4.5V, 0.2· 0.4 

Load Regulation PLOAD = OmW to 75mW 
% VOUT 

VOUT nom = -15V, 
Cx = 350pF, VIN = 4.5V, 0.07 0.14 
PLOAD = OrnW to 75rnW 

Reference Voltage VREF 1.18 1.25 1.32 Volts 

Switch Current Isw Pin 5 = 5.5V 75 rnA 

Switch Leakage Current Ico Pin 5 = -24V 0.01 5.0 jJ.A 

Timing Pin Current Icx Pin 3 = OV 10 12 14 jJ.A 

LBO Leakage Current Pin 1 = 1.5V, Pin 2 = 6.0V 0.01 5.0 jJ.A 

LBO on Current Pin 1 = 1.1V, Pin 2 = O.4V 210 600 jJ.A 

LBR Bias Current Pin 1 =1.5V 0.7 jJ.A 

The information contained in this data sheet has been carefully compiled; However, it shall not by implication or otherwise become part of the terms and 
conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No representation as to 
application or use or that the circuits are either licensed or free from patent inf.ringement is intended.or implied. Raytheon reserves the right to change the 
circuitry and other data at any time without notice and assumes no liability for inadvertent errors. 

@ Ie MASTER 1984 
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Inverting SWitching Regulator 4391 

Electrical Characteristics 
(Circuit of Figure 2., V,N = 6.0V, over the full operating temperature range unless otherwise noted) 

Parameter Symbol Condition 

Suppry Voltage VIN 

Supply Current liN VIN = 2SV 

Reference Voltage VREF 

Output Voltage VOUT 
VOUT nom = -S.OV . 

VOUT nom = -1SV 

VOUT nom = -S.OV, 
Cx = 1S0pF, 

Line Regulation VIN = S.BV to 20V 

VOUT nom = -1SV, 
Cx =1S0pF, 
VIN = S.BV to 1SV 

VOUT nom = --S.OV, 
ex = 3S0pF, VIN = 4.SV, 

Load Regulation PLOAD = Om W to 7Sm W 

VOUT nom = -1SV, 
Cx = 3S0pF, VIN = 4.SV, 
PLOAD = Om W to 7Sm W 

Switch Leakage Current Ico Pin S = -24V 

Principles of Operation 
The basic switching inverter circuit is the 
building block on which the complete inverting 
application is based. 

Min Typ Max Units 

4.0 30-/VOUT/ Volts 

300 SOO J.l.A 

1.13 1.2S 1.36 Volts 

-S.S -S.O -4.S Volts 
-16.S -1S -13.S 

2.0 4.0 

% VOUT 

1.S 3.0 

0.2 0.5 

mV 

0.1S 0.3 

0.1 30 J.l.A 

c 
o 
Q) 

.r:. A simplified diagram of the voltage inverter ...... 

battery flows through the inductor L, which 
builds up a magnetic field, increasing as the 
switch is held closed. When the switch is 
opened, the magnetic field collapses, and the 
energy stored in the magnetic field is converted 
into a current which flows through the inductor 
in the same direction as the charging current. 
Because there is no path for this current to flow 
through the switch, the current must flow 
through the diode to charge the capacitor C. 
The key to the inversion is the ability of the 
inductorto become a source when the chargirlg 
current is removed. 

~ circuit with ideal components and no feedback 
a:: circuitry is shown in (Figure 1). When the 

switch S is closed, charging current from the 

65-01601A 

Figure 1. Simplified Voltage 
Inverter 

~AYTHEO~ 
3578 

The equation V = (L) (diJdt) gives the maximum 
possible voltage across the inductor; in the 
actual application, feedback circuitry and the 
output capacitorwill ~ecrease the output voltage 
to a regulated fixed value. 

A complete schematic for the standard inverting 
application is shown in (Figure 3). The ideal 
switch in the simplified diagram is replaced by 

© Ie MASTER 1984 . 



4391 

r.l. 
TO+VIN . ~ ~ 

i R4 260K 
T 590K I 

.... .....A.Nv- +
I 
I R5 
I 100K 
L ..JVVt.,- .,.. 

65-01602A 

Inverting Switching Regulator 

C1 
100pF I+ 

R1 

R2 

-VOUT 

1N914 
D1 

~ Lx 

l 

Parts [ -5.0V -15V 
List Output Output 

x 50PF 150PF 

Lx·· [lomH Dale tTE3 Q4 TAl 

R1 

I 
30Kn 90Kn 

R2 75K!! 
1

7
.
5KD 

C' I 1 

Optional 

Figure 2. 4391 Standard Application Circuit 

the PNP transistor switch between pins 5 and 6. 
C1 functions as the output filter capacitor, and 
D1 and Lx replace D an·d L. 

When power is first applied, the ground sensing 
comparator (Pin 8) compares the output voltage 
to the +1.25V voltage reference. Because C1 is 
initially discharged a positive voltage is appl~ed 
to the comparator, and the output of the 
comparator gates the square wave oscillator. 
This gated square wave signal turns on, then 
off, the PNP output transistor. This turning on 
and off of the output transistor performs the 
same function as opening and closing the ideal 
switch in the simplified diagram; i.e., it stores 
energy in the inductor during the on time and 
releases it into the capacitor during the off time. 

The comparator will continue to gate the 
oscillator to the switch transistor until enough 
energy has been stored in the output capacitor 
to make the comparator input voltage decrease 
to less than zero volts. The voltage applied to 
the comparator is set by the output voltage, the 
reference voltage, and the ratio of R1 to R2. To 
adjust the output voltage, set R2 to about 10KO 

@ Ie MASTER 1984 

and change R1 according to 
equation: 

R1 = (VOUT) (R2) 

VREF 

Efficiency and load regulation will improve if a 
quality high Q inductor is used. A ferrite core c: 
toroid inductor is recommended. The inductor ~ 
value and timing capacitor value must be ~ 
carefully tailored to the ripple, input voltage ti. 
range, output voltage, switch transistor 
~aximum current, and output load current 
requirements of the application. The following 
equation will help select component, values for 
high output current at input voltages less than 
or equal to the output voltage. 

(VIN - VSW)2 
lOUT (average) :::::: ----------

(L) (8.0) (fO) (VOUT + Vo) 

where L = Inductor Value in Henrys 
f 0 = SWitching Frequency 

Vsw = Saturation Voltage of Switching 
Transistor 

Vo = Diode Voltage 

~YTHEOEl 
3579 
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Inverting Switching Regulatorr 

The input voltage is a squared term;, if the input 
voltage decreases, even by a small amount, the 
output current capability will decrease sharply. 
Since the L term is in the denominator, lower 
inductor values will increase the output current 
capability (until 'the inductor current rises so 
high that the inductor saturates - an air gapped 
core can help this). Lowering the switching 
frequency will also help, but will increase the 
ripple. Also, the frequency should not be so low 
that the inductor current rises too high and 
saturates the inductor or exceeds the maximum 
current rating of the switch transistor, which is 
375 milliamps. 

For VIN < IVOUTI 

I 
' (VIN - VSW)2 
MAX~ ----

2 L/o 

For VIN > IVOUTI 

IMAX ~ 2 X ILOAD 

The value of the timing capacitor is set according 
to the foltowing equation: 

2.14 x 10-6 
fop (Hz) = -----

ex 

+VOUT 

R13 
RC4391 

1 2 3 4 

R12 

4391 

The square wave output of the oscillator is 
internal and cannot be directly measured, but is 
equal in frequency to the triangle waveform 
measurable at pin 3. The switch transistor is 
normally on when the triangle waveform is 
ramping up and off when ramping down. 
Capacitor selection depends on the application; 
higher operating frequencies will reduce the 
output voltage ripple while trading off efficiency 
and load regulation. Keep the capacitor lead 
length short. 

The low battery detector provides a method of 
signaling a computer system or an LCD display 
when the battery voltage decays below a set 
voltage. This voltage is predetermined by a 
voltage divider tied to the battery input and by 
the +1.25V voltage reference: 

VTH= ( ::+1.0) VREF 

The open collector output transistor must have 
an external load resistor selected according to 
the input drive requirement of the logic family 
used. 

An inverting and non-inverting power supply 
ci rcu it usi ng a step up RC4193 and an i nverti ng 
4391 shown in (Figure 3). The component 

RC4193 

1 2 3 4 

1l:)-lJ1538A 

For parts list for this 

application see data sheet. 

Figure 3. RC4391/RC4193 Power Supply Schematic 

~AYTHEO~ 
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4391 

values given will provide a positive 15 Volt 
output and a negative 15 Volt output. These 
voltages can be adjusted by changing the value' 
of R1, VOUT = (R1/R2 + 1.0) (VREF), but note that 
the battery voltage must be less than the 
programmed positive output voltage. The 
reference for the negative output voltage is 
derived from the positive output voltage so that 
the output voltages will track with changes in 
temperature and battery voltage. 

The inductor and timing capacitor values shown 
were chosen for best operation with a 12 Volt 
nominal battery input that decays to less than 
B.O Volts, with an output current of 60 milliamps 
and output ripple of less than 200 millivo'lts. The 
inductor value and timing should be adjusted 
for different applications '(see the lOUT 
equation). The maximum input voltage can be 
increased by adding a zener diode in series with 
the supply lead of each IC. 

The oscillators are slaved together, using the 
low battery detection circuitry of the 4391, in 
order to reduce the electromagnetic interference 
that would otherwise be caused by having 
separate unsynchronized oscillator frequencies. 
The square wave output is available and can be 
used for other circuitry if the current drawn is 
low. Also available is.the +1.25 Volt OC reference 
voltage (limit current to 100fLA). 

Inverting Switching Regulator 

A circuit that allows higher input voltages and 
will deliver more power to th'e load than the 
standard application circuit is shown in (Figure 
4). The circuit has an external switch transistor, 
01, with a higher maximum current rating than 
the internal switch transistor. Also, the optional 
zener diode 02 steps down the ,applied input 
voltage. If 02 is not used it should be shorted 
out. 

The circuit operation is similar to that of the 
standard application circuit, except that the 
internal switch transistor now drives the base of 
the external transistor. Note that the on switch 
voltage will now equal the switch voltage of the 
internal transistor plus the VSE of 01. This 
higher switch voltage will reduce the circuits 
ability to supply output current with low input 
voltages. The external transistor circuit of 
(Figure 3) does not have this problem. 

Note that even though the addition of the zener 
raises the maximum allowable supply voltage, it 
does not alter the maximum change of supply 
voltage, which equals the maximum supply 
voltage minus the minimum supply voltage 
(...1 V = 30V - 3.0V = 27V). So, with a 10V zener 
diode, the supply voltage range will be 13V to 
40V. 

8 ........ ~V\I\.---. 

L-'VV\~.-..I2 71-----~ t--1~----4~ 

LBR 
Output 

3 

4 

4391 

R3 

U tl~~14 
"'--------------i1------o0 VOUT 

-I 100J.l,F 
*:: Optional 

65-01603A 

Figure 4. High Power/High Voltage Application Circuit 
(Component Values Shown are for -5.0V Output) 

~AYTHEO~ 
© Ie MASTER 1984 3581 

c 
o 
(J) 
.r:. ..... 
>as 
a: 



c: 
o 
Q) 

..c: 
-+-' 
>. ca ex: 

PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

tRAYTHEO~ Precision High Speed 
Latching Comparator 4805 

Features. 
• 22nS Propagation Delay 
• Low Offset Voltage- 100,uV 
• Low Offset Current - 15nA 
• TTL Compatible Latch 
• TTL Output 

Description 
The RC/RM4805 is the ideal comparator for 
high speed, high precision applications. The 
input errors are factory trimmed to less than 
1/10 LSB of a 12 bit, 10 volt system. The latch 
function allows the System Designer additional 
flexibility. When the latch input is a TTL low, the 

Connection Information 

comparator functions normally. When the input 
is raised to a TTL high; the comparator output is 
latched in its current state. The latch functions 
over the full military temperature range. 

The 4805 is ideal for ultra precise, very fast 
system designs. Typical applications include 
successive approximation AID converters of 12 
or more bits, zero crossing detectors, high 
speed sampling, or window detectors. 

The 4805 high speed comparator is functionally 
equivalent to the more popular comparators, 
HA-4950, AM686, SE527, GMP-05 and ,uA760. 
Propagation delay is 35nS with a 1/2 LSB 
overdrive in a 12 bit, 10 volt system. 

TO-99 
Metal Can 
(Top View) 

8-Lead 
Dual-in-Line 

Ceramic Package 
(Top View) 

Mask Pattern 

7 
8 

Die Size:. 51 x 67 mils 1 
Nin. Pad Dimensions: 4 x 4 mils 

6 4 

3 

2 

Pin Function 

Ground 
2. Non-Inverting Input 
3 Inverting Input , I 
4 v-
5 NC 
6 Latch Enable 
7 VOUT 
8 V+ 

65-00506A 

Thermal Characteristics 
a-Lead 

8-Lead TO-99 
Ceramic DIP Metal Can 

Max. Junction Temp. 175°C 175°C 

Max. Po TA < 50°C 833mW 658mW 

Therm. Res. (JJC 45°C/W 50°C/W 

Therm. Res. (JJA 150°C/W 190°C/W 

For T A > 50° C Derate at 8.33mW 5.26mW 
per °C per °C 

RAYTHEON COMPANY. Semiconductor Division • 350 Ellis Street. Mountain View, CA 94039-7016 
(415) 968-9211 TWX: 910-379-6484 
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Precision High Speed Latching Comparator 4805 

Typical Applications 

Conversion Time 

Sample 
and 
Hold 

Amplifier 

a-Bit 10-Bit 12-Bit 

RM4805 Response 20nS 22nS SOnS 

DAC Settling* 135nS 135nS 500nS 
VREF 

P."'o ______________________________________ • ____________________________ • ______________________________ 

l' = 1/2 lSB 
SAR Delay 50nS 

Total-Cycle 205nS 
Number Cycles + Reset x9 

Total Conversion Time 

Sucessive Approximation ClK 
Register 

1.8,«5 

Digital 
Out 

REF-01 
L------,,/'i';IO;"'"----~~--DRi:iEFc:+~..J."JV\,--1 REF-02 

REF-03 DAC-08 DAC-10 
-10 DAC-6012 DAC-565 
~~ ________________ ~R=E~F-_t~~~-4~ 

*Response will be affected by DAC's output 
capacitance and equivalent resistance. 

65-J0540A 

50nS 50nS 

207nS 600nS 
x11 x13 

2.3,«5 7.8,«5 

The information contained in this data sheet has been carefully comp'iled; However, it shall not by implication or otherwise become part of the terms and 
conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No representation as to 
application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon reserves the right to change the 
circuitry and other data at any time without notice and assumes no liability for inadvertent errors. 
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

+10V Precision Voltage References REF-01 

Features 
• 10 Volt Output - ±0.3% 
• Adjustable - ±3.0% 
• ExcelientTemperature Stability-3.0ppm/OC 

• Low Noise - 20M V p-p 
• Wide Input Voltage Range - 12\/ to 40V 
• No External Components 
• Short Circuit Proof 
• Low Power Consumption - 15mW 

Simplified Schematic Diagram 

R9 
10K 

R3 
1K 

Description 
The REF-01 Precision Voltage Reference 
contains a band-gap reference using thin-film 
resistors, a step-up amplifier, short circuit 
protection, and a zener-trim network. The REF-
01 's 10V output shows excellent stability for 
large changes of temperature, load current, and 
input voltage. An adjust pin is provided that can 
change the output voltage by at least 3.0% with 
little effect on temperature coefficient. 

Input 

R15 
30K Trim 

5 

R13 
3K 

Ground 

65..£Xl5468 

The information contained in this data sheet has been carefully compiled; However, it shall not by implication or otherwise become part of the terms and 
conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No representation as to 
application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon reserves the right to change the 
circuitry and other data at any time without notice and assumes no liability for inadvertent errors. 

RAYTHEON COMPANY. Semiconductor Division • 350 Ellis Street • Mountain View, CA 94039-7016 
(415) 968-9211 TWX: 910-374-6484 
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

+S.OV Precision Voltage References REF-02 

Features Description 
• 5.0 Volt Output - ±0.3% 

• Adjustable - ±3.00/o 
• ExcellentTemperature 

Stability - 3.0ppm/o C 
• Low Noise - 10,uVp_p 
• Wide Input Voltage Range - 7.0V to 40V 

The REF-02 Precision Voltage Reference 
contains a band-gap reference using thin-film 
resistors, a step-up amplifier, short circuit \ 
protection, and a zener-trim network. The REF-
02's 5.0V output shows excellent stability for 
large changes of temperature, load current; and 
input voltage. An adjust pin is provided that can 
change the output voltage by at least 3% with 
little effect on temperature coefficient. A tempco 
pin also provides a voltage that varies linearly 
with temperature; typically from +470mV to 
+830mV over the military temperature range. 

• No External Components 
• Short Circuit Proof 
• Low Power Consumption -15mW 

Simplified Schematic Diagram 

R2 
lK 

T";l :I. 

~~r-__ --~----------~~2 
Inplil 

Ri R8 Rl0 
4K 4K 20K 

R9 R"! 101< ~" 

]- "" ] 
04 

Grouno 

The information contained in this data sheet has been carefully compiled; However, it shall not by implication or otherwise become part of the terms and 
conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No representation as to 
application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon reserves the right to change the 
circuitry and other data at any time without notice and assumes no liability for inadvertent errors. 

RAYTHEON COMPANY. Semiconductor Division. 350 Ellis Street. Mountain View, CA 94039-7016 
(415) 968-9211 TWX: 910-374-6484 
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

~AYTHEON] +2.5V Precision 
Voltage References REF-03 

Features 
• 2.5 Volt Output - ±0.3% 
• Adjustable - ±3% 
• Excellent T em peratu re Stabi I ity - 3.0ppm/o C 
• Low Noise - 5.0M V p_p 
• Wide Input Voltage Range - 4.5V to 40V 
• No External Components 
• Short Circuit Proof 
• Low Power Consumption - 15mW 

Simplified Schematic Diagram 

3 
Tempco 

R1 
12K 

R3 
lK 

C1 
15PF 

R5 
4K 

Q2 

R9 
10K 

Description 
The REF-03 Precision Voltage' Reference 
contains a band-gap reference using thin-film 
resistors, a step-up amplifier, short circuit 
protection, and azener-trim network. The REF-
03's 2.5V output shows excellent stability for 
large changes of temperature, load current, and 
input voltage. An adjust pin is provided that can 
change the output voltage by at least 3.0% with 
little effect on temperature coefficient. A tempco 
pin also provides a voltage that varies linearly 
with temperature, typically from +470mV to 
+830mV over the military temperature range. 

R13 
3K 

Input 

R12 
3.0K 

R15 
30K Trim 

~M.-..()5 

Ground 

The information contained in this data sheet has been carefully compiled; However, it shall not by implication or otherwise become part of the terms and 
conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No representation as to 
application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon reserves the right to change the 
circuitry and other data at any time without notice and assul'T)es no liability for inadvertent errors. 
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

~AYTHEO~ , 10-Bit High Speed 
Multiplying Of A Converter OAC-10 

Features 
• Nonlinearity to 0.05% Max Over 

Temperature Range 
• Low Full Scale Drift - 10ppm/O C 
• Wide Range Multiplying Capability 

1.0MHz bandwidth 
• Wide power Supply Range-

+5.0V/-7.5V to ±18V 
• Two Quadrant Multiplying 
• High Output Compliance 
• High Speed - 85nS 

Applications 
• AID Converters 
• Servo Controls 
• Waveform Generators 
.• Programmable Power Supplies 
• High Speed Modems 

Simplified Schematic Diagram 

MSB 
V+ VLC B1 B2 

Bias 
Network 

VREF( . I 0-....._--+-------. 

VREF(-l 

Comp o-18_.....J 

V- 3' 

1K 

Description 
TheDAC-10 is a high speed, 10-bit, monolithic, 
multiplying Digital-to-Analog Converter. Set
tling times of 85nS are achieved with low power 
consumption and minimal output glitches. Full 
scale (10-bit) accuracy is achieved. The DAC-
10 can be operated from almost any logic level 
input due to its adjustable (VLC) threshold. 
Monotonicity is guaranteed to 10 bits and 
nonlinearities of ±0.05% are guaranteed over 
the full operating 'temperature range. Power 
consumption can be reduced to 8Sm"'J by 
lowering supply voltages to +5.0V to -7.5V. 
Operation at supply voltages up to ±18V does 
not appreciably affect device performance. 
Zener-Zap trimming is performed at wafer probe 
to optimize the converter's accuracy . 

LSB 
83 B4 B5 B6 B7 B8 B9 B10 

to -
to 

1K 1K 1K 1K 1K 1K 1K 

L 65·00458A 

.. _--_------1 

The information contained in this data sheet has been carefully compiled; However, it shall not by implication or otherwise become part of the terms and 
conditions of any subsequent sale, Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No representation as to 
application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon reserves the right to change the 
circuitry and other data at any time without notice and assumes no liability for inadvertent errors, 
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

QtAYTHEON) 
Micro-Power 

Switching Regulators 4191/2/3 

Features 
• High Efficiency - 80% Typical 
• Low Quiescent Current - 135JLA 
• Adjustable Output - 2.5V to 30V 
• Output Current - 150mA 
• Internal Reference -1.31V 
• Remote Shutdown Capabilities 

Description 
Raytheon's micro-power switching regulators, 
4191, 92 and 93, are the industry's first mono
lithic low power switching regulators available 
in a 8-lead mini-DIP, and designed specifically 
for battery operated instruments. They each 
contain a 1.3V temperature compensated band-

. gap reference, adjustable free running oscillator, 
voltag.e comparator, low battery detection 
ci rcu itry and a 150mA switch transistor with all 
of the functions required to make a complete 
low power switching regulator. 
These regulators can achieve up to 80 0/0 

efficiency in most applications while being able 
to operate over a wide input supply voltage 
ranne ') 4" tl"\ ')4V at an ultra 10\,AI quiescent I II~ ,,-, II ~v '- , 

drain of 135JLA. 
These regulators have a free running oscillator 
which provides the drive circuitry for the on 

5 chip 150mA switch transistor. The 100Hz to 
Q) 75kHz oscillator frequency is determined by an .r:. >- external capacitor on pin 2. 
~ These universal regulators can be used as a 

building block in three basic applications: step
up, step-down, inverting. 
In their most popular configuration, step-up, 
these regulators can use fewer battery cells, 
making available more board space and 
lengthen battery life. 
A practical example of these advantages would 
be an instrument designed to operate from a 
nominal9 volt supply voltage. If this instrument 
were powered with just 7 components; a st~ering, 
diode, an inductor, two resistors, a capacitor, a 

4191, 92 or 93 and a 9 volt battery, it would 
receive a continuous 9 volts until the battery 
had decayed to a terminal voltage of 2.4 volts. If 
board space is at a premium, then the designer 
could remove the 9 volt source and replace it 
with a single 3 volt Ni-Cad battery without 
making any other adjustment(s) to the circuitry 
'or affecting the overall operation of this 
instrument. 
The open collector output transistor of these 
regulators provide the designer a method to 
have a "Low Battery Indicator" output current 
that can be used to Signal a LCD whenever the 
battery voltage drops below a programmed 
level. This programmed level is determined by 
the designer with the selection of external 
resistors connected to pin 1. 
The 4191, 92 and 93 offer the designer a 
mechanism to shut down this chip by con
necting a zener diode in series with the Ie lead 
(pin 6). This will shut down the chip whenever 
the battery voltage drops below the prede
termined level. In this application, the circuit 
can be designed to signal a LCD whenever the 
battery voltage has dropped to the first 
programmed level, then shut itself off when the 
battery has dropped to the second level. 

Functional Block Diagram 

4191/2/3 
LBO 

. . '1 d' However it shall not by implication or otherwise become part of the terms and 
The information contained In this data sheet ~as.be~~ carefully com pi ~ . I I b its standard terms and conditions of sale. No representation as to 
conditions of any subsequent sale. Rayth~on s .lIabllity shaf" b~ deter~In~~ ~o. e

g
Y
e

rr7ent is intended or implied. Raytheon reserves the right to change the 
application or use or that the circuits are either licensed or ree rom. pa. en In r.1n 
circuitry and other data at any time without notice and assumes no liability for Inadvertent errors. 

RAYTHEON COMPANY. Semiconductor Division • 350 Ellis Street. Mountain View, CA 94039-7016 
(415) 968-9211 TWX: 910-379-6484 

3588 @ Ie MASTER 1984 



PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

Q a Complete High-Speed 12-Bit Monolithic OAC 565 
RAYTHEON 0- - I" "A 1 C -Iglla -10- na 09 onverler 

Features 
• Nonlinearity 1/2 LSB -0.012% 
• Differential Nonlinearity 13 bits - 0.012% 
• Settles to 1/2 LSB in 200nS 
• On Chip Bandgap Reference 
• Linearity Guaranteed Over Temperature 
• Low Power: 225mW Including Reference 
• Direct Interface to All Major Logic Families 

Description 
The DAC-565 is a fast 12-bit digital-to-analog converter 
consisting of 12-bit precision, high-speed bipolar current 
steering switches, laser-trimmed thin film resistor net
work, stable bandgap reference, span and bipolar offset 
resistors to produce an accurate analog output current. 

The high performance and flexibility of the DAC-565 was 
acheived through circuit design and layout, a thin film 
resistor process and interactive computer-controlled 
laser trimming. The DAC-565 settles to 1/2 LSB in 200nS, 
typical, with a maximum settling time of 500nS. Accuracy 
is specified at a maximum of 1/2 LSB for all grades. 

This high speed and accuracy coupled with the inherent 
high output impedance make the DAC-565 the ideal DAC 
for high-speed display drivers, high speed control systems, 
and with the RC4805 high-speed latching comparator, 
analog-to-digital converters. 

The bandgap reference is laser trimmed to optimize both 
temperature drift and absolute output voltage. The current 
sourcing capability of the DAC-565 reference (10mA 
typical) allows this reference to drive the DAC and also 
other peripheral circuit elements. Typical reference drift is 
better than 15ppmfOC (S and J grade). 

Functional Block Diagram 

The DAC-565 is available in 3 performance grades. The 
DAC-565J and DAC-565D grades are specified over 0° C 
to +70° C, while the DAC-565S grade is specified over the 
-55°C to +125°C temperature range. 

Product Highlights 
• The DAC-565 is a self-contained DAC and voltage 

reference with application resistors on a monolithic 
chip. 

• Thedevice incorporates interdigitizing which minimizes 
the effects of thin film sputtering, thermal, and diffusion 
gradients in the most critical portions of the design. 
Therefore, excellent linearity distributions are achieved 
prior to trimming, thus insuring optimal stability of the 
nonlinearity over temperature as well as stability versus 
time. 

• The thin film resistors have a trim tab which is distant 
from the main body of the resistor. This resistor 
geometry insures near perfect nonlinearities after trim 
as well as minimum damage due to laser trimming. 

• The internal reference is laser trimmed to 10 Volts with 
a ±1.0% maximum error. The reference voltage is 
available externally and can provide typically 10mA 
beyond that required for the reference and bipolar 
offset resistors. 
The DAC-565 contains SiCr thin film application 
resistors wh ich can be used with either an external op 
amp to provide a precision voltage output DAC or as 
input resistors for a successive approximation AID' 
converter. The resistors are inherently matched and are 
laser trimmed to guarantee minimum full scale and . 
bipolar offset errors. 

• The DAC-565S grade guarantees linearity and mono
tonicity over the -55° C to + 125° C range and is available 
fully processed to MIL-STD-883, Level B. 

Sip Off R 

Bits 1-12 

o v+ 

High-Speed 
Switch ~ 

12-Bit 
Digita!-to-Ana!og 

Converter 

GND 

V-

10 10V 
Span R 

65·01626A 

The information contained in this data sheet has been carefully compiled; However, it shall not by implication or otherwise become part of the terms and 
conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No representation as to 
application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon reserves the right to change the 
Circuitry and other data at any time without notice and assumes no liability for inadvertent errors. 
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

12-Bit High Speed 
Multiplying Of A Converter OAC-6012 

Features 
• Differential Nonlinearity - 0.012% (13 Bits) 
• Guaranteed Monotonicity to 12 Bits Over 

Temperature 
• Relative Accuracy - O.OS% All Grades 
• Fast Settling Time - 2S0nS to ±O.S LSB 
• Full Scale Output Current - 4.0mA 
• Complementary Current Outputs 
• Output Compliance - -S.OV to +10V 
• Full Scale Tempco - ±10ppm/oC 
• Power Consumption - 230mW 
• Direct Interface to All Major Logic Families 
• Standard Processing without Resistor 

Trimming 
• Low Cost 

Description 
The Raytheon DAC-6012 series of monolithic 
Multiplying Digital-to-Analog Converters guar
antee differential nonlinearity to better than 
±O.S LSB (0.012%) for the 6012A and ±1,.0 LSB 
(0.02S%) for the 6012 over the full military and 
commercial temperature ranges. In addition to 
the excellent Differential Nonlinearity specifi
cations, the 6012 series also include many 
features that previously were found in expensive 
hybrid modules or required full use of monolithic 

c thin film laser or zener zap trimming techniques. 

g The Raytheon DAC-6012 incorporates a seg
£: mented design technique which reduces ,the 
~ 
al requirement for high accuracy resistor ladder 
a:: networks as an integral part of the DAC. The 

DAC-6012 design is structured with a 3-bit 

Functional Block Diagram 
MSB 

segment decoder, S-bit master R-2R ladder 
DAC and 4-bit Slave DAC. This circuit 
configuration actually contains less ladder 
resistors than the traditional R-2R ladder 
approach as well as effectively improving the 
accuracy of the ladder resistors by a factor of 8. 

The performance of the DAC-6012 is virtually 
independent of supply voltage variations due to 
the inherent nature of its design and processing. 
As an example, the DAC-6012 may be operated 
at any voltage from +4/-10V to ±18V with 
minimal effect on the full scale current, DNL, 
relative accuracy and settling time. The SMH 
output impedance and -S.OV to +10V 'com
pliance range make the DAC-6012 ideal for 
high speed applications where output load 
resistors can be used in place of an output 
interface amplifier. 

The complementary current outputs of the 
DAC-6012 are useful in symmetrical offset DAC 
applications and AID converters requiring 
constant current loads to ensure significant' 
reduction of switching transients. 

In conjunction with the REF-01 and REF-02 
voltage references, and the 480S fast precision 
voltage comparator, the DAC-6012 can be used 
as the main building block in a wide variety of 
data conversion applications. 
The information contained In this data sheet has been carefully compiled; However, it 
shall not by implication or otherwise become part of the terms and conditions of any 
subsequent sale, Raytheon's liability shall be determined solely by its standard terms 
and conditions of sale, No representation as to application or use or that the circuits are 
either licensed or free from patent infringement is intended or implied, Raytheon 
reserves the right to change the circuitry and other data at any time without notice and 
assumes no liability for inadvertent errors, 

V(+) VLC B1 B2 B3 B4 B5 B6' 87 88 89 

RAYTHEON COMPANY. Semiconductor Division • 350 Ellis Street. Mountain View, CA 94039-7016 
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

~AYTHEON) 8-Bit High Speed 
Multiplying Of A Converter OAC-08 

Features 
• Fast Settling Output Current - 85nS 
• Full Scale Current Prematched to ±1.0 lSB 
• Direct Interface to TTL, CMOS, ECl, HTl, 

PMOS 
• Nonlinearity to ±0·.1 % Max. Over 

Temperature Range 
• High Output Impedance and Compliance

-10V to +18V 
• Differential Current Outputs 
• Wide Range Multiptying Capability -

1.0MHz Bandwidth 
• low FS Current Drift - ±1 Oppm/o C 
• Wide Power Supply Range - ±4.5V to ±18V 
= Lo'vv PO\Ner Consumption - 33m"" @ ±5.0V 
• low Cost 

Description 
The DAC-08 series of 8-bit monolithic multi
plying Digital-to-Analog Converters provide 
very high speed performance coupled with low 
cost and outstanding applications flexibility. ' 

Advanced circuit design achieves 85nS settling 
times with very low "glitch" and at low power 
consumption. Monotonic multiplying perfor
mance is attained over a wide 40 to 1 reference 
current range. Matching to within 1 lSB between 
reference and full scale currents eliminates the 
need for full scale trimming in most applications. 

Direct interface to all popular logic families with 
full noise immunity is provided by the high 
swing, adjustable threshold logic inputs. 

Functional Block Diagram 

High voltage compliance dual complementary 
current outputs are provided, increasing ver
satility and enabling differential operation to 
effectively double the peak-to-peak output 
swing. In many applications, the outputs can be 
directly converted to voltage without the need 
for an external op amp. 

All DAC':'08 series models guarantee full 8-bit 
monotonicity, and nonlinearities as tight as 
±0.1 % over the entire operating temperature 
range are available. Device performance is 
essentially unchanged over the ±4.5V to ±18V 
power supply range, with 33mW power consu mpr 
tion attainable at ±5.0V supplies. 

The compact size and low power consumption 
make the DAC-08 attractive for portable and 
military/aerospace applications; devices pro
cessed to MIL-STD-883A, levelB are available. 

DAC-08 applications include 8-bit, 1.0MS A/D 
converters, servo-motor and pen drivers, 
waveform generators, a'udio encoders and 
attenuators, analog meter drivers, program
mable power supplies, CRT display drivers, 
high speed modems and other applications 
where low cost, high speed and complete 
input/output versatility are required. 

The information contained in this data sheet has been carefully compiled; However, it 
shall not by implication or otherwise become part of the terms and conditions of any 
subsequent sale, Raytheon's liability shall be determined solely by its standard terms 
and conditions of sale, No representation as to application or use or that the circuits are 
either licensed or free from patent infringement is intended or'implied, Raytheon 
reserves the right to change the circuitry and other data at any time without notice and 
assumes no liability for inadvertent errors, 

MS8 lS8 
V+ VLC 81 82 83 84 85 B6 B7 88 

Camp 1K 1K 1K 1K 1K 1K 1K 

V- 3 

500 500 500 500 500 500 500 

RAYTHEON COMPANY • Semiconductor Division. 350 Ellis Street. Mountain View, CA 94039-7016 
(415) 968-9211 TWX: 910-374-6484 
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PRODUCT SPECIFICATIONS LINEAR INTEGRATED CIRCUITS 

High Performance Operational Amplifiers 
Maximum 

Input 
Specifications 

Typical 
Input Noise 

Specifications 

Low Low Typ. 
Volt. Freq. Cur. Freq. Typ. Unity Max. 

Offset Offset Bias Density Corner Density Corner Slew Gain Sply I Volt. Cur. Cur. nV eN PA iN Rate BW Volt. T~mp 
Device Descprition (mVI (nAI (nA) JHz (Hz) JHz (Hz) (V/ /-tS) (MHz) (±V) Pins Range 

OP-05 Single Instrumentation Grade 0.500 2.8 ±3.0 10.0 10 0.14 50 0.17 0.5 228M, C 
·OP~05A······ ···s·i·ri·gie·iii·s·tr·u·ment"aiio·ri··Grade·············· ··0:·150· ···2jj"· ··±2:0·· ··10:0·· ···10··· ··0"."1·4··· ····50·· ···0·"1"7" ····0· .. 5····· ····22···· ·····if·· ···~ff 
-------------------- ----.-----------------.-------.-.-----------------.------------------ --------------------------.---------------- ---------- ------._---- -------.-- ----------- .------------------------- .--------- -----------
OP-05C Single Instrumentation Grade 1.300 6.0 ±7.0 10.2 10 0.15 50 0.17 0.5 228M, C 

:~:~~~~~::::::: :::~!:~:~(~:~~~~~~:~~~!~:~!~~::~~~~~:::::::::::::: ::~;~~~: :::~.:~:: ::~~;~:: ::~~~~:: :::~~::: .::~~:~~:: ::::~~:: :::~:.:~:( ::::~:}:::: ::::~~:::: :::::~::: ::~:,::~: 
OP-07 Single Ultra Low Offset Voltage 0.075 2.8 ±3.0 10.0 10 0.14 50 0.17 0.6 228M 
·OP~07A······ ···s·fri·gieTiiiiiLo·w·Offsei\ioii·ci·ge·········· ··(i02S· ··"2."0·· ··±i.o·· ··1()":0·· ···10··· ··ci."1"4"·· ····50·· ···if1"7" ·····0·.6···· ····22···· ·····if·· ·····M··· 
------- .. ----------. ------.-----------------------------------_ .... __ ._._--_ .. _.---. __ ._-_._--._---.... _---_._- . __ .- .. _----------------------- _. __ .. _-_ .. _-_._ .. _---_._-----_._-----_ .. _--_._-_._---.,._-- ----_ .. _--_ .. _----_.-
OP-07C Single Ultra Low Offset Voltage 0.150 6.0 ±7.0 10.2 10 0.15 50 0.17 0.6 22 8 C 
OP-07D Single Ultra Low Offset Voltage 0.150 6.0 ±12 10.3 10 0.15 50 0.17 0.6 22 8 C 

.- .. _-------_._------._-------_._---_ .. _-------------------._._----------._-------------------_._----------------------._------_._------------ ------------ ---------- ----------- ._------------ ------------ --------------------

.~.~~!.~ ....... ... ~~.~.~~~.~.~!~~.~.~.~ .. ~!.~~~!y~~~.~.~~ .......... .. ~:~?~ .... ~ ... ~ .... ~~:~.' ... ~~:.~ ...... ~~... ..~ ... ~.~ ....... ?~ .. .. g ... ~.!.. ..... ~ ... ~ ......... ~~ ........ ~ ........ ~ ... . 
OP-27 A Single Ultra Low Noise 0.025 35 ±40 3.0 3.0 0.4 140 2.8 8.0 228M, C 

:~:~~~!~::::::: :::~!:~:~~~:~:(!~~\~:~::~~):~:~:::::::::::::::::::::::::: ::~;~~~: :::~~::: ::~~~:: :}~::: :::~.:~:: :::~:.:~:::: :::~:~~: ::::?:.:~:: ::::~~:~::::: ::::~~:::: .::::~::: :::~:,:§ 
OP-27C Single Ultra Low Noise 0.100 75 ±80 3.2 3.0 0.4 140 2.8 8.0 228M, C 

-------_._-._ .. _--.- ------------------------------------------------._------------------- ---------------------- ----------. -----._--- ---------- ------------ --'-------- -------._----.----_._---------------- -------_._--------_.-
OP-27E Single Ultra Low Noise 0.025 35 ±40 3.0 3.0 0.4 140 2.8 8.0 228M, C 
·O·P~27F······· ···si·ri·gie·Uitra·Lo·w··N·o·i·se······················ ... ··0:060· ··50··· ··±55·· ··3".0··· ··io·· ···0· .. 4···· ···1·40· ····i·s··· ····s·.·o····· ····22"··· ····s··· ··M,-·c' 
-------------------- ------------------_._-------------------._---------------------------_._----.---- -_ .. ----------------- ---------- ---------- ---------------------- ----------- -------------- ---------------------- ----------
OP-27G Single Ultra Low Noise 0.100 75 ±80 3.2 3.0 0.4 140 2.8 8.0 228M, C 

-------------------- ----------- .. _---._-----.------------------------------ .. _-------------------------._------ ------._--- -------------------- ------------ ---------- -------------------------_._-------- -------._-----------

.~.~~~!.~~ ........ ~~.~~~~.~.~~~ .. ~~~~.~.~!~ .. ~.~~.~.~~~~ ......... ~:~~~ .... ~~ ..... ~~~ ... }:.~ ...... ~ .. ~ ...... ~ ... ~ ....... ~.~~ ...... ~.~ ........ ~~ ..... ' .... ~~ ........ ~ ...... ~.' .. ~. 
OP-37B* Single High Slew Rate Low Noise 0.060 50 ±55 3.0 3.0 0.4 140 11 63 228M, C 

---.--------------.- ----.-------.-----.--------------------.- •• ___________ - _____________ ~_ ••• __ •• ___ ....... _. ____ • _______ • ___ ._._.'. ______ • _______ •• ____ • ______ ._. __ -- ____ --0-- __ • ____ • ____ 0 ••• ____ •• __ • ___ • ___ • ______ • ____ •• 

OP-37C* Single High Slew Rate Low Noise 0.100 75 ±80 3.2 3.0 0.4 140 11 63 228M, C 
-. ---- - -. - -- - - - - •• __ -. - - - - _ •• _ -. - - - - ___ • - - - __ .0 _____ ~ ____ • ___________ • ________ • _____ • _____ 0 ________ • _ _ •• , _. _ _ _ _ •• ____ • __ • _. __ • ____ • • __ • ___ •• _ _ __________ • ________ • _ _. _. _ ••• _ _ _ _. _______ • _ _ _ _ _ ___ • _. _ _ _ _ _ • _______ • __ •• ____ 0 __ 

o P-37E * Single High Slew Rate Low Noise 0.025 35 ±40 3.0 3.0 0.4 140 11 63 228M, C --.----- .. ________ . ___________ .. _______ ... ___ . ________ .. _. ______ . _______ . ___ ._ .. _. __ ._._. ____ ._ ..... ___________ -.-···--0 __ ----. __ .-- ____ ._. __ . ____ ... ____ . __ . ____ .. _______ ... _________ . __ . ___ . ____ ._. _____ ._. ____ ... __ . _____ _ 

OP-37F* Single High Slew Rate Low Noise 0.060 50 ±55 3.0 3.0 0.4 140 11 63 228M, C 

.~~t4G·:::I: •• ~j;~:~.~~~~,~[t.~~t~:~~~:~:~'":~: •••••• j.~'J~ .r.r •• i::~f.:H •••• 1~ •• t.:~O:~:.I ••• I~ ••• ~li;.I ••• :t.::~ •••• ~~ •••• : ••• ; ••• l.~~.~.l 
RC714C Single Precision 0.150 6.0 ±7.0 9.8 3.0 0.13 140 0.17 0.5 22 8 C • _ .. _ .. _. ------_ ••• - -_ •• ----_. -__ -__ --------0 _______ . ______ ._~ _____ .0 _ .. ___ . _______ o. _ _ _ _ _. __ • ______ • • _. _. _ _ _ _ _ _. _____ • _ _ _ _ ___ • _. _ _ _ _ __ • _ _ _ _ _ _ 0 __ .. ______ . . ___ • __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____ . _. _. _ _ _ . _. _. _ .... ___ . _____ .. _ _. __ . __ .. __ 

RC714E Single Precision 0.075 3.8 ±4.0 9.6 3.0. 0.12 140 0.17 0.5 22 8 C --------- ___ ._. _____________ . ________________ ... _____ ._.----_-0------ .. --_ ... _---- ..... _--_.- ... _--_ ... ___ .. ___ . ________ . ________ ._. ___ ._. _____ ._. ___ ._. __ . ____ ._. ______________ .. ____ 0 __ . _____ . _________ . _______ . __ . ___ . __ . 

RC714L Single Precision 0.250 20 ±30 9.8 3.0 0.13 140 0.17 0.5 22 8 C 
___________ • ___ •• _ ••• -- __ • ____ • ________ •• ______________________ • ______ • ____ • _____ ._ •••• ______ ow_ow_ow • __ -0 •• ____ --------.. __ . ___ .. ____ •.. _. ___ • __ ._ .. ____ • ___ . ____ .. __ •• __ ._. ___ . ______ 0_. ____ ... _________ .. ______ . ________ _ 

RC3078 Single Micropower 4.5 32 170 19.0 100 1.0 200 1.5 0.1 158M, C ... __ w_. ____________ • _______ 0 _____ •• __ ••• ___ • ____ •• ________________ • __ • ____ ._ •• ___ • ___ •• _____ ._. ____ • ______ • ___ •• _. _______ • __ • ________ ._. _____ • __ •• _____ • ________ • ___ •• __ • ____ • ___ • ___ • _____ ••• ___ • ___ •• _____ ._ •• __ •••• _ •••• _ 

RC3078A Single Micropower 3.5 2.5 12 36.0 100 0.4 200 1.5 0.1 158M, C 
__ • ______ • ___ •• _____ ._ •• __ • ______ • ______ ._. _________ • ___ ._._ •• _____ • ______________ • ___ ._. _____ • _____ • ___ -0 ___ - _ •• _ ••• ___ • ______ • _______ •• _____ w __ • ___ • ____ -------. _____ ._. ____ • __ • ___ • ___ •• ____ • ____ • __ • _____ • ___ • _._.0_._0 __ _ 

.~.~~~~ ......... ~.i.~.~~~.~.!~~ .. ~~.~!.~~.~.~~~~ .. ~.~.~ .. ~.?~~~ ...... ~:~... .~~~ .... ~.~.~.~ .... ~:~ ...... ~~~ ...... ~:.~ ....... ?~~ .... ~.~ ... ~ ..... ~~:.~ ........ ~~ ........ ~ ... ... ~.'.g. 
RC5534A Single High Performance Low Noise 4.0 300 1500 3.5 100 0.4 200 13.0 10.0 228M, C 

:~:~~~~~::::::: :::~:~:~~:8):~~:~~:~!:?~:~:~~~~:f~:~:~:?:~~~::::: :::§~::: .:~~~:: :::~~:~::: :§~::: :::~~:::: ::::~:.:~::: ::.?~~: ::::~ .. ~:: t:~~~;~t ::::~~:::: ::::~::: .::::~:::: 
.~.~~~~~ ......... ~~.~.~.~.i.~~.~.~.~!.~.~~.~.~~~.~.~.~ .. ~?i.~.~ .......... ~:~ ..... ~~~ .... ~.~.~.~ .... ~:~ ...... ~~ ....... ~:.~ ....... ~~~ ..... ~ ... ~ .... ~.~~~:.~) ...... !~ ........ ~ ........ ~ .. 
. ~.~~~~~ ......... ~.~.~~.~.i.~~ .. ~.~.~!.~.~.~.~.~~~ ............................. ~:~ ..... ~~~ ..... ?~.~ ..... ~~:.~ ..... ~~ ........ ~:.? ...... ~~~ ..... ~ ... ~ .. . !~V.~L .... ~~ ......... ~ ........ ~ ... . 
. ~.~~~~~ ......... ~.~.~~.~.i.~~.~.~.~!.?~~.~~~~ ............................. ~:~ ..... ~~~ ..... ?~.~ ..... ~:~ ...... ~~ ....... ~:.2 ....... ?~~ . .. J ... ~ ... ~.~~~:.~L .... !~ ......... ~ ........ ~ ... . 
RC4558 Dual High Gain 6.0 200 500 10.0 20 0.5 200 1.0 2.5 188M, C 

:~:~~~~~:::::: :::~~:~~:8:(~~:~:~:~!~:~~:~~~~::::::::::::::::::::::::: ::::~;~::: ::~~~:: ::~~:~::. ::~~~~:: :::~~:::: ::~:.:~:~::: ···200· 2(·1".·5) :(o(io)· ····18···· ··'·s··· ... ~("C" 
RC4739 Dual Low Noise 6.0 200 500 10.0 20 0.5 ···400· ····(0·· ····"4· .. 0····· ····18···· ···1"4"· ···~f·t"· 
. R·C5532"····· ···Du·ai·H"i·gh·¥)e·rfo·riii·ance·Lo·w··N·o·fse····· ····2:0··· ·150·· ···80·0··· ··5~0··· ··100··· ···o·.i··· ···200· ···i·o·· ····10·.·0···· ····22""·· .. ·s··· ···~(f 

:~:~~~?~:::: :::~~:~~:8:(~~:~~:~!:?:~~:~~~~:f~:~::~~:(~:~::::: ::::~;~::: .:~~~:: ::~~:~::: ::~~~::: :::~~~::: .:§:~:.:: :::?~~: .:::~ .. :~:: ::::~~~~:::: ::::??:::: ::::~::: ::~:,::( 
RC4556 Dual High Performance 6.0 200 500 10.0 20 0.5 200 3.0 8.0(5.0) 18 8 C 

Notes: 

() denotes guaranteed specifications 
M = Military/8838 -55°C to +125°C 
C = Commercial 0° C to +70° C 

= Denotes preliminary data 
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The information contained in thiS data sheet has been carefuliy compiied; However, it 
shall not by implication or otherwise become part of the terms and conditions of any 
subsequent sale. Raytheon's liability shall be determined solely by its standard terms 
and conditions of sale. No representation as to application or use or that the circuits are 
either licensed or free from patent infringement is intended or implied. Raytheon 
reserves the right to change the circuitry and other data at any time without notice and 
assumes no liability for inadvertent errors. 
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Linear Integrated Circuits 

The RCA line of linear integrated circuits (LiC's) covers 
a broad range of solid-state devices, including SiMOS, 
bipolar, CMOS, and MOS/FET types for a wide variety 
of applications in industrial, military, and consumer 
equipment. These circuits are available in a wide 
variety of package styles, including hermetic TO-5; 
dual-in-line plastic, ceramic, and frit-seal ceramic; and 
TO-220-style (Versa-V) plastic. RCA also offers high
reliability versions of a broad range of these standard 
circuits processed in accordance with MIL-STD-883 
and MIL-M-38510. 

BiMOS Circuits 
RCA SiMOS op-amps and comparators utilizing both 
bipolar and p-channel MOS transistors on a common 
monolithic substrate establish new performance stan
dards in virtually all op-amp categories: general
purpose, FET input, wideband (4 to 70 MHz), microp
ower (down to 1.5 /lW), -high-current (to 22 mA), and in 
comparator appiications, particularly in those requiring 
the added convenience and flexibility of two single
supply comparators in one package with operation up 
to 44 volts. 

Operational Amplifiers 
RCA offers a broad line of operational amplifiers, 
including general-purpose types in single, dual, and 
quad configurations; types including mixed technolo
gies (e.g., CMOS, PMOS and bipolar, called SiMOS); 
variable types often referred to as programmable 
op-amps; micropower; wide-band; high-voltage; high
current; and precision types. 

Voltage Comparators 
RCA's line of SiMOS and bipolar comparators includes 
single, dual, quad, and programmable types for a wide 
variety of applications in instrumentation, communica
tions, and industrial equipment. 

@) Ie MASTER 1984 
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Data Conversion Circuits 
This category includes A/D converters, 7-segment 
decoder/drivers, and display drivers. 

Arrays 
RCA's broad line .of arrays includes transistor types 
(bipolar and CMOS), transistor amplifier types, 
transistor/diode types, and diode types in a wide 
variety of configurations: n-p-n, p-n-p, n-p-n/p-n-p, 
Darlington, superbeta, programmable unijunction tran
sistor (PUT) and SCA. 
Power Control Circuits 
This category includes an automotive ignition switch, 
power amplifiers, programmable Schmitt triggers, sole
noid and motor drivers, universal controller, voltage 
regulators and zero-voltage switches. 

Differential A!11plifiers 
The RCA line of differential amplifiers includes a broad 
variety of general-purpose devices in which the basic 
signal-processing function is accomplished by a single 
differential-amplifier stage. 

Special Function Circuits 
These types include automotive circuits, broadband 
(video) amplifiers, four-quadrant multipliers, prescalers, 
single-chip detector alarm systems and a timercircuit. 

TV/CATV Circuits 
These circuits include AFT, chroma systems, horizontal 
and vertical deflechon systems, sync/ AGC circuits, 
luminance processors, multiplex decoders, PIX IF, 
remote control, sound IF, tuning and Videodisc circuits. 

For a summary of available products refer to the Linear 
Integrated Circuits product guide CDL-820J for linear 
integrated circuits and to MOS Field-Effect Transistors 
catalog MOS-160D for MOS devices. For complete 
technical data refer to Linear Integrated Circuits 
DATABOOK SSD-240B. 
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LIC Operational Amplifiers 

BiMOS Types 

• CA3193 BiMOS Precision Operational Amplifier 
• CA3493 BiMOS Precision Operational Amplifier 

The CA3193 series and CA3493 series are ultra-stable, 
precision-instrumentation operational amplifiers that 
employ both PMOS and bipolar transistors on a single 
chip. They are internally phase-compensated and 
provide a gain-bandwidth product of 1.2 MHz. The 
CA3193 series are pin-compatible with the industry 741 
series and many other IC op amps, and may be used as 
replacements for 741-series in most applications. 

The CA3493 series are pin-compatible with many 
industry types such as 725, 108A, OP-5, OP-7, 
and LM714 where positive nulling is employed. 

Features 

• Low Via: 
75 J1V max. (CA3493B) 

200 J1V max. (CA3493A) 
500 J1V max. (CA3493) 

• Low /l Viol /l T: 
2 J1V/o C max. (CA3493B) 
3 J1V/o C max. (CA3493A) 
5 J1V/oC max. (CA3493) 

• Low "0 and II 

• CA3420 Low Supply Voltage, Low-Input Current 
BiMOS OP-AMP 

• CA3440 Nanopower BiMOS OP AMP 

The CA3420, CA3420A and CA3420B BiMOS opera
tional amplifiers feature gate-protected PMOS transis
tors in the input circuit to provide very high input 
impedance, very low input currents (less than 1 pA). 
The internal bootstrapping network features a unique 
guardbanding technique for reducing the doubling of 
leakage current for every 10° C increase in tempera
ture. The CA3420 series operates at total supply 
voltages from 2 to 20 volts either single or dual supply. 

Features 

• 2 V Supply at 300 JiA Supply Current 
• 0.04 pA (typ) Input Current 

(Essentially Constant to 850 C) 
• Rail-to-Rail Output Swing 

(Drive ±2 mA into 1 KQ Load) 
• Pin Compatible with 741 Op-Amp 
• Low Cost 8-Lead Minidip, TO-5 
• Output driving current 1.5 mao min. (provided by 

non-linear current mirrors) 

Applications 

• pH Probe Amplifiers 
• Picoam meters 
• Electrometer (High Z) instruments 
• Portable Equipment 
• Inaccessible Field Equipment 
• Battery Dependent Equipment (Medical and Military) 
• Function generators 
• Oscillators 
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• Low /l/io//l T: 
50 pAlO C max. (CA3493B) 

150 pA/oC max. (CA3493) 
• Low /lhl /l T: 

0.5 nA/o C max. (CA3493B) 
3.7 nA/o C max. (CA3493) 

• Extremely high gain: 
120 dB min. (CA3493B) 
110 dB min. (CA3493A) 
100 dB min. (CA3493) 

• Low Via vS. time 
• High CMRR and PSRR 
• Internally compensated: 1.2-MHz gain-bandwidth 

product 
• Low input noise: 0.1 Hz to 10 Hz 

Noise voltage: 0.36 J1Vp- p typo 
Noise current: 12 pAp- p typo 

Applications 

• Thermocouple preamplifiers 
• Strain-gauge bridge amplifiers 
• Summing amplifiers 
• Differential amplifiers 
• Bilateral current sources 
• Log amplifiers 
• Differential voltmeters 
• Precision voltage references 
• Active filters 
• Buffers 
• Integrators 
• Sample-and-hold circuits 
• Low frequency filters 

The CA3440-series BiMOS OP AMP features gate
protected PMOS transistors in the input circuit to 
provide very high input impedance and very low input 
current (10 pAl. These devices operate at total supply 
voltages from 5 to 15 volts and can be operated over 
the temperature range from -55 C to + 125 C. Their 
virtues are programmability and very low standby 
power (300 nW). 

Features 

• 300-nW (typ.) standby power at V+ = 5V 
• Supply current, BW, slew rate programmable using 

external resistor 
• 10-pA (typ.) input current 
• 5.0 to 15-V supply (±2.5 to ±7.5V)/5-12 V single 

supply operation 
• Output drives typical bipolar-type loads 
• Low-cost 8-lead Mini-DIP, TO-5 
• High 10ut/'standbY ratio at 900nW standby (can on 

demand sink 3.1 mA max (2 K load), source 3mA) 
• Very low total standby currents (50 nA) 
• Pin-compatible with 7,41 op amp 

Recommended Applitations 

• Micropower Band-Gap Reference supply circuits 
• Micropower Amplifier, circuits 
• Multirneters (-, 1'1 

• Audio amplifiers 
• Solar-ceil powered systems 
• Voice-squelched amplifiers 
• Battery and portable instruments 
• Smoke detectors and security systems 
• Biomedical comparators - buffers 
• Active filters 
• Multivibrators 
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Lie Operational Amplifiers 

BiMOS Types 

• CA3260 Dual OP AMP 

The RCA CA3260 series are operational amplifiers that 
combine the advantages of both CMOS and bi-polar 
transistors ona monolithic chip. The CA3260 series are 
dual versions of the CA3160 series. 

. Features 

• Dual version of the CA3160 
• MOS/FET input stage provides: 

very high ZI == 1.5 TO (1.5 x 10120) typo 
very low" == 5 pA typo at 15-V operation 

= 2 pA typo at 5-V operation 
• Common-mode input-voltage range includes nega

tive supply rail; input terminals can 'be swung 0.5 V 
below negative supply rail 

• CMOS output stage permits Signal swing to either 
(or both) supply rails 

• Low VIO: 2 mV max. (CA3260B) 
Wide BW: 4 MHz typo (unity-gain crossover) 

• CA3240 Dual-Unit Extended-Voltage-Range Op-Amp 
• CA3140 Extended-Voltage-Range Op-Amp 

• very high input impedance: 1.5 TO typo 
• vety low input current: 10 pA typo at ±15 V 
• low input offset voltage: as low as 2 mV max. 
• wide common-mode input-voltage range: can be 

swung 0.5 V below negative rail 
• output swing complements input common-mode 

range, permitting full utilization of low supply 
voltages (to 4 V) or to within 0.2 V when driving 
power transistors (no need for level-shifting circuits) 

• PMOS input devices are protected by rugged bipolar 
diodes plus bipolar speed and high supply voltage. 

• Operating capability: 4-44 V, single or dual supply 

COMPARISON CHART 
Sym- Characteristics and Limits 
bol CA3240 1458 Units 

ITA = \ .~ 

25°C) Min. Typ. Max. Min. Typ. Max. 
RI 30K 1500K - 0.3 2 - Mn 
I, - 10 50 - 80K 500K pA 

1,0 - 0.5 30 - 20K 200K DA 
VJ_~ - 5 15 - 2 6 mV 
SR - 9 - - 0.5 - V//.ls 
fr - 4.5 - - 1 - MHz 

-15.5 
VieR -15 to +11 -12 ±13 +12 V 

+12.5 
-14.4 

Vo p-p -14 to +12 -10 ±13 +10 V 
.../...1~ 

AoL 20K - - 20K - - VIV 
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High SR: 10 Vips typo (unity-gain follower) 
High output current (10): 20 mA typo 

• High AoL : 320,000 (110 dB) typo 
• Internal phase compensation for unity gain 
• Same pin-out as CA358, CA1458, CA1558 

Applications 

• Ground-referenced single-supply amplifiers 
• Fast sample-hold amplifiers 
• Long-duration timers/monostables 
• Ideal interface with digital CMOS 
• High-input-impedance wideband amplifiers 
• Voltage followers (e.g., follower for single-supply 

01 A converter) 
• Voltage regulators (permits control of output voltage 

down to zero volts) 
• Wien-Bridge oscillators 
• Voltage-controlled oscillators 
• Photo-diode sensor amplifiers 

Features 

• Internally compensated; needs no external 
components 

• Wide bandwidth (4.5-MHz unity gain) makes possible 
low-cost video and audio circuits 

• Fast settling time (1.4 ps typo to 10 mV) for low-cost 
· sample-and-hold and data-acquisition use 
• Directly replaces industry types 741 (CA3140) and 

1458' (CA3240) in most applications 
• Characterized for ±15-V operation and for TTL 

supply systems down to 4 V 
• High voltage-follower slew rate (9 Vips) 
• Strobable output stage 
• Compared to BiFET devices, the CA3140 and 

CA3240 offer lower input currents, higher input 
resistance, improved offset current, and comparable 
offset voltage 

Recommended Applications 

• Ground-referen~ed single-supply amplifers in auto 
and portable instrumentation 

• Long-duration timers/multivibrators (micro-seconds, 
minutes, hours) 

• Interface in 5-V TTL systems and other low-supply-
voltage systems 

• All standard operational-amplifier applications 
• Peak detectors 
• Comparators 
• Active filters 
• Portable supplies 
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Lie Operational Amplifiers 

BiMOS Types 

• CA3100 Wideband Op-Amp 
• CA3160 Universal Op-Amp with Internal 

Compensation; 
• CA3130 without Internal Compensation 

CA3160 Three technologies on a single chip; 
CA3100 MOSIFET input stage, bipolar stage, and 

CMOS output stage 

• CMOS output stage can swing output voltage to 
within 10 mV of either supply rail at very high values 
of load impedance 

CA3130 PMOS and bipolar on a single chip 

• Will handle both small and large signal inputs and 
still produce a true output virtually free of ringing 
and distortion 

Sym-
bol Units 

(TA = 
25°C) 

o to + 10 
+12 

-0.002 
+9 -0.01 +12 

v 

v 

ROil Sol"d 
Sta~e 

Features of CA3130, CA3160 

• MOS/FET input features (See CA3140, CA3240) 
• Wide bandwidth, typically 15 MHz for CA3130, 4 MHz 

for CA3160 
• High slew rate: 10 Vips typo (unity-gain follower) 
• High output current (1 0 ): 20 mA typo 
• High AOL: 320,000 (110 dB) typo 

Features of CA3100 
• High open-loop gain: 42 dB typo at 1 MHz 
• High unity-gain fr: 38 MHz typo 
• Wide power bandwidth (Vo): 18 Vp- p at 1.2 MHz 
• High slew rate: 70 Vips typo (20-dB amplifier), 

25 Vips (unity-gain amplifier) 
• Fast settling time: 0.6ps typo 
• LM118,LM748, LM101 compatability 

Recommended Applications 
CA3130, CA3160 
• High-input impedance comparators 
• Ideal interface with digital CMOS 
• Voltage followers 
• Voltage regulators 
• For other applications, see CA3140, CA3240 

CA3100 
• Video amplifiers 
• Fast peak detectors 
• Video pre-drivers 
• Mu!tivibrators 
• Oscillators 
• Meter driver amplifiers 
• Oscillators 

CA080, CA081, CA082, CA083, CA084 Series BiMOS Replacements for Industry 
TL080 Series BiFET Types 

The CA080 series offer lower input bias and offset 
currents. higher input impedances, and wider band
width than their BiFET counterparts and other pin
compatible op amps. 

Features 

• Very low input bias current (50 pA max.) and offset 
current (30 pA max.) 

• Input impedance typically 10120 
• Low input offset voltage (2mV typ.) 
• Wide common-mode input voltage range 
• Lower power consumption: 42mW (single amp. 

channel) 
• High slew rate: 13v/us typo 
• Unity-gain' bandwidth = 5 MHz (typ.) 
• Wide output voltage swing: 25 volts 
• Low distortion 
• Short-circuit protection 
• Noise voltage (1 kHz): 40 nV/jHz' 
• Direct replacement for industry type TL080 series in 

most applications 

Applications 

• Inverters 
• High-Q notch filters 
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• IC preamplifiers 
• Unity-gain absolute value amplifiers 
• Sample and hold amplifiers 
• Ac.tive filters 
• Low-current amplification circuits 
• Data acquisition equipment 
• AC voltmeters (front end) 

CAOSO CA080A CAOSOB 
Char- CA081 CA081 A CA081B CAOSO CAOSOA 
acter- CA082 CA082A CA082B CA081 CA081 A 
istlcs CA083 CA083A CA0838 CA082 CA082A 

TA=25°C CA084 CA084A CA084B Units 
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Lie Operational Amplifiers-OTAs 

CA3280 Dual Variable OP AMP 

The CA3280 series consists of two variable operational 
amplifiers that are designed to substantially reduce the 
initial input offset voltage and the offset-voltage 
variation with respect to changes in programming 
current. This design results in reduced "AGC thump", 
an objectional characteristic of many AGC systems. 
Interdigitation, or cross coupling of critical portions of 
the circuit reduces the amplifier dependence upon 
thermal and processing variables. 

The CA3280 has all the generic characteristics of an 
operational voltage amplifier except that the forward 
transfer characteristic is best described by transcon.,. 
ductance rather than voltage gain, and the output is 
current, not voltage. The magnitude of the output 
current is eq~al to the product of transconductance 
and the input voltage. This type of operational 
transconductance amplifier has gained wide accep
tance as a gateable, gain-controlled building block for 
instrumentation and audio applications, such as lineari
zation of transducer outputs, standardization of widely 
changing signals for data processing, multiplexing, 
instrumentation amplifiers operating from the nano
power range to high-current and high-speed 
comparators. 

Features 

• Low initial input-offset voltage: 500f.JV max. 
(CA3280A) 

• Low Offset-voltage change versus IABC: <500 f.JV typo 
for all types 

• Low offset-voltage ·drift: 5 f.JV/C max. (CA3280A) 
• Excellent matching of the two amplifiers for all 

characteristics 
• Internal cUfrent-driven line~rizing diodes reduce the 

external input current to an offset component 

CA3060 Variable Op-Amp Array 
CA3078 Micropower Op-Amp 

CA3078: Low standby power assures operation from a 
single 1.5-V battery; a programmable input terminal 
permits tailoring the frequency response and slew rate 
without sacrificing power. 

GA3060: 3 variable op-amps on one chip plus a zener 
bias regulator to control bias current or as a voltage
reference source for external circuits. 

Characteristics Limits, T A = 25°C 
Sym- CA3060 (ea. amplifier) CA3078A Units 
bol IABC = 100 pA RSET: 5.1 MO;la: 20pA 

Min. Typ. Max. Min. Typ. Max. 
VIO 1 5 - f.3 3.5 mV 
110 - 250 1000 - 0.5 2.5 pA 
lIB - 2500 5000 - 7 12 nA 

10M 150 240 - - +12 - mA 
+ 12 13.6 - 5.1 5.3 -

VOM V 
- 12 14.7 - 5.1 5.3 -

VABe - 0.66 - - - V 
Q21 30 102 - - - - mmho 

CMRR 70 90 - 80 115 - dB 

VICR 
+12 to +13 to -5 -5.5 

-12 -14 
- - V 

5 to+5.8 
SR - 8 - - - - VIps 

CA3078 AOL: 88 db min., 92 typo dB 
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• Differential amplifier emitters brought out for use in 
emitter-coupled dual-differential amplifier 
applications 

• Low noise: 8 nV/y'HZ @ 1 kHz typo 
• Low noise distortion: 0.4% THO typo 
• Two modes of gain control 

Recommended Applications 

• Voltage-controlled amplifiers 
• Voltage-controlled filters 
• Voltage-controlled oscillators 
• Multipliers 
• Demodulators Sample and hold 
• Instrumentation amplifiers 
• Function generators 
• Triangle wave-to-sine wave converters 
• Comparators 
• Audio preamplifiers 

Sym- Charactertics and Limits 
bol 

(TA = 
25°C) Min. 

RI 
IB 
110 
VIO 
SR 
9m 

+ 
VICR 

-

+ 
YOM 

-

VABC 

Features 
CA3078 

0.5 
-
-
-
-
-

-13 

12 

-12 
-

CA3280 

Typ: 
-

3 
0.3 
0.7 
125 
16 

-

13.9 

-14.5 
1.2 

CA3280A 

Max. Min. Typ. 
- 0.5 -
8 - 3 

0.7 - 0.3 
3 - 0.25 
- - 125 
22 - 16 

13 -13 -

- 12.5 13.9 

- -13.5 -14.5 
- - 1.2 

• Low standby power: as low as 700 nW 

Max. 
-
8 

0.7 
0.5 
-
22 

13 

-

-
-

• Wide supply-voltage range: ±0.75 to ±15 V 
• High peak output current: 6.5 mA min. 
• Adjustable quiescent current 
• Output short-circuit protection 

CA3060 

Units 

MO 
pA 
pA 
mV 

Vips 
mmho 

V 

V 

V 

• Low power consumption: as low as 100f.JW/amplifier 
• Independent biasing for each amplifier 
• Programmable range of input characteristics 
• Low input bias and input offset current 
• No effect on device under output short-circuit 

conditions 
• High foward trandsconductance 

Recommended Applications 
CA3078 
• Portable electronics 
• Medical electronics 
• Instrumentation 
• Telemetry 

CA3060 
• Active filters • Mixers 
• Gyrators 
• Multiplexers 
• Strobing and gating functions 
• Sample-and-hold functions 

• Comparators 
• Modulators 
• Multipliers 
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LIC Operational Amplifiers-OT As 
CA3094 Programmable Power Switch/Amplifier Features 
CA3080 Programmable Op-Amp CA3094 

• Input control permits user to vary voltage, power • Programmable: strobing, gating, squelching, agc 

bandwidth, slew rate, input and output currents capabilities 
• Capable of delivering 3 W average or 10 W peak to • Devices can be programmed and/or signal- external loads 

modulated for optimum gain, speed, bandwidth, • High current-handling capability: 100 mA avg., 
power 300 mA peak 

• Outputs can "sink" or "source" currents • Sensitivity controlled by varying bias current 
• Linear gain is adjustable over 3 decades of amplifier • Power output of 0.6 W in high-power, single-ended 

bias current IAsc class A amplifier (1.6 W dissipation) 
• Standby power levels can be adjusted from below • THO: 1.4% typo (at 0.6 W class A) 

10JiW up to 30 mW .• Designed for Single or dual power supplies 
CA30BO 
• Differential input, single-ended class A output 

Characterstics Limits, T A = 25°C 
• IABC used for either gating or linear gain control 
• Slew. rate (unity gain, compensated): SO Vips 

Sym- CA3094 CA3080 • Flexible supply voltage range: ±2 V to ±15 V 
bol IABC = 100 JiA IABC = 500JiA Units • Fully adjustable gain: 0 to gmRl limit 

Min. Typ. Max. Min. . Typ. Max. • Tight gm spread: 2:1 for CA3080, 1.6:1 for CA3094 
VIO - 0.4 5 - 0.4 5 mV 
ho· - 0.02 0.2 - 0.12 0.6 JiA 
liB - 200 500 - 2 5 JiA Recommended Applications 

10M - - - 350 500 650 JiA CA30~4 

+ 14.95 14.99 - 12 13.5 - • Fire detection and instrusion alarm systems 
VOM V • Portable GFI detectors • Function generators 

- - 14.96 - 12 14.4 - • Temperature-measuring equipment 
VABC - 0.68 - - 0.71 - V • Driver for complementary power transistors 

Qm 1.65 2.2 2.75 6.7 9.6 13 mmho for audio use 

CMRR 70 110 - 80 110 - dB • Battery-operated flashers • Power supplies 
+12t +13.8t +12 to +13.6 

CA30BO 
VICR -14:j: -4.5:j: -12 -14.6 

- V • Communications equipment 

500 (max. value) 
• Function generators (1,000,000-to-1 sweep 

SR - - 75 VlJis capability) • Peak detector instruments 
0.7 (unity gain) • Battery-operated paging systems 

t v+ - 15V f v- =: 15V e Audio-frequency synthesizers 

LIC Voltage Comparators 
Features 

Dual and Single Types 
CA3290, CA3290A, CA3290B 

Characteristics Limits: T A = 25°C • State-of-the-art design, first in the industry 
Dual Single • MOS/FET input/bipolar output BiMOS types 

Sym- BiMOS CA3290,A,B CA311 Units • Wide VICR, can be swung 1.S V below the negative 
bol Y+ Typ. Max. Max. supply rail, permits single-supply operation 

+5 7.5 20 - • Ultra-low input current (3.S pA typ.), eliminates need 
VIO 

+15 7.5 20 10 
mV for high-impedance buffer circuits 

+5 3.5 pA 50 pA - • Wide differential input voltage range (to± 36 V), 
I.B 

±15 12 50 pA 250 
nA allows input circuits to operate at high V+ 

+5 2 pA 30 pA - • No phase reversal of output signal when input 
110 

±15 7 pA 30 pA 50 
nA transients go below ground 

Typ. Value: • Very low supply current drain (0.8 mA at +S V) 

+5t V+ -3.5 to - • Low output saturation voltage ,(120 mV at 4 mA) 
V- -1.5 • 14-pin package to reduce stray capacitances 

VICR 
Typ. Value: 

V between input and output circuits 

±15:j: v+ -3.4 to - CA311 
V- -1.6 • Directly interchangeable with National LM311 series 

ISINK +5 30 - - mA and other 311 industry types 
Vsat +5 0.12 0.4 - V 

TR ±15 l R 1.2 - - JiS Recommended Applications 
I F 200 - 200· ns • High-source-impedance voltage comparators 

CMRR 
±15 44 562 -

JiV/V • Long-time-delay circuits 
+5 100 562 - • A/D converters 

tMin. value: V+ -3.5 to V; :j:Min. value: V+ -3.8 to V • Window detector circuits 
R - Rising Edge F = Falling Edge "Typical • Zero-crossing detectors 
TR - Response Time at RL = 5.1 kO • Positive and negative peak detectors 
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LIC VQltage Comparators 

Quad and Programmable Types 
Programmable Types with Memory 

Characteristics Limits: T A = 25°C 
Symbol CA3098 CA3099 Units 

Min. Typ. Max. Min. Typ. Max. 

V,o(LR) -15 -3 6 -8 -3 2 mV 
V,o(HR) -10 ±10 10 5 ±1 5 mV 

V,o(HR-LR) - 3 20 - 3 10 mV 
Temp. Coeff. - 6.7 - - 6.7 20 j.N/oC 

VCE(sat) - 0.72 1.2 - 0.72 1.2 V 

Ir ON 500 710 800 600 710 800 pA 
OFF 400 560 750 420 560 750 pA 

"B - 42 100 - 33 200 nA 
10LlOFFl - - 10 - - 10 pA 

10 100 - - - - - rnA 
td - 600 - - 600 - ns 
t, - 50 - - 50 - ns 
tr - 500 - - 500 - ns . - A co - - 4.5 - ps '5 .... ..J 

VREF - - - 5.7 6 6.3 V 
VREG - - - 6 7.2 8 V 

Quad Types 

Sym- Max. Characteristics Limits: T A=25°C, V+ =+5V 
bot CA139 CA139,A CA239,A CA339,A Units 

VIC 5 2 - - mV 
Ito 25 25 50 50 nA 

"B 100 100 250 250 nA 

V'CR V+-f5 V+·-1.5 - - V 
1+ 2 2 - - rnA 

1m 0.1 0.1 - - nA 
10M 16+ 16+ . _. - rnA 

Data Conversion Circuits 
Display Drivers 

• CA3207 SiMOS Sequencer Driver 
• CA3208 SiMOS Segment Latch-Driver 

The RcA CA3207 and CA3208 sequence-driver and 
segment latch-driver, respectively, are used in combi-
nation to drive vacuum fluorescent display devices of 
up to 14 characters of display. The CA3207 selects the 
digit or character to be displayed in sequence and the 
CA3208 turns on the required number of segments of 
the character selected. 

Features 

• Serial input, para"el output 
• Total of 14 outputs 
• CMOS and T2L compatible inputs 
• Low-power CMOS Logic-Bipolar high-voltage output 

BiMOS process 
• Use with vacuum fluorescent display 
• Will operate in an output voltage range of 35 V to 55 V 

Sequencer Driver (CA3207E) 
• Sequentially turns on 1 of 14 characters (or 2 of 28 

when used with 2 CA3208E's) 
• Signal dimming through Gates 1 or 2 
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Features 

• Designed to control high-operating-current ioads 
such as thyristors, lamps, relays, LED's 

• Can be operated with single power supply (16 V 
max.) or dual power supply (± 8V) 

• Directly control currents up to 150 mA 
• Operate with microwatt standby power when current 

to be controlled is less than 30 mA 
• Programmable operating current 
• High sensor range: 100 ohms to 100 megohms 
• Built-in hysteresis: 20 mV max. for CA3098, 10 mV 

max. for CA3099 
• Programmable hysteresis: 20 mV to V+ for CA3098, 

10 mV to V+ for CA3099 
• Temperature-compensated reference voltage 

(CA3099) 

Recommended Applications 

• Signal reconditioning 
• On-off motor switching 
• Schmitt triggers; leve! detectors 
• Time delays 
• Overvoltage, overcu'rrent, overtemperature protection 
• Battery-operated equipment 

Features 

• Direct replacements for industry types 139, 139A, 
239, 239A,339, 339A 

• Low supply-current drain, suitable for battery 
operation 

• Common-mode input-voltage range to ground 

Recommended Applications 

• Square-wave generators • Multivibrators 
• Pulse generators • AID converters 
• Time-delay generators • MOS cloC;k timers 
• High-voltage digital logic gates 

Latch Driver (CA3208E) 
• Drives any combination of 14 outputs selected by 

DATA input 
• Two or more devices may be interconnected by 

means of the CE and CE inputs to drive more than 
14 characters 

CA3168 2-Digit SCD-to-7-Segment Decodu/Driver 

The RCA CA3168 is a monolithic integrated circuit 
intended for 2-digit display such as "numbers" for TV 
and "C8" channel Selection, and 'Jther 0-99 numericai 
or counting for consumer or industrial indicator 
applications. 

Features 

• Separate BCD inputs and segment outputs for each 
digit 

• Input loading less than 15pA 
• I"L logic with buffered inputs and outputs 
• Internal input overrange protection circuit 
• 5-V supply operation 

.• Internal biasing circuits 
• Output drive capability of 25 mA per segment 
• Open collector outputs drive indicators directly 
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Data Conversion Circuits 
AID Converters 
CA3300 CMOS Video Speed 6~Bit Flash A/D Converter 
CA3308 CMOS Video Speed 8-Bit Flash A/D Converter 

The RCA CA3300 and CA330a are CMOS parallel 
(FLASH) A/D converters designed for applications 
demanding both low power consumption and high
speed digitization. They operate over a wide full-scale 
input-voltage range with maximum power consumption 
as low as 50 to 200 mW depending upon the clock 
frequency selected. 

Features 
• CMOS low power with speed 
• Parallel conversion technique 
• 15 MHz sampling rate (66-ns conversion time) 
• ±V2 LSB accuracy 
• 2 units in parallel allow 30-MHz sampling rate 

Recommended Applications 
• The devices are especially suited for high-speed 

conversion applications where low power is also 
important . 

• High-speed A/D conversion 
• Ultrasound signature analysis 
• Transient signal analysis 
• High-energy physics research 
• High-speed oscilloscope storage/display 
• General-purpose hybrid ACDs 
• Optical character recognition 
• Radar pulse analysis 
• Motion signature analysis 

Features CA3300 
• 6-bit latched 3-state output with overflow bit 
• Single supply voltage (3 to 10V) 
• 2 units in series allow 7-bit output 
• Internal VREF with ext VREF' option 

Applications 
• TV video digitizing (industrial/security) 

CA3161 BCD-to-Seven-Segment Decoder/Driver 
CA3162 Converter for 3-Digit Digital Readout System 
The CA3162E analog-to-digital converter is specially 
designed for use in low-cost digital readout systems. 
This circuit and a companion type, the CA3161 E 
BCD-to-7-segment decoder/driver, can be used to 
implement a 2-chip, 3-digit readout system featuring 
Simplicity of operation and a minimum of external 
parts. The CA3162E provides highly accurate conver
sions, exceptional temperature stability, and other 
features listed below. 
Features CA3162E 
• Dual-slope A/D conversion for excellent accuracy 

and noise rejection 
• On-Chip clock and ultra-stable bandgap reference; 

no additional IC's required 
• Reads 99 mV below ground with single +5 V supply 
• Choice of low-speed (4-Hz) or high-speed (96-Hz) 

conversion rate 
• Overrange indic;ation • FL technology 
• Hold function inhibits conversion but maintains 

display -
CA3161E 
• TTL-compatible input logic levels 
• 15-mA typo constant-current output drive, eliminates 

need for current-limiting resistors 
• Pin-compatible with industry standard decoders 

3600 

nOli Solid 
State 

Features CA3308 
• a-bit latched 3-state output with overflow bit 
• Single supply voltage (4 to a V) 
• 2 units in series allow 9-bit output 

Applications 
• TV video digitizing (industrial/security/broadcast) 
• /.IP data acquisition systems 

I B6 B5 18 
CA3300 

20F 
B5 DATA ~~l· \-------- B4 OUTPUT 
B3 
B2 
BI 

v+ 6·8V 

>+'vv<v+",----i 4 Vz B3 15 

(LSB) 

'---+--"5 CE2 B2 141---...... 

CLOCK v+ 
...n..n..nI1..: 

SIGNAL 
INPUT 

92C5-34234 

Typical CA3300 6-bit configuration 15-MHz sampling rate. 

CA3161 Block Diagram 

Recommended Applications 

CONSTANT 
CURRENT 
SEG MENT 
DRIVERS 

92CM-30346RI 

• Medical equipment • Power-supply meters 
• Welding controls • Analog panel meters 
• Electronic scales • Auto Accessories 
• Electronic games • Industrial Controls 
• Temperature measuring instruments 
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LIC Amplifier, Transistor/Diode, and Diode Arrays 

Features 
• CA3093 has high !e (100 rnA max. each transistor) 

and temperature-compensation capability 
• CA3097 has PUT with extremely long time constants, 
. SCR with 150-mA forward current, complete isolation 
between elements 

• CA3019 has excellent diode match, low leakage 
currents, low pedestal voltage when gating 

• CA3039 has ultra-low capacitance diodes: 1 ns typo 
reverse recovery time, Co=0.65 pF typ., VF matched 
within 5 mV 

• CA3141 has VaAIA) of 30 V min., low IA of 100 nA 
max., low Co of 0.3 pi=: typ., VF of each diode pair 
matched to within 0.55 mV at 1-mA IF 

• CA3048, CA3052 include internal de feedback and 
bias to provide temperature-stabilized operation 

Amplifier Types 

Oual 4 3 Quad 

Recommended Applications 

• Lamp and relay drivers, differential amplifiers, 
temperature-compensated amplifiers 

• Timers, light dimmers/motor controls,comparators, 
Schmitt triggers, constant-current sources 

• Analog switches, balanced modulators, mixers, diode 
gates for chopper modulators 

• Balanced modulators or demodulators, ring modula
tors, high-speed diode gates 

• Current-ratio detectors, high-voltage diode gates, 
analog switches 

• Low-level preamplifiers, mixers, tone generators, 
linear signal mixers 

Transistor/Diode Types Diode types 

3 n-p-n 1 n-p-n, 1 6 10 
indepen- AC 

Amplifiers 
Variable Operational Quad U!tra= HI;h= 

dent Operation 
Amplifiers 

Amplifier 2 Zener pair, 1 Zen- Plus Fast Voltage 
Differential 

CA3026 
CA3049# 
CA3102# 
CA3054 

#High Frequency 

CA3048 
CA3052 

CA3060 
CA3060A 

CA124 
CA224 
CA324 

2 Darlington Differential 
Amplifiers with Diode Bias String 

CA3050, CA3051 

LIC Transistor Arrays 

Features 

• CA3081, CA3082 directly drive 7-segment displays 
• CA3127, CA3102, CA3049 are useful in low-power 

applications up to 500 MHz; low 1/f noise; fr greater 
than 1 GHZ 

• CA3227, CA3246 consist of five general-purpose 
silicon n-p-n tra'nsistors on a common monolithic 
substrate, fr greater than 3GHz 

• CA3600 (PMOS and NMOS devices) is specified and 
tested for linear circuit applications 

Each transistor can conduct currents up to 10 rnA. 

High input resistance (100 GO typ.). 

Diodes er Diode, 2 Low (5 Pairs) 
1 Diode '1 PUT Capaci-

1 SCR tance 

CA3093 CA3097 CA3019 CA3039 CA3141 

Recommen(Jed Applications 

• Drivers for incandescent display devices, relay con
trois, thyristor firing 

• VHF amplifiers, mixers, rf mixers/oscillators, doubly 
balanced modulators/demodulators 

• Core-memory drivers, high-speed switching, high
current LED drivers, lamp drivers 

• For complementary-symmetry circuits at supply volt
ages of 3 to 15 V and frequencies up to 5 MHz 
(untuned) 

• High-input-impedance, general-purpose amplifiers, 
preamplifiers, differential amplifiers 

• IF converter, IF amplifier, sense amplifiers, synthesiz
ers, synchronous detectors, cascade amplifiers 

Bipoiar Types (6 High-Beta 'Types) CMOS 
High-Current 

7 n-p-n 
Common CA3082 
Collector 
7 n-p-n 

Common CA3081 
Emitter 

5 Indepen
dent 
n-p-n 

4 
Isolated 

n-p-n 

CA3083 
CA3183 

CA3183A 
CA313a. 

CA3138AA 
CA 1724 
CA1725 
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High-Voltage 

5 Indepen- 5 Indepen
dent-3 n-p-n dent n-p-n 

2 p-n-p 

CA3096 
CA3096A 
CA3096C 

CA3183 
CA3183A 

Darlington-
Connected 

Pair 
Plus 2 

Indepen-
dent n-p-n 

CA3118 
CA3118A 

High-Frequency 
CA3127 

Differen-
tially Con-
nected Pair 

Plus 3 
Indepen-

dent n-p-n 
CA3146 

CA3146A 

General-Purpose Type 

Darlington-
Connected 

Pair 
Plus 2 

Indepen-
dent n-p-n 

CA3018 
CA3018A 

Differen-
tially Con-
nected Pair 

Plus 3 
Indepen-

dent n-p-n 
CA3045 
CA3046 
CA3086 

5 Indepen- 3 
dent n-p-n n-Channel 

and 

CA3227 
CA3246 

3 
p-Channel 

CA3600 

1 Darlington Pair, 1 Current 
Mirror Pair, 2 p-n-p, 1 Shared Diode 

CA3084 

3601 
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LIC Power Control Circuits 

Automotive Ignition Switch 
• CA3165 Electronic SWitching Circuit 
The RCA CA3165 is a single-chip electronic switching 
circuit intended primarily for ignition applications. It 
includes an oscillator that is amplitude-modulated by 
the rotor teeth of a distributor, a detector that develops 
the positive-going modulation envelope, a Schmitt 
trigger that eliminates switching uncertainties. 

Features 
• Switching initiated by damping of internal oscillator 
• Proximity senSing of rotational motion 
• Repeatable timing of switching states 
• Five outputs - two complementary pai rs and one 

non-inverting output (CA3165E1) 
• Two outputs - one complementary pair (CA3165E) 

Solenoid & Motor Driver 
• CA3169 Solenoid and Motor Driver 
The RCA CA3169 is a monolithic integrated circuit 
capable of driving lamps and other devices that can be 
changed between two states (on or off). Transistors, 
SCRs and triacs are some of the solid-state devices 
that c~n be controlled by the CA3169. The device also 
can control relays, solenoids (latching or non-latching), 
motors (DC-forward and reverse) and DC stepping 
motors. 

Features 
• Chip encapsulated in a 5-lead plastic TO-220-style 

package (VERSA-VI) 
• Output short-circuit protection 
• Thermal overload protection 
• Solenoid inductive "kick" protection with iniemai-

clamp diodes .. 
• Output sink and source capacity of 600-mA minimum 

overtemperature 
• Horizontal and vertical mounting packages available. 
• Separate sink circuit and source circuit, each 

individually controlled 
• Inputs can be driven by TTL logic levels and CMOS 

logic levels 
• Low Vce(sat) 

Applications . 
• Latching solenoid driver (Single and multiple) 
• Non-latching solenoid driver 
• Relay driver 
• Lamp controller 
• Lamp driver 
• Motor controller (forward and reverse) 
• Stepper motor controller 
• On-off logic controllers (TTL logic) 
• Intermediate power driver 
• Triac, SeR, and transistor drivers 

• CA3219 Quad-Power NAND Driver 
The RCA CA3219 quad power NAND driver contains. 
four NAND gate switches for interfacing low-leveJ logic 
to inductive and resistive loads such as: relays, 
solenoids,'AC and DC motors, heaters, incandescent 
displ~ys, and vacuum fluorescent displays. 

Features 
• Driven outputs capable of switching 600 rnA load 

currents without spurious changes in output state 
• Inputs compatible with TTL or 5-volt CMOS logic 
• Suitable for resistive or inductive loads 
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Universal Controller 
• CA3228 Speed-Control System 
The RCA CA3228 is a monolithic 12L integrated circuit 
designed as an automotive speed-control syst~m. The 
system monitors vehicle speed and compares It to a set 
reference speed. Any deviation in vehicle speed causes 
a servo mechanism to open or close the engine throttle 
as required to eliminate the speed error. The reference 
speed is set by the driver to hold the existing speed 
and stored in a 9-bit counter: 

Features 
• Low power dissipation 
• 12L control logic 
• Power-ON reset 
• On-chip oscillator for system time reference 
• Single line command .. 
• Amplitude encoded control signals 
• Transient compensated input commands 
• Controlled acceleration mode 
• Internal redundant brake and low speed disable 
• Braking disable 

Voltage Regulators 
Features CA723, CA723C 
• Up to 150 rnA output current 
• Regulation in excess of 10 A with suitable pass 

transistors 
• Input and output short-circuit protection 
• Load and line regulation of 0.03% 
• Adjustable output voltage of 2 V to.37 V 
• Direct replacements for 723, 723C Industry types 

Features CA3085, CA3085A, CA3085B 
• Up to 100 rnA output current .. 
• Regulation up to 12 rnA without pass tran~lstors, In 

excess of 100 rnA with suitable pass transistors 
• Load and line regulation of 0.025% 
• Low noise • Frequency compensation 
• Input and output short-circuit protection 
• Temperature-compensated reference voltage 
• Pin-compatible with LM100 series 

Recommended Applications 
• Series and shunt voltage regulators 
• Current regulators • Floating regulators 
• Temperature controllers 
• High-current voltage regulators 
• Dual-tracking regulation 
• Combination positive and negative voltage regulators 

Features CA 1524, CA2524, CA3524 
• Complete PWM power control Circuitry , 
• Separate outputs for Single-ended or push-pull 

operation 
• Line and load regulation of 0.2% typo 
• Internal reference supply with 1% max. oscillator and 

reference voltage variation over full temperature range 
• Standby current of less than 10 rnA 
• Frequency of operation beyond 100kHz 
• Variable output dead time of 0.5 to 5 JiS 
• Low Vce(sat) over the temperature range 

Recommended Applications 
• Positive and negative regulated supplies 
• Dual-output regulators 
• Flyback converters 
• DC-DC transformer-coupled regulating converters 
• Single-ended DC-DC converters 
• Variable power supplies 
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LIC Power Control Circuits 

Zero-Voltage Switches 
Features 
CA30S8, CA30S9, CA3079 
• Operation at 24 V, 120 V, 208/230 V, 227 V at 50, 60, 

or 400 Hz 
.• Differential on-off sensing amplifier 

• Zero-crossing detector • Triac gating circuit 
• Low balanced input current: 1 /lA max. 
• Built-in protection circuit for open or shorted sensor 
• Differential input 
• Sensor range of 2 to 100 kilohoms 

LIC Differential Amplifiers 

Features 
• Balanced differential-amplifier configuration with 

controlled constant-current source 
= RF, if, anu yiueO frequency capabiiity 
• Balanced agc capability 
• Operation from dc to 120 MHz 
• CA3028B is controlled for input offset voltage, 

current, and input bias current, and is intended for 
"balance" re.quirements 

• CA3005 and CA3006 are identical except for input 
offset voltage 

Applications 
• RF amplifiers • Oscillators 
• Mixers • Limiters 
• IF amplifiers • Product detectors 

LIC Special Function Circuits 

Prescalers 
CA3179E 
The RCA-CA3179E is an integrated-circuit prescaler 
intended for use in communications and instrumenta
tion systems. it performs division by 256 in the uhf 
mode and division by 64 in the vhf mode. 

Features 
• Broadband operation - DC to 1.25 GHz 
• High sensitivity 
• Standard PL or ECl power supply 
• Dual mode operation - VHF/UHF (+64/+256) 
~ Complementary Eel outputs 
• Independent VHF and UHF input terminals 

CA3199E 
The CA3199E is a bipolar integrated fixed-ratio (divide
by-four) counter which operates over the VHF/UHF 
frequency band (DC to 1.3 GHz). It accepts either 
single or double-ended ac-coupled input signals and 
provides complementary emitter follower outputs at 
sandard ECL logic levels. 

Features 
• Broadband operation - DC to 1.3 GHz 
• High sensitivity 
• Standard TTL or ECL power supply of 5V ± 0.5% 
• Complementary ECL outputs 
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Recommended Applications 
CA30S8, CA30S9, CA3079 
• Relay control • Valve control • Lamp control 
• Syn~hronous switching of flashing lights 
• On-off motor switching 
• Differential comparators with self-contained power 

supply for industrial applications 
• Photosensitive controls 
• Power one-shot controls 

• Frequency generators • Pulse amplifiers 
o Preamplifiers for low-ievel transducers 
• DC, audio. and sense amplifiers 

T A = 25°C; y+ = 6Y Unless Otherwise Specified 
Ylo 110 liB Po Gp# NF# CMRf 

Type Max. Max. Max. Typ. Typ. Typ. Typ. 
mY IJA IJA mW dB dB dB 

CA3005 5 1.4' 40 26 20 7.8 101 
CA3006 1 1.4' 40 26 20 7.8 101 
CA3028A - - 70 36 20t 7.2t -

CA3028B 5 5 40 36 20t 7.2t 110 
CA3053 - - - 50t 39* - -

'Typical #f 100 MHz ff 1.75 MHz. tV+ 9V 

*V 9 V. f 10.7 MHz 

Applications CA3179E. CA3199E 
• Digital frequency synthesizers for: VHF/UHF receiv

ers. Satellite communications, instrumentation 
• High-frequency divider for: UHF frequency counters, 

UHF timers, High-speed computers, Frequency 
standards, SHF second IF local-oscillator injection, 
PCM communications, Satellite communications, 
Radar ranging systems 

• High-frequency up-converters 

CA3211 
The RCA-CA3211 E is an integrated-circuit prescaler 
intended for uSe in TV frequency synthesis tuning 
systems over an input frequency range of 90 to 1000 
MHz. It performs division by 256 in the UHF and 
VHF mode. 

Features 
• Divide by 256 
• Input frequency to 1 GHz 
• Dual input ports electrically selectable 
• Input sensitivity 

<10 /lW typical 
(Generator available power into a 50-0 load) 

• 5-V power supply 
• Balanced output ports 
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LIC Special Function Circuits 

Four Quadrant Multiplier 
CA3091 
Four-quad,rant multiplier that provides an output volt
age that is the product of two input (x and y) voltages 

Features 
• Accuracy of ±4% max. • Internal bias regulator 
• Linearity of 3% max. • 3-dB bandwidth of 4.4 MHz 
• Low-power operation capability: ±6 V, 4-mW drain 
• Low power-supply sensitivity: 36 mV IV typo 
• Functions as a multiplier, divider, squarer, 

square-rooter, power-series approximator 

Applications 
• Ideal full-wave rectifiers • Automatic level 

controllers 
• Frequency discriminators • RMS converters 
• Voltage-controlled filters and oscillators 

Single-Chip Detector Alarm Systems 
CA3164E 
The RCA CA3164 is a monolithic BiMOS integrated 
circuit designed to meet the stringent system require
ments of a battery- or line-opefated alarm circuit. When 
used with an ionization chamber and electromechanical 
.or piezoelectric horn, it provides a one-chip approach 
to smoke detection. 

Features 
• Interfaces directly with high Z sensors - no external 

buffer FET required 
• Low input current: 1 pA max, 
• Gate-protected input terminals 
• On-Chip beep oscil!ator for low battery indication 
• Self-contained low-battery-voltage detection circuit 

(a) Fixed or adjustable trip point available 
(b) Dynamic battery test when filter capacitor =2pF 

• Chamber trigger voltage independent of battery 
supply voltage (less than 150 mV over temperature 
and supply variations) 

TV/CATV Circuits 

nOli SOlid 
State 

• Reference source current available =5pA (typ.) 
• Low standby battery current = 8 pA (typ.) 
• Can be used with photoelectric sensors by using a 

minimum of external passive components in combi
natiof! with the RCA-CA3078 micropower op-amp 

• Multiple-unit interconnect terminal controls a com
mon annunciator circuit 
(a) A .fault to ground doesn't prevent local operation 
(b) The low battery alarm signal triggers only the 

local unit 
• LED output indicates status of smoke-detector circuit 
• Operates from 11 V (max.) supply (either battery or 

line) 
• Battery reversal protection feature 

Timer 
CA555, CA555C Types 
The RCA-CA555 and CA555C are highly stable timers 
for use in precision timing and oscillator applications. 
As timers, these monolith.ic integrated circuits are 
capable of producing accurate time delays for periods 
ranging from microseconds through hours. 

Features 
• Accurate timing from microse~onds through hours 
• Astable and monostable operation 
• Adjustable duty cycle 
• Output capable of sourcing or sinking up to 200 mA 
• Output capable of driving TTL devices 
• Normally ON and OFF outputs 
• High-temperature stability - 0.005%/OC 
• Directly interchangeable with SE555, NE555, 

MC1555, and MC1455 

Applications 
• Precision timing • Sequential timing 
• Time-delay generation • Pulse generation 
• Pulse-width and position modulation 
• Pulse detector 

AFT 
CA3064 
CA3139 

HORIZONTAL/VE RTICAL 
SYSTEMS 

MULTIPLEX DECODERS 
CA758 

SOUND IF 
CA1190 
CA1191 
CA2111A 
CA2136A 
CA3011 
CA3012 
CA3013 
CA3014 
CA3042 
CA3065 
CA3134 

TUNING 
CA3140 
CA3152 
CA3163 
CA3166 
CA3168 
CA3199 
CA3211 

CHROMA SYSTEMS 
CA1398 
CA3070 
CA3071 
CA3072 
CA3121 
CA3126 
CA3128** 
CA3137 
CA3145 
CA3151 
CA3158 
CA3170 
CA3172 
CA3194** 
CA3201 
CA3217 
CA3221 
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CA920A 
CA1391 
CA1394 
CA3154 
CA3159 
CA3202 
CA3210 
CA3223*** 

SYNC/AGC CIRCUITS 
CA3120 
CA3142 

LUMINANCE 
PROCESSORS 

CA3135 
CA3143 
CA3144 
CA3156 

PIX IF 

CA1310A 
CA3195 

CA270 
CA1352 
CA3068 
CA3136 
CA3153 
CA3191 
CA3192 
CA7607 
CA7611 

VID.EODISC CIRCUITS 
CA2111A 
CA3215 
CA3216 
CD3226A@ 

@CMOS types, *SiMOS types, **PAL types, ***625 line 
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LINEAR LSI DIVISION 9i!1DOtiC9 

12-81T MULTIPLYING DIGITAL-TO-ANALOG CONVERTER Am6012 

':mJ",,1!eI.id 
DESCRIPTION FEATURES PIN CONFIGURATION 
The Am6012 12-Bit multiplying Digital-to
Analog converter provides high speed and 
0.025%, differential nonlinearity over its 
full commercial temperature range. 

The D/A converter uses a 3-bit segment 
generator for the MSBs in conjunction 
with a 9-bit R-2R diffused resistor ladder 
to provide 12-bit resolution without costly 
trimming processes. This technique guar
antees a very uniform step size (up to ±y2 
LSB from the ideal), monotonicity to 12 
bits and integral nonlinearity to 0.05% at 
its differential current outputs. 

• 12·bit resolution 
• Accurate to within ± 0.025% 
• Monotonic over temperature 
• Fast settling time, 250ns typical 
• Trimless design for low cost 
• Differential current outputs 
• High·speed multiplying capability 
• Full scale current, 4mA (with 1 rnA 

reference) 
• High output compliance voltage, 

- 5 to +10V . 
• Low power consumption, 230mW 

APPLICATIONS 
The dual complementary outputs of the, • CRT displ"ays, computer graphics 
Am6012 increase its versatility, and effec-' • Robotics, and machine tools 
tively double the peak-to-peak output • Automatic test equipment 
swing. Digital inputs, in addition, can be • Programmable power supplies 
configured to accept all popular logic 
families. 

While the device requires a reference in
put of 1mA for a 4mA full scale current, 
operation is nearly independent of power 
supply voltage shifts. The power supply 
rejection ratio is ± 0.001 %FS/% flY. The 
devices will work from + 5, - 12V to ± 18V 
rails, with as low as 230mW power con
sumption typical. 

BLOCK DIAGRAM 

CAD/CA.M systems 
• Data acquisition and control systems 
• Analog-to·Digital converter systems 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

Am6012F 
Storage Temperature 
Lead Temperature (Soldering, 60 sec) 

Power Supply Voltage 

Logic Inputs 

Voltage Across Current Outputs 

Reference I nputs V 14, V 15 

Reference Input Differential Voltage (V 14 to V 15) 

Reference Input Current (1 14) 

GND/MS8 

FPACKAGE 

TOP VIEW 

ORDER NUMBER 
AM6012F 

O°C to + 70°C 
- 65°C to + 150°C 

300°C 

±18V 

- 5V to +18V 

-8V to + 12V 

V- to V + 
±18V 

1.25mA 

LS8 
V(+) VLC 81 82 83 85 86 87 88 89 810 811 812 

v REF( -) o-_15-'-f--f 

COMP V(-) 
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LINEAR LSI DIVISION 

8-BIT HIGH SPEED MULT1PLYING D/A CONVERTER 

DESCRIPTION 
The DAC-OB series of B-bit monolithic 
multiplying Digital-to-Analog Converters 
provide very high speed performance cou
pled with low cost and outstanding applica
tions flexibility. 

Advanced circuit design achieves B5ns set
tling times with very low glitch and at low 
power consumption. Monotonic multiply
ing performance is attained over a wide 20 
to 1 reference current range. Matching to 
within 1 LSB between reference and full 
scale currents eliminates the need for full 
scale trimming in most applications. Direct 
interface to all popular logic families with 
full noise immunity is provided by the high 
swing, adjustable threshold logic inputs. 

Dual complementary outputs are provided, 
increasing versatility and enabling differen
tial operation to effectively double the peak
to-peak output swing. True high voltage 
compliance outputs allow direct output vol
tage conversion and eliminate output op 
amps in many applications. 

All DAC-OS series models guarantee full 
B-bit monotonicity and linearities as tight as 
0.1% over the entire operating temperature 
range are available. Device performance is 
essentially unchanged over the ±4.5V to 
±1SV power supply range, with 33mW power 
consumption attainable at ±5V supplies, 

The compact size and low power consump
tion make the DAC-OS attractive for por
table and military/aerospace applications. 

FEATURES 
• Fast settling output current-70ns 
• Full scale current prematched to ±1 LSB 
• Direct interface to TTL, CMOS, ECL, 

HTL, PMOS 
• Relative accuracy to 0.1% maximum over 

temperature range 
• High output compliance -10V to +18V 
• True and complemented outputs 
• Wide range multiplying capability 
• Low FS current drift-±10ppm;oC 
• Wide power supply range-±4.5V to ±18V 
• Low power consumption-33mW at ±5V 

APPLICATIONS 
• 8-bit, 1ps A-to-D converters 
• Servo-motor and pen drivers 
• Waveform generators 
• Audio encoders and attenuators 
• Analog meter drivers 
• Programmable power supplies 
• CRT display drivers 
• High speed modems 
• Other applications where low cost, high 

speed and complete input/output versa
tility are required 

• Programmable gain and attentuation 
• Analog-Digital Multiplication 
• Stepping motor drive 

~ ABSOLUTE MAXIMUM RATINGS 

.2> 
C/) 

TA 

tstg 
PD 

VLC 

V14 , V15 

I V14 to V15 

114 

3606 

PARAMETER 

Operating temperature range 
DAC-OS, DAC-OSA 
DAC-OBC, E, H 

Storage temperature 
Power disSipation 
Lead soldering temperature (60sec) 
V+ to V- supply 
LogiC inputs 
Logic threshold control 
Analog current outputs 

Reference inputs 
Reference input differential voltage I 
Reference input current 

RATING UNIT 

°C 
-55 to +125 
o to +70 

-65 to +150 °C 
500 mW 
300 °C 
36 V 

V- to V- plus 36V 
V- to V+ 

See output current 
or output voltage 

performance curve 
V- to V+ 

±1S V 
5.0 rnA 

9tgDOtiC!i 

DAC-08 SERIES 
FORMERLY: NE5007/5008-F,N 

SE5008-F 

ORDERING INFORMAT10N 
RELATIVE 
ACCURACY o to 70°C - 55 to 125°C 

0.39% FS DAC-OBCN 
DAC-OBCF 

0.19% FS DAC-OBEN 

DAC-OBEF DAC-OBF 
DAC-OBED 

0.1% FS DAC-OBHF DAC-OSAF 
DAC-OBHN 

TA = 25°C unless otherwise noted 

PIN CONFIGURATION 

i(j 

B1 (MSB) 

F,N PACKAGE 

TOP VIEW 

ORDER NUMBER 

COMP 

VREF-

VREF+ 

V+ 

Ba(LSB) 

B7 

B6 

Bs 

DAC'()SAF 
DAC-08F 
DAC.()8HF,N 
DAC-08CF,N 

SE5009F 
SE5008F 
NE5009F,N 
NE5007F,N 

o PACKAGE 

Ba(LSB) 

87 

B6 

COMPEN 4 BS 

B4 

B3 

B2 

9 B1(MSB) 

TOP VIEW 

ORDER NUMBER 

DAC-OSED 
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LINEAR iSI DIVISION 

8-BIT jtP-COMPATIBLE D/A CONVERTER 

DESCRIPTION 
The NE5019 is a complete a-bit digital to 
analog converter subsystem on one mono
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro-proces
sors. 

The chip also comprises a stable voltage 
reference (5V nominal) and a high slew rate 
buffer amplifier. The voltage reference may 
be externally trimmed with a potentiometer 
for easy adjustment of full scale, while main
taining a low temperature co-efficient. 

The output of the buffer amplifier may be 
offset so as to provide bipolar as well as 
unipolar operation. 

BLOCK DIAGRAM 

(19) 

(13) VREF()-____ -~ 

OUT 

(10) 

lE 

(12) VA~J.o---....... -------" 

R 
(14) VREF 

INo-~M ...... -------. 

R 

VCC
(17) 

All R values equal 5K1! and are thermallY matched. 
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FEATURES 

• a-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Output buffer amplifier 
• Accurate to ± 1/4 LSB (;1%) 
• Monotonic to a bits 
• Amplifier and reference both short

circuit protected 
• Compatible· with 8085, 6800 and many 

other JlP'S 

APPLICATIONS 

• Precision a-bit D I A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 

(9) (8) (7) (6) (5) (4) (3) (2) 
DB7 DBS DB5 DB4 DB3 DB2 DBl DBO 

MSB lSB 

LATCHES AND 
SWITCH DRIVERS 

OAC SWITCHES 

Figure 1 

DAC CURRENT 
OUTPUT 

9!!110tiC9 

NE/SE5019 

PIN CONFIGURATION 

(1) 

DIGITAL 
GND 

F,N PACKAGE 

ANALOG GND 

AMP. COMPo 

SUM NODE 

VCC+ 

VDUT 

VCC-

DAC COMPo 

BIPOLAR OFFSET R 

LE VREF OUT 

NC ~L. ____ ""~ VREF ADJ. 

TOP VIEW 

ORDER NUMBERS 
NE5019F SE5019F 

NE5019N 

.---------..() SUM NODE (20) 

>-......... --<'IVOUT (18) 

'------.(') ~~~P. (21) 

'-_______ .(') ~~~lOG (22) 
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LINEAR LSI DIVISION 

10-BIT JLP-COMPATIBLE Of A CONVERTER 

DESCRIPTION 
The NE5020 is a microprocessor-compati
ble mono!ithic lO-bit digital to analog con
verter subsystem. This device offers 10-bit 
resolution and ± O. 10f0 accuracy and 
monotonicity guaranteed over full operating 
temperature range. 

FEATURES 
• 1G-bit resolution 
• Guaranteed monotonlcity over 

operating range 
• ± O. 1 % relative accuracy 
• Unipolar (OY to +10Y) and 

Bipolar ( ± 5Y) output range 
• Logie bus compatible 
• 5~sec settling time 

APPLICATIONS 

Low loading latches, adjustable logic 
thresholds and addressing capability allow 
the NE5020 to directly interface with most 
microprocessor and logic controlled sys
tems. • Precision 1G-bit OJ A converters 

• 1G-bit Analog to Digital converters 
The NE5020 contains internal voltage refer
ence, DAC switches and resistor ladder. 
Also, the input buffer and output summing 
amplifier are included. In addition, the 
matched application resistors for scaling ei
ther unipolar or bipolar output values are 
included on a single monolithic chip. 

The result is a near minimum component 
count 10-bit resolution DAC system. 

BLOCK DIAGRAM 

• Programmable power supplies 
• Test equipment ' 
• Measurement instruments 

(11) (10) (9) . (B) (7) (6) 

DB9 IlB8 DB7 IlB6 085 084 

(13) LE20------I 

(5) (4) 

083 082 

LATCHES AND SWITCH DRIVERS 

(1) DIGITAL GND o------........ -----~ 

9!!110liC9 

NE5020 

PIN CONFIGURATION 

DB8 

LE1 

(3) (2) 

081 D80 

F, N PACKAGE 

ANALOGGND 

AMPCOMP 

SUM NODE 

VOUT 

-Vcc 

BIPOLAR OFFSET R 

+VREF INPUT 

-VREF INPUT 

VREFOUT 

VREFADJ 

[£2 

ORDER NUMBERS 
NE5020F 
NE5020N 

LSB 

~----o LEl (12) 

,...------0 SUM (22) 
NODE 

(21)+

VCC=S DAC OUTPUT CIRIENT 

(15) VREF OUT 

!NT VREF. 

(14) VREF AOJ 

(17) + VREF IN o--~"",~_---_ 

(18) BIPOLAR 

OFFSET 

(16)-VREF IN o--AJlJ\r---' 

3608 

-VCC 
(19) 

DACSWITCHES 

ALL R VALUES EQUAL SkI! AND ARE TtERIIALLY MATCHED 

Figure 1 

>4--<> VOUT (20) 

'-----0 NIP (23) 
COM' 

~----<> ANAlOG GND (24) 
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LINEAR LSI DIVISION 

8-BIT GENERAL PURPOSE AID CONVERTER 

DESCRIPTION 
The NE5034 is a high-speed micropro
cessor-compatible a-bit Analog-to-Digital 
converter. It uses the successive approx
imation conversion technique, and in
cludes the comparator, reference DAC, 
SAR, an internal clock and three-state buf
fers all on the same chip. 

The converter can accommodate a wide 
analog input voltage range, bipolar or 
unipolar, selectable through external 
input resistors. An external capacitor con
trols the internal clock frequency, pro
viding conversion times down to 17/Ls. 
Faster conversion times are possible 
using an external clock. 

Microprocessor interfacing requirements 
are simple, allowing analog-to-digital 
conversion with a minimum of external 
components. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vce + Positive supply voltage 
Vee - Negative supply voltage 
IREF Reference current 
liN Analog input current 
Vo Data output voltage 
Analog GND to Digital GND 
VL Logic input voltage 
Po Power dissipation 

F package 
TA Operating temperature range 
TSTG Storage temperature range 

FEATURES 
• 8·bit resolution and accuracy 
• Accepts unipolar or bipolar inputs 
• Three-state output buffers for easy 

microprocessor interface 
• Choice of internal or external clocking 
• Short conversion time, 17/Ls typical 

using internal clock 

. APPLICATIONS 
• All microprocessor·based monitoring 

and control systems requiring analog 
signal inputs. 

• Typical applications include: 
Automated process control, machine 
tools, robots, test and measurement 
instruments, environmental controls 

• Other applications include: 
Ratiometric AID conversion, very high 
resolution AJD conversion systems 
requiring high speed S·bit building 
blocks 

RATING UNIT 

o to +6 V 
o to -15 V 

1.5 mA 
5.0 mA 
6.0 V 
1.0 V 

-1 to Vee + 

J 
V 

1000 mW 
o to + 70 °C 

- 65 to + 150 °C 
TSOLO Lead soldering temperature (10 seconds) 300 °C 

BLOCK DIAGRAM 

@ IC MASTER 1984 

IREF IN 

AN GNDr--__ ... 

CLK 

INT 
CLOCK 

+ Vee -Vee 

i 
a·BIT DAC 

OUTPUT BUFFER 

OE DB7· • • • • • DBO (MSB) (LSB) 

IiIIOliC!i 

NE5034 

PIN CONFIGURATION 

I 

DATA READY 

F PACKAGE 

17 DIGITAL GND 

16 ANALOG GND 

TOP VIEW 

ORDER NUMBERS 
NE5034F 
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LINEAR LSI DIVISION 

6-81T AID CONV,ERTER (PARALLEL OUTPUTS) 

DESCRIPTION • Easy interface to CMOS ILProcessors 

• Fast conversion-9/Ls The NE5037 is a low cost, complete sue· 
cessive approximation analog to digital 
(AID) . converter, fabricated in Bipolarll 2l 
technology. With an external reference 
voltage, the NE5037 will accept input volt· 
ages between OV and V REF. An external 
START pulse of at least 300ns in duration 
will provide the 6·bit result of the conver· 
sion in parallel format. Full conversion 
with no missing codes occurs in 91Ls. 

• Guaranteed no missing codes over full 
temp range 

• Single supply operation, + 5V 

• Positive true binary outputs 

• High impedance analog inputs 

APPLICATIONS 
• Temperature control 
• ILP·based appliances 

FEATURES • Light level monitors 
• Head position sensing . 
• Electronic toys • T2L compatible inplits and outputs 

• Three state output buffer • Joystick interface 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Power supply voltage 7 V 
VREF Reference voltage 7 V 
V IN (Analog) Analog input voltage 7 V 
V IN (Digital) Digital input voltage (CS, OE, START, ClK) 7 V 

DouT Data outputs (DBO to DB5) -
Three-state mode 7 V 
Enabled mode (each output) 5 rnA 

EOC End of conversion Vcc 
..:\.GND Analog GND to digital GND ±1 V 
TA Operating temperature range o to 70 °C 
TSTG Storage temperature range -65to15C 0'" 

I 

v 

tSOLD lead soldering temperature (10 seconds) 300 °C 
PD Power dissipation 

F package 220 mW 
N package 220 mW 

; BLOCK DIAGRAM 
c:: 
C> 

rn 

3610 

VREF Qo"-2 ----t 

VINo.;;.,3----t 

4 
AGND~ 

5 
DGND~ 

CLK~6_~ 

vee 

91!)DotiC9 

NE5037 

PIN CONFIGURATION 

EOC 

OJ F, N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5037F, NE5037N 

NE5037D 
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LINEAR lSi DIVISION 

8-BIT ILP-COMPATIBLE D/A CONVERTER-CURRENT OUTPUT NE/SE5119 

DESCRIPTION 
The NE5119 is a high-speed a-bit digital to 
analog converter subsystem on one mono
lithic chip. The data inputs have input 
latches, controlled by a latch enable pin. 
The data and latch enable inputs are ultra
low loading for easy interfacing with all logic 
systems. The latches appear transparent 
when the LE input is in the low state. When 
LE goes high, the input data present at the 
moment of transition is latched and retained 
until LE again goes low. This feature allows 
easy compatibility with most micro
processors. 

The chip also comprises a stable voltage 
reference (5V nominal). The voltage refer
ence may be externally trimmed with a po
tentiometer for easy adjustment of full scale, 
while maintaining a low temperature co-effi
cient. 

The output has high voltage compliance in
creasing versatility. 

BLOCK DIAGRAM 

(19) 

(12) V~~~o-__ -+-_< 

26K 

(10) 

LE 

VREF 
(11) ADJ.D---+-----...J 

8K 

(22) 

ANALOG cr---... 
GND ...L 

(15) REF R cr-........ ""' ........ -------, 

(14)+IREF IN 

(13)-VREF IN 

VCC
(17) 

All R values equal 5k!1 and are thermally matched. 
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FEATURES 

• a-bit resolution 
• Input latches 
• Low-loading data inputs 
• On-chip voltage reference 
• Fast settling output current-200ns 
• Accurate to ± 1 14 LSB (.1%) 
• Monotonic to a bits 
• Reference short-circuit protected 
• Compatible with 8086, 6800 and many 

other ILP'S 

APPLICATIONS 

• Precision a-bit 0 I A converters 
• AID converters 
• Programmable power supplies 
• Test equipment 
• Measuring instruments 
• Analog-digital multiplication 
• CRT display drivers 
• High-speed modems 

(9) (8) (7) (6) (5) (4) (3) (2) 
DB7 DB6 DB5 DB4 DB3 DB2 DBl DBO 

MSB LSB 

LATCHES AND 
SWITCH DRIVERS 

PIN CONFIGURATION 

(1) 

DIGITAL 
GND/VLC 

F,N PACKAGE 

ANALOG GND 

lOUT 

ROUT 1 

VCC+ 

ROUT2 

VCC-

DAC COMPo 

REF R 

LE -VREFIN 

VREFOUT 

TOP VIEW 

ORDER NUMBERS 
NE5119F SE5119F 

NE5119N 

ROUT2 (18) 

,----.At,,/'l(\r--+--oROUT1 (20) 

..----------:..--~--------_o lOUT (21) 

OAC SWITCHES 

Figure 1 

! 
DAC CURRENT 
OUTPUT 

3611 
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LINEAR LSI DIVISION !i~nDtiC!i 

10-BIT HIGH-SPEED MULTIPLYING D/A CONVERTER NE/SE5410 

en 
(.) 

DESCRIPTION 

The NE5410/SE5410 are 10-Bit Multiplying 
Digital-to-Analog Converters pin-and
function compatible with the industry
standard MC3410, but with improved per
formance. These are capable of high
speed performance, and are used as 
general-purpose building blocks in cost
effective D/A systems. 

The NE/SE5410 provides complete 10-bit 
accuracy and differential nonlinearity over 
temperature, and a wide compliance volt
age range. Segmented current sources, in 
conjunction with an R/2R DAC provides 
the binary weighted currents. The output 
buffer amplifier and 'voltage reference 
have been omitted to allow greater speed, 
lower cost, and maximum user flexibility. 

APPLICATIONS 

• Successive approximation AID 
converters 

• High-speed, automatic test equipment 
• High-speed modems 
• Waveform generators 

CRT displays 
• Strip CHART and X-Y plotters 
• Programmable power supplies 
• Programmable gain and attenuation 

~ BLOCK DIAGRAM 
c: 
.2> 
en 

3612 

FEATURES 

• Pin-and-function compatible with 
MC3410 

• 10-bit resolution and accuracy 
(±O.05%) 

• Guarant~ed differential non-linearity 
over temperature 

• Wide compliance voltage range- - 2.5 
to + 2.5V 

• Fast settling time-250ns typical 
• Digital inputs are TTL and CMOS 

compatible 
• High·speed multiplying input slew rate 

-20mA/J.ts 
• Reference amplifier internally 

compensated 
• Standard supply voltages + 5V and 

-15V 

PIN CONFIGURATION 

N, F PACKAGES 

-':OPVIEW 

ABSOLUTE MAXIMUM RATINGS TA= + 25°C unless otherwise noted 

SYMBOL AND PARAMETER 

Vee Power Supply 
VEE 
VI Digital Input Voltage 
Vo Applied Output Voltage 
IREF(16) Reference Current 
VREF Reference Amplifier Inputs 

VREF(D) Reference Amplifier Differential Inputs 
TA 

TJ 

Operating Temperature Range 
SE5410 
NE5410 

Junction Jemperature 
Ceramic Package 
Plastic Package 

MSB LSB 

01 02 03 04 05 06 07 08 09 010 

13 . 

CURRENT SWITCHES 

LADDER TERMINATORS 

R·2R LADDER 

16----------~- -------

REFERENCE 
CURRENT 

AMPLIFIER 

VEE 

BIAS 
CIRCUITRY 

GND 

14 
Vee 

RATING 

+ 7.0 
-18 
+ 15 

+4, -5.0 
2.5 

Vee, VEE 
0.7 

~55 to + 125 

I 
o to + 70 

+ 175 
+ 150 

UNIT 

Vdc 
Vdc 
Vdc 
Vdc 
rnA 
Vdc 
Vdc 

°C 
°C 

°C 
°C 
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LINEAR lSI DIVISION 

SPATIAL, STEREO AND PSEUDO-STEREO SOUND CIRCUIT TDA3810 

'Willlii".", 
DESCRIPTION 
The TDA381 0 is an integrated circuit which can 
provide three switched functions for radio and 
television equipment: spatial sound from a 
stereo source; stereo sound from a stereo 
source; pseudo-stereo sound from a mono 
source. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Vcc Supply voltage (pin is) 

Icc Supply curient (pin 1S) 

TSTG Storage temperature range 

FEATURES 
• Three switched functions: 

spatial 
stereo 
pseudo-stereo 

• Muting circuit prevents LED flickering 
• LED driving outputs (pins 7 and 8) 
• TTL compatible inputs for selecting 

operating mode 

RATING UNIT 

17 V 

12 mA 

-25 to +150 °C 

TA Operating ambient temperature range o to +70 °C 

Thermal Resistance 

Rth cr-a From crystal to ambient 

TRUTH TABLE 

MODE 
CONTROL INPUT STATE 

PIN 11 PIN 12 

Mono pseudo-stereo HIGH LOW 
Spatial stereo HIGH HIGH 
Stereo LOW X 

LOW = 0 to O.SV (the less positive voltage) 
HIGH = 2V to Vee (the more positive voltage) 

X = state is don't care 

© Ie MASTER 1984 

SO KJW 

LED 

I 
LED 

SPATIAL PSEUDO· 
PIN 7 i PIN 8 

Off 

I 
On 

On Off 
Off Off 

PIN CONFIGURATION 

N PACKAGE 

TOP VIEW 

I 

I PIN NO. NAME AND FUNCTION 

1 V
REF

· 

2 Left channel input 
3 Left channel stereo feedback 
4 Left channel spatial feedback 
5 Left channel pseudo feedback 
6 Left channel output 
7 Spatial indicator driver 

i S Pseudo indicator driver 

I 
9 Mute 

10 Ground 

I 11 S1 
12 S2 
13 Right channel output 
14 Right channel pseudo feedback 
15 Right channel spatial feedback 
16 Right channel stereo feedback 
17 Right channel input 
1-S Voo 

3613 
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LINEAR LSI DIVISION 

SPATIAL, STEREO AND PSEUDO-STEREO SOUND CIRCUIT 

'tJAn"Jid.id 

BLOCK DIAGRAM 

3614 

r
.l.. 

3.9 nF T 
L_ 

10 K 

LEFT ....;;.2~t--I 
INPUT 

4 

r---+-oJIAf'Iv-- Pin 6 
12 K 

Vee 

18 

S!!IIOliCS 

TDA3810 

MUTE 

9 
+ 4.7,..F I (2SV) 
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SPATIAL, STEREO AND PSEUDO-STEREO SOUND CIRCUIT TDA3810 

I:mJII .. ii"·lii 
DC ELECTRICAL CHARACTERISTICS Vee = 12V; TA = 25°C; Test circuit Figure 1 stereo mode (pin 11 to ground) unless 

otherwise specified. 

TDA3810 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

Vee Supply voltage range (Pin 18) 4.5 16.5 V 

Vee Supply current 6 12 I rnA 

Vs Reference voltage 5.3 6 6.7 V 

Vi(rms) Input voltage (Pin 2 or 17) THO = 0.2% 2 ! V i 
Ri Input resistance (Pin 2 or 17) 50 75 ! k!l 

Gv Voltage gain V J'li 0 dB 

a Channel separation (R/L) 60 70 dB 

THO Total harmonic distortion I f = 40 to 16000 Hz; Vo(rms) = 1V 0.1 % 

RR Power supply ripple rejection 50 I I dB 

\1 Yn(rms) f'.Jcise output voltage ! (Unweighted) ieft and righioutput) I 10 I I /AV 

Spatial mode (Pins 11 and 12 HIGH) 

a Antiphase crosstalk 50 % 

Gv Voltage gain 1.4 2.4 3.4 dB 

PSEUDO-STEREO MODE The quality and strength of the pseudo-stereo effect is determined by external filter components. 

TDA3810 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min ryp Max 

Control inputs (Pins 11 and 12) 

Ai Input resistance 70 120 k!l 

-Ii Switching current 35 100 /AA 

LED drivers (Pins 7 and 8) 

'0 Output current for LED 10 12 15 rnA 

VF Forward voltage 6 V 

-. 

I 

I 
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LINEAR LSI DIVISION 

COMPANDOR 

DESCRIPTION 
The NE570/571 is a versatile low cost dual 
gain control circuit in which either channel 
may be used as a dynamic range compres
sor or expandor. Each channel has a full 
wave rectifier to detect the average value of 
the signal; a linerarized, temperature 
compensated. variable gain cell; and an 
operational amplifier. 

The NE570/571 is well suited for use in tele
phone subscriber and trunk carrier systems, 
communications systems and hi-fi audio 
systems. 

FEATURES 
• Complete compressor and expandor in 

11C 
• Temperature compensated 
• Greater than 110dS dynamic range 
• Operates down to 6Vdc 
• System levels adjustable with external 

components 
• Distortion may be trimmed out 

CIRCUIT DESCRIPTION 
The NE570/571 compandor building 
blocks, as shown in the block diagram, are a 
full wave rectifier, a variable gain cell, an 
operational amplifier and a bias system. The 
arrangement of these blocks in the IC result 
in a circuit which can perform well with few 
external components, yet can be adapted to 
many diverse applications. 

The full wave rectifier rectifies the input 
current which flows from the rectifier input, 
to an internal summing node which is bi
ased at VREF. The rectified current is aver-

UJ aged on an external filter capacitor tied to 
o the C RECT terminal, and the average value 
CD of the input current controls the gain of the 
C variable gain cell. The gain will thus be 
.2> proportional to the average value of the 
en input signal for capacitively coupled voltage 

inputs as shown in the following equation. 
Note that for capacitively coupled inputs 
there is no offset voltage capable of pro
ducing a gain error. The only error will come 
from the bias current of the rectifier (sup
plied internally) which is less than .1j..LA. 

G 
IVIN - VREFI avg. 

0: 

R1 
or 

IVINI avg. 
G Cf. 

R1 

The speed with which gain changes to fol
low changes in input signal levels is deter
mined by the rectifier filter capacitor. A 
smali capacitor wiil yield rapid response but 
:.viII not fully filter low frequency signals. 
Any ripple on the gain control signal will 
modulate the signal passing through the 
variable gain cell. In an expandor or com-

Note: 
1. Supplied only in large SO (Small Outline) package. 
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APPLICATIONS 
• Telephone trunk compandor-570 
•. Telephone subscriber compandor-571 
• High level limiter 
• Low level expandor-noise gate 
• Dynamic noise reduction systems 
• Voltage controlled amplifier 
• Dynamic filters 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Positive supply 
570 
571 

9!!)IOtiC9 

NE570/571/SA571 

PIN CONFIGURATION 

01
, F, N PACKAGE 

Order Part No. 

NE57001 NE570 F,N 
NE57101 NE571 F,N 
SA57101 SA571 F,N 

RATING 

24 
18 

UNIT 

Vdc 

TA Operating temperature range 
NE 
SA 

PD Power dissipation 

BLOCK DIAGRAM 
1 of 2 THO TRIM 9 

R2 20K 

~G IN O---YoJ"v---I 

Rl 10K 
REeT IN O------v..J"v---I 

pressor application, this would lead to third 
harmonic distortion, so there is a tradeoff to 
be made between fast attack and decay 
times, and distortion. For step changes in 
amplitude, the change in gain with time is 
shown by this equation. 

G(t) = (G initial - Gfinal) e-t/ T 

+ Gfinal; T = 10K X CRECT 

The variable gain cell is a current in, current 
out device with the ratio lOUT/liN con
trolled by the rectifier. liN is the current 
which flows from the ~G input to an internal 
summing node biased at V REF. The follow
ing equation applies for capacitively cou
pled inputs. The output current, lOUT. is 
fed to the summing node of the op amp. 

o to 70 °C 
-40 to +85 °C 

400 mW 

R39 

output 

VIN-VREF VIN 
liN=- R2 ~ 

A compensation scheme built into the ~G 
cell compensates for temperature, and can
cels out odd harmonic distortion. The only 
distortion which remains iseven harmonics, 
and they exist only because of internal 
offset voltages. The THD trim terminal pro
vides a means for nulling the internal offsets 
for low distortion operation. 

The operational amplifier (which is internal
ly compensated) has the non-inverting in
put tied to VREF. and the inverting input 
connected to the ~G cell output as well as 
brought out externally. A resistor, R3, is 
brought out from the summing node and 
allows compressor or expand or gain to be 
determined only by internal components. 
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COMPANDOR 

The output stage is capable of ±20mA out
put current. This allows a +13dBm (3.5V 
rms) output into a 3000 load which. with a 
series resistor and proper transformer. can 
result in +13dBm with a 6000 output imped
ance. 

TYPICAL PERFORMANCE 
CHARACTERISTICS 

BASIC INPUT-OUTPUT 
TRANSFER CURVE 

! ·20r--------...... 

A band gap reference provides the refer
ence voltage for all summing nodes. a regu
lated supply voltage for the rectifier and AG 
cell. and a bias current for the AG cell. The 
low tempco of this type of reference pro
vides very stable biasing over a wide tem
perature range. 

The typical performance characteristics il
lustration shows the basic input-output 
transfer curve for basic compressor or ex
pandor Circuits. 

~ .... 
w '10 

~ 

a: 
o 
~ -20 
« 

i::r--.... -50 
I-

~ -60~ 
~ -701 
~ I 
a. 80Lf(_L-.~---JL.-....L..--J 
~ 40 -10 0 '10 
U COMPRESSOR OUTPUT LEVEL 

OR 
EXPANDOR INPUT LEVEL (dBm) 

DC ELECTRICAL CHARACTERISTICSTA = 25°C, VCC = 15V 

PARAMETER TEST CONDITIONS 

VCC Supply voltage 

ICC Supply current No signal 
Output current capability 
Output slew rate 
Gain cell distortion2 Untrimmed 

Trimmed 
Resistor tolerance 
Internal reference voltage 
Output dc shift3 Untrimmed 
Expandor output noise No signal, 15Hz-20kHz1 

Unity gain level 
Gain change2 ,4 -40°C < T < 70°C 

O°C < T < 70°C 
Reference drift4 -40°C < T < 70°C 

O°C < T < 70°C 
Resistor drift4 -40°C < T < 70°C 

O°C < T < 70°C 

Tracking error 5, input 
Rectifier input, V2 = 

V1:: adBm +6dBm 
-10dBm 
-20dBm 
-30dBm 
-40dBm 

Channel ~eparation 

NOTES 

1. Input to v1 and V2 grounded. 
2. Measured at OdBm,1kHz 
3. Expandor ac input change from no signal to OdBm 
4. Relative to value at T A = 25° C 
5. Relative to OdBm 
6. Electrical characteristics for the SA571 only are specified oyer -40 to 

+85°C temperature range. 

© Ie MASTER 1984 

Min 

6 

±20 

1.7 

-1 

60 

NE570 
Typ 

3.2 

±.5 
.3 

.05 
±5 
1.8 
±20 
20 
-15 
0 

±.1 
±.1 

+2, -25 
±5 

+8,-0 
+1,-0 

±.2 
+.2 
+.2 
+.2 

+.2,-.4 

9!DOtiCS 

NE570/571/SA571 

TYPICAL TEST CIRCUIT 

I I 
I 

Max 

24 
4.0 

1.0 

±15 
1.9 
±50 
45 

+1 

±.2 
'10, -40 

±10 

-.2,+.4 
-.3,+.6 
-.5,+1 

Min 

6 

±20 

1.65 

-1.5 

vee = lSV 

13 
0.1~ *10 

6.11 

NE/SA5716 
Typ Max UNIT 

18 V 
3.2 4.8 rnA 

rnA 
±.5 Vius 

.5 2.0 % 

.1 
±5 ± 15 % 
1.8 1.95 V 
±30 ±100 mV 
20 60 /-1.V 

dBRNC 
0 +1.5 dBm 

±.1 dB 
±.1 ±.4 

+2. -25 +20, -50 mV 
±5 ±20 

% 

dB 

+.2 -.2,+.5 
+.2 -.4,+.7 
+.2 ..... I!'" 

-I,TI." 

+.2,-.4 
60 dB 
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LINEAR LSI DIVISION 

PROGRAMMABLE ANALOGCOMPANDOR 

DESCRIPTION 
The NE572 is a dual channel, high perfor
mance gain confrol circuit in which either 
channel may be used for dynamic range 
compression or expansion. Each channel 
has a full wave rectifier to detect the aver
age value of input signal; a linearized, tem
perature compensated variable gain cell 
(~G) and a dynamic time constant buffer. 
The buffer permits independent control of 
dynamic attack and recovery time with mini
mum external components and improved low 
frequency gain control ripple distortion over 
previous compandors. 

The NE572 is intended for noise reduction in 
high performance audio systems. It can also 
be used in a wide range of communication 
systems and video recording applications. 

, ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
TA Operating temperature range 
Pn Power dissi ation p 

BLOCK DIAGRAM 

FEATURES 
• Independent control of attack and 

recovery time. 
• Improved low frequency gain control 

ripple 
• Complementary gain compression and 

expansion with external Op Amp 
• Wide dynamic range--greater than 

110dB 
• Temperature compensated gain 

control 
• , Low distortion gain cell 
• Low noise-6~tV typical 
• Wide supply voltage range-6V-22V 
• System level adjustable with external 

components. 

APPLICATIONS 
• Dynamic noise reduction system 
• Voltage control amplifier 
• Stereo expandor 
• Automatic level control 
• High level limiter 
• Low level noise gate 
• State variable filter 

RATING UNIT 

22 VDe 
o to 70 °e 

£:nn mW vVV 

(7,9) R1 ....-_________________ 4-(5,11) 

6.8K 

(6,10) 

(3, 13)-+_+--+-~ 

(16) 

(8) 

Note: 
1. Supplied only in large SO (Small Outline) package. 

3618 

(4,12) 

(1,15) 
~-----+----+--+-

(2,14) 

Ii!!lDOtiC9 

NE572 

PIN CONFIGURATION 

TRACK TRIM A 

RECOV. CAP. A 

RECT.IN A 

ATTACK CAP A 

AGOUTA 

THO TRIM A 

AGINA 

GROUND 

0\ N PACKAGE 

1 

2 

3 

4 

5 

6 

7 

8 

12 

11 

(Top view) 

ORDER PART NO. 

NE572N 
NE572D 

vcc 

TRACK TRIM B 

RECOV. CAP. B 

RECT.INB 

ATTACK CAPB 

AG OUTB 

THO TRIM B 
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PROGRAMMABLE ANALOG COMPANDOR NE572 

ELECTRICAL CHARACTERISTICS Standard Test Conditions (unless otherwise noted) VCC = 15V TA = 25°C Expandor mode 
(see test circuit) Input signals at unity gain level = 100mV RMS at 1KHz, V 1 = V2. R2 = 3,3K 
R3 = 17.3K 

VCC 

ICC 

THO 

THO 

THO 

PARAMETER 

Supply yoltage 

Supply current 

Internal voltage reference 

(untrimmed) 

(trimmed) 

(trimmed) 

No signal output noise 

DC level shift (untrimmed) 

Unity gain level 

Large signal distortion 

Tracking error measured relative 
to value at unity gain output 

Channel crosstalk 

Power supply rejection ratio 

2.2J.lF 
(7,9) S.8I< 

V, o--f 
Rl 

5!1 (2,14) 

CR 

TEST CONDITIONS 

No Signal 

1kHz CA = 1.0J.LF 

1 kHz CR = lOJ.LF 

100Hz 

Input to V 1 and V2 grounded (20-20kHz) 

Input change from no signal to 100mV RMS 

Min 

6 

2.3 

I 
I I -1 

120Hz I 

TEST CIRCUIT 

LIMITS 

Typ 

2.5 

.2 

.05 

.25 

6 

±20 

o 
0.7 

±.2

1 

I. 

±.5 

I 
I 

70 I 

100~! 

Max 

22 

6 

2.7 

1.0 

UNIT 

VOC 

rnA 

VOC 

% 

% 

% 

25 I uV 

±50 

+1 I 

3.0 

-1.5 I' +.8 . 

MV 

% 

dB 

dB 

dB 

r---i-----+---..JVVv--- -15V 

(5,11) 

82K 

-::-

~--+--OVO 

(S,10) 

= 10J.lF J BUFFER 
lK + 

(4,12) 
CA (8) 

- .... Il:' 'T'" -= -.~. * 
(1,15) 

2.2J.lF (3,13)_ 
V2 o--f (lS) 

R2 

l00~! 

r------------~---~~~--+15V 

1% 
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LINEAR LSI DIVISION !ijglotiC!i 

HIGH SPEED DUAL DIFFERENTIAL COMPARATOR/SENSE AMP NE/SE521 

FEATURES APPLICATIONS 
• 12ns maximum guaranteed propagation • MOS memory sense amp 

delay • A-to-O conversion 
• 20}1A maximum input bias current • High speed line receiver 
• TTL compatible strobes and outputs 
• Large common mode input voltage 
~nge _ 

• Operates from standard supply voltages 
• Military qualifications pending 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Supply voltage 
V+ Positive +7 
V- Negative -7 

VIDR Differential input voltage ±6 

VIN Input voltage 
Common mode ±5 
Strobe/gate +5.25 

Po Power dissipation 600 
TA Operating temperature range 

NE521 o to 70 
SE521 -55 to +125 

T stg Storage temperature range -65 to +150 
Lead temperature +300 

(solder. 60 sec) 

EQUIVALENT SCHEMATIC 
V+ 

UNIT 

V 

V 

V 

mW 

°C 

°C 
°C 

PIN CONFIGURATION 

D,F,N PACKAGE 

INPUT 1A 1 v· 

INPUT1B 2 v-

INPUT 2A 

OUTPUT 1Y 4 

STROBE 1G 5 NC 

STROBE S 6 9 OUTPUT 2Y 

GROUND 7 8 STROBE 2G 

TOP VIEW 

ORDER NUMBERS 
NE521D.F.N SE521F 

BLOCK DIAGRAM 

(1) 

INPUT1A~ 
(2) 

INPUT 1B 

(4) 
OUTPUT 1Y ()-__ .-J 

(5l 
STROBE 1G O~----' 

(6) 
STROBE S 0----..... 

(9) 
'----0 OUTPUT 2Y 

(8) 
'-----0 STROBE 2G 

14o-------_.----~------------~----------~----------------------_.--------~~----------~ 

4 

13O-------~--~--------~~1-~~~---+----__+ 

120-------+--------, 

11 

v+o-----~----1---------------~------------~----------------------~------1-----------~ 
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VOLTAGE COMPARATOR 

DESCRIPTION 
The SE/NE527 is a high speed analog vol
tage comparator which, in the first time 
mates state-of-the-art Schottky diode tech
nology with the conventional linear proc
ess. This allows simultaneous fabrication 
of high speed T2L gates with a precision 
linear amplifier on a single monolithic chip. 
The SE/NE527 is similar in deSign to the 
Signetics SEiNE529 voltage comparator 
except that it incorporates a "Emitter Fol
lower" input stage for extremely low input 
currents. Th is opens the door to a whole 
new range of applications for analog vol
tage comparators. 

EQUIVALENT SCHEMATIC 

@ IC MASTER 1984 

FEATURES 
• 15ns propagation delay 
• Complementary output gates 
• TTL or ECl compatible' outputs 
• Wide common mode and differential vol-

tage range 
• Mil sid 883A,B,C available 

• Typical Gain of 5000 

APPLICATIONS 
• AJD conversion 
• ECl to TTL interface 
• TTL to ECl interface 
• Memory sensing 
• Optical data coupling 

BLOCK DIAGRAM 

V1'r STROBE A? ?V; 

'.~,.~ :0'0'"'" INPUT B 

OUTPUT B 

V 1 STROBE " ":" 

IijglitiCS 

NE/SE527 

PIN CONFIGURATIONS 

I I 

D,F,N PACKAGE 

TOP VIEW 
ORDER NUMBERS 

NE527D,N,F SE527N,F 

H PACKAGE" 
V 1 ' 

OUTPUT B 

ORDER NUMBERS 
NE/SE527H 

'Metal cans (H) not recommended for new designs 
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LINEAR LSI DIVISION 

VOLTAGE COMPARATOR 

DESCRIPTION 
The SE/NE529 is a high speed analog volt
age comparator which, for the first time 
mates state-of-the-art Schottky diode tech
nology with the conventional linear proc
ess. This allows simultaneous fabrication of 
high speed T2L gates with a precision linear 
amplifier on a Single monolithic chip. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Positive supply voltage (V1+) 
Negative supply voltage (V1-) 
Gate supply voltage lV2+) 
Output voltage 
Differential input voltage 
Input common mode voltage 
Power dissipation 
Operating temperature range 

NE529 
SE529 

Storage temperature range 
Lead temperature 

(soldering, 60 sec) 

EQUIVALENT SCHEMATIC 

v, 

INPUT A 

v, 

3622 

FEATURES 
• 10ns propagation delay 
• Complementary output gates 
• TTL or ECl compatible outputs 
• Wi~e common mode and differential volt

age range 
• Typical Gain 5000 

APPLICATIONS 
• AID conversion 
• ECl to TTL interface 
• TTL to ECl interface 
• Memory sensing 
• Optical data coupling 
• Mil std 883A,B,C available 

1K 

R'3 

" "~ 

1K 

R'4 

RATING 

+15 
-15 
+7 
+7 
±5 
±6 
600 

o to +70 
-55 to +125 
-65 to +150 

+300 

UNIT 

V 
V 
V 
V 
V 
V 

mW 

I °C 
°C 
°C 

°C 

I 

9sgl0tiC9 

NE/SE529 

PIN CONFIGURATION 

D,F,N PACKAGE 

TOP VIEW 
ORDER NUMBERS 

NElSE529F, NE529N,D 

H PACKAGE· 

ORDER NUMBERS 
NE/SE529H 

'Metal cans (HI not recommended for new designs 

BLOCK DIAGRAM 

iNf"",T A 

INPUT 8 

STROBE A v2 • 

R'5 4K R'6 1.5K R17 55 
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VACUUM FLUORESCENT DISPLAY DRIVER 

DESCRIPTION 
The NE / SA594 is a display driver interface 
for vacuum fluorescent displays. The device 
is comprised of 8 drivers and a bias network 
and is capable of driving the digits and I or 
segments of most vacuum fluorescent 
displays. 

The inputs are designed to be compatible 
with TTL, OTL, NMOS, PMOS or CMOS out
put circuitry. 

There is an active pull-down circuit on each 
output so that display ghosting is minimized 
and no external components are required for 
most fluorescent display applications. 

FEATURES 
• Digit and / or segment driver. 
• Active output pull-down circuitry 
• High output breakdown voltage 
• Low supply voltage 
• Input compatible with all logic output. 

APPLICATIONS 
• Pigital clocks 
• Dashboard displays 
• Panel displays 

ABSOLUTE MAXIMUM RATINGS (at 25°C unless otherwise noted) 

PARAMETER RATING UNIT 

VCC Supply voltage 45 V 
VOUT Output voltage VCC 
VIN Input voltage -0.3, +20 V 
lOUT Output current 

Each output 50 mA 
All outputs 200 mA 

Pd Power dissipation· 800 mW 
(at 25°C) 

TA Operating temperature range 
NE o to 70 °c 
SA -40 to +85 °c 

TSTG Storage temperature range -65 to +150 °c 
TJ Maximum junction temperature -165 °c 
TSOLD Lead soldering temperature 300 °c 

(10 seconds) 

NOTE 

• Derate N (Plastic) Package above 38 ° C at 7.14 mW' ° C. 
Derate F (Ceramic) Package above 75°C at 10.8 mW'oC. 

EQUIVALENT SCHEMATIC 

X8 

150K 
20K 

R1 
IN V-'VV"Ir-1~~~ 

20K 

D2 
R2 

20K ~~--~------~--+---------~--------~-----oGND 

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

@ IC MASTER 1984 
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NE/SA594 

PIN CONFIGURATION 

I 
I 

N, F PACKAGE 

TOP VIEW 

ORDER NUMBERS 
N E/SA594N N E/SA594F 
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LINEAR LSI DIVISION 

ADDRESSABLE RELAY DRIVER 

DESCRlPTION 
The NE/SE5090 addressable relay driver is a 
high current latched driver, similar in 
function to the 9934 address decoder. The 
device has 8 open collector Darlington 
power outputs, each capable of 150mA load 
current. The outputs are turned on or off by 
respectively loading a logic "1" or logic "0" 
into the device data input. The required out
put is defined by a 3 bit address. The device 
must be enabled by a CE input line which 
also serves the function of further address 
decoding. A common clear input, CLR, 
turns all outputs off when a logic "0" is 
applied. The device is packaged in a 16 pin 
plastic or CERDIP package. 

BLOCK DIAGRAM 

o 

INPUT STAGE 

Vee 

ABSOLUTE MAXIMUM RATINGS 
TA = 25°C unless otherwise specified. 

PARAMETER 

Vee Supply voltage 
V1N Input voltage 
VOUT Output voltage 
IGND Ground current 
lOUT Output currerit 

Each output 
PD Power dissipation 1 

Ambient temperature range 
TA SE5090 
TA NE5090 

TJ Junction 
TSTG Storage 
TSOld Lead soldering temperature 

(10 sec max) 

3624 

FEATURES 

• 8 high current outputs 
• Low-loading bus compatible inputs 
• Power-on clear ensures safe operation 
• Will operate in addressable or 

demultiplex mode 
• Allows random (addressed) data entry 
• Easily expandable 
• Pin compatible with 9334 

APPLICATIONS 

• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver 

~Q6 

~o, 
OUTPUT STAGE 

RATING UNIT 

- 0.5 to+ 7 V 
- 0.5 to+ 15 V 
o to+ 30 V 

500 rnA 
200 rnA 

1 W 
DC 

- 55to+ 125 
o to+ 70 

150 
-65to+ 150 

300 QC 

9i!110tiC9 

NE5090 

PIN CONFIGURATION 

F, N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5090N 
NE5090F 

© IC MASTER 1984 
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ADDRESSABLE PERIPHERAL DRIVERS NE590/NE591 

DESCRIPTION 
The NE590/591 addressable peripheral 
drivers are high current latched drivers, 
similar in function to the 9334 address de
coder. The device has 8 Darlington power 
outputs, each capable of 250mA load cur
rent. The outputs are turned on or off by 
respectively loading a logic high or logic 
low into the device data input. The required 
output is defined by a 3-bit address. The 
device must be enabled by a CE input line. 
A common clear input, CLR, turns all out
puts off when a logic low is applied. 

The NE590 has 8 open collector Darlington 
outputs which ,sink current to ground. The 
device is packaged in a 16-pin molded or 
cerdip package. 

The NE591 has 8 open emitter Darlington 
outputs which source current to an external 
load from a common collector line, Vs. This 
Vs line need not necessarily be the same as 
the 5 volt Vee supply. The device is pack
aged in an 18-pin molded or cerdip pack
age. 

PIN DESIGNATION 

590 591 
SYMBOL PIN NO. PIN NO. 

1-3 2-4 Ao-A2 

4-7, 5-8, 00-07 
9-12 11-14 

13 15 D 

I 
14 

I 
16 CE 

15 17 CLR 

- 1 CS 

- 10 Vs 

© Ie MASTER 1984 

FEATURES PIN CONFIGURATION 
• 8 high current outputs 
• Low-loading bus compatible inputs 
• Power-on clear ensures safe operation 
• NE590 will operate in addressable or 

demultiplex mode 
• Allows random (addressed) data entry 
• Easily expandable 
• NE590 is pin compatible with 9334 

APPLICATIONS 
• Relay driver 
• Indicator lamp driver 
• Triac trigger 
• LED display digit driver 
• Stepper motor driver 

NAME & FUNCTION 

F,N PACKAGE 

NE590 

TOP VIEW 

ORDER NUMBERS 
NE590N,F 

F,N PACKAGE 

NE591 

TOP VIEW 

ORDER NUMBERS 
NE591N,F 

A 3-bit binary address on these pins defines which of the 8 output latches is to 
receive the data. 

The 8 device outputs. The NE590 has open collector Darlington outputs. The 
NE591 has open emitter follower outputs: 

The data input. When the chip is enabled, this data bit is transferred to the defined 
output such that: 

"1" turns output switch "ON" 
"0" turns output switch "OFF" 

Thus in logic terms, the NE590 inverts data to the relevant output. The NE591 
retains true data at the output. 

The chip enable. When this input is low, the output latches will accept data. When 
CE goes high, all outputs will retain their existing state, regardless of address or 
data input conditions. 

The clear input. When CLR goes low all output switches are turned "OFF". On the 
NE590, a high data input will override the clear function on the addressed latch. On 
the NE591 , CLR low will override any other condition. 

The chip select input provides for an additional level of address decoding. 

The Vs line provides the power to all 8 output devices. It is connected to the 
collectors of all 8 output transistors. This pin may be connected to the Vee or 
another supply. 
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PROGRAMMABLE SEVEN CHANNEL RC ENCODER 

DESCRIPTION 
The NE5044 is a, programmable parallel in
put, serial output pulsewidth encoder. A 
multiplexed dual linear ramp technique is 
used to allow up to 7 inputs to be converted 
to a serial pulsewidth modulated signal with 
excellent linearity and minimal crosstalk. 
Fixed or variable frame rates can be used, 
externally controlled, for ease of demodula
tion. An onboard 5V regulator eliminates 
power supply sensitivities and provides up 
to 20m A current capability for driving exter
nalloads. 

FEATURES 
• 3 to 7 channels, externally selectable 
• Constant current dual linear ramp 

for linearity beHer than .3% 
• Internal voltage regulator for low drift 
• Wide supply range 4.5 - 16V 
• Fixed or variable frame rate set 

by external R-C 
• External control for channel gain 

orrange 
• Versatile applications; exponential 

rates, mixing, dual rate, reversing etc. 
• CompaUble with all transmission 

mediums 

PARALLEL 
INPUTS 

Vn 

MULTIPLEXER 

CONSTANT 
CURRENT 
GENERATOR 

VMUX '--+--+---1 

14 

00 

APPLICAnONS 
• Radio controlled aircraft, cars, 

boata, trains 
• Industrial controllers 
• Remote controlled entertainment 

systems 
• Security systems 
• Instrumentation recorders/controls 
• Remote Analog/digital data 

transmission 
• AutomoUve sensor systems 
• Robotics 
• Telemetry 

ABSOLUTE MAXIMUM RAnNGS1 

PARAMETER 

Vcc, Supply voltage 
Regulator ouput current 
Serial output peak current 
Constant current generator 
Parallel inputs, range input 
One shot input, frame generator input 
Operating temperature 
Storage temperature 

NOTE 
1. TA = 25° unless otherwise stated. 

13 

VREG 

10 

I C 

... 

o

_,--... 

T 

FfWE 
GENERATOR 

L....-.._..,...-___ ---', f 
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NE5044 

PIN, CONFIGURATION 

11 

SEAIAL 
OUTPUT 

VREG 

D,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5044D NE5044N 

RATING 

17 
-25 
30 
-1 

O-VREG 
O-VREG 

-20 to +75 
-65 to +150 

VCC 

16 

VOlTAGE REGULATOR 

GROUND 
8 

UNIT 

V 
mA 
mA 
mA 
V 
V 
°c 
°c 

15 
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LINEAR lSI DIVISION 

PROGRAMMABLE SEVEN CHANNEL RC ENCODER NE5044 

DC ELECTRICAL CHARACTERISTICS Test conditions TA = 25°C, VCC = 10V using Test Circuit A unless otherwise stated. 

I I NE 5044 
PARAMETER 

POWER SUPPLY REQUIREMENTS (Note 1) 

VREG 

NOTE 

Power supply voltage range 

Power supply current 

VOLTAGE REGULATOR 
Output voltage 

Output current 

Line regulation 

MULTIPLEXER 
Input current 

Input voltage range 
r". Vlosstalk 

OUTPUT PULSE 
Position 

Position linearity error 

Position tempco 

Position PSR 

Width 

Saturation voltage 

Leakage current 

Range input voltage 

Frame time (Fixed) 

Inhibit threshold 

TEST CONDITIONS 

Excluding control pots and 
serial output currents 

I VR ~ 4.5V 

. 7 s VCC s 16 

Vn = 2.5v 

I Vn - VRange ~ .75V 

I ~ _,... • ~~ __ _ 
I MI • vrnux = I.<::oms 

I

, Vn = .5VREG; VRANGE = .2VREG 

O°C s TA s 70°C. 

16V s V CC s 16V 

I ROCO = 300fJ.s 

110 = 25rnA 

I 
I RI = 50kQ 

I RI = 25kQ 

I RFCF =: 30ms 

1. At supply voltages exceeding 12V, a current limiting resistor of 20 to 50n in series with Vee is recommended. 

OUTPUT PULSE WIDTH (Tn) 
vs INPUT VOLTAGE (Vn) 

2.0 ~--+----+--~~--+--I 

1.5 I----+_---:#-------I----+_~ 

I I 
2.0 2.5 3.0 3.5 

FRAME TIME (TF) vs RF 

!25~r-~--~----+----+-~ 
~ 
~20r+--~~-+----~~-+-~ 

15~--~---+~~+----+-~ 

100 200 300 400 

RF(k!!)-

Min 

4.5 

4.5 

1.5 

1350 

240 

.75 

1.00 

17 

Typ 

11 

5.0 

.005 

±30 

...L< 

Max 

16 

15 

5.5 

-20 

0.2 

±200 

5 
-'-~ 

1650 

330 

50 

23 

.4 

UNIT 

V 

rnA 

V 

rnA 

V/V 

nA 

I 
V 
.. -

I fJ.S 

1 ~~~c 
I fJ.s / V 

I fJ.S 
I V 

I fJ.A 

I ~ 
I :8 

OUTPUT ONESHOT TIME (TO) vs RO 

t 500 t---i'""-+--t-r--+--+--~'-----f 
'i 400 ~f-.t--A---+-----,~ 

~3OO~-4~~----'~--+--4--~ 

200 H-~--7fI''---+---+---i----i 

100 ~-=-+--~--+---+--4--~ 

10 20 30 40 50 

fIo(k!!)-

I 
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LINEAR LSI DIVISION 

PROGRAMMABLE SEVEN CHANNEL RC ENCODER 

OUTPUT SATURATION VOLTAGE CONSTANT CURRENT VI RI 
VI OUTPUT CURRENT 

1.0 

iil 
~ a '/ 1! 

200 
~ .5 

./ "" > 

"" / 
100 

,~ 
50 10 20 25 

" lc(mA) 

~ 20 

"- ~io.. 
20 30 4050 100 200 

RI(k!l) 

TEST CIRCUIT 

Vee 

NOTE 1 

v, 
11i 1 

i .... 

1 

. .J 4.7pF 

V2 15 VR 

t 
2 

"~i 
3 14 

Cmux I.o47.F CONTROl J MVLAR ±1% 
POTS NE5044 
25k!~ ... ... 7 CHANNEL _ 22kQ RI 

ENCODER -....... 
4 13 

~ 1Ok!l 

L *" P

l 1OkOf 

12 -= 
J 

5 

~.01Pl I 
2.21<0 RANGE ...... " -= RL o 5kQ 

11 
.. Vee 6 

I 
... 

t ~ 

Ro SOkO 

J 
7 10 

J-eo'L-
OUTPUTPW 

~ .01pF 

FRAME WIDTH 
9 

... 
~ 8 

1 L-
RF 100kQ 

I CF .47pF 

* 
NOTE 
1. At supply voltages exceeding 12V, a current limiting resistor of 20 to 500 in series with Vee is recommended 

3628 

GlnOliCG 

NE5044 

I 

SERIAL 
OUTPUT 
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LINEAR LSI DIVISION 

SEVEN CHANNEL RC DECODER 

DESCRIPTION 
The NE5045 is a serial input, parallel output, 
decoder intended for applications in pulse 
width or pulse position modulation systems. 
The serial input pulse, either positive or neg
ative, is shaped and amplified before being 
fed to the counter I decoder. An integrating 
type sync. separator detects pulses greater 
than T w = RsCs. The amplified input pulse 
triggers an internal one-shot (minimum 
pulse) which in turn clocks the counter-de
coder, thereby enhancing system noise re
jection. A missing pulse detector resets the 
decoder during the sync. pause. An internal 
voltage regulator supplies power for the 
radio receiver providing excellent isolation 
from the power supply as well as the decod
er iogic. 

FEATURES 
• Decodes up to 7 channels 
• High gain Input amplifier 
• Externally set sync. pause and 

minimum pulse 
• Wide supply voltage range, 3.6V-8V. 
• Positive or negative pulse inputs 
• Noise and flutter rejection 
• Outputs reset to zero without inputs 
• Compatible with all transmission 

mediums 

BLOCK DIAGRAM 

13 

12 

11 

RS 

CURRENT 
GENERATOR 

© Ie MASTER 1984 

APPLICATIONS 
• Radio controlled aircraft, cars, 
. boats, trains 

• Industrial controllers 
• Remote controlled entertainment 

systems 
• Security systems 
• Instrumentation recorders/controls 
• Remote Analog/digital data 

transmission 
• Automotive sensor systems 
• Robotics 
• Telemetry 

ABSOLUTE MAXIMUM RATINGS1 

PARAMETER 

V ce, Supply voltage 
Regulator output current 
Decoded output current 
Pause input voltage 
Input amplifier voltage 
Operating temperature 
Storage temperature 

NOTE 

1. TA = 25°C unless otherwise stated 

'-
C 

~ 

01 1 CHANNEL 1 

02 2 CHANNEL 2 

COUNTER 03 3 CHANNEL 3 

DECODER 
04 4 CHANNEL 4 

05 5 CHA .... EL 5 

Os 6 CHANNEL 6 

07 7 CHANNEL 7 

lii!llOliCIi 

NE5045 

PIN CONFIGURATION 

14 

BYPASS 

I 

D,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5045N NE5045D 

RATING 

10 
-25 
±5 

o to VR 
o to VR 

-20 to +75 
'-65 to +150 

VOLTAGE 
REGULATOR 

~ 

UNIT 

V 
rnA 
rnA 
V 
V 
°c 
°c 

15 
VR 
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LINEAR LSI DIVISION 
lijgDOliCIi 

SEVEN CHANNEL RC DECODER NE5045 

DC ELECTRICAL CHARACTERISTICS Standard conditions: (T A = 25°C, VCC = 5.0V unless otherwise stated), 
using Test Circuit # 1 

PARAMETER 

POWER SUPPLY REQUIREMENTS 
Power supply Yoltage range 
Power supply current 

VOLTAGE REGULATOR 
Output Yoltage 

VR Output current 
Line regulation 
Voltage drop 

INPUT AMPLIFIER 
Input bias current 
Input yoltage range 
Open loop gain 
Feedback current 
Detection threshold 

TS Sync. pause time 
TM Minimum pulse time 

OUTPUTS-ALL CHANNELS 

VOL 

VOH 

VOL vs SINK CURRENT 
AND VOH vs SOURCE CURRENT 

I I I I I I 
I - ~VOH -r---

f-- ~-- -- -- I-~ .-
t 3 

~ 2.7 
> 

/VOL 
L _ 

.4 f- .- ,- --
4 

ISlmA) -

3630 

TEST CONDITIONS 

Test circuit # 1 
Excluding input bias current 

VR ~ 3.7V 

VCC = 6V to BV 
VCC = 4V, IR = -lOrnA 

Test circuit # 1, ilV12 & 13 
Rs Cs = 6.0ms 

RmCm = 500f,ls 

ISINK = lmA 

ISOURCE = 2mA 

MINIMUM PULSE TIME, 
TM vs RM, CM 

- .1)F 
/ 

800 
I .047,uF .022,uF 

I~ I J.01 ,uF 

I I ./-
700 

800 
E I I ./ .0047,uF 

I- 500 

400 

300 

200 

100 

, I / , ~ ;7 

7 / ~ "" 

" / ", .... \ 
!/ ~", TCm 

10 20 30 40 50 60 70 80 90 100 
Ry(kll) _ 

REGULATOR VOLTAGE 
vs LOAD CURRENT 

10 20 30 40--

IAlmA) 

Min 

3.6 

3.7 

2.0 

100 

5.1 

405 

2.7 

NE5045 

Typ Max 

B.O 
9.0 14.0 

4.1 4.5 
-15 

.01 .05 
1.3 

10 100 
4.0 

60 
200 400 

B 20 
6.0 6.9 

475 545 

.25 .5 

SYNC. PAUSETIME, 
Ts vs RsCs 

c. 

UNIT 

V 
rnA 

V 
rnA 

VIV 
V 

nA 
V 

dB 
f,lA 
mV 
ms 

f,lS 

V 

V 

100 200 300 400 500 600 

Rs(~!l) -
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LINEAR LSI DIVISION GlnOliCH 

SEVEN CHANNEL ,RC DECODER NE5045 

3.24K 

3.24K 

3.24K 

3.24K 

SERIAL 
INPUT 

CHANNEL 1 

CHANNEL 2 

CHANNEl. :3 

CHANNEL 4 

CHANNEL 5 

CHANNEL 6 

1K 

2 

1K 

3 

1K 
~ 

4 

5 

6 

8 

TEST CIRCUIT 

VCC 

16t-----. 

15~-------~ 

14~~~ I .1 IF.b ~ 300K 

1~F ...I"I-
13 ~-----+---+---fl~---. INPUT 

NE5045 

5.1K 

Rm 100K 

·CERAMIC 

CHANNEL 7 

INTERNAL 
RESET 
~~ ______________________________________ T_S_=_.8_5_C_SR_S_--~~ 

Figure 1. NE5045 Decoder Timing Diagram 
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LINEAR LSI DIVISION 

SERVO AMPLIFIER 

DESCRIPTION 
The NE544 is a servo amplifier and pulse
width demodulator with internal motor drive 
transistors. It is designed for remote control 
applications in digital proportional systems 
but can be used in many other closed loop 
position control applications. It incorpor
ates a linear one shot for improved position
al accuracy and outputs for external pnp 
motor drive transistors. 

FEATURES 
• 500mA load current capability 
• Bidirectional bridge output with single 

power supply 
• Low standby power drain 
• Adjustable deadband and trigger thresh

olds 
• High linearity, 0.5% maximum error 
• Output drive for external PNP transistors 

(optional) 
• Wide supply voltage range 

APPLICATIONS 
• Miniature position Servo 
• Robotics 
• Control devices 
• Remote positioning 

ABSOLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified. 

PARAMETER 

V+ Supply voltage 
10 Output current 
TA Operating temperature 

T stg Storage temperature 

BLOCK DIAGRAM 

3632 

LINEAR 
ONE SHOT 

RATING UNIT 

6.0 V 
500 rnA 

-20 to +75 °C 
~65 to +150 °C 

IijglOliCI 

NE544 

PIN CONFIGURATIONS 

N PACKAGE 

T""lng ReMt... 2 

Regulator Output 3 12 PNP Drive (8) 

PNP Drive (A) 

Pul .. Stretcher 6 9 Output (A) 

Deadb.nd 7 8 Trigger Threshold 

TOP VIEW 

ORDER NUMBER 
NE544N 
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LINEAR LSI DIVISION 
!ijgnotiC!i 

SERVO AMPLIFIER NE544 

EQUIVALENT CIRCUIT SCHEMATIC 

.. 
~ 

"I INPUT 

~ I 

I Q"'"",J I r 
I .!.Q I 

I 
~ ~ ! 

I 
I 

I VOLTAGE 

~ 
REGULATOR 

I 
I 

1 
I 

I 2- I I 

I 3. ~ I 
I f I 

1 
! 

1 1 TIMING 5 
0 

2 GND (SIGNAL) 

GND (POWER) 

DC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = 4.8V unless otherwise specified. 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vec Supply voltage 3.2 4.8 6 V 

ICC Supply current Pin 11 Quiescent 4.2 5.5 10 mA 

VTH Input threshold Pin 4 V 
On 1.5 
Off 14 

liN Input resistance Pin4 18 kf! 

Output voltage V 
VOL Low 

Pin 9 or 13, I L = 400mA 
0.3 

VOH High 3.9 

VREG Regulated voltage Pin 3 2.1 2.5 2.9 V 

.:.lVREG Regulation Pin 3 3.9V :s Vee :s 6V 10 mVIV 

Minimum dead band Pin 7 Ros=O 1 /.1S 

One shot temperature coefficient .01 %/oC 

Standby output voltage Pin 9 and 13 2.5 V 

PNP drive current Pin 10 and 12 20 mA 
1 J 
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LINEAR LSI DIVISION 

SERVO AMPLIFIER 

TYPICAL PERFORMANCE CHARACTERISTICS 

1.0 

0.75 

05 

0.25 

2.B 

33 

3.B 

MAXIMUM DISSIPATION vs 
AMBIENT TEMPERATURE 

,~ 

\ 
-IL 

'1 

",-
\ - __ ~!!.l'l,~D __ , 

\ --
~ -liT! LOAD--

14PIN N .-

\ 
\ 

50 100 150 

AMBIENT TEMP IN ( C) 

OUTPUT VOLTAGE vs 
LOAD CURRENT 

~ 
V~ 

200 

./ 
~ 

43 

4.B 
o 200 

,v s 

NE544 LOAD 

I I I 
400 600 

LOAD CURRENT (rnA) 

VOUT 

I 
BOO 

< 
.§. 
I-

ffi 
cr a: 
:;) 
(,l 

~ 
8: 
:;) 
<II 

B.O 

6.0 

4.0 

2.0 

SUPPL Y CURRENT vs 
SUPPLY VOLTAGE 

r- IS W!TH 5) 
POSITION FEED· 

~ BACK POT ......-: 
....::: ~ 

", 

~ 

~ V ""- IS ONLY 

o 
3.0 4.0 5.0 6.0 

2.0 

SUPPLY VOLTAGE (V) 

INPUT PULSE WIDTH vs 
FEEDBACK POT OUTPUT 

~:~~~~-V 
~ k' 

V 
~ 

l/ EXPONENTIAL 
TIMING 

1.5 

V 
~~ 

~~ 
V 1.0 

1.0 1.5 

INPUT PULSE WIDTH (mS) 

2.0 

'120 

'60 

w 
> 

~ 
o 

ffi 
<II 

60 

120 

BOO 

! 
600 

lijgDOliCIi 

OUTPUT CURRENT vs 
LOAD RESISTANCE 

NE544 

400 

~ , 
~ ~ 

MAX. O,TPUT CURRENT 

200 

o 
5 

"- "-
~ ~ "S' 4.BV "-

I ........... ......... ........ '< ~ 
if 3t -""""-"--r--

10 15 20 

RESISTIVE LOAD ( !! ) 

, 6V 

....... 
~ 

25 

INPUT PULSE vs SERVO TRAVEL 

,;~~ 
Ct ~ ~ RT 
O.l/lld 

~ ~RT =22k 

~ 
.~ ~RT 15K , 

1.0 1.5 2.0 

INPUT PULSE (mSJ 

lBK 
2.0 

; 
Z 

1.5 ~ 
z 
a: 
;, 

1.0 

TYPICAL CONNECTION OF NE544N FOR LINEAR ONE SHOT TIMING 

3634 

LINEAR 
ONE SHOT 

r--------------+------------------.----o48V
V

CC 

DIRECTIONAL LOGIC 
SCHMITI 
TRIGGER 

TA' Te 
OPTIONAL 
USE MPS 6562 
OR EaUIV 

~--~~~~~~~~-r-+------~------~------------~--~~--~GND 

C •. 'II INPUT 
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LINEAR LSI DIVISION 

L VDT SIGNAL CONDITIONER 

DESCRIPTION 

The NE5520 is a signal conditioning cir
cuit for use with Linear Variable Differen
tial Transformers (LVDT). The chip includes 
a low distortion amplitude stable sine 
wave oscillator with programmable fre
quency to drive the primary of the LVDT; a 
synchronous demodulator to convert the 
LVDT output amplitude and phase to posi
tion information; and an output amp to 
provide gain and filtering. 

ABSOLUTE MAXIMUM RATINGS 
I PARAMETER I 

Supply voltage 
Split supply voltage 
Operating temperature range 
Storage temperature range 
Power Dissipation (Note 1) 

BLOCK DIAGRAM 

CT 13 

14 

VREF 

12 

osc 

+v BIASCKT 

DEMOO 5 

OUT +V 

-IN 

+IN 

FEATURES 

• Oscillator frequency: 1 kHz to 20kHz 

• Low distortion 

• Capable of· ratiometric operation 

• Single supply operation 5V to 20V or 
dual supply ± 2_5V to ± 10V 

• Low power consumption 

APPLICATIONS 

• LVOT signal conditioning 

• RVOT signal conditioning 

RATING 

+20 
±10 

o to + 70 
-65to +165 

SINE· 
CONY. 

840 

10K 

10K 
VVI 

+V • 

UNIT 

'v 
V 
°C 
°C 

mW 

5K 

OUT~~~------~ 

NOTES: 

IRoDtiCI 

NE5520 

PIN CONFIGURATION 

01, F PACKAGE 

N PACKAGE 

AMPOUT~+V 

:::~ ~::" 
11 FEEDBACK 

DEMODOUT 5 

TOP VIEWS 

ORDER NUMBERS 

NE552001 

NE5520F (16-Pin), NE5520N (14-Pin) 

11 
FEEDBACK 

10K 

9 
OSC 

10 
OSC 

8 
VREF/2 

4 
LVDTlN 

+V 

SYNC 6 
DEMOO SYNC 

1. Supplied only in large SO (Small Outline) package. See package diagram. 2. Pin numbers are for N package. 
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LINEAR LSI DIVISION 

OPERATIONAL TRANSCONDUCTANCE AMPLIFIERS 

DESCRIPTION 
The LM 13600 series consists of two current 
controlled transconductance amplifiers 
each with differential inputs and a push pull 
output. The two amplifiers share common 
supplies but otherwise operate indepen
dently. Linearizing diodes are provided at 
the inputs to reduce distortion and allow 
higher input levels. The result is a 10 dB 
signal-to-noise improvement referenced to 
0.5 percent THO. Controlled impedance 
buffers are provided which are specifically 
designed to complement the dynamic range 
of the amplifiers. 

ABSOLUTE MAXIMUM RAnNGS 

PARAMETER 

Supply voltage 1 
LM13600 
LM13600A 

Power dissipation2 TA = 25°C 
LM13600N,LM13600AN 

Differential input voltage 
Diode bias current (10) 
Amplifier bias current (lABe> 
Output short circuit duration 
Buffer output current3 

Operating temperature range 
LM13600N, LM13600AN 

DC input voltage 
Storage temperature range 
Lead temperature (Soldering, 10 Seconds) 

FEATURES 
• gm adjustable over 6 decades 
• Excellent gm ,Inearlty 
• Excellent matching between amplifiers 
• Linearizing diodes 
I! Controlled Impedance buffers 
• High output signal to noise ratio 
• Wide supply range ± 2V to ± 22V. 

APPLICAnONS 
• Current controlled amplifiers 
• Current controlled Impedances 
• Current controlled filters 
• Current controlled oscillators 
• Multiplexers 
• nmers 
• Sample and hold circuits 

RATING UNIT 

36 VOC or ± 18 V 
44 VOC or ±22 V 

570 mW 

I ±5 V 
2 rnA 
2 rnA 

Indefinite 
20 rnA 

O°C to +70 °c 

I 
+VS to -VS 

-65°C to +150 °c 
300 °c 

s!!llilties 
LM 13600/13600A 

PIN DESCRIPnON 

NOTE 

D,N PACKAGE 

...... _--.... 
TOP VIEW 

ORDER NUMBERS 

INsUFFER b 

9 VOsUFFERb 

LM13600N LM13600D 
LM13600AN 

See Signetics NE5517 for typical circuit applications 
information. 

(.) BLOCK DIAGRAM += 
(J.) 
c: 
.2> en 

~~o-------~~--~--------------.-----~~--------.----, 

DIODE BIAS o---4~--+---+--.., 
2,15 

D3 

-INPUT o---4~-I.. .1---e--o + INPUT 
4,13 _ ...... _ 3,14 

AMP BIAS O---.----lc 
1,16 

'---1.. Q9 

06 

BUFFER 
INPUT 

7,10 

OUTPUT 
5,12 

BUFFER 
OUTPUT 
8,9 

I 
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LINEAR lSI DIVISION !i!lotiC!i 

OPERATIONAL TRANSCONDUCTANCE AMPLIFIERS LM13600/13600A 

ELECTRICAL CHARACTERISTICS 

PARAMETER 

Input offset voltage (Vas) 

Vas including diodes 

Input offset change 

Input offset current 

I 
Input bias current 

I FOiward 
Transconductance (gm) 

gm tracking 

Peak output current 

I 
I Peak output voltage 

positive 
negative 

Supply current 

Vas sensitivity 
positive 
negative 

CMRR 

Common mode range 

Crosstalk 

Diff. input current 

Leakage current 

Input resistance 

Open loop bandwith 

Slew rate 

Buff. input current 
- . ~ ~~ I Peak Dutter output voltage 

NOTES 

TEST CONDITIONS 

Over specified temperature range 
IABC 51lA 

Over temperature 

Diode Bias Current (10) = 500 IlA 

Over temperature 

Over temperature range 

Over temperature 

Over temperature range 

RL = 0, IABC = 51lA 
RL = 0, IABC = 500 IlA 
RL = 0, Over temp range 

I RL = 00, 5 IlA ::S IABC ::S500 IlA ! 
RL =00, 5 IlA ::S IABC ::S 500 IlA 1 

IABC = 500 IlA, Both channels I 

avOs/a v+ 
avos/a V-

Referred to input5 

20 Hz < f < 20 KHz 

IABC = 0, Input = ± 4V 

IABC = 0 (Refer to test circuit) 

Unity gain compensated 

5 

5 

1. For selections to a supply voltage above ± 22V, contact factory. 
2. For operating at high temperatures, the device must be derated based on a 150·C 

maximum junction temperature and a thermal resistance of 175· C I W which appliea for 
the device soldered in a printed circuit board, operating in still air. 

3. Buffer output current should be limited so as to not exceed package dissipation. 
4. These specifications apply for V S = ± 15V, T A = 25· C, amplifier bias current (I ABC) = 

SOOItA, pins 2 and 15 open unless otherwise specified. The inputs to the buffers are 
grounded and outputs are open. 

5. These specifications apply forVSS= ± 15V,IABC= 500 "A, ROUT= 5KO connected 
from the buffer output to -Ys and the input of the buffer is connected to the 
transconductance amplifier output. 

@ Ie MASTER 1984 

Min 

LM13600 

Typ Max Min 

0.4 5 

0.3 5 

7 

0.5 5 

0.1 

0.1 0.6 

0.001 

0.4 5 
1 8 

LM13600A 

Typ 

0.4 

0.3 

7 

Max 

2 
5 
2 

0.5 2 

0.1 3 

0.1 0.6 

0.001 

0.4 5 
1 7 

1 0.01 1 0.01 I 
I I i I I I 

6700 I 9600 I 13000 I 7700 II 9600 I 12000 I 
5400 4000 

350 
300 

+12 
-12 

80 

0.3 

5 

I 
500 650 

1+14.2 1 

1-14.
41 

2.6 I 4 

20 
20 

1.10 

150 
150 

±12 ±13.5 

100 

0.02 100 

0.2 100 

10 26 

2 

50 

0.4 5 

10 

0.3 

3 5 
350 500 
300 

I +12 ! +14.2 
-12 -14.4 

80 

2.6 

20 
20 

110 

± 12 ± 13.5 

100 

7 

650 I 

4 

150 
150 

I 

I 
I 

0.02 10 

0.2 5 

10 26 

2 

50 

0.4 5 

lU 

UNIT 

mV 
mV 
mV 

mV 

mV 

Ilmho 
Ilmho 

dB 

v 
V 

rnA 

dB 

v 

dB 

nA 

nA 

KQ 

MHz 

V/IlSec 

.. 
v 
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LINEAR LSI DIVISION 9!!110liC9 

DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER NE/SE5512 

DESCRIPTION 
The 5512 series of high performance oper
ational amplifier provides very good input 
characteristics. These amplifiers feature 
low input bias and voltage characteristics 
such as a 108 op amp with improved eMRR 
and a high differential input voltage limit 
achieved through the use of a bias cancella
tion and PNP input circuits with collector to 
emitter clamping. The output characteristics 
are like those of a 741 op amp with improved 
slew rate and drive capability yet have low 
supply quiescent current. 

APPLICATIONS 
• AC amplifiers 
• RC active filters 
• Transducer amplifiers 
• DC gain block 
• Battery operation 
• Instrumentation amplifiers 

ABSOLUTE MAXIMUM RATINGS 
Parameter 

Vee Supply Voltage 
Vo Power dissipation 
TA Operating temperature range 

NE5512 
SE5512 

TSTG Storage temperature range 

TSOLO Lead temperature soldering 

EQUIVALENT SCHEMATIC 

FEATURES 
• Low input bias < ± 3nA 
• Low Input offset current < ± 3nA 
• Low Input offset voltage < 1mV 
• Low VOS temperature drift 4#LV 1°C 
• Low Input bias temperature drift 

30pA/oC 
• Low Input voltage noise 25nV I VHz 
• Low supply current 1.5mAI amp 
• High slew rate 1.0V I #LS 

• High CMRR 100dB 
• High Input Impedance 100MO 
• High PSRR 110dB 
• High differential Input voltage limit 
• No cross-over distortion 
• Indefinite output short circuit 

protection 
• Internally compensated for unity gain 

Rating Unit 

±16 V 
500 mW 

o to 70 °e 
-55 to +125 °e 
-65 to +150 °C 

300 °C 

PIN CONFIGURATIONS 

FE,N PACKAGE 

TOP VIEW. 

ORDER NUMBERS 
NEISE5512FE NE/SE5512N 

o PACKAGE 

+ INPUT 1 -INPUT 1 

V- OUTPUT 1 

+ INPUT 2 v+ 

OUTPUT 2 

TOP VIEW 

ORDER NUMBER 

NE5512D 

~~~~----~~----------------------+---~--~--------~-----------ov+ 

t----4-----o OUTPUT 

L-----~-----~---------------_+---~~--~--+_---~--------_o-v 
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UNEARLSI DIVISION 9i!110liC9 

DUAL HIGH PERFORMANCE OPERATIONAL AMPLIFIER NE/SE5512 

ELECTRICAL PERFORMANCE CHARACTERISTICS Vee= ± 15V, F.R.=- 55°e to + 125°e (SE), ooe to + 70 0 e (NE) 

SE5512 . NE5512 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Min Typ Max 

Vos Input offset voltage Rs= 100U 
TA= +25°e 0.7 2 1 5 

mV 
TA= F.R. 1 3 1.5 6 

I1Vos Over Temp. 4 5 JLVloe 

los Input offset current Rs= 100kU 
TA= +25°e 3 10 6 20 

nA 
TA= F.R. 4 20 I' 8 30 

I110s Over Temp. I 30 40 pA/oe 

Is Input bias current Rs= 100kU 
T= + 25°e 3 10 6 20 

nA 
TA= F.R. 4 20 8 30 

I1ls Over Temp. 30 40 pA/oe 

IRIN> 

Input resistance 
TA= 25°e I I 100 I 

I 
I 100 I I MU 

differential I I I I I 
I Input common TA= 25°e I ± 13.5 , ± 13.7 I I ± 13.5 I ± 13.7 I I 

! V 'VeM mode range TA=F.R. ±13 ± 13.2 I ± 13 I ± 13.2 

eMRR 
Input commo"n-mode Vee= ± 15V 

I I 

rejection ratio 

I 

VIN = ± 13.5V (RM) 

I 
TA= 25°e 70 100 70 100 dB 

VIN = ± 13V (F.R.) 
I I TA= F.R. I I 

I 

AVOL Large-signal 
I 

RL = 2kU TA= 25°e I 50 I 

I 
I 50 I I 

I I ! I 200 I I 200 I V/mV I I 
GAIN voltage gain Vo= ± 10V TA= F.R. 25 25 I 

S.R. Slew rate TA= 25°e 0.6 1 1 V/JLs 

I 
I 1 I 

I 
Small-signal 

I 
! ! 

GBW unity gain TA=25°e 3 

I 
3 .1 MHz 

bandwidth 

OM Phase margin TA= 25°e 45 
J 

45 Degree 

VOUT 
Output voltage RL = 2kU I 
swing TA= 25°e ± 13 ± 13.5 ± 13 ± 13.5 

V 
TA=F.R. ± 12.5 ±13 ± 12.5 ±13 

VOUT 
Output voltage RL =600W _ 
swing TA = 25°e ± 10 ± 11.5 ± 10 ± 11.5 

I 
V 

TA=F.R. ±7.5 ±9 ±8 ±9 

Power supply RL= Open ! 
Icc I 

current TA= 25°e 3.4 5 3.4 I 5 
TA= F.R. 3.6 5.5 3.6 1 5.5 

rnA 

PSRR 
Power supply TA= 25°e 80 110 I 80 i 110 

dB rejection ratio TA= F.R. I 80 100 I I 80 I 100 I 
Amplifier to f = 1 kHz to 20kHz 

I 
I f 

AA 
I -120 

i 
! amplifier coupling TA=25°e -120 ! dB 

Total harmonic 

I 
f= 10kHz I I I 

I 

HD I 

distortion TA= 25°e i I 

i I 0.01 I 0.01 % I I , 
Vo= 7VRMS I I : I ! i 

VINN 
Input noise I f=1kHz I I I I i nVI 
voltage I TA= 25°e I 30 30 i ...jHz 

liNN 
Input noise f= 1kHz pAl 
current TA= 25°e .2 .2 ",Hz 

Isc Short circuit : ±15V TA=25°e i 40 40 rnA 

NOTE 
For operation at elevated temperature, N package must be derated based on a thermal resistance of 120 o/W junction to ambient. Thermal resistance of the FE package is 12So/W. 
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LINEAR LSI DIVISION 

QUAD HIGH PERFORMANCE OP AMP 

DESCRIPTION 
The NE / SE5514 family of Quad Operational 
Amplifiers sets new standards in Bipolar 
Quad Amplifier Performance. The amplifiers 
feature low input bias current and low offset 
voltages. Pin-out is identical to 
lM324 / lM348 which facilitates direct 
product substitution for improved system 
performance. Output characteristics are 
similar to a IlA 7 41 with improved slew and 
drive capability. 

ABSOLUTI; MAXIMUM RATINGS 

PARAMETER 

VCC Supply voltage 
VolFF Differential input voltage 
VIN Input voltage 

Output short to ground 
TS Storage temperature range 
TSOlo lead soldering temperature 
TA Operating temperature range 

NE5514 
SE5514 

EQUIVALENT SCHEMATIC 

FEATURES 
• Low Input bias current: < ± 3nA 
• Low Input offset current: < ± 3nA 
• Low input offset voltage: <1mV 
• Low supply current: 1.5mA/Amp 
• 1 V Illsec slew rate 
• High Input Impedance: 100MO 
• High common mode Impedance: 10GO 
• Internal compensation for unity gain 

APPLICATIONS 
• AC amplifiers 
• RC active filters 
• Transducer amplifiers 
• DC gain block 
• Instrumentation amplifier 

RATING UNIT 

±18 V 
32 V 

Oto 32 V 
Continuous 

-65 to +150 °c 
300 °c 

o to 70 °c 
-55 to +125 °c 

lii!llltiCIi 

NE/SE5514 

PIN CONFIGURATION 

NOTE: 

F,N PACKAGE 

+ INPUT 4 

L...;:;..IIr.;.lo __ ..... ""i1I~ +INPUT 3 

TOP VIEW 

ORDER NUMBERS 
NE5514F, N SE5514F, N 

01 PACKAGE 

OUTPUT 4 

-INPUT4 

+INPUT 4 

V-

Ne 

o.....;:;..o'r.;;;;lI.......a- p!-"'II~ + INPUT 3 

TOP VIEW 

ORDER NUMBER 
NE5514Dl 

-INPUT 3 

1. Supplied only in large SO (Small Outline) package. 

(ONE OP AMP) 
r-~~~------'-----------------------~----~~----------'------------ov+ 

~---+-------o~PUT 

~ ______ ~ ______ -4 ________________________ ~ ____ ~~ __ ~ __ ~ ____ ~ __________ --O_v 
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LINEAR LSI DIVISION 

QUAD HIGH PERFORMANCE OP AMP NE/SE5514 

ELECTRICAL CHARACTERISTICS Vee= ± 15V, F.R.= - 55°C (SE) ooe to 70°C (NE) 

SE5514 NE5514 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max Min Typ Max 

Vos Input offset voltage Rs= 100U, TA= + 25°C, 0.7 2 1 5 
mV 

TA=F.R. 1 3 1.5 6 
!l.Vos Over temp. 4 5 p,V/oe 

los Input offset current Rs= 100kU, TA= +25°e, 3 10 6 20 
nA TA= F.R. 4 20 8 30 

!l.los Over temp. 30 40 pA/oe 

Is Input bias current ' Rs=100kU, TA= +25°e, 3 10 6 20 
nA 

TA=F.R. 4 20 8 30 
!l.ls Over temp. 30 40 pAloe 

RIN Input resistance differential TA= 25°C 100 100 MU 

VCM Input common mode range TA=25°e, TA= F.R. ± 13.5 ± 13.71 ± 13.5 ± 13.7 
V ± 13.5 ± 13.2 I ± 13 ± 13.2 

Input common-mode 
roior-tinn r:::atin 

Vee= ± 15V, 
v - + 1~ r:,v IRM\ 

-II I 7n 1nn 
I eMRR 

I_J-_",I_'I -- ... _ 

I 
-iN= - ...... _ .. \ ... ",." I .- ._- .- I 

._-
~- I TA= 25°C, 

VIN = ± 13V (F.R.), 
TA= F.R. 

AVOL Large-signal voltage gain 

I 
RL = 2kU, TA= 25°C 50 

200 
50 

V/mV 
GAIN Vc= ± 10V, TA= F.R. 25 25 

S.R. Slew rate I TA= 25°C I 0.6 1 I 0.6 I 1 V/p,s 

GBW Small-signal unity gain I TA= 25°C I-

I 
3 I I 

I 
3 

I I MHz 

I bandwidth I I 1 I I 

OM Phase margin TA=25°e 45 45 Degr 

VOUT Output voltage swing 
I 

RL:= 2kU, TA = 25°C, I ± 13 I ± 13.5 ± 13 ± 13.5 I ! V 
TA= F.R. ± 12.5 ±13 ± 12.5 ± 13 

VOUT Output voltage swing RL = 6000*, T A = 25°C, ± 10 ± 11.5 ± 10 ± 11.5 
V 

TA=F.R. ±7.5 ±9 ±8 ±9 

Icc Power supply current RL = Open, TA= 25°C, 6 10 6 10 
rnA 

TA=F.R. 7 
, 

12 7 12 

PSRR Power supply rejection ratio TA=25°e, TA= F.R. 80 110 80 110 
dB 

80 100 80 100 

AA Amplifier to amplifier coupling f = 1 kHz to 20kHz, T A = 25°C -120 -120 dB 

HD Total harmonic distortion f = 10kHz, TA = 25°C, 0.01 0.01 
% Vo =7VRMS 

VINN Input-noise voltage f= 1kHz, TA=25°e 30 30 -nV/v'Hz 

Isc Short efrcuit TA= 25°C 10 - 40 60 10 40 60 rnA 
NOTE 

"For operation at elevated temperature, N package must be derated based on a thermal resistance of 9SoCIW junction to ambient. 
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LINEAR LSI DIVISION Sl!IlOliCS 

DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER NE5517/5517A 

DESCRIPTION 
The NE5517 contains two current controlled 
transconductance amplifiers, each with a 
differential input and push-pull output. The 
NE5517 offers significant design and perfor
mance advantages over similar devices for 
all types of programmable gain applications. 
Constant impedance buffers are provided 
which effectively eliminate changes in out
put offset voltage as the amplifier bias cur
rent is varied. Circuit performance is en
hanced through the use of linearizing diodes 
at the inputs which enable a 10 dB signal to 
noise improvement referenced to .5 percent 
THO. The NE5517 is suited for a wide variety 
of industrial and consumer applications and 
is recommended as the preferred circuit 
ill the Dolby· HX (Headroom Extension) 
system. 

ABSOLUTE MAXIMUM RAnNGS 

PARAMETER 

Supply Voltage 1 

NE5517 
NE5517A 

Power Dissipation2 TA = 25°C 
NE5517N,NE5517AN 

Differential Input Voltage 
Diode Bias Current (iO) 
Amplifier Bias Current (lABC) 
Output Short Circuit Duration 
Buffer Output Current3 
Operating Temperature Range 

NE5517N.NE5517AN 
DC Input Voltage 
Storage Temperature Range 
Lead Temperature (Soldering, 10 Second~ 

CIRCUIT SCHEMATIC 

V+ 

FEATURES 
• Constant Impedance buffers 
• AVBE of buffer Is constant with 

amplifier IBIAS change 
• Pin compatible with LM 13600 
• Excellent matching between amplifier. 
• Unearlzlng diodes 
• High output slgnal-to-nolse ratio 

APPLICATIONS 
• Multiplexers 

• Timers 
• Electronic music synthesizers 
• Dolby· HX Systems 
• Current-controlled amplifiers, filters 
• Current-controlled oacillators, 

Impedanc.s 

NOTE 
·DoIby is a regi.tered trademark of Dolby Laboratori •• 
Inc., San Francisco, Calif. 

RATING UNIT 

36 VDC or ± 18 V 
44 VDC or ±22 V 

570 mW 
±5 V 
2 mA 
2 mA 

Indefinite 
20 mA 

O°C to +70 °C 
+VS to -VS 

-65°C to +150 °C 
300 °C 

PIN CONFIGURATION 

D,N PACKAGE 

INsuFFER b 

9 VOauFFERb ..... _-_ .... 
TOP VIEW 

ORDER NUMBERS 
NE5517N NE5517D NE5517AN 

11o---------~--~----------------~----_1--------------_.----------~~--_.------

.,9 

2, 15 O---..-----ll---+----..... 

VOUTPUT 

-N'UT 0---.4-£ 5,12 
4,13 

AJII> BIAS 1'0
111_....-_-£ INPUT _ 

IABC 

V-o-----+---~~------------------~----~~------------~----~~----~ 
II 
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LINEAR lSI DIVISION 

DUAL OPERATIONAL TRANSCONDUCTANCE AMPLIFIER NE5517/5517 A 

ELECTRICAL CHARACTERISncS4 
NE5517 NE5517A 

PARAMETER TEST CONDITIONS 
Min Typ Max Min Typ Max 

UNIT 

Input offset voltage (V OS) 0.4 S 0.4 2 mV 
Over temperature range S mV 

IABC S/LA 0.3 S 0.3 2 mV 

~Vos/~T Avg. TC of input offset 7 7 IlV/oC 
voltage 

VOS including diodes Diode bias current (10) = SOO/LA d.s S O.S 2 mV 

Input offset change S/LA :;; IABC :;; Soo/LA 0.1 0.1 3 mV 

Input offset current 0.1 0.6 0.1 0.6 /LA 

~los/~T I Avg. TC of input offset 0.001 0.001 llA/oC 

current 

Input bias current 0.4 5 0.4 

\ 

5 I /LA 
Over temperature range 1 8 1 7 /LA 

I ~18/~T I Avg. TC of input current 0.01 0.01 llA/oC 

Forward I I I I 1 I 
Transconductance (gm) 6700 9600 _13000 7700 9600 12000 /Lmho 

Over temperature range 5400 4000 /Lmho 

gm tracking 0.3 0.3 dB 

Peak output current RL = 0, IABC = -5/LA 5 3 5 7 /LA 
I RL = 0, IABC = SOO/LA 3S0 500 6S0 350 SOO 650 /LA 
I RL = 0, 300 300 /LA I 

Peak output voltage 
I 1+14.2 

I 1+ 14.2 Positive RL = 00, S/LA :;; IABC :;; SOO/LA +12 +12 V 
Negative RL = 00, 5/LA :;; IABC :;; Soo~A -12 -14.4 -12 -14.4 V 

Supply current IABC = 5OO/LA, both channels 2.6 4 2.6 4 rnA 

VOS sensitivity 
Positive ~ VOS/~ V+ 20 lS0 20 150 /LV/V 
Negative ~ VOS/~ V- 20 150 20 150 /LV/V 

CMRR 80 110 80 .110 dB 

Common mode range ± 12 ± 13.5 ± 12 ± 13.5 V 

Crosstalk Referred to input5 

20Hz < f < 20kHz 100 100 dB 

Oiff. input current IABC = 0, input = ±4V 0.02 100 0.02 10 nA 

Leakage current IABC = 0 (Refer to test circuit) 0.2 roo 0.2 5 nA 

Input resistance 10 26 10 26 Kn 
Open loop bandwidth 2 2 MHz 

Slew rate Unity gain compensated 50 50 V//LSec 

Buff. input current 5 0.4 5 0.4 5 /LA 

Peak buffer output voltage 5 10 10 V 

~ VBE of buffer 6 Refer to Buffer VBE test circuit 0.5 S 0.5 5 mV 

NOTES 

1. For selections to a supply voltage above ± 22V, contact factory. grounded and outputs are open. 
2. For operating at high temperatures, the device must be-derated based on a 150°C 

maximum junctiOn t8mpe.-ature and a thermal reaistance of 175 ° C I W which applies for 
the device soldered in a printed circuit board, operating in still air. 

5. These specifications apply for Vs = ± 15V, IABC = 5OOpA, ROUT = 5kU connected 
from the buffer output to -VS and the input of the buffer is connected t;) the 
transconductance amplifier output. 

3. Buffer output current should be limited so a8 to not exceed package diSsipation. 
4. These specifications apply for Vs .. ± 15V, TA = 25°C, amplifier bias current (lABC) = 

5OOI'A, pins 2 and 15 open unless otherwise specified. The inputs to the buffers are 

@ IC MASTER 1984 

6. VS= ± 15, ROUT= 5KO connected from Buffer output to - Vs and 5pA ~ IABC ~ 
500pA. 
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LINEAR LSI DIVISION GlnOriCG 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP NE/SE5532/5532A 

U) 

DESCRIPTION 
The 5532 is a dual high~performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifiers, 
such as the 1458, it shows better noise per
formance, improved output drive capability 
and considerably higher small-signal and 
power bandwidths. 
This makes the device especially suitable 
for application in high quality and profes
sional audio equipment, instrumentation 
and control circuits, and telephone chan
nel amplifiers. The op amp is internally 
compensated for gains equal to one. If 
very low nOise is of prime importance, it is 
recommended that the 5532A version be 
used which has guaranteed noise voltage 
specifications. 

ABSOLUTE MAXIMUM RAnNGS 

PARAMETER 

Vs Supply yoltage 

VIN Input voltage 

VOIFF Differential input voltage 1 

TA Operating temperature range 
TSTG Storage temperature 
TJ Junction temperature 
Po Power dissipation 

5532FE 

FEATURES 
• Small-signal bandwidth: 10MHz 
• Output drive capability: 600n, 10V 

(rms) 
• Input noise Yoltage: 5nV/$z (typical) 
• DC Yoltage gain: 50000 
• AC Yoltage gain: 2200 at 10kHz 
• Power bandwidth: 140kHz 
• Slew-rate: 9V I P.s 
• Large supply Yoltage range: ± 3 to 

±20V 

RATING UNIT 

±22 V 
±V supply V 

±.5 V 
o to 70 °C 

-65 to +150 °C 
150 °C 

1000 mW 
Lead temperature (soldering, 10 sec) 300 °C 

NOTES: 

1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting resis
tors are used, large currents will flow ilthe differential input voltage exceeds O.6Y. 
Maximum current should be limited to ± lOrnA. 

2. Thermal resi:ltance of the FE package is 125°CtW. 

o EQUIVAL~NT SCHEMATIC (EACH AMPLIFIER) :;::: 
Q) 
c 
.2> 
(J) 

3644 

PIN CONFIGURATION 

INVERTING 
INPUT A 

FE,N PACKAGE 

NON-INVERTING r-:::-t11!r-ra-16oI'''' 
INPUT A 

TOP VIEW 
ORDER NUMBERS 

INVERTING 
INPUTB 
NON-INVERTING 
INPUTB 

NE5532FE, N SE5532FE 
NE5532AFE, N SE5532AFE 
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UNEAR LSI DIVISION 1IIIIill 

INTERNALLY COMPENSATED DUAL LOW NOISE OP AMP NE/SE5532/5532A 

DC ELECTRICAL CHARACTERISTICS TA=25°C, vs= ± 15V unless otherwise specified.1
,2 

PARAMETER TEST CONDITIONS 

Vos Ofts'et voltage 
Over temperature 

los Offset current 
Over temperature 

Is Input current 
Over temperature 

Icc Supply current 
Over temperature 

SE5532155232A NE553215532A 
UNIT 

Min TYiJ Max Min Typ Max 

0.5 2 

5 

200 

3 

100 
200 

200 400 
700 

5 

13 

0.5 4 mV 
5 mV 

5 p.VJoC 

10· 150 nA 
200 nA 

200 pAloC 

200 800 nA 

5 

8 

1000 nA 

16 rnA 
rnA 

I 
C
VCMMR' R Common mode input range ±8012 I ± 13 ± 12 ± 13 I dVe 

Common mode rejection ratio I 100 70 100 I 
PSRR Power supply rejection ratio 1 10 50 10 i 100 i p.VIV 

�r-A_VO_L ____ L_ar_g_e_S_ig_n_a_lv_o_lt_ag_e_g_a_in __________ ~-:L_~_~_~_~_~~_,:_:~_~_:_~_t_:: __ r-~_~ __ rl' ____ +-___ +li-~·-ii-···_-+-_~d_:_·+I ____ 41 __ ~_~_~~ 
II VOUT Output swing RL:2:600n I ± 12 ± 13 I V 
I Over temperature I ± 10 I ± 12 I V 
I RL:2:600n, Vs= ±18V I ±15 ±16 I V I 

I

I Over temperature I II I ±± 1102 I ± 14 II, Vv 
RL:2:2kn over temp. ± 12 ± 13 ± 13 

Input resistance 30 300 30 300 kn 

! Isc Output short circuit current I 10 38 60 I 10 38 I 60 rnA 
NOTES 
1. For NE5532. NE5532A. T Min = O°C. T Max = 70°C. 2. For SE5532 I 5532A. TMin = -55·C, TMax = +125°C. 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ± 15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 
NE/SE5532/5532A 

UNIT 
Min Typ Max 

AV = SOdB Closed loop 
ROUT Output resistance f = 10kHz, RL = 600Q 0.3 Q 

Overshoot Voltage follower 
VIN = 100mV pop 

CL = 100pF RL = 6000 10 Ofo 

Gain f = 10kHz 2.2 V/mV 

Gain bandwidth product CL = 100pF RL = 6000 10 MHz 

Slew rate 9 V/p.s 

Power bandwidth VOUT = ± 10V 140 kHz 
VOUT = ± 14V, RL = 6000, 100 kHz 

VCC = ± 18V 

ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ± 15V unless otherwise specified. 

NE/SE5532 NE/SE5532A 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max UNIT 

Input noise voltage fo = 30Hz 8 8 12 nV/$z 
fo = 1kHz 5 5 6 nV Iv+fz 

Input noise current fo = 30Hz 2.7 2.7 pAN1iz 
fo = 1kHz 0.7 0.7 pA~ 

Channel separation f = 1kHz, RS = 5kQ 110 110 dB 
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LINEAR LSI DIVISION lii!lDOliCIi 

SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A I NE/SE553415534A 

DESCRIPTION 
The 5533/5534 are dual and single high
performance low noise operational amplifi
ers. Compared to other operational amplifi
ers, such as TL083, they show better noise 
performance, improved output drive capa
bility and considerably higher small-signal 
and power bandwidths. 

This makes the devices especially suitable 
for application in high quality and profes
sional audio equipment, in instrumentation 
and control circuits and telephone channel 
amplifiers. The op amps are internally com
pensated for gain equal to, or higher than, 
three. The frequency response can be op
timized with an external compensation ca
pacitor for various applications (unity gain 
amplifier, capacitive load, slew-rate, low 
overshoot, etc.) If very low noise is of prime 
importance, it is recommended that the 
5533A/5534A version be used which has 
guaranteed noise specifications. 

EQUIVALENT SCHEMATIC 

3646 

FEATURES· 
• Smail-signal bandwidth: 10MHz 
• Output drive capability: 600n, 10V erms) 

at Vs = ±18V 
• Input noise voltage: 4nVI VHz 
• DC voltage gain: 100000 
• AC voltage gain: 6000 at 10kHz 
• Power bandwidth: 200kHz 
• Slew-rate: 13V/ Io'S 

• Large supply voltage range: ±3 to ±20V 

o 

PIN CONFIGURATIONS 

INVERTING 
INPUT 

NONINVERTING 
INPUT 

D,FE,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 

BALANCEI 
COMPENSATION 

NElSE5534N, FE NE/SE5534AN, FE 

INVERTING 
INPUT A 

NONINVERTlNG 
INPUT A 

BALANCE 
A 

BALANCE 
B 

NONINVERTING 
B 

INVERTING 
B 

NE5534D 

N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
NE5533N 

NE5533AN 

BALANCE 
COMPENSATION A 
COMPENSATION 
A 
OUTPUT 
A 

OUTPUT 
B 
COMPENSATION 
B 
BALANCE/ 
COIFENSATION B 
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UNEAR LSI DIVISION 
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SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533A I NE/S~5534/5534A 

AC ELECTRICAL CHARACTERISTICS TA = 25°C, Vs = ±15V unless otherwise specified. 

SE5534/5534A 
NE5533/5533A 

PARAMETER TEST CONDITIONS 55341 5534A UNIT 

Min Typ Max Min Typ Max 

. ROUT Output resistance Av = 30dS closed loop 
f = 10kHz, RL = 600n, Cc = 22pF 0.3 0.3 n 

Transient response Voltage follower, VIN = 50mV 
RL =600n, Ce =22pF, CL = 100pF 

TR Rise time 20 20 ns 
Overshoot 20 20 % 

.Transient response VIN = 50mv, RL = 600n 
Ce = 47pF, CL = 500pF 

TR Rise time 50 50 ns 

Overshoot 35 35 % 

AC Gain f = 10kHz, Ce = 0 6 6 V/mV 
f = 10kHz, Ce = 22pF 2.2 2.2 V/mV 

Gain bandwidth product Ce = 22pF, CL = 100pF 10 10 mHz 

Slew rate Ce =0 13 13 V/J.LS 
Ce = 22pF 6 6 V/J.LS 

Power bandwidth- VOUT = ±10V, Ce = 0 200 200 

I 
kHz 

VOUT = ±10V, Ce = 22pF 95 

I I 
95 kHz 

I VOUT = ±14V, RL = 600n 70 70 kHz 
Ce = 22pF, Vee == ±18V I 

ELECTRICAL CHARACTERISTICS TA = 2S0C,. Vs = ±15V unless otherwise specified. 

5533/5534 5533A/5534A 
PARAMETER TEST CONDITIONS 

Min Typ Max Min Typ Max I UNIT 

fo = 30Hz 7 S.S 7 nV/y'HZ 
Input noise voltage fo = 1kHz 4 3.S 4.S nV lyHZ 

- Input noise current 
fo = 30Hz 2.S loS pA/VHz 
fo = 1kHz 0.6 0.4 pA/YHz 

Broadband noise figure f = 10Hz - 20kHz. RS = SkU 0.9 dB 

Channel separation f = 1kHz, RS = SkU .110 110 dB 

@ IC MASTER 1984 3647 
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LINEAR LSI DIVISION 
lijglltiCIi 

SINGLE AND DUAL LOW NOISE OP AMP NE5533/5533AI NE/SE5534/5534A 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Vs Supply voltage ±22 
VIN Input voltage ± V supply 
VOIFF Differential input voltage 1 ±0.5 
TA Operating temperature range 

SE5534/5534A -55to + 125 
N E5533/5533A15534/5534A o to + 70 

TSTG Storage temperature -65to+15O 
TJ Junction temperature 150 
Po Power dissipation at 25°C2 

5533N,5534N,5534FE 800 
Output short circuit duration3 indefinite 
Lead temperature (soldering, 10 sec) 300 

NOTES 

1. Diodes protect the inpLits against over-voltage. Therefore, unless current-limiting 
resistors are used, large currents will flow if the differential input voltage exceeds 
O.6V. Maximum current should be limited to ±10mA. 

UNIT 

V 
V 
V 

°C 
°C 
°C 
°C 

mW 

°C 

a-pin ceramic (FE) 140°CIW 
14-pin ceramic (F) 110°C/W 
a-pin plastic (N) 162°CIW 

14-pin plastic (N) 150°CIW 
2. For operation at elevated temperature, derate packages based on the following 

junction-to-ambient ther!l1al resistances: 
3. Output may be shorted to ground at Vs = ±15V, TA = 25°C. Temperature and/or 

supply voltages must be limited to ensure dissipation rating is not exceeded. 

DC ELECTRICAL CHARACTERISTICS TA=25°C, Vs= ± 15V unless otherwise specified.1
,2 

SE553415534A 
NE5533/5533A 

PARAMETER TEST CONDITIONS 5534/5534A UNIT 

Min Typ Max Min Typ Max 

Vos Offset voltage 0.5 2 0.5 4 mV 
Over temperature 3 5 mV 

liVos/liT 5 5 p.V!OC 

los Offset current 10 200 20 300 nA 
Over temperature 500 400 nA 

lilos/li T 200 200 pAloe 

Ie Input current 400 800 500 1500 nA 
Over temperature 1500 2000 nA 

lile/~T 5 5 nAloC 

Icc Supply current 4 6.5 4 8 mA 
Per op amp Over temperature 9 10 mA 

VCM Common mode input range ±12 ± 13 ± 12 ± 13 V 
CMRR Common mode rejection ratio 80 100 70 100 dB 
PSRR Power supply rejection ratio 10 50 10 100 pVIV 

AVOL Large signal voltage gain RL ~6000, Vo= ±10V 50 100 25 100 V/mV 
Over temperature 25 15 V/mV 

VOUT Output swing RL~6000 ±12 ± 13 ±12 ± 13 V 
5534 only Over temperature ±10 ± 12 ±10 ±12 V 

RL~6oo0, Vs = ± 18V ±15 ± 16 ±15 ±16 V 
RL~2kO ±13 ±13.5 ±13 ± 13.5 V 

Over Temperature ±12 ±12.5 ±12 ± 12.5 V 

RIN Input resistance 50 100 30 100 kO 

Isc Output short circuit current 38 38 mA 

NOTES 
1. For N E553315533A/5534/5534A, T MIN = 0 ·C, T MAX = 70·C 
2. ForSE5534i5534A, TMIN- -55"C, iMAX= +~25'C . 
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LINEAR lSI DIVISION 

PHASE LOCKED LOOP NE/SE564 

. DESCRIPTION OUTLINE OF SETUP PROCEDURE PIN CONFIGURATION 
The NE564 is a versatile, high guaranteed 
frequency Phase Locked Loop desIgned 
for operation up to 50MHz. As shown in 
the block diagram, the NE564 consists of 
a VCO, limiter, phase comparator, and 
post detection processor. 

APPLICATIONS 
• High speed modems 
• FSK receivers and transmitters 
• Frequency synthesizers 
• Signal generators 
• Various satcomlTV systems 

FEATURES 
• Operation with single 5V supply 
• TTL compatible inputs and outputs 
• Guaranteed operation to 50MHz 
• External loop gain control 
• Reduced carrier feedthrough 
• No elaborate filtering needed in FSK 

applications 
• Can be used as a modulator 
• Variable loop gain (Externally 

Controlled) 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

V+ Supply voltage 
Pin 1 
Pin 10 

Po Power dissipation 
TA Operating temperature 
, Operating temperature 

tstg Storage temperature 

NOTE: 

NE 
SE 

1. Determine operating frequency of the 
VCO-. 

If + N in feedback loop, then 
fo= N X fin' 

2. Calculate value of the VCO frequency 
set capacitor: 

1 
Co = 2500f 

o 

3. Set '2 (current Sinking into Pin 2) for 
== 200JLA. After operation is obtained, 
this value may be adjusted for· best 
dynamic behavior. 

4. Check VCO output frequency with digi
tal counter at Pin 9 of device (loop open, 
VCO to ¢ det.). Adjust Co trim or fre
quency adj. Pin 4-5 for exact center fre
quency if needed. 

5. Close loop and inject input signal to Pin 
6. Monitor Pin 3 and 6 with two channel 
scope. Lock should occur with d¢3-6 
equal to goo (phase error). 

6. If pulsed burst or ramp frequency is 
used for input signal, special loop filter 

RATING UNIT 

V 
14 
6 

600 mW 
o to 70 °C 

-55 to + 125 
-65 to 150 °C 

Operation above 5 volts will require heatsinking of the case. 

BLOCK DIAGRAM 

PHASE 
COMPARATOR 

11 

VCO 
POST DETECTION 

PROCESSOR 15 

L ______ 22 
~-------~--------------~ 
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D, I, N PACKAGE 

V+ 1 

LOOP GMt 
CONTROL 2 

N'UT TO PHASE 
COMPARATOR 3 

FROIIVCO 

LOOP FILTER 4 

LOOPFLTER 5 

FM/ RF INPUT 6 

BIAS FILTER 7 

GROUND 8 

TOP VIEW 

ORDER NUMBERS 

NElSE5641 NElSE564N 
NElSE564D 

design may be required in piace of sim
ple single capaCitor filter on Pin 4 and 5. 
(See PLL application section in Analog 
ManuaL) 

7: The input signal to Pin 6 and the VCO 
feedback signal to Pin 3 must have a 
duty cycle of 50% for proper operation 
of the phase detector. Due to the nature 
of a balanced mixer if signals are not 
50% in duty cycle, D.C. offsets will 
occur in the loop which tend to create an 
artificial or biased VCO offset. 

8. For multiplier circuits where phase jitter 
is a problem, loop filter capaCitors may 
be increased to a value of 10-5OJLF on 
Pin 4, 5. Also careful supply decoupling 
may be necessary. This includes the 
counter chain Vce lines. 

NE564 
PH~SELOCKEDFREQUENCY 

MULTIPLIER WITH VCXO 

+5V 

121 2KIl 
.47pFCER. 

~r-~-"-~-'" .33pF 
10 ~LOOP 

INPUT SIGNAL 

l1Jo-j 
11 ;J 

: I. ~
~ 

NE564 

9 

VCO 

12 13 

'------i ... N t-----

t;i!LTEA 

.33"F -= 
470!! 

VCO 
OUTPUT 

Nxh 

ru 
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LINEAR LSI DIVISlON lijglotiCIi 

PHASE LOCKED LOOP NE/SE564 

ELECTRICAL CHARACTERISTICS Vcc =5V, TA =25°C, fo=5MHz, le=400#LA unless otherwise,specified 

(J) 
o 
+-' 
Q) 
c: 
.2> 

PARAMETER 

Maximum VCO frequency 

Lock range 

Capture range 

VCO frequency drift with 
temperature 

VCO free running frequency 

VCO frequency change with 
supply voltage 

Demodulated output voltage 

Distortion 
Signal to noise ratio 
AM rejection 

Demodulated Output at 
operating voltage 

Supply current 

Output 
"1" output leakage current 
"0" output voltage 

TEST CONDITIONS 

C1 =0 

Input 2: 200mVrms TA = 25°C 
= 125°C 
= -55°C 
=O°C 
= 70°C 

Input 2: 200mVrms, R2 = 270 

fo=5MHz, TA = -55°C to 125°C 
=O°C to 70°C 

fo=500KHz, TA= -55°C to 125°C 
=O°C to 70°C 

1 
fo= -- ,C1=80pF 

25RcC1 Rc = 1000 "Internal" 

V cc = 4.5V to 5.5V 

Modulation frequency: 1 KHz 
fo= 5MHz, input deviation: 

2% T= 25°C 
1%T=25°C 

=O°C 
= -55°C 
=70°C 
= 125°C 

Deviation: 1 % to 8 % 
Std. condition, 1 % to 10% dev. 

Std. condition, 30% AM 

Modulation frequency: 1 KHz 
fo = 5MHz, input deviation: 1 % 

I Vcc =4.5V 
Vee = 5.5V 

Vee = 5V I" 110 

Vour = 5V, Pin 16,9 
lour = 2mA, Pin 16, 9 
lour = 6mA, Pin 16,9 

en TYPICAL PERFORMANCE CHARACTERISTICS 

LOCK RANGE vs SIGNAL INPUT 
1000 

8 

4 

10 

3650 

I I I 
",I PIN, ' 4ooI'A 

!<"V I I I r... 

i' I PIN, = OI'A '" 

I 

, 
J 

~, ~ I 

~ ! Vvee,sv 

~\ If 'Y'l 
0.7 0.8 0.9 1.0 1.1 1.2 1.3 

NORMALIZED LOCK RANGE 

YCO CAPACITOR vs FREQUENCY 
100 

"~ 
10' 

10< ~ 
10" ~ 
102 "-, 

~ , 10 

10 102 UP 10< 100 

FREQUENCY kHz 

SE584 NE564 

Min Typ Max Min 
UNIT 

Typ Max 

50 65 45 60 MHz 

40 70 40 70 % of fo 
20 30 
50' 80 

70 
40 

20 30 20 30 % of fo 

400 1000 PPM/DC 
400 1250 

250 500 
400 850 

4 5 6 3.5 5 7 MHz 

3 8 3 8 % of fo 

16 28 16 28 mVrms 
8 14 8 14 mVrms 

13 mVrms 
6 10 mVrms 

15 mVrms 
12 16 mVrms 

1 1 % 
40 40 dB 
35 35 dB 

7 12 I 7 12 mVrms I 
8 14 8 14 mVrms 

45 60 45 60 mA 

1 20 1 20 #LA 
0.3 0.6 0.3 0.6 V 
0.4 0.8 0.4 0.8 V 

SEINE 564 TEST CIRCUIT 

+SY 

R3 lK -= 
Rl YCOOUTPUT 

INPUT C3 

<>--1 1 2 10 16 9 
OEMOOUlATED 6 3 

lK OUTPUT 

~ 
14 

f:; <w m 

564 
a.1

I 
13 

C2 R2 Cl 

12 

-= 430pF 

-= 
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LINEAR lSi DIVISION 

PHASE LOCKED LOOP 

TYPICAL NORMALIZED VCO 
FREQUENCY AS A FUNCTION OF 

PIN 2 BIAS CURRENT 

~ 

i 1.01 
o 
~ 1.00 
Q 

~ 0.99 

~ 
~ 0.98 

Z 0.97 

0.96 

FREQUENCY: SOMHz 

V I-""" 
.... ~'-

" "~ 

" 
-600~A -400 -200 o +200 

BIAS CURRENT ("A), PIN 2 

TYPICAL NORMALIZED VCO 
FREQUENCY AS A FUNCTION OF 

PIN 2 BIAS CURRENT 

1.10 
VCO FREQUENCY: 5MHz 

\ 
",,-

1.05 

...... ...... 
............ 1.00 

..... 
""""'" 

0.95 

0.90 

-6oo"A -400 -200 +200 +400 

BIAS CURRENT (I'A), PIN 2 

NE/SE564 

NORMALIZED VCO FREQUENCY 
AS A FUNCTION OF TEMPERATURE 

~ 
8 II! 1.10 
II. 
o 
~ 1.05 
Q 
w 
~ 1.00 
c 
::IE 
~ 0.95 
z 

0.90 

BIAS CURRENT: -2oo"A 
FREOUENCY: cuo.. 

"> -~ 
-" \ .......... ~ ~ 

\ ......... 
FREQUENCY: 500 KHz - r- EaAj ,NT: ,2oor 

-so -25 0 25 50 - 75 100 125 

TEMPERATURE (IN °C) 

VARIATION OF THE PHASE COMPARATOR'S 
OUTPUT VOLTAGE VERSUS PHASE ERROR 

AND BIAS CURRENT (Ko> 

VCO OUTPUT FREQUENCY AS A FUNCTION OF 
INPUT VOLTAGE AND BIAS CURRENT (Ko> 

Vo - PHAse COMPARATOR'S 
OUTPUT VOL rAGE iN mV 

-800 

to = 1.0 11Hz 

@ Ie MASTER 1984 

!o 1.0 MHz 

~ 
VCO FREQUENCy 
INUH, 

1.6-

L 'BIAS 

Vo IN mV 

3651 



en 
o .. 
Q) 
C 
0) 

C/) 

LINEAR LSI DIVISION IjgllliCI 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SE5560 

DESCRIPTION 

The NE/SE5560 is a control circuit for use 
in switched mode power supplies. This 
single monolithic chip incorporates all the 
control and housekeeping (protection) 
functions required in switched mode 
power supplies, including an internal tem
perature compensated reference source, 
internal Zener reference, sawtooth genera
tor, pulse width modulator, output stage 
and various protection circuits. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply 
Voltage sourced 
Current sourced 

Output transistor 
Output current 
Collector voltage (Pin 15) 
Max. emitter voltage (Pin 14) 

Operating temperature (ambient) 
SE5560 
NE5560 

Storage temperature range 

BLOCK DIAGRAM 

FEEDBACK 3 
VOlTAGE -+--~--I 

FEED 
FORWARD 

I 
16 

GAIN ADJUST -+---+--------4~----I 

MODULATOR 5 
INPUT --'-+--t--------i 

O.6V 

CURRENT 11 
LIMITING 

+ 

I'~ 

3652 

FEATURES 

• Stabilized power supply 
• Temperature compensated reference 

source 
• Sawtooth generator 
• Pulse width modulator 
• Remote on/off switching 
• Current limitin,g 
• Low supply voltage protection 
• Loop fault protection 
• Demagnetization/overvoltage 

protection 
• Maximum duty cycle clamp 
• Feed forward control 
• External synchronization 

1KIl 

-= 

RATING 

+18 
30 

40 
+18 
+5 

-55 to +125 
o to 70 

-65 to +150 

EXTERNAL 
SYNC INPUT 

I . 9 

100 
II 

-= 
O.6V 

eo 
REMOTE 
ON/OFF 

UNIT 

V 
rnA 

rnA 
V 
V 

DC 
DC 
DC 

S 

, 

0, 

PIN CONFIGURATION 

D,F,N PACKAGE 

DUTY CYCLE 
CONTROL 

TOP VIEW 

16 FEEDFORWARD 

15 OUTPUT (COLL) 

14 OUTPUT (EMIT) 

13 ::::~~~~~TlONI . 

CURRENT 
11 LIMITING 

10 REMOTEONJOFF 

EXTERNAL 
SYNC 

ORDER NUMBERS 
N E5560N SE5560F 
NE5560D SE5560N 
NE5560F 

DEMAGNETIZATION ' 
OVER·VOlTAGE PROTECTION 

113 

15 

OUTPUTS 

14 

START 

STOP 

2 Vz 

I: 1-
12 

VCC -= 
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LINEAR LSI DIVISION 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT 

DC ELECTRICAL CHARACTERISTICS (TA = 25°C, Vcc = 12V unless otherwise specified) 

PARAMETER TEST CON OITIONS 
SE5560 

Min Typ Max 

Reference Sections 
Internal reference voltage (Vref ) 25 D C 3.69 3.72. 3.81 

Over temperature 3.65 3.85 
Temperature coefficient of Vref -100 
Internal Zener reference (Vz) IL =-7 rnA 7.8 8.4 9.0 
Temperature coefficient of Vz 200 

Oscillator Section 
Frequency range Over temperature I 50 100k 
Initial accuracy oscillator R=5 kO 5 
Duty cycle range fo =20kHz 0 98 

Modulator 
Modulation input current Voltage at Pin 5 = 2V 0.2 20 

Over temperature 

I 
Housekeeping Function 

I I at 2V 
Pin 6, input current I Over temperature I 0.2 20 

I 
I 

I 
Pin 6, duty cycle limit control (for 50% maximum duty 40 

I 

50 60 
cycle) 15 kHz to 50 kHz! 

41 % of Vz 
Pin 1, low supply voltage protection 8 9.0' 10.5 
thresholds 

Pin 3, feedback loop protection trip 400 600 720 
threshold 

at 2V 
Pin 3, pull up current Over temperature -7 -15 -35 
Pin 13, demagnetization/over voltage 

I 

470 600 720 
protection trip on threshold 

I I at 0.25V 
Pin 13, input current 25°C 0.6 10 

Over temperature 20 
Pin 16, feed forward duty cycle control Voltage at Pin 16 = 2Vz 30 40 50 

at 16V, Vcc == 18V 
*Pin 16, feed forward input current 25°C 0.2 5 

Over temperature 10 

External Synchronization 
Pin 9 off 0 0.8 

on 2 Vz 
sink current Voltage at Pin 9 = OV, 25°C -65 -100 

Over temperature -125 

Remote 
Pin 10 off 0 0.8 

on 2 Vz 
at OV 

sink current 25°C -85 -100 
Over temperature -125 

Current Umiting 
Pin 11, liN Voltage at Pin 11 = 250 mY, -2 -10 

I 25 D C 
Over temperature -20 

Single pulse inhibit delay Inhibit delay time for 20% 0.7 0.8 
overdrive at 40 mA lOUT 

Trip Levels: Shut down, slow start 0.560 0.600 0.700 
Current limit 0.400 0.480 0.500 

Error Amplifier 
Output voltage swing (VOH ) 6.2 9.5 
Output voltage swing (Vod 0.7 
Open loop gain 54 60 
Feedback resistor 10k 
Small signal bandwidth 3 

@ Ie MASTER 1984 

NE5560 

Min Typ 

3.57 3.72 
3.53 

-100 
7.8 8.4 

-200 

50 
5 

0 

0.2 

n'l v.c. 

40 50 

8 9.0 

400 600 

-7 -15 
470 600 

0.6 

30 40 

0.2 

0 
2 

-65 

0 0.8 
2 Vz 

-85 

-2 

0.7 

0.560 0.600 
0.400 0.480 

6.2 

54 60 
10k 

3 

IiRliliidS 
NE/SE5560 

Max 
UNIT 

3.95 V 
4.00 V 

ppm/oC 
9.0 V 

ppm/oC 

100k Hz 
% 

98 % 

20 Ji-A 

I 
'In Ji-A I 
c.v I 
60 % of duty I 

cycle 

10.5 V 

720 mV 

-35 Ji-A 
720 mV I 

10 p.A I 
20 
50 % original 

duty cycle 

5 Ji-A 
10 p.A 

0.8 V 
Vz V 

-125 p.A 
-125 p.A 

V 
V 

-125 p.A 
-125 Ji-A 

-10 .11. 
/A-r'\ 

-20 /lA 
0.8 JtS 

0.700 V 
0.500 V 

9.5 V 
0.7 V 

dB 
n 

MHz 
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SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SE5560 

DC ELECTRICAL CHARACTERISTICS (Continued), 

PARAMETER TEST CONDITIONS 

Output Stage 
V cE(SA T) Ic = 40mA 
Output current (pin 15) 
Max emitter voltage (pin 14) 

Supply Voltage/Current 
Icc Iz = 0, voltage fed, 

Vcc= 12V, 25°C 
Over temp. 

Vcc Icc= 10mA, 
current feed 

Vcc Icc=3OmA, 
current feed 

TYPICAL PERFORMANCE CHARACTERISTICS 

3654 

60 

50 

iii 40 
~ 
z 30 « 
~ 

20 

10 

ERROR AMPLIFIER 

OPEN LOOP GAIN 

Ii Ii Ii 
II 

I i I I II I I1II 
r-. 

Ii !i 

! I 
I I ~ 

I 

- f-

, 

o 
1K 10K 100K 1M 10M 

o 

_'-30 
~ 
w 
e. -60 
w ..... 
~ -90 
« 
w 
~-12O 
::z::: 
1l.-150 

-180 

1"'1"-

r-

-

I 

FREQUENCY (Hz) 

OPEN LOOP PHASE 

r--r ;-- r--

~!' ...- r-

r- ,-- f-

~~ r-

- ~ 
~ 

-
I 

i--

1K 10K 100K 1M 10M 

FREQUENCY (Hz) 

SE5560 NE5560 

Min Typ Max Min 'Typ Max 
UNIT 

0.5 0.5 V 
40 40 mA 
5 6 5 6 V 

10 10 mA 
15 15 mA 

20 23 19 24 V 

20 30 20 30 V 

MAXIMUM PIN VOLTAGES 
I NE5560 

FUNCTION MAXIMUM VOLTAGE 

1. Vcc + 18 volts 
2. Vz 00 not force (28.4V) 
3. Feedback Vz 

I 
4. Gain 
5. Modulator Vz 
6. Duty Cycle Control' Vz 
7. RT Current force mode 
8. e,-
9. External Sync Vz 

10. Remote On/Off Vz 
11. Current Limiting Vcc 
12. GND GND 
13. Demagnetization/Overvoltage Vcc 
14. Output (Emit) Vz 
15. Output (Collector) Vcc +2Vbe 
16. Feed forward Vcc 
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LINEAR LSI DIVISiON 

SWITCHED-MODE POWER SUPPL V CONTROL CIRCUIT NE/SE5560 . 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 

GRAPH FOR DETERMINING d MAX SOFT·START MIN DUTY CYCLE YS R1 + R2 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

8 MAX (°'0) 

/ 

/ 
I 

I 
J 

/ 
I 

I 

/ 
I 1 I 

/ I 
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 

POWER DERATING CURVE 

1.0 I---...,p-oi\ 

.24 - - - - - ~ - -

I 
1 

-6O'C 25°C 7f1'C 125°C 

TA 
OPERATING CURVE 

Pd = VCC ICC + (Vee - VZ)IZ 
+ [(V15-V14)115 X DUTY CYCLE] 

REGULATION YS ERROR 
AMP CLOSED LOOP GAIN 

AVoN,ef (%) 

7 
6 4: 
s 

.+~ 
______ I""'" 

3 Vo 
RS , ~ 
'y 

31 ./ 
.", 

I + 

V,.r(3.72Vj ./ 

8 0(%) 

80 

.. 8 MAX = 90°;0 

"" .~AX = 70;:' '-
8MA~ 

...... 

'--;;; 

~ .............. ['.. 
........ "-

.~X=30o,o -......... ......... r"- ...... .......... 1'--

------ ........... .....;::: r-. ... ~ .......... -.... -~ .. :::::-----..;: ~ 

~ 70 

R1 () 

t 60 
DUTY .. 
CYCLE 

I-
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6 CONTROL l-

II: 

A2 ~ 40 
t/) 

t;: 
0 30 
t/) 

12 
20 

0:-

10 

10' 4 5 6 7 8 910' 

NE5560 VOLTAGE/CURRENT FED 
SUPPLY CHARACTERISTICS 

CURRENT FED DROPPING RESISTOR 

mA 

20 

10 

o 
o 
~ 

V 

Rf _ 

-~ As-

RI_ 

10 20 

Vee 

20 

100 

I 

100 

90 

80 

70 

60 

I 
VS 

Rycc 

30 

Rvcc = (l~:O-~~A) 

SEE DC ELECTRICAL 
CHARACTERISTICS . 
FOR CURRENT FEED 

Vee RANGE. 

TRANSFER CURVE OF PULSE WIDTH 
MODULATOR DUTY CYCLE vs INPUT VOLTAGE 

8 (%) 
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LINEAR LSI DIVISION 1i(gllliCIi 

SWITCHED-MODE POWER SUPPLY CONTROL CIRCUIT NE/SE5560 

TYPICAL PERFORMANCE CHARACTERISTICS (continued) 

TYPICAL FREQUENCY PLOT YS RT AND CT DUTY CYCLE SENSITIVITY TO FEED 
FORWARD VOLTAGE (PIN 16) 

l(kHz) 

1000 

;.~ 

RJSKO 
... 

--100 
90 
80 
70 
60 

50 

I ~'-

40 

30 

20 

10 
9 
8 
7 

-
"""'-

~ ---. 

-r-. --. 

r--r-. --. 

2.5 

R=10KO 
_.1 I 

--r-
R=20kO 
~J 

I I-
R=40kO 

--.---

3.5 

THEORY OF OPERATION 

r--

t--

The following functions are incorporated: 
- A temperature compensated reference 

source. 
- An error amplifier with pin 3 as input. 

The output is connected to pin 4 so that 
the gain is adjustable with external 
resistors. 

- A sawtooth generator with a TIL-com
patible synchronization input (pins 7,8,9). 

- A pulse-width modulator with a duty-
cycle range from 0 to 95%. 

(The PWM has two additional inputs: 
Pin 6 can be used for a precise setting of 
d max. 

Pin 5 gives a direct access to the modu
lator, allowing for real constant current 
operation:) 
- A gate at the output of the PWM pro

vides a simple dynamic current limit. 
:- A latch that is set by the flyback of the 

sawtooth and reset by the output pulse 
of the above-mentioned gate prohibits 
double pulSing. 

- Another latch functions as a start-stop 
circuit; it provides a fast switch-off and 
a slow start. 

- A current protection circuit that oper
ates via the start-stop circuit. This is a 
combined function with the current 
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limit circuit, therefore pin 11 has two 
trip-on levels; the lower one for cycle
by-cycle current limiting, the upper one 
for current protection by means of 
switch-off and slow-start. 

- A TIL-compatible remote on/off input 
at pin 10, also operating via the start
stop circuit. 

- An inhibit input at pin 13. The output 
pulse can be inhibited immediately. 

- An output gate that is commanded by 
the latches and the inhibit circuit. 

- An output transistor of which both the 
collector (pin 15) and the emitter (pin 14) 
are externally available. This allows for 
normal or inverse output pulses. 

- A power supply that can be either volt
age or current driven (pins 1 and 12). 
The internally generated stabilized out
put voltage Vz is connected to pin 2. 

- A special function is the so-called feed
forward at pin 16. The amplitude of the 
sawtooth generator is modulated in 
such a way that the duty cycle becomes 
inversely proportional to the voltage on 
this pin: {) - 11V16 

- Loop fault protection circuits assure 
that the duty-cycle is reduced to zero or 
a low value for open or short-circuited 
feedback loops. 

1', 2', 

Stabilized Power Supply 
(Pins 1, 2, 12) 

The power supply of the NE5560 is of the 
well known series regulation type and pro
vides a stablized output voltage of typical
ly 8.5 volts. 

This voltage Vz is also present at pin 2 and 
can be used for precise setting of d max. 
and to supply external circuitry. Its maxi
mum current capability is 5mA. 

The circuit can be fed directly from a DC 
voltage source between 10.5V and 18V or 
can be current driven via a limiting resistor. 
In the latter case, internal pinCh-off resis
tors will limit the maximum supply voltage; 
typical 23Vfor 10mA and maximum 30V for 
30mA. 

The low supply voltage protection is active 
when V(1-12) is below 10.5V and inhibits 
the output pulse (no hysteresis). 

When the supply voltage surpasses the 
10.5V level, the IC starts delivering output 
pulses via the slow-start function. 

The current consumption at 12V is less 
than 10mA, provided that no current is 
drawn from Vz and R(7-12) ~ 20kQ. 
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LINEAR lSI DIVISION 

SWITCHED MODE POWER SUPPL V CONTROLLER 

DESCRIPTION 

The NE5.561/SE5561 isa control circuit for 
use in switched mode power supplies. It 
contains an internal temperature compen
sated supply, PWM, sawtooth oscillator, 
over-current sense latch, and output stage. 
The device is intended for low cost SMPS 
applications where extensive housekeep
ing functions are not required. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage, V cc 

Output Current 

Output duty cycle 

Max total power dissipation 

Operating temperature range 
NE5561 
SE5561 

BLOCK DIAGRAM 

FEED BACK 

GAIN 0 <4 

CURRENT 
SENSE 

@ Ie MASTER 1984 

REF 
VOLTAGE 

FEATURES 

• Micro-miniature (D) package 

• Pulse-width modulator 
• Current limiting (cycle by cycle) 

• Sawtooth generator 
• Stabilized power supply 

• Double pulse protection 
• Internal temperature compensated 

reference 

APPLICATIONS 

• Switch mode power supplies 
• DIC motor controller inverter 
• DCIDC converter 

• 

RATING 

18 

40 

98 

0.75 

Oto 70 
-55 to + 125 

Ar,er 

5 

SAWTOOTH 
GENERATOR 

UNIT 

V 

rnA 

% 

W 

°C 
°C 

9!!110bC9 

NE/SE5561 

PIN CONFIGURATION 
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TOP VIEW 
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LINEAR LSI DIVISION Si!)notics 

SWITCHED MODE POWER SUPPLY CONTROLLER NE/SE5561 

DC ELECTRICAL CHARACTERISTICS vcc = 12V, TA = 25°C unless otherwise specified. 

SE5561 
SYMBOL AND PARAMETER TEST CONDITIONS 

Min Typ 

Reference Section 
VREF, Internal ref voltage TA = 25°C 3.69 3.75 

Over temp. 3.65 

Vz, internal zener ref *IL= 7mA 7.8 8.2 

Temp coefficient of VREF ± 100 

Temp coefficient of Vz ±200 

Oscillator Section 
Frequency range Over temp. 50 

Initial accuracy 12 

Duty cycle range fo= 20kHz 0 

Current Limiting (lIN) TA=25°C -2 
Pin 6=250mV 

Over temp. 

Inhibit delay time for louT=20mA 0.88 
Single pulse inhibit delay 

20% overdrive at louT=40mA 0.7 

Current limit t.rip level .400 .500 

Error Amplifier 
Open loop gain 60 

Feedback resistor 10k 

.. Small signal bandwidth 3 

Output voltage swing (VOH) 6.2 

Output voltage swing (Vod 

Output Stage 
Output current Over temp. 20 

Vee Sat Ic = 20mA, over temp. 

Supply Voltage/Current 
TA=25°C' 

Icc Iz = 0, voltage fed 
Over temp. 

Vcc Is = 10mA, current fed 20.0 21.0 

TYPICA~ PERFORMANCE CHARACTERISTICS 

ERROR AMPLIFIER 

OPEN LOOP GAIN OPEN LOOP PHASE 

60 

50 

40 
6i' 
~ 
z 30 
g 

iii I' 
II I I ! 

I, " 

j , 

I 11\ I 

I I I 1\ 
I I I 

20 

10 

I 
I \Ii II I 

! II II 
ilill I! ! Iliil!1 ! il!!11 I !I!IIII o 

1K 10K 100K 1M 10M 

FREQUENCY (Hz) 

3658 

5' -30 
w e. -60 
w 
....I 

~ -90 
< 
w 
~-120 
:r:: 
0.. -150 

-180 

r-~'~: !i , II III I 

I' I I 
r i! ! ! 

Iii 
Ii ~ 
II I lill l I Ii 'I\. 

Iii' II IIIII I,I 
I i!I!!!! !, I! i, 

I! !!JIllll ! !!!!I!!I !! I!!!! 

..l Iii 
Ii 

1:1, 

I 

li,[ 
l' 

: I, 
1,1 

.i' 
! I) Illi , II~W 

1K 10K 100K 1M 10M 

FREQUENCY (Hz) 

NE5561 

Max Min Typ Max 

3.84 3.57 3.75 3.96 

3.88 3.55 3.98 

8.8 7.8 8.2 8.8 

± 100 

±200 

-tOOk 50 100k 
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TRANSFER CURVE OF 
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LINEAR LSI DIVISlo'N !ii!lllliCIi 

SWITCHED MODE POWER SUPPLY CONTROLLER NE/SE5561 

TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 

POWER DERATING CURVE 
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NE5561.Start·Up 

II 

The start-up, or initial turn on, of this 
device requires some degree of external 
protective duty cycle limiting to prevent 
the duty cycle from initially going to the 
extreme maximum (0)90%). Either over
current limit or slow start circuitry must be 
employed to limit duty cycie to a safe vaiue 
during start-up. Both may be used if desired. 

To implement slow-start, the start-up cir
cuit can be used. The divider R1 and R2 
sets a voltage, buffered by 01, such that 
the output of the error amplifier is 
clamped to a maximum output voltage, 
thereby limiting the maximum duty cycle. 
The addition of capacitor C will cause this 
voltage to ramp up slowly when power is 
applied, causing the duty cycle to ramp up 
simultaneously. 
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TYPICAL FREQUENCY PLOT 
VS RTAND CT 
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START-UP CIRCUIT 

~max=f [~ VZ+VBEQ1) 
R1+R2 

Over-current limit may be used also. To 
limit duty cycle in this mode, the switch 
current is monitored at pin 6 and the output 
of the 5561 is disabled on a cycle by cycle 
basis when current reaches the programmed 
limit. With current limit control of slow-start, 
the duty cycle is limited to. that value just 
allowing maximum' switch current to flow. 
(Approximately 0.50V measured at pin 6.) 

APPLICATIONS 

5V, O.5A Buck Regulator Operates 
from 15V 

The converter design shows how simple it 
is to derive a TTL supply from a system 
supply of 15V (see Figure 1). The NE5561 
drives a 2N4920 PNP transistor directfy to 
provide switching current to the inductor. 

SLOW START VOLTAGE 

V4 

~------, 

t=R'C 

Overall line regulation is excellent and 
covers a range of 12V to 18V with minimal 
change « 10 mV) in the output operating at 
full load. 

. As with all NE5561 circuits, the auxiliary 
slow start and Omax circuit is required, as 
evidenced by 01. The Om~x limit may be 
calculated by using the relationship 
(Figure 5a, b). 

R2 
-- (8.2V) = VO(max). 
R1+R2 

The maximum duty cycle is then deter
mined from the pulse-width modulator 
transfer graph, and R1, R2 are defined 
from the desired conditions. 
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LINEAR LSI DIVISION 9i!1DOliC9 

SWITCHED MODE POWER SUPPLY CONTROLLER NE/SE5561 
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+8.2V 

3660 
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LINEAR LSI DIVtSlON 

REGULATING PULSE WIDTH MODULATOR 

DESCRIPTION 
This monolithic integrated circuit contains 
all the control circuitry for a regulating pow
er supply inverter or switching regulator. In
cluded in a 16-pin dual-in-line package is the 
voltage reference, error-amplifier, oscilla
tor, pulse width modulator, pulse steering 
flip-flop, dual alternating output switches 
and current limiting and shut-down circuitry. 
This device can be used for switching regu
lators of either polarity, transformer coupled 
DC to DC converters, transformerless volt
age doublers and polarity converters, as 
well as other power control applications. 
The SG3524 is designed for commercial 
applications of O°C to + 70°C. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Input voltage 
Output current (each output) 
Reference output current 
Oscillator charging current 
Power dissipation 

package limitation 
Derate above 25°C 

Operating temperature range 
Storage temperature range 

BLOCK DIAGRAM 

CT 
(RAMP) 

INY.INPUT 1 

FEATURES 

• Complete PWM power control circuitry 
• Single ended or push-pull outputs 
• line and load regulation of 0.2% 
• 1 % maximum temperature variation 
• Total supply current Is less than 10mA 
• Operation beyond 100kHz 

1k 

RATING 

40 
100 
50 
5 

1000 
8 

o to +70 
-65 to +150 

+SY TO ALL 
INTERNAL CIRCUITRY 

UNIT 

V 
rnA 
rnA 
rnA 

mW 

I 

mW/oC 

°C 
°C 

i 

(~TE) (8)..-., 10 

'-' *SHUTDOWN 
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SG3524 

PIN CONFIGURATION 

INYERT 
INPUT 

NON. INVERT 
INPUT 

OSC. 
OUTPUT. 

(+)C.L. 
SENSE 
(-)C.L. 
SENSE 

D,F,NPACKAGE 

ORDER PART NUMBERS: 
SG3524F, SG3524D, 

SG3524N 

YREF 

EMITTERS 

COLLECTORS 

COLLECTOR A 

SHUTDOWN 
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LINEAR LSI DIVISION 9!!1111tiC9 

REGULATING PULSE WIDTH MODULATOR SG3524 

DC ELECTRICAL CHARACTERISTICS (T A = O°C to + 70°C, VON = 20V, and f = 20kHz unless otherwise specified.) 

SG3524 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Reference Section 
Output voltage 4.6 5.0 5.4 V 

Line regulation V1N =8 to 40V 10 30 mV 

Load regulation IL =0 to 20mA 20 50 mV 

Ripple rejection f = 120Hz, T A = 25°C 66 dB 

Short circuit current limit VREF=O, TA=25°C 100 mA 

Temperature stability Over operating temperature range 0.3 1 % 

Long term stability TA =25°C 20 mV/kHr 

Oscillator Section 
Maximum frequency c,. = .001 mfd, RT = 2kO 300 kHz 

Initial accuracy RT and c,. constant 5 % 

Voltage stability V1N =8 to 40V, TA=25°C 1 % 

Temperature stability Over operating temperature range 2 % 

Output amplitude Pin 3, TA=25°C 3.5 Vp 

Output pulse width c,. = .01 mfd, T A = 25°C 0.5 p,s 

Error Amplifier Section 
Input offset voltage VCM = 2.5V 2 10 mV 

Input bias current VCM=2.5V 2 10 p.A 

Open loop voltage gain 68 80 dB 

Common mode voltage TA = 25°C 1.8 3.4 V 

Common mode rejecUon ratio TA = 25°C 
\ 

70 dB 

Smaii signai bandwidth Av=OdB, T,,=25°C '3 ~.,1Hz oj 

Output voltage TA=25°C 0.5 3.8 V 

Comparator Section 
Duty cycle % each output "ON" 0 45 % 

Input threshold Zero duty cycle 1 V 

Input threshold Maximum duty cycle 3.5 V 

Input bias current 1 p,A 

Current Limiting Section 
Sense voltage Pin 9 = 2V with error amplifier set 180 200 220 mV 

for maximum out, TA=25°C 

Sense voltage T.C. 0.2 mV/oC 

Common mode voltage -1 +1 V 

Output Section (e~ch output) 
Collector-emitter voltage (breakdown) 40 V 

Collector-leakage current VcE =40V 0.1 50 p,A 

Saturation voltage Ic=50mA 1 2 V 

Emitter output voltage V1N =20V 17 18 V 

Rise time Rc = 2kO, T A = 25°C 0.2 p,s 

Fall time· Rc= 2kO, TA = 25°C 0.1 p's 

Total standby current (excluding 
oscillator charging current, error and 

V1N =40V 8 10 mA 
current limit dividers, and with 
outputs open) 
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, LINEAR LSI DIVISION 

FM RADIO CIRCUIT 

DESCRIPTION 
The TDA7000 is a monolithic integrated circuit 
for mono FM portable radios where a mini'mum 
of peripheral components is important (small 
dimensions and low costs). 

The IC has an FLL (Frequency-Locked-Loop) 
system with an intermediate frequency of 70 
kHz. The I.F. selectivity is obtained by active 
RC filters. The only furictio~ which needs align
ment is the resonant circuit for the oscillator, 
thus selecting the reception frequency. 
Spurious reception is avoided by means of a 
mute circuit, which also eliminates too-noisy 
input signals. Special precautions are taken 
to meet the radiation requirements. 

ABSOLUTE MAXiMUM RATiNGS 

SYMBOL AND PARAMETER 

Vee Supply voltage (pin 5) 

VS-5 Oscillator voltage (pin 6) 

Total power dissipation 

TSTG Storage temperature range 

FEATURES 

• R.F. input stage 
• Mixer 
• Local oscillator 
• I.F. amplifierllimiter 
• Phase demodulator 
• Mute detector 
• Mute switch 

RATING UNIT 

12 V 

Vee-0.5 to Vee+0.5 V 

See derating curve Figure 2 

I -55 to +150 °C 

TA Operating ambient temperature range o to +60 °C 

@ Ie MASTER 1984 
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TOA 7000 

PIN CONFIGURATION 

N PACKAGE 

TOP VIEW 

FUNCTIONAL PIN DESCRIPTION 

PIN NO. NAME AND FUNCTION 

1 Muting capacitor 
2 Audio frequency output 
3 Noise source 
4 Loud filter capacitor 

I 5 Supply voltage 

I 6 VCO 
I 7 1st integrator capacitor (to pin 9) 

I 
8 2nd integrator capacitor 
9 1 st integrator capacitor (to pin 7) 

I 10 IF filter capacitor 
11 IF filter capacitor 
12 IF limiter capacitor 
13 RF input 
14 Mixer 
15 Current source capacitor 
16 Ground 
.17 Demodulator capacitor 
18 Correlator capacitor I 

3663 

(JJ 
(.) 

:;:; 
Q.) 
c: 
.2l 
C/) 



LINEAR LSI DIVISION 

FM RADIO CIRCUIT 

1:m1""iiel·'ii 
BLOCK DIAGRAM 

3664 
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LINEAR lSI DIVISION 9i!110liCIi 

FM RADIO CIRCUIT TDA 7000 

'amn,,1IeteifJ 

DC ELECTRICAL CHARACTERISTICS Vee = 4.5V; TA = 25~C: measured in Figure 3; unless otherwise specified 

TDA7000 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

Vee Supply voltage (Pin 5) 2.7 4.5 10 V 

Icc Supply current Vee = 4.5V 8 rnA 

16 Oscillator current (Pin 6) 280 ~ 

V14-16 Voltage (Pin 14) 1.35 V 

12 Output current (Pin 2) i 60 i I ~, 

V2-16 Output voltage (Pin 2) RL = 22 kn 1.3 V 

AC ELECTRICAL CHARACTERISTICS Vee = 4.5 V; TA = 25°C; measured in Figure 3 (mute switch open, enabled); frf = 96 
MHz (tuned to max. signal at 5 IN e.m.f.) modulated with Llf = ±22.5 kHz; fm = ·1 kHz; 
EMF = 0.2 mV (e.m.f. voitage at a source impedance of 75 OJ; r.m.s. noise voiiage 
measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified. 

TDA7000 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

-3 dB limiting; muting disabled 1.5 

EMF 
Sensitivity (see Figure 2) 

-3 dB muting 6 /AV (e.m.f. voltage) 

I SIN = 26 dB 5.5 

EMF Signal handling (e.m.f. voltage) THD < 10%; Llf = ± 75 kHz 200 mV 

SIN Signal-to-noise ratio 60 dB 

Llf = ±22.5 kHz 0.7 
THD Total harmonic distortion % 

M = ±75 kHz 2.3 

(ratio of the AM output signal referred to theFM 

AMS AM suppression of output voltage 
output signal) 

50 dB FM signal: fm = 1 kHz; Llf = ±75 kHz 
AM signal: fm = 1 kHz; m = 80% 

RR Ripple rejection (LlVee = 100 mV; f = 1 kHz) 10 dB 

V6-5(rmS) Oscillator voltage (r.m.s. value) (Pin 6) 250 mV 

Mosc Variation of oscillator frequency Supply voltage (Ll V ee = 1 V) 60 I kHzIV 

S+3oo I 45 I dB 
Selectivity 

S-3OO 35 I dB 

Af. A I:' r' .. "" ___ 

±300 I kHz ...... rt " .•. v. 'Q"!:Iv 
I 

B Audio bandwidth LlVo = 3 dB 
I 

I 
measured with pre-emphasis (t = 50 /As) 10 I kHz I 

VO(rms) A.F. output voltage (r.m.s. value) RL = 22 kG 75 mV 

RL Load resistance Vee = 4.5V 22 
kG 

V~C? = 9.0V : ! 47 

NOTES: 

1. The muting system can be disabled by feeding a current of about 20 IJft. into pin 1. 

2. The interstation noise level can be decreased by choosing a low-value capacitor at pin 3. Silent tuning can be achieved by omitting this capacitor. 

I 
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LINEAR LSI DIVISION 

FM RADIO CIRCUIT 

'am u"",,.," 
DESCRIPTION 

The TDA7010T is a monolithic integrated cir
cuit for mono FM portable radios, where a 
minimum of peripheral components is impor
tant (small dimensions and low costs). 

The IC has an Fll (Frequency-locked-loop) 
system with an intermediate frequency of 
70 kHz. The I.F. selectivity is obtained by ac
tive RC filters. The only function which needs 
alignment is the resonant circuit for the 
oscillator, thus selecting the reception fre
quency. Spurious reception is avoided by 
means of a mute circuit, which also eliminates 
too noisy input signals. Special precautions are 
taken to meet the radiation requirements. 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL AND PARAMETER 

Vee Supply voltage (pin 4) 

VS-5 Oscillator voltage (pin 5) 

Total power dissipation 

TSTG Storage temperature range 

FEATURES 

• R.F. input stage 
• Mixer 
• Local oscillator 
• I.F. amplifier/limiter 
• Phase demodulator 
• Mute detector 
• Mute switch 

RATING UNIT 

12 V 

Vee-0.5 to Vee+0.5 V 

See derating curve Figure 2 

-55 to +150 °C 

TA Operating ambient temperature range o to +60 °C 

3666 

Si!lIOliCS 

TDA7010T 

PI~ CONFIGURATION 

D PACKAGE 

TOP VIEW 

FUNCTIONAL PIN DESCRIPTION 

PIN NO. NAME AND FUNCTION 

1 Muting capacitor 
2 Audio frequency output 
3 loop filter capacitor 
4 Supply voltage 
5 VCO 
6 1 st integrator capacitor (to pin 8) 
7 2nd integrator capacitor 
8 1 st integrator capacitor (to pin 6) 
9 IF filter capacitor 

10 IF limiter capacitor 
11 RF input 

I 12 I Mixer 
13 Current source capacitor 
14 I Ground 
15 Demodulator capacitor 
16 Correlator capacitor 
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LINEAR lSI DMSION 

FM RADIO CIRCUIT 

':m1" .. II.i.ld 

BLOCK DIAGRA'M 
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Cv Cs 
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, TDA7010T 

R.F. INPUT 
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1_-
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VCC--~--~--------------~-----------4~----------------------~~----------~ 

A.F. OUTPUT 

@ Ie MASTER 1984 3667 

en 
o -Q) 
c: 
.2> 
en 



tf) 
o 
:;::: 
Q) 
c: 
0) 

en 

LINEAR LSI DIVISION S(gnotics 
FM RADIO CIRCUIT TDA7010T 

DC ELECTRICAL CHARACT~RISTICS Vee = 4.5V; T A = 25°C: measured in Figure 3; unless otherwise specified. 

SYMBOL AND PARAMETER TEST CONDITION 
TDA3810 

UNIT 
Min Typ Max 

Vee Supply voltage (Pin 4) 2.7 4.5 10 V 

lee Supply current Vee = 4.5V 8 mA 

15 Oscillator Current (Pin 5) 280 JJA 
V12-14 Voltage (Pin 12) 1.35 V 

12 Output current (Pin 2) 60 JJA 
V2-14 Output voltage (Pin 2) RL = 22 kO 1.3 V 

AC ELECTRICAL CI1AFJACT~RISTICS Vee = 4.5 V; T A =25°C; measured in Figure 3 (mute switch open, enabled); frf = 96 
MHz (tuned lO max. signal at 5 JAV e.m.f.) modulated with ~f = ±22.5 kHz; fm = 1 kHz; 
EMF = 0.2 mV (e.m.f. voltage at a source impedance of 75 0); r.m.s. noise voltage 
measured unweighted (f = 300 Hz to 20 kHz); unless otherwise specified. 

TDA7010T 
SYMBOL AND PARAMETER TEST CONDITION UNIT 

Min Typ Max 

-3 dB limiting; muting disabled 
I 

1.5 

EMF 
Sensitivity (see Figure 2) 

-3 dB muting 6 JAV (e.m.f. voltage) 

SIN = 26 dB 5.5 

EMF Signal handling (e.m.f. voltage) THO < 10%; ~f = ± 75 kHz 200 mV 

SIN Signal-to-noise ratio 60 dB 

THD Totai harmonic distortion M = ±22,5 kHz I 0.7 

i 
% 

1 ~f = ±75 kHz 1 I 2.3 % 

(ratio of the AM output signal referred to the FM 

I I AMS AM suppression of output voltage 
output signal) 

50 dB FM signal: fm = 1 kHz; ~f = ± 75 kHz 
AM signal: fm = 1 kHz; m = 80% 

RR Ripple rejection (~Vee = 100 mV; f = 1 kHz) 10 dB 

V5-4(rms) Oscillator voltage (r.m.s. value) (Pin 5) 250 mV 

Afosc Variation of oscillator frequency Supply voltage (~V ee = 1 V) 60 kHz/V 

S+3oo 43 
Selectivity dB 

S-300 28 

~frf A.F.C. range ±300 kHz 

B Audio bandwidth ~Vo = 3 d~ 
10 kHz measured with pre-emphasis (t = 50 JAs) 

VO(rms) A.F. output voltage (r.m.s. value) RL = 22 kO 75 mV 

Rl load resist~nce 
Vee = 4.5V 22 

kO 
Vee = 9.0V 47 

i 

I 
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LINEAR LSI DIVISION 

SA'MPLE AND HOLD AMPLIFIER 

DESCRIPTION 
The NE5537 monolithic Sample and Hold 
amplifier combines the best features of ion 
implanted JFET's with bipolar devices to ob
tain high accuracy, fast acquisition time, 
and low droop rate. This device is pin com
patible with the LF 198, and features supe
rior performance in droop rate and output 
drive capability. The circuit shown in Figure 
1 contains two operational amplifiers which 
function as a unity gain amplifier in the Sam
ple mode. The first amplifier has bipolar in
put transistors which gives the system a low 
offset voltage. The second amplifier has 
JFET input transistors to achieve low leak
age current from the hold capacitor. A 
unique circuit design for leakage current 
cancellation using current mirrors gives the 
NE5537 a low droop rate at higher tempera
ture. The output stage has the capability to 
drive a 2KIl ioad. The lOgic input is compati-

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
Power disSipation (package limitation) 1 . 

Operating ambient temperature range 
SE5537 
NE5537 

Storage temperature range 

Input voltage 

ble with TTL. PMOS or CMOS logic. The dif
ferential logic threshold is 1.4V with the 
Sample mode occurring when the logic input 
is high. It is available in 8-lead TO-5 and 8-
pin plastic DIP packages. 

FEATURES 

• Operates from ±5V to ± l8V supplies 
• Hold leakage current 6pA @ Tj25°C 
• Less than 10~s acquisition time 
• TTL, PMOS, CMOS compatible logic 

input 
• O.5mV typical hold step at Ch = O.Ol~F 
• Low input offset: 1 MV (typical) 
• 0.002% gain accuracy with RL = 2k!l 
• Low output noise in hold mode 
• Input characteristics do not change 

during hold mode 
• High supply rejection ratio in sample or 

hold 
• Wide bandwidth 

RATING UNIT 

I 
±18 V 
500 mW 

I 

-55 to +125 I °C 
o to +70 °C 

-65 to +150 °C 

Equal to supply 
voltage 

Logic to logic reference differential voltage2 +7, -30 V 
Output short circuit duration Indefinite 
Hold capacitor short circuit duration -

10 
Lead temperature (soldering, 10sec) 300 

NOTES 

" The maximum junction temperature of the SE5537 is 1SO·C and for the NE5537 
is l00·C. When operating at elevated ambient temperature, the TO-S and plastic DIP 
packages must be derated based on a thermal resistance (8ja) of 1SO·C/W, 

2. Although the differential voltage may not excee~ the limits given, the common mode 
voltage on the logic pins may be equal to the supply voltages without causing damage 
to the circuit. For proper logic operation, however, one of the logic pins must slways 
be at least 2V below the positive supply and 3V above the negative supply. 

BLOCK DIAGRAM 

OFFSET 

sec 
°C 

r,----f~--r:t=1--~~---~ 
I I 

© Ie MASTER 1984 . 

I 5 
I 
I 
I 

IFUT 3 ' + /' 
I / 

LOGIC![>: ~ 
LOGIC 71 . 

AEFEIIaICE I 

300 

L ___________________ 8-------

Figure 1 HOLD 
c~ 

9!J11DbC9 

NE/SE5537 

PIN CONFIGURATION 

N PACKAGE 

ADJUST REFERENCE 
OF. FSET 2 .. 7 LOGIC 
Y+Os LOGIC 

N'UT 3 6 Cb 

Y- 4 . 5 OUTPUT 

TOP VIEW 

ORDER NUMBERS 
NElSE5537N 

H PACKAGE 
Metal Can Package 

Y-

TOP VIEW' 

ORDER NUMBERS 
NElSE5537-H 
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LINEAR LSI DIVISION 

QUAD TIMER 

DESCRIPTION 
The 558 Quad Timers are monolithic timing 
devices which can be used to produce four 
entirely independent timing functions. The 
558 output sinks current. These highly sta
ble, general purpose controllers can be 
used in a monostable mode to produce 
accurate time delays, from microseconds to 
hours. In the time delay mode of operation, 
the time is precisely controlled by one exter
nal resistor and one capacitor. A stable 
operation can be achieved by using two of 
the four timer sections. 

The four timing sections in the 558 are edge 
triggered; therefore, when connected in 
tandem for sequential timing applications, 
no coupling capacitors are required. Output 
current capability of 100mA is provided in 
both devices. 

FEATURES 
• 100mA output current per section 
• Edge triggered (flO 'couplin$l capacitor) 
• Output independent of trigger conditions 
• Wide supply Yoltage range 4.5V to 18V 
• Timer Intervals from microseconds to 

hours 
• Time period equats RC 
• Military qualifications pending 

APPLICATIONS 
• Sequential t!mlng 
• Time delay generation 
• Precision timing 
• Industrial controls 
• Quad one-shot 

558 EQUIVALENT CIRCUIT 

TIMING 

PIN CONFIGURATION 

F,N PACKAGE 

OUTPUT A 1 

TIMING A 2 

TRIGGER A L.:3~=;;';"';;"_---l 

CONTROL 
VOLTAGE 

9i!110tiC9 

tiE/SA/SE558 

TRIGGER B 6 ~=-::---..., ,..----==-111 TRIGGER C 

TIMING B 7 

OUTPUT B 8 

ORDER NUMBERS 
NElSAlSE558F NElSAlSE558N TOP VIEW 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply voltage 
NElSA558 
SE558 

Power dissipation 
Operating temperature range 

NE558 
SA558 
SE558 

Storage temperature range 
Lead temperature (soldering, 60sec) 

9 OUTPUTC 

RATING UNIT 

+16 V 
+18 V 
1.25 W 

o to +70 °C 
-40 to +85 °C 

-55 to +125 °C 
-65 to +150 °C 

+300 °C 

V CONTROL 0--+--+----1--.-1 

r----O TRIGGER 
OUT 

GND 

3670 © Ie MASTER 1984 



LINEAR lSi DIVISION 

QUAD TIMER 

ELECTRICAL CHARACTERISTICS TA = 25°C. Vee = +5V to +15V unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Supply voltage 
Supply current Vee = Reset = 15V 

Timing accuracy (T = RCl R = 2k!l to 100k!l 
C= 1J.lF 

Initial accuracy 
Drift with temperature 
Drift with supply voltage 

Trigger voltage1 Vee = 15V . 
Trigger current Trigger = OV 

Reset voltage2 

Reset current Reset 

Threshold voltage 
Thresho!d leakage 

Output voltage3 k = 10mA 
oil = 100mA 

Output leakage 

I Propagation delay 

Risetime of output Il = 100mA 
Falltime of output Il = 100mA 

NOTES 

1. The trigger functions only on the falling edge of the trigger pulse only after previously 
being high. After reset the trigger must be brought high and then low to implement 
triggering. 

2. For reset below 0.8 volts, outputs set low and trigger inhibited. For reset above 2.4 
volts, trigger enabled. 

3. The 558 output structure is open collector whichrequires a pull up resistor to Vee to 
sink current. The o'utput is normally low sinking current. 

@ Ie MASTER 1984 

SESS8 

Min Typ Max Min 

4.5 18 4.5 
16 32 

±1.0 3 
30 100 
0.1 0.9 

0.8 2.4 0.8 
5 30 

0.8 2.4 0.8 
50 300 

0.63 
15 

0.1 0.2 
0.7 1.5 

10 500 

1.0 

100 
100 

!i!!lDOliC!i 

NE/SAlSE558 

NE/SASS8 
UNIT 

Typ Max 

16 V 
16 36 mA 

±2 5 I % 
30 150 ppm/oC 
0.1 0.9 %/V 

2.4 V 
5 100 IlA 

2.4 V 
50 500 IlA 

0.63 xVcc 
15 I nA 

0.1 0.4 V 
1.0 2.0 V 

10 500 nA 

1.0 Ils 

100 ns 
100 ns 
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LINEAR LSI DIVISION 

VOICE SYNTHESIZER 

'#9 iI,,"'I. 'Ii 
DESCRIPTION 
The MEA8000 is a 24-pin NMOS integrated 
circuit for generating good quality speech 
from digital code with a programmable bit 
rate. The circuit is primarily intended for 
applications in microprocessor controlled 
systems, where the speech code is stored 
separately in a Read-Only Memory. An effi
cient, easy-to-use speech editing and en
coding system with EPROM programming 
capability, has been specially developed. 

APPLICATIONS 
• Telephony 
• Automotive 
• Computer response/prompt. 
• Video games. . 
• General industrial. 

ABSOLUTE MAXIMUM RATING 

FEATURES 
• Microprocessor interface cabi1ity In

cluding an 8-bit data bus, an enable and a 
read/write input control signals. 

• 32·bit data buffer holding speech frame 
codes. 

• Digital filter of 8th order with 3 program· 
mabie formant frequencies, one fixed for· 
mant frequency, and 4 programmable for
mant bandwidths. 4 KHZ bandwidth. 

• Programmable amplitudes. 
• Programmable duration of each frame: 8, 

16, 32, or 64 milliseconds. 
• Low data rate: average 1000 bltsJsec. 
• Operates from standard EPROMsJROMs. 
., Minimal external audio filter requirement. 
• Crystal controlled oscillator or external 

(TTL) clock. 
• Single + 5V power supply. 

SYMBOL AND PARAMETER RATING UNIT 

Vcc Supply voltage -0.5 to +7 V 

VI Voltage on any pin with respect to Vss -0.5 to +7 V 

VREQ, VOUT Qutput voltage 'on pins 2 and 20 15 V 

TSTG Storage temperature range -20 to +125 °C 

TA Operating ambient temperature range o to + 70 °C 

BLOCK DIAGRAM 

MICROPROCESSOR INTERFACE 

SmOOliCS 

MEA8000 

PIN· CONFIGURATION 

N PACKAGE 

TEST 

Vi 

R/W 

ClK OUT 

OUT 

REF 

ClKIN 

OSC OUT 

OSCIN 

DO NC 

AD REQEN 

CE vcc 

TOP VIEW 

r-----------------------~-4~~~~_4~~~~--~~~~------~---------

3672 

{ 
OSC IN 16 

XTAl OSC OUT .!.!17r---1.!!=~~ 
ClK IN .... 18+-____ ..3 

ClK OUT .:.;21+-____ --------' DATA 
HANDLING 

FORMANT 
SYNTHESIZER 

OUTPUT 
CIRCUIT 

L----r--~~~~---------------------~w~------~~---~---------
OUT 

SPEECH OUTPUT 
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LINEAR lSI DIVISION 1(glotiCI 

VOICE SYNTHESIZER MEA8000 

FUNCTIONAL PIN DESCRIPTION 

PIN NO. SYMBOL 

2 REQ 

3 to 10 07 to DO 

11 AO 

12 CE 
22 RIW 
23 W 

14 REQEN 

16 OSCIN 
17 OSC OUT 

18 ClKIN 

21 ClK OUT 

19 REF 

20 OUT 

1 Vss 

13 Vee 

15 NC 

24 TEST 

@) Ie MASTER 1984 

N PACKAGE 

DO 

~~ CE 12 

TOP VIEW 

TEST 

W 

RIw 

ClK OUT 

OUT 

REF 

ClKIN 

OSC OUT 

~ REO" 
13 VCC 

NAME AND FUNCTION 

CONTROL 

DATA REQUEST output signal (open drain) which follows the inverse of the status REQ bit. but 
only if enabled by either the ROE bit in the command register or the external REQEN input pin. 

Data bus to which command or encoded speech. parameters can be written. 07 is a bidirectional 
line through which the status bit can be read. 

Data/control input. Discriminates between speech code input I;>uffer (AO = '0') and command register 
(AO = '1') during a 'write' operation. 

Chip enable, Read/Write, Write These control signals provides an easy interface to most 
microprocessors or microcomputers (see timing 
diagrams). 

Requestenabte input. REQEN = '0' enables the status REO bit to appear inverted on the REO out· 
put, independent of the command register. 

TIMING 

Connections for internal clock oscillator. Nominal crystal frequency is 3.84 MHz. OSC iN must be 
tied to ground if ClK IN is used. 

Clock input for external clock, TTL compatible, 3.84 MHz. Must be tied to ground when not used. 

A buffered output of the internal clock cycle ( = ClK IN divided by 3). 

OUTPUT 

Reference Current input pin for biasing the audio output level. This iefeience CUiient can be 
derived from a resistor to the positive supply. 

Speech output. This output is a 64 kHz pulse, modulated in both width and amplitude. It is configured 
as a current sink with a saturating voltage of about 3V. 

SUPPLY 

Ground. 

Single supply voltage. Nominally 5V, but battery operation is also possible. 

No connection. 

Used for testing purposes. Changes other pin functions. Must be tied to ground for user operation. 
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LINEAR LSI DIVISION lii!llotiCIi 

VOICE SYNTHESIZER ·MEA8000 

'ilA""lI"-", 
'DC ELECTRICAL CHARACTERISTICS TA = 25°C: Vcc = 5V, unless otherwise stated. All voltages referenced to Vss 

SYMBOL AND PARAMETER TEST CONDITION 
MEA8000 

UNIT 
Min Typ Max 

Vcc Supply voltage (note 1) . 4.5 5.0 5.5 V 

Icc Supply current (No audio load) 30 50 rnA 

DO to 07, AD, CE, W RIW REQEN, ClK IN: 
VIH Input HIGH voltage 2.0 Vcc V 
Vil Input lOWvoltage -0.5 0.8 V 

IIR Input leakage current (note 2) 10 pA 

CI Input Capacitance 7 pF 

07 (110), ClK OUT: 
VOH Output HIGH voltage -IOH =-100 p.A 2.4 V 

VOL Output lOW voltage IOl = 1.6 rnA 0.4 V 
Cl Output load capacitance 50 pF 

REO: 
VOH Output HIGH voltage Open drain 13.2 V 
VOL Output lOW voltage IOl = 1.6 rnA 0.4 V 
Cl Output load capacitance 50 pF 

Audio output 

IREF Reference current (note 8) - Pin 19 0.3 rnA 
lOUT Output current (peak) - Pin 20 

IREF = 0 rnA 100 p.A 
IREF = 0.1 rnA 1.7 rnA 
IREF = 0.3 rnA 5 rnA 

VOUT VOUT (pin 20) for linear operation (note 3) IREF = 0.1 rnA 2.5 13.2 V 

Oscillator 

fXTAl Crystal frequency Internal 3.84 4.00 MHz 
fClK Clock frequency External 3.84 4.00 MHz 

AC ELECTRICAL CHARACTERISTICS (note 4) (Figure 4 and 5) 

SYMBOL AND PARAMETER TEST CONDITION 
MEA8000 

UNIT 
Min Typ Max 

tWR Write enable pulse width. 200 ns 

tAs Address set-up time. 30 ns 

tAH Address hold time. 30 ns 

tos Data set-up time for write operation. 15Q ns 

tOH Data hold time for write operation. 30 ns 

tRH Request hold time (note 5) 350 ns 

tRN Request next (note 6) Clock frequency = 3.84 MHz 3 p.S 

tRo Read enable time. 200 ns 

too Data delay for read operation (note 7) 150 ns 

tOF Data floating for read operation (note 7) 150 ns 

tRv Request valid before a write operation. 0 ns 

tROE Request output enable response. 750 ns 

les Control set-up time. 20 ns 

leH Control hold time. 20 ns 

NOTES 
1. The circuit will continue to operate from a supply of up to 6.SV, but without necessarily meeting the specification. 
2. This is also valid for Vcc = OV. 
3. This permits connection of the output load to a supply higher than that supplying the synthesizer. 
4. Timing reference level is 1.SV. 
S. An external pull up resistor is required, as this is an open drain output. The time (~H) to reach 2.0V is specified at a load to SV of 3.3 kO and SO pF. 
6. Between two data write operations of one speech frame. 
7. levels greater than 2.0V for a '1' or less than O.8V for a '0' are reached with a load of one TIL input and SO pF. 
8. Typical voltage level at the REF pin is 2.SV. 
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LINEAR LSI DIVISION 

VIDEO AMPLIFIER 

DESCRIPTION 
The SElNES92 is a monolithic, two stage, 
differential output, wideband video amplifi
er. It offers fixed gains of 100 and 400 
without external components and adjust
able gains from 400 to 0 with one external 
resistor. The input stage has been designed 
so that with the addition of a few external 
reactive elements between the gain select 
terminals, the circuit can function as a high 
pass, low pass, or band pass filter. This 
feature makes the circuit ideal for use as a 
video or pulse amplifier in communications, 
magnetic memories, display, video recorder 
systems, and floppy disk head amplifiers. 
Now available in an 8-pin version with 
fixed gain of 400 without external compo
nents and adjustable gain from 400 to 0 
with one external resistor. 

FEATURES 
_. 120MHz bandwidth 
• Adjustable gains from 0 to 400 
• Adjustable pass band 
• No frequency compensation required 
• Wave shaping with minimal external 

components 

APPLICATIONS 
• Floppy disk head amplifier 
• Video amplifier 
• . Pulse amplifier in communications 
• Magnetic memory 
• Video recorder systems 

ABSOLUTE MAXIMUM RATINGS TA = 2S0C unless otherwise specified. 

PARAMETER RATING UNIT 

Supply voltage ±8 V 
Differential input voltage ±5 V 
Common mode 

Input voltage ±6 V 
Output current 10 rnA 
Operating temperature range 

SES92 -55 to +125 °C 
NE592 o to +70 °C 

Storage temperature range -65 to +150 °C 
Power dissipation SOO mW 

EQUIVALENT CIRCUIT 

r---~~----~------~----1-------~~----~--~+Y 

2.4K 2.4K 10K 

~----~-----+~------~~----~~~~~---+--~OUTPUTl 
7K 

INPUT 1 

OUTPUT 2 

300 400 

~--~~----~--------~------------~----~--~-y 

@) IC MASTER 1984 

NE/SE592 

PIN CONFIGURATION 

DH,FH,N14PACKAGE 

INPUT 2 1 INPUT 1 

NC 

G2A GAIN 
SELECT 

11 ~~tE~~N 
y+ 

OUTPUT 2 7 

INPUT 2 

G2B GAIN 
SELECT 

NOTE 

TOPYIEW 

ORDER NUMBERS 
NE592DH NE592N14 
NE592FH SE592FH 

H PACKAGE· 

G2A GAIN SELECT 

y+ 

OUTPUT 1 

y-

Pin 5 connected to case. 

ORDER NUMBERS 
NE592H SE592H 

'Metal cans (H) not recommended for new de
signs. 

DE, FE, N8 PACKAGE 

INPUT2[ID8 INPUT 1 

G18 GAIN 2 .7 G1A. GAIN SELECT SELECT 

Y- 3 6 Y+ 

OUTPUT 2 4 5 OUTPUT 1 

TOPYIEW 

ORDER NUMBERS 
NE592DE 
NE592FE 

NE592N8 
S592FE 
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LINEAR LSI DIVISION Ii!!lDDliCIi 

VIDEO AMPLIFIER NE/SE592 

DC ELECTRICAL CHARACTERISTICS TA= + 25°C, Vss= ±6V, VCM=O unless otherwise specified. 
Recommended operating supply voltages Vs = ± 6.0V. 

NE592 SE592 
PARAMETER TEST CONDITIONS UNITS 

Min Typ Max Min Typ Max 

Differential voltage gain 
Gain 11 RL = 2kO, Your = 3V pop 250 400 600 300 400 500 VIV 
Gain 22,4 80 100 120 90 100 110 VIV 

Bandwidth 
Gain 11 40 40 MHz 
Gain 22,4 90 90 MHz 

Rise time 
Gain 11 Vour = 1V pop 10.5 10.5 ns 
Gain 22,4 4.5 12 4.5 10 ns 

Propagation delay 
Gain 11 Vour = 1V pop 7.5 7.5 ns 
Gain 22,4 6.0 10 6.0 10 ns 

Input resistance 
Gain 11 4.0 4.0 kO 
Gain 22,4 10 30 20 30 kO 

Input capacitance2 Gain 24 2.0 2.0 pF 
Input offset current 0.4 5.0 0.4 3.0 p.A 
Input bias current 9.0 30 9.0 20 p.A 
Input noise voltage BW 1kHz to 10MHz 12 12 p.Vrms 
Input voltage range ± 1.0 ± 1.0 V 

Common mode rejection ratio 
Gain~ VCM ± 1V, F< 100kHz 60 86 60 86 dB 
Gain~ VCM ± 1V, F=5MHz 60 60 dB 

Supply voltage rejection ratio 
Gain~ tlVs= ±0.5V 50 70 50 70 dB 

Output offset voltage 
Gain 1 RL= 00 1.5 1.5 V 
Gain 2' RL= 00 

I 
1.5 

I 
1.0 V 

Gain 33 RL= 00 0.35 0.75 0.35 0.75 V 
Output common mode voltage RL= 00 

I 
2.4 2.9 3.4 2.4 2.9 3.4 V 

Output voltage' swing differential RL=2K 3.0 4.0 3.0 4.0 V 
Output resistance 20 20· 0 
Power supply current RL= 00 18 24 18 24 mA 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE OOC s TA S 70°C - 55°C S TA S 125°C 

Differential voltage gain 
Gain 11 RL = 2kO, Your = 3V pop 250 600 200 600 VIV 
Gain 22,4 80 120 80 120 VIV 

Input resistance 
Gain 22,4 8.0 8.0 kO 

Input offset current 6.0 5.0 p.A 
Input bias current 40 40 p.A 
Input voltage range ± 1.0 ± 1.0 V 

Common mode rejection ratio 
Gain 24 VCM ± 1V, F<100kHz 50 50 dB 

Supply voltage rejection ratio 
Gain 24 AVs= ±0.5V 50 50 dB 

Output offset voltage 
Gain 1 RL= 00 1.5 1.5 V 
Gain~ RL= 00 1.5 1.2 V 
Gain-33 RL= 00 1.0 1.0 V 

Output voltage swing differential RL=2K 2.8 2.5 V 
Power supply current RL= 00 27 27 rnA 

NorES: 
1. Gain select pins G1A and G1B connected together. 
2. Gain select pins G2A and G2B connected together. 
3. All gain select pins open. 
4. Applies to 14·pin version only. 
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LINEAR lSI DIVISION 

VIDEO AMPLIFIER 

TYPICAL APPLICATIONS 

+6 

-6 

Vo (s) 1.4X104 
="' 

V1 (s) Z(s) + 2re 

1.4X104 
-

Z(s) + 32 

BASIC CONFIGURATION 

FILTER NETWORKS 

Z NETWORK 

R L 

~ 

R' C 

~~ 

I 
R L C 

~r-o 

R 

C 

NOTE 

In the networks above, the R value used is 
assumed to include 2re~ or approximately 32.C1. 

DISCITAPE PHASE MODULATED READBACK SYSTEMS 

AMPLITUDE: 
FREQUENCY: 

-6 

-= 
READ HEAD I DIFFERENTIATOR/AUPLIFIER 

@ IC MASTER 1984 

+5 

Q 

ZERO CROSSING DETECTOR 

I 

FILTER 
TYPE 

LOW PASS 

HIGH PASS 

BAND PASS 

BAND REJECT 

lii!lllliCS 

NE/SE59~ 

Va (s) TRANSFER 
V1 (s) FUNCTION 

I 1.4X104 [~+'A/~J ---
L 

1.4X104 

~+ ~/ACJ ---
R 

L Ls2 + R/L s + 1/LC J I 
1.4X104f' s II 

1.4 X 104 [ S2 + 1/LC ] 

R s2 + 1/LC + slRC 

, I 

DIFFERENTIATION WITH 
HIGH COMMON MODE 

NOISE REJECTION 

+6 

-6 

O.2I'F 

~. 
r"yO 

O.2/lF 

T 
FOR FREQUENCY F1 «1/2 7r (32) C 
Vo a: 1.4 X I04C dVi 

dT 
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LINEAR LSI DIVISION 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER 

DESCRIPTION 
The Signetics NE5539 is a very wide 
bandwidth, high slew rate, monolithic oper
ational amplifier for use in video amplifiers, 
RF amplifiers, and extremely high slew rate 
amplifiers. 

Emitter follower inputs provide a true differ
ential high input impedance device. Proper 
external compensation will allow design op
eration over a wide range of closed loop 
gains, both inverting and non-inverting, to 
meet specific design requirements. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
Po Internal power dissipation 

TSTG Storage temperature range 
TJ Max junction temperature 
TA Operating temperature range 

NE 
SE 

Lead temperature 

EQUIVALENT CIRCUIT 

FEATURES 
• Gain bandwidth product: 1.2GHz at 17dB 
• Slew rate: 600Y I ~sec 
• Full power response: 48MHz 
• AYOL: 52dB typical 

'APPLICATIONS 
• Fast pulse amplifiers 
• RFosclllators 
• Fast sample and hold 
• High gain video amplifiers 

(BW> 20M Hz) 

RATING 

± 12 
550 

-65 to +150 
150 

o to 70 I 

-55 to +125 
300 

I 

UNIT 

V 
mW 

°e 
°e 

°e 
°e 
°e 

(-) 14 o--~-----I----I---I-------. 

INVERTING INPUT 

(+)1 

NO N-INVERTING 
INPUT 

lifgnoticli 

NE/SE5539 

PIN CONFIGURATION 

D,F,N PACKAGE 

TOP VIEW 

ORDER NUMBERS 
N E1SE5539F N E1SE5539N 

NE5539D 

r "" ""a." •• " cOW' 

r 0 (10) +Yec 

(8) OUTPUT 

2.2 K 

~+--~---~-+-+-----+----~----+---~---o (7)G~ 

L-___ -4 __ --4......:1 ...... ___ ...... _ ...... ______ ...... ____ ...... ___ -Q(3) -Yee 
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LINEAR LSI DIVISION 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER 

DC ELECTRICAL CHARACTERISTICS vee = ±8V, TA = 25°C unless otherwise specified 

I SE5539 
PARAMETER TEST CONDITIONS 

Min Typ 

Vas Input offset voltage 
Vo = OV, RS = 1000 Over temp 2 

TA = 25°C 2 

AVos/AT 5 

lOS Input offset current 
Over temp .1 

TA = 25°C .1 

Alas/AT .5 I 
IB Input bias current 

Over temp. 6 

TA = 25°C 5 

Ale/AT 10 

MRR e+;on r tic F= 1kHz R =1 o V + 1.7V I 70 ! 8 
I 

ommon m re I e ode Je, a , s OO'CM-. I 1
0 

lover temp I 70 80 
I 

RIN Input impedance I I 100 

ROUT Output impedance 10 

VOUT Output voltage swing RL = 1500 to GND +Swing 

and 4700 to -Vee -Swing 

Over temp 
+Swing +2.3 +3.0 I 

I -2.1 I I -Swing -1.5 
VOUT Output voltage swing I RL = 2kO to GND I 

I +Swing I +2.5 i +3.1 ' 
TA = 25°C 

-Swing -2.0 -2.7 

, Over temp 14 
lee+ Positive supply current Vo = 0, Rl =co 

TA = 25°C I 14 

lee- Negative supply current Vo = 0, R 1 = (X) 
Over temp 11 

TA = 25°C 11. 
J 

Over temp 300 
PSRR Power supply rejection ratio AVec = ± 1V 

TA = 25°C 

Vo = +2.3V, -1.7V 
AVOL Large signal voltage gain 

RL = 1500 to GND. 4700 to -Vee 

AVOL Large signal voltage gain Vo = +2.3V, -1.7V 
RL = 2K to GND 

AVOL Large signal voltage gain Vo = +2.5V, -2.0V 
RL = 2kO to GND 

NOTE 

1. Differential input voltage should not exceed 0.25 volts to prevent excessive input bias 
currenl and common mode voltage 2.5 volts. These voltage limits may be exceeded if 
current limit is lOrnA. 

@ Ie MASTER 1984 

TA = 25°C 

Over temp 46 

TA = 25°C 48 I 53 

Max Min 

5 

3 

3 

1 

25 

13 

I 
7 o 

+2.3 

-1.7 

! 

I 
j 

18 ! 

17 

15 

14 

1000 

47 

47 

60 

58 I 

S(gnlliCS 

NE/SE5539 

NE5539 

Typ Max 

2.5 5 

5 

2 

.5 

5 20 

10 
I 80 I 

100 

10 

+2.7 

-2.21 

14 18 

11 15 

200 1000 

52 57 

52 57 

I 

I 
I 

I 
I 

I 

I 
! 

UNIT 

mV 

ItVloe 

itA 

nAloe 

p.A 

nAloe 

dB 

dB 

kO 

0 

V 

I 
~ 

I 
I 
I 

V 

rnA 

rnA 

ItV/V 

dB 

dB 

dB 
I 
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LINEAR LSI DIVISION lii!llOliCIi 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 

AC ELECTRICAL CHARACTERISTICS vcc = ± 8V, RL = 1500 to GND & 470n to - Vcc unless otherwise specified. 

SE5539 
PARAMETER TEST CONDITIONS 

Min Typ Max 

Gain bandwidth product ACL = 7 Vo = 0.1 Vp-p 1200 

Small signal bandwidth ACL=2 RL = 150n1 110 

Settling time AcL=2 RL= 150n1 15 

Slew rate ACL=2 RL= 150n1 600 

Propagation delay AcL=2 RL= 150n1 7 

Full power response ACL=2 RL= 150n1 48 

Full power response AV = 7, RL = 150Q 20 

Wide band noise (RMS) BW = 5MHz, RS = 50Q 4 

NOTE 1: External compensation. 

DC ELECTRICAL CHARACTERISTICS Vcc= ± 6V, TA = 25°C unless otherwise specified 

PARAMETERS 

Vos Input offset voltage 

los Input offset current 

Input bias current 

Positive supply current 

Icc - Negative supply current 

PSRR Power supply rejection ratio 

VOUT Output voltage swing 

TEST CONDITIONS 

AVcc= ± 1V 

RL = 150n to GND 
and 390n to - V cc 

Over temp 

NE5539 

Min Typ Max 
UNIT 

1200 MHz 

110 MHz 

15 nSec 

600 V/~Sec 

7 nSec 

48 MHz 

20 MHz 

4 nV/.JHz 

UNIT 

mV 

p.A 

p..A 

rnA 

INN 

V 

AC ELECTRICAL CHARACTERISTICS Vcc = ± 6V, RL = 150n to GND and 390n to - Vcc unless otherwise specified 

SE5539 
PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

Gain bandwidth product ACL=7 700 MHz 

Small signal bandwidth ACL = 21 120 MHz 

Settiing time ACL = 21 23 I ns 

Slew rate ACL=21 330 V/p..s 

Propagation delay ACL = 21 4.5 ns 

Full power response ACL = 21 20 MHz 

NOTE 1: External compensation. 
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LINEAR LSI DIVISION 9RllliC9 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 

NE5539 OPEN LOOP PHASE 

0° ... 
90' ......... .. 

...... "" , 1 ~ 
180° 

I 
I 

360° T 
1 MHz 10MHz l00MHz lGHz 

POWER BANDWIDTH (SE) 

~ 4~------------+----~~--------+_------~ 

~ 
> 
~ 1-----3dB B.W. -I-----'''A 
§ 3~-------+_----~~--+---~ 
C-
D. 

I 2r--
i 

GAIN (-2) 
VCC= ±8V 
RL = 2KIl 

lL-_____________ _L _______________ ~ ______ ~ 

1 MHz 

SE5539 OPEN lOOP GAIN V8 FREQUENCY 

f 40 

~ ~r--------------_+----~~~------+_------~ 

~ 

i3 
20r---------------_+----------~~~+_------~ 

10 VCC = ±6 V 
RL = 12611 

~L---------~---~----------------~--~~~ 
1 MHz 10 MHz 100 MHz 

FREQUENCY IN CYc;:LES PER SECOND 

SE5539 OPEN LOOP PHASE V8 FREQUENCY 
~~-=~-----------r----------------~------, 

4~~--------~~---+------~-------+_------~ 

~ 
i9O" 
it 

1350 VCC = ±6 V 
RL = 1261) 

18~~------------__ _L ________________ ~ ______ ~ 

1 MHz 10 MHz 100 11Hz 
FREQUENCY IN CYCLES PER SECOND 

NOTE 
Indicates typical 
distribution -56°C S T" S 125°C 

@) IC MASTER 1984 

NE5539 OPEN LOOP GAIN 

~~~Hr~ffi-rH~+Hffir~+H~~ 

:~-~~~~~~~~:t~~tt1ttttt1~t~~~~ 
40~~~~ffir~~~+Hffir+++H~~ 
30~~~~ffi-rH~~ffir~+H~~ 

20~~Hr~ffi-rH~+R~~+H~~ 

10 1---+' -+i +' i-tl i +-1 'f+1 tti +ti' '+' -HI 'f++ti +++1++1 ~N~' .t+1+H1r+i +#Ii 
11111 II " I /I!! III 
lilll Ii 1 i 1 "iiii " 11111111 
11111 II III IIII IIIIIII 

lMHz 10MHz l00MHz 1GHz 

POWER BANDWIDTH (NE) 

1_-----3d8 B.W.-+----_'~ 

VCC = ±6V 
RL = 150IJ 
GAIN (-2) 

lMHz 10MHz l00MHz 
FREQUENCY IN CYCLES PER SECOND 

POWER BANDWIDTH 
REF 

~ 
" \ 

'\ 

3.04V 
p.p 

-2 

~ -4 

~ 
g -6 

:!l 
~ -8 

I--
GAIN (-1) ~ 
RL = 15011 

~ 
-10 

-12 

10 MHz 100 MHz 

FREQUENCY IN CYCLES PER SECOND 

GAIN BANDWIDTH PRODUCT V8 FREQUENCY 

I I -.-. ----

300MHz 

22 

I ~ 
Vcc = ±6V-

20 . 
_AV'" X7.S 

16 . 
14 

12 
111Hz 

RL = 1501! 

3dBBjWIDTli 

I ~ 

3dBa.JwmTli ~ ~ 

I 
1011Hz 

FREQUENCY IN CYQ.ES PER SECOND 
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LINEAR lSI DIVISION lijglotiCIi 

ULTRA HIGH FREQUENCY OPERATIONAL AMPLIFIER NE/SE5539 

CIRCUIT LAYOUT CONSIDERATIONS 
As may be expected for an ultra-high fre
quency, wide gain bandwidth amplifier, 
the physical circuit layout is extremely 

critical. Breadboarding is not recom
mended. A double-sided copper clad 
printed circuit board will result in more 

favorable system operation. An example 
utilizing a 28dB non-inverting amp is 
shown in Figure 1. 

OPTIONAL 
OFFSET 

ADJ. 

+V ~--"N'Y---o-V 
R5 

75!)-

75!! 

Rl 75!! 5'lb CARSON 
R2 75!! 5 .... 'CARBON 
R3 75!l 5% CARBON 
A4 36K 5% CARBCN 

TOP PLANE COPPER' 
(Component Side) 

-v 
I .,. .v 

v· I ~ 
IAQ)o 

• 
I ~ ~O 

• eo .. .0 0 
. . .. 0 

§ • NESS39 Vo 
NOTE 

R5 = 20K TRIMPOT (CERMET) 
RF = 1.51< (28dB GAIN) 
R6 = 470!1 5'lb CARBON 

COMPONENT SIDE 
(Component Layout) 

w/comp. (X) indicates ground connection to top plane . 
• R6 is on bottom side. 

NOTE 1: Bond edges of top and bottom ground plane copper. 

RFC 3T # 26 BUSSWIRE ON 
FERROXCUBE VK 200 09 '3B CORE 
BYPASS CAPACITORS 
lnF CERAMIC 
(IEPCO OR EQUlV.) 

BOTTOM PLANE 
COPPER' 

Figure 1. 28dB Non-Inverting Amp Sample P.C. Layout 
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LINEAR LSI DIVISION 

VIDEO AMPLIFIER 

DESCRIPTION 
The NE5592 is a dual monolithic, two 
stage, differential output, wideband video 
amplifier. It offers fixed gain of 400 with- . 
out external components or adjustable 
gains from 400 to 0 with one external 
resistor. The input stage has been de
signed so that with the addition of a few 
external reactive elements between the 
gain select terminals, the circuit can func
tion asa high pass, low pass, or band pass 
filter. This feature makes the circuit ideal 
for use as a video or pulse amplifier in 
communications, magnetic memories, 
display, video recorder systems, and 
floppy disk head amplifiers. 

FEATURES 
• 120MHz bandwidth 
• Adjustable gains from 0 to 400 
• Adjustable pall band 
• No frequency compensation required 
• Wave shaping with mlnlm~1 external 

components 

APPLICATIONS 
• Floppy disk head amplifier 
• Video amplifier 
• Pulse amplifier In communications 
• Magnetic memory 
• Video recorder systems 

ABSPLUTE MAXIMUM RATINGS TA = 25°C unless otherwise specified, 

PARAMETER RATING UNIT 

Supply voltage ±8 V 
Differential input voltage ±5 V 
Common mode 

Input voltage ±6 V 
Output current 10 rnA 
Operating temperature range 

NE5592 o to +70 1°C 
Storage temperature range -65 to +150 °C 
Power dissipation 500 mW 

EQUIVALENT CIRCUIT 

r---~------~----~----1-------~----~~-o+v 

2.4K 2.4K 10K 

~---4------~+-------~----~~~~----~-oOUT~T1 

7K 
IN~T1 

OU~2 

300 400 

~---+------~------~~----------~--~~-O-v 
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PIN CONFIGURATION 
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LINEAR LSI DIVISION Sjgnotics 

VIDEO AMPLIFIER NE5592 

'ilA""""·'" 
DC ELECTRICAL CHARACTERISTICS TA= + 25°C, Vss= ±6V, VCM=O unless otherwise specified. 

Recommended operating supply voltage Vs= ± 6.0V. 

NE5592 
PARAMETER TEST CON OITIONS UNITS 

Min Typ Max 

Differential voltage gain 
Gain 11 RL = 2kO, Your = 3V pop 250 400 600 VIV 

Band,width 
Gain 11 40 MHz 

Rise Time 
Gain 11 Vour = 1V pop 10.5 ns 

Propagation delay 
Gain 11 \ Vour = 1V pop 7.5 ns 

Input resistance 
Gain 11 4.0 kO 

Input capacitance1 2.0 pF 
Input offset current 0.4 5.0 /LA 
Input bias current 9.0 30 /LA 
Input noise voltage BW 1 kHz to 10MHz 12 /LVrms 
Input voltage range ± 1.0 V 

Common mode rejection ratio 
Gain 11 VCM ± 1V, F < 100kHz 60 86 dB 
Gain 11 VCM ± 1V, F=5MHz 60 dB 

Supply voltage rejection ratio 
Gain 11 Il.Vs= ±0.5V 50 70 dB 

Channel separation Vour = 3V pp; F = 100K 85 dB 
(input referenced) 

Output offset voltage 
Gain 11 RL= (X) 1.5 V 
Gain 22 RL= (X) 0.35 0.75 V 

Output common mode voltage RL= (X) 2.4 2.9 

I 
3.4 V 

I Output differential voltage swing RL=2k 3.0 4.0 V 
Output resistance 20 0 
Power supply current RL= (X) 18 24 rnA 

THE FOLLOWING SPECS APPLY OVER TEMPERATURE O°C ::s; TA ::s; 70°C 

Differential voltage gain 
Gain 11 RL = 2kO, Your = 3V pop 250 600 VIV 

Input resistance 
Gain 11 kO 

Input offset current 6.0 /LA 
Input bias current 40 /LA 
Input voltage range ± 1.0 V 

Common mode rejection ratio 
Gain 11 VCM ± 1V, F <100kHz 50 dB 

Supply voltage rejection ratio 
Gain 11 Il.Vs= ±0.5V 50 dB 

Channel separation Vour = 3Vpp; F = 100K 75 dB 
(input referenced) 

Output offset voltage 
Gain 1 RL= (X) 1.5 V 
Gain 22 RL= (X) 1.0 V 

Output differential voltage swing RL=2k 2.8 V 
Power supply current RL= (X) 27 rnA 

NorEs: 
1. Gain select pins conneoted together. 
2. All gain select pins open. 
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%i Telecommunicafions Integrated Circuit Capabilities 

Silicon Systems offers a broad line of standard telecom
munications circuits aimed at providing cost-effective 
solutions for common customer application problems. 
At the heart of SSi's efforts in the communications 
market is its pioneering work with CMOS switched 
capacitor filters. Our early success with the DTM F 
receiver has enabled us to develop a family of chips 
utilizing the switche~ capacitor filter techn~logy. 

Here are a few complet~ circuits that demonstrate 
our broad telecommunications Ie capability: 

BIPOLAR 

I Integrated Circuit Function Application 

As a trendsetter in the field, Silicon Systems is 
leading the way towards a whole new era of VLpl cir
cuits for telecommunications. Our broad selection of 
DTMF receivers demonstrates not only technological 
leadership in our own ~emiconductor field but also our 
capability to anticipate the growing neeps of the fast-

. paced telecommunications marketplace. 

Audio System Receiver 

VHF/UHF Gain Mixer 

Pulse Width Modulator 

Controller 

Digital Receiver 

PCM Encoder/Decoder 

Digital Correlator/ 
Integrator 

MOS 

Telephone Answering 
Machine 

Radio Receiver 

Switching Power Supply 

Home Appliance 

Remote Control 

Telecom System. 

Radio Telescope 

PROCESSES 
In,tegrated Circuit Function Application 

DTMF Receiver * Decodes Touch-Tone@ 
Telephone Signals 

300 Baud Modem Data Transmission 

Silicon Systems offers circuits in junction-isolated, 
bipolar, single and double-layer metal. Plus, SSi has a 
CMOS capability that includes not only a IT}eta!-gate 
process but also a silicon-gate process that produces 
circuits packe~ with more functions in a smaller s.ize for 
high-speed, low-power performance. These are the most 
popular and reliable processes in the two basic 
technologies, and SSl's advanced ultra-clean wafer fab 
produces higher yields than ordinary facilitie~. 

1200/2400 Baud Receiver FSK/PSK Modem 

Error Corrector Military Radio 

Remote Transmitter Telephone Answering 
Machine 

Phoneme Based Speech Text-to-Speech 
Synthesizer 

PRODUCT QUALITY 
Display Timing Generator TV Sets 

Silicon Systems has made a major investment in 
product test and in-line quality control equipment. For 
example, a state-of-the-art L TX CP80 is used for func
tional and parametric testing of sophisticated analog, 
digital, and combination AID circuits. In this way, SSi is 
dedicated to the delivery of complex VLSI circuits to 
meet the incoming quality level you require. 

Video Processor 

16 Channel Switching 
Matrix 

Digit~1 Loop Detector 

Programmable Digit~1 
Receiver 

Vocal Tract System 

Infrared Video System 

Bank Communications 
System 

Traffic Signal Control 

Home Appliance Remote 
Control 

Speech SyntheSiS 

SSI STANDARD PRODUCTS TelECOMMUNICATIONS CIRCUITS 

Part Number Circuit Type Package 

DTMF's Receivers/Filters 

SSI201 12V, DTM F Receiver 22 DIP 

5S1202 5V, DTMF Receiver 18 DIP 

SSI203 5V, DTMF Receiver (w/early detect) 18 DIP 

5515601 5V/12V, Dial Tone Reject Filter 14 DIP 

Modem 

SSi 180 i 200 Baud FSK Modem 16 DIP 

Speech Synthesizer 

SSt SC-D1 VOTRAX SC-D1 Compatible 22 DIP 

SSI263 VOTRAX 5C-02 Compatible 24 DIP 

Switched Capacitor Filter Arr~y 

5CA-6 CMOS Semicustom 5CF Array ( 6 filter sections) 8-28 DIP 
SCA-12 CMOS Semicustom SCF Array (12 filter sections) 24-40 DIP 

Silicon Systems 
incorporated 

14351 Myford Rood, Tustin, California 92680 (714) 731-7110, TWX 910-595-2809 
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Don't lIIiss 
the Sections on 
Seillicustoill ICs 

Digital Gate Arrays, 
Standard Cells, and 
Linear Arrays Are 

All Covered 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Small-Signal Unity-Gain Bandwidth 
... 20 MHz Typ 

• Noninverting Slew Rate . . . 50 V I p,S Typ 
(Unity-Gain Follower) 

• Internal Frequency Compensation 

• Full-Power Bandwidth at VOPP = 20 V 
... 400 kHz Typ 

• Open-Loop Gain at Full-Power B_andwidth, 
VOPP = 20 V ... 34 dB Typ 

• Output Short-Circuit Protection 

• .TL291 Has Offset Null Capability 

• Pinout is Same as Standard General Purpose 
Operational Amplifiers 

description 

These devices are high-speed operational amplifiers 
designed for applications requiring wide bandwidth 
and a fast slew rate. These monolithic circuits 
incorporate new high-frequency P-N-P transistors that 
eliminate the need for large feed-f9rward capacitors 
required in previous moderately high-frequency 
designs to pass the signal around slow lateral P-N-P 
stages. 

These operational amplifiers have a typical full-power 
bandwidth of 400 kilohertz for a 20-volt peak-to-peak 
output swing. because of the higher 20-megahertz 
lInitY-Qain bandwidth, the typical open-loop gain at the 
400-kilohertz full-power bandwidth is a very 
respectable 34 decibels. 

The TL291 single-channel operational amplifier pinout 
includes offset nulling, which is easily accomplished 
by connecting a potentiometer across the offset null 
pins with the wiper connected to the VCC _ pin. 

The TL291 M, TL292M, and TL294M will be 
characterized for operation over the full military 
temperature range of - 55°C to 125°C. The TL291 C, 
TL292C: and TL294C will be characterized for 
operation from ooC to 70°C. 

PRODUCT PREVIEW 

TYPES TL291. TL292. TL294 
HIGH-FREQUENCY OPERATIONAL AMPLIFIERS 

D2782. SEPTEMBER 1983 

TL291 

JG OR P DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

OFFSET N1 []S NC 
_ IN- 2 7 VCC+ 
IN+ 3 6 OUT 

VCC _ 4 5 OFFSET N2 

TL292 

JG OR P DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

AMP {7NU~ []1 -~ - ~~~ +} 
#1 IN+ 3 6 IN_AMP 

IN 
#2 

VCC- 4 5 + 

TL294 

J OR N DUAL-IN-L1NE PACKAGE 

(TOP VIEW) 

{

OUT 
AMP IN-

#1 IN+ 

OUT} IN- AMP 

IN+ #4 

VCC+ VCC-

{

IN+ 
AMP IN-

#2 _ OUT 

IN+ } 
IN- AMP 

OUT #3 

NC - No internal connection 

symbol (each amplifier) 

OFFSET NULL N1------. 

OFFSET NULL N2 -----. 

NON INVERTING 
INPUT IN+ ---t 

INVERTING 
INPUT IN- ---t 

~--OUTPUT 

Copyright © 1983 by Texas Instruments Incorporated 

TIW docurnInt contIIIns Inforrn8tian on • product .... 
development. Te.ulnstruments....." .. the right to 
cMnge or discontinue this product without notice. 

TEXAS 
INSTRUMENTS 

SLOS004 

POST OFFICE BOX 225012 e DALLAS, TEXAS 75265 
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TI Sales Offices 
ALABAMA: Hunuville, 500 Wynn Drive. Suite 514. 
Huntsville. AL 35805. (205) 837-7530. 

ARIZONA: Phoenix. P.D. Box 35160. 8102 N. 23rd Ave .• 
Suite A. Phoenix. AZ 85021. (602) 995-1007. 

CALIFORNIA: El Squndo. 831 S. Douglas St .• EI Segundo. 
CA 90245. (213) 973-2571; Irvine, 17891 Cartwright Rd .• 
Irvine. CA 92714. (714) 66O-12~; Sac-.ato, 1900 Ibint 
West Way. Suite 171. Sacramento. CA 95815. (916) 929-1521; 
San Dieao. 4333 VIeW Ridge Ave .• Suite B .• San Diego. CA 
92123. (714) 278-9600; Santa Clara. 5353 Betsy Ross Dr .• 
Santa Clara. CA 95054. (408) 980-9000; WoodImd Hilla, 
21220 Erwin St .• Woodland Hills. CA 91367. (213) 704-7759. 

COWRAOO: Den~ 9725 E. Hampden St .• Suite 301. 
Denver. CO 80231. (303) 695-2800. 

CONNECTICUT: Wallingford, 9 Barnes Industrial Park 
Rd .• Barnes Industrial Park. WallinPxd. CT 06492. (203) 
269-0074. 

noRlDA: CIearwa(ft, 2280 U.S. Hwy. 19 N .• Suite 232. 
Clearwater. FI.. 33515. (813) 796-1926; ft. Lauderdale, 2765 
N.W. 62nd St .• Ft. Lauderdale. FI.. 33309. (305) 973-8502; 
Maitland, 2601 Maitland Center Parkway. Maitland. FI.. 32751. 
(305) 646-9600. 

GEORGIA: Atlanta, 3300 Northeast Expy .• Building 9. 
Atlanta. GA 30341. (404) 452-4600. 

ILLINOIS: ArIiDtIton Heitlhta. 515 W. Algonquin. Arlington 
Heights. IL 60005. (312) 640-2934. 

INDIANA: ft. Wayne. 2020 Inwood Dr .• Ft. Wayne. IN 
46805. (219) 424-5174; lndianapoIja, 2346 S. Lynhurst. Suite 
)-400. Indianapolis. IN 46241. (317) 248-8555. 

IOWA: Cedar Rapids. 373 Collins Rd. NE. Suite 200. Cedar 
Rapids. 1A 52402. (319) 395-9550. 

MARYLAND: Baltimore, I Rutherixd PI.. 7133 Rutherford 
Rd .• Bakirnore. MO 21207. (301) 944-8600. 

MASSACHUSETTS: Waldwa. 504 Totten Pond Rd .• 
Wakham. MA 02154. (617) 890-7400. 

MICHIGAN: farminctoo Hilla, 33737 W. 12 Mile Rd .• 
Farmington Hills. MI 48018. (313) 553-1500. 

MlNNESOI'A: EdIua, 7625 Parklawn. Edina. MN 55435. 
(612) 830-1600. 

MISSOURI: Kanau City, 8080 Ward P\cwy .• Kansas City. 
MO 64114. (816) 523-2500; St. Louis, 11861 Westline 
Industrial Drive. St. louis. MO 63141. (314) 569-7600. 

NEW JERSEY: Clark, 292 Terminal Ave. West. Clark. NJ 
07066, (20i) 574 .. 9800. 

NEW MEXICO: Albuquerque, 5907 Alice NSE. Suite E .• 
Albuquerque. NM 87110. (505) 265-8491. 

NEW YORK: wt Syracuae, 6700 Old o,lIamer Rd .• East 
Syracuse. NY 13057. (315) 463-9291; Endicott, 1\2 Nanticoke 
Ave .• P.O. Box 618. EndiCOl:t. NY 13760. (607) 754-3900; 
Melville, I Huntington Quadrangle. Suite Je10. P.D. Box 
2936. Melville. NY 11747. (516) 454-6600; PouPkeeplie, 201 
South Ave .• Poughkeepsie. NY 12601. (914) 473-2900; 
Rocbater, 1210 Jefferson Rd .• Rochester. NY 14623. (716) 
424-5400. 

NORIH CAROLINA: Charlotte, 8 Woodlawn Green. 
Woodlawn Rd .. Charlotte. NC 28210. (704) 527-0930; 
RaIeiP, 3000 Highwoods Blvd .• Suite 118. Raleigh. NC 
27625. (919) 876-2725. 

OHIO: Beachwood, 23408 o,lIUJ1erce Park Rd .• Beachwood. 
OH 44122. (216) 464-6100; Dayton, Kingsley Bldg .• 4124 
Linden Ave .• Dayton. OH 45432. (513) 258-3877. 

OKLAHOMA: TuIaa, 7615 East 63rd Place. 3 Memorial 
Place. TulsaOK 74133. (405) 250-0633. 

OREGON: BeaYel1oll, 6700 SW 105th St .• Suite 110. 
Beaverton. OR 97005. (503) 643-6758. 
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PENNSYLVANIA: ft. WaahiuctOll. 575 Virginia Dr .• Ft. 
Washington. PA 19034. (215) 643-6450; Oxaopo/is. PA 
l5lOS. 420 Rouser Rd .• 3 Airport Office PK. (412) 771-8550. 

TEXAS: Autin, 12501 Resean:h Blvd .• P.D.Box 2909. 
Austin. TX 78723. (512) 250-7655; DalIaa, P. O. Box 1087. 
Richardson. TX 75080; HouatOll. 9100 Southwest Frwy .• Suite 
237. Houston. TX 77036. (713) 778-6592; San Antonio, 1000 
Central Park South. San Antonio. TX 78232. (512) 496-1779. 

UTAH: Salt Lake City, 3672 West 2100 South. Salt Lake 
City. lIT 84120. (801) 973-6310. 

VIRGINIA: fairfax. 3001 Prosperity. Fairfax. VA 22031. 
(703) 849·1400; Midlothian. 13711 Sutter's Mill Circle. 
Midlothian. VA 23113. (804) 744-1007. 

WISCONSIN: Brook6eId, 205 Bishops Way. Suite 214. 
Brookfield. WI 53005. (414) 784-3040. 

WASHINGTON: Redmond, 2723 152nd Ave .• N.E. Bldg. 6. 
Redmond. WA 98052. (206) 881-3080. 

CANADA: Otta_. 436 Mac Laren St .. Ottawa. Canada. 
K2POM8.(613) 233-1177; Richmond HiD. 280 Centre St. E .• 
Richmond Hill L4CIBI. Ontario. Canada. (416) 884-9181; St. 
Laurent. Ville St. Laurent Quebec. 9460 Trans Canada Hwy .• 
St. Laurent. Quebec. Canada H4SIR7. (514) 334-3635. 0 

TI Distributors 
ALABAMA: Hall-Mark (205) 837-8700. 

ARIZONA: Phoenix, Kierulff (602) 243-4101; Marshall (602) 
968-6181; Wyle (602) 249-2232; TucllOll, Kierulff (602) 
624-9986. 

CALIFORNIA: Los An,e\a.lOrance County, Arrow (213). 
701-7500. (714) 851-8961; Kierulff (213) 725-0325. (714) 
731-5711; Marshall (213) 999-5001. (213) 442-7204. (714) 
556-6400; R.V. Weatherford (714) 634-9600. (213) 849-3451. 
(714) 623-1261; Wyle (213) 322-8100. (714) 641-1600. San 
Dieao, Arrow. (619) 565-4800; Kierulff (619) 278-Zll2; 
Marshall (619) 578-9600; R. V. Weatherfurd (619) 695-1700; 
Wyle (619) 565-9171; Sanfrancilco Bay Area. Arrow (408) 
745-6600; Kierulff (415) 968-6292; Marshall (408) 732-1100; 
Wyle (408) 727-2500; Santa Barbara, R. V. Weatherford (805) 
965-8551. 

COWRADO: Arrow (303) 758-2100; Kierulff (303) 
790-44+4; Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265-7741; Diplomat (203) 
797-9674; Kierulff (203) 265-l1l5; Marshall (203) 265-3822; 
Milgray (203) 795-0714. 

noRlDA: ft. Lauderdale. Arrow (305) 776-7790; Diplomat 
(305) 971-7160; Hall-Mark (305) 971-9280; Kierulff (305) 
652-6950; Orbn4<.>, AOT(Nf (305) 725-!4&1; Dip!o!!'3£ (30S) I 
725-4520; Hall-Mark (305) 855-4020; Milgray (305) 647-5747; 
Tampa, Diplomat (813) 443-4514; Hall-Mark (813) 576-8691; 
Kierulff (813) 576-1966. 

GEORGIA: Arrow (404) 449-8252; Hall-Mark (404) 
447-8000; Kierulff (404) 447-5252; Marshall (404)923-5750. 

illiNOiS: Arrow (312) 397-H40; Diplomat (312) 595-1000; 
Hall-Mark (312) 860-3800; Kierulff (312) 640-0200; Newark 
(312) 638-4411. 

.. 
TEXAS 

INSTRUMENTS 
Creating useful products 

and services for you. 

INDIANA: lndiauapolil, Arrow (317) 243-9353; Graham 
(317) 634-8202; ft. Wayne, Graham.<219) 423-3422. 

IOWA: Arrow (319) 395-7230. 

KANSAS: Kanau City. Component Specialties (913) 
492-3555; Hall-Mark (913) 888-4747; WIChita, LCOMP (316) 
265-9507. 

MARYLAND: Arrow (301) 247-5200; Diplomat (301) 
995-1226; Hall-Mark (301) 796-9300; Kierulff (301) 247-5020; 
Milgray (301) 468-6400. 

MASSACHUSETTS: Arrow (617) 933-8130; Diplomat (617) 
429-4120; Kierulff (617) 667-8331; Marshall (617) 272-8200; 
Time (617) 935-8080. 

MICHIGAN: Detroit, Arrow (313) 971.8200; Newark (313) 
967-0600; Gnnd Rapids, Arrow (616) 243-0912. 

MINNESOTA: Arrow (612) 830-1800; Hall-Mark (612) 
854-3223; Kierulff (612) 941-7500. 

MISSOURI: Kanau City, LCOMP (816) 221-2400; St. Louis. 
Arrow (314) 567-6888; Hall·Mark (314) 291-5350; Kierulff 
(314) 739-0855. 

NEW HAMPSHIRE: Arrow (603) 668-6968. 

NEW JERSEY: Arrow (201) 575-5300. (609) 235-1900; 
Diplomat (201) 785-1830; General Radio (609) 964-8560; 
Hall-Mark (201) 575-4415. (609) 424-7300. JACO (201) 
778-4722. (800) 645-5130; Kierulff (201) 575-6750; Marshall 
(201) 882-0320; Mi\gray (609) 983-5010. (800) 645-3956. 

NEW MEXICO: Arrow (505) 243-4566; International 
Electronics (505) 345-8127. 

NEW YORK: Long Island. Arrow (516) 231-1000; Diplomat 
(516) 454-6334; Hall-Mark (516) 737-0600; JACO (516) 
273-5500; Marshall (516) 273-2424; Mi\gray (5)6) 546-5600. 
(800) 645-3986; Hall-Mark (516) 737-0600; Rochester, Arrow 
(716) 275-0300; Marshall (716) 235-7620; Rochester Radio 
Supply (716) 454-7800; Syracuae, Arrow (315) 652-1000; 
Diplomat (315) 652-5000; Marshall (607) 754-1570. 

NORIH CAROLINA: Arrow (919) 876-3132. (919) 
725-8711; Hall-Mark (919) 872-0712; Kierulff (919) 852-9440. 

OHIO: Cincinnati. Graham (513) 772-1661; Hall-Mark (513) 
563-5980; CIe\leIand, Arrow (216) 248-3990; Hall-Mark (216) 
473-2907; Kierulff(216) 587-6558; Columbus, Hall-Mark 
(614) 891-4555. Dayton. Arrow (513) 435-5563; ESCO (513) 
226-1133; Marshall (513) 236-8088. 

OKLAHOMA: Arrow (918) 665-7700; Component Specialties 
(918) 664-2820; Hall-Mark (918) 665-3200; Kierulff (918) 
252-7537. 

OREGON: Kierulff (503) 641-9150; Wyle (503) 640-6000. 

PENNSYLVANIA:Arrow (412) 856· 7000. (215) 928-1800; 
General Radio (215) 922-7037; Hall-Mark (215) 355-7300. 

TEXAS: Autin. Arrow (512) 835-4180; Component 
Specialties (512) 837-8922; Hall-Mark (512) 258-8848; Kierulff 
(m) 835-2090; Dallu, Arrow (ZI4) 386-7500; Component 
Speciakies (214) 357-6511; Hall-Mark (214) H1-1147; 
International Electronics (214) 233-9323; Kierulff (214) 
343-2400; EI Puo, International Electronics (915) 778-9761; 
Houston, Arrow .(713) 491-4100; Component Specialties (713) 
771-7237; Hall-Mark (713) 781-6100; Harrison Equipment 
(713) 879-2600; Kierulff (713) 530-7030. 

UTAH: Diplomat (801) 486-4134; Kierulff (801) 973-6913; 
Wyle (801) 974-9953. 

VIRGINIA: Arrow (804) 282-0413 . 

WASHINGTON: Arrow (206) 643-4800; Kierulff (206) 
575-4420; Wyle (206) 453-8300. 

WISCONSIN: Arrow (414) 764-6600; Hall-Mark (414) 
761-3000; Kierulff (414) 784-8160. 

CANADA: Calgary, Future (403) 259-6408; Varah (403) 
230-1235; Hamilton, Varah (416) 561-9311; MootraI, CESCO 
(514) 735-5511; Future (514) 694-7710; Nepeon. ITT 
o,mponents (613) 226-7406; Ottawa, CESCO (613) 
226-6905; Future (613) 820-8313; Quebec City, CESCO (418) 
687-4231; ITT o,mponents (514) 735-1177; Toronto, CESCO 
(416) 661-0220; Future (416) 663-5563; ITT Components 
(416) 630-7971; Vancou\'er. Future (604) 438-5545; Varah 
(604) 873-3211; ITT Components (604) 270-7805; Wmnipeg, 
Varah (204) 633-6190. . BO 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TLC251, TLC251 A, TLC251B, TLC271, TLC271 A, TlC271B 
PROGRAMMABLE LOW-POWER LinCMOSTMOPERATIONAL AMPLIFIERS 

D2751, JULY 1983-REVISED OCTOBER 1983 

• Wide range of Supply Voltages: 
1 V to 16 V (TLC251) 
4 V to 16 V (TLC271) 

• True Single-Supply Operation 

'. Common-Mode Input Voltage Includes the 
Negative Rail 

• Low Noise •.. 30 nV.JHz Typ at 1 kHz 
(High-Bias) 

description 

The TLC251 and TLC271 series are low-cost, low
power programmable operational amplifiers designed 
to operate with single or dual supplies. Unlike 
traditional metal-gate CMOS op amps, these devices 
utilize the Texas Instruments silicon gate LinCMOS ™ 
process, giving them stable input offset voitages 
without sacrificing the advantages of metal-gate 
CMOS. This series of parts is avaiiable in selected 
grades of input offset voltage and can be nulled with 
one external potentiometer" Because the input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this family 
is ideally suited for battery-powered 'or energy
conserving applications. A bias-select pin can be used 
to program one of three ac performance and power
dissipation levels to suit the application. The TLC251 
offers the same operation as the Tl..C271, but also 
features guaranteed operation down to a 1 V supply. 
Both devices are stable at unity gain. 

TEMPERATURE RANGES AND PACKAGES 

SERIES TEMPERATURE RANGE PACKAGES 

TLC251 C Types OOC to 70° JG, P, 0 

TLC271C Types OOC to 70°C JG, P, 0 

TLC2711 Types -40°C to 85°C JG,P,D 

TLC271 M Types -55°C to 125°C JG, FH, FK 

DEVICE FEATURES 

PARAMETER lOW BIAS 

Supply current (Typ) 10 itA 
Slew rate (Typ) 0.04 V/lts 

Input offset voltage (Max) 

· .. Standard types 10 mV 

· .. A-suffix types 5 mV 

· .. B-suffix types 2 mV 

Offset voltage change (Typ) 
0.1 ltV/month t 

0.7 ItV/oC 

Input bias current (Typ) 1 pA 

Input offset current (Typ) 1 pA 

tThe long·term drih value applies after the first month, 

D, JG, OR P DUAl-!N-liNE PACKAGE 

(TOP VIEW) 

OFFSET N1 D8 BIAS, SELECT 
IN - 2 7 Von 

, IN + '3 6 OUT 

GND 4 5 OFFSET N2 

FH ORFK PACKAGE 

(TOP VIEW) 

NC 
IN

Ne 
IN+ 

NC 

Z 
~ 
L.U 

r
u 
W 
...J 
L.U 
Cf) 

Cf) Cf) 

uttu<l:u 
zOzmz 

UOUNU 
ZZZZZ 

t9 r-
L.U 
Cf) 
U. 
U. 
o 

NC No internal connection 

symbol 

BIAS SELECT----, 

NONINVERTING 
INPUTIN+ 

INVERTING 
INPUT IN-

OFFSET N1----' 

OFFSET N2------' 

MEDIUM BIAS HIGH BIAS 

150 itA 1000 itA 

0.6 V/lts 4.5 V/lts 

10 mV 10 mV 

5 mV 5 mV 

2 mV 2 mV 

0.1 ltV/month t 0.1 ltV/month t 
2 ItV/oC 5 ItV/oC 

1 pA 1 pA 

1 pA 1 pA 

NC 

VDD 
NC 

OUT 
NC 

OUTPUT 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPES TLC251 I TLC251 A, TLC251 B, TLC271 I TLC271 A, TLC271 B 
PROGRAMMABLE LOW-POWER LinCMOSTM AMPLIFIERS 

These devices have internal Electrostatic Discharge (ESD) protection circuits which will prevent catastrophic failures 

at voltages up to 2000 volts as tested under MIL-STD-883B Method 3015.1. However, care should be exercised in 
handling these dev.ices as exposure to ESD may result in a degradation of the device parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC251 
and TLC271 series include many areas that have previously been limited to BIFET and NFET product types. Any circuit 

using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with LinCMOS operational amplifiers without 
the power penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, 
amplifier blocks, active filters, and signal buffering are all eaSily designed with the TLC271 . Remote and inaccessible 
equipment applications are possible using the low-voltage and low-power capabilities of the TLC251 . In addition, by 
driving the bias-select input with a logic signal from a microprocessor, these operational amplifiers can have software
controlled performance and power consumption. The TLC251 is well suited to solve the difficult problems associated 
with single-battery and solar-cell-powered applications. 

Devices having an "M" suffix are characterized for operation over the temperature range of - 55°C to 125°C, those 
with an "1" suffix are characterized for operation from - 40°C to 85 °C, and those with a "c" suffix are characterized 
for operation from O°C to 70°C. 

schematic 

VDD-------------------------e--4---------------.---------~ 

ESD 
IN+ PROTECTIVE t---------+---Ir---------, 

IN-

NETWORK 

ESD 
PROTECTIVE 

NETWORK 

-""7-, , 
CURRENT 
CONTROL 

ESD 
PROTECTIVE 

NETWORK 

BIAS 
SELECT 

~~---+---------------OUTPUT 

OFFSET N1, 

OFFSET N2 

GND 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TLC252, TLC25L2, TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL AMPLIFIERS 

JUNE 1983-REVISED OCTOBER 1983 

• Wide range of Supply Voltages: 
1 V to 16 V (TLC252 types) 
4 V to 16 V (TLC272 types) 

• True _ Single-Supply Operation 

• Common-Mode Input Voltage Includes the 
Negative Rail 

• Low Noise ... 30 nV~ Typ at f 1 kHz 
(High-Bias Versions) 

description 

D, JG, OR P DUAl-IN-LiNE PACKAGE 

# 1 IN

NC 

# 1 IN+ 

NC 

(TOP VIEW) 

OUT[]8 \,tOO 
IN-2 7 OUT 

IN + 3 6 IN-
GNO 4 5 IN+ 

FH OR FK PACKAGE 

(TOP VIEW) 

I-
:::> o 0 

U,.... U OU 
z~z>z 

NC - No internal connection 

NC 

#2 OUT 

NC 
#2 iN-

NC 

The TLC252 and TLC272 series are low-cost, low

power dual operational amplifiers designed to operate 
with single or dual supplies. These devices utilize the 
Texas Instruments silicon gate LinCMOS™ process, 
giving them stable input offset voltages that are 
available in selected grades of 2, 5 or 10 mV 
maximum, very high input impedances, and extremely 
low input offset and bias currents. Because the input 

common-mode range extends to the negative rail and 
the power consumption is extremely low, this series 
is ideally suited for battery-powered or energy
conserving applications. The TLC252 types offer 
guaranteed operation down to a 1-V supply. All 
devices are unity-gain stable and have excellent noise 

characteristics. 

symbol (each amplifi.er) 

NONINVERTING =t>-' ' 
INPUTIN+ OUTPUT 

INVERTING -
INPUT IN-

DEVICE FEATURES 

TlC25l2 TlC25M2 TlC252 

PARAMETER TlC27l2 TlC27M2 TlC272 

(lOW BIAS) (MEDIUM BIAS) (HIGH BIAS) 

Supply current (Typ) 20 ILA 300 ILA 2000 ILA 

Slew rate (Typ) 0.04 V/ILs 0.6 V/ILs 4.5 V/ILs 

Input offset voltage (Max) 

· . . Standard types 10 mV 10 mV 10 mV 

· .. A-suffix types 5 mV 5 mV 5 mV 

· . . B-suffix types 2 mV 2 mV 2 mV 

Offset voltage change (Typ) 
0.1 ILV/month t 0.1 ILV/month t 0.1 ILV/month t 

0.7 ILV/oC 2 ILV/oC 5 ILV/oC 
Input bias current (Typ) 1 pA 1 pA 1 pA 

Input offset current (Typ) 1 pA 1 pA 1 pA 

t The offsat voltage diift applies aftei the fiist month only. 

TEMPERATURE RANGES AND PACKAGES 

SERIES TEMPERATURE RANGE PACKAGES 

TLC252C Types O°C to 70° JG,P,D 

TLC272C Types OOC to 70°C JG, P, 0 

TLC2721 Types -40°C to 85°C JG, P, D 

TLC272M Types - 55°C to 125°C JG, FH, FK 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 

TIW doc:urnent c:om.Ins Informadon on • new product. 
SpecifIcdona ... 1Ubject to change without notice. 
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TYPES TLC252, TLC25L2. TLC25M2, TLC272, TLC27L2, TLC27M2 
LinCMOSTM DUAL OPERATIONAL APPLIFIERS 

These devices have internal Electrostatic Discharge (ESD) protection circuits which will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B Method 3015.1. However, care should be exercised in 
handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

Because of the extremely high input impedance and low input bias and bffset currents, applications for the TLC252 
and TlC272 series include many areas that have previously beeh li'mited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with linCMOSTM operational amplifiers without 
the power penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calcuiations, 
amplifier blocks, active filters, and signal buffering are all easily designed with the TLC252 and TLC272 series. Remote 
and inaccessible equipment applications are possible using the low-voltage and low-Power capabilities of the TLC252. 
The TLC252 types are well suited to solve the difficult problems associated with single-battery and solar-cell-powered 
applications. This series includes devices that are characterized for commercial, industrial, and military temperature 
ranges and are available in 8-pin plastic and ceramic dual-in-line (DIP) packages, small outline (D) package, and chip 
carrier (FH, FK) packages. 

schematic (each amplifier) 
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TYPES TLC254. TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M'4 
LinCMOSTM QUAD OPERATIONAL AMPLIFIERS 

02753, JUNE 1983- REVISED OCTOBER 1983 

• Wide range of Supply Voitages: 
1 V to 16 V (TLC254 types) 
4 V to 16 V (TLC274 types) 

• True Single-Supply Operation 

• Common-Mode Input Voltage Includes the 
Negative Rail 

• Low Noise ... 30 nV.JHi Typ at f 1 kHz 
(High-Bias Versions) 

description 

The TLC254 and TLC274 series are low-cost, low
power dual operational amplifiers designed to operate 
with single or dual supplies. These devices utilize the 
Texas Instruments silicon gate LinCMOSTM process, 
giving them stable input offset voltages that are 
available in selected grades of 2, 5 or 10 mV 
maximum, very high input impedances, and extremely 
low input offset and bias currents. Because the input 
common-mode range extends to the negative rail and 
the power consumption is extremely low, this series 
is ideally suited for battery-powered or e'nergy
conserving applications. The TLC254 types offer 
guaranteed operation down to a 1-V supply. All 
devices are unity-gain stable and have excellent noise 
characteristics. 

TEMPERATURE RANGES AND PACKAGES 

DEVICE TYPES TEMPERATURE RANGE PACKAGES 

0, J, OR N DUAL IN-LINE-PACKAGE 

(TOP VIEW) 

AMP # 1 {~NU~ ~U_T} AMP # 4 

IN+ IN+ 

AMP # 2 v{:~ ~ ~c:}~ AMP # 3 

OUT OUT """"1.. __ ...r-

FH OR FK PACKAGE 

(TOP VIEW) 

Ir- r-I 
z:::> ::Jz _0 0_ 
.......... Uo;fo;f 
=1;:=1;:2=1;:=1;: 

NC - No· internal connection 

symbol (each amplifier) 

INPUT IN+ + 

#4IN+ 
NC 
Vcc-
NC 
#3IN+ 

TlC254C OOC to 70° J, N, 0 
OUTPUT 

NONINVERTING=t>-.. ' 

TlC274C OOC to 70°C J,N,O INVERTING _ 

TLC2741 -40°C to 85°C J, N,O INP~T IN-

TlC274M - 55°C to 125°C J, FH, FK 

DEVICE FEATURES 

TlC25L4 TLC25M4 TLC254 

PARAMETER TLC27L4' TLC27M4 TLC274 

(LOW BIAS) (MEDIUM BIAS) (HIGH BIAS) 

Supply current (Typ) 40ILA 600ILA 4000 ILA 
Slew rate (Typ) 0.04 VII'S 0.6 VII'S 4.5 V/p.s 

Input offset voltage (Max) 

· . . Standanj types 10 mV 10 mV 10 mV 

· . . A-suffix types 5 mV 5mV 5 mV 

· . . B-suffix types 2 mV 2 mV 2 mV 

Offset voltage change (Typ) 
0.1 ILV/month t 0.1 p.V/month t 0.1 ILV/month t 

0.7 p.V/oC 2 p.V/oC 5 p.V/oC 

Input bias current (Typ) 1 pA 1 pA 1 pA 
Input offset current (Typ) 1 pA 1 pA 1 pA 

tThe long-term drift value applies after the first month. 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 

ThIs doc:wnent c:on.na information on • new product. 
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TYPES TLC254, TLC25L4, TLC25M4, TLC274, TLC27L4, TLC27M4 
LinCMOSTM QUAD OPERATIONAL APPLIFIERS 

These devices have internal Electrostatic Discharge (ESD) protection circuits which will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-8838 Method 3015.1. However, care should be exercised in 
handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

Because of the extremely high input impedance and low input bias and offset currents, applications for the TLC254 
and TLC274 series include many areas that have previously been limited to BIFET and NFET product types. Any circuit 
using high-impedance elements and requiring small offset errors is a good candidate for cost-effective use of these 
devices. Many features associated with bipolar technology are available with LinCMOSTM operational amplifiers without 
the power penalties of traditional bipolar devices. General applications such as transducer interfacing, analog calculations, 
amplifier blocks, active filters, and signal buffering are all easily designed with the TLC254 and TLC274 series. Remote 
and inaccessible equipment applications are possible using the low-voltage and low-power capabilities of the TLC254. 
The TLC254 types are well suited to solve the difficult problems associated with single-battery and solar-cell-powered 
applications. This series includes devices that are characterized for commercial, industrial, and military-temperature 
ranges and are available in 14-pin plastic and ceramic dual-in-line (DIP) packages, small outline (D) package, and chip 
carrier (FH, FK) packages. 

schematic (each amplifier) 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Single- or Dual-Supply Operation 

• Wide Range of Supply Voltages 
2 to 18 Volts 

• Very Low Supply Current Drain 
0.2 rnA Typ 

TYPES TlC3~2M, TLC372C 
DUAL LinCMOSTM DIFFERENTIAL COMPARATORS 

JG OR P 

DUAl-IN-LiNE PACKAGE 

(TOP VIEW) 

OCTOBER 1983 

# 1 IN + 3 61N _ COMP 

• Fast Response Time ... 200 ns Typ for. 

COMP{~NU~D1 ; ~3~}+ 
GND 4 5 IN+ #2 

TTL-Level Input Step 

.• Built-In ESD Protection 

• High Input Impedance ... 1012 {2 Typ 

• Extremely Low Input Bias Current 
1 pA Typ , 

• Ultra-Stable Low Input Offset Voltage 

• Common-Mode Input Voitage Range 
Includes Ground 

• Output Compatible with TTL, MOS, and 
CMOS 

description 

symbol (each comparator) 

- ,NONINVERTI.NG =C>-. . 
INPUT IN+ OUTPUT 

INVERTING 
INPUT IN-

This device is fabricated using LinCMOSTM technology and consists of two independent voltage comparators designed 
to operate from a single power supply. Operation from dual supplies is also possible so long as the difference between 
the two supplies is 2 to 18 volts. Each of these devices features extremely high input impedance (typically greater . 
than 1012 ohms) allowing direct interfacing with high-impedance sources. The outputs are n-channel open-drain 
configurations, . and can be connected to achieve positive-logic wired-AND relationships. 

These devices have internal Electrostatic Discharge (ESD) protection circuits which will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

The TLC372M is characterized for operation over the full military temperature range of- 55°C to 125°C. The TLC372C 
is characterized for operation from OOC to 70°C. 

PRODUCT PREVIEW 
ThiI document cont.IIkw ~ on • pIQduct under 
clewlopment. Ta ... Instrumenta.-- the right to 
change Of ~ thiI product without notice. 

@) Ie MASTER 1984 
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TYPES TLC372M, TLC372C 
DUAL LinCMOSTM DIFFERENTIAL COMPARATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TLC372M TLC372C UNIT 
Supply voltage (see Note 1) 18 18 V 
Differential input voltage (see Note 2) ±18 ±18 V 
Input voltage. V, 18 18 V 
Output voltage. Vo 18 18 V 
Output current. 10 20 20 mA 
Duration of output short-circuit to ground (see Note 3) unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 900 900 mW 

Storage temperature range -65 to 150 -65 to'150 °C 
Lead temperature 1.6 mm (1/16 inch) from case for 60 seconds I JG package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I D or P package 260 °C 

NOTES: 1. All voltage values, except differential voltages. are with respect to network ground terminal. 

2. Differential voltages are at the non inverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to VCC can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, the TlC372C chips are glass

mou'1ted; the TlC372M chips are alloy-mounted. 

electrical characteristics at specified free-air temperature, Vee 5 V (unless otherwise noted) 

PARAMETER TEST CONDITIONS t 
TLC372M TLC372C 

UNIT 
MIN TYP MAX MIN TYP MAX 

V,O Input offset voltage 
25°C 2 10 2 10 

V'C = V,CR min, See Note 5 
;2 

mV 
Full range 12 

25°C 1 1 pA 
1,0 Input offset current See Note 5 

Full range 10 0.3 nA 

25°e 1 pA 
liB Input bias current 

Full range 20 0.6 nA 

o to o to 

Common-mode input 
25°C 

V,CR 
VCC-l.5 VCC -1.5 

\I 

voltage range 
., I 0 to I 0 to Full range 

VCC-2 VCC-2 

AVD 
Large-signal differential Vce = 15 V. 

voltage amplification RL ~ 1 5 kG to V CC 
25°C 200 200 v/mV 

High-level IVOH = 5V 25°C 0.1 0.1 nA 
10H V,D = 1 V 

output current IVOH = 15 V Full range 1 1 p.A 

Low-level VID = 1 V. 25°C 150 400 150 400 
VOL mV 

output voltage 10L = 4 mA t:ull range 700 700 

Low-level V,D = 1 V. 
mA 10L 25°C 6 16 6 16 

output current VOL = 1.5 V 

ICC 
Supply current 

(two comparators) 
VID=-lV. No load 25°C 0.2 0.2 mA 

. 

t All characteristiCS are measured with zero common-mode input voltage unless otherwise specified. 

NOTE 5: The offset voltages and offset currents given are the maximum values required to drive the output up to 4 V'or down to 400 mV with a pull-up 

resistor of 2.5 kG to VCC' Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain and 

input impedance. FUll range for T A is - 55°C to 125°C for TlC372M, ooC to 70°C for TlC372C. 

switching characteristics, Vee = 5 V, TA = 25°e 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

RL connected to 5 V through 5.1 kG, 1100-mV input step with 5-mV overdrive 0.9 
Response time 

CL = 15 pFi See Note 6 I TTL-level input step 0.2 
p's 

.tel includes probe and jig capacitance. 

NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 

TYPES TlC374M, TlC374C 
QUADRUPLE LinCMOSTM DIFFERENTIAL COMPARATORS 

• Single- or Dual-Supply Operation 

• Wide Range of Supply Voltages 
2 to 18 volts 

• Very Low Supply Current Drain 
0.4 mA Typ 

• Fast Response Time ... 200 ns Typ for 
TTL-Level Input Step 

• Built"-In ESD Protection 

• High Input Impedance ... 1012 n Typ 

• Extremely Low Input Bias Current 
1 pA Typ 

• Ultra-Stable Low Input Offset Voltage 

• Common-Mode Input Voltage Range 
Includes Ground 

02783, SEPTEMBER 1983 

TlC374M ... J DUAl-IN-LiNE PACKAGE 

TlC374C .... D. J. OR N DUAl-IN-LiNE PACKAGE 

(TOP VIEW) 

OUT CaMP # 1 OUT CaMP # 3 
OUT COMP # 2 OUT CaMP # 4 

Vee GND 

COMp·{IN- IN+}COMP 
#2 IN+ IN- #4 

COMP{IN- IN+}COMP 
# 1 IN + IN- #3 

-L... __ ~ 

symbol (each comparator) 

INPUTIN+ . OUTPUT 
INVERTING 

• Output Compatible with TTL, MOS, and 
CMOS 

NONINVERTING =t>-
INPUT IN-

description 

This device is fabricated using LinCMOSTM technology and consists of four independent voltage comparators designed 
to operate from a single power supply. Operation from dual supplies is also possible so long as the difference between 
the two supplies is 2 to 18 volts. Each of these devices features extremely high input impedance (typically greater 
than 1012 ohms) allowing direct interfacing with high-impedance sources. The outputs are n-channel open-drain 
configurations, and can be connected to achieve positive-logic wired-AND relationships. The TLC374C is designed 
as a pin-compatible, functional replacement for the LM339, offering twice the speed while consuming typically one
half of the· power. 

These devices have internal Electrostatic Discharge (ESD) protection circuits which will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-8838 Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

The TLC374M is characterized for operation over the full military temperature range of - 55°C to 125°C. The TLC374C 
is characterized for operation from OOC to 70°C. 

PRODUCT PREVIEW 
ThIs document ~ Inforrndon on. product under 
development. Taxealnstrument. re..ves the right to 
change or diac:ontlnue this product without notice. 

© Ie MASTER 1984 

Copyright © 1 983 by Texas Instruments Incorporated 
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TYPES TLC374M, TLC374C 
QUADRUPLE LinCMOSTM DIFFERENTIAL COMPARATORS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

TLC374M TLC374C UNIT 

Supply voltage (see Note 1) 18 18 V 

Differential input voltage (see Note 2) ±18 ±18 V 

Input voltage, VI 18 18 V 

Output voltage, Vo 18 18 V 

Output current, 10 20 20 mA 

Duration of output short-circuit to ground (see Note 3) unlimited unlimited 

Continuous total dissipation at (or below) 25°C free-air temperature (see Note 4) 900 900 mW 

Storage temperature range -65 to 150 - 65 to 150 °C 

Lead temperature 1,6 mm (1 116 inch) from case for 60 seconds 1 J package 300 300 °C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds I 0 or N package 260 °C 

NOTES: 1. All voltage values, except differential voltages, are with respect to network ground terminal. 

2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal. 

3. Short circuits from outputs to VCC can cause excessive heating and eventual destruction. 

4. For operation above 25°C free-air temperature, refer to Dissipation Derating Curves, Section 2. In the J package, the TlC374C chips are glass

mounted; the TLC374M chips are alloy-mounted. 

electrical characteristics at specified free-air temperature, Vee 5 V (unless otherwise noted) 

TEST CONDITIONS t 
TLC374M TLC374C 

PARAMETER UNIT 
MIN TYP MAX MIN TYP MAX 

25°C 2 10 2 10 
VIO Input offset voltage VIC = VICR min, See Note 5 mV 

Full range 12 12 

25°C 1 1 pA 
110 Input offset current See Note 5 

Full range 10 0.3 nA 

25°C 1 1 pA 
liB Input bias current 

Full range 20 0.6 nA 

o to o to 
25°C 

VICR 
Common-mode input Vee- 1.5 VCC-l.5 

V 
voltage range o to o to 

Full range 
Vee- 2 Vec-2 

AVO 
Large-signal differential VCC = 15 V, 

25°C 200 200 v/mV 
voltage amplification RL ~ 1 5 kn to V CC 

High-level IVOH = 5V 25°C 0.1 0.1 nA 
10H VID = 1 V 

output current jVOH = 15 V Full range 1 1 p.A 

Low-level 25°C 150 400 150 400 
VOL VID = -1 V, IOL = 4 mA mV 

output voltage Full range 700 700 

Low-level 
25°C 6 16 6 16 mA 10L V,O = -1 V, VOL = 1.5 V 

output current 

ICC 
Supply current 

VIO -1 V, No load 25°C 0.4 1 0.4 1 mA = 
(four comparators), 

{!!. t All characteristics are measured with zero common-mode input voltage unless otherwise specified. 

NOTE 5: The offset voltages and offset currents given are the maximum values required to drive the output up to 4 V or down to 400 mV with a pull-up 

resistor of 2.5 kD to Vec. Thus, these parameters actually define an error band and take into account the worst-case effects of voltage gain and 

input impedance. Full range for T A is - 55°C to 125°e for TlC374M, ooC to 70 0 e for TLe374C. 

switching characteristics, Vee = 5 V, T A = 25°C 

PARAMETER -rEST CONDITIONS MIN TYP MAX UNIT 

RL connected to 5 V through 5.1 kn. /100-mV input step with 5-mV overdrive 0.9 
Response time 

CL = 15 pF:I:. See Note 6 I TTL-level input step 0.2 
p's 

tCl includes probe and jig capacitance. 

NOTE 6: The response time specified is the interval between the input step function and the instant when the output crosses 1.4 V. 
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LINEAR 
INTEGRATED 
CIRCUITS 

• Very low Power Consumption ... 1 mW 
Typ at VOD = 5 V-

• Capable of Very High-Speed Operation 
... Typically 2 MHz in Astable Mode 

• Complementary CMOS output Capable of 
Swinging Rail-to-Rail 

• High Output-Current Capability 
... Sink 100 mA Typ 
... Source 10 mA Typ 

• Output Fully CMOS-, TTL-, and 
MOS-Compatible 

• Low Supply Current Reduces Spikes During 
- Output Transitions 

• High Impedance Inputs ... 1012 n Typ 

• Single-Supply Operation from 2 to 18 volts 

• Functionally Interchangeabie with the 
Signetics NE555; has Same Pinout 

description 

The TLC555 is a monolithic timing circuit fabricated 
using TI's LinCMOSTM process. Due to its high
impedance inputs (typically 1012 m, it is capable of 
producing accurate time delays and oscillations while 
using less expensive, smaller timing capacitors than 
the NE555. like the NE555, the TLC555 achieves 
both monostable (using one resistor and one capacitor) 
and astable (using two resistors and one capacitor) 

TYPESTLC555M, TLC555C 
LinCMOSTM TIMERS 

D2784, SEPTEMBER 1983 

TLC555M ... JG PACKAGE 

TLC555C ... 0, JG, or P PACKAGE 

(TOP VIEW) 

GNDu8 VDD 
TRIG 2 7 DSCH 
OUT 3 6 THRES 

RESET 4 5 CONT 

functional block diagram 

Vee 
CONTROL 

R 

THRESHOLD 

RESET 

R1 

R 

rUl 

TRIGGER l 
.... ________ --0 .... T,-_~ ____ 

DISCHARGE 
GND 

Reset can override Trigger, which can override Threshold. 

operation. In addition, 50% duty cycle astable operation is possible using only a single resistor and one capacitor. 
The LinCMOSTM process allows the TLC555 to operate at frequencies up to 2 MHz and be fully compatible with CMOS, 
TTL, and MOS logic. It also provides very low power consumption (typically 1 mW at VDD = 5 V) ~ver a wide range 
of supply voltages ranging from 2 volts to 1 8 volts. 

Like the NE555, the threshold and trigger levels are normally two-thirds and one-third respectively of VDD. These 
levels can be altered by use of the control voltage terminal. When the trigger input falls below trigger level, the flip
flop is set and the output goes high. If the trigger input is above the trigger level and the threshold input is above 
the threshold level, the flip-flop is reset and the output is low. The reset input can override all other inputs and can 
be used to initiate a new timing cycle. When the reset input goes low, the flip-flop is reset and the output goes low. 
Whenever the output is low, a low impedance path is provided between the discharge terminal and ground. 

While the complementary CMOS output is capable of sinking over 100 mA and sourcing over 10 mA, the TLC555 
exhibits greatly reduced supply current spikes during outputtransitions. This minimizes the need for the large decoupling 
capacitors required by the NE555. 

These devices have internal Electrostatic Discharge (ESD) protection circuits that will prevent catastrophic failures 
at voltages up to 2000 volts as tested under MIL-STD-883B Method 3015.1. However, care should be exercised 
in handling these devices as exposure to ESD may result in a degradation of the device parametric performance. 

All unused inputs should be tied to an appropriate logic level to prevent false triggering. 

The TLC555M is characterized for operation over the full military temperature range of - 55°C to 125 DC; the TLC555C 
is characterized for operation from ODC to 70°C. 

ADVANCE INFORMATION 

Thill doc:urnent c:antMw InforrMdon on • new product. 
Spec:tfIcadons _ IUbject to change without notice. 
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TYPES TLC555M, TLC555C 
LinCMOSTM TIMERS 

TRIGGER 
RESET 

VOLTAGEt 

low Irrelevant 

High < 1/3 VDD 
High > 1/3VDD 

High > 1/3 VDD 

tVoltages levels shown are nominal. 

FUNCTION TABLE 

THRESHOLD 
OUTPUT 

DISCHARGE 

VOi..TAGEt SWITCH 

Irrelevant low On 

IrrelevClnt High Off 

> 2/3 VDD low On 

< 2/3 VDD As previously established 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, VDD (see Note 1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 V 
Input voltage range (any input) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 0.3 V to 18 V 
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2) ........... : . . . .. 600 mW 
Operating free-air temperature range: TLC555M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

TLC555C ...................................... OOC to 70°C 

Storage temperature range ................ : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 1 50°C 
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: D or P package . . . . . . . . . . . . . . . . .. 300 ° 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ................. 260°C 

NOTES: 1. All voltage values are with respect to netwotk ground terminal. 

2. For operation above 25°C free-air temperature, refer to Dissipation Derating Table. In the JG package, TLC555M chips are alloy-mounted and 

TLC555C chips are glass-mounted. 

DISSIPATION DERATING TABLE 

PACKAGE POWER RATING OPERATING FACTOR ABOVE TA 

D 600 rnW 5.8 rnW/oC 46°C 
JG (Alloy-Mounted Chip) 600rnW 8.4 rnW/oC 79°C 
JG(Glass-Mounted Chip) 600rnW 6.6 rnW/oC 59°C 

p 600rnW No derating necessary 

electrical chcMracteristics at 25°C free-air temper:ature. VOO 5 V to 15 V (unless otherwise noted) 

PARAMETER 

Threshold voltage level as a 

percentage of supply voltage 

Threshold current 

T rigger voltage level as a 

percentage of supply voltage 

Trigger current 

Aeset voltage level 

Reset current 

Control voltage (open-circuit) as a 

percentage of supply voltage 

low-level output voltage 

High-level output voltage 

Suppiy current 

3700 

TEST CONDITIONS 

VDD = 5 V 

VDD = 5 V 

VDD = 5 V 

10l = 10 rnA 

VDD = 15 V 10l = 50 rnA 

10l = 100 rnA 

VDD = 5 V 
10l = 5 rnA 

10l = 8 rnA 

10H = -1 rnA 

VDD = 15 V 10H = -5 rnA 

10H = -10 rnA 

10H = -2 rnA 
VDD = 5 V 

10H = -1 rnA 

VDD = 15 V 

VDD = 5 V 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

MIN TYP MAX UNIT 

66.7% 

10 pA 

33.3% 

10 pA 

0.7 V 

±10 pA 

66.7% 

0.1 

0.5 

1 V 

0.1 

0.16 

14.8 

14 

12.7 V 

4 

4.5 

360 

170 
p.A 

@ Ie MASTER 1984 



TYPES TLC555M, TlC555C 
LinCMOSTM TIMERS 

operating characteristics, VOO 5 V, TA 25°C (uniess otherwise noted) 

PARAMETER 

Initial error of timing intervai ' 

Supply voltage sensitivity 

of timing interval 

Output pulse ri'se time 

Output pulse fall time 

Maximum frequency in 

astable mode 

TEST CONDITIONS 

I VOO = 5 V to 15 V, 

RA == RS = 1 kU to 100 kU, 

CT = 0.1 I1F, 

See Figure 1 

VOO = 5 V, RL :::: 10 MU, 

CL = 10 pF 

RA = 470 n, RS = 200 U, 

CT = 200 pF 

TYPICAL APPLICATION DATA 

VDO 

- ... ! 
O.1.u F l 

OPEN ~ 
(5) (8) 

CONT 

RESET 

__ ----t DISCH 

THRES 

__ .... ~--tTRIG 

GNO 

(3) 
OUT~--~~--OUTPUT 

(1 ) 

FIGURE 1-CIRCUIT FOR ASTABLE OPERATION 

MIN TVP 

1% 

0.1 

20 

20 

2.1 

Texas Instruments 'reserves the right to make changes at any time in order to improve design and to supply the best product possible. 

MAX UNIT 

%/V 

ns 

MHz 

Texas Instruments assumes no responsibility for infringement of patents or rights of others based on Texas Instruments applications assistance or product 
specifications, since TI does not possess full access to data concerning the use or applications of customer's products. TI also assumes no responsibility 
for customer product designs. ' 
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TDC1018 
Advance Information 

01 A Converter 
8 bit, 125 MSPS 

II~n 

The TRW TDC1018 is a 125 MegaSample Per Second IMSPSI, 
8 - bit digital-to - analog converter, capable of directly driving a 
75-ohm load. Most applications require no extra registering, 
buffering, or deglitching. Four special level controls make the 
device ideal for video applications. All data -and control inputs 

• Video Controls: Sync, Blank, Bright, Force High 

- are ECl compatible. 

The TDC1018 is built with TRW's OMICRON -B ™ 1-micron 
dual-layer metal bipolar process. On - chip data registers and 
precise matching of propagation delays make the TDC1018 
inherently low-glitching. The TDC1018 offers high performance, 
low power consumption, and video compatibility in a 24 lead 
DIP package. 

• 125 MSPS Conversion Rate 

_ • 8-Bit 
• 1/2 LSB Linearity 
• Differential Current -Outputs 

Pin Assignments 

05 1 (gJ 

Os 2 

OJ 3 

Os 4 

VEED 5 
ClK 6 
ClK 7 

FT 8 
DGND 9 

FH 10 
BLANK 11 

BRT 12 

• low Glitch Energy 

• ECl Compatible 
, • Power Dissipation < 800 mW 

• Available In 24 lead DIP Package 

• Single -5.2V Power Supply 

Applications 

• RGB Graphics 
• Digital Synthesizers 

• Automated Test Equipment 

• Raster Graphic Displays 

• High-Resolution Video 

• Digital T ransminers/Modulators 

24 04 
23DJ 
22~ 
21 01 
20 VEEA 
19 OUT + 
18 ooT-
17 ·AGND 
16 COMP 
15 REF+IN 
14 REF-IN 
13 SYNC 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 

Phone: 1619) 457-1000 
Telex: 697-957 
TWX: 910-335-1571 

La Jolla, CA 92038 
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TDC1048 
Preliminary Information 

Monolithic Video AID Converter 
8 bit, 20 MSPS 

The TRW TDC1048 is a 20 MegaSample Per Second IMSPSI • Low Power Consumption, 1.4W IWorst Case I 
full- parallel lfIashl analog - to - digital converter, capable of 
converting an analog signal with full-power frequency 
components up to 7 MHz into 8-bit digital words. A 
sample-and-hold circuit isnot necessary. Low power consumption 
eases thermal considerations, and board space is minimized 
with a 28iiead package. AI! digital inputs and outputs are TIL 
compatible. 

• Sample-And-Hold Circuit, Not .Required 
• Differential Phase 10 

• Differential Gain 2% 
• 1/2 LSB Linearity 

-• TIL Compatible 

• Selectable Output Format 

The TDC1048 consists of 255 clocked latching comparators, 
combining logic, and an output buffer register. A single convert 
signa! controls the conversion operation. The unit can be 
connected to give either true or inverted outputs in binary or 
offset two's co~plement coding. 

• Available rn 28 Lead: DIP, CERDlP, Or Contact Chip Carrier 

Featll'es 

• 8-Bit Resolution 
• 20 MSPS Conversion Rate 

Functional Block Diagram 

LSI PnDtcts Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

@ IC MASTER 1984 

Applications 

• Low - Cost Video Digitizing_ 

• Radar Data Conversion 
• Data Acquisition 
• Medical Imaging 

__ r-----------------------~ 
~r---------------------~ 
oonr---------------~--_4~_r--~ 

~~~~--rt--~, 

.... 

Phone: !6191 457-1000 
Telex: 697-957 
TWX: 910-335-1571 

• • • 

• • • 

2S& TOI lATat EIICOIIER 

u 

0,-. 

©TRW Inc. 1983 
4OG01216 Rev. B-7183 
Printed in the U.SA 
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AID Converters 

All TRW AID converters, except the TDClOO1 and TDC1002, are fully parallel "flash" types, which accurately 
sample and convert high-frequency input signals without a track-and-hold circuit. Resolutions from 4 to 9 bits 
and speeds from 1 to 100 MSPS (MegaSamples Per Second) offer the best choice for most signal processing 
requirements. The parts are TTL compatible, except as noted below. 

Conversion Power Extended 
Resolution Rate· Dissipation • Temperature 

Product (bits) (MSPS) (watts) Package Available Range Available Notes 

mC1001 8 2.5 0.6 J8 Now - 20°C to 85°C Successive approximation 
mC1002 8 1.0 0.6 J8 Now - 20°C to 85°C Successive approximation 
mC1007 8 20 2.6 Jl, Cl, 11 Now -30°C to 125°C 

El,Pl Now no Evaluation boards 
mC1014 6 25 1.0 J7.C3.B7 Now -55°C to 125°C 

El. Pl Now no Evaluation boards 
mC1019 9 15 2.6 Jl. Cl.l1 Now 3083 ECl -compatible 

El Now no Evaluation board 
mC1021 4 25 0.3 J9 Now -55°C to 125°C 
mC1025 8 50 4.5 Cl.l1 3083 3083 ECl -compatible 

El Now no Evaluation board 
mC1027 7 18 1.6 J7.B7 Now 4083 
TDC1029 6 100 1.6 J7 Now 3083 ECl -compatible 

El Now no Evaluation board 

*Guaranteed. Worst Case. TA = DoC to 70°C. 

01 A Converters 

3704 

These D/A converters offer 75-ohm, lV outputs to drive video filters or transmission lines directly. On-chip 
data registers and careful internal timing to matched current sources result in output glitches that are so 
small (less than 100 picovolt-seconds worst case) that no resampling circuit or deglitcher is necessary. The 
TDC1016 has 10 input data bits and is available in three integral linearity grades equivalent to 1/2 lSB error at 
8, 9, and 10 bit resolution. The parts have dual-level input buffers which operate with TTL or ECl signals: In 
ECl mode, only a single -5V power supply is required. The TDC1016 in the J5 or C2 package can operate in a 
fully differential Eel mode, as well as single-ended ECl or TTL. 

Integral Power Extended 
Linearity Conversion Dissipation· Temperature 

Product Bits Error(%) Rate • (MSPS) (watts) Package Available Range Available 

mC101& 8** 0.20 20 0.7 J5.J7.C2.B7 Now -55°C to 125°C 
9** 0.10 20 0.7 J5.J7. C2.B7 Now 3083 

10** 0.05 20 0.7 J5.J7.C2. B7 Now 3083 

* Guaranteed. Worst Case. T A = DoC to 70°C. 
**The TDC1016 has 10 bit resolution, and is available in three linearity grades to meet 8.9, and 10 bit system 

requirements. 

Notes 

© Ie MASTER 1984 



TDC1025 
Preliminary Information 

Monolithic AID Converter 
8 Bit, 50 MSPS 

The TRW TDC1025 is a 50 MegaSample Per Second 
(MSPS) full-parallel (flash) analog-to-digital converter, ca
pable of converting an analog signal with full-power 
frequency components up to 12 MHz into 8-bit digital 
words. A sample-and-hold circuit is not necessary. All 
digital inputs and outputs are ECl compatible. 

The TDC1025 consists of 255 latching comparators, com
bining logic, and an output buffer register. A single convert 
signal controls the conversion operation. The digitai out
puts will interface with differential or single-ended ECL. 
The device requires a single - 5.2V power supply. 

Functional Block Diagram 

CONY 
CONY 

VIN , 
Rr 

Rr 
Rrs 

IIJ 

ii~·-· 
Features 

• 8-Bit Resolution 
• 50 MSPS Conversion Rate 
• Sample-and-Hold Circuit Not Required 
• Differential or Single-Ended ECl Compatible 
• Available in 68 leaded Chip Carrier and 168:Contact 

Chip Carrier 
• Advanced 1-micron (OMICRON-B TM) Technology 
• Complete Evaluation Board (lDC1025E1C) Available 

Applications 

• Medical Electronics • Radar/Sonar 
• Fluid Flow Analysis • Transient Analysis 
• Seismic Analysis • High-Speed Image Processing 

255 TO 8 
ENCODER 

I'gs ~1-'\IYtr-Rc--t 
'9 >-I",""""",.".,...:.R2~ 

RI2 DIfftIIEN1W. 
COMPARATORS 
12551 

TRW reserves the right to change product and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, Ca. 92038 

@ Ie MASTER 1984 

Phone: (6191457·1000 
Telex: 697-957 
TWX: 910-335-1571 

© TRW Inc. 1982 
40G00817 Rev. A-6/82 
Printed in the U.S.A. 
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TDC1027 
Preliminary Information 

Monolithic Video AID Converter 
7 Bit, 18 MSPS 

The TRW TDC1027 is an 18 MegaSample Per Second 
(MSPS) full-parallel (flash) analog-to-digital converter, ca
pable of converting an analog signal with full-power 
frequency components up to 5 MHz into 7-bit digital 
words. A sample-and-hold circuit is not necessary. All 
digital inputs and outputs are TTL compatible. 

The TDC1027 consists of 127 latching comparators, com
bining logic, and an output buffer register. A single convert 
signal controls the conversion operation. The unit can be 
connected to give either true or inverted outputs in binary 
or offset two's complement coding. 

Functional Block Diagram 

.. 

.. 
OR1 • ~~ 

V 

R' ~ ~ 
-+ ,~ 

..... ,~ • • ,~ . • • « • 
R ~ • 

VCC 

1 

I ! 
~ .. 

~ 

ii~·-· 
Features 

• 7-Bit Resolution 
• Y2 LSB Linearity 
• Sample-And-Hold Circuit Not Required 
• TTL Compatible 
• 18 MSPS Conversion Rate 
• Selectable Output Format 
• Available in 24 Lead DIP 

Applications 

• Low-Cost Video 
Digitizing 

• Medical Imaging 
• Data Acquisition 

l-

• TV Special Effects 
• Video Simulators 
• Radar Data Conversion 

~ 
12710 7 LATCH / 0,-7 

ENCODER .. 71 .. 

-+ 10 
R ~ DGND 

• ,~ • R ~ • 
;~ • - • • ,~ • 126 -

AtlND 

R ~ --+ ~ 

-y 

R2 ~ DIffERENTIAl 
COMPARATORS 
(1271 °R,>R 

TRW reserves the right to change product and specifications without notice. This information does not convey any license under patent rights of TRW Inc. or others. 

LSI Products Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, Ca. 92038 
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Phone: 16191457-1000 
Telex: 697-957 
TWX: 910-335-1571 

© TAW Inc. 1983 
40G00283 Rev. C- 9/83 
Printed in the U.S.A. 
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TDC1029 
Preliminary Information 

Monolithic AID Converter 
6 bit, 100 MSPS 

The TRW TDC1029 is a 100 MegaSample Per Second IMSPSI 
full- parallel lfIashl analog -to - digital converter, capable of 
cunverting an analog signal with full power frequency 
components up to 50 MHz into 6-bit digital words. A 
sample -and -hold circuit is not necessary. All digital inputs 
and I outputs are ECl compatible. 

The TDC1029 consists of 63 clocked latching comparators, 
combining iogic, and an output buffer register. A singie 
differential' convert signal controls the conversion operation. The 
digital outputs are single -ended ECl with the exception of the 
MSB which is differential. Binary or offset two's complement 
output format is available. 

• 6-Bit Resolution 
• 100 MSPS Conversion Rate 
• 50 MHz Input Bandwidth 

Functional Block Diagram 

• low Cost 
• 1/2 lSB Linearity 
• Sample-And-Hold Circuit:Not Required 

• lV Input Range 
• Aperture Error < 50 psec 
• Binary Or Two's Complement Output Format 

• Available In 24 lead DIP 

• Transient Digitizers 
• Direct Digital Receivers 
• Radar Data Conversion 

• Data Acquisition 
• Telecommunications 

• Medical Imaging 

OOWr-------------------~~--------~----~ 
OOWr-------------------~~----~--~--~ 

YIN >---------------. 
~ ~------~-

LSI PraducIs Division 
TRW Electronic Components Group 
P.O. Box 2472 
La Jolla, CA 92038 

© Ie MASTER 1984 

DIFFERENTIAL 
COMPARATORS 
(63) 

• • • 

Phone: 16191 457 -1 000 
Telex: 697-957 
TWX: 910-335-1571 

63 TO 6 
ENCODER LATCH 

u 
©TRW Inc. 1983 
4OG01198 Rev. B-6/83 
Printed in the U.S.A. 
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If you need 

IC Master Catalog 
you need 

. Integrated Circuits 
Magazine. 

Not only will Integrated 
Circuits Magazine update 
your IC Master Catalog ... 

... it will provide valuable IC 
application and selection 

information in every issue. 
SUBSCRIBE TODAY! 
Subscription card located 

inside back cover of Volume I 
or available from publisher 

upon request. 



LINEAR INTEGRATED CIRCUITS 
Pulse Width Modulators ~UNITRDDE 

Regulating 
PWMs 

TYPE 

UC1524 
UC1524/8838 

Advanced 
Regulating PWMs 

I UC1524A 
UC1524A/8838 

Advanced 
Regulating PWMs 
UC1525A 
UC1525A/8838 

Advanced 
Regulating PWMs 
UC1527A 
UC1527 A/8838 

Advanced 
Regulating PWMs 
UC1526 
UC1526/8838 

Regulating 
PWMs 
UC493/UC494/UC495 

Advanced 
Regulating PWMs 
UC493A/UC494A/UC495A* 
UC493AC/UC494AC/UC495AC* 

Current Mode 
PWM Controllers 
UC1846 

I UC1846/8838 

Current Mode 
PWM Controllers 
UC1847 
UC1847/8838 

Programmable 
Primary Side PWMs 
UC1840 
UC1840/8838 

Programmable 
Primary Side PWMs 
UC1842 
UC1842/8838 

x 

I 
v I v 
" ,I " 

! 

X I X X I X 
i I 

I I I I I 

I I X I X I X I X 
III I I 
I I I I I 

Ix xlxlx 

X 

, I J I I 

IXiX X 

X lOOmA 

I I I 
1 

I I 
v v I ')('\('\ ...... A I 
" , " f L..VVllln 1 

lOOmA 

I
XI O.4A I 

Pulse 
i i - i 
I! 1 

I ilOOmA I 
Ix I O.4A I 
1 I Purse , 

I ! 

X I X : lOOmA 
I 
I 

I I 
I 200mA I 

I I 

I 

300kHz X 

I I 
I h('\('\(,u ... 1 v 
, vvvnl IL I " 

I 
I 

! I 

I
, 500kHz I I X X X I I 
iii I I i 
III I! I I 

I II ,I II 
I II 
1500kHz I : I X i X X I 
1 I i I : I ' 

I i 

400kHz i I 

: I 
I r 
! I 

300kHz i X I 
' I I 

I I 

I 
I : 

IxiXIX 
I 

xl 
i 

X 

X 

i I 

300kHz: X i I X 
i I 

I :! 
I I 

500kHz! I 
I 

! 

I 
I 

!xHx X 

" i i 

X 

~n ... u." ! ivlvl v v v 
...,vvnll" i 

I 
I 
I 

i";"I"I"I" 
I i I I 

I r I I I I 

• 

i 
I 

i 
, 

I 

I 
i 
! 
1 
I 

i 
I 
! 

I 
I 

I 
1 

I 

I 
I 
I 
I 

I X X X X X X 200mA X 500kHz 
I 

X X N/A X X 

lOOmA 
X X X X lA X 500kHz X X N/A X 

Pulse 

·Series available with 8838 screening. 

UNITRODE CORPORATION. 5 FOR8ES ROAD. LEXINGTON, MA 02173. TEL. (617) 861-6540. TWX (710) 326-6509. TELEX 95-1064 
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LINEAR INTEGRATED CIRCUITS 
Power Supply Support Functions ~UNITRODE 

TYPE DESCRIPTION KEY FEATURES PACKAGE 

UC1543/2543/3543 Power Supply • Over/Under-Voltage, and Current Sensing Circuits 16 Pin 
UC1544/2544/3544 Supervisory Circuit, • Programmable Time Delays Dll 

Monitors and Controls • SCR "Crowbar" Drive of 300mA (1543 Series) 
Power Supply Output • Optional Over-Voltage latch 

• Internal 1% Accurate Reference 
• Remote Activation CapabilIty 18 PIN 
• Uncommitted Comparator Dll 
• Inputs for low Voltage Sensing (UC1544 series only) (1544 series) 

UC1706/2706/3706 Dual High Current • Dual, 1.5A, Totem Pole Outputs 16 Pin 
MOSFET Compatible • Parallel or Push-Pull Operations Dll 
Output Driver • Single-Ended to Push-Pull Conversion 

• Internal Overlap Protection 
• Analog, latched Shutdown 
• High-Speed, Power MOSFET Compatible 
• Thermal Shutdown Protection 
• 5 to 40V Operation 
• low Quiescent Current 

UC1834/2834/3834 High Efficiency • Minimum V1N-VOUT less than 0.5V at 5A load 16 Pin 
linear Regulator, with External Pass Device Dll 
low Input-Output • Equally Usable for either Positive 
Differential or Negative Regulator Design 

• Adjustable low Threshold Current Sense Amplifier 
• Under- and Over-Voltage Fault Alert with 

Programmable Delay 
• Over-Voltage Fault latch with l00mA 

Crowbar Drive Output 

UC1901/2901/3901 Isolated Feedback • An Amplitude-Modulation System for Transformer 14 Pin 
Generator Coupling an Isolated Feedback Error Signal Dll 
Stable and Reliable • Internal 1% Reference and Error Amplifier 
Alternative to an 

I 
• loop Status Monitor 

Optical Coupler • low-Cost Alternative to Optical Couplers 
• Internal Carrier Oscillator Usabie to 5MHz 
• Modulator Synchronizable to an External Clock 

UC1903/2903/3903 Quad Supply and • Monitor Four Power Supply Output Voltage levels 

I 
18 Pin 

I li ne Mon itor • Both Over- and Under-Voltage Indicators Dll 
Precision System • Internal Inverter for Negative level Sense 

I 

• Adjustable Fault Window 
• Additional Input for Early line Fault Sense 
• On Chip, High-Current General Purpose OP-AMP 

, 

Motor Control Circuits 

TYPE DESCRIPTION KEY FEATURES PACKAGE 

UC1637/2637/3637 Switched Mode • Single or Dual Supply Operation 18 Pin 
Controller for • ± 2.5V to ± 20V Input Supply Range Dll 
DC Motor Drive • ± 5% Initial Oscillator Accuracy; 

± 10% Over Temperature 
• Pulse-by-Pulse Current limiting 
• Under-Voltage lockout 
• Uncommitted PWM Comparators for 

Design Flexibility 

UC3717 Stepper Motor • Half-Step and Full-Step Mode 16 Pin 
Drive Circuit • Bipolar Constant Current Motor Drive Dll 

I I • Built-In Protection Diodes I 
• Wide Range of Current Control 5-1000mA 
• Wide Voltage Range 10-45V 
• Designed for Unregulated Motor Supply Voltage 
• Thermal Overload Protection 

UNITRODE CORPORATION. 5 FORBES ROAD. LEXINGTON, MA 02173. TEL. (617) 861-6540. TWX (710) 326-6509 .• TELEX 95-1064 
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LINEAR INTEGRATED CIRCUITS 

~UNITRDDE 
Three Terminal Voltage Regulators, Adjustable 

1-
OUTPUT 

CURRENT REGULATED OUTPUT VOLTAGE I TYPE (A) POLARITY M PACKA~E 

UC117K/LM 117K TO-3 
UC217K/LM217K 1.5A Pos. Adjustable from 1.2V to 37V TO-3 

* UC317K/LM317K TO-3 

UC137K/LM137K TO-3 
UC237K/LM237K 1.5A Neg. Adjustable from -1.2V to -37V TO-3 

* UC337K/LM337K TO-3 

UC150K/LM150K TO-3 
UC250K/LM250K 3.0A Pos. Adjustable from 1.2V to 33V TO-3 

* UC350K/LM350K TO-3 

Three Terminal Voitage Regulators, Fixed, Positive 

OUTPUT 
CURRENT REGULATED OUTPUT VOLTAGE 

TYPE - (A) POLARITY (Y) PACKAGE 

UC7800AK/LM140AK SERIES 
1.5A Pos. 5V ± 1% 12V ± 1% 15V ± 1% 

TO-3 
* UC7800ACK/LM340AK SERIES TO-3 

l UC7800K/LM140K SERIES 
1.5A Pos. 5V ±4% 12V ± 4% 15V ± 4% 

TO-3 
* UC7800CK/LM340K SERIES TO·3 

Three Terminal Voltage Regulators, Fixed, Negative 

OUTPUT 
CURRENT REGULATED OUTPUT VOLTAGE 

TYPE (A) POLARITY (Y) PACKAGE 

UC7900AK/LM120K SERIES 
1.5A Neg. -5V ± 1% -12V ± 1% -15V ± 1% TO·3 

*UC7900ACK SERIES TO-3 

UC7900K SERIES 
1.5A Neg. -5V ± 4% -12V ± 4% -15V ± 4% 

TO-3 
*UC7900CK/LM320K SERIES TO-3 

• Also available in TO·220 package. 

UNITRODE CORPORATION. 5 FORBES ROAD. LEXINGTON, MA 02173. TEL. (617) 861-6540. TWX (710) 326-6509. TELEX 95-1064 
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INTRODUCTION 
TOMEMORY 

The Master Selection Guide provides sufficient informa
tion for making initial product selections. All devices that 
appear in this section, both in the initial selection gUide 

, and the data pages, are included in the indexes. These 
index listings lead to the page and line on that page where 
each device appears. 

The Memory Section provides initial selection information 
and data on PROMs, RAMs, and ROMs as well as other 
memory devices. In these particular sections, the devices 
are characterized by organization (words and bits/word) 
and by access times. In order to assure that the access 
times are comparable, whenever possible the values have 
been shown in nanoseconds over the full rated tempera
ture range for the devices (i.e., 0° to 70°C for commercial 
units and -55°C to 125°C for military units). The full tem
perature nanosecond value is marked "nsF." When this 
value isn't specified, the guaranteed nanosecond value at 
room temperature is listed followed by "nsR." In some 
cases a guaranteed value has not been established; then 
the typical value is shown followed by "ns*". 'Typical" 
values are invariably much faster than the guaranteed 
ones so that such listings place these memories higher on 
the list than they otherwise would appear. 

3750 

CATEGORY 

Character Generators 3755 
Code Converters 3756 
FIFOs, UFOs 3757 
P PROMS 3758 

-PROMs 3760 
RAMs 

Bubble 3768 
CCD 3768 
Dynamic 3768 
Static 3770 

ROMS 3783 
Shift Registers 

Dynamic 3788 
Static 3788 

Detailed Product Information 
provIded by: 
Advanced Micro Devices 
American Microsystems, Inc. 
Fujitsu America 
Harris Semiconductor 
Hitachi America Ltd. 
Inmos 
Integrated Device Technology 
Intel 
Monolithic Memories, Inc. 
Motorola Semiconductor 
National Semiconductor 
NEe Electronics 
OKI Semiconductor 
Panasonic 
Raytheon 
SEEQ Technology 
Signetics 

- Silicon Systems 
Synertek 
Texas Instruments 
VLSI Technology 
Western Digital 
Xicor 

3901 
3932 
3938 

_ 3943 
3970 
3977 
3982 
4021 
4026 
4046 
4057 
4073 
4118 
4120 
4130 
4133 
4141 
4208 
4210 
4212 
4249 
4260 
4265 

The manufacturers listed above have provided de
tailed information on their latest and most significant 
products. 

© Ie MASTER 1984 



EINFUHRUNG 
SPEICHER 
Der Master Selection Guide fUr Speicher enthalt alle 
Informationen, die Sie fur die Erstauswahl Ihres 
Produkts benotigen. Die Bauteile, die in diesem 
Abschnitt erscheinen, sowohl im Selection Guide als 
auch auf den Datenblattern, sind in allen Master 
Indexes enthalten. Diese Register verweisen auf die 
Seite und Zeile, auf der das entsprechende Bauelement 
vorkommt. 

Der Speicherteil bestert aus einem Selection Guide und 
Daten uber PROMs, RAMs und ROMs sowie andere 
Speicher-Bauteile. In diesen einzelnen Abschnitten 
sind die Bauteile nach Organisation (Worte und Bits/ 
Wort) und nach Zugriffszeiten eingeteilt. Urn sicher~ 
zustellen, da/3 die Zugriffszeiten verglichbar sind, 
wurden die Werte nach Moglichkeitin Nanosek
unden fur de vollen zugfelassenen Temperaturbe
reich (d.h. 0° bis 70°C fUrkommerzielle Bauteile 
und -55° bis 125°C fur militarische Bauteile) ange
geben. Der nsec-Wert fur den vollen. Temperatur
bereich ist mit" nsF" bezeichnet. Wenn dieser Wert 
nicht genannt ist, so ist der garantierte nsec-Wert bei 
RauIIl:temperatur mit "nsR" angegeben. In einigen 
Fallen wurde ein garantierter Wert nicht festgelegt. 
Dann wird der typische Wert mit einem nachfol
genden IIns*" markiert. "Typische" Werte sind durch
wegs schneller als garantierte, so da/3 solche Ein
tragungen die Speicher weiter oben in der Liste er-
scheinen lassen als dies sonst der Fall ware. . 

@ Ie MASTER 1984 3751 
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INTRODUCTION AUX 
MEMOIRES 
Le Guide General de Selection fournit suffisamment 
de renseignements pour permettre des selections ini
tiales de produits. Tous les apareils enumeres dans 
cette section, tant dans Ie Premier Guide de Selection 
que dans les feuilles de donnees, sont indus dans tous 
les index. Ces index' vous procurent la possibilite de 
retrouver a quelle page et a queUe ligne tel ou tel 
appareil a ete mentionne. 

La Section "Memoires" contient des donnees et des 
renseignements de selection initiale sur les PROMs, 
les RAMs et les ROMs, ainsi que sur d'autres appa
reils memoires. Dans ces sous-sections, les appareils 
sont distingues par definition (mots et bit/mot) et par 
temps d'acces. Afin d'etre sur que les temps d'acces 
soient comparables, chaque fois que cela a ete possible, 
les valeurs ont ete indiquees en nanosecondes pour 
toute la fourchette de temperature (exemple: 0° a 70° 
pour les produits industriels, et -55°C a 125°C pour 
les produits militaires). La valeur entiere de tempe
rature en nanosecondes est designee par "nsf". Lorsque 
cette valeur n' est pas donnee, une valeur garantie a 
temperature ambiante, exprimee en nanosecondes, est 
suivie par "nsR". Dans certains cas aucune valeur 
garantie en nanosecondes n' a pu etre etablie, la valeur 
"typique" est alors traduite par /Ins". Les valeurs 
IItypiques" sont invariablement beaucoup plus rapides 
que celles dites 1/ garanties", de sorte que ces me
moires IItypiquesll apparaissent plus haut sur la liste' 
qu' elles ne Ie seraient sur d' autres. 
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INTRODUCCION 
··AMEMORIA 

La Gufa Maestra de Seleccion provee suficiente infor
macion para hacer selecciones iniciales del producto. 
Todas las componentes que aparecen en esta seccion, 
ya sea en la gufa de seleccion inicial 0 en las paginas 
de datos, estan incluidas en todos los otros indices. 
Estas listas de indices los conduce a la pagina y linea 
de aquella pagina donde se encuentra· cada 
componente. 

La Seccion de Memoria provee informacion para la 
seleccion inicial y datos de PROMs, RAMs, and 
ROMs asf como otras piezas de memoria. En estas 
secciones en particular, las componentes se carac
terizan por organizacion (palabras y bits/palabras) y 
por tiempo de acceso. Con objeto de asegurar que 
los . tiempos de acceso son comparables, cuando es 
posible, los valores aparecen en nanosegundos sobre 
el intE~rvalo completo de temperature para las com
ponentes (en otras palabras, 0° to 70°C para piezas 
de uso comercial y -55° a 125°C para piezas de uso 
militar). El valor del intt~rvalo completo de tempera
tura esta marc ado "nsF". Cuando este valor no esta 
especificado, el valor de nanosegundon esta garan
tizado para temperatura ambiental y aparece seguido 
por "nsR". En algunos casos el valor no ha sido 
establecidoi entonces el valor tipicoaparece seguido 
por "ns*/I. Valores "tfpocos" son sin falta mas rapido 
que los garantizados de tal manera que las listas 
ubica estas memorias antes que normalmente los 
mostraria. 

@ Ie MASTER 1984 3753 
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MASTER SELECTION GUIDE 

MEMORY-Character Generators 

Number of Supply 
0u1put Input Voltage, 

Format LineS Logic levels V Device Source Una 

Character Generators 

5x7 1 TTL 5 DM76S128 t National 
DM76S64 t National 
DM8678 National 
DM86S128 National 
DM86S64 National 5 

5 MOS 5 MM52116FDW National 
TTL 5 R03-2513 GI 

5055 MMI 
5155 MMI 
6055 MMI 10 
6155 MMI 
.c.&670 ........ (4041) 
• CII8874 ....... (4048) 

-12,5 3258 Fairchild 
32581 Fairchild 15 
32582 Fairchild 

7 TTL 5 6056 MMI 

I 
6061 Pl.PI.I 

201 
6062 MMI 
6156 MMI 
6161 MMI 
6162 MMI 

-12,5 3257 Fairchild 

35 m 5 -- 81. (4111) 

6x10 7 Mas 5 MCH-01 Motorola 25 

7x9 1 TTL 5 oM76S128 t National 
DM76S64 t National 
DM8678 National 
DM86S128 National 
DM86S64 National 30 

7 MOS 5 MM52116FDX National 

I 
TTL 5 5290 tMMI 

5291 tMM! 
6071 MMI 
6072 MMI as 
6171 MMI 
6172 MMI 
6290 MMI 
6291 MMI 
... 700 ..... (4048) 40 
_710 ....... (4048) 
_714 ....... (4041) 
_721 ........ (4048) 
_730 ....... (4048) _734 ....... (4041) 45 
_740 ....... (4041) 
_750 ......... (4041) 
McM66751 Motorola 
_710 ........ (4048) 
_770 ........ (4041) 50 
_781 ....... (4041) 
_710 ........ (4048) 

-12,5 3260 Fairchild 

7x11 1 m 5 CRT7004 SMC 
CRT80Q2 SMC 55 

9x9 9 m 5 5292 tMMI 
5293 tMM! 
6292 MMI 
6293 MMI 

10x9 10 m 5 1CII2I70. ...... (1&77) 60 

14 Segments 
14 m 5 

_ .. 
OIl (4111) -- OIl (4111) 

16 Segments 
16 m 5 _.a2 OIl (411') -- OK. (4111) 

t Military Temperature Range (-:-55° to 125°C) * Typical Value 
....... fMIcIIII .......................... ,... ..... . 

c IC MASTER 1984 3755 



Ie MASTER 

MEMORY-Code Converters 

Supply 
Code ConvenIon 8111 8111 Voltage, 
From To In Old Process v DIvic:e Source line 

Code Converten 

BINARY-BCD 6 6 Bipolar 5 8I54115A tn (981) 
8I74115A n (981) 

Degree-SIne 5088 t·.1 (119) 
5017 t •• 1 (119) - - (119) 5 
_7 - (118) 

EBCDIC-ASCII 12 8 Bipolar 5 DM8576AAA National 

Multiple ASCII-8ELECTRIC, EBCID, HOLLERITH 
NMOS ±5 MCM68316 Motorola 

-.111-11 ...... (4041) 

BInary-BCD 9 7 . Bipolar 5 SI54S4I5 tn (1043) 10 
81748485 n (1043) 

BCD-BINARY 6 6 Bipolar 5 Sll54114 tn (917) 
8174114 n (917) 

BCD-Blnary 7 9 Bipolar 5 81548414 tn (11M3) 
81741414 n (11M3) 15 

(J) 

:2 
::J 
CJ 
c::: 
.2 -(..) 
~ 
(J) 

en 

t MlRtary Temperature Range (-55° to 125°C) , • Typical Value 
1IIII1ICI1lllla1ll .......... ala II".,.... .... ,... ...... 
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MEMORY -FIFOs, LlFOs 

SUpply 

B/tsI Data Rate Voltage. 

Words Word MHz (max) V 

First-in First-out 

16 4 8.0· 3-15 

10.0 5 

12.0 5 

20.0 5 

5 10.0 5 

24 4 2.5 5-16 

32 8 0.5 -12,5 

1.0 ...,.12,5 

9 0.5 -12,5 

to -12,5 

40 9 0.5 -12,5 
to -12,5 

1.5 -12,5 

2.0 -12,5 

64 4 0.7 -12,5 

to -12,5 

1.2 -12,5 

7.0 5 

8.0 5 

10 5 

10.0 5 

15 5 

15.0 5 

16.7 5 

5 7.0 5 
10 5 

10.0 5 

15 5 

16.7 5 

9 15.0 5 

t Military Temperature Range (- 55° to 125°C) 
OC-Open Collector 

C Ie MASTER 1984 

Device Source 

C0401058 fICA 
C0401051E RCA 

54F403 fFalrOlN 
74F403 Fllrdillll 
19403 Slpllla 

Sll54LS222 fn 
Sl54LS224 fn 
Sl74LS222 n 
Sl74LS224 n 
Sl54LS227 fn 
SlMLS2!8 f TI 
Sl74LS2Z7 n 
Sl74LS228 n 
S1748225 n 
MS618 tRTC 

AM2812C AMD 
AM2812l AMD 
MJ2812 Plessey 
MJ2814 t Plessey 

AM2812AC AMD 
AM2812AL AMD 

AM2813C AMO 
AM2813L AMD 
MJ2813 Plessey 

AM2813AC AMD 
AM2813AL AMO 

FRl502-11 Western 
33512 Fairchild 
3351M t Fairchild 
FRl502-10 Western 

3351-3 Fairchild 

33511 Fairchild 

AM3341C AMO 
3341 Fairchild 
3341M t Fairchild 

AM2841C AMO 
AM2841M tAMD 
3341A Fairchild 
MJ2841 Plessey 

AM2841A AMO 

C57401 fMMI 
9423C Fairchild 
9423M t Fairchild 

OMnS401 t Natiollal 
DM87S401 National 

54F413 tF1ira1N 
54F433 fFlIraHII 
74F413 FllrAllll 
74F433 FlkUIIII 
C57401. f-I 
C87401 -DM77S401A t National 
DM87S401A National 

C87401. -C87401. -C57482 f-
DM77S402 t National 
DM87S402 National 

C57402A fM .. 
C87482 -DM77S402A National 
DM87S402A National 

C874021 _I 

TIC 1 030 TRW-LSI 

ns*-Nanoseconds Typical 

MASTER SELECTION GUIDE 

Supply 
Bits! Data Rate Voltage. 

line Words Word MHz (max) V 

1321128 
9 0.65 5 

(838) to 5 
(838) 512 9 4.2 5 
(743) 5.7 5 
(743) 7.1 5 

(1660) 5 

(995) Last-in First-out 
(995) 

81 4 to 5 (995) 
(995) 1321128 

(99') 10 9 to 5 

(997) 133 4 to 5 

(997) 
(997) 

(996) 

15 

I 
20 

25 

30 

35 

40 

(105) 

45 

(750) 
(743) 
(750) 
(743) 
(105) 50 
(-) 

(-) 

(105) 55 

(-) 

(-) 
(-) 60 

(105) 

(1161) 

nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

Device Source Line 

W01510-00 Western 65 
WD 1510-0 1 Western 

MK4501-2O Mostek 
MK4501-15 Mostek 

MK4501-12 Mostek 

SR5018 SMC 70 

W01510-02 Western 

SR5017 SMC 

I I 

I 
I I 
I I 

I I 
I I 

I I 

I 

nsR-Nanoseconds at Room Temperature 
DE-Open Emitter 

3757 

CD 
-0 
::l 
(!) 

c: 
.2 -(,) 
CD 
Q) 

en 



Q) 
"C 
::J 
CJ 
C 
o 

:;::; 
o 
~ 
Q) 

en 

Ie MASTER 

MEMORY-E2 PROMs 

Access Supply Access 
Organl- TIme No. Voltage. Organi- Time 
zallon (Max) Type OUtput Pins V Oevice Source line zatlon (Max) Type 

EZPROMs 2048x4 1600 nsF 
EA 

16x16 - P serial 8 5 COP494 •• 110.1 (4067) 
•• C9306 .. 11 ... 1 (4067) 

NVRAM serial 8 5 X2444 Xleor (4265.4267) 2048x8' 200 nsF p. 

160 nsF P serial 14 5 NCR52801 NCR 

21x16 10 nsF EA serial 8 -20,10 NCR7033 NCR 5 

32x8 450 nsf P TS 18 5 HNVM3300 t Hughes 250 nsF P 

32x16 l~F EA TS 28 -28,5 ER2051 GI 
2/1SF EA TS 28 -28,5 ER2051HR tGI 

4/1SF EA TS 28 -29,5 NCR2051 NCR 
NC7051 Nitron 10 

32x32 15~F P serial 14 5 MCM2802 Motorola 

5Ox14 1000 nsF 
EA -30,5 ERl451 61 

64x4 10~F EA TS 18 6.5,-10, 33 
MN1208 Panasonic 

300 nsF NVRAM TS 18 5 NCR52210 NCR 
X221 0 Xlcor (4266) 15 
X2210. Xle .. (4266) 

450 nsF EZ TS 16 5 SY2801A Synertek 

64x8 4J'SF EA TS 22 -29,5 ER2055 GI 
NCR2055 NCR 300 nsF P 

NC7055 Nitron 20 

300 nsF NVRAM TS 18 5 HNVM3500 t Hughes 

64x16 450 nsF P TS 16 5 COP495 "1l1li1 (4068) 
.1IC934& •• 1l1li1 (4068) 

82x1 100 J'SF EA TS 18 -30.5 ER0082 GI 

1OOx14 2100 nsf 
EA serial 14 -35 NCR 1400 NCR 25 350 nsf P 

3400 nsF 
EA serial 1" -35 ERl400 GI 

1 NCR 1<00 
NCR 

1OOx50 3400 nsF 
EA serial 14 30,5 ER1451 . GI 

128x4 300 nsF NVRAM TS 24 5 NCR52211 NCR 

128x8 100 nsF P TS 24 5 ER5901 61 30 
ER5901HR t GI 

300 nsF NVRAM TS 24 5 NCR52001 NCR 

256x4 300 nsF NVRAM TS 18 5 NCR52212 NCR 
X2212 Xlcor (547.4266) 
X22120. tx- (547.4266) 35 

256x8 110 nsF P TS 18 5 SV2802E Synertek 
300 nsF NVRAM TS 24 5 NCR52002 NCR 450 nsF P 

512x8 200 nsf NVRAM TS 28 5 2004-2 1.111 (4023) 
250 nsf NVRAM TS 28 5 2004 I .... (4023) 

300 nsF EZ TS 24 5 X2804A XI. (4267.4268) 40 
NVRAM TS 24 5 NCR52004 NCR 

28 5 2004-3 1.111 (4023) 

450 nsF P TS 24 5 X2804A-45 Xlell' (4267.4268) 
X2804AM-45 tXl. (4267.4268) 

650 nsF EZ TS 24 5 HNVM3004 Hughes 45 4096x8 150 nsF P 
5000 nsF 200 nsF P 

EA TS 22 -29,5 NCR2055 NCR 

1024x8 650 nsF P TS 24 5 HNVM3008 Hughes 
HNVM3108 t Hughes ' 250 nsF P 
HNVM3708 Hughes 

1024xl 300 nsF NVRAM TS 18 5 NCR52201 NCR 50 
X2201A XIcIr (4266) 300 nsF E' 
X2201AD11 tXIar (4266) 

1024)(4 900 nsF EA TS 22 -30,-12~ 

ER3400 61 
NCR3400 NCR 450 nsF ez 
NC7451 Nitron 55 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
81111 flal.IIIC1I .. 1l1li1111111 illlIll ,",111111 o. III. PIP •• IIiI. 

3758 

Supply 
No. Voltage. 

Output Pins V Oevice Source line 

TS 24 -24.-14~ 

ER2810 61 
ER2810HR t61 

TS 24' 5.21 52813-200 SEEO (516.4133) 
52813H-2oo SEEO (516.4133) 

28 5 NMC9817-20 National 60 

TS 24 5 XL2816A-250 EXEL 
2815 Intel 
2816 Intel 
2816A Intel 
M2816A t Intel 65 
NMC2816-25 National 
NMC2816E-25 National 
•• C9716-25 •• tll .. 1 (4069) 
5213-250 SEEa 
5213Hc250 SEEa 70 
52813H-250 SEEO (516.4133) 
SY2816 Synertek 

5,21 52813-250 SEEO (516.4133) 

28 5 2817 1.111 (4024) 
NMC9817-25 National 75 
MSM2816 OKI 

TS 24 5 XLS2816A EXEL 
HN48016 Hitachi 
152113H-300 t SEEO (516) 
X2816A Xle.r 

(547.4267.4268) 80 
X2816A. tXle .. 

(547.4267.4268) 

5,21 .52813-300 tSEEQ (516) 

TS 24 5 XLS2816A-350 EXEL 
2815-3 Intel 
2816-3 Intel 85 
2816A-3 !I'!te! I NMC2816-35 National I NMC2816E-35 National 
•• C9716-35. .. II1II1 (4069) 
5213-350 SEEa 90 
5213H-35O SEEa 
M5213-35O tSEEa 
X2816A-45 Xieor (4267,4268) 

5,21 52813-350 SEEO (516.4133) 
52813H-350 SEeo (516.4133) 95 

28 5 2817-3 I .... (4024) 
NMC9817-35 National 

TS 24 5 2815-4 Intel 
2816-4 Intel 
2816A-4 Intel 100 
NMC2816-45 National 
NMC2816E-45 National 
•• C9716-45 .. n .... (4069) 
X2816A-35 Xieor (4267.4268) 

28 5 2817-4 I .... (4024) 105 
M2817 t Intel 

TS 28 5 MCM2832 Motorola 
TS 28 5 5223-200 SEEa 

52823-200 SEEO (4133) 
52823H-2oo SEEO (4133) 110 

TS 28 5 M2732A-25 t Intel 
52823-250 SEEO (4133) 
52823H-250 SEEO (4133) I 

TS 28 5 52823-3 SEEO (4133)' 
52823-300 SEEO (4133) 115 
52823H-3 SEEO (4133) 
52823H-300 SEEO (4133) 

TS 28 5 M2732A-45 t Intel 
NCR52832 NCR 

C Ie MASTER 1984 



MASTER SELECTION GUIDE 

MEMORY-E2 PROMs (Cont'd) 

Access Supply 
Organl- TIme No. Voltage, 
zatlon (Max) Type Output Pins V Device Source line 

E2PROMs (Cont'd) 

8192x4 450 nsF P TS 28 5 NCR52864 NCR 

8192x8 200 nsF P TS 28 5 XLS2864A-200 EXEl 
52833-200 SEED (4133) 
52833H-200 SEED (4133) 
TMM2764 Toshiba 5 

250 nsF P TS 28 5 XLS2864A-250 EXEl 
M2764-25 Intel 
52833-250 SEeD (4133) 
52833H-250 seED (4133) 

300 nsF P TS 28 5 XLS2864A-300 EXEl 10 
52833-3 SEED (4133) 
52833-300 SEED (4133) 
52833H-3 SeeD (4133) 
52833H-300 SEED '(4133) 

350 nsf eo TS 28 5 XLS2864A-350 EXEL 15 
X2864A Xieor (4269) 

450 nsF eo TS 28 5 M2764-45 Intel 
NMH2864 t National 

I I NMH2864C National 

I 
I 
I 

I 
I 

I 

t Military Temperature Range ( - 55° to 125°C) 
OC-Open Collector 

ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 

c IC MASTER 1984 3759 
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Ie MASTER 

MEMORY-PROMs 

Access SUpply Access Supply 
Organi- Time No. Voltage, Organ/- rune No. Voltage, 
zatlon (Max) Type Output Pins V Device Source Line zation (Max) Type Output Pins V Device Source Una 

PROMs 256x4 10 nsF ECL OE 16 -5.2 Fl0Z416A Fairchild 
11 ns * ECL OE 16 -5.2 Fl0416C Fairchild 

lKx8 55 nsF NMOS TS 24 5 MB7132E-W t Fujitsu 12ns * ECL OE 16 -52 GXB1049 Siemens 
2Kx4 35 nsF NMOS TS 20 5 MB7128Y Fujitsu 15 nsF ECL OE 16 -5.2 F1ooZ416 Fairchild 

55 nsF CMOS TS 20 5 MB7128E-W t Fujitsu F10Z416 Fairchild 65 
2Kx8 55 nsF NMOS TS 24 5 MB7138E-W t Fujitsu 20nsR ECL OE 16 -5.2 10149 SlplllCI (858) 

4Kx4 35 nsF NMOS TS 20 5 MB7152-Y Fujitsu 5 24 nsf ECL OE 16 -4.5 F100416C Fairchild 
55 nsf NMOS TS 20 5 MB7152E-W t Fujitsu 25 nsF ECL OE 16 -5.2 11C1110149 ........ (4047) 

8Kx8 70 nsF NMOS TS 24 5 MB7144E-W t Fujitsu 30 nsf TTL OC 16 5 AM27S20AC AMD 
16x4 25 nsF TTL TS 16 5 DM85S47A National TS 16 5 AM27S21AC AMD 70 

30 nsF m TS 16 5 DM75S07A t National 35 nsF TTL OC 16 5 HII76101-5 HIITIa (3944) 

35 nsf TTL OC 16 5 DM85S06 National 10 TS 16 5 H1I76111-5 Hlrrta (3944) 

TS 16 5 DM85S07 National 40 nsF m OC 16 5 AM27S20AM t AMD 

SO nsF TTL OC 16 5 DM75S06 t National H1I76201-5 HIITIa (3945) 

TS 16 5 DM75S07 t National TS 16 5 AM27S21AM t AMD 75 

32x8 15 nsF TTL OC 16 5 DM87S188 National 
H1I7621 1-5 HIITIa (3945) 

TS 16 5 DM87S288 National 15 45 nsf TTL OC 16- 5 AM27S2OC AMD 
H1I7610A-5 HIrrIa (3944) 

20 nsF TTL OC 16 5 DM77S188 t National 631140 - (4028) 
TS 16 5 DM77S288 t National 

TS 16 5 AM27S21C AMD 80 
20nsR ECl OE 16 -5.2 SN10139 TI H1I76111-5 Hlrrta (3944, 
25 nsf ECl OE 16 -52 IICll10139 II ....... (4047) 638141 1111' (4026) 

m OC 16 5 AM27S18AC AMD 20 298131 t..,... (4131) 

63SOIO 1111' (4026) 29613A Raytheon 

TS 16 5 AM27S19AC AMD SO nsF TTL OC 16 5 HII76101-2 tHan11 (3944) 85 

63SOIl -, (4026) 0II74S387 ...... , (4057) 
N82S126 Signetlcs 

35 nsF TTL OC 16 5 AM27S18AM t AMD 
TS 16 5 H1I76111-2 tHIn'll (3944) 

53SOIO tllll' (4026) 25 
D1174S!87 ....... , (4057) 

011748188 ...... , (4057) 
N82S129 Signetlcs 90 

TS 16 5 AM27S19AM t AMD 55 nsf m OC 16 5 HII76201-1 tHllTla (3945) 
538011 t- (4026) 538140 t- (4028) 
111748288 .. tItuI (4057) 6300-1 MMI 

40 nsf TTL OC 16 5 AM27S18C AMD 30 63LSl40 MMI 
TBPl8SA30 n TS 16 5 H1I76211-2 t ...... (3945) 95 

TS 16 5 AM27S19C AMD 538141 t- (4028) 

1IP18S030 n (542.4237) 6301-1 MMI 
Q) 63lS141 MMI 
:2 45 nsf TTL OC 16 5 011548188 t .. 1ItuI (4057) 

TlP2481 0 ·n (542.4238) 
::l TS 16 5 Dll54S288 t .. tItuI (4057) 35 

100 (!) 60 nsf TTL OC 16 5 AM27S20M t AMO 
SO nsf m OC 16 5 AM271S18C AMO AM29760AM AMO 

C AM27S18M tAMO H1I7110-5 HIn'II (3944) 
0 .7602-5 Hlrrli (3943) IIIS483I7 t ....... 1 (4057) :;:; 6330-1 MMI 29613A t Raytheon (;) 
(]) N82S23 Signetics 40 29613A Raytheon 105 

(]) TlP11SA113011 t n (542.4237) TS 16 5 AM27S21M tAMO 
CJ) TS 16 5 AM27lS19C AMO HII7611·5 HIrrIa (3944) 

10... AM27S19M t AMO 111648287 t .. 111111 (4057) 
(]) HII7803·5 Han11 (3943) 65 nsF TTL OC 16 5 11117110A-2 t ........ (3944) -tJ) 6331-1 MMI 45 TBP24SA10 n (542.4238) 110 «S N82S123 Signetics TBP24SA 1011 t n (54204238) 
~ 1IP18S03011 tn (54204237) TS 16 5 HII71111·2 t HarrI. (3944) 

SOnsR m OC 16 5 SN54188A tTl 1IP2481011 tn (54204238) 
SN74188A TI 70 nsf m OC 16 5 IM5603C Intersll 

60 nsf TTL OC 16 5 HII7602·2 tHlrrta (3943) SO 1821126 tSlPllla (532) 115 

5330-1 tMMI TS 16 5 IM5623C Intersl! 

TS 16 5 H1I7803-2 tHln'l· (3943) S82S129 t ...... (532) 

5331-1 tMMI 75 nsF m OC 16 5 HII7610-2 tHlrrla (3944) 

TTL 16 5 IM5610C Intersll 5300-1 tMM' 
65 nsf - 53LS14O tMMI 120 

OC 16 5 IM5600C Intersil 1551 
TBP247A1OMtTl 

S82S23 t .... (532) 
TS 16 5 .7111·2 tlllrrll (3944) 

TS 16 5 AM27LSl9M t AMD 5301-1 tMMI 
S82S123 tSIIMHCI (532) 53lS141 tMMI 

75 nsF TTL - 16 5 IM5610M t Intersil 80 nsf TTL OC 16 5 IM5603M t Intnl 125 

64x8 75nsR TTL OC 24 5 SN74186 TI 60 IM5623M t Intersil 

t MIHtary Temperature Range (-55° to 125°C) • Typical Value 
1IIII_' •• 'alll .... I11III .... , .......... 1M IIItIItIIII. 
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MEMORY-PROMs (Cont'd) 

AI:ciII 
Organ!- TIme 

Supply 
No. V_. 

MASTER SELECTION GUIDE 

Access Supply 
Organi- Time No. Voltage. 

zaUOn (Max) Type OUtput PIns V Device Une zatlon (Max) Type Output PIns V Device Source line 

PROMs 

256x8 1 "s * Erasable 18 24 
1 "sF Erasable 18 24 

1.5 "sf Erasable 18 24 

2.3 "sf Erasable 18 24 

35 nsf NMOS OC 20 
18 20 

45 nsf NMOS OC 20 
18 20 

60 nsf 

70 nsf 

TTL 

m 

80nsF m 

18 20 
OC 20 

24 

18 20 

24 

OC 20 

18 20 

550 nsf Erasable 18 24 

650 nsf Erasable 18 24 

512x4 30nsF TTL 

40nsF m 

45nsF TTL 

50nsF m 

55nsF m 

60nsF m 

65nsF TTL 

70nsF m 

OC 16 
18 16 

OC 16 
18 16 

OC 16 
18 16 

OC 16 

18 16 

24 

OC 16 

18 16 

OC 16 

TS 16 

OC 16 

TS 16 

OC 16 

t MIlItary Temperattn Range (-55° to 125°C) 
OC-Open Collector 

~ IC MASTER 1984 

5 
-9,5 

-9,5 

-9,5 

5 
5 

5 
5 

5 

5 

5 

5 

5 

5 

5 

-9,5 

-9,5 

S 
5 

5 
5 

5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

~DP18042CO RCA 

(Cont'd) I 
AM1702A AMD 
AM1702AL AMD 

AM1702A-6 AMD 

MM8702A-4 National 5 

MB7117H 
MB7118H 

MB7117E 
MB7118E 

D.74LS471 

Fujitsu 
Fujitsu 

Fujitsu 
Fujitsu 

(4057) 10 

512x4 70nsF TTL 

75 nsF TTL 

80nsF m 

T8 

oc 

T8 

16 5 

16 

16 5 

H.7621-5 Hlntl 
H.76211-2 t Hlntl 
.CM7821 .. I ..... 
29611 t Raytheon 
29611 Raytheon 
S828131 tSl ... UCI 

5305-1 t MMI 
53LS24O t MMI 

5306-1 tMMI 
53LS241 t MMI 
29813. t 1IIy1n. 

16 5 IM5624C Intersil 
6308-1 MMI OC 16 5 IM5604C Intersil 

TlPZIW2 TI (4240) 85 nsF TTL OC 16 5 H.7820-2 t Hlrrli 
6335-1 t MMI 18 16 5 H.7821-2 tHlntl 

6309-1 MMI 90 nsf m - 16 5 IM5624M t Intersil 

(Cont'd) 
(3945t 65 
(3945) 
(4047) 

(532) 70 

(4131) 75 

(3945) 
(3945) 

80 
.54L8471 t .. a-I (4057) 15 OC 16 5 IM5604M t Intersil 
TlP2lL22 TI (542.4240) IOS-12x-a --2Q-n-s *--Reg--""';;TS";;""'-2':";'4-':"S --+T=B;':;P2:":'8":';;R45~...!...:.T:':':'1 =---
6336-1 MMI 20 nsf Reg T8 24 5 AM27S25AC AMD 

5308-1 t MMI 25 nsF Reg 18 24 S AM27S25AM t AMD 

~fn (4Z4U) 27 nsF Reg 18 22 5 AM27S27C AMD 
5309-1 t MMI 20 24 5 AM27S25C AMD 

85 

TlP2lLZ!II tTl (54U240) 30 nsf Reg 18 22 5 AM27S27M t AMD 
AM 1702A-1 AMD 24 5 AM27S25M t AMD 

I 
AM 1702AL-1 AMD 35 ns * TTL 18 20 5 TBP28P42 TI 
AM 1702A-2 AMD 24 5 TBP28P45 TI 
I AM 1702AL-2 AMD 25 TBP28S45 TI 

I AM27S12AC AMD 35 nsf m OC 20 5 AM27S28AC AMD 
I AM27S13AC AMD MB7123H Fujitsu 

1AM27S12AM t AMD 24 5 AM27S30AC AMD 

90 

'I·· AM27S13AM t AMD Reg 24 5 8M87SR25 .. tIwII 
.216111 ..,.... (4131) 30 DM8788474 IItIwII 

63SZ40 - (4026) .8788478 l1li.11 
. 63SZ41 - (4026) 18 20 5 AM27S29AC AMD 

(4057t 95 
(4057) 
(4057) 

AM27S12C AMD MB7124H Fujitsu 
•• 7820A-5 BIrrtI 
N82S130 Signetics 

(31145) 
35 _______ ~2~4_.:..5 _ _4~AM=2~7S3~1A.....;;C~A=M=D----- 100 

Reg 24 S •• 77SR25 t M.II (4057) 
AM27S13C AMD 
H.78211-5 HlrrII (31145) 
.. 78211 ........ (4047) 
N82S131 Signetics 

.. 76411 ...... 

538240 t-
.748570 .. II1II1 
.74857 ........ 

(4047) 40 

(4028) 
(4057) 
(4057) 

538241 t_1 
.748571 ...... 

I
DM741571. IItIRII 
.7485711 .. IIRII 
21611 t IIIytMR 

(402&) 
(4057) 45 
(4057) 
(4057) 
(4131) 

1

29611 Raytheon 

AM27S12M t AMD 
6305-1 MMI 

'1~~~3M t ~:~ 
6306-1 MMI 
63l.S241 MMI 
Zl613C ..,.... (4131) 

1JII54I570 t........ (4057) 
",7OA t .. lllal (4057) 

... 71 tllltlRll (4057) 

50 

55 

1JII54I5711 t IIItIRII (4057) 60 
Dll54l5711 t....... (4057) 

.. 7120-5 IIIrrIs (3945) 

.. 782OA-2 t IIrrIs (3945) 
8828130 tSltMlla (532) 
I (ContInued) 

40nsF m 

45nsF m OC 20 

24 

18 20 

24 

50nsF m 18 20 
55nsF TTL OC 20 

24 

18 20 

24 

6Ons* m 18 20 
24 

60 nsF m OC 20 

ns*-Nanoseconds Typical nsf-Nanoseconds over FuR Temperature Range 
18-Three-State 

5 

5 

5 
5 

5 

5 
5 

5 

.77SR478 t .. a-I (4057) 

AM27S28AM t AMD 
MB7123E Fujitsu 
.748473A .. t ..... (4057) 105 

AM27S30AM t AMD 
•• 784.-5 IIIn1I (3948) 
Dfl748475A .. n... (4057) 

AM27S29AM t AMD 
MB7124E Fujitsu 110 
H.7649A-5 HInII (3947) 
.7484721 IIIu..t (4057) 
DM74S472B National 
18281471 SI ..... a (4174) 

AM27S31AM t AMD 
H.78411-5 HIrrII 
DM7W74A IIU .. I 

1ICII7849A Met ...... 

AM27S28C AMD 

115 
(394&) 
(4057) 

(4047) 

AM27S3OC AMD 120 

AM27S29C AMD 
6349-2 MMI 

AM27S31C AMD 
U7649A-2 tlllrrts (3947) 
6341-2 MMI 125 

TlPZ8L42 TI (542,4241) 
TBP28L45 . TI 

Dll54S473A t .. a-I (4057) 
DM748473 .. II1II1 (4057) 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-PROMs (Cont'd) 

Access Supply Access Supply 
Organl- Time No, voltage, Organi- Time No. Voltage. 
zatlon (Max) Type Output Pins V Device Source Line zatiOn (Max) Type Output Pins V Device Source Line 

Q) 

:2 
:::s 

C) 

c: 
a 
:;:: 
(.) 
Q) 

Q) 

en 

PROMs 

512x8 60 nsF TTL 

65 nsF TTL 

70 nsF m 

OC 
24 

TS 20 

24 

OC 20 

24 

TS 20 
24 

OC 20 
24 

5 

5 

5 

5 

5 
5 

5 
5 

TS 20 5 

24 5 

SOnsF m OC 20 5 
24 5 

TS 20 5 

24 5 

85 nsF m OC 20 5 
24 5 

TS 20 5 

24 5 

90 nsF TTL OC 24 5 
TS 24 5 

200 nsF CMOS TS 24 5 

I 
300 nsF CMOS Era~bIe 24 

TTL TS 5 

t MlUtary Temperature Range (- 55° to 125°C) 

10 

3762 

(Cont'd) 

(Cont'd) 
HM764M·2 t Hlrrll (3946) 
OM548475A t 1111 .. 1 (4057) 

HM7649-5 Harril (3947) 
0.548472 t 1111 .. 1 (4057) 
0.548472A t .. liNiI (4057) 5 
0.5484728 tllllnil (4057) 
DM548474A t .. IIN11 (4057) 
0115484748 tliUNII (4057) 
011748472 .. 1IN11 (4057) 
TBP28S42 11 (54204244) 10 

AM27S15C AMD 
HM7641A·2 t Hlrrll (3946) 
N82S115 Signetics 
N82S141 Signetics 
TBP28S46 11 (542.543.4245) 15 

AM27S28M t AMD 
Dll54S473 t .. UNlI 
TBP28SA42 n 

(4057) 
(4245) 

0~75 t .. 1ItI11 
011748475 IIIIMII 
TlP218A46 11 

(4057) 
(4057) 20 
(4245) 

AM27S29M t AMD 
AM27S31M t AMD 
011748474 "UNII 

6348-1 MMI 
AM27S3OM t AMO 

(4057) 

H.764~ Harril (3946) 
6340-1 MMI 

6349-1 MMI 

25 

11C117649 Me..... (4047) 30 
29623 ...,..... (4131) 
TBP28S42MtTl 
TBP28S42M Ti 

1.7641-5 IIIrrIa (3946) 
5341·2 t MMI 35 
6341·1 MMI 
.. 7641 ........ (4047) 
Dll54S474 t ", ..... 1 ' (4057) 
TBP28S4611 t 11 (542.543.4245) 

5348-1 t MMI 40 
5340-1 t MMI 

H.7649-2 Hln1a (3947) 
5349-1 t MMI 

5341·1 t MMI 

TBP28SA4211 t 11 
H.7640-2 t Harrli 
TlP28SA4811 t 11 

(4245) 45 
(3946) 
(4245) 

TBP28S4211 t 11 (542.4244) 
TBP28S42M TI 

H.7641·2 tHln1a 

5340-2 t MMI 
AM27S15M t AMD 

1828115 tSl"" 
S82S141 tSl ...... 

1IM&641·2 tHarrla 
...... l·8 t IIIrrIa 
.... 1-9 HarrIa 

IM6654A Intersil 

(3946) 50 

(532) 
(532) 

(3969) 55 
(3909) 
(3969) 

X2804 XI_ (4267.4268) 
(Continued) 

512x8 
450 nsF CMOS Erasable 

TS 24 5 

550 nsF CMOS Erasable 
TS 24 5 

600 nsF CMOS Erasable 
TS 24.5 

35 nsF TTL TS 20 5 
40 nsF TTL Reg 24 5 

1024x4 - Reg 
30 ns * TTL 

TS 
OC 

24 
18 

35 nsF TTL 

35nsR TTL 

40 nsF TTL 

45 nsF TTL 

50nsF Reg 
TTL 

55nsF TTL 

60nsF Reg 
m 

65 nsF TTL 

OC 18 5 

TS 18 5 

OC 18 5 

TS 18 5 

OC 18 5 
TS 18 5 

OC 18 5 

TS 18 5 

24 5 

TS 18 5 
OC 18 5 
TS 18 5 

OC 18 5 

TS 18 5 

TS 18 5 
OC 18 5 

TS 18 5 

OC 
TS 

18 
18 
24 

5 
5 
5 

* Typical Value 
1114 1I.lulCllIIl •• IUNllallla IInv"" _ ............ . 

IM6654·1 Intersil 

1M6654 Intersil 

1M6654M t Intersil 

0.7484728 IItl .. , 
0.77SR474 t IItINI' 

.. 27865 AIID 
0II54S572A t IIUNII 
0.54S5731 t NlUul' 

AM27S32AC AMD 
AM27S33AC AMD 
MB7121H Fujitsu 

AM27S33AC AMO 
MB7122H Fujitsu 
63S441A •• , 
0117415738 "UNI' 
18281378 SIpIIIa 

TBP248Ml 11 
TlP248M1. t 11 

(Coot'd) 

(4057) 
(4057) 

60 

(3902) 65 
(4057) 
(4057) 

70 

(4026) 
(4057) 
(4172) 75 

(4239) 
(4239) 

TBP24841 11 (542.4239) 
TBP24841. t11 (542.4239) 

93452C 
93453C 

Fairchild 
Fairchild 

AM27S32AM t AMO 
MB7121E Fujitsu 

80 

H.76421-5 IIIrrIa (3948) 
0II74S572A ..... , (4057) 85 

AM27S33AM t AMO 
MB7122E Fujitsu 
H.76438-5 IIrrIa 
638441 _, 

0117415731 IIUtII' 

0II878181A 1aIItII, 
63RA441 _, 

HM7642A-5 IIIrrIa 
H.7643A-5 HIfTIa 
538441A t
.. 76431 Me'..
Dll54S5738 t IIIIHII 

AM27S32C AMD 
93452M t Fairchild 
H.76428-2 t Hlrrli 
HN25044 Hitachi 

AM27S33C AMD 
93453M t Fairchild 
H.76438-2 t HIrrIa 
HN25045 Hitachi 
538441 t-, 
6353·2 MMI 

1i3llA441 t •• 1 
H.7642·2 t HIrrIa 
1.7642-5 HlrrIs 
6350·1 MMI 
6352·1 MMI 
011741572 ........ 

HM7643·2 t Harris 
1.7643-5 HIrrII 
6351·1 MMI 

(3948) 
(4026) 
(4057) 90 

(4057) 

(4030) 
(3948) 
(3948) 
(4026) 95 
(4047) 
(4057) 

(3948) 100 

(3948) 
105 

(4026) 

(4030) 
(3948) 
(3948) 110 

(4057) 

(3948) 115 

16353·1 
011741573 
182S137 

MMI I 
.. UNIt (4057) 
SIIIIUa (4172) 

AM27S32M t AMD 
AM27S33M t AMD 
0.778181A t .. II .. , (4057) 

(Continued) 

120 
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MEMORY-PROMs (Cont'd) 

Access 
Organ!- TIme No. 
zatlon (Max) Type Output PIns 

PROMs 

1024x4 
70 nsF m OC 18 

TS 18 

75 nsF TIL OC 18 

TS 18 

80 nsf TIL TS 18 

85 nsF TIL TS 18 

550 nsf CMOS Erasable 
TS 24 

600 nsf CMOS Erasable 
TS 24 

1024x8 - TIL TS 24 

20ns • Reg TS 24 

35ns • TIL TS 24 

35 nsF TIL OC 24 

TS 24 

40 nsF Reg TS 24 

\ 

45 nsf m OC 24 

TS 24 

50 nsf TIL OC 24 

TS- 24 

55 nsf TIL OC 24 

TS 24 

60 nsf m DC 24 

. t MIlitary Temperature Range (- 55° to 125°C) 
OC-Open Collector 

e IC MASTER 1984 

SUpply 
Voltage, 
V 

5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

MASTER SELECTION GUIDE 

Access 
0rganI- TIme No. 

DevIce Source line zatiDn (Max) Type Output PIns 

(Cont'd) 1024x8 60 nsf m· OC 24 

(Cont'd) 
H.76421-2 t IIIrrII (3948) 

TS 24 
.H.7643&-2 t IIIrrII (3948) 
.. 7643 ........ (4047) 
88211371 tSlpllla (532) 

5350-1 tMMI 5 
5352-1 tMMI 
l1154S572 t ...... 1 (4057) 

5351-1 tMMI 
5353-1 tMMI 65ns • m TS 24 
011548573 t .. l .... (4057) 10 70 nsF m OC 24 
8821137 tlqlllla (532) 

H.7643-2 tHlrrls (3948) TS 24 

1M6653-1 Intersil 

1M6653M t Intersil 

AM27PS181 AMD 

1
15 

AM27PS281 AMD 
AIIZ7S3SAC .. (.,) 75 nsf TIL OC 24 

A1127S35A11 t AlII (3901) 
A1127S35C AMI (3901) 
A1127S3511 t .. (3901) 20 TS 24 
All27S371 AlII (3901) 

TBP28R85 TI 

TBP28P85 TI 
TlP28S85 n (4248) SOns • TIL TS 24 

All278180AC AMI (3905) 25 
A1127S28OAC AlII (3905) SO nsF TIL OC 24 

.. 27837 IMI (3901) 
93Z45OA Fairchild TS 24 
MB71324 Fujitsu 

A11271181AC AlII (3905) 30 
All27S281AC AlII (3905) 
93Z451A Fairchikl 90 nsf m OC 24 

MB7132Y Fujitsu 

63RS881 MMI 
.7781181 t IIaIIaaI (4057) 35 TS 24 

11187IR181 IllIIIaI (4057) 

93Z450 Fairchild 
MB7131H Fujitsu 

93Z451 Fairchikl 95 nsf m TS 24 
MB7132H Fujitsu 40 

100 nsf m OC 24 
1182S1Il. 8IIIIIJa (417&) 

AM2711_tAIII (3905) 
TS 24 

AM27SZ1OA11 tAliI (3905) 

.. 271181. tAMI (3905) 
120 nsf TIL TS 24 

.278281. tAMI (3905) 45 
H.78811-5 HlrrIa (3949) 125 nsF m OC 24 

HN25089S Hitachi TS 24 

82HS181 Intel 175 nsF m TS 24 
11C1178811 ....... (4047) 300 nsF Erasable TS 24 
MB7131E . Fujitsu 50 
.. 871110 llatleul (4057) 350 nsf Erasable TS 24 
_71280 11II1II1 (4057) 

MB7132E Fujitsu 
828181 Intel 450 nsF CMOS Erasable 
53IISUl .. (4032) 55 TS 24 
6381-2 MMI 
• 871211 ....... (4057) Erasable TS 24 
11211811 ... (4176) 

AM2781_ AM. (3905) 
All2712_ AMI (3905) 60 
93460M t Fairchild 
SN74S2708 TI 

(Continued) 

ns·-Nanoseconds Typical nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

SUpply 
Voltage, 
V 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
5 

5 

±5,12 

±5,12 

5 

5 
±5,12 

Device Source LIne 

(Cont'd) 
.1IP2IIINO n (542.543,42-' 
TIP2IIAI8-88 n (4247) 

A11271181C AlII (3_) 65 
A1127SZ81C AIID (3905) 
H.78811-2 tHlrrla (3949) 
296311 tRlyllllll (4131) 
29631A Raytheon 
Z9633A t..,..... (4131) 70 
29633A Raytheon 
N828183 Signetics 

TBP28L85 TI 

6380-2 MMI 
N828180 Slgnetics 75 

H.7881-5 IfIrrIs (3149) 
5381-2 tMMI 
.. 7881 ....... (4047) 
1.878181 ....... (40571 
29633A t Raytheon SO 
29633A Raytheon I N82S181 Slgnetlcs 

.. 771110 t ....... (4057) 

.. 771210 t ....... (4057) 
TIPZISA_tn (4247) 85 

.778181 t ....... (4057) 

.77S281 t ....... (4057) 
TBP24S86M t TI 
TlPZlSZ70I tn (4248) 

TII'ZIlae n (542.543.4242) 90 
TlP2a86M t n (542.543.4242) 

AM2781. t- (3905) 
AM27121011 t gD (3905) 

A11278181. tllll (3905) 
A11271281. tAlli (3905) 95 
88ZS1l11 t ........ 

(532.4176) 

5380-2 tMM! 
6380-1 MMI 
S82S1SO t Signetlcs 
l1li7881-2 tlllrrll ' (3949) 100 
6381-1 MMI 
S8ZS181 tSl __ (532) 
S82S183 tSignetics 
S8ZSZ708 tSlPeUa (532) 

Z9633C ..,..... (4131) 105 

HN25088 Hitachi 
HN25089 t Hitachi 

.. 8ru181 ....... (4057) 

.. 77U181 t ....... (4057) 
N82LS181 Signetlcs 110 

5380-1 tMMI 
5381-1 tMMI 

S82LS181 t Slgnetlcs 

MCM27A08 Motorola 
MCM68A708 Motorola 

1
115 

AM2708-13 AMD I 
F2708-1 Fairchild 
1WS2708-35 n (543,4234) , 

1M6658 Intel 
1M6658M t Intel 120 

MM2758 National 
AM2708 AMD 
AM9708 tAMD 
F2708 Fairchild 
F68708 Fairchild 125 
MCM2708 Motorola 

(Continued) 

nsA-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-PROMs (Cont'd) 

Access Supply 
Organ!- Time No. VoltaGe, 
lItiDn (Max) Type OUtput PIns V Device Source 

PROlis (Cont'd) 

1024x8 450 nsf Erasable 18 24 ± 5,12 (Cont'd) 
MCM6870S Motorola 
1NS8708 National 
TllS2708-45 n (543.4234) 
TllS27L1J8.45 n (543.4234) 

Access 
Organ!- r_ 

Une zaUon (Max) Type 

2048x4 
95nsF TIL 

100nsF TIL 

115nsf TIL 

Supply 
No. VoltaGe, 

OUtput PIns V DevIce 

TS 18 5 

OC 18 5 
TS 18 5 

TS 18 5 

29653. 

5388-1 
5389-1 
N82S185 

8828185 

Source Une 

(Cont'd) 
tRayIIIIH (4131) 

tMMI 
t MMI 65 

Signetics 

t SIpIIIca (532) 

2048x4- Reg TS 24 5 AJl21S75 AJlO (3902) 5 450 nsF CMOS Erasable 

m 18 20 5 

35nsf m OC 18 5 

18 18 5 

45ns * TTL OC 18 5 

18 18 5 

45nsf m OC 18 5 

18 18 5 

TBP28R 165 TI 

AM27S184AC AMD 
MB7127Y Fujitsu 

AM27S185AC AMD 
MB7128Y Fujitsu 
113S841A _I 
0111781151 IIU .. I 

SN54S455 t TI 
SN74S455 TI 

(4026) 
(4057) 

10 

TBP24aAll n 
TBP24SA11·tn 

(4240) 15 
(4240) 

TlP24S81 n (542.4239) 
Tln4S81. tn (542.4239) 

, AM27S184AMt AMD 
MB7127H Fujitsu 20 

AM27S185AMt AMD 
MB7128H Fujitsu 
DIII781151 11'1-.1 (4057) 

• 1112S115B SJtItIIa (4178) 
-~-Mf----TT-L----OC----18---5--~~AM2~7S~1~84C~~A~M=D~~~ 

55nsF IT'.. 

60nsf TTL 

65 nsF m 

70 nsF TTL 

75 nsF TTL 

80nsf m 

90nsf m 

25 
18 18 5 AM27S 185C AMD 

OC 18 5 

18 18 5 

18 18 5 

24 5 

OC 18 5 
18 18 5 

OC 18 5 

18 18 5 

18 18 5 

18 18 5 

24 5 

18 18, 5 

"7615A-5 IIan1I 
53S141A t-
638141 ... 
.7711151 t ....... 
18281151 SIIMtIa 

(3950) 
(4026) 
(4026) 
(4057) 30 
(4171) . 

AM27S184M t AMD 
1-1S114 ........ (4057) 
AM27S185M t AMD 
MB7128E Fujitsu 35 
MB7128E-W t Fujitsu 
538141 t_1 (40Z8) 
6389-2 MMI 
0III1S115 110..1 (4057) 

AM27LS185C AMD 
AM27PS185C AMD 
H11761&A-2 t HIITII 
0117781151 t ........ == 1112S181 A SIIMtIa 
AM27LS184Mt AMD 
AM27LS185Mt AMD 
AM27PS185Mt AMD 

6388-1 MMI 
l1li778114 tllllllal 

H.7685-5 
5389-2 
6389-1 
11C117115 
011778115 
29851C 

IIITII 
tMMI 

MMI ....... 
t ........ ..... 

Sl2S115A SIIIItI= 

40 

(3950) 
(4057) 
(4131) 
(4131) 45 

(4110) 

50 
(4057) 

(3950) 

(4047) 55 
(4057) 
(4131) 

(4131) 

(532.4171) 
88281911 tSllMtla 

(532.4110) 60 

H.7615-Z t HII'I'II (3950) 
21611. tllQllllll (4131) 

(Continued) 

2048x8 - TTL 

20ns * Reg 

35ns * TIL 

35nsF Reg 

m 

40 nsf Reg 

45nsF Reg 

m 

50 nsf m 

t Mhary Temperature Range (- 55· to 125·C) * Typical Value 
lIN "'1I~1a" .~~III .. I.1I11 ,....,Ia. MIIII .......... 

3764 

TS 24 

TS 24 

18 24 

OC 24 
18 24 

18 24 

OC 24 

18 24 

18 24 

18 24 

OC 24 

18 24 

OC 24 

18 24 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

IM6657 
1M6657M 

A1127845 
A1127S45A 
A1127847 
A1127847A 

TBP28RI66 

Intersll 
t Intersll 

AIIO 
A.O 
AIID 
AJlO 

tTl 
TBP28SA 166 TI 
TBP28P 166 t TI 
TlP28S166 n 
63RlI611 A •• 1 
6311S1611A _I 
MCM27S45 Motorola 
MCM27S47 Motorola 

AM27S190AC AMD 
AM27S290AC AMD 

AM27S191A AMD 
AM27S291A AMD 
MB7138VZ FUjitsu 
36368-1 Intel 
6381611A _I 
MCM27S191 Motorola 
MCM27S291 Motorola 
_78191B lIu..I 
0II178291B IIIIIIII 

531A1611A t_1 
531S1611A t_1 
63U1681 _I 
6311S1611 _I 
531A1611 t •• 1 
53881611 t •• 1 

932510C 
93Z51OC 
MB7137H 

932511C 
93Z511C 
MB7138H 
36368-2 
D.178191A 
0II178291A 

Fairchild 
Fairchild 
Fujitsu 

Fairchild 
Fairchild 
Fujitsu 
Intel 
lIu..I 
lIu..I 

AM27S19OC AMD 
AM27S29OAMt AMD 

(3804) 70 
(3904) 
(3904) 
(3904) 

(4247) 

(4035) 
(4031) 

(4026) 

75 

80 

85 

90 
(4057) 
(4057) 

(4035) 
(4031) 
(403i) 95 
(4031) 

(4035) 
(4031) 

100 

105 
(4057) 
(4057) 

AM27S29OC AMD 110 
HN24084S Hitachi 
HN25084S Hitachi 
TIP2IIAIIA-58 n (4247) 
AM27PS191C AMD 
AM27PS3!1C AMD 115 
AM27S191 AMD 
AM27S191AMt AMD 
AM27S291 AMD 
AM27S291AMt AMD 
H.71111A-5 HIITII (3851) 120 
HN25085S Hitachi 
36368 Intel 
82HS191 Intel 
5381611A t _ (4026) 

6381611 ... (4028) 125 
.. 71111A ...... (4047) 
0.778191B tllllllal (4057) 
l1li778291. t 11I11III (4057) 

(Continued) 
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MASTER SELECTION GUIDE 

MEMORY-PROMs (Cont'd) 

Aa:ess Supply Access 
Organ!- TIme No. Voltage, Organi- Tune No. 
zatlon (Max) Type Output PIns V DevIce Source line zalion (Max) Type Output Pins 

PROMs (Cont'd) 2048x8 
390 nsf Erasable TS 24 

2048x8 50 nsf TTL TS 24 5 (Cont'd) 
29681A t...,... (4131) 
29681A Raytheon 
2t683A t..,.... (4131) 
29683A RaytheOn 

55 nsF m OC 24 5 93Z51OM t Fairchild 5 
MB7137E t Fujitsu 450 nsf Electrically Erasable 

TS 18 5 .. 7685A ....... (4047) TS 24 

24 5 93Z511M t Fairchild 
MB7138E Fujitsu 
MB7138E-W t Fujitsu 10 

60 nsf TTL OC 18 5 HN25084 Hitachi Erasable TS 24 

24 5 HN25168S Hitachi 

TS 18 5 HN25985 Hitachi 
24 5 H.78181-5 ....... (3951) 

HN25169S Hitachi 15 
.77S191A t 11I11III (4057) 
DM77S291A t .. 1IIa1 (4057) 

65 nsf TTL OC 24 5 AM27S19OM t AMD 
_78190 ~ (4057) 
_7S290 11I11III (4057) 20 

TS 24 5 AM27PS191Mt AMD 
AM27PS291AMt AMD 
AM27S291M t AMD 
5381881 t- (4026) 
_78111 ...... (4057) 25 490 nsF Erasable TS 24 
_7SZ81 ....... (-7) 

Intel 
550 nsf Erasable TS 24 

70 nsf TTL TS 24 5 828191 
.. 78181 ........ (4047) 650 nsF Erasable TS 24 

29681A t Raytheon 
29681A Raytheon 30 4096x4 - Reg TS 24 

29683A t Raytheon 35 nsf TTL OC 20 

29683A Raytheon TS 20 

15ns * m TS 24 5 TBP28I.188 n (4243) 

80nsf m OC 24 5 .. 771190 t ....... (4057) 
.. 77S290 t ....... (4057) 35 

TS 24 5 H.78181·2 tllarrla (3951) 40 nsF Reg TS 24· 
.. 778111 t ........ (4057) 

45 nsf Reg TS 24 
• 77SZ81 t ....... (4057) TTL TS 20 
21681 ...,.... (4131) 

24 
N82S191 Signetlcs 40 

85 nsf TTL TS 24 5 21683 .... (4131) 50 nsf TTL OC 20 
100 nsf m TS 24 5 sa2S191 t8lplUa (532) 

120 nsf CMOS TS 24 5 l1li8818-8 tlllrrla (a.) TS 20 
300 nsf Erasable TS 24 5 AM9716 AYD 

MK2716-5 Mostek 45 

±5,12 TMS27A16 Motorola 

NMOS TS 24 ±5,12 tm718-30 n (4233) 

TTL TS 5 12818 XIw 
(547.4287.4288) 55 nsf m TS 24 

350 nsf Electrically Erasable 
T8 24 5 XZlllW5 XJ;;r 60 nsf TTL TS 20 

(547.4287.4288) 
X2811W1-35 t XIw 

(547.4287.4288) 50 

Erasable TS 
65 nsf m OC 20 

24 5 AM2716-1 AYD TS 20 
F2716-1 Fairchild 
2716-1 Intel 
MK2716-6 Mostek so nsf TTL TS 20 

MCM2716-35 Motorola 55 4096x8 40 nsf TTL TS 24 

MCM27L 16-35 Motorola 
MM2716-1 National 
NMC6716-1 National 50 nsf TTL TS 24 
SY2716-1 Synertek 
TMM323-1 Toshiba 60 

(Continued) 

t Military Temperature Range (-550 to 125°C) 
DC-Open Collector 

ns*-Nanoseconds Typical nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

o IC MASTER 1984 

Supply 
Voltage, 
V 

5 

5 

5 

±5,12 

5 

5 

5 

5 
5 
5 

5 

5 
5 
5. 

5 

5 

5 

5 

5 
5 

5 

5 

5 

DevIce Squrce line 

AM2716-2 AMO 
(Coot'd) I 

HH462716-2 Hitachi 
2716-2 Intel 
MK2716-7 Mostek 
MM2716-2 National 65 
NMC6716-2 National 
SY2716-2 Synertek 

12816A-45 XIw 
(547.4267.4268) 

X281&A11-45 tile« 
(547.4267.4268) 

AM2716 AMD 70 
AM2716M tAMD 
F2716 Fairchild 
F68716 Fairchild 
HN462716 Hitachi 
2716 Intel 75 

IM2716 Intel 

I 
M5L2716 Mitsubishi 
MK2716-8 Mostek 
MM2716 National 
NMC2716E National 80 
NMC27Cl6-45 National 
~D2716 NEC 
SY2716 Synertek 

TllS2718-45 n (4233) 

2716-5 Intel 85 

NMC27Cl6-55 National 

2716-6 Intel 
MK2716-12 Mostek 

A1127S85 AIID (3902) 
All27S4OA AlII (3907) 90 
A1127S41A AIIO (3907) 
8381641A ••• (4026) 
1IC.78185 ......... (4047) 
DM87S195B National 
N82HS195 Signetics 95 

8301641 
_. 

(4041) 

5301641 t-· (4041) 
DM87S195A National 
MB7134H FujitsU 
MB7152E FujitsU 100 

A1127~ AIIO (3907) 
All27S4OA11 tAU (3907) 

AM27PS41 AMD 
All27S41 AU (3907) 
A1127S41A. t AIIO (3907) 105 
5381M1A t ••• (4026) 
8381641 

_. 
(4826) 

DM77S19S8 tlilltul (4057) 
S82HS195 tSignetics 

MB7134E Fujitsu 110 
MB7152H Fujitsu 

H.78185-5 IIarrIa (3952) 
.77S195A t--. 

(4057.4057) 

a!7S4011 t- (3907) 
All27S41. tAIID (3907) 115 
5381641 tal (4026) 

H.78185-2 t ....... (3952) 

A1127S43A AIID (3108) 
3632-1 Intel 
82H8321 Intel 120 

A1127S43 AIID (3108) 
3632 Intel 
828321 Intel 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-PROMs (Cont'd) 

Access Supply Access SuIlPlY 
Organ!- TIme No. Voltage, Organi- Time No. Voltage, 
zatlon (Max) Type Output Pins V Device Source Une zatlon (Max) Type Output Pins V Device Source Line 

PROMs (Cont'd) 4096x8 (Cont'd) 
550 nsF Erasable TS 24 5 NMC27C32-55 National 

4096x8 50 nsF TTL TS 24 5 ' (Cont'd) 
8192x8 45 nsF TTL OC 24 5 93Z564 Fairchild 

M3632 t Intel TS 24 5 93Z565 Fairchild 
M3632 Intel 

55 nsF TTL OC 24 5 MB7143H Fujitsu 
55 nsF TTL DC 24 5 MB7141H Fujitsu 

TS 24 5 MB7144H Fujitsu 70 TS 24 5 MB7142H Fujitsu 
011878321 laUUlI (4057) 5 85 nsF TTL TS 24 5 H.76641-5 Hlrrls (3954) 

0.78421 IIUeal (4057) 100 nsF TTL TS 24 5 H.76641-2 tHlrrIs (3954) 

65 nsF TTL DC 24 5 MB7141E Fujitsu 175 nsF CMOS TS 28 5 H.66&4-2 tHlrrIs (3969) 
TS 24 5 MB7142E Fujitsu H.6664-8 tHlrrls (3969) 

H.78321-5 Hlrrls (3953) H.6664-9 Hlrrls (3969) 75 
•• 778321 tlatlonl (4057) 10 200 nsF CMOS, Erasable 
011778421 tllUuaI (4057) TS 28 5 HI27&64-20 HI!lUI (3974) 

28 5 MB7142E-W t Fujitsu Erasable TS 28 5 A112764-20 AIIO (3928) 

70 nsF TTL TS 24 5 296711 t"rt'" (4131) MBM2764-2O Fujitsu 
HN26C64-2O Hitachi 29671A Raytheon 
2764-2 Intel 80 

80 nsF TTL TS 24 '5 29671 t .. ,.... (4131) 15 5133-2 SEEO (513.4137) 
29671 Raytheon 5133-200 SEEQ (513.4137) 
29671A t Raytheon TMM2764-2 Toshiba 
29671A Raytheon 

250 nsF CMOS, Erasable 
N82S321 Signetics TS 28 5 MBM27C64-25 Fujitsu 

85 nsF TTL TS 24 5 H.78321-2 tHlrrls (3953) 20 HI27&64-25 Hltlc~ (3974) 85 
29673 t .. yIMII (4131) Erasable TS 28 5 A112764-25 AMO (3928) 
29673 Raytheon 2764 Fairchild 

100 nsF TTL TS 24 5 29671 t Raytheon MBM2764-25 Fujitsu 
29671 Raytheon HN482764-3 Hitachi 

105 nsf TTL TS 24 5, 29673 t Raytheon 25 2764 Intel 90 
29673 Raytheon 2764-25 Intel 

150 nsf Erasable TS 24 5 AM2732A-l AIID (3926) 
5133-250 SEEO (513,4137) 
.5133-250 tSEEQ (513) 

AM2732A-15 AMD (3926) 

TS 5 AM2732A-2 AMO (3926) 
300 nsF CMOS, Erasable 

200 nsf Erasable 24 TS 28 5 MBM27C64-30 Fujitsu 
AM2732A-2O MID (3926) 30 MBM27C64-3OW 
MBM2732A-20 Fujitsu tFujitsu 95 
HN482732A-20 Hitachi 11127C84-30 HltIc~ (3974)1 
2732A-2 Intel 

Erasable TS 28 5 AM2764-30 AM. (3828) 2732A-20 Intel 
MBM2764-30 Fujitsu 

250 nsF Erasable TS 24 5 AM2732A AM. (3926) 35 MBM2764-30X Fujitsu 
(J) A112732A-25 tAM. (3926) 2764-3 Intel 100 
:2 AM2732A-25 AMD 2764-30 Intel 

':::::S MBM2732A-25 Fujitsu 5133-3 SEEQ (513.4137) 
(!) HN482732A-25 Hitachi 5133·300 SEEQ (513.4137) 

c: 2732A Intel 40 
350 nsF Erasable TS 24 5 1ICII68766-35 ...... (4047) 

.2 2732A-25 Intel 
28 5 TllS2564-35 n (~.4229) 105 TMM2732-2 Toshiba ..... 

400 nsf Erasable TS 28 5 5133-4 SEEQ (513,4137) (,) 300 nsF Erasable TS 24 5 AM2732A-3 AMO (3926) 
(J) 

1.27321-30 AM. (3926) 450 nsf Erasable TS 24 5 1ICII68764 ....... (4047) 
(J) MBM2732A-30 Fujitsu 45 1IC1I6I788 ....... (4047) 
en MBM2732A-30X Fujitsu 28 5 AM2764-45 AMO (3828) 
L. HN472632A-30 Hitachi HN482764-4 Hitachi 110 
(J) 

HN482732A-30 Hitachi 2764-4 Intel ..... en 2732A-3 Intel 2764-45 Intel 
tU 2732A-30 Intel 50 M5L2764 Mitsubishi ::E NMOS TS 24 5 R09433C GI •• 27641 OKI (4118) 

350 nsF TS NMC27C32-35 National 
5133-450 SEEQ (513.4137) 115 

Erasable 24 5 
.5133-450 tSEEQ (513) 

NMOS TS 24 5 M58735 Mitsubishl TllS2564-45 n (543.4229) 
~nsF Erasable TS 24 5 AII2732A-4 AM. (3926) 

SOOnsF Erasable TS 28 5 TllS2564-50 TI (543.4229) 
AM27321-45 tAM. (3926) 55 
AM2732A-45 AMD 16384x8 150 nsF Erasable TS 28 5 AM27128-1 MID (3929) 

~: F2732 Fairchild AM27128-15 AM. (3929) 120 

HN462532 Hitachi 200 nsF Erasable TS 28 5 AM27128-2 AMO (3929) 
HN462732 Hitachi _7128-20 t MID (3929) 
2732A-4 Intel 60 AM27128-20 AMD 
M5l2732 Mltsubishi M27128 t Intel 
NMC27C32-45 National 5143-2 SEEQ (513) 125 
PPD2732 NEC 5143-200 SEEIJ (513) 
TMM2732 Toshiba 250 nsF Erasable DE 28 5 l1l4I27121-25 Hilleill (3975) 

NMOS TS 24 5 R094132 GI 65 TS 28 5 AM27121 AMO (3929) 
(Continued) (Continued) 

t Militly Temi8rature Range (-55° to 125°C) * Typical Value 
BIN flce 1 •• lceltS 1 •• lHnll Uliis ,re ..... lilt ,. .. IItIII. 
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MEMORY-PROMs (Cont'd) 

Access 
Organ!- TIme No. 
zatlon (Max) Type Output Pins 

PROMs 

16384x8 250 nsF Erasable TS 28 

300 nsf Erasable OE 28 

TS 28 

NMOS TS 28 

45Unsf Erasabie OE 28 

TS 28 

32768x8 110 nsf Erasable TS 28 
200 nsF CMOS TS 28 

Erasable TS 28 

NMOS TS 28 

250 nsf CMOS TS 28 
Erasable TS 28 

NMOS TS 28 

300 nsf CMOS TS 28 
Erasable TS 28 

350 nsf NMOS TS 28 

450 nsf Erasable TS 28 

NMOS TS 28 

t Military Temperature Range (-55° to 125°C) 
OC-Open CoUector 

e IC MASTER 1984 

Supply 
Voltage, 
V 

5 

5 

5 

5 

5 

5 

5 
5 
5 

5 

5 
5 

5 

5 
5 

5 

5 

5 

MASTER SELECTION GUIDE 

Device Source" line 

(Cont'd) 

A1127128-25 t AIID 
AM27128-25 AMD 
MBM27128-25 Fujitsu 
HN4827128-25 Hitachi 
27128-25 Intel 
5143-250 SEEO 
115143-250 t SEEO 

l1l4I27128-30 Hlilal 
27128-30 Intel 

All27128-3 AlII 
A1127128-30 AlII 
MBM27128-30 Fujitsu 
HN4827128-30 Hitachi 
27128-3 Intel 
5143-3 SEEO 
5143-301 SEEO I MBM27128-3OW 

iiM&2iiiHi t :: 
27128-45 Intel 
M27128-45 t Intel 

_712 .... AlII 
_7128-45 t AIID 
AM27128-45 AMD 
HN4827128-45 Hitachi 
27128-4 Intel 

15143-4 SEEO 

1
51

43-450 SEEO 115143-450 t SEEO 1_' ... MBM27C256-20 Fujitsu 
A1127256-2 AlII 
A1127256-21 AlII 

R09256D GI 

MBM27C256-25 Fujitsu 
A1127256 AlII 
A1127256-25 AlII 
27258 II'" 
R09256DS GI 

MBM27C256-30 Fujitsu 
All27256-3 AlII 
A1127258-30 AlII 

R09256CS GI 

A1127256-4 AlII 
A1127256-45 AlII 

1- GI 

I 
I 
I 

I 
ns*-Nanoseconds Typical 

(Cont'd) 
(3929) 

5 
(513) 
(513) 

(3975) 

(3929) 10 
(3929) 

(513) 15 
(513) 

;smJ 
20 

(3929) 
(3929) 

25 
(513) 
(513) 
(513) 

(3930) 
30 

(3930) 
(3930) 

(3930) 35 
(3930) 
(4025) 

(3930) 40 
(3930) 

(3930) 
(3930) 

45 

I 
nsF-Nanoseconds over FuJI Temperature Range 

TS-Three-State 

I 

nsR-Nanosecoods at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs 

Access Supply Access Supply 
Organl- Time No. Voltage. Organi- Time No. Voltage. 
zatlon (Max) Type Output Pins V IleYice Source line zation (Max) Type Output Pins V IleYice Source Line 

Bubble 8192x8 120 nsF NMOS TS 28 5 11IS263G-12 I ... (3980) 
150 nsF NMOS TS 28 5 1.2630-15 I .... (3980) 50 

Note: Bubble Memory Support Circuits (controllers, 200 nsF NMOS TS 28 5 1MS2630-20 I .... (3810) 
functlOO drivers, coil drivers, sense amplifiers), see 
Interface, Memory and Peripheral DriVers; 250 nsF NMOS TS 28 5 2186-25 Intel 

Interface-Sense Amplifiers; Linear-Other Devices 300 nsF NMOS TS 28 5 2186-30 Intel 
(Volume II). 2187A-30 Intel 

1 fttegabit (2048x512) 20 7110 Intel 2187A-35 Intel 55 

8PK70 11111 (4022) 350 nsF NMOS TS 28 5 2186-35 . Intel 

1 Megabit (-4096x256x1) 20 8PK72 11111 (4021) 2187A-25 Intel 

MBM2011A Motorola 5 16384x1 55 nsF NMOS TS 20 5 M5M2167-55 Mitsubishi 

4 Megabit (512x8192) 20 7114 Intel 
70 nsf NMOS TS 20 5 M5M2167-70 Mitsubishi 

100 nsF NMOS TS 16 5 M88117-10 Fujitsu 60 
74032-Bits Serial M88118-10 Fujitsu 

370ms NMOS - 18 FBII31DB FljllJlA (3940) HM8416A-3 Hitachi 
83354-Bits Serial MK4516-10 Mostek 

4.5ms NMOS - 18 FB132DA F.111IIA (3940) II1:II4517-10 ....... 
262144 (1024x256) MBM2256 Motorola (4046.4049) 

"PD2118-3 NEC 65 
273745-Blts Serial 

18 5 11IS2820-1 0 I ... (3979) 
6.0ms - 20 FBII43DA FIJIIJIA (3941) 10 

283026-Bits Serial 
120 nsf NMOS TS 16 5 M88117-12 Fujitsu 

M88118-12 Fujitsu 
8.5ms NMOS - 16 FBM42DA FIJIIJIA (3941) 

HM8416A-4 Hitachi 
296128-Bits SerIal 2118-4 Intel 70 

370ms card FBC304M1A FujitsuA M2118-4 t Intel 

324024-Bits Serial MK4516-12 Mostek 
4.5ms card - FBC304D2A FujitsuA 1ICII4517-12 ......... 

(4048.4049) 

CCD ...... 12 .11 ..... (4048) 

±5,12 HM4716A-1 Hitachi 75 
32768-BIts (4096x8x1) TS 16 ±5.12 F232 FaIrcblId MMS290-1 National 
65535-BIts (-4096x16x1) TS 16 ±5,12 F264 Fairchitd 15 ~D-2118-2 NEC 

"PD416-5 lEe (4073) 
Dynamic 18 5 1Il82120-12 I- (3979) 

2048x8 50 nsf NMOS OC 24 5 I!PB409 NEe 150 nsf NMOS TS 16 5 HM4816A-7 Hitachi 80 

TS 24 5 ~B429 NEC 1M2118-7 t Intel 
MK4516-15 Mostek 

-4096x1 120 nsf NMOS TS 16 ±5,12 IM7027-1 Intersll 1ICII4517·15 ........ 
MK4027·1 Mostek (4048.4049) 
MCM4027A-1 Motorola 20 "":-15 ......... (4048) 

135 nsf NMQS TS 22 ±5,15 ~D411-4 NEC ±5.12 F4116-2 Fairchild 85 

150 nsF NMOS TS 16 ±5,12 MK4027-2 Intersil HM4716A-2 Hitachi 

m4027-2 lIT m4116-2 m 

MK4027-2 Mostek M5K4116-2 Mitsubishl 

MCM4027A·2 Motorola 25 MK4116-2 Mostek 

M4027-2 SGS MKB4116-82 t Mostek ·90 

"~15"""" (4048) 
22 ±5,12 ~D411-3 NEC MM 2 National 

200 nsF NMOS TS 16 ±5,12 IM7027-3 Intersil "PD2118 NEC 

MK4027-3 Intersil "PD418-3 lEe (4073) 

m4027-3 lIT 30 M4116 SGS 95 

MK4027-3 Mostek HYB4116-P2 SIemens 

MKB4027-83 Mostek TMS4116-15 n 
MCM4027A-3 Motorola TMM416-2 Toshiba 

M4027-3 SGS 18 5 1MS2620-15 I- (3971) 

22 ±5,12 "PD411-2 NEC 35 200 nsf NMOS TS 16 ±5 1ICII4517·20 ....... 
~D411A-2 NEG (4048.4049) 100 

±5.12 MIIOl6E AIID (3118) 
250 nsf NMOS TS 16 ±5,12 IM7027-4 Intersll F4116-3 Fairchild 

MK4027-4 Intersil HM4716A-3 Hitachi 
IIT4027-4 lIT m4116-3 lIT 
MK4027-4 Mostek 40 MSK4116-3 Mitsublshl 105 
MKB4027-84 Mostek MK4116-3 Mostek 
MCM4027A-4 Motorola I MKB4116-83 t Mostek I 
M4027-4 SGS 1CII41111W'O ....... (4048) 

22 ±5,12 "PD411-1 NEG ........ 21 ........ (4048) 

"PD411A-1 NEG 45 MM5290-3 National 110 
"PD416-2 lEe (4073) 

300 nsF NMOS TS 22 ±5,12 ~PD411 NEG HYB4116-3 Siemens 
"PD411A NEG HYB4116-P3 Siemens 

350 nsf NMOS TS 16 ±5,12 1IT4027-6 lIT (Continued) 

t MIDtary Temperature Range (- 55° to 125°C) .. Typical Value 
......... 1eIIa dtIl ..... III ......... _IM,... .... _ 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Aa:Iss Supply Access 
Organ!- Time No. Voltage. Organ!- TIme No. 
zallon (Max) Type Output Pins V Device Source Line zallon (Max) Type OUtput Pins 

Dynamic. (Cont'd) I 65536x1 150 nsF NMOS TS 16 

16384x1 200 nsf NMOS TS 16 ±S.12 (Confd) 
TMS4116-2O TI 
TMM416-3 Toshiba 

235 nsf NMOS TS 16 5 MKB4516-80 t Mostek 

250 nsf NMOS TS 16 ±5.12 AII901&D .... (3918) 
F4116-4 Fairchild 5 
HM4716A-4 Hitachi 
ITT4116-4 ITT 
MK4116-4 Mostek 
MKB4116-84 t Mostek 
1CII41181-Z5 ...... (4046) 10 
MM~ National 
"PM 16-1 lEe (4073) 
HYB4116-4 Siemens 
TMS4116-25 TI 
TMM416-4 TOshiba 15 

MKB4516-81 t Mostek 270 nsf NMOS TS 16 5 

300 nsf NMOS TS 16 ±5.12 IAII9016C AIID -(3918)1 
1CII41181-30 ...... (4046) 

"PD418 lEe (4073) 
20 

320 nsF NMOS TS 16 5_ MKB4516-82 t Mostek 20 200 nsF NMOS 1S 16 
16384x4 100 nsf NMOS TS 18 5 M881416-lO Fujitsu 

120 nsf NMOS TS 18 5 MB81416-12 Fujitsu 

150 nsF- NMOS TS 18 5 I M881416-15 Fujitsu 
(4220) SlU4416-15 tTl 

ITMI4416-15 TI (4220) 25 

200 nsf NMOS TS 18 5 ISIU4416-ZO tTl (4220) 

ITMI4416-ZO TI (4220) 

250 nsf NMOS TS 18 5 (4220) ITMI4411-25 n 
32768xl 200 nsf NMOS TS 18 ±5.12 MK4332D-3 Mostek 

I MKM4332-83 t Mostek 30 

250 nsf NMOS TS 18 ±5.12 i MKM4332-84 t Mostek 

64536xl 150 nsf NMOS TS 16 5 M88264A-15Wt Fujitsu 
200 nsf NMOS TS 16 5 1IB8264A-2OWt Fujitsu 

65536x1 55 nsf NMOS TS 16 -0 MB8281 Fujitsu 
100 nsf NMOS TS 16 5 F4164 Fairchild 35 

MB8264A-l0 Fujitsu 
MB8265A-lO Fujitsu . 
MB8266A-1O Fujitsu 
a.28OO-10 .... (3978) 
"PI4164-Z lEe (4077) 40 

120 nsf NMOS TS 16 5 F4164-12 Fairchild 
F64K-12 Fairchild 
MB8264A-12 Fujitsu 250 nsf NMOS TS 16 
MB8265A-12 Fujitsu 
MB8266A-12 Fujitsu 45 
HM4864-1 Hitachi 
HM4864A-12 Hitachi 
HM4865A-12 Hitachi 65536x4 100 nsF NMOS TS 18 

~lZ '- (3979) 120 nsf NMOS TS 18 

MT4265-12A MicronT8Ch 50 150 nsF NMOS TS 18 
-- ~12 ....... (4048) 2OOn.sF NMOS TS 18 

-..12 ........ (4046) 
65536x9 200 nsF Mod TS 30 NMC4164-12 National 

,d'D4164-1Z lEe (4077) 131072xl 

111111164-1Z .. (4118) 55 150 nsf NMOS TS 18 

1&I4164-1Z tTl (4218) 200 nsf NMOS TS 18 

TMS4164-12 TI (543.4219) 
TMM4164-2 Toshiba 250 nsF NMOS TS 18 

150 nsf NMOS TS 16 5 F4164-15 Faircbild 
F64K-15 Fairchild 60 262144xl 
MB8264-15 Fujitsu 100 nsf NMOS TS 16 
MB8264A-15 Fujitsu 
MB8265-15 Fujitsu 
MB8265A-15 Fujitsu 
MB8266A-15 Fujitsu 65 

(Continued) 

t Military Temperature Range (-55° to 125°C) 
OC-Open Collector 

ns*-Nanoseconds Typical nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

~ IC MASTER 1984 

Supply 
VoItIge, 
V 

5 

- 5 

5 

5 

5 
5 

5 

5 

5 

5 
5 

5 

5 

Device Source line 

(Cont'd) 
HM4864-2 Hitachi 
HM4864A-15 Hitachi 
HM4865A-15 Hitachi 
11182600-15 I •• " (3979) 
2164A-15 Intel 70 
MT4264-15A MicrO"nTech 
M5K4164-15 Mitsubishi 
MK4564-15 Mostek 
MKB4564-82 t Mostek 
1CIJ6664A-15 ......... (4046) 75 
1ICII66I5A-15 ...... (4046) 
1ICII66658-15 ......... (4046) 
NMC4164-15 National 
"P04164-15 lEe (4077) 
"P04164-3 lEe (4077) 80 
11S113764-15 OKI (4118) 
.114164-15 PHI_Ie (4120) 
HYB4164-2 Siemens 

ISILI4164-15 tTl (4219) 1 

=~:!5 ~shiba(543.4219) 85 1 

TIIS4181 TI (4214) 

F4164-2O Fairchild 
F64K-2O Fairchild 
MB8264-2O Fujitsu 90 
MB8265-20 Fujitsu 
HM4864-3 Hitachi 
HM4864A-2O Hitachi 
HM4865A-2O Hitachi 
2164A·2O Intel 95 
M2164A-2O t Intel 
MT4264-20A MicronTech 
M5K4164-2O Mitsubishi 
MK4564-2O Mostek 
MKB4564-83 t Mostek 100 
_-20 ....... (4046) 
1CII8665A--2O ...... (4046) 
-..zo ........ (4046) 
NMC4164-2O National 
"P04164-0 lEe (4077) 105 
1&P04164-20 lEe (4077) 
1ISM3764-ZO OKi (4118) 
Ml4164-2O ....... tc (4120) 
HYB4164-3 Siemens 
SlU4164-20 tTl (4219) 110 
TllS4164-20 TI (543.4219) 
TMM4164-4 Toshiba 

MK4564-25 Mostek 
MKB4564-84 t Mostek 
"PlMl64-1 lEe (4077) 115 
TllS4164-25 TI (543.4219) 

11IS4464-10 TI (4213) 
TllS4464-12 TI (4213) 

TllS4464-15 TI (4213) 

~29 n (.213) 120 

1182649 ....... (4071) 

MK4528-15 Mostek 
MK4528-2O Mostek 
MKM45280-83 t Mostek 

MK4528-25 Mostek 125 
MKM4528O-84 t Mostek 

M881256-1O Fujitsu 
M881257-10 Fujitsu 
1ICII6256-10 ........ (4051) 
TllS4Z56-10 TI (4212) 130 
TllS4257-10 TI (4212) 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Supply Access Supply 
0rganI- TIme No. YcJItage. Organl- Time No. VoIIaQe, 
zalion (Max) Type OUtput Pins V DevIce Source Une zalion (Max) Type Output PIns V DevIce Source Line 

Dynamic (Cont'd) 16x'1 (Cont'd) 
35nsR TIL oc 14 5 MC4004 Motorola 65 

262144xl (Cont'd) MC4005 Motorola 
120 nsF NMOS TS 16 5 M881256-12 Fujitsu MC4304 t Motorola 

M881257-12 Fujitsu MC4305 t Motorola 
11.0256-12 III .... (3970) 

16x12 4Ons" TIL OC 20 5 SN54lS313 tn 111150257-12 IlIIaUI (3971) 
1ICJJ6256-20 ....... (4051) 5 16x4 5 nSF ECl OE 16 -4.5 F100402 Fairchild 70 

Tll84256-12 n (4212) 6 nsF ECl OE 16 -5.2 .C1ORl45 ....... (121) 

TllS4257-12 n (4212) 7 nsf ECl OE 24 -4.5 F1oo145 Fairchild 
TMM41256-12 Toshiba 100145 SIpeIIu (851) 

150 nsf NMOS TS 16 5 M881256-15 Fujitsu 9 nsf ECl OE 16 -5.2 Fl0145A Fairchild 
M881257-15 FuJitsu 10 F10545A t Fairchild 75 
HII50256-15 HIIIQI (3970) 10ns" ECl OE 16 -5.2 HD10145 Hitachi 
11.50257-15 IIIIIUI (3971) 

15 nsf ECl OE 16 -5.2 ICIl0145 ....... (4046) 
Tll84256-15 n (4212) 
TllS4257-15 n (4212) 15nsR ECl OE 16 -5.2 10145 Slgnetics 

TMM41256-15 Toshiba 15 18 nsf ECl DE 16 -5.2 MCM10545 t Motorola 

200 nsf NMOS TS 16 5 H.50256-2O HlllcM (3970) 200sF TIL TS 18 5 9410C FairChild 80 
11150257-20 HI ..... (3971) 25 nsf m OC 16 5 AM21S02AC AMD 
MCM6256-2O Motorola AM27S06AC AMD 
TllS4256-2O n (4212) AM27S06C AMD 
TllS4257-20 n (4212) 20 

TS 16 5 AM27S03AC AMD 

Static AM27&J7AC AMD 85 
AM27S07C AMD 

4x4 1pSR CMOS - 24 4.5-15 MC14580BA t Motorola DM748189A National 

1.5pSR CMOS - 24 3-15 MC14580BC Motorola 30nsf m DC 16 5 AII27S02AM t AMD 

40nsR TIL DC 16 5 54170 t Fairchild AM27S06AM t AMD 

54lS170 t Fairc/lild AM21S06M t AMD 90 
74170 FairChild 25 - TS " 16 5 AM27S03AM t AMD 
74lS170 Fairchild AII27S07 AM t AMD 
ZN54170 tFairchiId AII27S07U t AMD 
ZN74170 Ferranti DM54S189A National 
HM74lS17O Hitachi 35 nsf m DC 16 5 AM27S02C AMD 95 
SN74lS170 Motorola 30 AM3101-1C Aa.tO 
DM54170 t National 

\AM3101AC AMD 
DM54lS17O t National SN7489-1 AMD 
DM74170 Natlclnal SN74S289 AMD 
DM74lS170 National 748289 Fairchild 100 
74lS170 SGS 35 HD748289 Hitachi 
54lS170 t SignetJcs DM748289 National 
74LSl70 Signetics "PB2289 NEC 
8154170 tn (981) N3101A Slgnetics 
Sl54LS170 tn (981) 817412_ n (1012) 105 
8174170 n (981) 40 
117U170 n (981) TS 16 5 AM27S03C AMD 

SN74S189 AMD 
TS 16 5 54lS670 t Fairchild 748189 Fairchild 

74lS670 Fairchild HD74S189 Hitachi 
HD74lS670 Hitachi DM748189 National 110 
M74lS670 Mltel 45 748189 Slgnetlcs 
SN54lS670 t Motorola 817411_ n (III) 
SN74lS670 Motorola 

DM85S68 DM54lS670 t National 40 nsf TIL TS 18 5 National 

DM74lS670 National 45ns " m ex: 16 5 74lS289 Fairchild 
74lS670 SGS 50 TS 16 5 74LSl89 Fairchild 115 
54LS870 t ...... (530) 45 nsf TIL DC 16 5 AM27S02M tAMD 
74lS670 Slgnetics TS 16 5 AM27S03M tAMD 
Sll54L1870 tn (1010) 

50 nsf TIL DC '. 16 5 AM3101-1M t AMD 
8I74lS170 n (1 DIG) 

AM3101AM t AMD 
4x8 1pSR CMOS - 24 3-15 CD4039A tRCA SS SN5489-l tAMD 120 

CM4036A t SoIitron SN54S289 tAMD 
CM4039A t Soiltron SN7489 AMD 

5 CD4036A tRCA 54S289 t Fairchild 

8x2 12 nsF ECl OE 18 -5.2 10155 SIfIIIIa (1$8) DM54S289 t National 

15 nsf ECl - 24 -52 11:110143 ....... (4046) 60 N82S25 8Ignetics 125 

50nsR m TS 24 5 748172 Signetics S3101A t Slgnetics 

8174172 n (982) llIi4SZ81A tn (1012) 

16x1 20nsR m DC 14 5 8174811 n (948) 28 5 IDM29705C National 

16 5 8I7484A n (949) TS 16 5 SN54S189 t AIID 
(Continued) (Continued) 

t Military Temperature Range (-SSO to 125°C) • Typical Value 
.... llcelMla .................. ,........ ............. 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Supply Access 
Organ!- TIme No. Voltage, Organ!- TIme No. 
zatlon (Max) Type Output PIns V DevIce SOII"ce Line zation (Max) Type Output Pins 

Static (Cont'd) 32x8 
300ns * CMOS TS 18 

16x4 50 nsf TTL TS 16 5 (Cont'd) 
548189 t Fairchild 
DM548189 t National 600ns * CMOS TS 18 
DM8599 National 
548189 tBl ..... (532) 
Sll54S181A tn (988) 5 

64x1 1.05 #'SA CMOS TS 24 
28 5 IDM2970C National 

2.1~R CMOS TS 24 
53 nsf m TS 28 5 A11297_ AlII (1425) 

F29705M t National 10 nsR ECl OE 16 
IDM29705 t National 

12 nsF ECl OE 16 
55ns * m OC 16 5 54LS289 t Fairchild 10 

15 nsF ECl OE 16 54lS89 t Fairchild 

TS 16 5 54LS189 t Fairchild 

55 nsf m OC 16 5 AM27LS02C AMD 15nsR ECl OE 16 
AM27LS06C AMO 

28 5 IDM29704M t National 15 270nsR CMOS - 14 

58 nsf TIl IS 28 5 ... 78511 tAlli (1425) 
350nsR CMOS 14 

TS 16 5 

I
AM27LS03C AMO 1 I 
.A"M"""~_""C_ AMO . 

60 nsf m OC 16 5 AM27lS06M t AMO 64x4 6ns" ECl OE 24 

AMa101 AMO 20 40ns " TTL OC 16 

AM5489 tAMD 
DM8589 National 
~B2089 NEC 
882825 t Signetics TS 16 
II54LI28IA t n (1012) 25 
81154LS311A t n (1017) 
1174U2IIA n (1012) 
1174U31. n (1017) 2000ns • 

TS 16 5 AM27LS07M t AMO CMOS TS 16 

Sll54U181Atn (-) 30 64x8 800 nsf CMOS TS 22 
SllMUZl8Atn (994) 64x9" 35 nsf TTL OC 28 
U74U18IA n (-) 
1174LS211A n (994) 

60nsR m OC 16 5 H07489 Hitachi 45 nsf TIL OC 28 
117489 n (961) 35 

70 nsf m OC 16 5 AM27LS02C AMD 60 nsf m OC 28 
TS- 16 5 AM27LS03C AMO 

DM7599 t NatiOnal 80 nsf TTL OC 28 
80 nsf m OC 16 5 DM7589 t National 64x12 150 nsf CMOS TS 18 
85 nsf m OC 16 5 AM27lS02M t AMO 40 

TS 16 5 AM27LS03M t AMD 460 nsf CMOS TS 18 
110nsR m DC j6 5 AM31L01C AMO 

AM31l01M tAMO 600 nsf CMOS TS 18 
120nsR CMOS TS 18 4.5-12.5 F4710BC Fairchild 128x1 "12nsR ECl OE 16 

F4710BM t Fairchild 45 

650nsR CMOS TS 16 5 MM74C89 National 15nsR ECL OE 16 
CD40114B tRCA 
CD40111E IlCA (837) 

128x8 - CMOS - 8 
16x9 040 ns * m OC 20 5 SN54LS311 tTl 250ns * NMOS TS 24 

SN54I.S312 tTl 50 
SN74lS311 TI 
SN74lS312 TI 

250 nsf CMOS TS 24 
TS 20 5 SN54LS211 tTl NMOS TS 24 

SN54lS212 tTl 350 nsf NMOS TS 24 
SN74lS211 TI 55 
SN74lS212 n 360 nsf NMOS TS 24 

16x12 040 ns * m TS 20 5 SN54LS213 tTl 
SN74lS213 n 

32x2 50 nsf m DC 16 5 N82S21 Signetics 

32x8 040 ns * m OC 20 5 SN54LS318 tTl 60 450 nsf CMOS TS 24 
SN74lS318 TI NMOS TS 24 

TS 20 5 SN54LS218 tTl 
SN74lS218 TI 

(Continued) 

t MIlItary Temperature Range (-55° to 125°C) 
DC-Open Collector 

ns* -Nanoseconds TYPICal nsF-Nanoseconds over FuJI Temperature Range 
TS-Three-State 

o IC MASTER 1984 

Su!lPly 
VoHage, 
V 

10 

5 
10 

5-15 
5-15 

-5.2 

-5.2 

-5.2 

-5.2 

3-18 

-5.2 
5 

.5 

5 

5 

5 

5 

5 

5 

3-11 

3-7 

3-7 

-5.2 

-5.2 

5 
5 

10 
5 

5 

5 

5 
5 

Device Source Line 

(Cont'd) 
HCMP1824 Hughes 
HMMP1824 t Hughes 65 
CDP1824 tRCA (1594) 

CDP1824C tllCA (1594) 
HCMP1824C Hughes 
HMMP1824C t Hughes 

MCM 14552A t Motorola 70 
HD14552B Hitachi 
MCM14552C Motorola 

SN10142 TI 

",PB10142 NEC 

HD10148 Hitachi 75 
.Clll0148 ....... (4046) 
",PB 10 148 NEC 

SN10140 TI 
SN10148 TI 

MCM 14505A t Motorola 

1 HEF4505 t SllItlla (884)1 
80 

MCM14505C Motorola 

GXB100473 Siemens 
SN54LS316 tTl 85 
SN54LS317 tTl 
SN74lS316 TI 
SN74LS317 TI 

SN54lS216 tTl 
SN54LS217 tTl 90 
SN74LS216 TI 
SN74LS217 TI 

MN1203 Panasonic 

ClPl828C RCA (1594) 

93419A Fairchild 95 
N82S09 Signetics 
N82S19 Signetlcs 

93419C Fairchild 
MBM93419 Fujitsu 

934~ t Fairchild 100 
Sl2S19 t ...... (532) 

SI2S09 t ...... (532) 

1M6512A1 IntersiJ 
1M6512AM t Intersil 

1M65121 Intarsil 105 
1M6512M t Intersil 

1M6512C IntersiJ 

11C1110147 ...... (4046) 
GXB10 147A "Siemens 

H010147 Hitachi 110 
SN10147 TI 

PCD8511 Signetics 
868B10 AMI 
f68810 Falrch!1d 
11C1161110 ....... (4048) 115 

ClPl823 RCA (1594) 
EF68B10 Thomson-CSF 

86810-1 AMI 

868A10 AMI 
F68A10 Fairchild 120 
HM468Ato HitacfII 
1ICII&IA10 ....... (4046) 
EF68A10 Thomson-CSF 
ClP1123C RCA (1594) 
86810 AMI 125 
F6810 FtIrAIIII (1461) 
HM46810 Hitachi 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE -Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Supply 
Organ!- Tillie No. Voltage, 
zatton (Max) Type Output Pins V 

Static 

128x8 450 nsf NMOS TS 24 5 

256x1 1.4~ CMOS - 16 3-15 
2~R CMOS - 16 3-15 

8 nsf ECL OE 16 -5.2 

10 nsf ECL OE 16 -5.2 

15 nsf ECL OE 16 -5.2 

25 nsF ECL OE 16 -5.2 

26 nsf ECL OE 16 -5.2 

30 nsf ECL OE 16 -5.2 

·35 nsf m TS 16 5 

35nsR ECL OE 16 -5.2 

40 nsf m OC 16 5 

TS 16 5 

45 nsf TIL OC 16 5 

TS 16 5 

50 nsf m OC 16 5 

TS 16 5 

SSnsF m OC 16 5 

TS 16 5 

60 nsf m OC 16 5 

TS 16 5 

65 nsf m OC 16 5 
TS 16 5 

70 nsf m OC 16 5 

TS 16 5 

80nsF m OC 16 5 
18 16 5 

85nsF m OC 16 5 
TS 16 5 

100 nsF m TS 16 5 

200ns - CMOS TS 16 3-15 
4.5-12.5 

345 nsf CMOS TS 16 10 

400nsR CMOS ts 16 3-15 

3772 

Access 
Organl· TIme 

oevtce Source Une zatton (Max) Type 

(Cont'd) 256x1 
850 nsF CMOS 

(Cont'd) 
900 nsF PMOS 

1ICII6810 ." .... 
(1505.4048) 

EF6810 Thomson-CSF 256x4 3~F CMOS 

MCM 14537 A t Motorola 
6 nsf ECL 

HD14537B t Hitachi 7 nsF ECL 

MCM14537C t Motorola 5 

HM10414-1 Hitachi 
10 nsF ECL 

F100414C Fairchild 
F10414C Fairchild 
HM10414 Hitachi 
DM10414A National 10 

F10414M t Fairchild 
IICIIl0152 ......... (4046) 

~PB10144 NEC 

IICIIl0144 ....... (4046) 12 nsF ECL 
MCM10544 t Motorola 15 
DM10414 National 

F10410C Fairchild 15 nsF ECL 

AM27LSOOAC AMD 

SN10144 TI 

74LS301 Signetics 20 
la2U17 SlpetIcI (4110) 

la2U16 SI .... (4110) 

AM27LS01AC AMD 20 nsf ECL 

AM27LS01AMt AMD 25 nsF NMOS 
AM29720C AMD 25 30 nsf ECL 
HM2504-1 Hitachi 

AM27LSOOAMt AMD 30 nsF- TIL 
AM27lSOOC AMD 35 nsF NMOS 

I:C AM!> 

NEC 30 
N82S17 Signetics m 
DM74S200 National 
~B2200 NEC 
N82S16 Signetics 40 nsF TIL 
AM27LS01M t AMD 35 
AM29720M t AMD 
HM2504 t Hitachi 

AM27lSOOM t'AMD 
AM29721M t AMD 

DM74S206 National 40 45 nsF NMOS 

S8ZLS17 tSlpllla (4160) 

882LS16 tSl ..... a (4160) m 
81748301 tn (1016) 
~PB2202 NEC 
8I7~1 n (993) 45 

54LS301 tSignetics SSnsF m 
548301 tSIpeIICI (532) 
S82S17 tSignetics 60 nsf NMOS 

882816 tSipelica (532) m 
AM27lS01LC AMD 50 
AM27LSOOLC AMD 

AM27lS01LMt AMD 
AM27lSOOLMt AMD 

93L421M t Fairchild 75 nsf TIL 
F4720AC Fairchild 55 
F4720C Fairchild 
F4720M t Fairchild 

CD40061A tRCA 175 nsF NMOS 

MM54C200 t National 
MM74C200 National 60 

(Continued) 

- Typical Value 
........... CIIII ~ltIIIII"IIIa,....NeII .1111 ........... 

SUpply 
No. Voltage, 

Output Pins V Oevice Source Line 

(Cont'd) 
TS 16 5 C040061 RCA 

- 16 -12.5 MK4007 Mostek 
MK4007-4 Mostek 

TS 22 3 ITI5101S ITI 
OE 24 -5.2 HM10422-6 Hitachi 65 

OE 24 -4.5 MBM100422A·7 Fujitsu 
-5.2 MBM10422A·7 Fujitsu 

HM10422-7 Hitachi 

- 24 -5.2 MBM10422 Fujitsu 
Of 24 -4.5 F100422 Fairchild 70 

F100422C Fairchild 
100422B Signetics 

-5.2 F10422 Fairchild 
F10422C Fairchild 
DM10422A National 75 
104228 Signetics 

OE 22 -5.2 MB7072E Fujitsu 
24 -4.5 HM100422 Hitachi 

-5.2 HM10422 Hitachi 

OE 22 -5.2 M87072N Fujitsu 80 
24 -4.5 DM100422 National 

100422 Signetics 
100422A Signetlcs 

-5.2 MBM10422N Fujitsu 
DM10422 National 85 
10422A Signetlcs 

- 24 -5.2 10422 Signetlcs 

TS 24 5 _122·25 AlII (3916) 

OE 24 -5.2 93422AM t Fairchild 
93L422AC Fairchild 90 

TS 22 5 MCM93L422 Motorola 

TS 24 5 A119122-35 AlII (3916) 
allIn 22-3511 t MID (3alC) 
All91L22·35 AlII (3116) 

OC 22 5 AM93412AC AMD 95 
TS 22 5 AM93422AC AMD 

MCIIt3L422 ........ (4841) 

OC 22 5 AM93412 AMD 
TS 16 5 SN74S207 TI 

20 5 SN74S208 TI 100 

22 5 AM93422 AMD 
93422C Fairchild 
11C1193422 ....... (4048) 

TS 24 5 A1191L22-45 AlII (3116) 
Al91L2Z-45. t AIID (3911) 105 

OC 22 5 AM93412AM t AMD 
AM93L412AC AMD 

TS 22 5 AM93422AM t AMD 
AM93L422AC AMD 

OC 22 5 AM93L412AMt AMD 110 
TS 22 5 AM93L422AMt AMD 

TS 24 5 All91L22-60 AlII (3116) 
OC 22 5 AM93412M t AMD 

AM93L412 AMD 

TS 22 5 AM93422M t AMD 115 
AM93l422 AMD 
93422M t Fairchild 
93l422C FairChild 

OC 22 5 AM93l412M t AMD 
TS 22 5 AM93L422M t AMD 1120 

93L422AM Fairchild 
93L422M t Fairchild 

TS ' 16 5 SY21H12 Synertek 
18 5 SY21H11 SyneJ1fk 

22 5 SV21H01 Synertek 125 
(Continued) 
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MASTER SELECTION GUIDE 

MEMORY -RAMs (Cont'd) 

Access Supply Access 
Organi- Ttme No. Voltage, Organi- Time No. 
zation (Max) Type Output Pins V Device Source line zation (Max) Type Output Pins 

Static (Cont'd) I 256x4 
400 nsF CMOS TS 22 

256x4 (Cont'd) 
200 nsF NMOS TS 16 5 SY21H12-2 Synertek 

NMOS TS 16 
18 5 SY21H11-2 Synertek 

22 5 SY21H01-2 Synertek 

220 nsF CMOS TS 18 5 H.65618-2 tHarris (3965) 
H.65618-8 tHarris (39&5) 5 
H.65618-9 Harris (3965) 
IM65X61-1 Intel 
IM65X61-1 Intersil 
IM65X61-1M t Intersil 

22 5 HM65518-2 tHlrrls (3965) 10 
H.65518-8 tHarrts (3965) 
HM65518-9 Harris (3965) 
IM65X51-1 Intersil 450 nsF CMOS TS 22 
IM65X51-1M t Intersil 

235 nsF CMOS TS 18 10 IM65X61A Intersil 15 
IM65X61AM t Intersil 

I 
22 10 IM65X51A Intersil 

iM65X51Afti t iiitersil 

240 nsF CMOS TS 22 5 HS6551RH tHarrts (4619) 

250 nsF CMOS TS 22 5 .WS5101EL2 ICA (1594) 20 
SCM5101-1B sss NMOS TS 16 

10 CDP1822 RCA (1594) 18 
TCC-244 RCA 22 

NMOS TS 16 5 AM9101D AMD SOOnsF NMOS TS 16 
AM9111D AMO 25 
AM91120 AMD 
8nl12A-2 SJIWlIt (4210) 

18 5 
p,PD2111Al-2 NEC 18 
8Y21111-2 SyurtIk (4210) 

22 5 8Y21011-2 Spnt (4210) 30 

300 nsf CMOS 18 18 5 HM6561-2 tHlrrls (3965) 
HM6561-8 tRarris (3965) 
l1li6561-9 HJri1s (3965) 
IM65X61 Intersil 
IM65X61M t Intersi! 35 

22 5 H.6551-2 tHarrts (3965) 
H.6551-8 tHarrts (3965) 22 

HM6551-9 HarrIs (3965) 650 nsF CMOS TS 22 
IM65X51 Intersil 
IM65X51M t Intersil 40 
LH-5101S Sharp 

NMOS TS 16 5 AM9101C AMD 
AM9101CM tAMD 
AM9111C AMO 
AM9111CM tAMD 45 
AM9112C AMD 
AM9112CM tAMD 
AM91L01C AMD 800 nsF CMOS TS 22 
AM91L01CM t AMD 
AM91l111C AMD 50 
AM91L 11CM t AMO 
AM91L12C AMD 
AM91L 12CM t AMO 

350 nsF CMOS TS 18 5 H.65&1-5 HarrIs (3965) 
IM65X61C Intersil 55 

22 5 HM6551-5 IIarrIs (3965) 950 nsf . NMOS 18 18 
IM65X51C Intersil 25&8 40 nsf TIL TS 22 
ftS5101Dl3tRCA (1594) 
1IWS5101EL3 RCA (1594) 
SCM5101-1A SSS 60 

NMOS 18 16 5 SY2112A SyIwtIk l421 0) 256x9 35 nsf m TS 22 
18 5 8Y21111 SyIwtIk (4210) 45 nsF TIL TS 22 
22 5 SY210lA S)IIII'IIk (4210) 60 nsF TIL TS 24 

(Continued) 

t Military Temperature Range (- 55° to 125°C) 
DC-Open Collector 

ns*-Nanoseconds Typk:al nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

c IC MASTER 1984 

Supply 
Voltage, 
V 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
5 

·5 

Device Source Line 

(Cont'd) 
HMMP1822C t Hughes 
CDP1822C tICA (1594) 65 

AM9101B AMD 
AM9101BM tAMD 
AM9111B AMD 
AM9111BM tAMD 
AM9112B AMD 70 
AM9112BM tAMD 
AM91L01B AMD 
AM91L01BM t AMD 
AM91L11B AMD 
AM91L11BM t AMD 75 
AM91L12B AMD 
AM91L 12BM t AMD 

85101L-1 AMI 
85101L 1 AMI 
86501L 1 AMI 80 
HM435101-1 Hitachi 

IM5L5101L-1 Mitsubishi 

I I 
MCM51L01-45 Motorola 
~FD510il-1 1.11:" nl;.v 

SCM5101-1 sss 85 
TC5501 Toshiba 

SY2112A-4 ay.tIk (4210) 
8Y21111-4 SyurtIk (4210) 

8Y21 011-4 S,...ret (4210) 

AM9112A AMD 90 
AM9112AM tAMD 
AM91L12A AMD 
AM91L 12AM t AMD 
8Y2112-1 SynrIIl (4210) 

AM9101A AMD 95 
AM9101AM AMD 
AM9111A AMD 
AM9111AM AMD 
AM91L01A AMD 
AM91L01AM AMD 100 
AM91L111AM AMO 
AM91Ll1A AMD 
8Y2111-1 SyaIl18 (4210) 

8Y2101-1 SyurtIk (4210) 

85101L AMI 105 
85101L-3 AMI 
85101L3 AMI 
86501L AMI 
86501L-3 AMI 
MCM5101-65 Motorola 110 
MCM51L01-65 Motorola 
j.lP05101L NEC 
SCM5101-3 SSS 
TC5501-1 Toshiba 

85101-8 AMI 115 
85101L8 AMI 
86501-8 AMI 
86501L-8 AMI 
MCM5101-80 Motorola 
MN5101 Panasonic 120 
LH-5101W Sharp 
88315101-4 tSSS 

M120 SGS 

18X350 SlIIIIIa 
(1627.1652) 

SIl350 t SIJIIIIIcs 
(5Z1.53%. 18Z7.16SZ1 125 

H%821ZA 8 ..... (4162) 
93479 Fairchild 

N82S210 Slgnetics 
(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Supply Access Supply 
Organ!- Time No. Voltage, Organi- Time No. Voltage, 
zalion (Max) Type Output Pins V Device Source Line zation (Max) Type Output Pins V Device Source line 

Static (Cont'd) 1024x1 45 nsF TIL OC 16 5 (Cont'd) 
93415C Fairchild 

256x9 (Coot'd) HM2510-1 Hitachi 
70 nsF TIL TS 22 5 8828212 tSlplllcs (532) MCM93415C M.t.rall (4046) 65 
90 nsF TIL TS 24 5 S82S210 t Signetics TS 16 5 AM93425C AMD 

512x4 1.2 jl$F CMOS TS 24 5 lH-5102 Sharp 93425C Fairchild 

512x9 45 nsF NMOS TS 24 5 TM5215O-4 TI HM2511-1 Hitachi 

55 nsF NMOS TS 24 5 TMS2150-5 n (4222) 5 MCM93425 M.lor.1I (4046) 

70 nsF NMOS TS 24 5 TMS2150-7 n (4222) 50 nsF TIL OC 16 5 ~82205 NEC 70 

90 nsF NMOS TS 24 5 TMS2150-9 TI (4222) 
SN74S314A TI 

1024x1 8 nsF ECL OE 16 -5.2 HM2112-1 Hitachi TS 16 5 93425AM t Fairchild 

10 ns· ECl OE 16 -5.2 AM10415 AMD 
SN74S214A TI 

10 nsF ECL OE 16 -4.5 1004158 Signetics 10 55 nsF NMOS OC 16 5 MCM2115A-55 Motorola 

-5.2 F10415C Fairchild TS 16 5 MCM2125A-55 Motorola 75 

104158 Signetics 60 nsF TIL OC 16 5 AM93L415C AMD 

24 -4.5 F100415C Fairchild 93415M t Fairchild 
- -5.2 .C.10146A .11 .... 11 (4046) 931415 Fairchild 

OE 16 -52 HM2112 Hitachi 15 
93l415C Fairchild 
.CM93415M t •• Iorlll (4046) 80 

15 nsF ECL OE 16 -4.5 AM100415A IMD (3910) 
100415A Signetics 

TS 16 5 93425M t Fairchild 
93l425C . Fairchild 

-5.2 a.10415SA tl.D (3909) 
.CM10415 ......... (4047) 65 nsF TIL OC 16 5 AM93415M tAMD 

20 nsF ECL OE 16 -4.5 HM100415 Hitachi 
TS 16 5 AM93425M tAMD 

20 
100415 Signetlcs 70ns * TIL OC 16 5 SN74lS315 TI 85 

1S 16 5 SN74LS215 TI 
-52 111104151 tAliD (3909) 

AM 10415SA t AMD 70 nsF NMOS OC 16 5 2115A-2 Intel 

F10415AC Fairchild . 2115AL·2 Intel 

M8M10415AH Fujitsu 25 MCM2115A-70 Motorola 

HM2110-2 Hitachi MCM21L 15A·TO Motorola 90 

"104151 t •• 1III'IIa (4047) TS 16 5 2125A-2 Intel 

DM10415A National 2125AL-2 Intel 

10415A Signetics MCM2125A·70 Motorola 

NMOS TS 16 5 2125H-1 !"tel I" 
MCM21L.25A·70 MaiarOia 

25 nsF ECL OE 16 -52 AM10415A tAMD 18 5 HM2148 Hitachi 95 

HM2110-1 Hitachi TIL OC 16 5 AM93L415M t AMD 

GXB10415 Siemens 93L415M Fairchild 

NMOS OC 16 5 2115H-2 Intel HM2510 Hitachi 
Q) TS 16 5 2125H-2 Intel 35 SN74S314 TI 

:2 29 nsF ECL OE 16 -52 .. 10146 ......... (4046) TS 16 5 AM93L425M t AMD 100 
::l 
(!) 30 nsF NMOS OC 16 5 2115H-3 Intel 

93l425M t Fairchild 

TS 16 5 2125H-3 Intel 
HM2511 Hitachi 

c: 
TIL OC 16 5 

SN74S214 TI 

.2 AM93415AC AMD 
AM93425AC AMD 40 

95 nsF TIL OC 16 5 SN74lS314 TI -() 93415AC Fairchild 
TS 16 5 SN74LS214 TI 105 

.5!2 TS 16 5 93425AC Fairchild 
125 nsF CMOS TS 16 4.5-10.5 IM65X08A·1 t Intersil 

Q) 
35 nsF ECL OE 16 -5.2 AII10415 AIID (3909) 

IM65X08A-11 Intersil 

rn F10415 Fairchild 10 CDP1821 tHCA (1594) 

'-
Q) HM2110 Hitachi 45 18 4.5-10.5 IM65X18A·l Intersil 

+-' DM10415 National IM65X18A-1Mt Intersil 110 
en 
«S NMOS OC 16 5 2115H-4 Intel 130 nsF CMOS TS 16 5 NMC85OO8B-9 National 

::E TS 16 5 2125H-4 Intel 180 nsF CMOS TS 16 5 H.65088-2 tHlrrls (3965) 

TIL OC 16 5 HM2510-2 Hitachi H.65088-8 t Harris (3965) 

40 nsF ECL OE 16 -5.2 1II10415M tAMD (3909) 50 HM65088-9 HlFrla (3965) 

MCM10546 t Motorola IM5X08-1 Intersil 115 

TIL OC 16 5 AM93415AM t AMD 
IM65X08-1M t Intersil 

TS 16 5 AM93425AM t AMD 18 5 H.65188-2 t Harris (3965) 

45 nsF NMOS OC 16 5 2115A Intel 
H.65188-8 tHlrrls (3965) 

2115AL Intel 55 
11.65188-. lIIrrIs (3965) 

MCM2115A-45 Motorola 
fM65X18-1 Intersll !120, 

I MCM21L 15A-45 Motorola 
I IM65X18·1M t Intersil 

~ TS 16 5 2125A Intel 200 nsF CMOS TS 16 4.5-10.5 IM65X08A Intersil 

~ 2125AL Intel 
IM65X08AM t Intersil 

MCM2125A-45 Motorola 60 18 4.5-10.5 IM65X18A Intersil 

MCM21l25A-45 Motorola IM65X18AM t Intersil 125 

TTL OC 16 5 AM93415C AMD 250 nsF CMOS TS 16 5 HM6508-2 tHlrrla (3885) t 
(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
.... flcal •• lcalts IHlllftilullls ravl ... _ IH •• 1111. 
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MEMORY -RAMs (Cont'd) 

Access Supply 
Organi- Tune No. Voltage, 
zation (Max) Type Output Pins V 

Static 

256x4 
200 nsF NMOS TS 16 5 

18 5 

22 5 

220 nsF CMOS TS 18 5 

22 5 

235 nsF CMOS TS 18 10 

22 10 

240 nsF CMOS TS 22 5 

250 nsF CMOS TS 22 5 

10 

NMOS TS 16 5 

18 5 

22 5 

300 nsf CMOS TS 18 5 

22 5 

NMOS TS 16 5 

350 nsF CMOS TS 18 5 

22 5 

NMOS TS 16 5 
18 5 

22 5 

t Military Temperature Range (-55° to 125°C) 
OC-Open Collector 

c IC MASTER 1984 

MASTER SELECTION GUIDE 

Access 
Organi- Time No. 

Device Source Line zation (Max) Type Output Pins 

(Cont'd) I 256x4 
400 nsF CMOS TS 22 

(Cont'd) 
SY21H12-2 Synertek 

NMOS TS SY21H11-2 Synertek 
16 

SY21HOl-2 Synertek 

H.65618-2 tHIITIa (3965) 
H.65618-8 tHarris (3965) 5 
l1li65618-9 Harris (3965) 
IM65X61-1 Intel 
IM65X6.1-1 Intersi! 
IM65X61-1M t Intersil 

l1li65518-2 t Harris (3965) 10 
H.65511-8 t Harris (3965) 
HM6551 1-9 HarrIs (3965) 
IM65X51-1 Intersil 450 nsf CMOS 1S 22 
IM65X51-1M t Intersil 

IM65X61A InterSi! 15 
IM65X6~AM t Intersil 

I I 
IM65X51A Intersi! 
IM65X51AM tInters!! 

HS6551RH tHarria (4619) 

1IW$S101EL2 RCA (1594) 20 
SCM5101-1B SSS NMOS TS 16 
CDPIB22 RCA (1594) 18 
TCC-244 RCA 22 
AM9101D AMD 500 nsF NMOS TS 16 
AM9111D AMD 25 
AM9112D AMD 
SY2112A-2 sr-tK (4210) 

p.PD2111Al-2 NEC 18 
SY2111A-2 sr-tK (4210) 

SY2101A-2 SyurlK (4210) 30 

Hll6561-2 tllarris (3965) 
HM8561-8 tllarrl$ (3965) 
H1I6561-9 HarfIa (3965) 
1M65X61 Intersil 
1M65X61M t Intersil 35 

H1I6551-2 tllarris (3965) 
H.6551-8 tHarris (3965) 22 
l1li6551-9 HIITIa (3965) 650 nsF CMOS TS 22 
IM65X51 Intersil 
IM65X51M t Intersil 40 
lH-5101S Sharp 

AM9101C AMD 
AM9101CM tAMD 
AM9111C AMD 
AM9111CM tAMD 45 
AM9112C AMD 
AM9112CM tAMD 
AM91l01C AMD BOO nsF CMOS TS 22 
AM91l01CM t AMD 
AM91l111C AMD 50 
AM91l11CM t AMD 
AM91l12C AMD 
AM91l12CM t AMD 

1118561-5 Hania (3965) 
IM65X61C Intersil 55 

H1I6551-5 Harrla (3965) 950 nsF . NMOS TS 18 
1M65X51C Intersil 256x8 40 nsF TTL TS 22 
1IWS5101Dl3 tRCA (1594) 
1IWS5101B.3 RCA (1594) 
SCM5101-1A SSS 60 

SY2112A s,..IIk (4210) 256x9 35 nsF TTL TS 22 
8Y2111A SpII1It (4210) 45 nsf TTL TS 22 

SY2101A SyIII1Ik {421 0) 60 nsF TTL TS 24 
(Continued) 

ns*-Nanoseconds Typical nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

Supply 
Voltage, 
V 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
5 

'5 

Device Source line 

I (Cont'd) 
HMMP1822C t Hughes 
COP 1822C tllCA (1594) 65 

AM9101B AMD 
AM9101BM tAMD 
AM9111B AMD 
AM9111BM tAMD 
AM9112B AMD 70 
AM9112BM tAMD 
AM91L01B AMD 
AM91l01BM t AMD 
AM91l11B AMD 
AM91l11BM t AMD. 75 
AM91l12B AMD 
AM91l12BM t AMD 

85101l-1 AMI 
8510111 AMI 
S6501l1 AMI 80 

IHM435101-1 Hitachi 

I 
M5l5101l-1 Mitsubishi 
MCM.51L01-45 Motorola 
ILPD5101l-1 NEC 
SCM5101-1 SSS 85 
TC5501 Toshiba 

S'Y2112A-4 S,.-IN (4210) 
SY2111A-4 Spll'llt (4210) 

Snl0lA-4 . sr-tK (4210) 

AM9112A AMD 90 
AM9112AM tAMD 
AM91l12A AMD 
AM91l12AM t AMD 
SY2112-1 sr-tK (4210) 

AM9101A AMD 95 
AM9101AM AMD 
AM9111A AMD 
AM9111AM AMD 
AM91l01A AMD 
AM91l01AM AMD 100 
AM91l111AM AMD 
AM91111A AMD 
SY2111-1 SyIII1Ik (4210) 

8Y2101-1 SyIII1Ik (4210) 

85101l AMI 105 
85101l-3 AMI 
8510113 AMI 
S6501l AMI 
S6501l-3 AMI 
MCM5101-65 Motorola 110 
MCM51l01-65 Motorola 
"P05101l NEC 
SCM5101-3 SSS 
TC5501-1 Toshiba 

85101-8 AMI 115 
8510118 AMI 
S650i-S AMI 
S6501l-8 AMI 
MCM5101-80 Motorola 
MN5101 Panasonic 120 
lH-5101W Sharp 
88315101-4 tSSS 

M120 SGS 

1IIX350 SIJIIIIcs 
(1627.1852) 

S8X350 tSlJlllUa 
(527.532.111l7.1652) 125 

1182S212A 81t1111a (4162) 
93479 Fairchild 

N82S210 Signetics 
(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access SUpply 
Organl· Time No. Voltage. 
zatiOn (Max) Type Output PIns V 

Static 

256x9 
70 nsF TIL TS 22 5 

90 nsF TIL TS 24 5 

512x4 1.21'sF CMOS TS 24 5 

512x9 45 nsF NMOS TS 24 5 
55 nsF NMOS TS 24 5 

70 nsF NMOS TS 24 5 

90 nsF NMOS TS 24 5 

1024xl 8 nsF ECl OE 16 -5.2 
10ns· ECl OE 16 -5.2 

10 nsF ECl OE 16 -4.5 
-5.2 

24 -4.5 
-5.2 

OE 16 -5.2 

15 nsF ECl OE 16 -4.5 

-5.2 

20 nsf ECl OE 16 -4.5 

-5.2 

NMOS TS 16 5 

25 nsf ECl OE 16 -5.2 

NMOS OC 16 5 
TS 16 5 

29 nsf ECl OE 16 -5.2 

30 nsF NMOS OC 16 5 
TS 16 5 

TIL OC 16 5 

TS 16 5 

35 nsf ECl OE 16 -5.2 

NMOS OC 16 5 
TS 16 5 

TIL OC 16 5 

40 nsF ECl OE 16 -5.2 

TIL OC 16 5 
TS 16 5 

45 nsf N~ OC 16 5 

TS 16 5 

TIL OC 16 5 

t Military Temperature Range (-55° to 125°C) 

3774 

Access 
Organi· Time 

Device Source Line zatiOn (Max) Type 

(Cont'd) 1024x1 45 nsF TIL 

(Coot'd) 
8828212 tSlalllles (532) 

882S210 t Signetics 

lH-5102 Sharp 

TM52150-4 TI 
11IS2150-5 n (4222) 5 

11IS2150-7 n (4222) 50 nsF TIL 

11IS2150-9 TI (4222) 

HM2112·1 Hitachi 
AM10415 AMD 

l00415B Signetics 10 55i1sF NMOS 

F10415C Fairchild 
10415B Signetics 60 nsF TIL 
F100415C Fairchild 
11&11101461 1111.111 (4046) 

HM2112 Hitachi 15 

AMl00415A AMB (3910) 
l00415A SignetiCs 

AM10415SA tAIiO (3909) 
_&1110415 IIllenIa (4047) 65 nsF TIL 

HM100415 Hitachi 20 
100415 Signetics 

70ns • TIL 

AM10415A tAMO (3909) 
AM 10415SA t AMO 70 nsF NMOS 

F10415AC Fairchild 
M8M10415AH Fujitsu 25 
HM2110-2 Hitachi 
1ICII10415A t .......... (4047) 
OM10415A National 
10415A Signetics 

2125;;-1 Intel 39 

AM10415A tAMO 
HM2110-1 Hitachi TIL 
GXB10415 Siemens 

2115H-2 Intel 
2125H-2 Intel 35 

IICIIl0146 ......... (4046) 

2115H-3 Intel 
2125H-3 Intel 

AM93415AC AMO 
AM93425AC AMD 40 95 nsF TIL 

93415AC Fairchild 

93425AC Fairchild 125 nsF CMOS 

AM10415 AIIO (3909) 
F10415 Fairchild 
HM2110 Hitachi 45 
OM 10415 National 

2115H-4 Intel 130 nsF CMOS 
2125H-4 Intel 180 nsF CMOS 
HM2510-2 Hitachi 

AMl0415_ tAMB (3909) 50 
MCM10546 t Motorola 

AM93415AM t AMD 
AM93425AM t AMD 

2115A Intel 
2115Al Intel 55 
MCM2115A-45 Motorola 
MCM21l15A-45 Motorola 

2125A Intel 200 nsF CMOS 

2125Al Intel 
MCM2125A-45 Motorola 60 
MCM21l25A-45 Motorola 

AM93415C AMO 250 nsF CMOS 
(Continued) 

• Typical Value 
BIItIlice 1IIIIattl IlIIIltlllllllltill prevllllll • tile ..... 11111. 

SUpply 
No. Voltage. 

Output Pins V Device Source Une 

OC 16 5 (Cont'd) 
93415C Fairchild 
HM2510-1 Hitachi 
IICII93415C lIalanll (4046) 65 

TS 16 5 AM93425C AMD 
93425C Fairchild 
HM2511-1 Hitachi 
IIC1I93425 lIalerail (4046) 

OC 16 5 I'PB2205 NEC 70 
SN74S314A TI 

TS 16 5 93425AM t Fairchild 
SN74S214A TI 

OC 16 5 MCM2115A·55 Motorola 
TS 16 5 MCM2125A·55 Motorola 75 

OC 16 5 AM93l415C AMD 
93415M t Fairchild 
931415 Fairchild 
93l415C Fairchild 
IICII9341511 t lIallnll (4046) 80 

TS 16 5 93425M t Fairchild 
93l425C . Fairchild 

OC 16 5 AM93415M tAMD 
TS 16 5 AM93425M t AMO 

OC 16 5 SN74lS315 TI 85 
TS 16 5 SN74lS215 TI 

OC 16 5 2115A-2 Intel 
2115Al-2 Intel 
MCM2115A-70 Motorola 
MCM21l15A·70 Motorola 90 

TS 16 5 2125A·2 Intel 
2125Al-2 Intel 
MCM2125A-70 Motorola 
MCM21l25A-70 Motorola 

18 5 HM2148 Hitachi 95 

oc 16 5 AM93l415M t AMD 
93l415M Fairchild 
HM2510 Hitachi 
SN74S314 TI 

TS 16 5 AM93l425M t AMO 100 
93l425M t Fairchild 
HM2511 Hitachi 
SN74S214 TI 

OC 16 5 SN74lS314 TI 
TS 16 5 SN74LS214 TI 105 

TS 16 4.5-10.5 IM65X08A-1 t Intersi! 
IM65X08A-11 Intersll 

10 COP1121 tICA (1594) 

18 4.5-10.5 IM65X18A·1 Intersil 
IM65X18A·1Mt Intersi! 110 

. TS 16 5 NMC850088-9 National 

TS 16 5 H1I65018-2 tHlrrls (3965) 
HII65088-1 tHlms (3965) 
H1I65088-9 Hlrrll (3965) 
IM5X08-1 Intersil 115 
IM65X08-1M t Intersll 

18 5 H1I6511&-2 tHlrrll (3965) 
H_65118-1 t Hlrrll (3965) 
H1I65188-9 Hlrrll (3965) 
IM65X18-1 Intersll 120 
IM65X18-1M t Intersll I 

TS 16 4.5-10.5 IM65X08A Intersil 
IM65X08AM t Intersll 

18 4.5-10.5 IM65X18A Intersll 
IM65X18AM t Intersll 125 

TS 16 5 H1I6508-2 tHlrrls (3965) 
(Continued) 

Cl IC MASTER 1984 



MASTER SELECTION GUIDE 

MEMORY -RAMs (Cont'd) 

Access Supply Access Supply 
Organl- Time No. Voltage, Organi- Time No. Voltage, 
zation (Max) Type Output Pins V Device Source Une zation (Max) Type Output Pins V Device Source Une 

Static (Cont'd) 1024x4 15 nsF ECl OE 24 -5.2 (Cont'd) 
MBM10474-15 Fujitsu 

1024xl 250 nsF CMOS TS 16 5 (Cont'd) _CII10474A _ottnlla (4047) 
H_6508-8 tHmls (3965) OM10474A National 65 
H_6508-9 Hlrrls (3965) 20 nsF ECl OE 24 -4.5 MBM100474-20 Fujitsu 
.IM65X08 Intersil -5.2 All 1 04741_ fA_O (3911) 
IM65X08M t Intersil 

TS 18 5 C42148-25 Cypress MCM6508-25 Motorola 5 25 nsF CMOS 

COP1821C RCA (1594) ECl OE 24 -4.5 All 1 00474 AIIO (3912) 
H0100474 Hitachi 70 

18 5 H_6518-2 tHams (3965) 
-5.2 A_l0474C AIIO (3911) H1I8518-8 tHams (3965) 

H1I8518-9 Harrli (3965) 
_C_l0474 .ot ...... (4047) 
OM 10474 National IM65X18C Intersil 10 
GXB100474 Siemens 1M65X18M t Intersil 

MCM6518-25 Motorola NMOS TS 24 5 A119150-25 AIIO (3921) 75 

48 5 HM92560-2 t Harris· 30 nsF ECl OE 24 -4.5 F100474 Fairchild 
-5.2 A_l0474_ tA.O (3911) 

NMOS TS 16 5 2102H Fairchild F10474C Fairchild 
2102HM t Fairchild 15 

35 nsF CMOS TS 18 5 C42148-35 Cypress 

I 
2102LH Faiichild 

I I I~~;~;; Hitachi 80

1 
I 2102lHM t Fairchild 
21lO2H Fairchild NMOS TS 18 5 AMO 

AM2149-35 AMD 
ILPD2102AL-2 NEC "P02149-2 IEC (4083) 

M2102A-2 SGS 20 24 5 A_9150-35 AMO (3921) 
M2102Al-2 SGS AM9150-3511 t AMD (3921) 85 

260 nsF CMOS TS 16 5 HS650IRH tHan1s (4675) 45 nsF CMOS TS 18 5 C42148-45 Cypress 

300 nsF CMOS TS 16 5 S6508-1 AMI HM6148-45 Hitachi 

H.6508-5 Hams (3965) NMOS TS 18 5 AM2148-45 AMO 

IM65Xoac IntersH 25 AM2148-45M t AMO 

MCM6508-3O Motorola IAM2149-45 AMO 90 

18 5 l1li6518-5 IIarrtI (3965) 
AM2149-45M t AMO 

i AM21l48-45 AMD 
MCM6518-3O Motorola I "."l ...... AMD 

350 nsF CMOS TS 16 4-11 S650aA AMI 2148H-2 Intel 
NMOS TS 16 5 2102F Fairchild 30 . 2149H-2 Intel 95 

2102FM t Fairchild "P02149-1 IEC (4083) 
2102lF Fairchild SY2141H-2 SJlII1II1: (4210) 
2102lFM t Fairchild SY2149H-2 SpII'IIII: (4210) 
21lO2F Fairchild 24 5 A119150-45 AMI (3921) 
M2102A SGS 35 A119150-45_ t AMO (3921) 100 
M2102Al SGS TIL TS 18 5 93475 Fairchild 

370 nsF CMOS TS 16 5 TC5508 Toshiba 55 nsF CMOS TS 18 5 C42148-55 Cypress 
400 nsF NMOS TS 16 5 MCM6508-40 Motorola HM6148-55 Hitachi 
450 nsF CMOS TS 16 5 TC5508-4 Toshiba MNOS TS 18 5 HM2148-3 Hitachi 

NMOS TS 16 5 21021 Fairchild 40 NMOS TS 18 5 AM2148-55M t AMD 105 
21021M t Fairchild AM2148-55 AMD 
210211 Fairchild AM2148-55M t AMD 
2102l1M t Fairchild AM2149-55 AMD 
211021 Fairchild AM2149-55M t AMD 

AM21l48-55 AMD 110 
IJ,PD2102Al-4 NEC 45 AM21l49-55 AMD 
M2102A-4 SGS 2148H-3 Intel 
M2102Al-4 SGS 2148Hl-3 Intel 

460 nsF CMOS TS 16 5 S6508 AMI 2149H-3 Intel 
18 5 MCM6518-46 MotorOla NMC2148-3 National 115 

550 nsF CMOS TS 16 5 TC5508-1 Toshiba 50 "Pl2lc9 IIEC (4083) 

650 nsf NMOS TS 16 5 21022 Fairchild 
SY2141H-3 SJIII'IIII: (4210) 
SY2141HL-3 SJIII'IIII: (4210) 

21022M t Fairchild 
SY214911-3 S ..... (4210) 

210212 Fairchild 
SY2149HL-3 SJlII1. (4210) 120 

2102l2M t Fairchild 
SY_2141H-3 tSylwlIk (535) 

211022 Fairchild 55 8Y_214911-3 tSylIl'llll (535) 
M2102A-6 SGS 

70 nsf CMOS TS 18 5 HM6148 Hitachi 
1024x4 10 nsF ECl 24 -4.5 MBM100474A-10 Fujitsu HM6148l Hitachi 

-5.2 MBM 10474A-10 Fujitsu 
NMOS TS 18 5 AM2148-70 AMD 125 

15 nsF ECl OE 24 -4.5 AM100474A AMO (3912) AM2148-7OM t AMO 
MBM 100474-15 Fujitsu 60 AM2149-70 AMD 
H0100474-1 Hitachi AM2149-70M t AMD 

-52 All 1 0474AC A_O (3911) AM21l48-70 AMD 
(Continued) (Continued) 

t Military TemperatUre Range (-55° to 125°C) 
OC-Open Collector 

ns*-Nanoseconds Typical nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

nsR~Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY -RAMs (Cont'd) 

Access Supply Access Supply 
Organl- TIme No. Voltage, Organi- TIme No. Voltage, 
zation (Max) Type Output Pins V Device Source Line zation (Max) Type Output Pins V Device Source Line 

Static (Cont'd) 1024x4 200 nsF NMOS TS 18 5 (Cont'd) 
NMC2114A-4 National 

1024x4 70 nsF NMOS TS 18 5 (Cont'd) NMC2114A-4L National 
AM21L49-70 AMD SY2114·2 Syt ... t (4210) 
2148H Intel SY2114A-4 Syt.ut (4210) 70 
2148HL Intel SY2114AL-4 Syt ... t (4210) 
2149H Intel SY2114L·2 S,..aet (4210) 
2149HL Intel 5 SY2114LV·2 SyttrIIt (4210) 
M2148H t Intel SI.2114A-4 t SyttrIIt (535) 
NMC2148 National TMS2114·20 TI 75 
NMC2148H National TMS2114L·2O TI 
NMC2148L National TMM314A·1 Toshiba 
SY2148H Syt.a.t (4210) 10 TMM314AL·1 Toshiba 
SY2148HL SytIrIn (4210) 

20 5 SY2142·2 Synertek 
SY214911 Sytlrtlt (4210) 
SY2148HL SyIIrIIt (4210) 

SY2142L·2 Synertek 80 

SV.214811 ts,..an (535) 22 5 AM9130E AMD 

SIM214911 tSytlrtlt (535) 15 220 nsF CMOS TS 18 5 H.65148·2 tlllrril (3966) 

85 nsF CMOS TS 18 5 HM6148-6 Hitachi H.65148-8 tHlrrll (3986) 

NMOS TS 18 5 SV.2148H·6 t s,.tIt (535) 250 nsf CMOS TS 18 5 MP2114C MicroPwr 
SV.2141111-1 tSyt.alt (535) MP6514 MicroPwr 85 

100 nsf CMOS TS 18 5 MD21SC14-10 MIte! MD21SC14-25 Mitel 
SCM21C14·1 SSS 20 !'PD444/6514·2 NEC 

NMOS TS 18 5 2114AL·1 Intel 1IWS5114-2 tlCA (1594) 
SY2114AL·l SyIIrIIk (4210) SRM2114 SMOS 

120 nsf CMOS TS 18 5 _5141-2 tHlrrll (3_) SRM6514 SMOS 90 
H.65148-8 t Hlrrls (3966) 

NMOS TS 18 5 M2114A·5 t Intel 
l1li65148-9 IIIn1a (3_) 25 .C.2114-25 •• 1 ...... (4046) 
SCM21C14-2 SSS 11C1121L 14-25 ....... (4046) 

NMOS TS 18 5 2114Al·2 Intel NMC214A·5 National 
1Y2114AL-2 .,.... f4211t mll4A·5 ~ (4210) 95 

150 nsf CMOS TS 18 5 MD21SC 14-15 Mite! SV.2114A·5t~ (535) 
SCM21C14-3 SSS 30 TMS2114-25 TI 

NMOS TS 18 5 HM472114A·1 Hitachi TMS2114l·25 TI 

2114Al-3 Intel 22 5 AM91300 AMD 
M2114Al·3 t Intel 300 nsf CMOS TS 18 5 56514 AMI 100 
MM2114-15 National _514-2 t ....... (3916) 
NMC2114A·3 National 35 

M6514-1 IIorrII (3916) 
NMC2114A·31 National 

Hlll514C-1 HorrIs (3966) 
SV2114AL·3 SyIIrIIk (4210) 

Q) 
SYM2114A-3 tst-llk (535) HM4334-3 Hitachi 

"C 
TMS2114-15 TI NMC6514-2 t National 105 

::l TMS2114l-15 TI 40 NMC6514-9 National 
(!) 

170 nsf CMOS TS 18 5 1M6514C Intersil 
,d'0444I6514-1 NEC 

c: 1M6514M t Intersil 
CllM511411RZ RCA 

.2 200 nsF CMOS TS 18 5 ..s141-1 IfIrrII ~) 
MWS5114-1 t ICA (1594) - TC5514A·3 Toshiba 110 

0 Hll51_ tlflrrll (4112) 
TC5514AL-3 Toshiba Q) !,P0444-3 NEC 45 

Q) ,d'D444I65~ NEC NMOS TS 18 5 AM9114C AMD 
(() .. 5114·2 011 (4118) AM9114CM t AMD 

~ AM9124C AMD 
Q) 1IWS5114-3 t RCA (151M) AM9124CM t AMD 115 - SCM21C14-4 SSS AM91L14C AMD en 
CO TC5514A·2 Toshiba 50 AM91l14CM t AMD 

~ TC5514AL·2 Toshiba AM91L24C AMD 

NMOS TS 18 5 AM9114E AYD AM91L24CM t AMD 

AM9114EM t AMD 2114-3 Fairchild 120 

AM91L14E AMD 2114-3M t Fairchild 

AM91l14EM t AMD 55 2114L-3 Fairchild 

2114-2 Fairchild HM472114-3 Hitachi 

2114l·2 FairchUd M5L2114L·3 Mitsubishi 

HM472114A·2 Hitachi .12114-30 IIIIroII (4046) 125 

2114AL-4 Intel 11C121L 14-30 ....... (4046) 

M2114A-4 t Intel 160 MM2114-3 National 

M2114Al-4 t Intel MM2114·3l National 

MSL2114L·2 Mitsubishi SV2114-3 st-IIk (4210) 

II1:II2114-20 ....... (4046) SU114L·3 st-IIk (4210) 130 

1ICII21L 14-20 ......... (4046) ".2114-3 tst-llk (535) 

MM2114-2 National 65 20 5 SY2142·3 Synertek 

MM2114-2L National SY2142l·3 Synertek 
(Continued) (Continued) 

t Military Temperature Range (-55· to 125·C) • Typical Value 
........................ 1111.,...... ................ 
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MEMORY-RAMs (Cont'd) 

AcciSS 
0rpnI- TIllIe No, 
zatIon (Max) Type Output PIns 

Static 

1024x4 300 nsf NMOS TS 
22 

350 nsf CMOS TS 18 

400 nsf NMOS TS 22 

450 nsf CMOS TS 18 

20 

I 
NMOS T5 18 

20 

500 nsf NMOS TS 22 

550 nsf CMOS TS 20 

650 nsf CMOS TS 20 

800 nsf CMOS TS 20 

1000 nsf 
CMOS TS 18 

1024x8 55 nsf NMOS TS 24 
70 nsf NMOS TS 24 

90 nsf NMOS TS 24 

t MIlItary Temperature Range (-55° to 125°C) 
OC-Open CQIIector 

o IC MASTER 1984 

Supply 
Voltage. 
V 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

1-1.7 

3-5 

5 
5 

5 

MASTER SELECTION GUIDE 

Access 
Organi- TII1I8 No, 

Device Source line zatIofI (Max) Type Output PIns 

(Cont'd) 1024x8 90 nsF NMOS TS 24 

(Conrd) 
AM9130C AYO 100 nsF Dual Port 
AM9130CM tAMD - 48 
AM91l3OC AMD NMOS - 48 
AM91L3OCM t AMD TS 48 
l1li&514-5 Hurls (3966) 5 
NMC6514-5 National 120 nsf NMOS TS 24 
AM9130B AMD 
AM9130BM tAMD 
AM91L3OB AMD 
AM91l3OBM t AMD 10 

HM4334-4 Hitachi 
M58981-45 Mitsubishi 
"PD444I6514 NEC 

"PD445l NEC 150 nsF NMOS TS 22 

TC5514 Toshiba 15 24 

AM91148 • AMD 

I AM9114BM tAMD 
AM91248 AMD 
AM91248M tAMD 
AM91l148 AMD 20 
AM91l14BM t AMD 
AM91l248 AMD 

200 nsf NMOS TS 22 
AM91l24BM t AMD 

24 
2114 Fairchild 
2114L Fairchild 25 
2114M t Fairchild 
HM472114-4 Hitachi 
M5l2114L Mltsubishi 
"114-4& ....... (404&) 
1CII21L14-45 II ....... (404&) 30 250 nsF NMOS TS 22 

MM2114 National 24 

MM2114L National 300 nsf NMOS TS 22 
EA2114l NEC 
"PD2114l NEC 400 nsf NMOS TS 22 
m114 SJIWIIk (4210) 35 450 nsF NMOS TS 22 
SY2114l SJIWIIk (4210) 

2048xl 300 nsf CMOS TS 18 
SYII2114 tSJlWllk (535) 

350 nsf CMOS TS 18 
TMS2114-45 n 
TMS2114L-45 TI 2048x8 45 nsF NMOS TS 24 

TMM314A Toshiba 40 
TIIM314Al Toshiba 55 nsF CMOS TS 24 

SY2142 Synertek 
SY2142l Synertek '. 
AM9130A AMD NMOS TS 24 
AM9130AM tAMD 45 
AM91l3OA AMD 70 nsf CMOS TS 24 
AM91l3OAM t AMD 

TC5047A-l Toshiba 

"PD445l-1 NEe 
TC5514-1 Toshiba 50 

TC5047A-2 Toshiba 
TC5514-2 Toshiba 

MP2114CLPl MIcroPwr 
MP6514lPl MIcroPwr 

MP2114ClP3 MlcroPwr 55 

MK4801A-55 Mostek 
MK4801A-70 Mostek NMOS TS 24 
11KB4M11A-870t Mostek 

MK4801A-90 Mostek 
UKB4801A-890t Mostek 60 90 nsF CMOS TS 24 
SY215lA-l SpwIIl (4210) 
SY21511-1 SyIIrtIt (4210) 
1Y2151L-l SyIIrtIt (4210) 
IYZ15lA-1 SyInk (4210) 

i (Continued) 

ns· -Nanoseconds Typical nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

Supply 
Voltage. 
V 

5 

5 
5 
5 

5 

5 
5 

5 
5 

5 
5 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

Device Source line 

(Conrd) 
SY21598-1 SJIWIIk (4210) 65 
SY2159L-l SyMrtIk (4210) 

SY21D1 Synertek 
SYM21D1 t Synertek 
SY2130 Spnk (4210) 
SY2131 sv-t* (4210) 70 

MK4118A-l Mostek 
MKB4801A-81t Mostek 
SY2158A-2' Spnk (4210) 
SY21588-2 SyIIrlIk (4210) 
SY2158L-2 SylerIIk (4210) 75 
SY2159A-2 Spnk (4210) 
SY21598-2 Spnk (4210) 
SY2159L-2 SylerIIk (4210) 

"POO1-5 NEC 
MK4118A-2 Mostek 80 
SY2158A-3 SyIIrtIk (4210) 

'ISY21
588-3 

i1lDi (4210) 
SY21588-4 SyIIrlIk (4210) 
SY2158L-3 SyIIrtIk (4210) 
SY2159A-3 SyIIrtIk (4210) 85 
SY21598-3 SyIIrtIk (4210) 
SY2159L-3 SpwtIk (4210) 

"PD421-3 NEC 
MK4118A-3 Mostek 
SY2158A-4 SytWk (4210) 90 
SY2158L-4 SylerIIk (4210) 
SY2159A-4 SylerIIk (4210) 
SY2159B-4 SpwIIk (4210) 
SY2159L-4 SyHrIIt (4210) 

"PD421-2 NEC 95 
MK4118A-4 Mostek 

"POO1-1 NEe 
R8104-3 Rockwell 

R8114-3 RockWell 

"PD421 NEe 100 

NMC6503-9 t National 
NMC6503-5 National 

1C12011i11-4S IIlIwlll 
(404&.4052) 

H1I651628-5 IIIrrIa (3_) 
HII651628-9 Han1s (3966) 105 
H_1728-5 Harrta (3967) 
HII651728-9 IIIrrIs (3967) 

1ICII201611-55 IIItnII 
(404&.4052) 

HII651621-2 t IIIrrIs (3966) 
H_1628-5 Hurls (3_) 110 
H1I651628-1 t a.rJa (3966) 
H1I651621-9 Hurls (3966) 
l1li&51728-2 tHIrrII (3967) 
HII651728-5 IIarrIa (3967) 
l1li&51728-8 tllln'll (3967) 115 
Hll651728-9 HIrrIa (3981) 
IIT6116870 lIT (3912) 
MP6116S-1 MicroPwr 
MP6117S-1 MicroPwr 
MP6118S-1 MicroPwr 120 
NC6116 Nitron 

1119121-70 AIID (3917) 
1ICII2011111-70 ........ 

(4046.4052) 

HII65162-2 tHlrrll (3966) 
HII65162-5 Hlrrli (3966) 125 
H1I6516Z-8 tHlrrll (3_) 

H1I65162-9 Hurls (3_) 
Hll65162C-9 Hurls (3_) 

(Continued) , 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Aceess Supply Access Supply 
Organl- Time No. Voltage, Organi- Time No. Voltage, 
zation (Max) Type Output Pins V DevIce . Source line zation (Max) Type Output Pins V Device Source line 

Static (Cont'd) 2048x8 150 nsf CMOS TS 24 5 (Cont'd) 
CD.611&A-3 RCA (1594) 

2048x8 90 nsF CMOS TS 24 (Cont'd) SCM6116-3 SSS 
H.65172-2 tHlrrla (3967) 

NMOS TS 24 5 A119128 AIID (3917) 70 H165172-5 Hlrrla (3967) 
A119128-151 t AIID (3917) H.65172-8 t Hlrrla (3967) 
F3528-15 Fairchild H.65172-9 Hlrrla (3967) 
F3528l-15 Fairchild HII6S172C-9 Hlrrla (3967) 
MB8128-15 Fujitsu 

IDT6116L90 tlDT (3982) 
M58275-15 Mitsubishi 75 

IDT6116l90 'DT NMC2116-15 National 
IDT6116S90 tlDT (3982) 

NMC2116-15l National 
IDT6116590 . lOT 

I'P04016-3 IEC (4088) 
100 nsf CMOS TS 24 HM6116-10 Hitachi 10 SY2128-3 SpIrtIk (4210) 

NMOS TS 24 A119128-10 AID (3917) SY2121l-3 Splfllt (4210) 80 
F3528-10 Fairchild SY2129-3 SJIII'lIk (4210) 
F3528l-10 Fairchild SY21291.-3 SJIII'lIk (4210) 
M88128-10 Fujitsu SY12128-3 tSpll'llk (535) 
SY2121-1 SpIrtIk (4210) 15 SY.2129-3 tSp .... (535) 
SY2128l-1 SyIwIIII (4210) TM54016-15 TI 85 
SY2129-1 SpIrtIk (4210) TMM2016 Toshiba 
SY2129L-l SyurIIk (4210) 200 nsf CMOS TS 24 5 M88416 Fujitsu 

120 nsf CMOS TS 24 M88416A-12 Fujitsu M88417 Fujitsu 
M88416A-12l Fujitsu 20 M88418 Fujitsu 
H165162C-2 t Hlrrla (3966) H1I6516-2 tllllTll (3966) 90 
HI65162C-I t Hlrrla (3966) H16516-5 HIrrIa (3966) 
H165168-2 tlllrrla (3966) H16516-1 tHlrrl. (3966) 
H165168-1 tHIrrI. (3966) H16516-9 HIrrI. (3966) 
l1li65168-9 IIIrrII (3966) 25 HM6116-2O Hitachi 
HI65172C-2 tHIrrI. (3967) HM6116-4 Hitachi 95 
HII65172C-8 tHlrrts (3967) HM61161-4 Hitachi 
HM6116-2 Hitachi HM6117-4 Hitachi 
HM6116l-2 Hitachi MP6116-2O MicroPwr 
1DT8116Ll20tIDT (3982) 30 MP6117-2O MicroPwr 
IDT6116l12O lOT MP6118-2O MlcroPwr 100 
Iml16S120tIDT (3982) MP8416-2O MlcroPwr 
IDT61165120 lOT MP8417-2O MlcroPwr 

MP6116S-12 MicroPwr 

135 

MP8418-2O MicroPwr 

1105 
MP6117S-12 MIcroPwr MKB6116-83 t Mostek 

MP6118S-12 MicroPwr MKB61161-83t Mostek 

1ICII6116-12 ...... (4046) "116-20 ....... (4046) 
Q) MCM61l16-12 Motorola MCM61l16-20 Motorola 

:E SCM6116-2 SSS 1'PD446-2 IEC (4090) 

:::s TMS4016-12 TI 40 I'P0449-2 lEe (4093) 
C) .. 5121 01(1 (4111) 110 NMOS TS 24 A119121-12M t AlII (3917) 

COII6118-2 RCA (1594) C F3528-12 Fairchild 
CDl6117-2 RCA (1594) 0 F3528L-12 Fairchild CDII6118-2 RCA (1594) :;: 

0 MKB4802-81 t Mostek SRM2016C2O Sa.tOS 
~ SY2128-2 SyurIIk (4210) 45 SRM2017C20 SMOS 115 
Q) SY2128l-2 SyurIIk (4210) SRM2018C20 SMOS 

(J) SY2129-2 SyurIIk (4210) SCM6116-4 SSS 
'- SY21291.-2 SyHrIIk (4210) TC5516A-2 Toshiba 
Q) ..... 150 nsf CMOS TS 24 5 56516 AMI TC5516AL-2 Toshiba 

M88416A-15 Fujitsu 50 en NMOS TS 24 5 Al9128-20 AID (3917) 120 tU MB8416A-15l Fujitsu A11128-_ t AID (3917) ::! HM6116-15 Hitachi F3528-2O fairchild 
HM6116-3 Hitachi' F3528L-2O Fairchild 
HM6117-3 Hitachi M58725 Mltsublshl 
1OT6116Ll50tIDT (3982) 55 1ICII2016-20 ....... 
IOT6116l150 lOT (4046.4052) 125 
1DT8116S150 t IBT (3982) NMC2116-2OL National 
IOT61165150 lOT NMC2116-25L National 
1IP6116S-15 MicroPwr 1'PD4D16-2 IEC (4081) 
1IP6117S-15 MicroPwr 60 SY2128-4 s,.rtIt (4210) 
1IP6118S-15 MlcroPwr SY212IL-4 SJI'I'Itk (4210) 130 
IIKB6116-82 t Mostek SY2128-4 s,.rtIt (4210) 
MKB61161-82t Mostek SY21291.-4 s.- (4210) 
1ICII6116-15 .... 11 (4048) SYI2121-4 t .... (535) 
MCM61l16-15 Motorola 65 SY.2128-4 tSynrtM (535) 

I'PD446-3 lEe (4090) TM54016-2O TI 135 
I'P0449-3 IEC (4093) TMM2016-2 Toshiba 

(Continued) (Continued) 

t IIWtary Temperature Range (-55° to 125°C) • Typical Value 1IIII_'_1eI1a "'II1II11111111 ,........ IIIH PIlI ....... 
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MASTER SELECTION GUIDE 

MEMORY-RAMs (Cont'd) 

Access Supply Access 
Organ/- rllll8 No. Voltage, Organi- Time No. 
zatlon (Max) Type Output Pins V Device Source line zation (Max) Type Output Pins 

Static (Cont'd) 4096x1 35 nsF NMOS TS 18 

2048x8 (Cont'd) 

250 nsf CMOS TS 24 5 MB8416-25W t Fujitsu 
MP6116-25 MicroPwr 
MP6117-25 MicroPwr 40 nsF ECl OE 18 
MP6118-25 MicroPwr 

45 nsf CMOS TS 18 
MP8416-25 MicroPwr 5 

NMOS TS 18 
MP8417-25 MicroPwr 
MP8418-25 MicroPwr 
MKB6116-84 t Mostek 
MKB61161-84t Mostek 

"P0446-1 IEC (4090) 10 

"PIM49-1 lEe (4093) 
CDII6116-1 III:A (1594) 
Ca.611&A-9 III:A (1594) 
CDII6117-1 III:A (1594) 
CDII6118-1 RCA (1594) 15 
SRM2016C25 SMOS 55 nsF CMOS TS 18 I SRM2017C25 S MOS 
SRM2018C25 S MOS 
TC5516A Toshiba 
TC5517A Toshiba 20 

NMOS TS 18 
TC5517A-2 Toshiba 
TC5518B-2 Toshiba 

NMOS TS 24 5 NMC2116-25 National 

"PD4016-1 IEC (4088) 
TMS4016-25 TI 25 

350 nsf NMOS TS 24 5 F3528-35 Fairchild 

450 nsf CMOS TS 24 5 "PD448 IEC (4090) 

"P1I449 IEC (4093) 

4096x1 10 nsF ECl OE 18 -5.2 MBM100470A·l0 Fujitsu 
MBM10470A·1O Fujitsu 30 

20 -5.2 HM2142 Hitachi 

15 nsF ECl OE 16 -5.2 HM10470-1 Hitachi 
.. 1047OA ....... (4047) 

18 -4.5· AII100470SA AIID (3914) 
HM100470-1 Hitachi 35 

-5.2 AIIl0470SAC AIID (3913) 
MBM1047OA-15 Fu~tsu 

DM10470A National 

20 nsF ECl OE 18 -4.5 MBM100470 Fujitsu 
-5.2 All 1 0470SA11 f AIID (3913) 40 

MBM10470A·20 Fujitsu 

25 nsf ECL OE 18 -4.5 AII100470A AIIO (3914) 
Fl00470A Fairchild 

70 nsF CMOS TS 18 
HM100470 Hitachi 
100470A Signetics 45 

-5.2 .. 1047OAC AlII (3913) 
F10470A Fairchild 

NMOS TS 18 HM10470 Hitachi 
.. 10470 ......... (4047) 
DM10470 National 50 
nu1ll4701 ~.atioro.a! 
11o:.70~ -- Signetics 

NMOS TS 18 5 
I.uPD2147 A·25 NEC 

30 nsf ECL OE 18 -5.2 .. 1047OA11 f .. D (3913) 

35 nsF CMOS TS 18 5 HM6147H-35 Hitachi 55 
ECl OE 18 -4.5 AlII 00470 AlII (3914) 

FlOO470 Fairchild 
100470 Signetics 

-5.2 .. 1047OC AIID (3913) 
F1Q470 Fairchild 60 
10470 Signetics 

NMOS TS 18 5 AM2147·35 AMD 
(Continued) 

t MUitary Temperature Range ( - 55° to 125°C) 
OC-Open Collector 

ns--Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

e IC MASTER 1984 

Supply 
Voltage, 
V 

5 

-4.5 

5 
5 

5 

5 

5 

5 

Device Source line 

(Cont'd) 
2147H-1 Intel 

.uPD2147A-35 NEC 
SY2147H-1 SyurIIk· (4210) 65 

AMl0470M tAliD (3913) 

HM6147-45 Hitachi -AM2147-45 AMD 
AM2147-45M t AMD 
AM21l47-45 AMD 70 
HM4847-2 Hitachi 
2147H·2 Intel 
M2147H·2 t Intel 
MM2148H-2 National 

,uPD2147A·45 NEC 75 
SY2147H-2 SyIIl1ek (4210) 
SYM2147H-2 fS"", (535) 

HM6147·3 Hitachi 
HM6147-55 Hitachi 
MCM6147-55 Mltor'" (4046) 80 
MCMail47·55 MutorOia 

AM2147-55 AMD 
AM2147·55M t AMD 
AM21l47-55 AMD 
HM4847·3 Hitachi 85 
2147-3 Intel 
2147A·3 Intel 
2147Al·3 Intel 
2147H·3 Intel 
2147Hl·3 Intel 90 
M2147H·3 t Intel 
ITT2147·55 ITT 
MCM2147·55 Motorola 
MM2147-3 National 
MM2148H-3 National 95 
MM2148H·3l National 
NMC2147H·3 National 
NMC2147H-4 National 
"PD2147-3 NEC 
SY2147·3 SyurIIk (4210) 100 
SY2147H-3 SJIWIIk (4210) 
SY2147Hl·3 Spertlk (4210) 
SYM2147·3 fSpIrtllt (535) 
SY.2147-6 fSyurllk (535) 
SYM2147H·3 SyurIIk (535) 105 
TMM315·1 TOshiba 
UM2147-1 Universal 

HM6147 Hitachi 
HM6147l Hitachi 
MCM6147-70 •• 1 .... (4046) 110 
MCM61l47-70 Motorola 

AM2147·70 AMD 
AM2147·7OMt AMD 
AM21l47-70 AMD 
HM4847 Hitachi 115 
2147A Intel 
2147Al Intel 
2147H Intel 
2147Hl Intel 
M2147H t Intel 120 
2147 Intersil 
1TT2147·70 ITT 
MCM2147·70 Motorola 
MM2147 National 
MM2147l National 125 
MM2148H National 
MM2148H·l National 
"PD2147-2 NEC 
SY2147H SyIIrIIk (4210) 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY -RAMs (Cont'd) 

Access SUpply 
Organi· Time No. Voltage. 
zation (Max) Type Output Pins V 

Static 

4096xl 70 nsF NMOS TS 18 5 

85 nsF CMOS TS 18 5 
NMOS TS 18 5 

4096xl 90 nsF NMOS TS 18 5 
100 nsF NMOS TS 18 5 

120 nsF CMOS TS 18 5 

NMOS TS 18' 5 

150 nsF NMOS TS 18 5 

180 nsF CMOS TS 18 5 

200 nsF CMOS TS 18 5 

NMOS TS 18 5 

) 
22 5 

220 nsF CMOS TS 18 5 

,250 nsF CMOS TS 18 5 

NMOS TS 18 5 

t MIUtary Temperature Range (- 55° to 125°C) 

3780 

Access 
Organi· Time 

Device Source Line zation (Max) Type 

(Cont'd) 4096xl 25PnsF NMOS 

(Cont'd) 
SY2147HL Syall1lt (4210) 
SYII2147 tSy.1I1Ik (535) 

TMM315 Toshiba 
300 nsF CMOS 

HM6147·6 Hitachi 
MCM2147·85 Motorola 5 
MM2147M t National 

SY2147-6 Syall1at (4210) 

1TI2147·90 In 
MCM2147·100 Motorola 
"P02147 NEC 10 

H1I65048-2 tHIn'ls (3966) NMOS 
HII65048-8 tHIn'ls (3966) 
H1I65048-9 Hlrrls (3966) 

AM21L41-12 AMD 
2141-2 Intel 15 
NMC2141-2 National 
TMS4044-12 TI 
TMS40L44-12 TI 

AM21L41-15 AMO 
2141-3 Intel 20 
2141L-3 Intel 
NMC2141-3 National 

HS6504BH tHIn'll (4668) 

H1I65041-8 tHlrrll (3966) 
11116504B-9 Hln'll (3966) 25 
1M6504C Intersil 
IM6504M t Intersil 
TC5504A-2 Toshiba 

AM21L41-2O AMO 
AM9044E AMD 30 
AM9244E AMD 
2141-4 Intel 
2141L-4 Intel 
IM7141-2 Intersil 

320 nsF CMOS 
IM7141-2M t Intersil 35 
IM7141L-2 Intersil 350 nsF CMOS 

M5T4044-2O Mltsubishl 
MK4104-3 Mostek NMOS 
MK4104-33 Mostek 
MCM6641-2O Motorola 40 400 nsF NMOS 
MCM66L41-20 MotQrola 
"PD4104-2 NEC 
TM84044-20 TI 
TMS40L44-2O TI 

AM9140E 
450 nsF CMOS . 

AMO 45 
NMOS 

HII65041-2 tHIn'll (3966) 

MP6504 MicroPwr 
SRM6504 S MOS 

AM21L41-25 AMD 
AM9044D AMD 50 
AM90440M tAMO 
AM90L440 AMO 
AM92440 AMO 
AM9244DM tAMD 
AM92L44D AMD 55 
2141-5 Intel 
2141L-5 Intel 
MK4104-34 Mostek 
MK4104-4 Mostek 
MKB4104-84 t Mostek 60 
MCM6641-25 Motorola 
MCM66L41-25 Motorola SOOnsF NMOS 
MM5257-25 National 
MM5257-25L National 
"PD4104-1 NEC 65 

(Continued) 

* Typical Value 
IaN flal."alas 1 •• 10m' all II ,..", .... 1111 PI ........ 

SUpply 
No. Voltage. 

Output Pins V Device Source line 

TS 18 5 (Cont'd) 
TMS4044·25 TI 
TMS40L44-25 TI 

22 5 AM91400 AMO 

TS 18 5 H1I6504-2 tHIn'ls (3966) 
H1I6504-8 tHlrrls (3966) 70 
H1I6504-9 Hlrrls (3966) 
H1I6504C-9 Hln'ls (3966) 
NMC6404·9 National 
NMC6504-2 t National 
NMC6504-9 National 75 
CMM5104J1RZ RCA 
TC5504A·3 Toshiba 

TS 18 5 AM4044C AMO 
AM4244C AMO 
AM9044CM tAMO 80 
AM90L44C AMO 
AM90L44CM t AMO 
AMj}244CM t AMD 
AM92L44C AMD 
AM92L44CM t AMD 85 
IM7141-3 Intersil 
IM7141-3M t Intersil _ 
IM7141L·3 Intersil 
M5T4044-3O Mitsubishl 
~K4104-35 Mostek 90 
MK4104-5 Mostek 
MKB4104-85 t Mostek 
MCM6641-3O Motorola 
MCM66L41-30 Motorola 
MM5257-3 National 95 
MM5257-3L National 
"PD4104 NEC 

22 5 AM9140C AMD 
AM9140CM tAMD 
AM91L4OC AMO 100 
AM91L4OCM t AMO 

TS 18 5 S6504 AMI 

TS 18 5 H1I6504-5 Hlrrli (3986) 
NMC6504-5 National 

TS 18 5 MK4104-6 Mostek 105 
MKB4104-86 t Mostek 

TS 22 5 AM9140B AMO 
AM9140BM t AMO 
AM91L4OB AMO 
AM91L4OBM t AMD 110 

TS 18 5 HM4315 Hitachi 
TS 18 5 AM9044B AMD 

AM9044BM tAMD 
AM90L44B AMO 
AM90L44BM t AMO 115 
AM9244B AMD. 
AM9244BM t AMO 
AM92L44B AMO 
AM92L44BM t AMO 
IM7141 IntersU 120 
IM7141L InterSiI 
IM7141M t Intersll 
MCM6641-45 Motorola 
MCM66L41-45 Motorola 
MM5257 National 125 
MM5257L National 

• TMS4044-45 TI 
TMS40L44-45 TI 

TS 22 5 AM9140A AMO 
AM9140AM t AMD 130 
AM91L4OA AMD 
AM91L40AM t AMD 

(Continued) 
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MASTER SELECTION GUIDE 

. MEMORY-RAMs (Cont'd) 

Access Supply ACC8SS 
Organ!- Time No. Voltage, Organi- TII\18 No. 
zation (Max) Type Output Pins V Device Source Line zation (Maxi Type Output Pins 

Static (Cont'd) 4096x4 70 nsF NMOS TS 20 

4096xl (Cont'd) 
550 nsF CMOS TS 18 5 TC5504-1 Toshiba 

800 nsF CMOS TS 18 5 TC5504-2 Toshiba 

1000 nsF 
CMOS TS 18 1-1.7 MP6504LPl MicroPwr 85 nsF CMOS TS 20 

4096x4 40 nsf NMOS TS 20 5 IMS1421-40 lomos (3978) 

45 nsF CMOS TS 20 5 H.6168-45 HIIIcM (3972) 5 
H.,68H-45 Hillal (3972) 
I0T6168L45 tlOT (3993) 24 
IOT6168l45 lOT 
1DT6168S45 tlOT (3993) 
IOT6168S45 lOT 10 

24 5 Im1681L45tlIT (3993) 
10T71681L45 lOT 
1DT71681S45 tilT (3993) 
10T71681S45 lOT 

I 
1DT71682L45 lIT (-II" NMOS TS 2C 
I0T71682S45 lIT (3993) 

100 nsF CMOS TS 20 
NMOS TS 20 5 A112168-45 AIID (3920) 

A112169-45 AIID (3920) 
MB8168-45 Fujitsu 
1.,420-45 I... (501.3978) 20 24 

50 nsF NMOS TS 20 5 IMS1421-50 lamos (3978) 

55 nsF CMOS TS 20 5 H.,68-55 HIIIcIII (3972) 
H.,68H-55 HltacIII (3972) 
·1DT6161L55 tilT (3993) 
IOT6168155 lOT 25 
1DT6168S55 tilT (3993) 
IOT6168S55 lOT 

NMOS TS 20 
24 5 Iml681l55tlOT (3993) 

4096x8 200 nsf NMOS 28 10T71681l55 lOT -
Iml681S55 tilT (3993) 30 8192x8 85 nsf CMOS TS 28 

10T71681855 lOT 
10T71682l55 t lOT 100 nsf CMOS TS 28 
IDT71682l55 lOT 
1IT71682S55 t lOT (3993) 
IDT71682S55 lOT 35 

NMOS TS 20 5 1112188-55 AlII (3920) 
AII2161-55i1 t AlII (3920) 120 nsf CMOS TS 28 
A112169-55 AIID (3920) 
A112169-5511 t AIID (3920) 
.,420-55 ... (501.3971) 40 
IMS14ZO-5511tl... (501.3978) 
812168-3 .,..... (4210) 

150 nsf CMOS TS 28 8Y2119-3 SyInk (4210) 

70 nsf CMOS TS 20 5 ""68-70 HIIIcIII (3972) 
""_·70 HHIcM (3972) 45 
1DT61&a70 tilT (3993) 
IOT6168L70 lOT 
IDT6168S70 tlDT (3993) 
IDT6168S70 lOT 

24 5 Iml681170tIDT (3993) 50 
1OT71681L70 lOT 
Im1681S70 tIlT (3993) NMOS TS 28 

10T71681870 lOT 200 nsf CMOS TS 28 
Iml682170tllT (3993) 
IDT71682L70 lOT 55 
1m 1682S70 tilT (3993) 
10T71682S70 lOT 250 nsf NMOS TS 28 

NMOS TS 20 5 All2168-70 AlII (3920) 260 nsf * 
.,68-7_ t AlII (3920) CMOS TS 40 
1112169-70 AIID . (3920) 60 
A112169-7_tAIII (3920) 300 nsf NMOS TS 28 

MB8168-70 Fujitsu 
MB8168-7OWt Fujitsu 350 nsf NMOS TS 28 
IMS142o-70L I •• os (501,3978) 
_14~7OMtl_ (501.3978) 65 

(ContInued) 

t Military TemperatUre Range (-55° to 125°C) 
OC-Open Collector 

ns* -Nanoseconds Typical nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

e IC MASTER 1984 

Supply 
Voltage, 
V 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

DeviCe Source litJe 

(Cont'd) 
11IS142OL 1_ (501.3978~ 
SV2168 Syurtlk (4210) 
SV2169 SynrtIk (4210) 
SV.2168 tSylnt (535) 
SV.2169 tSpIl1ek (535) 70 

I0T61&8L85 tlOT (3993) 
IOT6168L85 lOT 
IOT6168S85 tlOT (3993) 
IOT6168S85 lOT 

Im1681L85tIOT (3993) 75 
10T71681L85 lOT 
Im1681S85 t IDT (3993) 
IDT71681S85 lOT 
Im1682L85tIOT (3993) 
10T71682L85 lOT 80 
1DT71682S85tIOT (3993) 
10T71682S85 lOT 

MBM8168-l1..5Wt Fujitsu 

IOT6168L100tIDT (3993) 
IOT6168L 100 lOT 85 
I0T6168S100 lIT . (3993~ 

1IT71611L1OO tlOT (3993) 
10T71681L 100 lOT 
IIT71U1S1. t lOT (3993) 
10T71681S100 lOT 90 
Im1U2Lloot1DT (3993) 
10T71682L 100 lOT 
1IT71_,00 t IDT (3993) 
10T71682S100 lOT 

.,420-181. .... (501.3978) 95 

8148 Intel 

IOT711864-85 lOT (4000) 
IDT8118&4-85 IDT (4000) 

H.264-10 HIIIcM (3973) 
TC5564 Toshiba 100 
TC5564L Toshiba 
TC5565 Toshiba 
TC5565L Toshiba 

l1li6264-12 HIIIcIII (3973) 
18T7MI64-120 IDT (4000) 105 
ImIl8&4-12OCtIDT (4000) 
1II1WI64-1ZO lIT (400D) 
~12tlCt1DT (4000) 

HM65642 t Harris 
H.264-15 HltacIIt (3973) 110 
I0T711864-158 . IDT (4000) 
1DT7tI&C-15OC t lOT (4000) 
ID11II864-158 lOT (4000) 
......... ,5llCtIDT (4000) 
TC5564-1 Toshiba 115 
TC5564L-l Toshiba 
TC5565-1 Toshiba 

NMC-4864 Nationa! 

Imll864-200 IDT (4000) 
IIT7II8&4-_ t lIT (4000) 120 
18T1M164-200 IDT (4000) 

"""'_tIOT (4000) 

2186-25 Intel 

HS8564RH t ....... (4696) 

2186-30 Intel 125 
2187A-30 Intel 

2186-35 Intel 
2187-35 Intel 
2187A-25 Intel 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-RAMs (Cont'd) 

Access Supply Access Supply 
Organi- Time No. Voltage, Organi- Time No. . Voltage, 
zatlon (Max) Type Output Pins V Device Source Line zation (Max) Type Output Pins V Device . Source Line 

Static (Cont'd) 16384x1 85 nsF CMOS TS (Cont'd) 
22 5 IDT71464-85 lOT (4004) 

8192x8 (Cont'd) IDT711464-85C t lOT (4004) 
400 nsF CMOS Module NMOS TS 20 5 MBM8167A-85W 

TS 40 5 HI5-6564-2 t Hlrrls (3968) t Fujitsu 
HI5-6564-9 Hlffls (3968) 

100 nsF CMOS TS 20 5 HM6167-8 Hitachi 
450 nsF CMOS Module HM6167l-8 Hitachi 65 

TS 40 5 HI5-6564-5 Hlrrls (3968) IDT6167S100 lOT (3988) 
16384x1 15 nsF ECl 20 -4.5 MB81256-10 Fujitsu 22 5 Iml4&4·100ctIDT (4004) 

MBM100480-15 Fujitsu 5 
24 5 IOT6167L 100 t lOT (3988) 

-5.2 MBM 10480-15 Fujitsu IDT6167L100 lOT 

25 nsF ECl OE 20 -4.5 MBM100480 Fujitsu NMOS TS 20 5 IIS1400-10L I •• os (3977) 70 
/ HM100480 Hitachi 150 nsF NMOS TS 16 ±5,12 AM9016F AID (3918) 

-5.2 MBM10480 Fujitsu 16384x4 350 nsF CMOS TS 40 5 HM5-6564-2 t Harris (3968) 
HM10480 Hitachi 10 HM5-6564-9 Harris (3968) 

35 nsF ECl OE 20 -4.5 F100480 Fairchild 450 nsf CMOS TS 40 5 HM5-6564-5 Harris 
-5.2 F10480 Fairchild 16384x16 

NMOS TS 20 5 A.2167-35 AMD (3915) 150 nsF CMOS TS 48 5 H192560-8 tHlrrls (3968) 75 
1.1400-35 1_ (3977) CMOS Module 
1ICII2167H-35 .ot .... TS 48 5 HI92560-2 tHlrrls (3968) 

(4046.4053) 15 H192560-9 Hlrrls (3968) 

45 nsF CMOS TS 20 5 HM6167-45 Hitachi 250 nsF CMOS Module 

IDT6167L45 lOT (3988) TS 48 5 H.92~5 Hlrrls (3968) 

IDT6167845 lOT (3988) H192570-2 tHlrrls (3968) 
H192570-8 tHlrrls (3968) 80 

NMOS TS 20 5 A12167-45 AID (3915) 
H192570-9 Hlrrls (3968) 

AM2167-45.tAMO (3915) 20 
(3968) MB8167A-45 Fujitsu 270 nsF CMOS TS 48 5 HM92560-2 t Harris 

.. 1400-45 I .... (3977) HM92560-8 tHarris (3968) 
HM92560-9 Harris (3968) IIT2167-45 lIT 
HM92570-2 tHarris (3988) 85 

1ICII2167H-45 •• t .... 
(4046.4053) HM92570-8 tHarrls (3968) 

H192570-9 Harris (3968) 
55 nsf CMOS TS 20 5 HM6167-55 Hitachi 25 

CMOS Module 10T6167L55 lOT (3988) 300 nsF 
TS 48 5 HI92570-5 tHlrrls (3968) 

22 5 IDT7f11464-55 IDT (3988) 
32768x8 150 nsF CMOS TS 48 5 IHM92560-8 tHarrls ~(3968) I 

24 5 11DT6167S55 tlDT (3988) HI92568-9 Harris (3968) 90 
IDT6167S55 lOT HM92570-2 t Harris (3968) 

NMOS TS 20 5 AM2167-55 AMD (3915) 30 250 nsF CMOS TS 48 5 HM9~560-5 Harris (3968) 

Q) AM2167-55. t AID (3915) HM92570-8 t Harris (3968) 

:2 MB8167A-55 Fujitsu HM92570-9 HarriS (3968) 

::J 1.1400-55 IIIIIS (3977) 270 nsF CMOS TS 48 5 HM92560-2 t Harris (3968) 95 
C) 1181400-551 t 1_ (501) HI92560-8 t Harris (3968) 

IIT2167-55 lIT 35 HI92560~9 Harris (3968) C "P02167 lee (4086) HI92570-2 t Harris (3968) 0 "P02167-3 IEC (4086) HM92570-8 t HarriS (3968) ~ 
0 812167-3 SpWIIk I (4210) HM92570-9 Harris (3968) 100 

~ 65 nsF CMOS TS 22 5 10Ttl464-65 lOT I (4004) 300 nsF CMOS TS 48 5 HM92570-5 t Hartis 
Q) Imll4l4-65C t lOT (4004) 40 

65536x1 70 nsF CMOS TS 22 5 ,10T7.164-70 lOT (4008) en 70 nsF CMOS TS 20 5 HM6167 Hitachi 100 nsF CMOS TS 22 5 ID17II164-100 IDT (4008) 
~ IOT6167L70 IDT (3988) Imll64-100ctI0T (4008) Q) - IDT6167S70 IDT (398e) 

NMOS TS 16 5 •• 9064-10 AMD (3919) 105 U) 
ca NMOS TS 120 5 AM2167-70 AID (3915) 

120 nsF CMOS TS 22 5 1DT711164-120 IDT (4008) 
~ AM2167-7OMtAIO (3915) 45 1DT71164-12DCtIDT (4008) 

MB8167A-70 Fujitsu 
NMOS TS 16 5 AM9064-12 AID (3919) MB8167A-7OW Fujitsu 

Imll64-l50 lOT _1400-711. .... (501) 150 nsF CMOS TS 22 5 (4008) 

1181400-7. t I .... (3977) Imll64-15OC t lOT (4008) 110 

1.1400L 1_ (3977) 50 NMOS TS 16 5 AM9064-15 tAMO (3919) 
IIT2167-70 In IIT4164-15 lIT 
"P02167-2 NEC (4086) 200 nsF NMOS TS 16 5 IIT4164-20 lIT 
SY2167 SpWIIk (4210) 
8Y.2167 t8,.... (535) I I I I 

85 nsF CMOS TS 20 5 'HM6167-6 Hitachi '55 
HM6167l-6 Hitachi 
IOT6167L85 t IDT (3988) 
IDT6167l85 lOT 
IOT6167S85 tilT (3988) 
IDT6167S85 lOT 60 

(Continued) 

t Military Temperature Range (-55° to 125°C) • Typical Value 
a,11I flce 1.lIlcelll 111111110111 Uilis pnvlll ... u til, PI .. '0l1li. 
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MEMORY-ROMs 

Access 
Organl- TIme No. 
zation (Max) Type Output Pins 

32x8 45nsR TIL oc 16 

256x4 1.8¢lR CMOS - 16 

60 nsF TIL oc 16 

256x8 70 nsF TIL OC 20 
TS 20 

512x4 70 nsF TIL OC 16 
TS 16 

512x8 70 nsF NMOS TS 24 
90 nsF NMOS TS 24 

500 nsF CMOS TS 24 

700 nsF PMOS TS 24 

1000 nsF 
CMOS TS 24 

1024x4 60 nsF HMOS TS 24 
80 nsF HMOS TS 24 

1024x8 35 nsF NMOS TS 24 
45 nsF TIL TS 22 

55 nsF TIL oc 24 
TS 24 

70 nsF HMOS TS 24 
NMOS TS 24 

75 nsF m oc 24 
TS 24 

80 nsF TIL OC 24 

TS 24 

90 nsf HMOS TS 24 
TIL oc 24 

TS 24 

175 nsf TIL OC 24 

TS 24 

250 nsF NMOS TS 24 

350ns • CMOS TS 24 

350 nsF NMOS TS 24 

450 nsF NMOS TS 24 

t Military Temperature Range ( - 55° to 125°C) 
OC-Open Collector 

~ Ie MASTER 1984 

MASTER SELECTION GUIDE 

Supply Access 
Voltage, Organi- TIme No. 
V Device Source line zation (Max) Type Output Pins 

5 SN7488A TI 1024x8 450 nsF NMOS TS 24 

3-15 HD14524B Hitachi 
MCII14524A t Matora .. (4048) 
MCM14524C Malora" (4048) 

5 SN74187 TI 5 

5 SN74S271 TI 
5 SN74S371 TI 

500 nsF NMOS TS 24 
5 SN74S270 TI 

850 ns' CMOS TS 24 5 SN74S370 TI 

5 82HM141C Intersil 10 
NMOS TS 24 

5 82HM141M t Intersil 

10 . HCMPl831 Hughes 
HCMP1832 Hughes 
HMMP1831 t Hughes 1024x9 100 nsF TIL OC 24 
HMMPl832 t Hughes 15 TS 24 
CDP1831 tRCA (1593) 
CDP1832 tRCA (1593) 150 nsF TIL OC 24 

TS 24 
-12,5 3514 Fairch!!c! 

1924x1O 100 nsF TIL OC 24 
TS 24 

5 HCMP1831C Hughes 
HCMPl832C Hughes 20 150 itSF TTL OC 24 

HMMPl831C t Hughes TS 24 

HMMPl832C t Hughes 1024x12 200 nsR CMOS TS 18 

CDP1831C tRCA (1593) 220nsR CMOS TS 18 

CDP1832C tRCA (1593) 510 nsF CMOS TS 18 

5 82HM137C Intersil 25 560 nsF CMOS TS 18 
5 82HM137M t Intersi! 640 nsF CMOS TS 18 
5 SY3308R Spll'llk (4211) 
5 MB7130E Fujitsu 1152x9 125 nsF TIL OC 24 

M87130H Fujitsu 

5 6280-2 MMI 30 2048x4 60 nsF NMOS TS 24 
5 6281-2 MMI 

5 82HM181C Intersil 2048x8 - NMOS - 16 
5 SY3308 SpIl1lk (4211) 35 nsF NMOS - 24 

5 5280-2 tMMI 45 nsf TIL TS 22 
5 5281-2 tMMI 35 55 nsF TIL TS. 22 
5 6280-1 MMI 24 

6282-1 MMI 80 nsF NMOS TS 24 
5 6281-1 MMI 

6283-1 MMI 

5 82HM181M t Intersil 40 
5 DM75S29 t National 
5 DM75S28 t National 

5 5280-1 tMMI 100 nsF NMOS TS 24 

5282-1 tMMI 

5 5281-1 tMMI 45 
5283-1 tMMI 110 nsf NMOS TS 24 

Fairchild TIL OC 24 
5 F68B308 

TS 24 
MCM68B308 Motorola 
MCM68B30A Motorola 120 nsf m oc 24 

10 HCMP1833 Hughes 50 
TS 24 

HCMP1834 Hughes 150 ns' PL OCmL 

HMMP1833 t Hughes 24 

HMMPl834 t Hughes 
CDP1833 tRCA (1593) 200 nsf NMOS TS 24 

CllPl. tRCA (1593) 55 250 nsf CMOS TS 24 

5 MCM68A30A Motorola NMOS TS 24 

,u.PD230sA::35 IEC (4096) 300 nsf CMOS TS 24 
SMJ2708·35 tn (4234) 
TMS2708-35 n HMOS TS 24 

±5,12 MCM68A308 Motorola 60 NMOS TS 24 
MCM68A~ Motorola 

5 
p.IPD2308A-451EC (4096~ 

(Continued) 

ns' -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

Supply 
Voltage, 
V 

5 

±5,12 

5 

5 

5 

5 
5 

5 
5 

5 
5 

5 
5 

10 
5 

5 

5 

5 

5 

5 

5 
5 

5 

5 
5 

5 

5 

5 
5 
5 

5 
5 

5 

5 

5 
5 

5 

5 

5 

Device Source Une 

(Cont'd) 
SMJ2708-45 tTl (4234) 
SMJZ7108-45 tTl (4234) 
TMS2708-45 TI 65 
TMS27L08-45 TI 

AMB308 AMD 
p.PD230IA flEC (4096) 

HN46830 Hitachi 

CDP1833C tRCA (1593) 70 
CDP1834C tRCA (1593) 

HCMP1833C Hughes 
HCMPl834C Hughes 
HMMPl833C t Hughes 
HMMPl834C t Hughes 75 

6260-1 MMI 
6261-1 MMI 

5260-1 tMMI 
5261-1 tMMI 

6255-1 MMI 80 

1
6256

-
1 MMI 

5255-1 tMMI 
5256-1 tMMI 

IM6312A1 Intersil 
IM6312AM t Intersil 85 

1M6312-11 Intersil 

IM6312-1M tlntersil 

IM63121 Intersi! 
IM6312M t Intersi! 

6290 MMI 90 
6291 MMI 

72HM185C Intersi! 
82HMl85M t Intersil 

SPR-16 GI 
SY33168 Spll'tlll (4211) 95 

MB7136H Fujitsu 

MB7136E Fujitsu 
MB7138E-W t Fujitsu 

82HM191C Intersil 
SYM3316 tMMI 100 
SYM3316A MMI 
SY2316A Sp'" (4211) 
SY3316 8J11111k (4211) 
SY3316A S" (4211) 

82HM191M t Intersi! 105 
SYM3316 tSywtet· (535) 
SYM3316A tS,..... (535) 

868116 AMI 
6275-1 MMI 
6276-1 MMI 110 

5275-1 tMMI 
5276-1 tMMI 

SBP9818C n 
SBP9818M tTl 

8Y23161-2 Syurttt (4211) 115 

23SC16A Supertex 
F35316-25 Falrclll~ (1464) 
2616A-25 Slgnetlcs 

MD23SC16 Mitel 
CDPI835C tRCA (1593) 120 

IM7332C Intersil 

F35316-30 FliIrclllN (1464) 
62316B-3 GTE Micro 
2616-30 Signetlcs 
8Y2316B-3 Spll1lk (4211) 125 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-ROMs (Cont'd) 

Access Supply Access Supply 
Organi- Time No. Voltage. Organi- Time No. Voltage. 
zatlon (Max) Type Output Pins V Device Source Line zation (Max) Type Output Pins V Device Source line 

2048x8 (Cont'd) 4096x8 200 nsf NMOS- TS 24 5 (Cont'd) 
350ns * CMOS TS 24 5 IM63161 Intersi! SY2332-2 Spll1et (4211) 

1M6316M t Intersil SY2333-2 Sp«tU (4211) 
IlL OCmL SY.2332-3 tS,..mII (535) 

24 5 SBP8316C TI SY.2333-3 fSpll1lk (535) 
SBP8316M tn 250 nsF CMOS TS 24 5 23SC32A Supertex 70 

350 nsF CMOS TS 24 5 23MC16A tSupertex 5 23SC33A Supertex 
23SC16A-3 Supertex NMOS TS 24 5 2332-25 Signetlcs 

NMOS TS 24 5 AM8316EC AMD 2632A-25 Slgnetics 
AM9218C AMD UM2333-25 Universal 
F3516-35 Fairchild 300 nsF CMOS TS 24 5 883123C32M t SSS 75 
F68316 F.1rQIItI (1464) 10 

883/23C33M t SSS 
R03-9316C GI 

SCM23C32 SSS MK34000-3 Mostek 
SCM23C32M t SSS .CII68A3UiA ........ (4048) 
SCM23C33 SSS •• 6IA316E ......... (4048) 
SCM23C33M t SSS 80 MCM68A316EP91Motorola 15 

NMOS TS 24 5 AM9232C AMD 
,u.P02316E·35 IEC (4098) AM9233C AMD 
"P02316E-S lEe (4098) F3532-30 F.lrcII'l4 (1465) 
2616-35 Signetics F3533-30 F.1rc1ll14 (1465) 
S1I.I2516-35 tn (4232) IM7332 Intersi! 85 
TllS2516-35 n (543.4232) 20 

430 nsF CMOS - 18 5 1ICII65516-43 .. I .... (4048) ,u.P02332A-30 IEC (4100) 

450 nsf NMOS TS 24 5 AM8316EB AND 
,u.P023328-30 IEC (4100) AM9217BC AMD 
R2332-3 Rockwell AM9217BM tAMD 
2332-30 Signetics AM9218BC AMD 25 
2632A-3O Signetics 90 AM9218BM tAMD 
2632AE-30 t Slgnetics S68A316 AMI 
SY2332-3 SyInIl (4211) 5688316 AMI 
SY2333-3 -- (4211) F3516-45 Fairchild 

R03-9316B GI 30 S1L12532-30 tn (4231) 

623168-4 GTEMicro TllS2532-30 n (543.4231) 95 

MK34000-84 t Mostek TMS2732A-30 n (4230) 

MM52116 National TllS4732-30 n (4228) 

"Pii2316t fIlEe (4098) VT2332A m (4249) 
VT2333A m (4249) 

,u.P0231&E-45 IEC (4098) 35 350 nsf CMOS TS 24 4-6.5 CDII5332 RCA (1593) 100 
R2316B Rockwell CD115333 RCA (1593) 

Q) R2316E Rockwell 5 23MC32A t Supertex 
:E M2316 SGS 23MC33A t Supertex 
::J 2616-45 Signetics 23SC32A-3 Supertex 

C!J SY23181 Spat (4%11) 40 23SC33A·3 Supertex 105 
c: SIIJ2516-45 tn (4232) 

NMOS TS 24 5 12333 •• (3932) 
0 TllS2516-45 n (543.4232) 

S68A332 AMI :;::. TMM331A Toshiba 
F3532-35 F.IR!!II. (1485) 0 TMM334 Toshiba 
F3533-35 F.'RIII .. (1485) ~ TSU2316E Toshiba 45 
F68A332 Fairchild 110 Q) 

550 nsF CMOS - 18 5 1ICIII551&-55 .. I ...... (4048) G2332-3 GTEMicro en TS 18 4.5-5.5 COP65516 RCA (1593) IICM68A332 ..... (4048) a... 24 5 CM1600 Supertax MCM68A332P2 Motorola Q) 
+-0 NMOS TS 24 5 AM9217AC AMD "'02332A-1 IEC (4100) tn 
as AM9217AM tAMD 50 

~ 800 nsf CMOS TS 24 5 CM1600-2 Supertex ,u.PD2332A-35 IEC (4100) 115 
MM1600 t Supertex "P023321-1 lee (4100) 

2048x10 500 nsF NMOS TS 40· 5 R03-9502 GI 
IP023328-35 lee (4100) 

4096x4 45 nsF TTL TS 20 5 MB7134H Fujitsu 2632A-35 Signetics 
55 nsF TTL TS 20 5 M87134E Fujitsu 55 2632AM-35 t Signetics 

4096x8 65 nsf TTL TS 24 5 MB7142E-W t Fujitsu SMJ2532-35 t n (4231) 120 
115 nsF NMOS TS 24 5 868132 AMI TllS2532-35 n (543.4231) 
150 nsF CMOS TS 24 5 SCM23C32-3 SSS TllSZ730-35 n (4230) 

SCM23C33-3 SSS TllS4732-35 n (4226) 

200 nsF CMOS TS 24 5 SCM23C32-4 SSS 60 TMM2332 Toshiba I 

SCM23C33-4 SSS 450 nsf CMOS TS 24 5 TC5332 Toshiba 125 

NMOS TS 24 5 R09432D GI TC5333 Toshiba 

R09433D GI TC5334 Toshiba 

2332-20 Signetics TC5335 Toshiba 

2632A-2O Signetics 65 NMOS TS 24 5 AM9232BC AMD 
(Contiflued) (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
.... flcelU/a1ia .... U .. I ...... "IV ..... lilt ,. .. Httd. 
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MASTER SELECTION GUIDE 

MEMORY-ROMs (Cont'd) 

AccesS Supply Access 

Organ!- Time No. Voltage, Organi- Time No. 

zatlon (Max) Type Output Pins V Device Source Une zatlon (Max) Type Output Pins 

4096x8 450 nsF NMOS TS 24 5 (Coot'd) 8192x8 200 nsF NMOS TS 28 
AM9232BM tAMD 
AM9233BC AMD 
AM9233BM tAMD 
868332 AMI 
F3532-45 FIIr*N (1465) 5 
F3533-45 Fllmll4 (1465) 
R09433C GI 
R09432B GI 
R09433B GI 
G2332-4 GTEMicro 10 
MM52132 National 250 nsF CMOS TS 24 
"PD%332 IEC (4100) 

"P02332A IEC (4100) 

-.-
~PD2332A·45 IEC (4100) 

"P023321 IEC (4100) 15 

/LPD2332B·45· IEC (4100) 
R2332 Rockwell 28 

1%332-45 Signetics NMOS TS 24 

=:~ 
Signetics 

t Signetics 20 
ROM4732 SMC 
8Y2332 Syall'llk (4211) 
8Y2333 SyIIl1lk (4211) 
8YM2332 tSpII1Ik (535) 
SYMZ333 tSyllrt. (535) 25 
$11.12532-45 tn (4231) 
TllS2532-45 n (543.4231) 
TMS2732A-45 n (4230) 
TllS4732 n (4226) 
TllS4732-45 n (4226) 30 
TMM333 Toshiba 
TSU333-2 Toshiba 
VT2332 In (4249) 
VTZ333 VTI (4249) 

500 nsf NMOS TS 24 5 F68332 FIIrcIlII4 (1465) 35 

5OO11Sf CMOS TS 24 4-6.5 C8P1837C RCA (1593) 

SOOnsF CMOS TS 24 5 CM3200-2 Supertex 
28 

MM3200 t Supertex 

1500 nsf 
CMOS TS 24 5 CM3200-3 Supertex 

4096x1O 300 nsf NMOS TS 28 5 S9508A AMI 40 
R09508 GI 

350 nsf NMOS TS 28 5 AM9240-35 AMD 

8000x8 350 nsf NMOS TS 28 5 "rIS2564-35 TI (4229) 
450 nsf NMOS TS 28 5 ... 2564-45 tTl (4229) 

TI82564-45 TI (4229) 45 

8192x4x2 
450 nsf NMOS TS 24 5 2364B SGS 

26S64 SGS 
M2362 SGS TTL TS 24 

28 
8192x8 120 nsf NMOl'; TS 24 5 868164 AMI 

150 nsF CMOS TS 24 5 SCM23C64-3 SSS 50 

200 nsf CMOS TS 24 5 SCM23C64-4 sss 300 .. 5 * •• a.alV'l' TS 28 "IIIvo:I 
NMOS TS 24 5 AM9265-20 AMO (3923) 

R09464AD GI 
300 nsF CMOS TS 24 

R09464D GI 
1ICII68364 .lIerlll 

(4048.4054) SS 
R2364A2 Rockwell 
2664-20 Slillllca (4198) 
2664A·20 Signetics 28 
TMM2366 Toshiba 

28 5 AM9264-20 AMO (3922) 60 
XlS2366 EXEl 
R09864AD GI 
R09864D GI NMOS TS 24 

(Continued) 

t Military Temperature Range ( - SSO to 125°C) 
oc-Open Collector 

ns*-Nanoseconds Typical nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

= Ie MASTER 1984 

Supply 
VOltage, 
V 

5 

4-6 
5 

4-6 

5 

5 

5 
5 

5 

5 

5 

5 

DeVice Source Une 

(Cont'd) 
"PD.%364E IEC (4102.4104) 

IPD2364E·20 IEC (4102) 65 
R2364B2 Rockwell 
2364·20 SI,llIlca (4196) 
SY6365 Spirt. (4211) 
TMS2764H·20 n (4228) 
TMM2365 Toshiba 70 
VT23651 VTI (4251) 
VT23661 In (4251) 

CDM5364 RCA (1593) 
MP2364-25 MicroPwr 
MP2365-25 MicroPwr 75 
TC5364 Toshiba 
TC5365 Toshiba 
TC5366 Toshiba 
VT23C64 VTI 

CDM5365 RCA 80 

AM92640 AMO (3922) 
8681364 AMI (3933) 
f35M·25 F~!r!:!l!!f! (1465) 
MK36000-4 Mostek 
MKB36000·83t Mostek 85 
MKB37000·84 t Mostek 
1ICII68364·25 M"DrOIl 

(4048.4054) 
1C1168365·25 .010 ..... 

(4048.4054) 
1C116I366-Z5 •• 10 ..... 

I MCM68B364 

(4048.4054) 
Motorola 90 

1R2364A25 Rockwell 
M36000 SGS 
2664-25 Signetics 
2664A-25 Signetics 
ROM36000 SMC 95 
SY2364A Syant (4211) 
VT23641 In (4250) 

A1192650 AMO (39%3) 
123641 AMI (3934) 
F3565-25 Fllrnll4 (1465) 100 
M~37000-4 Mostek 
MK37000-5 Mostek 
11C11683&9-25 ...... aIa (4055) 
ICII68370-25 ........ (4055) 

IP02364E·25 lEO (4102) 105 
R2364B25 Rockwell 
2364-25 Signetics 
TlS2764H·25 n (4228) 
TMM2364 Toshiba 

f3566..25 fllrcMN (1466) 110 
F3568·25 Film ... (1466) 
F3569-25 Fllrnll4 (1466) 
F3570-25 FIIrcIIII4 (1467) 

2364-30 Sigilatics 

HCMP23C64C Hughes 115 
883123C64M t SSS 
SCM23C64M t SSS 
SCM23C65 SSS 
23SC65 Supertex 
23SC65A Supertex 120 

G5364-3 GTEMicro 
G5365-3 GTEMicro 
SCM23C64 SSS 
23SC64 Supertex 
23SC64A Supertex 125 

a9264C aD (3922) 
(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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Ie MASTER 

MEMORY-ROMs (Cont'd) 

Access Supply Access Supply 
Organi- Time No. Voltage, Organi- Time No. Voltage, 
zatlon (Max) Type Output Pins V Device Source line zatlon (Max) Type Output Pins V Device Source Line 

8192x8 300 nsF NMOS TS 24 (Cont'd) 8192x8 (Cont'd) 
84264 AMI 450 nsF CMOS TS 24 MP2364-45 MicroPwr 
XlS2364 EXEl MP2364C MicroPwr 
R09464AC GI MP2365-45 MicroPwr 
R09464C GI 28 G5364-4 GTEMicro 70 
2364-3 GTEMicro 

G5365-4 GTEMicro 
MK36000-5 Mostek 
MKB36000-84 t- Mostek NMOS TS 24 AM9264B AMD (3922) 

MKB37000-85 t Mostek XlS2364-450 EXEl 

ICM68364-30 Molorola R09464AB GI 

(4048.4054) R09464B GI 75 

,,'D2364-30 NEC (4102) 10 ICI68367 -45 Molorol. (4054) 

R2364A3 Rockwell .168368-45 Motorol. (4054) 

2664A-3O Signetics MM52164 National 

2664AE-3O t Signetics 2664A-45 Signetics 

8Y2364-3 SyurIek (4211) 2664AM-45 t Signetics 80 
8Y2364A-3 8"wI. (4211) 15 8Y2364 SytwIK (4211) 

8YM2364-3 t 8" .... (535) 8YM2364 tSyawIK (535) 
8YM2364A-3 tSp .... (535) 8YM2364A tSywtek (535) 
TMS4764-30 n (4225) TMS4764 TI (4225) 
VT2364A m (4250) TMS4764-45 n (4225) 85 

28 5 AM9265C AMD (3923) 20 VT2364 VTI (4250) 

XlS2365 EXEl 28 A119285B AMD (3923) 
R09864AC GI XlS2365-450 EXEl 
R09864C GI XlS2366-450 EXEl 
R2364B3 Rockwell I R09864AB GI 90 
8Y2365-3 SyurIek (4211) 25 R09864B GI 
8Y2365A-3 8,.... (4211) ,,'D2364-45 NEC (4102) 
8Y.2365-3 t SyawItk (535) 2364-45 Signetics 
8Y.2365A-3 t SyawIK (535) 8Y2365 SynrItt (4211) 
TllS2764tt-38 n (4228) 8Y23651 SyHrtet (4211) 95 
VT2365A m (4251) 30 8YII2365 tSJlWltk (535) 
VT2366A m (4251) 8YM2365A tSyurlek (535) 

350 nsF CMOS TS 24 HN61365 Hitachi TMS2764f1-.45 n (4228) 

HN61366 Hitachi VT2365 VTt (4251) 

MP2364-35 MicroPwr VT2366 m (4251) 100 

IMI'236535 PAicroPwr 

1

35 1000 IISF 
SMOS CMOS TS 24 1.5 IMP2364lP1 MicroPwr SMM2364 

28 5 HN61364 Hitachi MP2365lP1 MicroPwr 

SMM2365 SMOS 1500 nsF 
Q) NMOS TS 24 5 S68A364 AlII (3933) CMOS TS 28 CM6400 Supertex 
-0 F3564-35 F.tn:III~ (1465) 40 2000 nsF 
::J F3585-35 F.tn:III~ (1465) CMOS TS 28 CM6400-3 Supertex 

CJ 2364-4 GTE Micro CM6400A-3 Supertex 
C IM7364C Intersil MM6400 t Supertex 

.Q IICII68365-35 ........ MM6400A t Supertex 
...... (4048.4054) 

8192x10 - NMOS TS 24 5 MCM68380 Motorola 0 ICII68366-35 Ioleroll Q) 
(4048.4054) 45 

350 nsF NMOS TS 28 5 AM9280-35 AMD 
Q) MCM68A364 Motorola 12288x10 en MCM68A364P3 Motorola 300nst NMOS TS 28 VT23121 VTI 110 
:10.. ,,'D2364-35 IEC (4102) 16384x8 NMOS TS 28 SPR-128 61 Q) ...... TMS4764-35 n (4225) 6"s NMOS TS 24 S3630B AMI en 

28 823641 A.I (3934) 50 CO 150 nsF NMOS TS 28 5 1ICII63128-15 M.toreIa 

~ 1CI68369-35 .01 .... (4055) (4048.4055.4056) 
1CI68370-35 Motorola (4055) 1C163128-20 ........ 
2364-35 Signetics (4048.4055.4056) 
2664AM-35 t Signetics 200 nsF NMOS TS 28 5 R09128D 61 115 

TTL TS 24 5 F3566-35 FIIrOI~ (1466) 55 A1192128-2O AIID (3924) 
28 5 F3568-35 F.tn:III~ (1466) 23128-20 Sf .... tea (4200) 

F3569-35 F.lrclll~ (1466) 8Y23128-2 Syinll (4211) 
F3578-35 FlircIIIl .. (1467) 8Y23128A-2 Syant (4211) 

400 nsF CMOS TS 24 23MC65 Supertex 8Y23138-2 sw-tet (4211) 120 
23MC65A Supertex 60 8Y23130A-2 SyurIek (4211) 
23SC65-3 Supertex TMS27128-20 n (4227) 
23SC65A-3 Supertex TMM23128 TOShiba 

28 23MC64 t Supertex TMM27128-20 Toshiba 

23MC64A t Supertex VT2312aA m (4252) 125 

23SC64-3 Supertex 65 VT231Z9A m (4252) 

23SC64A-3 Supertex 250 nsF CMOS TS 28 5 HN613128 Hitachi 
(Continued) (Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
B.~ flcelldlClIII ..... 111 •• 1 1111111 prul ...... I ... PI .. lotlll, 
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MASTER SELECTION GUIDE 

MEMORY-ROMs (Cont'd) 

Access Supply Access 

Organ!- TIme No. Voltage, Organi- TIme No. 

131!on (Max) Type OUtput Pins V Device Soia'ce line zatior! (Max) Type Output PillS 

16384x8 250 nsF CMOS TS 28 5 (Cont'd) 32768x8 250 nsF CMOS TS 28 
MP23128-25 MicroPwr 
CD_53128 RCA (1593) 
SCM23C128 SSS NMOS TS 28 

NMOS TS 28 5 All92128-25 AIID (3924) 
All92128D AIID (3924) 5 
823128' AlII (3935) 
"",23128 IEC (4106) 
23128-25 SIJIIIIa (4202) 
TllS27121-25 11 (4227) 
TllU7121-25 11 (4224) 10 
TMM27128-25 Toshiba 
VT23128 m (4252) 
VT23129 m (4252) 300 nsF NMOS TS 28 

300 nsF NMOS - 28 5 R09160 GI 
TS 28 5 A1192128-30 AIID (3924) 15 

AM92128C AMD (3924) 
R09128C GI 
2312HO SlpeIIa (4202) 
11'23121-3 t SjIirtK (4211) 
SY2312IA-3 ts,.tlk (4211) 20 
SY23130-3 t SyMrIIt (4211) 
SY2313OA·3 tSyilrtlk (4211) 
SY_23128-3 tSyIIrIW (535) 350 nsF NMOS TS 28 
SYM23121A-3 t SyInt (535) 
TllS27128-30 11 (4227) 25 450 nsF CMOS TS 28 

350 nsF NMOS TS 28 5 82312IA AlII (3935) 
S3630A AMI 
TllU7121-35 11 (4224) 

450 nsf NMOS TS 28 5 All9212~ t AlII (3924) NMOS TS 28 

All921288 AMI (3924) 30 
R091288 GI 
32128-45 Signetics 
SY23128A tSyMrllt (4211) 
8Y23130 tSJlll1lk (4211) 
SY231_ ts,...aa (4211) 35 
SY_23128 ts,...aa (535) 
SYJI23121A ts,...aa (535) 850 nsf CMOS TS 28 
TllS2712a-.t5 TI (4227) 
TllU712a-.t5 11 (4224) 3500 nsf 
VT231288 m (4252) 40 CMOS TS 28 
VT231298 m (4252) 65536x4 3500 nsf 

2000 nsf CMOS TS 28 
CMOS TS 28 5 CM1310 SUpertax 131072x8 

5000 nsf - CMOS TS 40 
CMOS TS 52 5 "",73128 lEe (4114) 300 nsf NMOS TS 28 

6!iOO nsf 
CMOS TS 28 5 HN43128 Hitachi 350 nsf CMOS TS 28 

32768x4 6500 nsf NMOS TS 28 

CMOS TS 28 5 HN43128 Hitachi 45 

32768x8 150 nsf CMOS TS 28 5 TMM23256 Toshiba 5000 nsF 

NMOS TS 28 5 823258C AMI (393&) CMOS TS 28 

..a3256-15 ........ 52 

I «-.--
200 nsf NMOS TS 28 5 AM92258-2O AIID (3925) 

XLS23256-200 EXEl 50 
XLS23257 ·200 EXEL 
XLS23258-200 EXEL 
MK38000-20 Mostek 
..am&-ZO .11 ..... 

(4041.4055.4056) 
23256A·20 Signetlcs 55 
IY23256-2 s,..a.t (4211) 
SY23256A-2 s,..a.t (4211) 

250 nsf CMOS TS 28 4-6 CDII53258 ICA (1593) 
5 XLS23C256 EXEL 

MB83256 Fujitsu 60 
HN613256 Hitachi 
MP2325-25 MicroPwr 

(Continued) 

t Military Temperature Range (-55° to 125°C) 
OC-Open Collector 

os"-Nanoseconds Typical nsf-Nanoseconds over Full Temperature Range 
TS-Three-State 

C) IC MASTER 1984 

Supply 
Voltage, 
V 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
5 

5 
5 

5 
5 

Device Source line 

(Cont'd) 
MP2326-25 MicroPwr 
SCM23C256 SSS 

S232568 AMI (3936) 65 
MK38000-25 Mostek 
MKB38000-84 t Mostek 
MCM65256 Motorola 
MCM65256-25 Motorola 
I'PD23256 lEe (4108) 70 
23256A-25 Signetics 
111847256-25 TI (4223) 
VT23256 m (4253) 
VT23257 m (4253) 

AM92256-30 AMD (3925) 75 
XLS23256-3OO EXEL 
XLS23257 -300 EXEL 
XLS23258-3OO EXEL 
MKB38000-85t Mostek 
23256A-30 Signetics 80 
8Y23256-3 SyIIrtK (42H) 

I SY23256A-3 Sytwta (4211) 
SY.23256-3 t SytW1III (535) 
SYM23256A-3 t s,.tIk . (535) 

23256A·35 Signetics 85 
111847256-35 11 (4223) 

MP2325-45 MicroPwr 
MP2326-45 MicroPwr 
2325 SMOS 
SMM2326 SMOS 90 

A1192256-45 t AMD (3925) 
XLS23256-450 EXEL 
XLS23257 -450 EXEL 
XLS23258-450 EXEL 
23256A-45 Signetics 95 
SY23256A st-tIk (4211) 
SY_23256A t SyurtIk (535) 
11IS47256-45 11 (4223) 

MP2325-85 MicroPwr 
MP2326-85 MicroPwr 100 

HN61256 Hitachi 

HN61256 Hitachi 

#,PD738000 NEC 

""'D231 000-30 IEC (4110) 

HN62301 Hitachi 105 

,d'823108D-35 IEC (4110) 

"PD23C128 IEC (4112) 
"PD731000 IEC (4116) 

nsR-Nanoseconds at Room Temperature 
OE..,.Open Emitter 
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Ie MASTER 

MEMORY-Shift Registers 

Bits No. Frequency Supply 
Per of Ope.-- (Hz- Voltage, 
.Reglster .. Reg. alion Proce~ Spec) V 

Dynamic 

100 2 SS PMOS 2.0M ±5 

256 4 SS PMOS 5.0M ±5 

1O.0M ±5 

455 2 SS CCD 20.0M 17 

512 1 SS PMOS 2.0M ±5 
3.0M ±5 

4.0M ±5 

2 SS PMOS 5.0M ±5 

10.0M ±5 

1024 1 SS PMOS 3.0M ±5 

4,OM ±5 

5.0M ±5 

1O.0M ±5 

2 SS HMOS tOM 5 
2.0M 5 

PMOS 2.0M -12,5 

5.0M -10.5,5 

6.0M '-10.5,5 

2048 1 ss PMOS 2.0M -12.5 
4.0M -10.5,5 

6.0M -10.5,5 

4096 4 PP CCO 5.0M ±5,12 

65536 1 SS CCO 25M ±5,12 

Static 

1·134 4 SS NMOS 1 M 5 

4 1 PP Bipolar 
3M 5 

12 

15 

6M 5 

15M 5 

20M 5 

t Military Temperature Range (- 55° to 125°C) 

3788 

Bits No. Frequency 
Per of Oper- (Hz-

Device Source Line Register Reg. alion Process Spec) 

4 1 pp Bipolar 
20M 

AM 1406 tAMD 
AM 1407 tAMD 
AM 1506 AMD 

25M 
AM 1507 AMD 

AM 1402AC AMD 5 
AM 1402AM tAMD 

AM2802C AMD 
AM2802M tAMD 

CCD321 Fairchild 

AMl405A AMD 10 
AM2805M tAMD 
AM2807M tAMD 

AM2805C AMD 
AM2807C AMD 

AM 1403AC AMD 15 
AM 1403AM tAMD 

AM2803C AMD 
AM2803M tAMD 

AM2806M tAMD 
AM2808M tAMD 20 

AM2806C AMD 
AM2808C AMD 

AM 1404AC AMD 
AM 1404AM tAMD 

AM2804C AMD 25 
AM2804M tAMD 

AM2401 AMO 
AM9401C AMD 
AM9401M tAMD 

MM4025 tAMD 30 
MM4026 tAMD 

AM2825M tAMD 
AM2826M tAMO 

AM2825C AMO 
AM2826C AMD 35 

MM4027 tAMO 
AM2827M tAMD 

30M 
AM2827C AMO 

CCD460 Fairchild 

F464 Fairchild 40 

SR5015 SMC 

SN74l95 TI 
SN74l99 TI 

375AJC TeJedyneS 

375B/M TeledyneS 45 

OM54l95 t National 
OM74l95 National 

93l00c Fairchild 
93l00M t Fairchild 
MC8300 Motorola 50 
MC9300 t Motorola 
11271 SI ... lla (876) 
88270 t Signetics 
88271 t Signetics 

MC7270 Motorola 155 

MC7271 Motorola 
MC8270 Motorola 
MC8271 Motorola 
RC8270 Raytheon 
RC8271 Raytheon 60 

(Continued) 

* Typical Value 
801. lice 1I.1ca1II 1 •• 111.11 ullil ,mi ••• tM , ....... . 

Supply 
Voltage, 
V Device Source line 

5 (Cont'd) 
RM8270 t Raytheon 
RM8271 t Raytheon 

5 54178 t Fairchild 
54179 t Fairchild 
54194 t Fairchild 65 
5495 t Fairchild 
74178 Fairchild 
74179 Fairchild 
74194 Fairchild 
7495 Fairchild 70 
ZN5495A t Ferranti 
ZN749.5A Ferrariti 
HD74194 Hitachi 
HD7495A Hitachi 
HD74lS194A Hitachi 75 
MC74194 Motorola 
DM54194 t National 
DM5495 t National 
DM74194 National 
DM7495 National 80 
54194 tSl .. llla (861) 
54951 tSI .... 1ea (860) 
74194 SI_a (861) 
7495A SIpIIIa (860) 
74lS95B Signetics 85 
Sll54178 tn (984) 

. Sll54179 tn (985) 
Sl54194 n (990) 
Sll5495A tn (954) 
Sl54L95 n (954) 90 
Sl54L99 tn (955) 
Sl54LSl94A tn (990) 
SI54LS958 t n (954) 
81174178 TI (9M) 
Sl74179 n (985) 95 
Sl74194 n (990) 
Sl7495A n (954) 
SI74LSl94A n (990) 
Sl74LS958 n (954) 

5 54195 t Fairchild 100 
54lS194A Fairchild 
54lS195A t Fairchild 
54lS295A t Fairchild 
54lS395 t Fairchild 
54lS95B t Fairchild 105 
74195 Fairchild 
74lS194A Fairchild 
74lS195A Fairchild 
74lS295A Fairchild 
74lS395 Fairchild 110 
74lS95B Fairchild 
9300C Fairchild 
9300M t Fairchild 
H074195 Hitachi 
HD74lS195A Hitachi 115 
MC74195 Motorola 
SN54lS 194A t Motorola 
SN54lS 195A t Motorola 
SN54lS295A t Motorola 
SN54lS395 t Motorola 120 
SN54lS95B t Motorola 
SN74lS194A Motorola 
SN74lS195A Motorola I 

SN74lS295A Motorola 
SN74lS395 Motorola 125 
SN74lS95B Motorola 
OM54195 t National 
DM74195 National 

(Continued) 
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MEMORY-Shift Registers (Cont'd) 

Bits No. Frequency 
Per of Oper- (Hz-

Register Reg. alion Process Spec) 

Static 

4 1 PP Bipolar 
30M 

." 

I 31 M 

35M 

10M 

140M 

150M 

250M 

CMOS 2M 

3M 

4.5M 

8.5M 

PS Bipolar 
10M 

t Military Temperature Range (-55° to 125°C) 
• Typical Values 

c IC MASTER 1984 

Supply 
Voltage, 
V 

5 

5 

5 

5 

-5:2 

-5.2 

-5.2 

3-15 

3-15 

3-15 

3-15 

5 

Bits No. 
Per of 

Device Source Line Register Reg. 

(Cont'd) 4 1 

(Coot'd) 
DM8300 National 
DM9300 t National 
T54lS395 tSGS 
T74LS395 SGS 2 
54LS195A tSiJItUCI (530) 5 
74195 81 ..... (861) 
74l.s195A Signetics 
Sll54195 tTl (991) 
S154Lal95A tTl (991) 
Sl54LS2958 tTl (1014) 10 
Sll54LS395A tTl (1031) 
Sl74195 TI (991) 
Sl74LS195A TI (991) 
Sl74iS295a TI (1014) 
Sl74LS395A TI (1031) 15 

MC7495A Motorola 

I MC4012 Motorola 5 1 

iViC4312 tftioioroia 

54S'194 t Fairchild 
745194 Fairchild 20 
93SOOC Fairchild 
93SOOM t Fairchild 
745194 Signetics 
745195 Signetlcs 
Sl54I194 tTl (990) 25 
81541195 tTl (991) 
81748194 TI (IIO) 
81148195 TI (991) 

95HOOC Fairchild 

F10000C Fairchild 30 
MC10141 Motorola 
MC10541 t Motorola 
10141 SiIItIICS (851) 

F10141 Fairchild 4 
F40194BM t Fairchild 35 
F401958M t Fairchild 
F4035BM t Fairchild 
HD14035B Hitachi 
MC14035BC Motorola 
C04035BC National 40 
MM54C195 t National 
CD40358E ICA (138) 
883140358 tsss 
SCl40358 sss 
CM4035AE ~tron 45 

F40194BC Fairchild 8 1 
F40195BC Fairchild 
F4035BC Fairchild 
MC140358A t Motorola 
CD4035BM . t National 50 
MM74C195 National 
ClMfliii to (83') 
CM4035A t SoIitron 

MC141948A t Motorola 

MM54C95 t National 55 
MM74C95 National 

5494 t Fairchild 
7494 Fairchild 
ZN5494 t Ferranti 
ZN7494 Ferranti 60 
MC7494 Motorola 
5494 SIIMUcs (110) 
7494 SIIIIIJCI (110) 

(Continued) 

SS = Serial In, Serial Out 

MASTER SELECTION GUIDE 

Frequency Supply 
Oper- (Hz· Voltage, 
alion Process Spec) V Device Source Line 

PS Bipolar I 
10M 5 (Cont'd) 

815494 tTl (953) 
817494 TI (953) 65 

SP 325M -5.2 MC1694 t Motorola 

SS O.5M 15 MC686 Motorola 

SP CMOS 1M 5 CM4015AE Solitron 
105M 5 CM4015A t Solitron 

2.5M 3-15 F4015BC Fairchild 70 
HD14015B Hitachi 
MC14015BC Motorola 
CD4015A National 
C04015BE RCA (838) 

3M 3-15 F4015BM t Fairchild 75 
C040158 tICA (838) 
883140158 tSSS 
SCL4015B SSS 

3-18 

I ~.:4015BA : ~_~~~~:: U PP Bipolar 
10M 5 I .... ..., I rc1lll'UIIU 

7496 Fairchild 
ZN5496 t Ferranti 
ZN7496 Ferranti 
HD7496 Hitachi 
MC7496 Motorola 85 
DM5496 t National 
DM7496 National 
5416 tSlptlln 

(528.860) 
54LS96 S1 .... ln (529) 
7496 S1tH11n (860) 90 
74LS96 Signetics 
815496 tTl (954) 
817496 TI (954) 

25 5 8I54La96 tTl (954) 
Sl74LS96 TI (954) 95 

SS CMOS 105M 5 CM4006AD t Solitron 
2M 3-15 F4006BC Fairchild 

C04006BE RCA (838) 
CM4006A t SoIitron 
CM4006AE SoIitron 100 

2.5M 3-15 F4006M t Fairchild 
CD4006A National 

3M 3-15 88314006B tSSS 
SCL4OO6B sss 

4M 5-15 MC14006BC Motorola 105 

7M 5-15 MC140068A t Motorola 

PP Bipolar 
15M 5 DM7546 t National 

DM8546 National 

25M 5 54198 t Fairchild 
54199 t Fairchild 110 
74198 Fairchild 
74199 Fairchild 
HD74198 Hitachi 
HD74199 Hitachi 
DM54198 t National 115 
DM54199 t National 
DM74198 National 
DM74199 National 
74199 S1_cs (861) 
8154198 tTl (992) 120 
Sll54199 tn (IU) 
8174198 TI (992) 
8174199 tTl (993) 

35M 5 All25LS23C AM. (1427) 
(Continued) 

PP = Parallel In, Parallel Out 
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MEMORY-Shift Registers (Cont'd) 

Bits No. Frequency Supply Bits No. Frequency 
Per of Oper- (Hz- Voltage, Per of Oper- (Hz-
Register Reg. ation Process Spec) V DeVice Source line RegIster Reg. alion Process Spec) 

Static (Cont'd) 8 1 PS CMOS 
3M 

8 1 pp Bipolar 
35M 5 (Cont'd) 

AM25LS231 t'ID (1427) 
SN54LS323 t AMD 
SN74LS323 AMD 
54LS299 t Fairchild 
54LS323 t Fairchild 5 
74LS299 Fairchild 
74LS323 Fairchild 
Sl54LS299 tn (1016) 

5M 
Sl54LS323 tn (1018) 
SN64LS299 TI 10 
8I74LS323 n (1018) SP Bipolar 

50M 5 SI54S299 tn (1016) 6M 

81741299 n (1016) 

CMOS 2.5M 3-15 SCL4034B SSS 12 M 

3-18 MC14034BC Motorola 15 

5 CM4034AE Solitron 25M 

3M 3-15 CD4034BC National 
CD4034BM National 
CD40341 tlCA (838.140) 
883/4034B tSSS 20 
TC4034B Toshiba 

3-18 HD14034B Hitachi 
MC14034BA Motorola 

5 CM4034A t Solitron 

PS Bipolar 
14M 5 DM7590 t National 25 

OM8590 National 

20M 5 54165 t Fairchild 
74165 Fairchild 
MC74165 Motorola 

I 
OU54155 t National 30 
OM74165 National 
54165 tSlpllIea (861) 
74165 S1p111a (861) 
8154165 tn (979) 
8174165 n (979) 35 

25M 5 54166 t Fairchild 
54LSl65 t Fairchild 
74166 Fairchild 
74LSl65 Fairchild 350M 
H074166 Hitachi 40 

CMOS SN54LS165 t Motorola 5.5 M 

SN74LSl65 Motorola 
OM54166 t National SS Bipolar 

OM74166 National 3M 

54166 tSilllllcl (861) 45 
74166 SiIIIIIcI (861) 4M 
8154166 tn (979) 
8I54LSl65 tn (979) 10M 
SI54L8166 tn (979) 
8174166 n (979) 50 
8I74L8165 n (979) 
8174LSl66 n (979) 

CMOS 1M 3-15 F4014BC Fairchild 
F4021BC Fairchild 

2.5M 3-15 H014021B Hitachi 55 
MCl4021BC ~otorola 
CD4014A National 
C04021A National 
CD4014BE RCA (838) 
CD4021BE RCA (138) 60 
SCl4014B SSS 
SCl4021B SSS CMOS 2.5M 
CM4018AE Solitron 
CM4021AE Solitron 

(Continued) 

t Military Temperature Range ( - 55° to 125°C) • Typical Value 
11I1I1Ict IIIIICIttII"H_.1 allis pmlUli H In PIli .Itlll. 

3790 

Supply 
Voltage, 
V Device Source Line 

(Cont'd) 
3-15 F4014BM t Fairchild 65 

F4021BM t Fairchild 
MC 140 14BA t Motorola 
MC 14021BA t Motorola 
CD40141 tHCA (838) 
CD4021 1 tHCA (838) 70 
883/4014B tSSS 
883/4021B tsss 
CM4014A t Solitron 
CM402'1A t Solitron 

3-15 MM54C165 t National 75 
MM74C165 National 

5 DM54L 164A t National 
DM74L164A National 

5 SN54L164 ttl 
SN74L 164 TI 80 

5 54164 t Fairchild 
54LSl64 t Fairchild 
74164 Fairchild 
74LSl64 Fairchild 
ZN54164 t Ferranti 85 
ZN74164 Ferranti 
HD74164 Hitachi 
HD74LS164 Hitachi 
SN54LS164 t Motorola 
SN74LS164 Motorola 90 
DM54164 t National 
OM54LS164 t National 
OM74164 National 
OM74LS164 National 
OM7570 t National 95 
OM8570 National 
54164 tS ..... 1ea 

(5ZU61) 
54LSl64 tSI .... 1ea (529) 
74164 SI"'1ea (861) 
74LS164 Signetics 100 
SI54164 tn (979) 
SI54LSl64 tn (979) 
S174164 n (979) 
SI74LSl64 n (979) 
T03503 Toshiba 105 

-5.2 Fl0041 Fairchild 

3-15 MM54C164 t National 
MM74C164 National 

5 SI54L91 tn (952) 
SN74L91 TI 110 

5 OM54l91 t National 
OM74l91 National 

5 5491 t Fairchild 
7491 Fairchild 
ZN5491A t Ferranti 115 
ZN7491 Ferranti 
MC5491A t Motorola 
MC7491A Motorola 
SN5491A t National 
SN7491A National 120 
5491 tSlpetIcs (860) 
7491 S1 .... lea (860) 
Sl5491A tn (952) 
S1154LS91 tTl (952)1 
Sl7491' n (952) 125 
SI74LS91 n (952) 

3-15 MCl4094BA t Motorola 
MCl4694BC Motorola 
CD4094B tlCA (838) 

(Continued) 
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MASTER SELECTION GUIDE 

MEMORY-Shift'Reglsters (Cont'd) 

Bits No. _ Frequency Suppty Bits No. Frequency Supply 
Pill' 01 Oper- (Hz- Voltage. Per of Oper- (Hz- Voltage. 
RegIster Reg. ation Process Spec) V Device Source line Register Reg. alion Process Spec) V Device Source line 

Static (Cont'd) I 64 4 ss (Cont'd) 
PMOS 105M -12,5 3342 Fairchild 

8 1 ss CMOS 2.5M 3-15 (Cont'd) 80 4 ss NMOS 1M 5 SR5015-80 SMC 
CM094IE RCA (838) 3M 5 M142 SGS 
883/4094B tSSS M142A SGS 
SCl4094B SSS 

PMOS 105M -12,5 AM3347 AMD TC4094B Toshiba 65 
3347 Fairchild 

2 SS Bipolar 
2M -12,5 3357-2 Fairchild 10M 5 93128C Fairchild 5 

93128M t Fairchild 2.5M -12,5 AM2847M tAMD 

MC8328 Motorola F2847lM t Fairchild 

MC9328 t Motorola F2847M t Fairchild 70 

15-M 5 RC8277 Raytheon 3M -12,5 AM2847C AMD 

RM8277 t Raytheon 10 F2847 Fairchild 

N8277 Signetics F2847l Fairchild 

20M 5 9328C Fairchild 4M -12,5 3357-1 Fairchild 

9328M t Fairchild F3357M t Fairchild 75 

10 1 PP Bipolar 81 4 SS NMOS 1M 5 SR5015-81 SMC 

25M 5 RC8274 Raytheon SR5018 SMC 

I IRM8274 t Raytheon 

1

15 96 4 SS PMOS 2.5M -12,5 AM2896M tAMD 

1 
88274 t Signetics 3M -12,5 AM2896C AMD 

SP Bipolar 128 1 SS CMOS 5M 12 MS625 RTC 80 
25M 5 RC8?73 Raytheon. 2 SS PMOS 1M -12,5 MK1002 AMD 

RM8273 t Raytheon 2M -12,5 AM2809M tAMD 
18273 SlpIIIcs , (876) AM2810C AMD 
S8273 t Signetics 20 AM2810M tAMD 

16 1 SlSP Bipolar TMS3114 AMD 85 
20M 5 54F673 Fairchild 2.5M -12,5 AM2809C AMD 

54F674 Fairchild AM2814C AMD 
54F675 Fairchild AM2814M tAMD 
54f676 flllUlif (763) 

4 SS PMOS 2.5M -12,5 AM2855 AMD 
74F673 Fairchild 25 

17~74 Fairchild 
AM4055 tAMD 90 

74F675 Fairchild 
AM5055 AMO 

74F&76 fllrcMIf (763) 133 4 SS NMOS 1M ·5 SR5015-133 SMC 

. 74F673 SI11'II" (880) SR5017 SMC 

74F674 SI_" (880) 30 256 1 SS TTL 30M 5 TDC1006 t TRW-lSI 
74f675 SJtMIICI (880) TDC1006 TRW-lSI 95 
74F&76 SI_" (880) 2 SS PMOS 2.5M -12,5 AM2856 AMD 

SP NMOS 3.OM 5 TSC9403 T...,.IS (3101) AM4056 tAMD 
TSC94D4 T ..... yuS (3101) AM5056 AMO 

16-128 1 SS cMos 105M 3-15 MCl4562BC Motorola 35 512 1 ~ PMOS 2.5M -12,5 AM2857C AMO 
3M 3-15 Me14562BA t Motorola AM4057 tAMD 100 

30 1 SS CMOS 1M 3-15 M04330B Mitel AM5057 AMD 

32 6 SS PMOS 1M -12,5 3348 Fairchild 1024 1 SS PMOS 105M -12,5 AM2533 AMD 

3349 Fairchild 2M -12,5 AM2833C AMD 

64 1 SS CMOS 1M 3-15 F4031BC Fairchild 40 
AM2833M tAMD 

CM031IE RCA (838) 92304 1 SS Bubble 
0.1 M - T180203S Ti 105 

2M 3-15 F4031BM t Fairchild 
&040311 tRCA (838) 290560 1 SS Bubble - l~ro1B Hitachi 

2.7M 3-15 F4557BM t Fairchild 
3-16 MCl455BC Motorola 45 

4M 3-15 C04031BC National 

I 
C04031BM t National 

5M 3-15 F4557BC Fairchild 
3-18 I MC 14557BA t Motorola I 

10M 3-16 MS612 RTC 50 

I 2 SS CMOS 4M 3-15 I MC 14517BC Motorola 
CD4517BE tHCA (838) 
SCl4517B SSS 

5M 3-15 Me 14517BA t Motorola 
C04517BE tRCA 55 
88314517B tSSS 

TTL 30M 5 TDCl005 tTRW-lSl 
TDC1005 TRW-lSI 

4 SS CMOS 4M 4.5-12.5 F4731BC Fairchild 
F4731BM t Fairchild 60 I 

I (Continued) ! 

SS == Serial In, Serial Out PP == Parallel In, Parallel Out t Military Temperature Range (-55° to 125°C) 
• Typical Values Last Page This Section. Next Page 3901 
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Integrated Circuits 
The tpag3zine for e 

engine · . design strategist* 

Integrated Circuits Magazine 
Circulation Department 
645 Stewart Ave. 
Garden City, NY 11530 
(516) 222-2500 
1WX: 510-222-1673 
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well as articles written by IC users 
themselves. 
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ICs, and much more. 
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inside the back cover of Volume I. 

Card missing? Additional sub
scription cards available from pub
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designed for YOU. 
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trends, and how they affect the 
selection and application 0/ inte
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boards, and systems. 
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Canadian and Foreign Subscriptions 
are available, prepaid by check or 
money order payable in United States 
currency, at the following rates: 
$35.00 per year Canadian/Foreign; 
$55.00 per year Foreign via Air Mail; 
$18.00 per year non-qualified Domestic 
United States. 



Advanced Micro Devices 
Bipolar Memories 

Am27S35A/35/37 A/37 

DISTINCTIVE CHARACTERISTICS 

• Member of AMO's Generic Family of 8-bit wide 
registered PROMs 

• On-chip edge-triggered registers - ideal for pipelined 
microprogrammed systems 

• Versatile synchronous and asynchronous enables for. 
simplified word expansion 

• Versatile programmable register INITIALIZE either 
asynchronous (Am27S35A135) or synchronous 
(Am27S37 Al37) 

• Slim, 24-pin, 300-millateral center package occupies 
approximately 1/3 the board space required by standard 
discrete PROM and register 

• Consumes approximately 1/2 the power of separate 
PROM/register combination for improved system 
reliability 

• Fast standard version - 40ns max setup and 25ns max 
clock-ta-output aiiows system speed improvements 

• "A" version offers improved AC performance in critical 
paths (35ns max setup and 20ns max clock-to-output) 

• Platinum-Silicide fuses guarantee high reliability, fast 
programming, and exceptionally high programming 
yields (typ>98%) 

• AC performance is factory tested utilizing programmed 
test words and columns 

GENERIC SERIES CHARACTERISTICS 

The Am27S35A135 and Am27S37 Al37 are members of an 
Advanced PROM series incorporating common electrical 
characteristics and programming procedures. All parts in 
this series are produced with· a fusible link at each memory 
location storing a logic LOW and can be selectively pro
grammed to a logic HIGH by applying appropriate voltages to 
the circuit. 

All parts are fabricated with AMO's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily 
implemented programming (and common programming 
equipment) these products can be rapidly programmed to 
any customized pattern. Extra test words are prepro
grammed during manufacturing to insure extremely high 
field programming yields and produce excellent parametric 
correlation. 

Platinum-Silicide was selected as the fUSe link material to 
achieve a well controlled melt rate resulting in large non con
ductive gaps that ensure long-term reliability. Extensive 
operating testing has shown that this low-field, large-gap 
technology offers the best reliability for fusible link PROMs. 

Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage
compensated bias network to provide excellent parametric 
performance over the full military power supply and temper
ature ranges. Selective feedback techniques have been 
employed to minimize delays through all critical paths pro
ducing the fastest speeds possible from Schottky processed 
PROMs. 

BLOCK DIAGRAMS 

Am27S35 

cp--II>c...,...--'-----! 

128 X 64 
PROGRAMMABLE 

ARRAY 

II-BIT EDGE· TRIGGERED REGISTER 

':~ ~ijijijijijij~' 
BPM-3Ci9 aOa1~~a.0s0&o,. 

IMOX is a trademark of Advanced Micro Devices, Inc. 
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Am27S37 

A9 

lie 128 X 64 
A7 PROGRAMMABLE 

At; ARRAY 
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II< 
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CP II-BIT EDGE· TRIGGERED REGISTER 
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BPM-310 aoa1~~04a50&O" 
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Advanced Micro Devices 
Bipolar Memories 
Am27S65/75/85 

SERIAL SHADOW REGISTER (SSR) 
DIAGNOSTICS CAPABILITIES 

• Serial access to output register to allow input of diagnostic 
control information 

• Serial access of output register allows observation of 
register data 

• Eliminates the need for diagnostics code internal to the 
PROM, allowing increased applications code density 

• Simplified diagnostics increases system reliability 
• Separate diagnostic register allows real time "snap shot" 

of m~chine state 

DISTINCTIVE CHARACTERISTICS 

• Highest density fastest performance PROM organization 
• On-Chip edge-triggered registers - ideal for pipelined 

microprogrammed systems 
• On-chip diagnostic shift register for serial observability 

and controllability of the output register 
• Fast standard version: 30ns max setup and 15ns max 

clock-to-output allows system speed improvements 
• "A" version offers improved AC performance in critical 

paths (25ns max setup and 12ns max clock-to-output) 
• User-programmable synchronous and asynchronous 

Enables 
• User-programmable for synchronous or 

asynchronous Initialize 
.·Increased drive capability, 24mA lOl 
• THINDIP, 24-pin, 300-mil lateral center package 

increases overall board density 
• Platinum-Silicide fuses guarantee high reliability, fast 

programming and exceptionally high programmmg yields 
(typ >98%) 

• AC performance is factory tested utilizing programmed 
test rows and columns 

GENERIC SERIES CHARACTERISTICS 

The Am27S65, Am27S75, and Am27S85 are members of an 
advanced PROM series incorporating .common electrical 
characteristics and programming procedures. All parts in this 
series are produced with a fusible link at each memory 
location storing a logic lOW which can be selectively pro
grammed to a logic HIGH by applying appropriate pro
gramming voltages to the circuit. 

All parts are fabricated with AMO's fast-programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily 
implemented programming algorithms (and common pro
gramming equipment), these products can be rapidily pro
grammed to any customized pattern. Extra· test words are 
preprogrammed during manufacturing to insure extremely 
high field programming yields and produce excellent AC and 
DC parametric correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large noncon
ductive gaps that ensure very stable long-term relia
bility. Extensive operating testing has proven that this 
low-field, large-gap technology offers the best reliability for 
fusible link PROMs. 

Common design-features include active loading of all critical 
AC paths, which are regulated by a built-in temperature- and 
voltage-compensated bias network to provide excellent 
parametric performance over the full military power supply 
and temperature ranges. Selective feedback techniques 
have been employed to minimize delays through all Critical 
paths producing the fastest speeds possible from Schottky 
processed PAOMs. 

4-WIDE REGISTERED PROMs WITH SSR DIAGNOSTICS 
CONNECTION DIAGRAMS 

Am27S65 Am27S75 Am27585 
(1K x 4) (2K x 4) (4K X 4) 

,., Vee ,., Vee A7 Vee 

As As As As As As 

As As As As As As 

~ ~ "'" 
~ A10 

As fiG A3 fiE; A3 "" 
A. M/lNITs A. MINTiI As !llStiimillfi 
A, a" A, a" '" 00 

As 0, As 0, As 0, 

IIODE a. IIODE a. IIODE a.. 
DCLK Go DCLK a. DCLK Go 

SOl suo SOl SUO SOl sao 
GND PCLK GND PCLK QIIO PCI.K 

f----j , 04358A·1 0435811.·2 0435811.·3 

Note: Pin 1 is marked for orientation. 

IMOX and SSR are trademarks of Advanced Micro Devices, Inc. Order # Q4358A 
This document contains information on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Am27S65 
(1K x 4) 

32.121 
PROGRAMIIABLE 

ARRAY 

Bipolar Memories 
Am27S65/75/85 

BLOCK DIAGRAMS 

04358A-4 

Am27$85 
(4K x 4) 

128.128 
PROGRAMMABLE 

ARRAY 

Am27S75 
(2K x 4) 

14.128 
PROGRAIIMAIILE 

ARRAY 

04358A-6 

04358A-5 
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Advanced Micro Devices 
Bipolar Memories 

Am27S45Aj45j47Aj47 

DISTINCTIVE CHARACTERISTICS 

• Member of AM D's Generic Family of a-bit wide 
registered PROMs 

• On-chip edge-triggered registers - ideal for pipelined 
microprogrammed systems 

• User programmable for synchronous or asynchronous 
enable for simplified word expans~io"",n=",~= 

• Versatile programmable register INITIALIZE either 
asynchronous (Am27S45A/45) or synchronous 
(Am27S47 A/47) 

• Slim, 24-pin, 300-millateral center package occupies 
apprOXimately 1/3 the board space required by standard 
discrete PROM and register 

• Consumes approximately 1/2 the power of separate 
PROM/register combination for improved system 
reliability 

• Fast standard version - 45ns max setup and 25ns max 
clock-to-output allows system speed improvements 

• "A" version offers improved AC performance in critical 
paths (4Ons max setup and 20ns max clock-to-output) 

• Platinum-Silicide fuses guarantee high reliability, fast 
programming, and exceptionally high programming 
yields (typ>98%) 

• AC performance is factory tested utilizing programmed 
test words and columns 

GENERIC SERIES CHARACTERiStiCS 

The Am27S45A/45 and Am27S47A/47 are members of an 
Advanced PROM series incorporating common electrical 
characteristics and programming procedures. All parts in 
this series are produced with a fusible link at each memory 
location storing a logic LOW which can be selectively pro
grammed to a logic HIGH by applying appropriate program
ming voltages to the circuit. 

All parts are fabricated with AMD's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily 
implemented programming algorithms (and common pro
gramming eqUipment) these products can be rapidly 
programmed to any customized pattern. Extra test words are 
preprogrammed during manufacturing to insure extremely 
high field programming yields and produce excellent AC and 
DC parametric correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large 
nonconductive gaps that ensure very stable long-term 
reliability. Extensive operating testing has proven that this 
low-field, large-gap technology offers the best reliability for 
fusible link PROMs. 

Common design features include active loading of all critical 
AC paths, which are regulated by a built-in temperature and 
voltage compensated bias network to provide excellent 
parametric performance over the full military power supply 
and temperature ranges. Selective feedback techniques 
have been employed to minimize delays through all critical 
paths producing the fastest speeds possible from Schottky 
processed PROMs. 

Am27S45A/45 
BLOCK DIAGRAMS 

Am27S47A/47 . 
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Advanced· Micro Devices 
Bipolar Memories 

Am27S180A/181 A/280A/281 A/180/181/280/281 

DISTINCTIVE CHARACTERISTICS 

I Part Number 

I Am27S180A 

I Am27S181A 
I 
I Am27S180 

Am27S181 

Am27S280A 

Am27S281A 

Am27S280 

Am27S281 

I 
I-

Package Width 

24-Pin, Plug in Replacement for Industry Standard 
600-mil Configuration No Board Changes Required 

New Space-Saving 24-Pin, THINDIP, 3OO-mil 
Configuration Increases Overall Board Density 

IMOX is a trademark of Advanced Micro Devices, Inc. 
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Other Features 

Ultra fast - 35ns max 

Fast - SOns max 

Ultra fast - 35ns max 

Fast - SOns max 
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Advanced Micro Devices 
Bipolar Memories 

Am27S180A/181 A/280A/281 A/180/181/280j281 

DISTINCTIVE CHARACTERISTICS 

• Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming 
yields (typ > 98%) 

• AC performance is factory tested utilizing programmed test 
words and columns 

• Voltage and temperature compensated providing extremely 
flat AC performance over military range 

• Members of Generic PROM series utilizing standard 
programming algorithm 

GENERIC SERIES CHARACTERISTICS 

These 8K PROMs are members of an Advanced PROM series 
incorporating common electrical characteristics and program
ming procedures. All parts in this series are produced with a 
fusible link at each memory location storing a logic LOW and 
can be selectively programmed to a logic HIGH by applying 
appropriate voltages to the circuit. 

All parts are fabricated with AMD's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily 
implemented programming (and common programm!ng equip
ment) these products can be rapidly programmed to any cus
tomized pattern. Extra test words are pre-programmed during 
manufacturing to insure extremely high field programming yields 
and produce excellent parametric correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non
conductive gaps that ensure very stable long-term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible 
link PROMs. 

Common design features include active loading of all critical AC 
paths regulated by a built-in temperature and voltage compen
sated bias network to provide excellent parametric performance 
over MIL supply and temperature ranges. Selective feedback 
techniques have been employed to minimize delays through all 
critical paths. 

These PROMs are manufactured using Advanced Micro 
Devices' selective oxidation process, IMOX. This advanced 
process combined with a merged fuse array permits an increase 
in density and a decrease in internal capacitance resulting in 
the fastest possible PROMs. 

FUNCTIONAL DESCRIPTION 

These 8K PROMs are high speed electrically programmable 
Schottky read only memories. Organized in the industry stan
dard 1024 x 8 configuration~ they are available in bbth open 
collector (Am27S180A/180 and Am27S280A/280) and three
state (Am27S181A/181 and Am27S281/281) output versions. 
After programming, stored information is read on outputs Oo-Or 
by applying unique binary addresses to Ao-Ag and holding CS1 
and CS2 LOW and CSs and CS4 HIGH. All other valid input 
conditions on 'CS1, CS2, CS3 and CS4 place Oo-Or into the 
OFF or high impedance state. 

BPM·307 

BPM-099 

21 

20 

19 

18 CS. 

BLOCK DIAGRAM 

COLUMN TEST RAIL 

64.128 
PROGRAMMABLE 

ARRAY 

TEST WORD "0 

LOGIC DIAGRAM 

876543212322 

9 10 11 13 14 15 16 17 Vee = Pin 24 
GND= Pin 12 

CONNECTION DIAGRAMS - Top Views 

DIP 

Note: Pin 1 is marked for orientation. 

Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Advariced Micro Devices 
Bipolar Memories 

Am27S40A/41 AI 401 41 

DISTINCTIVE CHARACTERISTICS 

• Ultra fast access time "A" version (35ns max) -
Fast access time Standard version (SOns max) -
allow tremendous system speed improvements 

• Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming yields 
(typ> 96%) 

• AC performance is factory tested utilizing programmed 
test words and columns 

• Voltage and temperature compensated providing 
extremely flat AC performance over military range 

• Member of generic PROM series utilizing standard 
programming algorithm 

GENERIC SERIES CHARACTERISTICS 

These 16K PROMs are members of an Advanced PROM 
series incorporating common electrical characteristics and 
programming procedures. All parts in this series are pro
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 

All parts are fabricated with AMD's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily 
implemented programming (and common programming 
personality card sets) these products can be rapidly 
programmed to any customized pattern. Extra test words are 
pre-programmed during manufacturing to insure extremely 
high field programming yields, and produce excellent 
parametric correlation. 

Platinum-Silicide was selected as the fuse link material to 
achieve a well controlled melt rate resulting in large non
conductive gaps that ensure very stable long-term reliability. 
Extensive operating testing has proven that this low-field, 
large-gap technology offers the best reliability for fusible 
link PROMs. 

Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bias network to provide excellent parametric 
performance over MIL supply and temperature ranges. 
Selective feedback techniques have been employed to 
minimize delays through all critical paths. 

These PROMs are manufactured using Advanced Micro 
Devices' selective oxidation process, IMOX™. This 
advanced process combined with a merged fuse array per
mits an inciease in density and a deciease in iiitemal 
capacitance resulting in the fastest possible PROMs. 

IMOX is a trademark of Advanced Micro Devices. Inc. 
Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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FUNCTIONAL DESCRIPTION 

The Am27S40A, Am27S41A, Am27S40, and Am27S41 are 
high speed electrically programmable Schottky read only 
memories. Organized in 4096 x 4 configuration, they are 
available in both open collector (Am27S40A and Am27S40) 
and three-state. (Am27S41A and Am27S41) output ver
sions. After programming, stored information is read on out
puts OO~03 by applying unique binary addresses to Ao-A11 
and holding the chip select inputs, CS1 and CS2, LOW. If 
either chip select input goes to a logic HIGH, 0 0-°3 go to the 
OFF or HIGH impedance state. 
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Advanced Micro Devices 
Bipolar Memories 

Am27S43A/43 

DISTINCTIVE CHARACTERISTICS 

• Ultra fast access time "A" version (40ns max) -
Fast access time Standard version (55ns max) -
allow tremendous system speed improvements 

• Platinum-Silicide fuses guarantee high reliability, fast 
programming and exceptionally high programming 
yields (typ > 98%)' 

• AC performance is factory tested utilizing programmed 
test words and columns 

• Voltage and temperature compensated providing ex
tremely flat AC performance over military range 

• Member of generic PROM series utilizing standard prog
ramming algorithm 

GENERIC SERIES CHARACTERISTICS 

These 32K PROMs are members of an Advanced PROM 
series incorporating common electrical characteristics and 
programming procedures. All parts in this series are pro
duced with a fusible link at each memory location storing a 
logic LOW and can be selectively programmed to a logic 
HIGH by applying appropriate voltages to the circuit. 

All parts are fabricated with AMD's fast programming highly 
reliable Platinum-Silicide Fuse technology. Utilizing easily 
implemented programming (and common programming 
personality card sets) these products can be rapidly 
programmed to any customized pattern. Extra test words 
are pre-programmed during manufacturing to insure 
extreme~; high field programming yields, and produce 
excellent parametric correlation. 

Platinum-Silicide was selected as the fuse link material 
to achieve a well controlled melt rate resulting in large 
non-conductive gaps that ensure very stable long-term 
reliability. Extensive operating testing has proven that this 
low-field, large-gap technology offers the best reliability for 
fusible link PROMs. 

Common design features include active loading of all critical 
AC paths regulated by a built-in temperature and voltage 
compensated bi~ network to provide excellent parametric 
performance over MIL supply and temperature ranges. 
Selective feedback techniques have been employed to 
minimize delays through all critical paths. 

These PROMs are manufactured using Advanced Micro 
Devices' selective oxidation process, IMOXTM. This 
advanced process combined with a merged fuse array 
permits an increase in density and a decrease in internal 
capacitance resulting in the fastest possible PROMs. 

FUNCTIONAL DESCRIPTION 

The Am27S43A and Am27S43 are high speed electrically 
programmable Schottky read only memories. Organized in 
4096 x 8 configuration, they are available in three-state 
(Am27S43A and Am27S43) output versions. After pro
gramming, stored information is read on outputs 00-<>7 by 
applying unique binary addresses to Ao-A11 and holding the 
chip select inputs, CS1, LOW anc. CS2, HIGH. If CS1 goes 
to logic HIGH or C~ goes to a logic LOW, 00-07 go to the 
OFF or HIGH impedance state. 
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Note: Pin 1 is marked for orientation. 
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Advanced Micro Devices 
Bipolar Memories 

Am10415SA/ 415A/ 415 

DISTINCTIVE CHARACTERISTICS 

• Fast access time (10ns typ.) - improves system 
cycle speeds 

• Fully compatible with standard voltage compensated 
10K series ECl - no board changes required 

• Internally voltage compensated providing flat AC 
performance 

• Outputs preconditioned during write cycle eliminating 
write recovery glitch 

• Emitter follower outputs - easy wire-ORing 
• Power dissipation decreases with increasing 

temperature 

FUNCTIONAL DESCRIPTION 

The Am-10415SA, Am10415A and Am10415 are fully de
coded 1024-bit ECl RAMs organized 1024 words by one bit. 
-Bit selection is achieved by means of a 10-bit address, Ao 
through Ag. Easy memory expansion is provided by an active 
lOW chip select (CS) input and an unterminated OR tie able 
emitter follower output. 

An active lOW write line (WE) controls the write/read opera
tion of the memory. When the chip select and write lines are 
lOW, the data input (DIN) is written into the addressed 
memory word simultaneously preconditioning the output so 
true data is present when the write cycle is complete. This 
preconditioning operation insures minimum write recovery 
times by elim·inating the "write recovery glitch". 

Reading is performed with the chip seiect iine LOW and the 
write line HIGH. The- information stored in the addressed 
wOid ;s read out on the noninverting output (DOUT), 

During the writing operation or when the chip select line is 
HIGH the output of the memory goes to a lOW state. 
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The flatpackage version has the same pinout as the dual in-line package. 
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Advanced Micro Devices 
Bipolar Memories 
Am100415A/415 

DISTINCTIVE CHARACTERISTICS 

• Fast access time (10ns typ) - improves system cycle 
speeds 

• Fully compatible with lOOK series ECl logic - no board 
changes required 

• Enhanced output voltage level compensation providing 
6X (improvement in) VOL and VOPf stability over supply 
and temperature ranges 

• Internally voltage and temperature compensated 
providing flat AC performance 

• Outputs preconditioned during write cycle eliminating 
write recovery glitch 

• Emitter follower outputs - easy wire-ORing 
• Power dissipation decreases with increasing 

temperature 

FUNCTIONAL DESCRIPTION 

The Aml004l5A and Aml004l5 are fully decoded 1024-bit 
ECl RAMs organized 1024 words by one bit. Bit selection is 
achieved by means of a 10-bit address, Ao through Ag. Easy 
memory expansion is provided by an active LOW chip select 
(CS) input and an unterminated OR tieable emitter follower 
output. 

An active LOW write line (WE) controls the write/read opera
tion of the memory. When the chip select and write lines are 
LOW, the data input (D,N) is written into the addressed 
memory word simultaneously preconditioning the output so 
true data is present when the write cycle is complete. This 
preconditioning operation insures minimum write recovery 
times by eliminating the "write recovery glitch". 

Reading is performed with the chip select line LOW and the 
write line HIGH. The information stored in the addressed 
word is read out on the noninverting output (DOUT). 

During the writing operation qr when the chip select line is 
HIGH the output of the memory goes to a LOW state. 

LOGIC BLOCK DIAGRAM 

~ 
DATA INPUT 

.......-T-i--

CONNECTION DIAGRAM - Top Views 

DIP Chip-Pak™ 
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BPM-187 Note: Pin 1 is marked for orientation. 

IMOX is a trademark of Advanced Micro Devices; Inc. 
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Advanced Micro Devices 
Bipolar Memories 

Am 1 0474SA/474A/474 

DISTINCTIVE CHARACTERISTICS 

• Fast access time (12ns typ) - improves system 
cycle speeds 

• Fully compatible with standard voltage compensated 
10K series ECl - no board changes required 

• Internally voltage and temperature compensated 
providing flat AC performance 

• Emitter follower outputs - easy wire- ORing 
• Power dissipation decreases with increasing 

temperature 

LOGIC BLOCK DIAGRAM 

A4 

As 

A6 

A7 

As 

A9 

FUNCTIONAL DESCRIPTION 

The Am10474SA, Am10474A and Am10474 are fully de
coded 4096-bit ECl RAMs organized 1024 words by 4 bits. 
Word selection is achieved by means of a 10-bit address, 
Ao through Ag. Easy memory expansion is provided by an 
active lOW chip select (CS) input and an unterminated OR 
tieable emitter follower output. 

An active lOW write line (WE) controls the write/read oper
ation of the memory.- When the chip select and write lines 
are lOW, the data input (01-04) are written into the ad
dressed memory words. 

Reading is performed with the chip select line lOW and the 
write line HIGH. The information stored in the addressed 
word is read out on the non inverting outputs 01-04. 

During the writing operation or when the chip select line is 
HIGH the output of the memory goes to a lOW state .. 

Ao 
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A2 

~ 

A4 
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BPM-368 

LOGIC SYMBOL 

17 18 19 20 21 16 

CS 0, ~ D:J 04 WE 
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ECLRAM 

22 23 2 3 VCC2 = Pin 24 
VEE = Pin 12 

DIP 
CONNECTION DlAGRA"S - Top Views 
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Note: Pin 1 is marked for orientation. BPM-369 

(MOX is a trademark of Advanced Micro Devices, Inc. Chip-Pak is a trademark of Advanced Micro Devices, Inc. 

This document contains inforrilation on a product under development at Advanced Micro Devices, Inc. The information is intended to help you to 
evaluate this product. AMD reserves the right to change or discontinue work on this proposed product without notice. 
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Advanced Micro Devices 
Bipolar Memories 

Am100474SA/474A/474 

DISTINCTIVE CHARACTERISTICS 

• Fast access time (12ns typ) - improves system 
cycle speeds 

• Fully compatible with lOOK series ECllogic - no board 
changes required 

• Enhanced output voltage level compensation providing 
6X (improvement in) VOL and VOH stability over supply 
and temperature ranges 

• Internally voltage and temperature compensated 
providing flat AC performance 

• Emitter follower outputs - easy wire-ORing 
• Power dissipation decreases with increasing 

temperature 

LOGIC BLOCK DIAGRAM 

FUNCTIONAL DESCRIPTION 

The Aml00474SA, Aml00474A and Aml00474 are fully 
decoded 4096-bit ECl RAMs organized 1024 words by 4 
bits. Word selection is achieved by means of a 10-bit ad
dress, Ao through Ag. Easy memory expansion is provided 
by an active lOW chip select (CS) inpLit and unterminated 
OR tieable emitter follower outputs. 

An active, lOW write line (WE) controls the write/read oper
ation of the memory. When the chip select and write lines 
are lOW, the data inputs (01-04) are written into the ad
dressed memory words. 

Reading is performed with the chip select line lOW and the 
write line HIGH. The information stored in the addressed 
words is read out on the noninverting outputs 01-04. 

During the writing operation or when the chip select line is 
HIGH the output of the memory goes to a lOW state. 

LOGIC SYMBOL 
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Note: Piri 1 is marked for orientation. BPM·366 

IMOX is a trademark of Advanced Micro Devices, Inc. Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
This document contains information on a product under development at Advanced Micro Devices, Inc. The information IS Intended to help you to 
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Advanced Micro Devices 
Bipolar Memories 

Am10470SA/470A/470 

~snNcnVECHARACTER~ncs 

• Fast access time (12ns typ) - improves system 
cycle speeds 

• Fully compatible with standard voltage compensated 
10K series ECl - no board changes required 

• Internally voltage compensated providing flat 
AC performance 

• Outputs preconditioned .during write cycle eliminating 
write recovery glitch 

• Emitter follower outputs - easy wire-ORing 
• Power dissipation decreases with increasing 

temperature 

FUNCTIONAL DESCRIPTION 

The Am1047OSA, Am10470A and Am10470 are fuRy de
coded 4096-bit ECl RAMs organized 4096 words by one 
bit. Bit selection is achieved by means of a 12-bit address, 
Ao through A11· Easy memory expansion is provided by an 
actiVe lOW chip select (CS) input and an unterminated OR 
tieable emitter follower output. 

An active lOW write line (WE) controls the write/read oper
ation of the memory. When the chip select and write lines 
are lOW, the data input (DIN) is written into the addressed 
memory word simultaneously preconditioning the output so 
true data is present when the write cycle is complete. This 
preconditioning operation insures minimum write recovery 
times by eliminating the 'write recovery glitch: 

. Reading is performed with the chip seiect line LOW and the 
write line HIGH. The informatiqn stored in the addressed 
word is read out on the noninverting output (Dour). 

During the writing operation or when the chip select line is 
HIGH the output of the memory goes to a LOW state. 

BLOCK DIAGRAM 

CONNECTION DIAGRAMS - Top Views 
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Advanced Micro Devices 
Bipolar Memories 

Am100470SA/ 470A/ 470 

DISTINCTIVE CHARACTERISTICS 

• Fast access time (12ns typ) - improves system 
cycle speeds 

• Fully compatible with 100K series ECl logic - no board 
changes required 

• Enhanced outputvoltage level compensation providing 
6X (improvement in) VOL and VOH stability over supply 
and temperature ranges 

• Internally voltage and temperature compensated 
providing flat AC performance 

• Outputs preconditioned during write cycle eliminating 
write recovery glitch 

• Emitter follower outputs - easy wire-ORing 
• Power dissipation decreases with increasing 

temperature 

FUNCTIONAL DESCRIPTION 

The Am100470SA, Am100470A and ~100470 are fully 
decoded 4096-bit Eel RAMs organized 4096 words by one 
bit. Bit selection is achieved by means of a 12-bit address, 
Ao through A11. Easy memory expansion is provided by an 
active lOW chip select (CS) input and an untarminated OR 
tieable emitter follower output. 

An active LOW write line (WE) controls the write/read oper
ation of the memory. When the chip select and write lines 
are lOW, the data input (DIN) is written into the addressed 
memory word simultaneously preconditioning the output so 
true data is present when the write cycle is complete. This 
preconditioning operation insures minimum write recovery 
times by eliminating the 'write recovery glitch.' 

Reading is performed with the chip select line lOW and the 
write line HIGH. The information stored in the addressed 
word is read out on the noninverting output (DOUT). 

During the writing operation or when the chip select line is 
HIGH the output of the memory goes to a lOW state. 
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AJ DECODER 

A4 

As 

CONNECTION DIAGRAM - Top Views 

DIP Chip-PakTU 

Vee 

D,N 

~~ cs 
M olJJ~~ 
A" ~~ 1., 0 

... Q~ Ae 

A7 
BPM-282 

Note: Pin 1 is marked for orientation. 

IMOX is a trademark of Advanced Micro Devices, Inc. 
Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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LOGIC SYMBOL 
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cs 
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Vee = Pin 18 
VEE = Ping 
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Advanced Micro Devices 
Bipolar Memories 

Am10470SA/470A/470 

DISTINCTIVE CHARACTERISTICS 

• Fast access time (12ns typ) - improves system 
cycle speeds 

• Fully compatible with standard voltage compensated 
10K series ECl - no board changes required 

• Internally voltage compensated providing flat 
AC performance 

• Outputs preconditioned .during write cycle eliminating 
write recovery glitch 

• Emitter follower outputs - easy wire-ORing 
• Power dissipation decreases with increasing 

temperature 

FUNCTIONAL DESCRIPTION 

The Am10470SA, Am10470A and Am10470 are fully de
coded 4096-bit ECl RAMs organized 4096 words by one 
bit. Bit selection is achieved by means of a 12-bit address, 
Ao through All. Easy memory expansion is provided by an. 
active lOW chip select (CS) input and an unterminated OR 
tieable emitter follower output. 

An active lOW write line (WE) controls the write/read oper
ation of the memory. When the chip select and write lines 
are lOW, the data input (DIN) is written into the addressed 
memory word simultaneously preconditioning the output so 
true data is present when the write cycle is complete. This 
preconditioning operation insures minimum write recovery 
times by eliminating the 'write recovery glitch.' 

I
· Reading is performed with the chip select line lOW and the 

write line HIGH. The informaticm stored in the addressed 
word is read out on the noninverting output (Dour). 

During the writing operation or when the chip select line is 
HIGH the output of the memory goes to a lOW state. 

BLOCK DIAGRAM 

CONNECTION DIAGRAMS - Top Views 

DIP Chip-PakT'M 

Dour Vcc 

Ao Ow 

r ,,~\'+~I ~ is 

A:z WI! 

~ An 

l~~'- J ~ "10 
As At 
As At 

11& "7 
BPM-282 

Note: Pin 1 is marked for orientation. 

IMOX is a trademark of Advanced Micro Devices, Inc. 
Chip-Pal< is a trademark of Advanced Micro Devices, Inc. 
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LOGIC SYMBOL 
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Advanced Micro Devices 
Bipolar Memories 

Am100470SA/ 470A/ 470 

DISTINCTIVE CHARACTERISTICS 

• Fast access time (12ns typ) - improves system 
cycle speeds 

• Fully compatible with 100K series ECl logic - no board 
changes required 

• Enhanced output voltage level compensation providing 
6X (improvement in) VOL and VOH stability over supply 
and temperature ranges 

• Internally voltage and temperature compensated 
providing flat AC performance 

• Outputs preconditioned during write cycle eliminating 
write recovery glitch 

• Emitter follower outputs - easy wire-ORing 
• Power dissipation decreases with increasing 

temperature 

FUNCTIONAL DESCRIPTION 

The Am100470SA, Am100470A and AD1100470 are fully 
decoded 4096-bit ECl RAMs organized 4096 words by one 
bit. Bit selection is achieved by, means of a 12-bit address, 
Ao through A11. Easy memory expansion is provided by an 
active lOW chip select (CS) input and an unterminated OR 
tieable emitter follower output. 

An active lOW write line (WE) controls the write/read oper
ation of the memory. When the chip select and write lines 
are lOW, the data input (DIN) is written into the addressed 
memory word Simultaneously preconditioning the output so 
true data is present when the write cycle is complete. This 
preconditioning operation insures minimum write recovery 
times by eliminating the 'write recovery glitch.' 

Reading is performed with the chip select line lOW and the 
write line HIGH. The information stored in the addressed 
word is read out on the noninverting output (Dour). 

During the writing operation or when the chip select line is 
HIGH the output of the memory goes to a lOW state. 

LOGIC BLOCK DIAGRAM 

~=j I 
"'4 

64.64 
ARRAY ::3"=" F 

As ~ __ ~ __ ~ 

CONNECTION DIAGRAM - Top Views 

DIP Chip-Pak™ 

Vee 

o,N 

~£p fS 

~ o.q)~~ 
A" 

A •• ~~~ 
At Q~ .... 
A7 

BPM-282 

Note: Pin 1 is marked for orientation. 

IMOX is a trademark of Advanced Micro Devices, Inc. 
Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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LOGIC SYMBOL 
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An 
CS 

A. 

A, 

A3 

A. 

A. 4096., 
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A, 

A8 
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13 A,. 
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Vee == Pin 18 
BPM-283 VEE == Pin9 
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Advanced . Micro Devices 
MOS Memories 

Am21S7 

DISTINCTIVE CHARACTERISTICS 

• High speed - access times as fast as 35ns maximum 
• 16K x 1 organization 
• Single +5 volt power supply 
• Fully static storage and interface circuitry 
• No clOCks or timing signals required 
• Automatic power down when deselected 
• low power dissipation 

- Am2167: 660mW active, 110mW power down 
• Standard 20-pin, .300 inch dual in-line package 
• High output drive 

- Up to seven standard TTL loads or six 
Schottky TTL loads 

• TTL compatible interface levels 
• No power-on current surge 

BLOCK DIAGRAM 

. STORAGE 
CELL 

MATRIX 
128 x 128 

SENSE/WRITE AMPLIFIERS 

liO CONTROL AND BUFFER 

a------~--------~ 
WE------------------~ 

Vcc
Vss-

DATA DATA 
OUT IN 

03211B-1 

GENERAL DESCRIPTION 

The Am2167 is a high performance, 16,384-bif, static, 
read/write, random access memory. It is organized as 
16,384 words by one bit per word. All interface signal levels 
are identical to TTL specifications, providing good noise 
immunity and simplified system design. All inputs are pure
ly capacitive MOS loads. The outputs will drive up to six 
standard Schottky TTL loads or up to seven standard 
TTL loads. 

Only a .single +5 volt power supply is required. When de
selected (CE ;;. VIH), the Am2167 .automatically enters 
a power-down mode which reduces power dissipation 
by 80%. 

Data In and Data Out use separate pins and are the same 
polarity allowing them to be connected together for opera
tion in a common data bus environment. Data Out is a 
three-state output allowing similar devices to be wire-OR'd 
together. 

CONNECTION DIAGRAM - Top View 
0-20-1, P-20-1 

ADDRESS 0 Vee (+5V) 

ADDRESS 2 ADDRESS, 

ADDRESS 4 ADDRESS 3 

ADDRESS & ADDRESS.s 

ADDRESS e ADDRESS 7 

ADDRESS '0 ADDRESS g 

ADDRESS '2 ADDRESS tt 

DATA OUT ADDRESS '3 

WRITE ENABLE DATA IN 

(GND)VSS ~ 

03211B-2 

Note: Pin 1 is marked for orientation. 

PRODUCT SELECTIONS 
Am2167-35 _Am2167-45 Am2167-55 Am2167-70 

Maximum Access 35 45 55 70 
TIme (ns) 

Maximum Active 
120 120 (160 mil) 120 (160 mil) 12O{I60rrnI) 

Currenl(mA) 

Maximum Standby 
20 20 (3Omtl) 20 (30 mil) 20 (30 mIl) 

Currenl(mA) 

Full Moktary OperatIng I 
No Yes Yes Yes 

RangeVsf"Sjon .i 

ORDERING INFORMATION 

Am2167-35 Am2167-45 Am2167-55 Am2167-70 
Order Code Order Code Order Code Order Code 

Am2167-35PC Am2167-45PC Am2167-55PC Am2167-70PC 

Am2167 -35DC Am2167-45DC Am2167-55DC Am2167-70DC 

Am2167-45DM Am2167-55DM Am2167-70DM 

Am2167-45DMB Am2167-55DMB Am2167-70DMB 

Notes: 1. P = Molded DIP, D = Hermetic DIP. Number following letter is number of leads. 
2. See Operating Range table. 

© Ie MASTER 1984 

Package Operating 
Type Range 

P-20-1 COM'L 

D-20-1 COM'L 

D-20-1 MIL 

D020-1 MIL 
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Advanced Micro Devices 
MOS Memories 

Am9122/L22 

DISTINCTIVE CHARACTERISTICS 

• High performance replacement for 93422!93L422 
• 256 x 4 organization for small memory systems 
• Fast access times - down to 25ns (Commercial) 

- down to 35ns (Military) 
• Low operating power dissipation 

- Standard power: 660mW (Commercial) 
745mW (Military) 

- Low power: 24S/440mW (Commercial) 
495mW (Military) 

• Single 5 volt power supply - ± 10% tolerance 
both commercial and military 

• Guaranteed 0.1 % AQL 

Am9122 BLOCK DIAGRAM 

Ao-~ I 
A

1
- g ~ 3218 I 3h8 

~ - ~ L- / STORAGE I STORAGE 
A3 _ ~ I V ARRAY ARRAY 

I 
32x8 I 32x8 

STORAGE I STORAGE 
ARRAY ARRAY 

I~-U 

A5 

~ 

A7 

RAM-019 

FUNCTIONAL DESCRIPTION 

The Am9122/Am91 L22 series is aMOS pin-for-pin and 
functional replacement for the 93422/93L422 bipolar 
memories. These devices are high-performance, low
power, 1 024-bit, static, read/write random access 
memories. They offer a wide range of access times includ
ing versions as fast as 25ns. Each memory is implemented 
as 256 words by 4 bits per word. This organization permits 
efficient design of small memory systems and allo~s finer 
resolution of incremental memory depth. 

The Am9122!91 L22 employs an output enable and two chip 
enable inputs to give the user better data control. High 
noise immunity, high output drive (4 TTL loads) and TTL 
logic voltage levels allow easy conversion from bipolar to 
MOS. 10% power supply tolerances give better margins in 
the memory system. As with all AMD MOS RAMs, the 
Am9122/91L22 is guaranteed to 0.1% AQL. 

CONNECTION DIAGRAM 
Top View 

ADDRESS 3 n-22 Vee (+5V) 

ADDRESS 2 2 21 AOORESS 4 

ADDRESS 1 3 20 WRITE ENABLE 

ADDRESS 0 r- h CHIP SELECT 1 

ADDRESS 5 

ADDRESS 6 

ADDRESS 7 

(GND)VSS 

DATAINO 

DATA OUT 0 

DATAINl 

OUTPUT ENABLE 

CHIP SELECT:.! 

DATA OUT 3 

DATAIN3 

DATA OUT 2 

DATAIN2 

DATA OUT 1 

Note: Pin 1 is marked for orientation_ RAM-020 

SELECTION GUIDE 

Am9122-25 Am9122-35 Am91L22-35 Am91L22-45 Am91L22-60 

Maximum Access Time (ns) 25 35 35 45 " 60 

Maximum Operating Current (rnA) 
Ot070°C 120 120 SO SO 45 

-55to 125°C N/A 135 N/A 90 N/A 
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Advanced Micro Devices 
MOS Memories 

Am9128 

DISTINCTIVE CHARACTERISTICS 

• 2,048 x 8-bit organization • Icc max as low as 100mA 
• Logic voltage levels compatible with TTL • tM/tACS as low as 70ns 
• Three-state output buffers-common I/O • Power down mode (IS8 as low as 15mA) 
• Fully static; no clocks or refresh required • Commerciarand full military temperature ranges 
• Single +5V power supply ± 1 0% tolerance 

GENERAL DESCRIPTION 

The Am9128 is a 1S,384-bit static Random Access Read
write Memory organized as 2048 words of 8 bits. It uses fully 
static circuitry, requiring no clocks or refresh to operate. 
Directly TTL-compatible inputs and outputs and operation 
from Ii single +5V supply simplify system designs. Common 

BLOCK DIAGRAM 

ce-_.....L..--r---, 
oe-----t 
~-----------~--~ 

MEMORY 
MATRIX 

COLUMN 
SELECT 

COLUMN 
I/O CIRCUITS 

Vcc -
GND-

lOa \0, 

DATA I/O 

020508-1 

data I/O pins uSin-g three-state outputs are provided. The 
Am9128 is available in an industry-standard 24-pin DIP 
package with a.S-inch pin row spacing. The Am9128 uses 
the JEDEC standard pinout for byte-wide memories (com
patible to 1.6K EPROM's). 

A7 

At 

As 

-'4 

A3 

~ 

At 

Ao 

10, 

~ 

103 

GND 

CONNECTION DIAGRAM 
Top View 

VCC(+5V) 

Aa 

As 

~ 

OE 

A,o 

CE 

lOa 

\07 

lOa 

\Os 

104 

Note: Pin 1 is marked for orientation. 

020506-2 

PRODUCT SELECTOR GUIDE 

Am9128-70 Am9128-90 Am9128-10 Am9128-12 Am9128-15 Am9128-20 

MaximUm Access Time (ns) 70 90 100 120 150 200 

Oto 7(J'C Icc Max (mA) 140 N/A 120 N/A 100 140 

ISB Max (mA) 30 N/A 15 N/A 15 30 

-55 to 125°C IcC Max (mA) N/A 180 N/A 150 150 150 

ISB Max (mA) NJA 30 NJA 30 30 30 
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Advanced Micro Devices 
MOS Memories 

Am9016 

DISTINCTIVE CHARACTERISTICS 

• High density 16K x 1 organization 
• RepiacementforMK4116 
• low maximum power dissipation -

462mW active, 20mW standby 
• High-speed operation - 150ns access, 320ns 

cycle (COM'l) 
200ns access, 375ns 
cycle (Mil) 

• ±10% tolerance on standard + 12, +5, -5 voltages 
• TTL compatible interface signals 
• Three-state output 
• RAS only, RMW and Page mode clocking options 
• 128 cycle refreshing 
• Unlatched data output 
• Standard 16-pin, .3 inch wide dual-in-line package 
• JEDEC standard 18-pin, Chip-Pak™ leadless 

chip carrier 
• Doubte poly N-charmel silicon gate MOS technology 
• Extended ambient operating temperature 

(-55 to +85°C) available 

GENERAL DESCRIPTION 

The Am9016 is a high-speed, 16K-bit, dynamic, readlwrite 
random access memory. It is organized as 16,384 words by 
1 bit per word and is packaged in a standard 16-pin DIP or 
18-pin leadless chip carrier. The basic memory element is a 
single transistor cell that stores charge on a small capacitor. 
This mechanism requires periodic refreshing of the memory 
cells to maintain stored information. 

All input signals, including the two clocks, are TTL compati
ble. The Row Address Strobe (RAS) loads the row address 
and the Column Address Strobe (CAS) loads the column 
address. The row and column address Signals share seven 
input lines. Active cycles are initiated when RAs goes low, 
'and standby mode is entered when RAS goes high. In addi
tion to normal read and write cycles, other types of oper
ations are available to improve versatility, performance and 
power dissipation. 

The 3-state output buffer turns on when the column access 
time has elapsed and turns off after CAS goes high. Input 
and output data are the same polarity. 

BLOCK DIAGRAM 

WRITE 

RAS 

CAS 

I CLOCK "---0--\ i 
--VDD 

GENERATOR I WRITE --vcc 

1 I 

I NO. I CLOCKS 

I --vss 

I I --VBB 

Un 
I MUL TlPLEXE[) 1 

I 
I 

CLOCK I DATA DATA IN 
GENERATOR IN I 

! BUFFER 

I CLOCK I 

~ DATA ~ DATA OUT I 
GENERATOR I 

T 
NO.2 OUT 

LATCH BUFFER 

RELEASE 

DUMMY CELLS 
A6 

AS I MEMORY ARRAY 

r-'--'-
A4 

A3 

A2 

MUX 
"-

I l- I OF 2 ADDRESS ROW Rl~~ I 
INPUT DECODER 128 SENSE-REFRESii AMPS I-- DATA 

BUFFERS f---- r-V 1:128 LINES I I--
BUS 

(7) I DATA 
SELECT 

INOUT <--r---
A1 I MEMORY ARRAY 

AD 
DUMMY CELLS 

,- ~ st-fc?f~~-r-
~ I COLUMN DECODERS 

MUX 
AD-AS 1 OF 64 

swrrCH ., I 

A6 

MOS·190 

Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Advanced Micro Devices 

DISTINCTIVE CHARACTERISTICS 

• High speed RAS access of 100 and 120ns 
• Fast cycle time of 190 and 220ns 
• Single +5V ± 10% power supply 

MOS Memories 
Am9064 

GENERAL DESCRIPTION 

• Temperature and power supply compensated on-chip 
substrate-bias generator 

The Am9064is a high speed,· high-performance dynamic 
RAM, organized 65,536 x 1 and manufactured using ad
vanced NMOS Silicon-gate technology. The design is op- . 
timized for both high speed and low power diSSipation, and 
only a single +5V supply is needed because the on-chip 
substrate-bias generator (compensated for temperature 
and supply variations) provides the necessary back bias. 

• Low power 22mW standby 
- 330mWactive - 220ns cycle time 
- 385mWactive - 190ns cycle time 

• Read, Write, Read-Modify-Write, Page~Mode and 
The Am9064 features multiplexed addressing, and all input 
signals, including clocks, are TTL-compatible; input and 
output signals are the same polarity, and the three-state 
output buffer is CAS controlled. The Hi-C single-transistor 
memory cell is used to enhance signal margin and reduce 
thea-particle-induced sofH;mor rate. 

RAS-Only refresh capability 
• Early write common I/O capability 
• CAS controlled three-state output 
• 128 refresh cycles in 2ms 
• Double poly NMOS silicon gate technology 

At! 

: 
A1 

ROW 
ADDRESS X-DEC 
BUFFER 

~o-----------------~ 

Refresh is achieved by performing RAS-only cycies or 
normal read/write cycles on 128 address combinations of 
(Ao - As) \AJithin a 2ms period. 

BLOCK DIAGRAM 

Y·DEC 

16K MEMORY 

SENSEAIIPS 

16K MEMORY 

V-DEC 

16K MEMORY 

SENSEAIIPS 

16K MEMORY 

V-DEC 

va 

COLUMN 
ADDRESS 
BUFFER 

DOUT 

Wio-----------------__________ ~ 

ORDERING INFORMATION 

Package 
RAS Access Time 

Type 100ns 120ns 150ns 

Plastic Am9064-10PC Am9064-12PC Am9064-15PC 

Cerdip Am9064-100C Am9064-120C Am9064-150C 
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Advanced Micro Devices 
MOS Memories 

Am2168/69 

DISTINCTIVE CHARACTERISTICS 

• High speed - access times as fast as 45ns maximum 
• 4K x 4 organization 
• Single + 5 volt power supply 
• Fully static storage and interface circuitry 
• No clocks or timing signals required 
• Automatic power down when deselected 
• Power diSSipation 

- Am2168: 660mW active; 165mW power down 
Am2169: 660mW 

• Standard 20-pin, .300 inch dual-in-line package 
• High output drive 

- Up to seven standard TTL loads or six 
Schottky TTL loads 

• TTL compatible interface levels 
• IMOS processing 

BLOCK DIAGRAM 

STORAGE MATRIX 

I 
128 x 32 128 x 32 128 x 32 

CE------~----~ 

WE ----------~ 

Vcc_ 
VSS ---_ 

DATA BUFFERS 

1/04 

04588A·1 

GENERAL DESCRIPTION 

The Am2168 and Am2169 are high performance, static, 
N-Channel, read/write, random access memories or
ganized as 4096 words of 4 bits. Operation is from a single 
5V supply, and all input/output levels are identical to stan
dard TTL specifications. The Am2168 and Am2169 are the 
same except that the Am2168 offers an automatic CE 
power down feature. 

The Am2168 remains in a low-power standby mode as long 
as CE remains high, thus reducing its power requirements. 
The Am2168 power decreases from 660mW to 165mW in 
the standby mode. The CE input does not affect the power 
diSSipation of the Am2169. 

Data readout is not destructive and has the same polarity 
as data input. CE provides for easy selection of an indi
vidual device when the outputs are OR-tied. 

A4 

~ 

-'6 

A7 

As 

Ag 

A10 

An 

CE 

(GNO) Vss 

CONNECTION DIAGRAM 
Top View 

Vee (+sV) 

A3 

A2 

A1 

~ 

1101 

1102 

IIOJ 

1104 

WE 

04588A·2 

Note: Pin 1 is marked for orientation. 

PRODUCT SELECTIONS 

Am2168-45 Am2169-45 Am2168,;,55 Am2169-55 Am2168-70 Am2169-70 

Maximum Access Time (ns) 45 45 55 55 70 70 

ICC (mA) 120 120 
Ot070°C 

120 120 120 120 

Iss· (mA) 30 N/A 30 N/A 30 N/A 

ICC (mA) N/A N/A 160 160 160 160 
-55 to +125°C 

Iss· (mA) N/A N/A 30 30 30 30 

• Am2168 only 

• 
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Advanced Micro Devices 

DISTINCTIVE CHARACTERISTICS 

• 1024 x 4 organization 
• High speed - 25ns max access time 
• Separate data inputs and outputs 
• Memory reset function 
• High density SLIM 24-pin 

aOO-MIL package 
• Three-state output buffers 
• Single +5V power supply ± 10% 

BLOCK DIAGRAM 

STORAGE 
MATRIX 

MOS Memories 
Am9150 

GENERAL DESCRIPTION 

The Am9150 is a high-performance, static, n-channel, 
read/write, random access memory organized as 1024 x 4. 
It features single 5V supply operation, TTL-compatible input 
and output levels, and separate input and output pins for 
improved system performance and ease of use. 

The Am9150 also incorporates a reset feature which will 
reset the entire contents of the memory to a logical LOW in 
two cycle times by controliing R (RESET) and S (CS). 

The Am9150 has four control signals, R, S, Wand G. The S 
input controls read, write and reset operations of the device 
and provides for easy selection of an individual device when 
the outputs are tied together. The W (WE) input controls the 
normal read and write operations, and the G (OE) controls 
the state of the outputs. 

CONNECTION DIAGRAM 
Top View 

ADDRESS 3 Vee (+5Y) 

ADDRESS 4 ADORESS2 

ADDRESS 5 ADDRESS 1 
84.16 84.111 84.11S 84.111 

Vce -
GND-

COLUMN 
DECODERS 

@ Ie MASTER 1984 

ADDRESS 6 ADDRESS 0 

ADDRESS 7 AESET(R) 

ADDRESS 8 CHiiiSEi:ECf (5) 

ADDRESS 9 WRITE ENABLE (Vi) 

DATA INPUT1 (Dt) OUTPUT ENA8l..E (G) 

DATA INPUT2 (D:z) DATA INPUT4 (041 

DATAOUTPUT1(~) DATA INPUT3 (oy 
Y - SELECT 

DATA DUTPUT2 (O:z) DATA DUTPUT4 (041 

GND DATA OUTPUT3 (O:Jl 

04444A·2 

Note: Pin 1 is marked for orientation. 

FUNCTION TABLE 

Inputs Outputs Mode 

S W G R 

H X X X HighZ Not Selected 
L H X L HighZ Reset 
L L X 

I 
H HighZ Write 

L H L H 0 1 -04 Read 
L X H H HighZ Output Disable 

I I I I 

04444A·' 

PRODUCT SELECTIONS 

Am91SO-25 Am91SO-35 Am91SO-45 

Maximum Access Time (ns) 25 35 45 

I 0 to +70°C 180 180 180 
Icc Max (rnA) I -55 to +125°C NlA 180 180 
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Advanced Micro Devices 
MOS Memories 

Am9264 

DlSllNCTIVE CHARACTERISTICS 

• Enhanced manufacturability with post-metal 
programming 

• Access time - 250ns (max) 
• Single +5V ±10% power supply 
• Fully static operation 
•. Completely TTL compatible 
• Standard 24 pin DIP 
• Pin compatible with 16K/32K164K EPROMslROMs 
• Military version (-55 to + 125°C) - Available 

- 450ns (max) access time 

FUNCll0NAL DESCRIPTION 

The Am9264 high performance read only memory is or
ganized 8192 words by 8 bits with access times of less than 
250ns. This organization simplifies the design of small mem
ory systems and permits incremental memory sizes of 8192 
words. The fast access times provided allow the ROM to 
service high performance microcomputer applications with
out stalling the processor. 

The programmable chip select input signal is provided to 
control the output buffers. Chip Select Polarity may be pro
vided by the customer thus allowing the addressing of 2 
memory chips without external gating. The outputs of the 
unselected chips are turned off and assume a high imped
ance state. This permits wire-ORing with additional Am9264 
devices and other three state components. 

This memory is fully static and requires no clock signals of 
any kind. A selected chip will output data from a location 
specified by the address present on the address input lines. 
Input and output levels are compatible with TTL specifica
tions. 

The ability to program customer code at the last step of 
fabrication (Post Metal Programming Technique) will result 
in faster turn around time for new or old patterns. This 
technique will allow us to test wafers before committing 
customer patterns to categorize speed and power dissipa
tion requirements. 

CONNECTION DIAGRAM 
Top View 

A1 Vcc(+S.OV) 

At At 

As Ag 

~ AI2 

A3 CSiCs 

A2 AIO 

A, A" 

Ao 0 8 

0, ~ 

~ 0 6 

0 3 Os 

(GNO)VSS 0. 

Note: Pin 1 is marked for orientation. ROM-OlO 

ORDERING INFORMATION 

Ambient Temperature 
Access Time 

Package Type Specifications 450ns 300ns 250ns 

Molded O°C ~ TA .;:; +70°C AM9264BPC AM9264CPC -AM9264DPC 

Cerdip O°C ~ TA .;:; +70°C AM9264BCC AM9264CCC AM9264DCC 
I I O°C ~ TA .;:; +70°C AM9264BDC AM9264CDC I AM9264DDC I 

I 
Ceramic 

I r I I Side-Brazed -55°C.;:; TA .;:; +125°C AM9264BDM 
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Advanced Micro Devices 
MOS Memories 

Am9265 

DISTINCTIVE CHARACTERISTICS 

• Enhanced manufacturability with post metal programming 
• Access time - 250ns (max) 
• Fully static operation 
• Single +5V ± 10% power supply 
• Automatic power down feature controlled by 

separate CE pin. 
80mA max operating current 
20mA max standby current 

• Separate OE pin for tri-state output control 
• Two programmable chip selects with no-connect option 
• Pin compatible with 28 pin 64K and higher density 

ROMsiEPROMs 
• Completly TTL compatible 
• Standard 28 pin DIP 
• Military version (-55 to + 125°C) - Available with 

450ns (max) access time 

CONNECTION DIAGRAM 
Top View 

NC Vee (+sV) 

A12 CS1/CS1/NC 

A7 ~/~/NC 

As "-
As Ag 

~ All 

A3 OE 

A2 A10 

Al Ce 

Ao ~ 

00 0& 

0 1 Os 

~ °4 
GNO 0 3 

Note: Pin 1 is marked for orientation 

OPERATING RANGE 
Ambient 

Part Number Temperature 

Am9265DC/PC/CC OCC ,;;; TA ,;;; + 70cC 

ROM-QOl 

FUNCTIONAL DESCRIPTION 

The Am9265 high performance read only memory is or
ganized 8192 words by 8 bits with access times of less than 
250ns. This organization simplifies. the design of small 
memory systems and permits incremental memory sizes of 
8192 words. The fast access times provided allow the ROM 
to service high performance microcomputer applications 
without stalling the processor. 

Two programmable chip select inputs are provided to control 
the output buffers. Chip select polarity may be specified by 
the customer thus allowing the addressing of 4 memory 
chips without external gating. The outputs of the unselected 
chips are turned off and assume a high impedance state. 
This permits wire~ORing with additional Am9265 devices 
and other three state components. No-connect option on 
chip selects can be provided if desired by the customer. 

This memory is fuiiy static and requires no ciock signais of 
any kind. A selected chip will output data from a location 
specified by the address present on the address input lines. 
Input and output leveCs are compatible with TTL specifica
tions. A separate OE, output enable pin, controls outputs 
providing greater system flexibility and eliminating bus 
contention. 

The Am9265 features an automatic stand-by mode. When 
deselected by CE, the maximum supply current is reduced 
from 80mA to 20mA, a 75% reduction. ' 

The ability to program customer code at the last step of 
fabrication (Post Metal Programming Technique) results in 
faster turn around time for new or old patterns. This 
technique also allows testing of wafers to categorize speed 
and power dissipation before committing customer patterns. 

ORDER!NG !NFORMAT!ON 

Ambient Temperature 
Access Time 

Package Type SpeCifications 450ns 300ns 250ns 

Molded DOC:s;; TA:S;; +7DoC AM9265BPC AM9265CPC AM9265DPC 

Cerdip DOC:s;; TA:S;; +700C AM9265BCC AM9265CCC AM9265DCC 

Ceramic DOC:s;; TA:S;; +7DoC AM9265BDC AM9265CDC AM9265DDC 

Side -Brazed -55°C :s;; TA :s;; +125°C AM9265BDM 
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Advanced Micro Devices 
MOS Memories 

Am92128 

DISTINCTIVE CHARACTERISTICS 

• Enhanced manufacturability with post metal 
programming 

• Access time - 250ns (max) 
• Fully static operation 
• Single +5V ± 10% power supply 
• Automatic power down feature controlled by 

separate CE pin 
80mA max operating current 
25mA max standby current 

• Separate OE pin for three-state output control 
• Programmable chip select with no-connect option 
• Pin compatible with 28-pin and high density 

ROMs/EPROMs 
• TTL compatible 
• Standard 28-pin DIP 
• Military version ( - 55 to + 125°C) - Available with 

450ns (max) access time 

CONNECTION DIAGRAM 
Top View 

NC~VCCI+'y) 

~~: :1:C5(Nc 
Ate. 25 • At 
... e. :14", 

,,-C, 23"" 
... e7 __ 22 DE 

::3: :~;; 
... Q1O "po. 
OoC 11 .. po" 
o,e II "po. 
o..C 13 '.Po.. 

GNDC" ,.po, 
Note: Pin 1 is marked for orientation. 

ROM·OOS 

PIN NAMES 

Ao-A13 Address OE Output Enable 
CE Chip Enable Vec +5V 
NC No Connection GND Ground 

CSICS Chip Select 00 - 07 Data Outputs 

OPERATING RANGE 
Ambient 

Part Number Temperature Vee Vss 
l Am92128 X PC/CC 1 0°C.;; TA .;; + 70°C I + S.OV :t 10% OV I 

OV I 

FUNCTIONAL DESCRIPTION 

The Am92128 high performance read only memo!), is or
ganized 16,384 words by 8 bits and has access times of 
less than 250ns. This organization simplifies the design of 
memory systems and permits incremental memory sizes of 
16,384 bytes. The fast access times provided allow the 
ROM to serviCe high performance microcomputer applica
tions withoutinserting wait states. 

One programmable chip select input is provided to control 
the output buffers. Chip select polarity may be specified by 
the customer thus allowing the addressing of 2 memory 
chips without external gating.The outputs of the unselected 
chips are turned off and assume a high impedance state. 
This permits wire-ORing with additionall~.m92128 devices 
and other three-state components. No-connect option on 
chip select can be provided if desired by the customer. 

This memory is fully static and requires no clock signals of 
any kind. A selected chip will output data from a location 
specified by the address present on the address input lines. 
Input and output levels are compatible with TTL specifica
tions. A separate OE, output enable pin, controls outputs 
providing greater system flexibility and eliminating bus 
contention. 

The Am92128 features an automatic stand-by mode. When 
deselected by CE, the maximum supply current is reduced 
from,BOmA to 25mA, a 70% reduction . 

The ability to program customer code at the last step 
of fabrication (Post Metal Programming Technique) results 
in faster turn around time for new or old patterns. This 

I 
technique also allows testing of wafers to categorize speed 
and power dissipation before committing customer 
patterns. 

TRUTH TABLE 

i CSorCS ! CE OE Mode Outputs Power 

! H L I L X Deselected High-Z Active 

i H L H X Deselected High-Z Standby 
I I 

L H L H Inhibit High-Z I Active 

L H H X Deselected High-Z 

I 

Standby 

I 

I 
L ! H i L L Read I DOUT Active 

H = HIGH (;:;. 2.0V) 
L = LOW (~O.SV) 
X = Don't Care 

ORDERING INFORMATION 

Ambient Temperature 
Access Time 

I 

Package Type Specifications 450ns I 300ns I 250ns i 
i 

! Molded ! o°c ~ TA ~ + 700C ! Am9212SBPC I Am92128CPC I Am92128DPC ! 

Cerdip O°C ~ TA ~ +70"C Am92128BCC I Am9212SCCC I Am92128DCC I 
Side-Brazed +55°C.;;; TA ~ +125°C Am92128BDM I I I 

I 
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Advanced Micro Devices 
MOS Memories 

Am92256 

DISTINCTIVE CHARACTERISTICS 

• Enhanced manufacturability With post metal 
programming 

• Access time - 250ns (max) 
• Fully static operation 
• Single + 5V ± 10% power supply 
• Automatic power down feature controlled by 

separate CE pin· 
120mA max operating current 
30mA max standby current 

• Separate OE pin for three-state output control 
• Pin compatible with 28-pin high density 

ROMs/EPROMs 
• TTL compatible 
• Standard 28-pin DIP 

CONNECTION DIAGRAM 
Top View 

NC 28 

A12 27 

A7 26 

As 25 

As 24 

A4 - 23 

A3 22 
Am92256 

A2 21 

Al 20 

Ao 10 19 

00 11 ~8 

0 1 12 17 

~ 13 16 

GND 14 15 

VcC<+5V) 

A14 

A13 

As 

Ag 

All 

OE 

A,o 

CE 

Or 

Os 

05 

0 4 

03 

Note: Pin 1 is marked for orientation. 

OPERATING RANGE 

AOM·OOS 

Part Number 

I Am92256PC/CC 

Ambient 
Temperature 

I +5~'0% ::s I 

FUNCTIONAL DESCRIPTION 

The Am92256 high performance read only memory is or
ganized 32,768 words by 8 bits and has access times of 
less than 25Ons. This organization simplifies the design of 
memory systems and permits incremental memory sizes 
of 32,768 bytes. The fast access times provided allow the 
ROM to service high performance microcomputer applica
tions without inserting wait states. 

The Am92256 features an automatic stand-by mode. When 
deselected by CE, the maximum supply current is reduced 
from 120mA to 30mA, a 75% reduction. The outputs of the 
deselected chips are tumed off and assume a high impe
dance state. This permits wire-ORing with additional 
Am92256 devices and other three-state components. 

This memori is fully static and requires no clock signals of 
any kind. A selected chip will output data from a location 
specified by the address present on the address input lines. 
Input and output levels are compatible with TTL specifica
tions. A separate OE, output enable pin, controls outputs 
providing greater system flexibility and eliminating bus 
contention. 

The ability to program customer code at the last step 
of fabrication (Post Metal Programming Technique) results 
in faster turn around time for new or old panerns. This 
technique also allows testing of wafers to categorize speed 
and power dissipation before committing customer 
patterns. 

PIN NAMES 

Ao-A14 Address OE Output Enable 

CE Chip Enable VCC +5V 

NC No Connection GND Ground 

CE OE 

H X 

I L H 

L L 

00- 07 Data Outputs 

TRUTH TABLE 

Mode Outputs 

Deselect High-Z 

Inhibit I High-Z 

Read I DOUT 

H = HIGH (~ 2.0V) 
L = LOW (",; O.8V) 
X = Don't Care 

Power 

Standby 

Active 

Active 

ORDERING INFORMATION 

Ambient Temperature 
Access Time 

Package Type Specifications 450ns 300ns 250ns 

Molded ODC",; TA"'; +70"C Am92256BPC Am92256CPC Am92256DPC 

Cerdip ODC",; TA"'; +70"C Am92256BCC Am92256CCC Am92256DCC 
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Advanced Micro Devices 
MOS Memories 

Am2732 

DISTINCTIVE CHARACTERISTICS 

• 0.3% AQL guaranteed 
• Direct replacement for Intel 2732 
• Pin compatible with Am9233 - 32K ROM· 
• Single +5V power supply' 
• Fast access time - 350ns and 450ns 
• Low power dissipation 

- 787mW active 
-157mW standby 

• Fully static operation - no clocks 
• Three-state outputs 
• TTL compatible inputs/outputs 

VCCo-

GNO'O--

VPPO--

A()'Al1 
AODRESS 

INPUTS 

BLOCK DIAGRAM 

OUTPUT ENABlE 
CHIP ENABLE·AND 

PROG LOGIC 

y 

DECODER 

X 
DECODER 

DATA OUTPUTS 
0<H)7 

OUTPUT BUFFERS 

V-GATING 

32761-Brr 
CEll MATRIX 

MOS·41M) 

GENERAL DESCRIPTION 

The Am2732 is a 32768-bit ultraviolet erasable and pro
grammable read-only memory. It is organized as 4096 words 
by 8 bits per word, operates from a single +5V supply, has a 
static standby mode, and features fast single address loca
tion programming. 

. Because the Am2732 operates from a single +5V supply, it 
is ideal for use in microprocessor systems. All programming 
signals are TTL levels, requiring a single pulse. For 
programming outside of the system, eXisting EPROM 
programmers may be used. Locations may be programmed 
singly, in blocks, or at random. Total programming time for all 
bits is 200 seconds. 

MODE SELECTION 

~I CE/PGM 
- I I 
OEJVPP ! VCC I Outputs 

! Mode I (18) (20) (24) I (9-11. 13-17) 

Read VIL VIL +5 OOUT 

Standby VIH I Don·tCare +5 HighZ 

Program VIL VPP +5 DIN 

Program Verify VIL VIL +5 OOUT 

Program Inhibit VIH VPP +5 HighZ 

CONNECTION DIAGRAMS - Top Views 

DIP . Chip-PakTU 

L-32-2 

A7 VCC 

11K> A8 

AS A9 ~ ~ ~ ~ >g ~ ~ 

A4 All 

A3 OEIVpp As As 
A2 Al0 

As As 
Al CE/PGM .. An 
AO 07 

00 06 
A3 NC 

01 OS A2 OiIvpp 

02 04 A, AID 

GHO 03 Ao CEJPGM 

MOS-4111 HC ~ 

Pin 1 is marked for orientation. <>0 <>0 

Ao-A11: Addresses 

00-07: Outputs 0 8 ~ 0 S S ~ 
CE/PGM: ChiP Enable/Program CJ 

;c 

OENPP: Output Enable 
MOS-671 

Chip-Pak is a trademark of Advanced Micro Devices, Inc. 
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Advanced. Micro Devices 
MOS Memories 

Am2732A 

DISTINCTIVE CHARACTERISTICS 

• Fast access times - 200ns, 25Ons, 300ns, 450ns 

• New low-cost plastic package for applications not 
requiring reprogramming 

• Low power dissipation 
- 52SmWactive, 130mW standby 

• ± 10% VCC supply tolerance available 

• Three-state outputs 

• 24-pin JEDEC approved 2732 pin-out 

• Pin compatible with Am9233 - 32K-bit ROM 

• Separate chip enable and output enable 

vee <>---

OENPP 

cmPGM 

J 
ADDRESS 

INPUTS 

04043B-1 

~ 
Read 

Standby 

Program 

ProgramVetify 

Program Inhibit 

BLOCK DIAGRAM 

MODE SELECTION 

CElPGII OEivPP\vcc 
(18) (20) (24) 

VIL VIL I +5 

Viii X I +5 

i VlL vpp +5 

VlL VIL +5 

Viii VPP i +5 

X can be either Vil <X VIH 

figure 1. 

Outputs 
(9-11,13-17) 

ClOUT 

HighZ 

DIN 

DOUT 

HighZ 

GENERAL DESCRIPTION 

The Am2732A is a 32768-bit UV-light erasable and electri
cally programmable read-only memory, organized as 4096 
words by a-bits: The standard Am2732A offers an access 
time. of 25Ons, allowing operation with high-speed micro
processors without any WAIT state. 

To eliminate bus contention in a multiple-bus micro
processor system, Ari12732A offers separate Output Enable 
(OE) and Chip Enable (CE) controls. 

All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks or 
at random. 

The part is available in an economical plastic package for 
applications which do not require reprogramming. 

CONNECTION DIAGRAM - Top View 
D-24-4 

A7 vee 

All AI 

105 109 

M All 

A3 OE,ivPP 

A2 1010 

101 CElPGM 

AO 07 

00 06 

01 05 

02 04 

GNO 03 

Pin 1 is marked for orientatioo. 

AO-A11: Addresses 
00-07: Outputs 
~/PGM: Chip Enable/Program 
OENPP: Output EnableNPP Supply 

Figure 2. 

040438-2 

ORDERING INFORMATION 

Order Temperature 
Number1 tACC(ns) tce(ns) toe (ns) Vee Range 

AM2732APC 250 250 100 5V±5% C 

AM2732A-20X 200 200 70 5V±5% C,I,L 

AM2732A-200X 200 200 70 5V ±10% C,I,L,M 

AM2732A-OX 250 250 100 SV±S% C,I,L 

AM2732A-250X 250 250 100 5V±10% C,I,L,M 

AM2732A-30X 300 300 150 5V±S% C,l,l 

AM2732A-300X 300 300 150 SV ±10% C,I,L 

AM2732A-40X 450 450 150 SV±5% I C,I,L 

AM2732A-45DX 450 450 150 SV±10% ! C,I,L,M 

Note 1: X = C (Ot070"C), ~ = I (-40 to + 8SOC) , X = L(-S5to +100"C). X = M (-55 to + 125°C). 
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Advanced Micro Devices 
MOS Memories 

Am2764 

DISTINCTIVE CHARACTERlsncs 

• Fast access time - 200ns, 250ns, and 300ns 
• New low-cost plastic package for applications not 

requiring reprogramming 
• Low power dissipation 

- 525mWactive, 105mW standby 
• ± 10% power supply tolerance available 
• 28-pin JEDEC approved 2764 pinout 
• Pin compatible with Am9265 - 64K ROM 
• Choice of 4 temperature ranges in ceramic package 
• Fast programming time 

BLOCK DIAGRAM 

0--- Vce 
O---GNO 
0--- Vpp 

019420-1 

OUTPUT ENABLE 
CHIP ENABLE 

AND 
PROGLOGIC 

y 
DECODER 

X 
DECODER 

OATA OUTPUTS 
0 0-07 

MODE SELECnON 

!~ins! 
l Mode ''-........i 

L Read 

I Standby 

i Program 

l Program Verify 

l Program Inhibit 

CE 
(20) 

OE PGII 
(22) (27) 

x x 
X Vil 

x x 

Vpp 
(1) 

Vee 

Vee! Outputs 
(28) I (11-13, 15-19) 

Vee i Dour 
Vee Vee i High Z 

Vpp i Vee I DiN 
Vpp Vee I DouT 
Vpp Vee I High Z 

X can be either VIL or VIH 

GENERAL DESCRIPnON 

The Am2764 is a 65536-bit ultraviolet erasable and pro
grammable read-only memory. It is organized as 8192 words 
by 8 bits per word, operates from a single +5V supply, has a 
static standby mode, and features fast single address loca
tion programming. 

Because the Am2764 ope:rates from a single +5V supply, it 
is ideal for use in microprocessor systems. All programming 
Signals are TTL levels, requiring a single pulse. For 
programming outside of the system, eXisting EPROM 
programmers may be used. Locations may be programmed 
singly, in blocks, or at random. 

The part ia available in an economical plastic package for 
applications which do not require reprogramming. 

CONNEcnON DIAGRAMS - Top Views 

0-28-1 L-32-2 
P-28-1 

.... ,. IIa: 

." ;;Gii .. .. 
·7 .. .. .. .. 
As .. .. A" .. 

l' 
As 

As 22 lii! As at" 
As .. A,. 

A, ... .. .. « .. " 0, 
.. er 

... II ... 0, 

0, 17 ... ... ... 
~~" ~~~ - .. 15 0, 

0 G I Ii 6' J d' 
()19420-2 

019420-3 

Pin 1 is marked for orientation_ 

Ao-A12: Addresses 
Oo-~: Outputs 

CE: Chip Enable 

OE: 

PGM: 

NC: 

Output Enable 

Program 
No Connect 

ORDERING INFORMATION 

I Order I Temperature 

i Number1 1 tACe (ns) tce(ns) toE(ns) Vee Range 

I AM2764-2DX 
I 200 200 7S SV:!: S"I. C,I I AM2764·2LX 

AM2764·2ODX 
I 200 200 7S SV:!: 10% C,I 

AM2764·2OLX 

AM27640X I 250 250 100 SV:!: 5% C,I,L AM2764LX I 

AM2764·2SDX 
250 250 100 5V:!: 100;. C,I.L. M 

AM2764·2SLX 

AM2764·3DX 

I 
300 300 120 SV:!: 5% C.I, L 

AM2764·3LX I 

AM2764·30DX 
300 300 120 SV:!: 100;. C,I, L 

I AM2764·3OlX 

AM2764·4DX 
450 450 150 SV:!: S% C,I,L 

AM2764·4LX 

I AM2764·4SDX 
450 450 150 SV:!: 10% C, !.L,M 

I AM2764·45LX I I 

j AM2764PC j 250 250 100 SV:!:S% j C 

Note: 1. X = C (0 to + 70"C). X = I (-40 to + 85°C) , X = L (-55 to 100"C), X = M (-55 to + 125"C,. 
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Advanced Micro Devices 

DlSTINCTIVECHARACTERISncs 

MOS Mt!mories 
Am27128 

GENERAL DESCRIPTION 

• Fast access time - 150ns, 200ns, 250ns, 300ns, 450ns the Am27128 is a 131,072-bit UV-light erasable and electri
cally programmable read-only memory. It is organized as 
16384 words by 8-bits per word. The standard Am27128 
offers access time of 250ns, allowing operation with high
speed microprocessors without any WAIT state. 

• Low power consumption 

- 525mWactive 

- 130mW stand-by 

• Single 5V power supply 

• ± 10% Vcc supply tolerance available 

• Fully static operation - no clocks 

To eliminate bus contention in a multiple-bus micropro
cessor system, the Am27128 offers separate output ena
ble (OE) and chip enable (CE) controls. 

• Separate chip enable and output enable controls All signals are TTL levels, including programming signals. 
Bit locations may be programmed singly, in blocks or at 
random. To reduce programming time, the Am27128 may 
be programmed using 1ms pulses. Typically, Am27128 
can be programmed in three minutes. See Flow Chart on 
page 6 for detaiis. 

• TTL compatible inputs/outputs 

• 28-pin JEDEC approved 27128 pin-out 

• Piricompatible to Am2764 EPROM and 
Am92128-128K ROM 

• Fast programming time (3 min typical) 

BLOCK DIAGRAM 

<>-- Vee 

<>-- GND 

<>-- Vpp 

Ao·A13 
ADDRESS 

INPUTS 

~ 
Read 

Standby 

Program 

Program Verify 

Program Inhibit 

CE 
(20) 

v'll 

VIH 

Vil 

Vil 

VIH 

OUTPUT ENABLE 
CHIP ENABLE 

AND 
PROG LOGIC 

y 

DECOOER 

X 
DECODER 

MODE SELECTION 

OE PGii Vpp 
(22) (27) (1) 

Vil VIH Vcc 

X X Vee 

VIH Vil Vpp 

VIL. Viii Vpp 

X X Vpp 

X can be either VIL or VIH 
Figure 1. 

Order1 

Number 

AM27128·1 DX 

I 
AM27128·15DX 
AM27128·2DX 
AM27128·2ODX 
AM27128DX 
AM27128·25DX 
AM27128·3DX 
AM27128·3ODX 
AM27128·4DX 
AM27128-45DX 

DATA OUTPUTS 
0 0.07 

00138C., 

Vee Outputs 
(28) (11.13,15·19) 

Vec ClouT 
Vee HighZ 

Vee o.N 
Vcc ClouT 
Vee High Z 

Ao·A13: 

00.0 7: 

CE: 

CONNECTION DIAGRAM - Top View 

Vpp Vce 

A12 PGM 

A7 A13 

~ As 

As Ag 

A4 An 

A3 OE 

A2 A10 

Al CE 

Ao Or 

00 0& 

01 0 5 

02 0 4 

GND 0] 

03138C-2 

Note: Pin 1 is marked for orientation. 

Addresses 

Outputs 

Chip Enable 

DE: 

PGM: 

Figure 2. 

Output Enable 

Program 

ORDERING INFORMATION 

Temperature 
tACC(ns) tcE(ns) taE(ns) Vee Range 

150 150 75 5V:t5% C,I 
150 i 150 75 5V:t 10% 

I 

C,I I 200 ! 200 75 5V:t5% C,I,L 
200 200 75 5V:t 10% C,I,L,M 
250 

I 
250 100 5V:t5% C,I,L 

250 250 100 5V:t 10% C,I,L,M 
300 300 120 5V:t5% C,I,L 
300 300 120 5V:t 10% C,I,L 
450 450 150 5V:t5% C,I,L 
450 450 150 5V:t 10% C,I,L,M 

Note: 1. X = C (0 to +70"C), X = I (-40 to +85°C), X = L (-55to +l00"C), 
X = M (-55 to +~25°C). 
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Advanced Micro Devices 
MOS Memories 

Am272S6 

DISTINCTIVE CHARACTERISTICS GENERAL DESCRIPTION 

• Fast access time - 170ns, 200ns, 25Ons, 300ns, 450ns The Am27256 is a 262,144 bit UV-light erasable and elec- , 
• Programming voltage: 12.5V trieally programmable read-only memory. It is organized as 
• Low power consumption 32,768 words by 8-bits per word. The standard Am27256 

- 525mWactive offers access time of 25Ons, allowing operation with high-
- 130mW stand-by speed microprocessors without any WAlT state. 

• Single 5V power supply To eliminate bus contention on a multiple-bus microproces-
• ± 1 0% V CC supply tolerance available ~ system, the Am27256 offers separate output enable 
• Fully static operation - no clocks (OE) and chip enable (CE) controls. 
• Separate chip enable and output enable controls 
• TTL compatible inputs/outputs All signals are TTL levels, including programming signals. 

• 28-pin JEDEC approved Am27256 pin-out Bit locations may be programmed singly, in blocks or at 

• Pin compatible to Am2764 EPROM, random. To reduce programming time, the Am27256 may 

Am27128 EPROM and Am92256 - 256K ROM be programmed using 1ms pulses. Typically, the Arn27256 

• Fast progamming time (5 min typical) ean be programmed in five minutes. 

• Auto select mode for automated programming 

BLOCK DIAGRAM CONNECTION DIAGRAM - Top View 

DATA OUTPUTS vppC~pvcc 
O----Vcc Oo-Or 

1.,2 C 2 27 P 1.,4 
O----GND 

tttttttt 
1.7 C 3 PA13 O----Vpp 26 

A&C4 25 P At 
OE- OUTPUT ENABLE ~ AsCs 24 P At 

CHIPENABL£ 
AND OUTPUT BUFFERS ~C6 23 P 1.11 

CE- PROG LOGIC ~ 
1.3 C 7 22 P 6E 

AzC' 
Am27256 

21 pAl O - Y r-;-- DECODER f-!.-
Y·GATING A1C 9 20 P CE/PGM -- r-- Ao§10 

19 P 07 

"0-1.14 - r-- 00 11 18 P 0& ADDRESS 
INPUTS - X · 0, C 12 17 pas · 282,144·B/T - DECODER · CELL MATRIX 

azC 16 P04 13 · - · GND C 14 15p~ - r--

Note: Pin 1 is marked for orientation. 040898·2 

040698-1 Ao-A14: Addresses OE: Output Enable 

00 - Or: Outputs CE/PGM: Chip Enable/Program 
Figure 1. Mode Select 

Figure 2. 

Outputs ORDERING INFORMATION ~ CE OE As Vpp VCC (11-13, 
Mode (20) (22) (24) (1) (28) 15-19) Order tACC . tCE tOE 

Read VIL VIL X Vee Vee 
Number (na) (n.) (ns) VCC 

DooT 
Output Disable VIL VIH X Vee Vee HighZ 

Am27256-1OC 170 170 75 5V±5% 

Am27256-2OC 200 200 75 5V±5% 
StandBy VIH X X Vee Vee HighZ 

Am27256-20OC 200 200 75 5V±10% 
Program VIL VIH X Vpp Vee DIN 

Am272560C 250 250 100 5V±5% 
Program Verify VIH VIL X Vpp Vee DooT 

Am27256-25OC 250 250 100 5V±10% 
Program Inhibit VIH VIH X Vpp Vee HighZ 

Am27256-3DC 300 300 120 5V±5% 
Auto Select VIL VIL VH Vee Vee Code 

Am27256-30DC 300 300 120 5V ±10% 
Note: X can be either V orV I IL IH 

VH = 12.0V ±0.5V Am27256-4DC 5V±5% 450 450 150 

Am27256-45DC 450 450 150 5V±10% 

I 
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ABBREVIATIONS OlE 'Oliver Advanced Engineering 
Oclllon Octagon Systems Corp. 
GEl Optical Electronics Inc. 
Ohio Sci Ohio Scientic 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY 
Panasonic Panasonic 
Pica Design Pico Design 
Po!ycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic Design Inc. 
Pro-log Pro-log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 

GI General Instrument RCA RCA Solid State Division 
Action Ins Action Instruments RCI Dati RCI Data 
AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems 
ADT Advanced Digital Technology Reticon Reticon 
AdYent Advent Products, Inc. 

Harris Harris'Semiconductor RIFA RIFA 
Alphatron Alphatron Rockwell Rockwell. Microelectronic Devices 
AMA American Aufomation Heurikon Heurikon Corp. RTe Riehl Time Corporation 
AND Advanced Micro Devices Hilevel Hilevel Technology, Inc, 
AMI American Microsystems, Inc. Hitachi Hitachi America, ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Ana logic ' Analogic HP Hewlett-Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft. Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microtechnology HYbrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. Hyecmp HyComp SHab Sl·Fab 
Appl Sys Applied Systems Corp. , Signetics Signetics 
APT Applied Microtechnology 

!nternational Cybernetics 
SGS SGS Semiconductor 

Apttk Aptek MiciOsystems ICC Sharp Sharp 
Array Tech Array Technology lOT Integrated Device Technology Silicon G Silicon General 
AWl AWl Electronics IMI International Microcircuits, Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Siltronics Siltronics 

BarYon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. ' 
Bedford Bedford Computer Systems Inc. Infosphere Infosphere S MOS S MOS Systems 
Burr·Brown' Burr-Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solitron Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE IntCompSys Integrated Computer Systems SSM Solid State Micro Technology Cal Devices California Devices Int Tech Integrated Technology Corp. for Music Cermetek Cermetek Intech Intech Microcircuits Div. SSS Solid State Scientific CGRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cherry Cherry Semiconductor Interdesign Interdesign STC Storage Technology Corp. 
CIC Custom Integrated Circuits Intersil Intersil STD SrD Microsystems CirTech Circuit Technology Intronies Intronics Struc Des Structured Design Inc. Citel Citel ITT ITT Semiconductors Stynetic Stynetic Systems Com linear Com linear Corporation Sunrise Sunrise Electronics 
CMA· Custom MOS Arrays Sunshine Sunshine Semiconductor Comark Comark Corp. Kinetic Sys Kinetic Systems Supertex Supertex Inc. Comdial Comdial SemicondUctor Kontron Kontron Electronics Symtek Symtek Corp. Camp Auto Computer Automation Synertek Synertek Compas Com pas Microsystems 

Lambda Semiconductor 
Sys Innov Systems Innovations Cont Logic Control Logic Inc. Lambda 

Control Sys Control Systems Microsystems Div. Linear Tech Linear Technology 
Tau Zero Inc. CreMicro .Creative Micro Systems LSI Camp lSI Computer Systems Tau Zero 

Cromemco Cromemco. Inc. LSI Logic lSI logic Corporation Technitrol Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices. Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master LogiC Master Logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics TI Texas Instruments 
Data 110 Data 1/0 Micrel Micrel Third Domain' Third Domain 
Data Trans Data Translation Micro Innoy Micro Innovators Thomson-CSF Thomson-CSF Components Corp. 
Datel Datel Micropac Micropac Industries Toshiba Toshiba America Datricon Datricon Corporation Micro Net Micro Networks Trans-Data Trans-Data DOC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW lSI Products DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. Die-Tech Die-Tech Micro Tech Microcircuits Technology Unitrode Unitrode Digelec Digelec Corp. Micro .. Link Micro-link Corporation Digitek Digitek, Inc. Micron Micron Technology iiniversai Universai Semiconductor, inc. 
Dionics Dionics Inc. MiJerTron MilerTronics Dist Camp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Miter Mitel Semiconductor VLSIDesiin VlSI Design Associates 

Mitsubishi Mitsubishi Electronics YTI VLSI Technology, Inc. 
E·HI E-H International. Inc. MMI Monolithic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. Mostek Monolithic Systems Corp. Efind Elind Elettronica Industriale 

Weite" Weitek Corporation EMM-SESCO EEM·SESCO Motorola Mostek 
MRC Motorola Semiconductor Western Western 'Digital Emulogic Emulogic Inc. Morray MRC Systems Wintek Wintek Corp. ETI Micra Ell Micro 

Exar Exar Integrated Systems Monesil Murray Consulting 
Exel ' Exel Microelectronics Xicor Xicor. Inc. 

National National Semiconductor Xycom Xycom 
Fairchild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp .• Microelectronics Zendex Zendex Corp. 
Force Force Computers Division Zil Zilog 
Fujitsu A Fujitsu America NEC NEC Electronics Zy~S ZyMOS Corporation 
Fujitsl Fujitsu Microelectronics, Inc. Nitron Nitron Zytr8x Zytrex Corp. 
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Features 

o Fast Access Time: 3S0ns Maximum 

0 

0 

0 

0 

0 

0 

0 

Fully Static Operation 

Single +SV ±S% Power Supply 

Directly TTL Compatible Inputs 

Three-State TTL Compatible Outputs 

Two Programmable Chip Selects 

EPROM Pin Compatible (2732) 

Extended Temperature Range Available 

Block Diagram 

A4 -
A5 -
As 
A7 
A8 

- ADDRESS 32,768 BIT - DECODER ARRAY 
- DRIVER 

Ag -
Al0 -

t 
Ao -
Al 
A2 

- ADDRESS COLUMN 
- DECODER 110 

A3 - DRIVER CIICIHTS 
A11 -

t 
'CS1 -

C ... 
OUTPUT SELECT 

DECODER' BUffERS 

·CS2 -

I I I I I I I I 

-PROGRAMMABLE CHIP SELECTS 
MA Y BE SPECIFIED AS ACTIVE LOW (CS) OR ACTIVE HIGH (CS) 
OR NO CONNECT (NC) 

3932 

General Description 

82333 

32,768 BIT (4096x8) 
STATIC NMOS ROM 

The AMI S2333 is a "32,768 bit static mask programma
ble NMOS ROM organized as 4096 words by 8 bits. The 
device is fully TTL compatible on all inputs and out
puts and has a single + SV power supply. The three 
state outputs facilitClte memory expansion by allowing 
the outputs to be OR-tied to other devices. 
The S2333 is pin compatible with UV EPROMs making 
system development much easier and more cost effec
tive. The fully static S2333 requires no clocks for opera
tion. The two chip selects are mask programmable with 
the active level for each being specified by the user. 

The S2333 is fabricated using AMI's N-Channel MOS 
technology. This permits the manufacture of very high 
density, high performance mask programmable ROMs. 

Logic Symbol 

CS,· cSz' 

Pin Names 

Ao-A11 

0 0-07 

CS1-C~ 

Vee 

Pin Configuration 

A7 

A6 

A5 

A. 

A3 

Az 

A, 

Ao 

Q. 

Q, 

Qz 

Address Inputs 

Data Outputs 

Chip Select Inputs 

+ SV Power Supply 

An 
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Features 

o Fast Access Time: S68A364-350ns Maximum 
-5586364-250ns Maximum 

o Low Standby Power: 85mW Maximum 

o Late Mask Programmable' 

o Fully Static Operation 

o Single + 5V ± 100/0 Power Supply 

o Directly TTL Compatible Inputs 

o Three-State TTL Compatible Outputs 

o Programmable Chip Enable 

Block Diagram 

-
-
- ADDRESS 65536 
- DECODER L 

BIT ARRAY - ORIVER 
-
-
-

t r 
-

- ADDRESS COlUMN 
1- DECODER -""" 110 ,- ORIVER CIRCUITS 
!- , 

• t 
Cta» 

OUTPUT - SELECT I 

DECODER· 
~ BUFFERS • CEiCE 

I I I I I I I I 

·USER DEfIED IIASK PIlO8R~BI.E ClIP £lIABlE-MAY 
BE IIEFIMED AS ACTIYE tIGH, ACTIYE LOW, 011 NO CONNEcT. 

@) Ie MASTER 1984 

S68A364/S68B364 

65,536 BIT (8192x8) 
STATIC NMOS ROM 

General Description 

The AMI S68364 family are 65,536 bit static mask 
programmable NMOS ROMs organized as 8192 words 
by 8 bits. The devices are fully TTL compatible on all in
puts and outputs and have a Single + 5V power supply. 
The three-state outputs facilitate memory expansion 
by allowing the outputs to be OR-tied to other devices. 

The devices are fully static, requiring no clocks for 
operation. The chip enable is mask programmable, the 
active level being specified by the user. When not 
enabled, power supply current is reduced to a maxi
mum of 15mA. 

The S68364 family of devices are fabricated using 
AMI's NMOS ROM technology. This permits the mask 
programmable ROMs. 

Logic Symbol Pin Configuration 

CE/CE* 

Ao A7 1 Vcc 
A1 A6 2 As 
A2 00 As 3 Ag 

A3 01 A4 4 Au 
A4 02 A3 5 CE/CE* 

As 03 A2 6 Ala 
A6 04 A1 7 A11 

A7 

F~ 
Ao 8 17r A. 0, 00 9 16 06 

Ag 07 01 15 Os 

. A10 02 14 04 

Al1~ 
I 

tiNDy12 4~ " 
1"~U3 

Au 

Pin Names 

Ao-A12 Address Inputs 
00-07 Data Outputs 
CEICE Programmable Chip Enable 

Vee + 5V Power Supply 

3933 
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Features 

o Fast Access Time: S2364A 350ns Maximum 
S23648 250ns Maximum 

o Low Standby Power: 85mW Maximum 
o Fully Static Operation 
o Single + 5V ± 100/0 Power Supply 
o Directly TTL Compatible Inputs 
o Three-State TTL Compatible Outputs 
o Three Programmable Chip Enables/Selects 
o EPROM Pin Compatible (2764) 
o Late Mask Programmable 

General Description 
The AMI S2364 is a 65,536 bit static mask program
mable NMOS ROM orgaRized as 8192 words by 8 bits. 

Block Diagram 

*CSlCE2 

ADDRESS 
DECODER 
DRIVER 

ADOIIESS 
DECODER 
DRlVtR 

*0EJii _____ --l 

65.536 
BIT ARRAY 

COLUMN 
LtO 

CllCIITS 

OUTPUT 
BUFfERS 

·CONTROl FUNC110II AND ACTIVE LEVEL IS USER DEFIED 

S2364A1S2364B 

65,536 BIT (8192x8) 
STATIC NMOS ROM 

The device is fully TTL compatible on all inputs and out
puts and has a single + 5V power supply. The three 
state outputs facilitate memory expansion by allowing 
the outputs to be OR-tied to other devices. 

The S2364 is pin compatible with the 2764 UV EPROM 
making system development much easier and more 
cost effective. It is fully static, requiring no clocks for 
operation. The three chip enables are mask program
mable; the active level for each being specified by the 
user. When not enabled, power supply current is re
duced to a 10mA maximum. 

The S2364 is fabricated using AMI's N-Channel MOS 
technology. This permits the manufacture of very high 
density, high performance mask programmable ROMs. 

Logic Symbol 
.iiS( "Cii "til 
CE, CEz cq 

Pin Names 

Pin Configuration 

Ao~A12 Address Inputs 

QO-Q7 Data Outputs 

CS/CE1-CS/CE3 Chip Selects/Enables 
OEIOE Output ~nable 

Vcc;GND;NC 5V;Ground;No Connect 

3934 @) Ie MASTER 1984 
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Features 

o Fast Access Time: S23128A-350ns Maximum 
S23128B-250ns Maximum 

o Low Standby Power: 110mW Max. 
o Fully Static Operation 
o Single + 5V ± 10%, Power Supply 
o Directly TIL Compatible Outputs 
o Three-State TIL Compatible Outputs 
o Two Programmable Chip Enables/Selects 
o EPROM, Pin Compatible (27128) 
o Late Mask Programmable 
o Programmable Output/Chip Enable 

General Description 

The AMI S23128 is a 131,072 bit static mask program
mable NMOS ROM organized as 16,384 words by 8 bits. 

Block Diagram 

As 

Ai 

A7 

As ROW MEMORY 
Ag ADDRESS MATRIX 

DECODER 131,072 BIT 
A'0 DRIVERS ARRAY 

A11 

Au 

A13 

Ao 

Al COlUMN 

A2 ADDRESS COLUMN 
DECODER I 110 

A3 DRIVERS I CIRCUITS 

A~---i I 

! I 

{---~ 
I 
I 

*CSJCE, I 
I 

OUTPUT 

*&SItEz 
BUffERS 

*OEICE - ____ --" 

• THE USER DECIIES 8ETWEBI A CS OR CE FUNC110N AU 
THEN DEFIlES THE ACTIVE LEVEL FOR CSICE AND OE/CE. 

@ Ie MASTER 1984 

.S23128A1S23128B 

131,072 BIT'(16384x8) 
STATIC NMOS ROM 

The device is fully TIL compatible on all inputs and out
puts and has a single + 5V power supply. The three 
state outputs facilitate memory expansion by allowing 
the outputs to be OR-tied to other devices. 

The S23128 is pin compatible with the 27128 EPROM 
making system development easier and more cost 
effective. The fully static 523128 requires no clocks for 
operation. The three control pins are mask program
mable with the active level and function being specified 
by the user. The pins can also be programmed as no 
connections. If CE functions are selected, automatic 
powerdown is available. The power supply current is 
reduced to 12mA when the chip is disabled. 

The S23128 is fabricated using AMI's NMOS tech
nology. This permits the manufacture of high density, 
high performance ROMs. 

Logic Symbol 
·CS/CE 1 ·CS/CE2 

Qo 

Ql 

Q2 

Q3 

~~ ~~ 
:::~ I 
:::w 

"DEICE 

Pin Names 

Ao-A13 
00-0 7 

CS/CE1-CS/CE2 
OEiCE 
Vcc;GND;NC 

Pin Configuration 

HC, 28 Vee 

An 27 CSlCE2* 

A7 26 An 

A6 4 25 As 

A5. 5 24 Ag 

A4 23 All 

A3 DEICE-

At 21 A,o 

A, 9 CSlCE,· 

"~1O 19 0, 
00. 11 18 06 

~u~ 
GND 14 , 15' 03 

Address Inputs 
Data Outputs 
Chip Selects/Enables 
Output Enable/Chip Enable 
5V;Ground; No Connect 
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Features 
o Fast Access Time: 

S232568: 250ns Maximum 
S23256C: 150ns Maximum 

o Low Power Dissipation 
Active Current: 

40mA Maximum 
Standby Current: 10mA Maximum 

o Fully Static Operation 
o Two User-Defined and Programmable 

Control Lines: CElCS, OEiCE 
o EPROM Pin Compatible 
o Late Mask Programmable 
o Three-State TTL Compatible Outputs 

Biock Diagram 

3936 

A14 
~13 
Au 
Al1-
Al. 
A9 
A. 
A7 
A, 

A5 
A4 
A3 
A2 
Al 
A. 

"CEICS 

ADDRESS 
DECODER 
DRIVER 

ADDRESS 
DECODER 
DRIVER 

-, 
I 

262,144 
BIT ARRAY 

COLUMN 
110 

CIRCUITS 

C'" 
SELECT OUTPUT 

DECODER" BUFFERS 

"THE USER DECIDES BETWEEN A CE OR CS AND DE DR CE 
FUNCTIIN AND THEN DEFINES THE AtnVE LEVEL 

S23256B/S23256C 

262,144 BIT (32,768x8) 
STATIC NMOS ROM 

G~tneral Description 
The AMI S23256 is a 262,144 bit static mask program
~able NMO~ ROM organized as 32,768 words by 8 
bIts. The devices are fully TTL compatible on all inputs 
and outputs and operate from a single + 5V ± 10% 
power supply. The three state outputs facilitate 
memory expansion by allowing the outputs to be OR-
tied to other devices. -

The S23256 is pin compatible with the 27128 UV 
EPROM making system development much easier and 
more cost effective. It is fully static, requiring no 
clocks for operation. . 

The S23256 is fabricated using AMI's N-Channel MOS 
ROM technology. This permits the manufacture of very 
high density, high performance mask programmable 
ROMs. 

Logic Symboi Pin Configuration 
CEJCS" 

At 
Nt Vet 

A, 

&2 
Au A14 

A3 Q. 
A7 A13 

-'4 Q, At A. 

A5 Q2 As A. 

"- Q3 A4 A,1 

A7 Q4 A3 DEICE" 

At Q5 
A2 Al0 

At Q, 
Al CElCS· 

A,. Q7 

A" 
At Ch 

Au Go CIa 

A13 01 CIs 
A,4 02 04 

GND Oa 

OEICE" 

Pin Names 
Ao-A14 Address Inputs 
0 0-07 Data Outputs 
CE/CS Chip Enable/Chip Select 
OE/CE Output/Chip Enable 
Vcc;GND;NC 5V;Ground;No Connect 
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32K byte Bubble Memory Card !IIIIIIIIII~IIIIIIIIIIIIIIIIIII!IIIIIIII"I"IIIIIIIIII""IIIII 
FUJITSU 

ENGINEERING DATA 

Devices 
Number of Devices 
Organization 
Capacity 
Average Access Time 
Drive Frequency 
Data Rate 
Interface 
Power Consumption 

Operating 
Stand-by 

Power Requirement • 

Temperature Range 
Operating 
Non-volatile Storage 

Card Dimension 

There are two kinds of Fujitsu bubble memory 

FBC304M1A 

FBM31DB 
4 
Serial loop 
296,128 bits 
370ms 
100KHz 
lOOK bits/sec. 
TTL Compatible 

9W 
SW 
+ 12 V (± 5 %) 0.3A Max. 
-12 V (± 5 %) 0.2A Max. 
+ 5 V (± 5 %) 1.SA Max. 

oOe to + 500 e 
-40

oe to + 85°e 
230 x lS0mm2 

one for high-speed file memory and one 
for low-speed fi Ie memory. 

Both can be connected to the 
8-bit micro- processor buss and 

the capacity is easily increased de
pending on a system. 

I 

j 
I 
I 

FBC30402A 

FBM32DA 
4 
Major/Minor loop 
324,024 bits 
4.5ms 
100KHz 
200K bits/sec. 
TTL Compatible 

11 W 
2.5W 
+ 12 V (± 5 %) 1.0A Max. 
-12 V (± 5 %) 0.2A Max. 
+ 5 V (± 5 %) 0.7 A Max. 

oUe to +50"e 
-40

oe to + 85°e 
230 x 160 mm2 

* Sequencial power·on and power-off are unnecessary. 

Fijutsu 32K byte Bubble Memory Card 

FBC304M 1A is a 32K byte bubble memory card 
containing four 74K bit serial loop organized 
Bubble Memory Devices FBM31 DB. 
The timing and control circuits, in addition to 

IJ. . Bus Control 

+ 5V 

coil drivers, function drivers, sense amplifier, etc., 
are also mounted on the same card, which can be 
directly connected to the 8-bit micro-processor as 
a low-speed data fi Ie and program memory. 

Memory FBC304M1A 

~----------------------------~ +5V 

Fujitsu America, Inc., 918 Sherwood Drive, Lake Bluff, Illinois 60044 
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FUJITSU 

FBC304D2A is a 32K byte high-speed bubble 
memory card with a TTL interface, containing 
four 83K bit major/minor loop organized Bubble 
Memory Devices FBM32DA with peripheral cir
cuits. As a high-speed random access file memory 

this card can be connected to the 8 bit micro
processor buss via a control card F BC~04C2A and 
the number of cards can be increased up to 256K 
bytes (8 cards), according to a system scale. 

IA- Bus FBC304C2A Control Card FBC30402A Memory Card 

I 
I Conven~ t-- tHV 11111111 
I Converter,: -6V IlllW 

'---------+-:==========-:_t_5V _______ ...... ~/ #8 
#1 

EXPECTED BUBBLE MEMORY APPLICATIONS 

System Memory 10K 
Capacity (Byte) 

lOOK 1M 10M 

Chip Capacity (bit) 64K -lOOK 256K -1M >lM 

Program Memory Mini-File Memory File Memory 

Bubble Memory 
Micro-

~ 1111111 D 
Products + Bubble 

pro- Memory 
cessor 

E~ 
Floppy Disc ~ueM;n~ Competing 

Technology &~C$~tte (Application Area) 

Applications 
• File memory for micro~computer and mini

computer 
• Replacement for disc, drum and tape devices 
• Program loaders for testing equipment and 

numerical control systems 

Example of Connection to a CPU 

Micro
processing 
Unit 

Fujitsu America, Inc., 918 Sherwood Drive, Lake Bluff, Illinois 60044 
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64K bit Bubble Memory Device FUJITSU 

FBM31DB and FBM32DAare la-pin DIP packages 
that c6ntain a 64K bit serial loop chip and a 64K 
bit major/minor loop chip, respectively, orthogonal 
coils for rotating magnetic field, and a magnet for 
biasing which makes the bubbles stable to keep 

data. 
These bubble memory devices serve as the heart 
of the Fujitsu bubble memory card mounted on a 
printed circuit board. 

ENGINEERING DATA 

Capacity: 

Organization: 
Drive Frequency: 
Transfer Rate: 
Average Access Time: 
Power Consumption: 
Temperature Range 

Operating: 
Non-volatile Storage: 

External Magnetic Field 
Operating: 
Non-Volatile Storage: 

Physical Structure: 

Dimensions: 
Weight 

CIRCUIT DIAGRAM 

• FBM31 DB (Serial loop) 

Detector 2 (-) 4 
Detector 2 (+) 5 ,(73904) 
Detector 3 (-) 6 
Detector 3 (+) 7 . (73907) 

Detector 4 (-) 8 
Detector 4 (+) 9 

Replicator (+) 10 (740321 

Annihilatod-) 11 
Common (+) 12 

Common (+) 12 
Generator (-) 13 

PIN ASSIGNMENT 

• FBM31 DB (Serial loop) 

GND 

Detector 1 (-) 

Detector 1 (+1 

Detector 2 (- I 

Detector 2 (+) 

Detector 3 (-I 

Detector 3 (+ I 

Detector 4 (-) 

Detector 4 (+1 

I 

Y Coil 

Y Coil 

X Coil 

X Coil 

FBM31DB FBM32DA 

74,032 bits 83,354 bits (total) 
81,006 bits (effective) 

Serial loop Major/Minor loop 
100KHz 100KHz 
lOOK bits/sec. 50K bits/sec. 
370 ms 4.5 ms 

500mW 500mW 

O°C to + 55°C O°Cto + 55°C 
-40°C to + 85°C -40°C to + 85°C 

50 Oe Max. 50 Oe Max. 
100 Oe Max. 100 Oe Max. 

18 pin DIP 18 pin DIP 

27.94 x 31 x 10 mm3 27.94 x '31 x 10 mm3 

30 g. 30g 

• FBM32DA (Major/Minor loop) 

18 y Coil (+1 

17 Y Coil (-) 

16.x Coil (+1 

15 X Coil (-I 

1 GND 

Transfer I-I 30------. 
Replicator (-I 40----., 

Detector 1 (-) 6' 

Detector 1 (+ ) 7 
Detector 2 (- I 8 
Detector 2 (+) 9 
Replicator (+) 100-----' 
Annihilator (-I 11 0------, 

Annihilator (+) 12 0----'".". 

Generator (+) 13 
Generator (-I 14 0--JT1-._-I.. 

Transfer (+1 15 ~"';";":~----' 

1 Y Coil (-I 

2 Y Coil (+1 

17 X Coil (-; 

18 X Coil (+1 

5GND 

* Loop numbers ( 00 through 80) are designated by 
hexadecimal code, 

• FBM32DA (Major/Minor loop) 

(+1 X Coil (+) 

(-I X Coil (-I 
(+1 N. C, 

(-) Transfer (+1 

Replicator (-) 

Y Coil (-I 

YCoil (+1 

Transfer (-I 

Replicator (-) 

GND Generator (-I 

Generator (-I 

Common (+1 

Annihilator (-I 

Replicator (+1 

Detector 1 (- I 

Detector 1 (+ I 

Detector 2 (-I 

Detector:2 (+1 

Generator (+) 

Annihilator (+) 

Annihilator (-) 

Replicator (+) 

Fujitsu America, Inc., 918 Sherwood Drive, Lake Bluff, Illinois 60044 
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256K bit Bubble Memory Device IOO~III~IIIMI~I" 
FUJITSU 

The FBM42DA is a major/minor bubble memory 
device in a 16 DIP package containing a 256K bit 
chip; the FBM43DA is a block replicator transfer 
bubble memory device in a 20 pin DIP. package 
containing a 256K bit chip. Both devices are 

mountable on a printed circuit board and have 
orthogonal coils for rotating magnetic field. They 
also incorporate magnets for biasing, thereby pro
viding the bubbles with stability to retain data. 

ENGINEERING DATA 

Capacity 

Organization 

Drive Frequency 

Transfer Rate 

Average Access Time 

Power Consumption 

Temperature Range 
Operating 
Non-volatile Storage 

. External Magnetic field 

Physical Structure 

Dimensions 

Weight 

CIRCUIT DIAGRAM 
• FBM42DA (Major/minor loop) 

(1096) 

Transfer (-I 

Replicator, I-I 2 

Detector 1 I-I 4 

Detector 1 I + I 5 

Detector 2 (-I 6 
Detector 2 ( + I 7 

Common 1+1 9 
Annihilator (-I 10 

Common (+) 9 

Common (+1 9 

Generator I-I 11 
Transfer I + I 12 

PIN ASSIGNMENT 
• FBM420A (Major/minor loop) 

. Transfer 

Replicator I-I 
GND 

Detector 1 (-I 4 

Detector 1 (+ I 5 

Detector 2 1-I 

Detector 2 (+) 7 

GND 

I 

FBM42DA FBM43DA 

I 283,026 bits (effective) 273,745 bits (effective) 
I 1,097 bits X 258 loops 1,033 bits X 265 loops 

Major /minor loop Major/minor loop 
(Block replicator transfer system) 

100KHz 100KHz 

SDK bits/sec lOOK bits/sec 

8.5ms 6.0ms 

670mW 670mW 

_0_ __0_ 

O°Cto +55°C u Cto+~~ C 
-40

0 
C to +85

0 
C -400 C to +850 C . 

50 Oe Max. 500e Max . 

16 pin DIP 20 pin DIP 

27.94 x 31 x 11 mm3 27.94 x 31 x 11 mm3 

30g 30g 

• FBM43DA (Block replicator transfer) 

Generator (-I 3 

1 Y Coil I-I 
Transfer in (-I 4 
Replicator/Transfer out (-I 5 

15 Y Coil (-I 
Detector 1 (+ I 7 

16 Y Coil (+1 Detector 1 (-I 8 
Detector 2 (+1 9 

2 Y Coil (+1 

19 X Coil I-I 
13 X Coil (-I Detector 2 (-I 10 

20 X Coil 1+1 
14 X Coil (+1 

Detector 3 (+ I 11 6GND 
3 GND Detector 3 (- I 12 

Detector 4 (+ I 13 
8 GND Detector 4 I-I 14 15 GND 

Replicator/Transfer out (+) 16 

Transfer in (+1 17T ~=======~~_J Generator (+1 18~ 

• FBM43DA (Block replicator transfer) 

YCoil (+1 YCoil X Coil (+) 

YCoil (-I YCoil (+1 2 1 X Coil (-I 

X Coil (+) Generator (_I 3 1 ,Generator (+1 
Transfer in I-I 4 1 Transfer in ·1+1 

X Coil (-I Replicatorl 5 
1 Replicatorl 

Transfer out 1-) Transfer out (+1 
Transfer (+'1 GND 6 GND 
Generator (-I Detector 1 (+1 7 1 Detector 4 (-I 

Annihilator (-I Detector 1 1-18 Detector 4 (+1 

Common 1+1 
Detector 2 Detector 3 I-I 
Detector 2 11 Detector 3 (+1 

.. The $ mark prefixed hexadecimal codes in the circuit diagrams indicate minor loop numbers. 

Fujitsu America, Inc., 918 Sherwood Drive, Lake Bluff, Illinois 60044 

@ IC MASTER 1984 3941 

as 
o 0': 
Q) 

E « 
:::::J 
(J) 

:: 
":;
u. 



~~IC MASTER~!!!!!!!!!!!!!!! 
BELONGS ON YOUR 

BOOKSHELF 
If you use IC MASTER frequently, you can obtain your own copy by ordering 
now. Use the order cards contained in this publication, or order by 
telephone as described below. 

IC MASTER is a two-volume set of technical data carefully organized to 
direct the engineer to the integrated circuits and related products that are 
closest to his specific needs. It is the surest way to find the optimum 
device to answer an engineering design requirement. By ordering now, you 
won't have to borrow or search for IC MASTER the next time you need it.. 

Typical Use of Ie MASTER 
Can an engineer find out who makes a 64K dynamic RAM with an access 
time of 120 nanoseconds or faster in less than 30 seconds? 
He can if he turns to the Memory section of IC MASTER and looks for the 
64K organization (words and bits per word) that he needs. 
Because each device is listed in order of access time, he can easily 
determine the devices that satisfy his speed requirements. 

In the United States only: 
You can order IC MASTER simply by charging it to your VISA or Master 
Card credit card. To place your order, call now: (516) 222-2500. 
Ask for Extension 314. . 

ORDER YOUR COpy 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiNOWiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 



IJ·HARRlS HM-7602/03· 
32 x 8 PROM 

HM-7602 - Open Collector Outputs 
HM-7603 - IIThree State" Outputs 

Description 

The HM-7602/03 is a fully decoded high speed Schottky TTL 256/Bit 
Field Programmable ROM in a 32 word by 8 bit/word format with open 
collector (HM-7602) or "Three State" (HM-7603) outputs. These PROMs 
are available in a 16 pin D.I.P. (ceramic or power plastic). 

A" bits are mant,.lfactured storing a logical "1" (Positive Logic) and can be 
selectively programmed for a logical "0" in anyone bit position. 

Nickel-chromium fuse technology is used on this and all other Harris 
Bipolar PROMs. 

The HM-7602/03 contains test rows which are in addition to the storage 
array to assure high programmability and guarantee parametric and A.e. 
performance. The fuses in these test rows are blown prior to shipment. 

There is one chip enable input on the HM-7602/03. eE low enables 
the chip. 

Pinout 
TOP VIEW - DIP 

0, Vce 

02 eE 

03 A4 

04 A3 

05 A2 

Os A, 

07 AO 

GND Os 

PIN NAMES 

AO -A4 Address! nputs 
01 - Os Data Outputs 

cr Chip Enable Input 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7602/03-5 (Vee = 5.0V .±5%, TA =·ooe to +750 e) 
HM-7602/03-2/-8 (Vee = 5.0V +10%, TA = -550 e to +1250 C) 
Typical measurements are at T A = 250 e, Vee = +5V 

SYMBOL 

IIH 
III 

VIH 
VIL 

VOH 
VOL 

IOHE 
10LE 

Vel 

lOS 

ICC 

PARAMETER MIN TYP MAX UNITS TEST CONOI TI ONS 

Address/E nable "'" - - +40 IJ.A VIH = Vee Max. 
Input Curren.t "a" - -50.0 -250 IJ.A Vil = 0.45V 

Input Threshold ", .. 2.0 1.5 - V Vee = Vee Min 
Voltage "a" - 1.5 O.S V Vce = VCC Max. 

Output Voltage "'" 2.4* 3.2· - V 10H = -2.0mA, Vee = Vee Min. 
"a" - 0.35 0.45 V 10L = +1SmA, Vce = vec Min. 

Output Disable "1" - - +100 IJA VOH, Vce = Vce Max. 
Current "0" - - ..;100 IJ.A VOL = 0.3V,. Vee = Vee Max. 

Input Clamp Voltage - - '-'.2 V liN = -lSmA 

Output Short Circuit -15· - -100* mA VCC = Vec Max., VOUT = O.OV 
Current One Output Only for a Max. 

of 1 Second. 

Power Supply Current - 90 130 mA Vee = VCC Max. All Inputs 
Grounded 

NOTE: Positive current defined as into device terminals 

* "Three State" only 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 
Typical measurements are at TA = +250 C, Vee = +5V 

HM-7602l03-5 HM-7602/03-2/-8 
5V±5% 5V ±10% 

()OC to + 750C -550C to + 1250 C 

SYMBOL PARAMETER TYPICAL MAXIMUM- TY~ICAl MAXIMUM- UNITS 

TAA Address Access Time 30 50 - 60 "5 
TEA Chip Enable Access Time 20 35 - 50 ns 

*A.e. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 

@ IC MASTER 1984 3943 
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HM-7610/11 m HARRIS 
HIGH SPEED 256 x 4 PROM 

HM-7610 - Open Collector Outputs 
HM-7611 - "Three State" Outputs 

Description 

The HM-7610/11 are fully decoded high speed Schottky TTL 1024 
bit Field Programmable ROM's in a 256 word by 4 bit/word format with 
open collector (HM-7610) or "three state" (HM-7611) outputs. The 
PROMs are available in 16 pin OJ.P. (ceramic or power plastic). 

All bits are manufactured storing a logical "1" (positive logic) and can 
be selectively programmed for a logical "0" in any bit position. 

The HM-7610/11 contain test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para
metric and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

This PROM is intended for use in state of the art high speed logic systems. 

Nickel-chromium fuse technology is used on these and all other Harris 
Bipolar PROMs. 

There are two chip enable inputs on the HM-7610/11 where CEl and CE2 
low enables the chip. 

Pinouts 
TOP VIEW-DIP 

PIN NAMES 
AO - A7 Address Inputs 

01 - 04 Data Outputs 

CE1. CE2 Chip Enable Inputs 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7610/11-5 (VCC = 5.0V ±5%, TA = OOC to +750C) 
HM-7610/11-2/-8 (VCC = 5.0V ±10%, TA = -550C to +1250C) 

Typical measurements are at T A = 250 e, Vee = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/E nable "1" - - +40 IlA VIH = Vec Max. 
III Input Current "0" - - -100 IlA Vil = 0.45V 

V!H Input Thresho!d "1" 2,0 1,5 - V Vee = vee Min 
Vil Voltage "0" - 1.5 0.8 V Vec = Vec Max. 

VOH Output "1" 2.4* 3.2* - V 10H = -2.OmA, VCC = Vec Min. 
Val Voltage "0" - 0.35 0.50 V 10l = +l6mA, Vee'" vee Min. 

IOHE Output Disable "1" - - +40 J.lA VOH, Vce = Vce Max. 
10lE Current "0" - - -40* J.lA Val = 0.3V, vce = Vce Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -15* - -100* mA Vce = Vce Max. VOUT '" O.OV 
Current * One Output Only for a Max. 

of 1 Second 

ICC Power Supply Current - 90 110 mA Vce = Vee Max. All Inputs 
Grounded 

(I) NOTE: Positive current defined as into device terminals. en .* "Three-State" only. 
Cf) 

'E A.C. ELECTRICAL CHARACTERISTICS (Operating) 
~ Typical Measurements are at T A = 250 C, Vee:: +5V 

HM-7610/11-5 HM-7610/11-2/-8 
5V ±5% 5V ±.,10% 

ooc to +75OC -550(; to +125OC 

"B" "A" STD ''8'' "AF6 STD 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MA>C TYP MAX TYP MAX TYP MAX UNITS 

TAA Address Access Time 25 35 35 45 40 60 - 50 - 65 - 75 ns 

TEA Chip Enable Access Time - 25 - 25 - 25 - 30 - 30 - 30 ns 

TOA Chip Oisable Access Time - 25 - 25 - 25 - 30 - 30 - 30 

A.e. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 

3944 © Ie MASTER 1984 
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mHARRIS HM-7620/21 
HIGH SPEED 512 x 4 PROM 

HM-7620- Open Collector Outputs 
HM-7621 - "Ihree State" Outputs 

Description 

The HM-7620/21 are fully decoded high speed Schottky TTL 2048 
bit Field Programmable ROM's in a 512 word by 4 bit/word format with 
open collector (HM-7620) or "three state" (HM-7621) outputs. These 
PROMs are available in 16 pin D.I.P. (ceramic or power plastic). 

All bits are manufactured storing a logical "1" (positive logic) arid can 
be selectively programmed for a logical "0" in any bit position. 

The HM-7620/21 contain test rows and columns which are in addition 
to the· storage array to assure high programmability and guarantee para
metric and A. e. performance. The fuses in, these test rows and columns 
are blown prior to shipment. 

This PROM is intended for use in state of the art high speed logic systems. 

Nickel-chromium fuse technology is used on these and all other Harris 
Bipolar PROMs. 

There is a single chip enable input on the HM-7620/21 where eE low I 

Pinout 

TOP VIEW - DIP 

A6 Vee 

As A7 

A4 AS 

A3 ~ 

Ao 01 

A1 02 

A2 03 

GNO 04 

PIN NAMES 

AO-A8 Address Inputs 

I 
IT Chip Enable Input 

0, - 04 Data Outputs 

D.C. ELECTRICAL CHAR~CTERISTICS (Operating) HM-7620/21-5 (Vee = 5.0V ±5%, T A = ooe to +750 e) 
HM-7620/21-2/-8 (Vee = 5.0V :t,10%, TA = -550 e to +125OC) 

Typical measurements are at T A = 250 e, Vee = +5V 

SYMBOL PARAMETER MIN TYP 

IIH Address/enable "1" - -
IlL Input Current "0" - -

VIH Input Threshold "'" 2.0 -
VIL Voltage "0" - -

VOH Output "1" 2.4* 3.2* 
VOL Voltage "0" - 0.35 

10HE Output Di$able "1" - -
10LE Current "0" - -
VCl Input Clamp Voltage - -

lOS Output Short Circuit -15 • -
Current 

ICC Power Supply Current - 90 

NOTE: Positive current defined as into device terminals. 
* "Three-State" only. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 
Typical Measurements are at T A = 250 C, V CC = +5V 

., HM-7620121 - S 

5V±5% 
OOCto +7SOC 

"B" .IA" 

SYMBOL PARAMETER TVP MAX TVP MAX 

TAA Address Access Time 30 40 40 50 

TEA Chip Enable Access Time - 25 - 25 

TDA Chip Disable Access Time - 25 - 25 

MAX UNITS TEST CONDITIONS 

+40 P.A VIH = VCC Max. 
-100 JlA VIL = 0.45V 

- V VCC = Vce Min. 
0.8 V Vec = vec Max. 

- V 10H = -2.OmA, VCC = Vec Min. 
0.50 V IOl = +l6rnA, Vec = Vce Min. 

+40 P.A VOH, Vee = vee Max. 
-40* JlA VOL = 0.3V, Vee = Vce Max. 

-1.2 V lIN = -l8mA 

-100· mA VCC = Vee Max. VOUT = O.OV 
One Output Onlv for a Max. 
of 1 Second 

120 mA VCC = Vec Max. All Inputs 
Grounded 

II 
5V±lu" 

HM-7620/21-2/8 

-SSOC to + 1250C 

STD ''8'' "A" STD 

TYP MAX trvp MA.X .TYP MAX TVP MAX UNITS 

50 70 - 55 - 70 - 85 ns 
- 25 - 30 - 30 - 30 ns 

- 25 - 30 - 30 - 30 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of SMHz. 

@ Ie MASTER 1984 3945 

10-

o -o 
:::::s 

"C 
c: 
·0 
o 
E 
Q) 

C/) 

en 
".:: 
10-
as 
J: 



Jo.-

o ... 
o 
::l 

"'0 
C 
o 
o 
E 
Q) 

en 
en 

"i: 
10... 

al 
:c 

HM-7640/41 -m;JHARRIS 
HIGH SPEED 512 x 8 PROM 
HM-7640 - Open Collector Outputs 

HM-7641- "Three State" Outputs 

Description 
The HM-7640/41 are fully decoded high speed Schottky TTL 4096 bit 
Field Programmable ROMs in a 512 word by 8 bit/word format with open 
collector (HM-7640) or "three-state" (HM-7641) outputs. These PROMs 
are available in a 24 pin DIP (ceramic or power plastic). 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nickel-chromium fuse technology is used on this and all other Harris 
Bipolar PROMs. 

The HM-7640/41 contain test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee parametric 
and A.C. performance. The fuses in these test rows and columns are 
blown prior to shipment. 

There are four chip enable ipputs on the HM-7640/41 where CE 1 and CE2 
low and CE3 and CE4 high enables the chip. 

Pinouts 
TOP VIEW - DIP 

PIN NAMES 

AO - AS Address Inputs 

0, - Os Data Outputs 

CE" CE2, CE3, CE4 Chip Enable Inputs 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7640/41-5 (VCC = 5.0V ±5%, TA = OOC to +750 C) 
HM-7640/41-2/-8 (VCC - 5.0V ±10%, TA = -550 C to +1250 C) 

Typical measurements are at T A = 250 e, Vee = +5V 

SYMBOL PARAMETER MIN TYP 

IIH Address/Enable "'" - -

III I nput Current "a" - -

VIH Input Threshold "'" 2.0 -
Vil Voltage "a .. - -

VOH Output "'" 2.4* 3.2* 
VOL Voltage "a" - 0.35 

10HE Output Disable "1" - -

10lE Current "a" - -

VCl Input Clamp Voltage - -

lOS Output Short Circuit -'5* -

I 
Current 

ICC Power Supply Current - 125 

NOTE: Positive current defined as into device terminals. 
* "Three-State" only. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 
Typical Measurements are at T A = 250 C, VCC = +5V 

HM·7640/41·5 
5V:!:5% 

(JOe to + 750C 

MAX UNITS TEST CONDITIONS 

-40 jJ.A VIH = VCC Max. 
-100 jJ.A Vil = 0.45V 

- V VCC = VCC Min. 
O.S V VCC = VCC Max. 

- V IOH = -2.0mA, Vee = Vee Min. 

0.50/0.45 V 10l = +16mA, VCC = VCC Min. 

+40 jJ.A VOH, VCC = VCC Max. 
-40* jJ.A VOL = 0.3V, VCC = VCC Max. 

-1.2 V liN = -lSmA 

-100* mA VCC = VCC Max. VOUT = O.OV 
One Output at a Time for Max. 
of 1 Second 

170 mA VCC = VCC Max., All Inputs 
Grounded. 

HM·7640/41·2/-8 
5V:!:10% 

-550 e to +125OC 

"A" STO "A" STO 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX UNITS 

TAA Address Access Time 35 45 50 70 - 60 - 85 os i 

TEA Chip Enable Access Time - 35 - 40 - 45 - 50 ns 

TDA Chip Disable Access Time - 35 - 40 - 45 - 50 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 

I 
I 
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m HARRIS 
HM-7649 

HIGH SPEED 512 x 8 PROM 

Description 

The HM-7649 is a fully decoded high speed Schottky TTL 4096 
bit Field Programmable ROM ina 512 word by 8 bit/word format with 
"Three State" outputs. This PROM is available in a 20 pin D.I.P. (ceramic 
or power plastic). 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nickel Chromium fuse technology is used on this and all other Harris 
Bipolar PROMs. 

The pinout is identical to the 745473 PROM: 

Pinout 
AO Vcc 

I 

A1 AS 

A2 A7 

A3 AS 

A4 A5 

01 CE 

02 Os 

03 07 

04 Os 

GND 05 

TOP VIEW - D.I.P. 

The HM-7649 contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee parametic 
and A. C. performance. The fuses in these test rows and columns are 
blown prior to shiprilent~ 

There is a chip enable input on the HM-7649 where CE low enables 
the device. 

PIN NAMES 
Address Inputs 
Data Outputs 
Chip Enable Input 

D.C. ELECTRICAL CHARACTERISTICS (Operating) 

SYMBOL PARAMETER MIN TYP 

IIH Address/Enable "1" - -
Ul Input Current "0" - -

VIH Input Threshold "1" 2.0 -
Vil Voltage "0" - -

VOH Output "1" 2.4 3.2 
VOL Voltage "0" - 0.35 

10HE Output Disable "1" - -
10lE Current "0" - -

VCl Input Clamp Voltage - -

lOS Output Short Circuit -20 -
Current 

ICC Power Supply Current - 120 

HM·7649·5 (VCC = 5.0V ±5%, T A = OoC to + 750C) 
HM·7649·2/8 (VCC· 5.0V ±10%. TA = -5poC to +1250C) 

Typical measurements are at TA = 250C. VCC = +5V 

MAX UNITS TEST CONDITIONS 

+25 J.lA VIH = VCC Max. 
-100/-250 Jl.A VIL = 0.45V 

- V VCC = VCC Min. 
O.SO V VCC = VCC Max. 

- V IOH = -2.OmA, VCC = VCC Min. 
0.50 V IOl= +1SmA, VCC = VCC Min. 

+40 J.lA VOtf, VCC = VCC Max. 
-40 Jl.A VOL = 0.3V, VCC = VCC Max. 

-1.2 V liN =-1SmA 

-100 mA VCC=VCC Max. VOUT=O.OV, 
One Output Only for a Max. 
of 1 Second 

170 mA VCC = VCC Max. All Inputs 
Grounded 

NOTE: Multiple entries refer to parameter values for "A"/STD. Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 
Typical Measurements are at T A = 250 C, VCC = +5V 

rl----------u-a.--~~-A-a-~--------~II~-------u-a.--~~-A-a-~-I-a---------, 
• JlYI-, U""I'oiiiJ-'" ...... "",..,-..., ..... ,"""'V 

5V±5% 5V±'0% 
OOCto +750 C -55OC to + 1250 C 

·'A" STD "AU STD 

SYMBOL PARAMETER TYP MAX TYP MAX TYP MAX TYP MAX 

TAA Address Access Time 35 45 40 60 - 60 - SO 
TEA ~ Enable Access lime - 35 - 40 - 45 - 50 
TDA ~ Disable Access lime - 35 - 40 - 45 - 50 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 
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m HARRIS 
HM-7642/43 

HIGH SPEED 1K x 4 PROM 
HM-7642 - Open Collector Outputs 
HM-7643 - "Three State" Outputs 

Description 
The HM-7642/43 are fully decoded high speed Schottky TTL 4096 
bit Field Programmable ROMs in a 1 K word by 4 bit/word format with 
open collector (HM-7642) or "three state" (HM-7643) outputs. These 
PROM's are available in an 18 pin DIP (ceramic or power plastic). 

All bits are manufactured storing a logical "1" (positive logic) and can 
be selectively programmed for a logical "0" in any bit position. 

Nickel-chromium fuse technology is used on these and aI/ other Harris 
Bipolar PROMs. 

The HM-7642/43, contains test rows and columns which are in addition 
to the storage array to assure high programmability and guarantee para
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There are two chip enable inputs on the HM-7642/43. CEl and CE2 low, 
enables the chip. 

Pinout 
TOP VIEW-DIP 

AS Vcc 
A5 A7 

A4 AS 

A3 Ag 

AO 0, 

Al 02 

A2 03 " 
CE, 04 

GND CE2 

PIN NAMES 

AO-Ag ADDRESS INPUTS 

01- 0 4 DA T A OUTPUTS 

CEl. CE2 CHIP ENABLE INPUTS 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM~7642/43~5 (VCC = 5.0V ±5%, TA = ooC to +750 C) 

HM~7642/43-2/-8 (VCC = 5.0V ±10%, TA = -550 C to+1250 C) 
Typical Measurements are at T A = 250 C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "1" - - -40 pA VIH = VCC Max. 
IlL Input Current "0" - - -100 Ii A VIL=0.45V 

VIH Input Threshold "1" 2.0 - - V VCC = VCC Min. 
VIL Voltage "0" - - O.S V VCC = VCC Max. 

--<, . ...".-, 

I VOH 
Output "'" 2.4* 3.2* - V 10H = -2.0mA. VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50/0.50/0.45 V 10L = +lSmA. VCC = VCC Min. 

10HE Output Disable "'" - - +40 pA VOH. VCC = VCC Max. 
10LE Current "0" - - -40* pA VOL = 0.3V. VCC = VCC Max. 

VCL Input Clamp Voltage - - -1.2 V lIN = -1SmA 

lOS Output Short Circuit -'5* - -100* mA VCC = VCC Max. VOUT = O.OV. 
Current One Output at a Time for a Max. 

of' Second 

ICC Power SupplV Current - 100 140 mA VCC = VCC Max .• All Inputs 
Grounded. 

~ NOTE: Positive current defined as into device terminals. en * "Three-State" only. 

en 
"E A.C. ELECTRICAL CHARACTERISTICS (Operating) 
~ Typical Measurements are at T A = 250 e, Vee = +5V 

HM-7642143-5 HM-7642143-2/-8 
5V±5% 5V.±10% 

OOC to + 750C -55OC to +125OC 

"B" "A" STD "B" "A" STD 

SYMBOL PARAMETER TVP MAX TVP MAX TVP MAX ITvp MAX TVP MAX TVP MAX UNITS 

TAA Address Access Time 35 45 40 50 45 60 - 55 - 70 - 85 ns 

TEA Chip Enable Access Time - 25 - 25 - 25 - 30 - 30 - 30 ns 

TOA Chip Disable Access Time - 25 - 25 - 25 - 30 - 30 - 30 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 
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m HARRIS HM-7681 
HIGH SPEED 1K x 8 PROM 

Description 
The HM-7681 is a fully decoded high speed Schottky -TTL 8192 bit 
Field Programmable ROM in a 1 K word by 8 bit/word format with 
''Three State" outputs. This PROM is available in a 24 pin D.I.P. (ceramic 
or power plastic). 

All bits are manufactured storing a logic "1" (Positive Logic) and can 
be selectively. programmed for a logical "0" in anyone bit position. 

Nickel-chromium fuse technology is used on this and all other HARRIS 
Bipolar PROMs. 

The HM-7681 contains test rows and columns which are. in addition 
to th~ storage array to assure high programmability and guarantee para
metric and A.e. performanc~. The fuses in these test rows and columns 
are blown prior to shipment. 

Pinouts 
TOP VIEW - DIP 

A7 Vcc 
A6 Aa 

Ag' 

CEl 
CE2 
CE3 

Al CE4 

A() oa 

GND 

07 
06 
05 

04 

PIN NAMES' 

AO - A9 Address Inputs 

OJ - 08 Data O~tP~ts 

There are four chip enable inputs on the HM-7681. CEL CE2 low, 
and CE3, CE4 high enables the chip. 

CE 1. CE2. CE3, ~E4 Chip Enable Inputs 

D.C. E-LECTR1CAL CHARACTERISTICS (Operating) 

SYMBOL PARAMETER MIN TYP 

IIH Address/enable "1" - -
III Input Current "0" - -

VIH Input Threshold "1" 2.0 -
VIL Voltage "0" - -

VOH Output "1" 2.4 3.2 
VOL Voltage "0" - 0.35 

10HE Output Disable "1" - -
10LE Current "0" - -

VCl Input Clamp Voltage - -

lOS Output Short Circuit -15 -
Current 

ICC Power Supply Current - 130 

HM-7681-5 (Vee = 5.0V ±5%, TA = ooc to +750 C) 
HM-7681-2/8 (Vec = 5.0V ±10%, TA = -550 C to +1250 C) 
Typical measurements.are at TA = 250 C, VCC = +5V 

MAX UNITS TEST CONDITIONS 

+40 J.lA VIH = VCC Max. 
-100/-250 J.lA VIL = 0.45V 

- V VCC = VCC Min. 
0.8 V VCC = VCC Max. 

- V 10H = -2.OmA. VCC = VCC Min. 
0.50 V 10l = +16mA. VCC = VCC Min. _ 

+40 J1A VOH. VCC = VCC Max. 
-40 J.lA VOL = 0.3V. VCC = VCC Max. 

-1.2 V liN = -18mA 

-100 rnA VCC = VCC Max .• VOUT = O.OV 
One Output Only fora Max. 
of 1 Second 

170 rnA VCC = VCC Max. All Inputs 
Grounded 

NOTE: Multiple entries refer to parameter values for "A"/STD. Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 
Typical Measurements are at T A=250 C, VCC=+5V 

HM-7681-5 
5V±5% 

ooc to+75OC 

"AU STD 

SYMBOL PARAMETER TYP MAX TYP 

TAA Address Access Time 40 50 50 
TEA Chip Enable Access Time - 35 -
TDA Chip Disable Access Time - 35 -

II HM-7681-2/8 
5Vtl0% 

-55OC to +125OC 

"AU STD 

MAX TYP MAX TYP 

70 - 60 -
40 - 40 -
40 - 40 -

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 
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m HARRIS HM-7685 
HIGH SPEED 2K x 4 PROM 

Description 

The HM-7685 is a fully decoded high speed Schottky TTL 8192- bit 
Field Programmable ROM in a 2K word by a 4 bit/word format with 
"Three State" outputs. This PROM is available in an 18 pin DIP (ceramic 
or power plastic). 

All bits are manufactured storing a logical "1" (positive logic) and can be 
selectively programmed for a logical "0" in any bit position. 

Nickel-chromium fuse technology is used on this and all other Harris 
Bipolar PROMs. 

The HM-7685 contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee para
metrics and A. C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There is a chip enable on the HM-7685. CE low enables the chip. 

GND 

Pinouts 
TOP VIEW - DIP 

Vcc 

A7 

A8 PIN ~AMES 
AO - A10 Address Inputs 

Ag 0, - 04 Data Outputs 

CE Chip Enable Input 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7685-5 (VCC = 5.0V ± 5%, TA = ooC to +750 C) 

HM-7685-2/-8 (V CC = 5.0V ± 10%, T A = -550 C to +1250 C) 
Typical measurements are at T A = 250 C, VCC = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "'" - - +40 JlA VIH = VCC Max. 
IlL Input Current "0" - - -100/-250 JlA VIL = 0.45V 

VIH Input Threshold "1" 2.0 - - V VCC = VCC Min. 
V,L Voitage "0" - - 0.0 V Vee = Vee rv1ax. 

VOH Output "1" 2.4 3.2 - V 10H = -2.0mA, VCC = VCC Min. 

VOL Voltage "0" - 0.35 0.50 V 10L = +16mA, VCC = VCC Min. 

10HE Output Disable "1" - - +40 P.A VOH, VCC = VCC Max. 
10LE Current "0" - - -40 JlA VOL = 0.3V, VCC = VCC Max. 

VCL Input -Clamp Voltage - - -1.2 V lIN = -'8mA 

-15 -100 rnA 
VCC=VCC Max. VOUT=O.OV, 

las Output Short Circuit - One Output at a Time for a Max. 
Current of 1 Second 

ICC Power Supply Current - 120 170 rnA VCC = VCC Max., All Inputs 
Grounded. 

.~ 
E 
Q) en NOTE: Multiple entries refer to parameter values of "Au/STD. Positive current defined as into device terminals. 

U) 
"i: A.C. ELECTRICAL CHARACTERISTICS (Operating) 
«; Typical Measurements are at T A=250 C, VCC=+5V 
J: 

HM-7685-S HM-768S'2/-B 
SV±S% 5V +10% 

ODC to +750 C -55OC to +125OC 

"A" STD "A" STD 

SVMBOL I PARAMETER TVP MAX TVP MAX TVP I MAX TVP MAX UNITS 1 
TAA 

I 
Add,e" Ace ... T;me 14() 50 50 70 - I 6Q 

I 
- 90 

I 
ns 1 

TEA Chip Enable Access Time - 30 ~ 40 ~ I 35 - 50 ns 

I TDA Chip Disable Access Time - 30 - 40 - 35 - 50 ns 

A.C, limits guaranteed for worst case N2 sequencing with maximum test frequency of SMHz. 
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HM-76161 
HIGH SPEED 2K x 8 PROM 

Description 

The HM-76l6l is a fully decoded high speed Schottky TTL 16,384 bit 
Field Programmable ROM in a 2K word by 8 bit/word format with "Three 
State" outputs. This PROM i~ available in a 24 pin DIP (ceramic or 
power plastic). 

All bits are manufactured storing a logical "1" (Positive Logic) and can be 
selectively programmed for a logical "0" in any bit position. 

The nickel-chromium fuse technology used is the same as all other Harris 
Bipolar PROMs and the JAN approved MIL-M-38510 PROMs. 

The HM-76161 contains test rows and columns which ar.e in addition to· 
the storage array to assure high programmability and guarantee para
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

There are three chip enable inputs on the HM-76l61. CEl low, CE2 
high, and CE3 high enables the device. 

Pinout 
TOP V I EW - DIP 

A7 Vcc 

AS AS 

AS Ag 

A4 Ala 

A3 CEl 

A2 CE2 

Al CE3 

AO Os 

01 07 

02 Os 

03 Os 

GND 04 

PIN NAMES 

AC - A1C Address ! nputs 
0,-08 Data Outputs 

CE,. CE2. CE3 Chip Enable Inputs 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-76161-5 (Vce = 5.0V 15%, TA = ooe to +750 e) 
HM-7616l-2/-8 (Vee = 5.0V ±10%, TA = -550 e to +1250 e) 
Typical Measurements are at TA = 250 e, Vec = +5V 

SYMBOL PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

IIH Address/Enable "'" - -- +40 J.lA VIH = VCC Max. 

III I nput Current "0" - - -100 J.lA Vil '= 0.45V 

VIH I nput Threshold "'" 2.0 - - V VCC = VCC Min. 

Vil Voltage "a" - - 0.8 V VCC = VCC Max. 

VOH Output "'" 2.4 3.2 - V 10H = -2.0mA. VCC = Vce Min. 

VOL Voltage .. a" - 0.35 0.50 V IOl = +16mA. VCC = VCC Min. 

lOHE Output Disable "'" - - +40 J.lA VOH. VCC =VCC Max. 

IOlE Current .. a" - - -40 J.lA VOL = 0.3V. VCC = VCC Max. 

VCl Input Clamp Voltage - - -1.2 V liN = -18mA 

lOS Output Short Circuit -'5 - -100 mA VCC = VCC Max. VOUT = O.OV 
Current One Output at a Time for 

Max. of 1 Second 

ICC Power Supply Current - 130 180 ·mA VCC = VCC Max .• All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 
Typical Measurements are at T A=250 C, VCC=+5V 

··A" 

SYMBOL PARAMETER TYP 

TAA Address Access Time 40 

TEA Chip Enable Access Time -
TDA Chip Disable Access Time -

HM-76161-5 

5V:t5% 
OOC to +750 C 

STD 

MAX TYP MAX 

50 45 60 
40 - 40 
40 - 40 

HM-76161-21-8 
5V +10% 

-55OC to"+ 125°C 

STD 

TYP MAX UNITS 

- 80 ns 
- 50 ns 

- 50 ns 

A.C. limits guaranteed for worst case N2 sequencijng with maximum test frequency of 5MHz 
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m HARRIS 

Description 
The HM-76165 PROM is a fully decoded Schottky TTL 16,384 bit field 
programmable ROM in a 4K word by 4 bit/word format with "Three 
State" outputs. This PROM is available in a 20 pin 0.300 inch wide DIP. 

All bits are manufactured storing a logical "1" and can be selectively 
programmed for a logical "0" in any bit position. 

MIL-M-38510 qualified NiCr technology is used on the HM-76165 and 
all other HARRIS bipolar PROMs. 

The HM-76165 contains test rows and columns which are in addition to 
the storage array to assure high programmability and .guarantee parametrics 
and A.C. performance. The fuses in these test rows and columns are 
blown prior to shipment. 

The HM-76165 utilizes two chip enables where CEl low and CE2 low 
enables the device. 

HM-76165 
4K x 4 PROM 

Pinout 
TOP VIEW - DIP 

AS VCC 

A7 Ag 

A6 AlO 

A5 A11 

A4 CE, 

A3 CE2 

A2 0, 

A, 02 

AO 03 

GND 04 

PIN NAMES 

AO - A11 Address Inputs 

~1-04 Data Outputs 
CE1,CE2 Chip Enable Inputs 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7616S-S (Vec = S.OV ±5%, TA = ooc to +7S0 C) 

SYMBOL PARAMETER MIN TVP 

IIH Address/Enable "'" - -

III Input Current "0" - -50.0 

VIH Input Threshold "1" 2.0 1.5 

Vll Voltage "0" - 1.5 

VOH Output "'" 2.4 3.2 

VOL Voltage "0" - 0.35 

10HE(1) Output Disable "'" - -
10lE Current "0" - -

VCl Input Clamp Voltage - -

lOS Output Short Circuit -15 -
Current 

ICC Power Supply Current - 120 

HM-7616S-2/-8 (VCC = S.OV ±10%, TA = -ssoe to +12S0 e) 
Typical Measurements are at T A = 2Soe, VCC = +SV 

MAX UNITS TEST CONDITIONS 

+40 J.1A VIH = VCC Max. 
-100 J.1A Vll = 0.45V 

- V VCC = VCC Min. 
0.80 V VCC = VCC Max. 

- V 10H = -2.0mA, VCC = VCC Min. 
0.50 V 10l = +16mA, VCC = VCC Min. 

+40 J.1A VOH, VCC = VCC Max. 
-40 J.1A VOL = 0.3V, VCC = VCC Max. 

-1.2 V lIN = -18mA 

-100 mA VOUT = O.OV, One Output at a 
Time for a Max. of 1 Second 

170 mA VCC = VCC Max., All Inputs 
Grounded. 

E NOTE: Positive current defined as into device terminals. 
~ (1) lOH E = +6QI.lA for ·2 and -B. 

CI) 

"i:: 
~ A.C. ELECTRICAL CHARACTERISTICS (Operating) 

:::c . Typical Measurements are at T A = +12soe, Vee = +SV 

HM-76165-S HM-7616S-2/-8 
SV±S% SV ±10% 

()OC to + 7SOC -S50 C to + 12SOC 

SYMBOL PARAMETER TVPICAl MAXIMUM TVPICAl MAXIMUM UNITS 

TAA Address Access Time 45 60 50 80 ns 

I 
TEA I Chip Enable Access Time 25 I 35 I 30 40 

I 
ns 

TDA i Chip Disable Access Time 25 i 35 i 30 40 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 
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m HARRIS 
HM-76321 

4K x 8 PROM 

Description 

The HM-7632l is a fully decoded Schottky TTL 32,768 bit field program
mable ROM in a 4K word by 8 bit/word format with "Three State" out
puts. This PROM is available in a 24 pin DIP. 

. All bits are manufactured storing a logical "1" (Positive Logic) and can 
be selectively programmed for a logical "a" in any bit position. 

MIL-M-385l0 qualified NiCr technology is used on the HM .. ,76321 and 
all other HARRIS Bipolar PROMs. 

The HM-76321 contains test rows and columns which are in addition to 
the storage array to assure high programmability and guarantee para
metrics and. A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

The HM-7632l utilizes two chip enable controls, where CEl low and 
CE2 high enables the device. 

A7 

A6 

A5 

A4 

A3 

A2 
A1 

AO 

01 

02 

03 
GND 

Pinout 
TOP ViEW - DIP 

11 

12 13 

PIN NAMES 
AO - All Address Inputs 

OJ - Os Data Outputs 
CE1, CE2 Chip Enable Inputs 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-7EP21-5 (Vcc = 5.0V 15%, TA = ooC to +750 C) 
HM-76321-2/-8 (VCC = 5.0V ±10%, TA = -550 C to +1250 C) 
Typica! Measurements are at T A = 250 C, VCC = +5V 

SYMBOL 

IIH 
III 

VIH 
Vil 

VOH 
VOL 

IOHE(1) 

IOlE 

VCl 

lOS 

ICC 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 

Address/Enable "1" - - +40 I1A VIH = VCC Max. 
I nput Current "a" - .. 50.0 .. 100 I1A Vil = 0.45V 

I nput Threshold "'" 2.0 1,5 - V VCe = VCC Min. 
Voltage "a" - 1.5 0.8 V VCC = VCC Max. 

Output "1" 2.4 3.2 - V 10H =- -2.0mA, VCC = VCC Min. 
Voltage "a" - 0.35 0.50 V laL = +16mA, VCC = VCC Min. 

Output Disable "1" - - +40 I1A VOH, VCC = VCC Max. 
Current "0" - - -40 I1A VOL = 0.3V, VCC = VCC Max. 

Input Clamp Voltage - - ' -1.2 V liN = -18mA 
.-

Output Short Circuit -15 - -100 mA VOUT = O.OV, One Output at a 
Current Time for a Max. of.l Second 

Power Supply Current - - 190 mA VCC = VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 
(1) IOHE = +100~A for -2 and-8. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 
Typical measurements are at TA = +250 e, Vee = +5V 

HM-76321-5 HM .. 76321-2/-8 
5V±5% 5V ±10% 

()OC to + 750C .. 550 C to + 1250C 

SYMBOL PARAMETER TYPICAL MAXIMUM TYPIC~l MAXIMUM UNITS 

TAA Address Access Time 45 65 - 85 ns 

TEA Chip Enable Access Time 25 35 - 40 ns 

TDA Chip Disable Access Time 25 35 - 40 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency ()f SMHz. 
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m1 HARRIS 
HM-76641 

Description 
The HM-76641 is a fully decoded Schottky TTL 65,536 bit field program
mable ROM in an 8K word by 8 bit/word format with "Three State" out
puts. This PROM is available in a 24 pin DIP. 

All bits are manufactured storing a logical "1" (Positive Logic) and can be 
selectively programmed for a logical "0" in any bit position. 

MIL-M-38510 qualified NiCr technology is used on the HM-76641 
and all other HARRIS bipolar PROMs. 

The HM-76641 contains test rows and columns which are in addition 
to the storage array to assure high program'mability and guarantee para
metrics and A.C. performance. The fuses in these test rows and columns 
are blown prior to shipment. 

The HM-76641 utilizes a single chip enable, CE, which when low enables 
the device. 

8K x 8 PROM 

Pinout 
TOP VIEW - DIP 

A7 Vcc 
AS AS 
A5 Ag 

A4 AlO 

A3 CE 

A2 All 

Al A12 

AO 08 

01 07 

°2 Os 
03 °5 

GND 04 

PIN NAMES 

AO - A12 Address Inputs 
a, - 08 Data Outputs 

CE Chip Enable Inputs 

D.C. ELECTRICAL CHARACTERISTICS (Operating) HM-76641-5 (V CC = 5.0V i5%, T A = ooC to + 750 C) 

SYMBOL 

IIH 
IlL 

VIH 
VIL 

VOH 
VOL 

10HE(1) 

10LE 

VCL 

las 

ICC 

PARAMETER MIN TYP 

Address/E nable "1" - -

Input Current "0"' - -50.0 

Input Threshold "'"' 2.0 1.5 
Voltage "0" - '.5 

Output '"'"' 2.4 3.2 
Voltage "'0" -, 0.35 

Output Disable "1" - -
Current "0" - -

Input Clamp Voltage - -

Output Short Circuit -15 -

Current 

Power Supply Current - -

HM-76641-2/-8 (VCC = 5.0V ±10%, TA = -550 C to +1250 C) 
Typical Measurements are at T A = 250 C, VCC = +5V 

MAX UNITS TEST CONDITIONS 

+40 J.lA VIH ~ VCC Max. 
-100 J.lA VIL = 0.45V 

- V VCC = VCC Min. 
0.8 V VCC = VCC Max. 

- V 10H = -2.0mA, VCC = VCC Min. 
I 0.50 V 10L = +16mA, VCC = VCC Min. 

+40 J.lA VOH, VCC = VCC Max. 
-40 J.lA VOL = 0.3V, VCC = VCC Max. 

-1.2 V liN = -18mA 

-100 mA VOUT = O.OV, One Output at a 
Time for a Max. of 1 Second 

190 mA VCC ~ VCC Max., All Inputs 
Grounded. 

NOTE: Positive current defined as into device terminals. 

(1) 10HE = +l00J.lA for -2 and -8. 

A.C. ELECTRICAL CHARACTERISTICS (Operating) 

Typical Measurements are at TA = +250 e, Vee = +5V 

HM-76641-S HM-76641-2/-8 
SV:tS% SV ±10% 

ooc to +7SOC -Ssoc to + 12SoC 

SYMBOL PARAMETER TYPICAL MAXIMUM TYPICAL MAXIMUM UNITS 

TAA Address Access Time 50 85 - 100 ns 

I 
TEA Chip Enable Access Time 30 40 -

I 
45 

I 
ns 

TDA Chip Disable Access Time 30 40 - 45 ns 

A.C. limits guaranteed for worst case N2 sequencing with maximum test frequency of 5MHz. 
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PROGRAMMING THE HM-76XXX PROMS 

The HM-76XXX PROMs are manufactured with all bits storing a logical "1" (output high). Any desired bit can be pro
grammed to a logical "0" (output low) by following the simple procedure shown below. One may build his own programmer 
to satisfy the specifications described in the table, or use any of the commercially available programmers which can meet 
these specifications. 

PROGRAMMING SPECIFICATIONS 

RECOMMENDED 
SYMBOL PARAMETER MINIMUM OR TYPICAL MAXIMUM UNITS 

VIH Address Input 2.4 5.0 5.0 V 
VIL Voltage (1) 0.0 0.4 0.5 V 

VPH (2) Programming/Verify 12.0 12.0 12.5 V 
VPL (3) Voltage to Vec 4.5 4.5 5.5 V 

·IILP Programming Input - -300 -600 IJA 
Low Current at VPH 

tr Programming (VCC) 1.0 1.0 100 JJs 
tf Voltage Rise and Fall Time 1.0 1.0 10.0 JJS 

td Programming Delay 10 10 100. JJs 

Programming Pulse Width (4) 90 100 
I no tp I I JJS 

P.D.C. Programming Duty Cycle - 50 90 % 

VQPE Output Voltage - Enable (5) 10.5 10.5 11.0 V 

VOPD Output Voltage - Disable (6) 4.5 5.0 5.5 V 

Ta I Ambient Temperature - I 25 I 75 oC 

During programming the chip must be disabled for proper operation. 

NOTES: 1. No inputs should be left open for VIH. 
2. VPH source must be capable of supplying one ampere. 
3. It is recommended that dual verification be made at VPL min and VPL max. 
4. Note step 10 in programming procedure-. 
5. VQPE source must be capable of supplying 10mA minimum. 
6. Disable condition will be met with output open circuit. 

PROGRAMMING PROCEDURE 

1. Address the PROM with the binary address of the word 
to be programmed. Address inputs are TTL compatible. 
Ar, open circuit should not be used to address the PROM. 

2. Bring the eEx input(s) high and the eEx input(s) low 
to disable the device. The disabling of the device during 

. programming is an essential step in correctly program
ming all HAR R IS PROMs. The chip enables are TTL 
compatible. An open circuit should not used to disable 
the device. 

3. Disable the programming circuitry by applying a voltage 
of VOPD to the outputs of the PROM. Any output may 
be left open to achieve the disable. 

4. Raise Vee to VPH with rise time less than or equal to t r. 

5. After a delay equal to or greater than td, apply a pulse 
with amplitude of VOPE and duration of tp to the output 
selected for programming. Note that the PROM is sup
plied with fuses intact, which generates an output high. 
Programming a fuse will cause the output to go low. 

6. Other bits in the same word may be programmed while 
the Vee input is raised to VPH by applying output 

© Ie MASTER 1984 

enable pulses to each output which is to be program
med. The output enable pulses must be separated by 
a minimum interval of td. 

7. Lower Vee to 4.5 volts following a delay of td from last 
programming enable pulse applied to an output. 

8. Enable the P ROM for verification by applying V I L to 
eEx and VIH to eEx . 

9. Repeat verification (step 8) at Vee = 5.5 volts. 

10. If any bit does not verify as programmed, repeat steps 2 
through 9 until the bit has received a total of i ms of 
programming time. Bits which do not program within 
1 ms are programming rejects. No further at empt to 
program these parts should be made. 

11. Repeat steps 1 through 10 for all other bits to be pro
grammed in the PROM. 

12. Programming rejects returned to the factory must be 
accompanied by data giving address, desired data, and 
actual output data of the location in which a program
ming failure has occurred. 
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TYPICAL PROGRAMMING CIRCUIT 

The circuit and timing diagrams shown in Figures 1 and 2 
will establish the proper programming conditions for the 
output enable pulses. This allows the use of standard TTL 

parts for all logic inputs to the PROM. Note the gate which 
senses the output must withstand inputs up to 11.0 volts 
during programming. 
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-----4AC) VCC 0Xt--....... ----If---+--.A.IV'......a 
DATA-X 

DEVICE, 
BEING 
PRO-

GRAMMED 

-----iAX 
.------4CEX 

DATA-2 

CEX 
GND 01t---+--------~~~~ 

220f2/ 

DATA-1 

FIGURE 1 

HIGH VOL TAGEI 
CURRENT 
TTL GATE 

>----01 

~---PX 

" SENSE GATE 

CEX------------~ .--------V'H 

CEX------~ 

VpH----- ·C_:-:-------~ 
VCcJJ71 

VPL 10% "'-------- VPL 

. " 'd~'P-i VOPE1 __________ i--__ -, 

~~-------~---------------VOPD1 

'--+------------- VOPDX 

FIGURE 2 

Waveforms Applied to the Device Pins During Programming 
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II HARRIS HPL-77153/82S153 

HPC"M Harris Programmable Logic 

Functionlll Dillgrllm 
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The HPL-77153/82S153 is a programmable logic 
device designed to be cost effective and space saving 
replacement for discrete logic designs. This device 
is a two-level logic element, consisting of 32 product 
terms (AND) and 10 sum terms (OR) with fusible 
links for programming I/O polarity and direction. 

All product terms can be iinked to 8 inputs {i} and 
10 bidirectional I/O lines (B) allowing variable I/O 
configurations using the 10 direction control gates 
(D)' ranging from 17 inputs and 1 output to 8 inputs 
and 10 outputs. 

On chip T/C buffers allow either True (I,B) and/or 
Complement (1,8) signals to be linked to any of the 
product terms, the outputs of which may be used 
as inputs to any or all of the sum terms. The output 
polaritv of the sum terms is individually program-

@ Ie MASTER 1984 

D. C. ELECTRICAL CHARACTERISTICS 
(Operating) 

HPL-77153/82S153-5 (VCC = 5,OV ±5%, TA = COC to +75OC) 
HPL-77153/82S153-2/-8 (VCC = 5.0V ±10%, TA'= -55OC to +1250 C) 

SYMBOL PARAMETER MIN MAX UNITS TEST CONDITIONS 

IIH Input Current ,,1" +40 /JA VIH ~ Vce MAX 

III Dedicated Input "0" -100 "A Vil = O,4V Vce = Vee MAX 

IBZH Inpul Current "1" +40 "A VBH - Vec MAX 

Bidirectional Pm Current Vee = Vee MAX 

IBZL HI-ZState "0" -100 /JA VBl ~ 0.4V 

VIH 2.0 Vee = Vee MAX 
Inpu! ThreShold 

VIL Voltage "0" 0,8 Vee ~ Vee MIN 

VOH High-Level Output Voltage 2,4 Vee = Vee MIN l IOH ~ -2,OmA 
VIL ~ O.SV 

[ VOL Low-level Output Voltage 0.5 VIH ~ 2.0V 10L= +16mA 

VeL Input Clamp Voltage -1.2 lIN = -18mA, Vee = ov 

-20 -70 rnA VC~ '" S.O,V, VOUT'= OV 

lOS Output Short CirCUit Current 

M -15 -as rnA One output for MAX of One Sec. 

155 i I 
! ! Vec=Vec MAX 

165 i rnA 1 I Power Supply Current 

1 M 

C = Commercial 1-5) M '" Military (-2/-81 

A. C. SWITCHING CHARACTERISTICS (Operating) 

HPL-771531 HPL-771531 
825153-5 825163-21-8 
SV!5" SV!1(I" 

OOC to +7SOC -56DC '0 +12&DC 

SYMBOL 

JEDEC OLD 
STANDARD SYMBOL PARAMETER MIN MAX MIN MAX UNITS 

TOVaHl TpO Propagation Delav-Input or 

110 to Active High Output 40 55 

TDVaLl I TpO Propagation Delay-Input or 

40i 110 to Active Low Output - 55 

TOVaH2 TOE Enable Access Time 
to Active High Output 35 45 

TOVaL2 TOE Enable Access Time 
to Active Low Output 35 45, 

TOVaZI TOO Disable Access Time 
from Active Higt, Output 30 45 

TOVaZ2 TOO Disable Access Time 
from Active Low Output 30 45 

NOTE: MaXimum test freQuency is 5MHz with a 50% duty cycle_ 

mabie by means of a fuse link controlled EX-OR gate' 
to allow implemention of Sum Of Products (SOP) or 
Inverted Sum Of Products (ISOP) expressions. 

The HPL-77153/82S153 is field programmable, en
abling the user to quickly generate custom patterns 
using standard programming equipment. 

Nickel-chromium fuse technology is used on these and 
all other HARRIS HPL-77XXX programmable logic 
devices. The HPL-77153/82S153 is available in 20 pin 
slimline DIP packages with a pinout identical to the 
82S153. 

The HPL-77153/82S153 contains unique test circui
try developed by HARRIS which is enabled at the 
time of manufacture to allow complete AC and DC 
testing. 
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Em HARRIS HPL-77215/16H8 
HPL-77216/16P8 
HPL-77209/16 L8 

HPI!M Harris Programmable Logic 

HPl-n209f18l8 HPl-m15f16H8 HPL-n216f181'8 
r-------------------------------~ 

Description 

The HPL-77215/216/209 are programmable logic devices de-
, signed to be cost effective and space saving replacements for 
discrete logic designs. These devices are two-Ievellogic elements 
consisting of 7 product terms (AND) summed (OR) together to 
generate each of the 8 outputs. An eighth product term associated 
with each output can drive it to a high impedance state allowing 6 
(80-85) of the 8 outputs to be used as inputs, either permanently or 
dynamically. 

The HPL-77209 is functionally identical to the industry standard 
16L8, and implements logic expressions of the Inverted Sum Of 
Products (ISOP) form. 

The HPL-77215 is a similar device to the 16L8 but does not include 
the associated output inversion. It implements logic expressions of 
the Sum Of Products (SOP) form. 
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D.C. ELECTRICAl CHARACTERISTICS 
(Operating) 

HPl·772151211112011-S(Vee = S.OVo:S%. T. E O'C 10 +75"C) 
HPl'77215121I112011-21-8(¥ee = 5.OV 0: 1O'Ito. T. = -SS"CIO +125"Cl 

1flllulea--====_I_=I=-=_=t=·=IIAlI=+2S~=-~U:-::;:;::'4=v..===vee=MAX~TUT:;;;,;:COMII;;;;;;1;;;-~==~= 
~1fIIIuI . __ . __ :!:_+_=-+. __ :~._ ~_ ~~_~~ __ ~~~~ __ . 

-,- - +40 "" _ = Vee MAX 
0uIpuI ea- Yee • Yee MAX 

1---'-':=--f--"HI--=.Z=SIIIt=--___ ._-:_==_ ~+--. ::.- --~- ~C:MAX----.-~ 
_PlnCunwnl Ycc·YccllAll 

1m Hi-ZSIIIt -- :~ rTo-- .-~~ .. -7- ~~~:MAX-------

ICC 

C-eoo-DoIl-!II U-_I-2i-1I 12I"_ __ .. -~If) ... _""_ 
1')"_ __ "-_11)"'_""_ f3J0n0_ .. '_' ___ . 

A. C. SWITCHING CHARACTERISTICS (Operating) 
-"77211-1 
1II'L-77I1I-' 
IW'\.·""-I 

-"77111-31 -. 
1W'\..77I1I-a/-' 
-"""-31-' 

.-. 
JlllEC ()U) 

IV" ... ere .. +7I"C 
IV",..., 

-II'C .. +QS'C 

~IID Sv.oL 

TOVQHI TI'O 

TO\IQLI TI'O 

TtI\IQH2 TPllI 

F~~=+=~~+-l1opooo1i01=;;";~~DoIoJ=':'_IfIIIuI~OI=~-~FIWI~ 2!!_ ~- ~~ 
I--=::-:--.+----=:-:---E~-IO-::._:.:::.~· ::=':~0uIpuI""'-1fIIIuI!:':·-:-0I- I--=-- -~ .. --:--- -~~ . .....!!---

1--==--+-~_-E:-'=:-IO_==_=loIo~==OuIpuI=_--+_-+-_.:_~-= __ ~_~_ 
IO_HighOulpul(I) TDIIQZI 35 TDIIQZI 45... ,. 

TD\IqU TPZlI 

__ T_ 

TDIIQZI Tpxz 
1--===-~~_~~~·_=loIo~0uIpuI~nq=(=')_-+TDVQZ2~~_-=35~_TDVQZ2~~+ __ ~4~5 ___ ~_._ 

TDVQZ2 Tpxz 
I--===-~.--=---f-'--,-= . .:..:.High=. ===0uIpuI=_-+_-= ___ ~. - 35 .. 

__ T _ 
__ loIoOulpul 

30 35 
(')EnIIIIt~T ....................... o..bItA&aaTilnetoeWOldclllriceCCll'lllllllolL 
1IOTE:--......,~.5MCr..,.5O'IIo .. qc;II. 

The HPL-77216 is a more flexible device, it includes 8 EX-OR gates 
in each output path, controlled by 8 extra fuses, allowing the 
polarity of each output to be user configured. This device can 
implement a combination of SOP and ISOP expressions. 

The HPL-77215/216/209 are field programmable, enabling the 
user to quickly generate custom patterns using standard prog
ramming equipment. 

Nickel-chromium fuse technology is used on these and all other 
HARRIS HPL-77XXX programmable logic devices. The HPL-
7721512161209 are available in 20 pin slimline DIP packages with 
pinouts identical to the 16L8. 

The HPL -7721512161209 contain unique test circuitry developed by 
HARRIS which is enabled at the time of manufacture to allow 
compieteAC and DC testing. 
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m HARRIs HPL-77317/16LD8 
HPL-77318/16HD8 

HPI!M HarrisProg'rammable Logic 

Functional Diagram 

Description 
The HPL-77317/318 are programmable logic devices designed 
to be cpst effective and space saving replacements for discrete 
logic designs. These devices are two-level logic elements con
sisting of 8 product terms (AND) summed (OR) together to 
generate each of the 8 outputs. To achieve 8 product terms 
per output, the ability to force the outputs to a high imped-

. ance state has not been included. All eight outputs are perma
nently active. 

The HPL-77317 is similar to the industry standard 16L8, and 
implements logic expressions of the Inverted Sum Of Products 
(lSOP) form_ 

The HPL-77318 is a similar device to the HPL-77317, but 
does not include the associated output inversion. It imple
ments logic expressions of the Sum Of Products (SOP) form. 

(9) Ie MASTER 1984 

D.C. ELECTRICAL CHARACTERISTICS 
(Operating) 

Sn.oL MRAllETER 

I .. 1npJlCu'_ 
ho. DedocaIodInpJl 

V .. 
1npJI'I'lv_ 

v~ \IoIIago 

v"" High-~OuIput"""-

-··1~ 

'0-

2.0 

-0-

2.' 

-30 

A. C. SWITCHING CHARACTERISTICS (Operating) 

JEDEC OLD 
STANDAAO SYIIBOL MRAIETER 

HPl-773171318 -6 (Vee· 5DV+5". TA - DOC to +76OC) 
HPL-77317/318 -2/-8 (Vee· 5DV+l0!r0. TA· -55"cto +126OC1 

IIAll UNITS TEST CONDI11ONS 

-25 ~A V .. Vet; MAX 
100 ~ .. V" O.'V Vee VccMAX 

Vee MAX 

0.8 V Vee Vee MIN 

\: -2.0mA4MJ 
V Vee Vee MIN -3.2m'<IC) 

VIl 0 O.8V 1:::~=l~ll) O.S VIH ~ 2.OV 

-1.2 bN '" -18mA.. Vcc" CN 
Vcc ~ S.OV. VOUT = CN 

-130 
One OuIput.o< .... X 01 One Sec. 

lSSIC) 
Vee = VccMAX 

. 1854M) rnA 

(1) Oneoutpulaiabme.Olhef¥nM 1SmA 

.... _77317-& 
"L-7T.1,1-S 51/."" 
O'C ... ·WC 

.... -17317-21 ... 

.... -173_21 ... 51/._ 
-M"C .... ,25"C 

_ MAX _ !lAX UNITS 

35 

Six of the 8 outputs feature feedback into the fuse matrix, 
allowing output functions to be utilized for other output 
functions. 

The HPL-77317/318 are field programmable, enabling the 
user to quickly generate custom patterns using standard prog
ramming equipment . 

Nickei-chro!Tlium fuse technoiogy is used on these and all 
other HARRIS HPL-77XXX programmable logic devices. The 
HPL-77317/318 are available in 20 pin slimline DIP packages 
with pinouts similar to the 16L8. 

The HPL-77317/318 contain unique test circuitry developed 
by HARRIS, which is enabled at the time of manufacture to 
allow complete AC, DC and functional testing. 
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m HARRIS HPL-77319/16LE8 
HPL-77320/16HE8 

HPI2
M 

Harris Programmable Logic 

Functional Diagram 

.... -7732C11 .... U 

Description 

The HPL-77319/320 are programmable logic devices designed 
to be cost effective and space saving replacements for dis
crete logic designs. These devices are two-level logic elements 
consisting of 8 product terms (AND) summed (OR) together 
to generate each of the 8 outputs. An extra fuse associated 
with each bi-directional pin can drive it to a high impedance 
state allowing 6 (80-85) of the 8 outputs to be used as inputs. 

An extra fuse associated with each output pin can be used to 
control output polarity which is active high on an unpro-' 
grammed part. 

The HPL-77319 is similar to the industry standard 16L8, and 
implements logic expressions of the I nverted Sum of Products 
(lSOP) form. 

The HPL-77320 is a similar device to the HPL-77319 but 
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D.C. ELECTRICAL CHARACTERISTICS 
(Operating) 

SYMBOL IIMAIIETEII -I .. 1npuIc:ur- -.. 
I~ Dodi.-dlnpul -0-- _PinCurfft 

Ion Hi-ZStoio -0-

v .. 2.0 
1npuI-(') 

v~ \\lIIoge "0-

v"" Hogh-ltMlIOulput\lolloge(2) 2.' 

VOl l.ow~ 0uIpuI VdIago (2) 

VCL InpuICIomp"Wllago(') 

los OuIpuIShor1Con: ... c.._m -30 

Icc -Supply~ 

C-~I-S. M- ..... "-21-8} 
fl)'l'1we~~lOboIhtnput'IIMd8ldnctlonll'BIPN. 

A C. SWITCHING CHARACTERISTICS (Operating) 

IYMBOL 
JEDEC OLD 

SlANDARD Sv.oL MRAIETER 

NOTE: Muimuml8M'~.IMHJ:wi"".,,",dlrtycyde. 

HPl-l7319132O-5 (Vee = 5.0V:S .... r. = O'C to + 75"C) 
HPl-77319132O-21-8(Vcc = 5.OY:'0%. r. = -55'CIO +lWC) 

IIAlC UIITS 
TEIIT_ 

+25 "A V .. = VccMAX 
-100 ,.A Vil. '" 0.4 V Vee '" VccUAX 

+40 ,.A V8H "" VccMAX 
Vee = VccMAX 

-100 "A V. '" O.CV 

v Vee" Vee MAX 

0.8 V Vee '" Vee MIN 

V Vee = VccMSN 
1:0- - -2.omA (M) 

lot< = -3.2mA(C) 

V~ = 0.8V 1:::=:~(3) 0.5 V .. = 2.OV 

1.2 I .. "" -lamA. Vee = OJ 

Vee = S.OV. VOOT - C:N 
-130 

One CIuIput for IMX 01 One Soc. 

'SS(C) 
Vee = VccMA)( 

1115(M) "'" f2!~ __ .. _o...lfJ"'_fBl_ 

(3)OneOUlput".""'.OII'IerWMIIm4. 

HPL-rn_ 
HPL-~ 

IV."'" 
O'eID-7Fe 

.... -rn-..v-4 
Wl.-'7732IhV-4 

IIY=_ 
-WCID.12FC 

... MAX .... MAX UM1'S 

does not include the associated output inversion. It imple
ments logic expressions of the Sum of Products (SOP) form. 

The HPL-77319/320 are field programmable, enabling the 
user to quickly generate custom patterns using standard 
programming equipment. 

Nickel-chromium fuse technology is used on these and all 
other HARRIS HPL-77XXX programmable logic devices. 
The HPL-773191320 are available in 20 pin slimline DIP 
packages with pinouts identical to 16L8. 

The HPL-77319/320 contain unique test circuitry developed 
by HARRIS which is enabled at the time of manufacture to 
allow complete AC, DC and functional testing. 
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PROGRAMMING HARRIS PROGRAMMABLE LOGIC (HPl) 

Following .is the programming procedure which is used 
for the HPL-77XXX devices. These devices are manufac
tured with all fuses intact.· Any desired fuse can be pro
grammed by following the simple procedur~ shown on the 

following page. One may build a programmer to satisfy 
the specifications described in the table, or use any of 
the commercially available programmers which meet 
these specifications. 

SYMBOL 

Veep 

leep 

VIH 

VIL 

PROGRAMMING SPECIFICATIONS 
TABLE 1 

PARAMETER TEST CONDITIONS 

Vee Supply During Programming1 leep = 550 mA min 

Icc Limit During Programming Veep = +8.50V±o..25V 

Input Voltage (High) 

Input Voltage (Low) 

LIMITS 
MIN TYP MAX UNITS 

8.25 8.5 8.75 V 

550 - 10.00 mA 

2.4 - 5.5 V 

0..0. - 0..8 V 
1-----. 

hHP Input Current (High) During Prog. VIH = +5.5V - - 50 J,LA 

hlP Input Current (Low) During Prog. Vil = o.V - - -500 J,LA 

VOPF Forced Output Voltage2 10PF = 300mA±25mA 16.0 16.5 18.0 V 
Transient or Steady State 

IOPF Forced Output Current VOPF = 17.5V±o..5V 275 300. 325 mA 

PWv Verify Pulse Width 1 5 50. ILS 

PWP Programming Pulse Width 90 100 110 J,LS 

To Pulse Sequence Delay 1 5 50. J,LS 

tr2 Forced Output Voltage Rise ~ime 10% to 90% 4 14 40. J,LS 

tn Vee Supply Rise Time 10% to 90% 2 7 20 J,LS 

tf2 Forced Output Voltage Fall Time 90% to 10.% 2 7 20. J,LS 

tf1 Vee Supply Fall Time 90.% to 10.% 1 4 10. J,LS 

Tpp Programming ,Period 100 160 350. J,LS 

Fl Fusing Attempts per Link - 1 2 Cycle 

Vs Verify Threshold3 1.4 1.5 1.6 V 

NOTES: 

1. 
2. 

3. 

Bypass vee to GND with a 0.Q1 J.l.F capacitor to reduce voltage spikes. The Vee power supply must be capable of handJing 1 Ampere maximum. 
Care should be taken to ensure that the voltage is maintained during the entire-fusing cycle. The recommended supply is a constant current source clamped at 
the specified voltage limit. 
vs is the sensing threshold of the device output voltage for ~ programmed link. It normally constitutes the reference voltage applied to a comparator circuit to 
verify a successful fusing attempt. 

Cs 

C1 

Co 

Rs 

Rs 

GND 

Figure 1 
EDIT MODE PINOUT 

HPL-77XXX 

Vee 

PROGRAM ENABLE 

PROGRAM/VERIFY 

SENSE FUSE 

Ro 

STROBE 

*NOTE: While programming HPL-17XXX devices, no pins should be left floating. Pin 16 (SENSE FUSE) appears as an open collector 
output during programming. It should be tied to VCC through a 1o.K ohm resistor. It is recommended that all unused row and column 
address pins be tied to GND. Consult individual HPL data sheets for information pertaining to selection of fuses. 
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HPl PROGRAMMING PROCEDURE & WAVEFORMS 

PROGRAMMING PROCEDURE 

1. Set-Up: 
a. During programming, no pins should be left floating. Pin 

16 should be terminated with a 10k ohm resistor to Vee. 
b. Set GND (Pin 10) to OV. 

2. Select the EDIT Mode: 
a. Apply OV to Pin 20. 
b. Apply VIL to Pin 18. 
c. Apply VIH to Pin 11. 
d. Apply VIL to Pin 17. 

3. Select the Fuse to be Programmed: 
a. Wait To and select a ROW by specifying the appropriate 

binary ROW address according to Table 2.-
b. Select a COLUMN by specifying the appropriate binary 

COLUMN address according to Table 3. 

4. Program the Fuse: 
a. Wait To and raise Pin 20 to Veep. 

b. Wait To and raise Pin 17 to VIH. 
c. Wait To and raise Pin 18 to VOPF. 
d. Wait To and pulse Pin 11 to VIL for a duration of PWp. 
e. Return Pin 11 to VIH. 
f. Wait To and lower Pin 18 to V,L 
g. Wait To and lower Pin 17 to VIL. 

5. Verify Programmed Fuse: 
a. Wait To and lower Pin 11 to VIL. 
b. At the end of PWv, monitor Pin 16 for a level of Vs. 
c. Return Pin 11 to VIH. 
d. Wait TD and lower Pin 20 to av. 
e. If Pin 16 has indicated a VOL, return to step 4 and repeat 

so that the fuse receives a maximum of two (2) fusing 
attempts. 

6. Repeat Steps 3 Through 5 for All Fuses to be Blown. 

PROGRAMMING WAVEFORMS 

PINS 7-9,12-15 

PINS 1-6, 19 

PIN 17 
(PROGRAMNERIFy) 

PIN 18 
(PROGRAM ENABLE) 

3962 

PIN 11 
(STROBE) 

PIN 16 
(OUTPUTFo) 

,- FUSE Fo 

~ EDIT MODE ROW SELECT 

-, ,- FUSE FN _I 

~r---------------_~. -: =:. =.:-:.:-.:-:.:-.:-.:-.:-:_-:_-_ -_ -_~ ::~ 

~ EDIT MODE COLUMN SELECT I§§I -- -------- ---------~ VIH 

- ..... -------------~~------------------~ Vil 

,..-___________ T0=;t r- , ---------------"\ - Vccp 

Tpp 

PROGRAM 

.. ~tI1 I \ 

~' L_~ 
r------------, VIH 

~+-V_E_RIF! _ J L __ _ VIL 

r--------, ~n 
I \ 

/ . \ 
I \ 

I \ 
L ____ VIL 

PWv -- --., ,-'.- - VIH L _______ .l t..J VIL 

Figure 2 

VOH 

VOL 
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II'HARRlS 

Product Preview HPI!M,Harris Programmable Logic 

~he HPL-77061 is a proprietary device designed by Harris Semiconductor. .It is a 24 pin device with 12 input pins, 

6 bi-directional pins, and 4 output pins. The architecture consists of a programmable AND array, followed by a fixed 

. OR array, followed by a programmable INVERTER. This configuration generates a device that implements logic 

expressions in either SUM OF PRODUCTS (SOP) or INVERTED SUM OF PRODUCTS (lSOP) form. Two fuses 

associated with each output and bi-directional pin allow their three state buffers to be configured as permanently 

active, permanently inactive, or under the control of a common CHIP SELECT(CS) signal. When under the control of 

the CS signal, they may be configured to be active when CS is high and inactive when low, 

or active when CS is low and inactive when high. 

The HPL-77061 is intended to be used as an address decoder in 8,16 or 32 bit microprocessor systems, and is known 

as a FIELD PROGRAMMABLE ADDRESS DECODER (FPAD). When used as an address decoder, it is possible to 

contiguously concatenate the address spaces of large and small system components. This allows more efficient use to 

be made of available memory space, as well as making the memory decoder design easier. The HPL-77061 may also 

be used to replace several TTL packages in many random logic designs. In both the above appJications, a significant 

reduction in board space, power consumption, package count, and an inciease in isllability may be realized. The HPL-

77061 incorporates Harris designed test circuitry which allows complete parametric and logical testing of unprogram

med devices at the time of manufacture. The benefits for the user of this exhaustive testing are very high POST 

PROGRAMMING FUNCTIONAL YIELD (95% guaranteed; 97% typically) and pretested AC and DC parametrics. 

The HPL-77061 uses the standard HPL programming algorithm which, is also used for all Harris Programmable Logic 

parts. Special test fuses are included in the HPL-77061. These are selectively programmed during post manufacturing 

testing. This allows all the programming circuitry to be tested for correct operation. 

The Harris policy is to ship pretested devices, removing the test burden from the small user and assuring the large user 

the highest possible quality. 

• PROPAGATION DELAY 25n5 MAX COMMERCIAL 

• SUPPL V CURRENT 140mA MAX COMMERCIAL 

• PACKAGE 24 PIN SLiMLINE 
(POWER PLASTIC & CERAMIC) 

• TEMPERATURE OPTIONS COMMERCIAL, MILITARY & 8838 

• AC/DC SPECS PRETESTED 

• FUNCTIONALITY PREiESiED 

• PROGRAMMING GENERIC 

• TTL COMPATIBLE 

HPL is a trademark of Harris Corporation 
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mHARRIS USER'S GUIDE: DIGITAL PRODUCTS 

CMOSINMOS RAMs· Cross Reference 

Micro 
Power 

Description HARRIS AMI Fujitsu Hitachi lOT Intersll Systems Mltsublshl 

1KCMOS HM~(1K x 1) 6508 8401 6508 6508 
RAMs 16-pln synch 

HM-6518 (1K x 1) 
18-pin synch 

6518 6518 6518 

HM-6551 (256 x 4) 6551 
22·pin synch 

HM-6561 (256 x 4) 6561 
18-pin synch 

4KCMOS HM-6504 (4K x 1) 6504 8404 4315 6504 6504 
RAMs 18-pin synch 6147 

HM-6514 (1K x 4) 6514 8414 4334 6514 6514 58981 
18-pin synch 6148 

16K CMOS HM-6516 (2K x 8) 6516 
RAMs 24-pin synch 

HM-65162 (2K x 8) 
24·pin asynch 

8416 6116 6116 5117 

HM-65172 (2K x 8) 
24-pin asynch 

8418 6177 5116 

NMOS 
Memories 

Description HARRIS Motorola National NEC OKI RCA Toshiba (Generic) 

1KCMOS HM-6508 (1 K x 1) 6508 6508 443 6508 5508 2125 
RAMs 16-pin synch 74C929 1821 4015 

HM-6518 (1K x 1) 6518 6518 
18-pln synch 74C930 

I 
HM-6551 (256 x 4) 

I 22·pln synch 
6551 1822 

74C920 
5101 2101 

HM-6561 (256 x 4) I I I 2111 I 18·pin synch i I 

4K CMOS HM-6504 (4K x 1) 2141/47 
RAMs 18-pln synch 6504 6504 5104 5504 3150 

4104 
4404 

HM-6514 (1K x 4) 2114 
18-pln synch 6514 6514 444 5114 5114 5114 2148149 

5115 4045 
314A 

16K CMOS HM-6516 (2K x 8) 6516 
RAMs 24-pin synch 

HM-65162 (2K x 1) 2116 
24-pin asynch 65116 6116 446 5128 6116 5517 2016 

4016 
4802 
2128 
8128 
58725 

HM-65172 (2K x 8) 449 5516 
24·pin asynch 
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m·HARRIS 

1024 x 1 - 1K Synchronous 

Part Number Access Time Power Supply Current 

Operating Standby 

I HM~8 180 ns 4 rnA/MHz 10 JlA 

I HM~ 
250 ns 4 rnA/MHz 10 JlA 

1024 x 1 - 1K Synchronous 

Part Number I Access Time I Power Supply Current 

i I Operating I Standby I 
I 
I 

HM-65i8B I 180 ns 14 rnA/MHz I 10 JlA 
I 'I 

I 

i 4 rnA/MHz I 

I 

I 

HM-6518 I 250 ns 10 JlA I I I I 
I I 

256 x 4 - 1K Synchronous 

Part Number Access Time Power Supply Current 

Operating Standby 

HM-65518 220 ns 4 rnA/MHz 10 JlA 

HM-6551 300 ns 4 rnA/MHz' 10 JlA 

• 

i 
256 x 4 - 1 K Synchronous 

Part Number Access Time Power Supply Current 

Operating Standby 

HM-65618 220 ns 4 rnA/MHz 10 JlA 

HM-6561 300ns '4 rnA/MHz 10 JlA, 

@ Ie MASTER 1984 

CMOS STATIC RAMs 1K 

Pinout 
Replaces Pin for Pin I rC~Jl1cc 

I 
AO[2 15JO 

Al[ 3 i40 W 

National 74C929 .0.2 [ 4 13~ .0.9 

A3[ 5 12PA8' 

Intersil 6508 
A4[ 6 llPAl 

AMI 56508 
aC 1 lOP .0.6 

GNO[ 8 9P AS 
I....--

Pinout 
Replaces Pin for Pin ~n:c 

E 2 17 52 

AO~3 16~ ~ 
I Al 4 15 w 

Nationai 74C930 
::~: 

14 0.0.9 

Intersil 6518 13~ .0.8 

120 AI A4 7 

a 8 llb A6 

GND~A5 
" 

Pinout 
Replaces Pin for Pin A3[~JVCC 

M[ '} 21 JA4 

Al[ 3 '}o]w 

AO[ 4 19~51 
A5[5 lBPE 

A6( 6 17P52 

Intersil 6551 A7[ 7 16P03 

GNO[ 8 15 J03 

DO[ 9 14P07 

UO [ 10 13 P02 

01[ 11 12bol 

i , I 
Pinout 

Replaces Pin for Pin 
Al( '.~PilCC 
A2( 1 l1PA4 

Al[ 3 16PW 

AO[ .. '!lPS) 
AS[ S I·P003 

A6[ 6 13bom 

Intersil 6561 Al~ 7 12Pool 

GooD[ 8 I1POoo 
1(~jJSi 

3965 

.... 
o ... 
o 
::J 
"0 
C 
o 
.2 
,E 

Q) 

UJ 
en 

-i:: .... 
as 
J: 



... 
o ..... 
o 
::l 
-c 
c 
o 
.2 
E 
(1) 

rn 
(J) 
.~ ... 
ctJ 
J: 

;II HARRIS CMOS STATIC RAMs 4K & 16K 

I 4096 x 1 - 4K Synchronous Pinout 

Part Number Access Time Power Supply Current Replaces Pin for Pin AO[ 1. 18PVCC 

Operating Standby 
A1 [2 17 PA6 

A2[ 3 16pA7 

HM-6504S 120 ns 7 rnA/MHz 25 p,A. Fujitsu 8404 
A3[ 4 1SPA8 

A4[ S 14 JA9 

HM-65048 200ns 7 rnA/MHz 25 p,A Oki 5104 AS[ 6 13 J Al0 

a[ 7 12 JAIl 

HM-6504 300 ns 7 rnA/MHz 25 p,A National 6504 w[ 8 11 J 0 

GNO( 9 10 J E 

1024 x 4 - 4K Synchronous Pinout 
Part Number Access Time Power Supply Current Replaces Pin for Pin A6[r;e 

':b vCC 

Operating Standby AS[ ] 17 A7 

A4[ 3 '6JA8 

Fujitsu 6514 A3[ • I~PA9 

HM-6514S 120 ns 7 rnA/MHz 25 p,A Hitachi 4334 AO[ S I·POOO 

NEC444 Al[ 6 I3POO' 

HM-65148 200 ns 7 rnA/MHz 25 p,A RCA 5114 A1[ 7 '7pDm 
e[ 8 "P~03 

Toshiba 5514 GND(~bw 

HM-6514 300 ns 7 rnA/MHz 25 p,A National 6514 

2048 x 8 - 16K Synchronous Pinout 
Part· Number Access Time Power Supply Current Similar To 

A7 cr;-v-;Ovcc 
\Operating Standby A6 C 2 23 PA8 

AS C 3 22 PA9 

A4C 4 21 pw 

110 rnA/MHz 
Hitachi 6116 A3C S 20 pG 

A2C 6 19PAIO 

HM-65168 120 ns 50 p,A Toshiba 5517 A1C7 18PE 

AO I 8 17 JOQ7 

HM-6516 200ns 10 rnA/MHz 50 p,A National 6516 000 I 9 16 ~ 006 
DOli 10 15 J DOS 
002 11 14 J 004 

GNO[ 12 13 J 003 
• 

2048 x 8 - 16K Asynchronous Pinout 

Part Number Access TIme Power Supply Current Replaces Pin for Pin A7C~PVCC 
Operating Standby A6C 2 23 PA8 

ASC 3 22 JA9 

HM-65162S 55ns 70 rnA 100 p,A Fujitsu 8416 
A4[ 4 21 JW 

A3C S 20 JG 

HM-651628 70ns 70 rnA 50 p,A Hitachi 6116 A2C 6 19 JA10 

! ! ! , NEC446 Ale 7 18Jf I 

HM-65162 90ns 70 rnA 100 p,A Toshiba 5517 AO( 8 17POQ7 

oao[ 9 160006 
National 6116 001 [ 10 15 o DOS 

HM-65162C 90 ns (Ind) 70 rnA 1 rnA lOT 6116 002 C 11 140004 

120 ns (Mil) GNO[12 13p003 
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mHARRIS 

I 2048 x 8 - 16K Asynchronous 

part Number Access Time Power Supply Current I 

I Operating I Standby I 

HM-65172S 55 ns ! 70 rnA 100 /LA I 

HM-651728 70 ns 70 rnA 50 p,A I 
HM-65172 90 ns 70 rnA 
HM-65172C 90 ns (Ind) 70 rnA 

120 ns (Mil) .1 70 rnA 

16384 x 1 - 16K Asynchronous 

100 p,A I 
1 rnA I 

1 rnA I 

I Pari Numbei Access Time' Power Supply ,Current 

, I C'll\\~' Operating Standby 
SOO 

I HM-652628 55 ns 60 rnA 5O'p,A 

I 
I 

I 
HM-65262 70 ns 60 rnA 50 p,A 

I I 

@ Ie MASTER 1984 

CMOS STATIC RAMs 16K 

Replaces Pin for Pin 

Fujitsu 8418 
Hitachi 6117 
Toshiba 5516 

NEC449 

Replaces Pin for Pin 

Hitachi 6167 
lOT 6167 

I Pinout 

11 A7~VCC 
A6 rl 2 23 h A8 

I A5 ~ 3 22 ~ A9 
A4 [ 4 21 W 
A3 [5 '20 El 
A2 [ 6 ,19 Al0 
Al [ 7 18 b E2 . 

AO [ 8 17~ D07 

I 
DOO [ 9 16 D06 
DOl [ 10 .15·. D05 

I 
D02 [[ 11 14' D04 
GND cl?_ ~~. D03 

I I 
I I 

Pinout 
I 

A1 

A2 3 

A3 4 A11 
A4 5 A10 
A5 6 

A6 
Q 

Vi 9 

I GNO 10 

I 

I 
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mHARRIS CMOS STATIC 
RAM MODULES 64K & 256K 

LCC RAM Module - 16384 x 4/8192 x - 64K Synchronous Pinout 
Part Number Access Time Power Supply Current Replaces Pin for Pin GND~'VCC 

042 3900 

Operating Standby 
D4 3 J8 DO 
05 4 37 01 
D5 5 36 Dl 
AD 6 35 All 
Al 7 34 AID 
A2 8 33 A9 

HM5-6564 350ns 56/28 rnA BOOp,A 
E3 9 32 El - W2 10 31 W, 

W2 11 30 W, 
E. 12 29 E2 
A6 13 28 A5 
A7 14 27 A4 

HM5-6564-5 450ns 60/30 rnA 4.0 p,A A8 15 26 A3 - D6 16 25 D2 
06 17 24 02 
D7 18 23 D3 
07 19 22 OJ 
VCC~ GND 

LCC RAM Module • 16384 x 16132768 x 8 - 256K Synchronous Pinout 
Part Number Access Time Power Supply Current Replaces Pin for Pin 

Operating Standby 
GND 1 48 vee 

A7 2 47 AO 
A8 3 46 Al 
A9 4 45 A2 

Al0 5 44 A3 
El 6 43 A4 
E2 7 42 A5 
(3 8 41 A6 
E4 9 40 rn 
ES 10 39 rn 
E6 11 38 f14 
E7 12 37 W 

5Op,A 
~ 13 3fi G8 

HM-92560 150 ns 30/15 rnA - Ell 14 35 m 
E9 15 34 m 

DOO 16 33 D08 

HM-92560-5 250ns 35/20 rnA 3.5 rnA - DOl 17 32 D09 
D02 18 31 DOlO 
DOl 19 30 DOll 
D04 20 29 0012 
DOS 21 28 D013 

;~ 22 27 0014 
23 26 0015 
24 25 rn 

LCC Unbuffered RAM Module ·16384 x 16132768 x 8 - 256K Asynchronous Pinout 
Part Number Access Time Power Supply Current Replaces Pin for Pin ,.., 

:' .. .. " 

Operating Standby r, " M 

col\'f 
n .. 
n 
n m 
r\ m 
A "" ,00 " . 
'" II 
1\ m 
:. rr, 

HM-92562 90 ns 75 rnA 5OOp,A - ::: 
DO> 

llell 

:: ... , 
"'. 00" 

i10 m 

LCC ButferedRAMModule ·16384 x 16132768 x 8 - 256K Synchronous Pinout 

Part Number Access Time Power Supply Current Replaces Pin for Pin GNO 1 

• VQ; A7 2 .7 ... ,.. , 
• A' A' • 
• AZ Operating Standby AIO I .. AZ 

An • ., ,.. 
A,2 7 42 ,.. "1J • ., ,.. 
m • 

• I1i m 10 

• Hi u" I, • •• 
30/15 rnA Ii 12 U W-

" • Gi IIIC M 
• IIIC 

! 35120 rnA I 600 p,A 
IIIC ,. 

M IIIC 

HM .. 92570 250ns - - .. 
J:I -DO' U 
D -DQZ ,. 
" DO" 

300ns 35/20 rnA 3.5 rnA 
DOl II .. DOn - Ja • DOI2 - 2' 

• DOli - ZI 27 DOl. 
D07 D 

• DOli vee M · -
3968 © Ie MASTER 1984 



3) HARRIS CMOS PROMs 4K, 16K & 64K 
, 

512 x 8 - 4K Synchronous 
Part Memory Access 

Number Element Time 
Power Supply 

Current 
Operating Standby 

Replaces Pin 
for Pin 

Bipolar 7641 
HM-6641 Fuse 250 ns 10 rnA/MHz 100 p.A Signetics 82S141 

2048 x 8 - 16K Synchronous 

Part Memory Access Power Supply Replaces Pin 
I 

Number Eiement Time ,... .. _"""' .... for Pin ,",UI I 'VI" 

Operating Standby 

I 

115 mA/MHzi100 p.A 
NMOS 2716 

I HM-6616B Fuse 90 ns . National 27C16 
1 HM-6616 Fuse 120 ns 15 rnAMHz 1100 p.A I National 6716 
I I I I I I ntersi I 6716 

I 
I 

I I I I I 

8192 x 8 - 64K Asynchronous 
Part Memory Access Power Supply Replaces Pin 

Number Element Time Current for Pin 
Operating Standby 

G col\\~l\ 
SOO 

HM-6664 Fuse 175 ns 10 rnA/MHz 100 p.A· NMOS 2764 
Fujitsu 27C64 

@ Ie MASTER 1984 

Pinout 
I 
A7~VCC I I 

J A6(2 npA8 

I 

A5 ( 3 22 ~A9 
A4 ( 4 7.1 Pi' 
A3 ( 5 7.0 pc; 
A2 ( 6 19 P AlO 

Al[7 18~)E 
AO( 8 17P07 
Oo[ 9 16 bJ 06 

Ole 10 15P05 1 
0;>[ 11 14P04 I GNO[ 12 13P03 

I I 

Pinout 

vPp [ 1 28 P vcc 
A12[ 2 27 P P 
A7[ 3 26 P NC 

A6[ 4 2<; J A8 

Ao;[ 0; 24 J A9 

A4[ 6 23:J All 

A3[ 7 22 0 G 
A2[ 8 21,0 Al0 

Al [ 9 20 r:JE 
AO[ 10 19p07 

ao[ 11 18 J 06 

01[ 12 17 :JOO; 
02[ 13 16 J 04 

GNO[ 14 15 j03 
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HM50256-12, HM50256-15-Preliminary 

HM50256-20 

262144-word x 1-bit Dynamic Random Access Memory 

• FEATURES 
• Industry Standard 16-Pin DIP 
• Single 5V (±10%) 
• On chip substrate bias generator 
• Low Power: 350mW active, 23mW standby 
• High speed: Access Time 120ns/150ns/200ns(max.) 
• Common I/O capability using early write operation 
• Page mode. capability 
• TTL compatible 
• 256 refresh cycles ..... (4 ms) 
• 3 variation of refresh ... RAS only refresh 

• BLOCK DIAGRAM 

CAS before R AS refresh 
Hidden refresh 

.ABSOLUTE MAXIMUM RATINGS 
Voltage on any pin relative to Vss ............ -lV to +7V 
Operating temperature, Ta (Ambient) ......... O°C to +70°C 
Storage temperature ................. -65°C to +l50°C 
Power dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 
Short circuit output current, ............ -. . . . . . . . 50mA 

.RECOMMENDED DC OPERATING CONDITIONS (Ta=O to +70·C) 

Parameter Symbol min typ 

Supply Voltage Vee 4.5 5.0 

Input High Voltage V1H 2.4 -
Input Low Voltage V/L -1.0 -

Note) 1. All voltages referenced to Vss 

Ci)HITACHI 

(DG-I6S) 

.PIN ARRANGEMENT 

(Top View) 

A.-A. Address Inputs 

CAS Column Address Strobe 

Din Data In 

Dout Data Out 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+SV) 

Vss Ground 

Ao-A, Refresh Address Inputs 

Note) The specifications of this device are subject to 
change without notice. 
Please contact your nearest Hitachis Sales 
Dept, regarding specifications. 

max Unit Note 

5.5 V 1 

6.5 V 1 

0.8 V 1 
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HM50257-12, HM5025?-15, -Pr~liminary 
HM50257-20' 
262144-word x 1-bit Dynamic Random Access Memory 
• FEATURES 
• Industry standard 16-pin DIP 
• _Single SV (±10%) 
• On chip substrate bias generator 
• Low Power: 350mW active, 20mW standby 
• High speed: Access Time 120ns/150ns/200ns (max.) 
• Common I/O capability using early write operation 
• Nibble_mode capability 
• Indifinite Dout hold using CAS control 
• TTL compatible 
• 256 refresh cycles ..... (4ms) 
.3 Variations of refresh; RAS only refresh. CAS befor RAS 

refresh. Hidden refresh 

;; BLOCK D!AGRAM 

• ABSOLUTE MAXIMUM RATINGS 

Voltage on any pin relative to V ss . . . . . . . . . . . . . . -1 V to + 7V 
Operating temperature. Ta (Ambient) .......... O°C to +70°C 
Storage temperature ................... - 6So C to +1S00 C 
Power diSSipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 W 
Short circuit output current ..................... SOmA 

(DG-l6B-) 

• PIN ARRANGEMENT 

(Top View) 

A.-A. Address Inputs 

CAS Column Address Strobe -----
Din Data In . 

Dout Data Out 

RAS Row Address Strobe 

WE Read/Write Input 

Vee Power (+SV) 

Vss Ground 

A.-A, Refresh Address Inputs 

.RECOMMENDED DC OPERATING CONDITIONS (Ta~O to +70·C) 

Parameter Symbol max Unit min typ 

4.5 5.0 Supply Voltage Vee 5.5 V 

2.4 
-1.0 

_HITACHI 

C§) IC MASTER 1984 

Note 
Note} 

The spedfieations of this device are s.bject to 
chance without notice. 
Please contact your nearest Hitachi. Sales 
Dept, regarding specifications. 
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HM6168H-45,HNl616811-55,-Preliminary 
HM6168H-70,HM6168HP-45, 
HM6168HP-55,HM6168HP-70 
4096- word x 4-bit High Speed Static CMOS RAM 

.FEATURES 
• High Speed: Fast Access Time 45/55170 ns (max.) 
• Single +5V Supply and High Density 20 Pin Package 
• Low Power Standby and Low Power Operation; 

l00J,lW typo (Standby), 250mW typo (Operation) 
• Completely Static Memory 

No Clock or Timing Strobe Required 
• Equal Access and Cycle Times 
.' Directly TTL Compatible - All Inputs and Outputs 

.FUNCTIONAL BLOCK DIAGRAM 
A.o-----~r----r----_, 

AI o------f":r----J 

A. o------cr---, 

I Il, o---......... H 

I I ~ cr--..... +DH-.---I 

I II, o----<PH~C:H_--_I 

Ill, O--~-H 

KII,,"' 

ll,,',.!,'r 

Mf'rnHry Mat rix 

1~'!IX 1211 

.ABSOLUTE MAXIMUM RATINGS 

Item Symbol Rating 

Voltage on Any Pin Relative to GND Y'N -3.5- to +7.0 

Power Dissipatiori PT 1.0 

Operating Temperature T •• , o to +70 

Storage Temperature (Ceramic) T ••• -65 to +150 

Storage Temperature (Plastic) T ••• -55 to +125 

Temperature under Bias T".u -10 to +85 

• Pulsr Width 2On5. DC- -O.SV 

Notr I The s!M'cifi •• tions of thi~ devicr ..... subject to cha..., without notice. 
Please contact your nearest Hit.chis Sales Dept. reqardi"ll '!M'cificalions. 

G~IJ 

Unit 

V 

W 

·c 
·C 

·c 
·c 

$ HITACHI 

HM6168H-45/55/70 

(I)G-20) 

HM6168HP-45/55/70 

(l)P-201 

.PIN ARRANGEMENT 

(Top View) 

@ Ie MASTER 1984 



HM6264P-10, HM6264P-12, 
HM6264P-15 

8192-word x 8-bit High Speed Static CMOS RAM 

• FEATURES 
• Fast access Time 
• Low Power Standby 

Low Power Ope~ation 
• Single +5V Supply 

100nsL120ns/150ns (max.) 
Standby: O.lmW (typ.) 
Operating: 200mW (typ.) 

• Completely Static Memory ..... No clock or Timing Strobe Required 
• Equal Access and Cycle Time ' 
• Common Data Input and Output, Three State Output 
• Directly TTL Compatible: All Input and Output 
• Standard 28pin Package Configuration 
• Pin Out Compatible with 64K EPROM HN482764 

• BLOCK DIAGRAM 

WE 

0<:0-----__ -' 

• ABSOLUTE MAXIMUM RATINGS 

Muwry Mattia 
Z56xZ56 

-

~GNl) 

Item Symbol Rating 
Terminal Voltage * VT -0.5 ** to +7.0 
Power Dissipation PT l.() 
Operating Temperature Topr o to +70 
Storage Temperature Tstg -55 to +125 
Storage Temperature (Under Bias) 1bias -10 to +85 

* With respect to GND. ** Pulse width sOns: -3.0V 

• TRUTH TABLE 

WE CS, CS l OE Mode I/O Pin 
X H X X Not Selected High Z 
X X L X (Power Down) High Z 
H L H H Output Disabled HighZ 
H L H L Read Dout 
L L H H 

Write 
Din 

L , 
H T I Dill .... I I AJ I I 

x : Dun'l care, 

Unit 
V 
W 

°c 
°c 
°c 

eHITACHI 

o IC MASTER 1984 

(DP-28) 

• PIN ARRANGEMENT 

NC Vee 

A'2 

A, 

(Top View) 

Vee Current Note 
ISB,ISBI 

ISB,/SB2 

ICC,/CCI 

ICC,ICCI 

Icc,IcCI Write Cycle (1) 

ICC,lcCI I Write Cycle (2) 
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----------------HN27C64G-20 
HN27C64G-25, HN27C64G-30 

8192-word X 8-bit UV Erasable and Programmable Read Only Memory 
The HN27C64G is a 8192 word by 8-bit erasable and electrically pro-
grammable ROM. This device is packaged in a 28 pin dual-in-line 
package with transparent lid. The transparent lid on the package allows 
the memory content to be erased with ultraviolet light. 

• FEATURES 
• Single Power Supply ....... , ..... , ...................... , .. , +5V ± 5% 
• Simple Programming .................... Program Voltage: +21V D.C. 

Program with one 50ms Pulse 
• Static ............................................. No clocks Required 
• Inputs and Outputs TTL Compatible During Both Read an'd 

Program Mode. 
• Access Time ............................ HN27C64G-20 200ns Max. 

HN27C64G-25 250ns Max. 
HN27C64G-30 300ns Max. 

• High Performance Programming Available 
• low Power Dissipation .................... 40mW/MHz (Active Mode) 

525pW Max. (Stand-by Mode) 

• BLOCK DIAGRAM 

• MODE SELECTION 

~!CE OE PGM Vpp Vee Outputs 
Mode I (20) (22) (27) (I) (28) (11-13.15-19) 

Read VIL VIL V/H Vee Vee Dout 

Stand-by VIH X X Vee Vee High Z 
Program V/L X VIL VI'/' Vee Din 

Program Verify VIL VIL V/H Vn Vee Dout 

Program Inhibit V/H X X Vpp Vee High Z 

X: don't care 

• ABSOLUTE MAXIMUM RATINGS 
Item Symbol Value Unit 

Operating Temperature Range TOfH o to +70 °C 
Storage Temperature Range n'8 -65 to +125 °C 
AU Input and Output VoltlJge- Vin. VOlt, -0.6 to +7.0 V 

V/" Voltage Vpp -0.6 to +25 V 

Vee Voltage- Vee -0.6 to +7.0 V 

• : with respect to GND 

eHITACHI 

HN27C64G-20, 
HN27C64G-2S, HN27C64G-30 

(DG-28) 

• PIN ARRANGEMENT 

(Top View) 
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HN4827128G-25, 
HN4827128G-30, 
HN4827128G-45 

16384-Word x 8-bit UV Erasable and Programmable Read Only Memory 
The HN4827128 is a 16384 word by 8 bit erasable and electrically 
programmable .ROM. This device is packaged in a dual-in-line 
package with transparent lid. The transparent lid allows the user to 
expose the chip to ultraviolet light to erase the bit pattern, whereby 
a new pattern can then be written into the device . 

. • FEATURES 

• Single Power Supply ................ , ...... +5V ± 5% 
• Simple Programming ........... Program Voltage: +21 V DC 

Program with One 50ms Pulse 
• Static .......................... No Clocks Required 

Inputs and Outputs TTL Compatible During Both Read and 
Program Mode. 

• Access Time ..................... 250ns/300ns/45Ons 

(DG-28) 

• Absolute Max. Rating of Vpp Pin .' ................ 26.5V .PIN ARRANGEMENT 

• Low Stand-by Current . . . . . . . . . . . . . . . . . . . . . . . . 35mA 
• High Performance Programming Available 
• Compatible with INTEL 27128 

·.SLOCK DIAGRAM 

Ao 
\ 

AlJ 

POWERDOWN & 
PROGRAM LOGIC 

Y DECODER 

X DECODER 

.MODE SELECTION 

~ CE OE 

MODE (20) (22) 

Read YtL V/L 

Stand by V,N X 

Program Va X 

Program Verify YtL YtL 
Program Inhibit V,H X 

: 
f 

, 

PGM 
(27) 

V,N 
X 

Va 

V,N 
X I 

OUTPUT 
BUFFERS 

Y GATING 

131072 bit 

MEMORY MATRIX 

Vpp Vee 
( 1 ) (28) 

Vee Vee 

Vee Vee 

Vpp Vee 

Vpp Vee 

Vpp i Vee 

Note) The specifications of this device are subject to change without notice. 
Please contact your nearest Hitachi". Sale. Dept. reprding specifications. 

Outputs 
(11-13. 15-19) 

Dout 

High Z 

Din 

Dout 

High Z 

$ HITACHI 

C> IC MASTER 1984 

(Top View) 
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Don't Miss the 
Ie Updates . 

These quarterly updates 
keep your IC Master 

current the year 
'round. 
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FEATURES 

• 35, 45 and 55ns Chip Enable access 
• Maximum active power 660mW 
• Maximum standby power 11 OmW 

: ~i(~) 5p~~~~ d1~:n Sf~;~IKon 
• TTL compatible inputs and output 
• Fully static- no clocks for timing 
• Three-state output 

PIN CONFIGURATION 

AO VCC 

A2 A1 

A4 A3 

A6 As 
Aa A7 

A10 A9 

A12 7 
Q (OOUT) a 

• (WE) 9 

vss 

DIP 

2~~ : : ~j th9 
A. =~3 ~12018~: A3 
Ail :14 1 17C As 
At :15 16t: A7 
AlO r=~6 TOP 1st: A, 

A'2 :;7 141:: Au 
Q(ooun :!8 10 11 13C A'3 

9r: r1 r-: r112 

W Vss E O(DlN) 

CHIP 
CARRIER 

PIN NAMES 

LOGIC SYMBOL 

o 
A1 
A2 
A3 
A4 
As 
A6 (DoUT) 

Q 

FEATURES 

• 70 and 1 DOns Chip Enable access 
• Maximum active power 495mW 
• Maximum standby. power 83mW 
• Single 5V ± 10% Supply 
• E power down function 
• TTL compatible inputs and output 
• Fully static - no clocks for timing 
• Three-state output 

BLOCK DIAGRAM 

ROW 
SELECT 

MEMORY ARAA Y 
128 ROWS 

128 COLUMNS 

(OINMWEMCE) 
D • i D (OIN) -=@=--2 ___ -.I 

I 
@. . I A7 Aa A9 A10 A11 A12 A13 

f2O\ 
-2--vcc 

@ _vss 

I (CEI c..- ENABLE 
D (DINI DATA INPUT 
Q(DouT) DATA OUTPUT 

E(CE)~ 

-. (WE) ®! L[)f----.-----------.J 

In~os 9orporati<?n • P.O. Box 16000· Colorado Springs, Colorado 80935· (303) 630-4000· TWX 910 920 4904 
Whltefnars· Lewlns Mead • Bristol BSI 2Np· England • Phone Bristol 272 290861 • TLX: 851-444723 

INMOS reserves the right to make changes in specifications at any time and without notice. The information furnished by INMOS in this publication is believed to be accurate. However. 
no responsibility IS assumed for Its use: nor for any infringements of patents or other nghts 01 third partle5 resulting from ItS use. No license is granted under any patents. trade-
marks, or other rights of INMOS. ' 
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FEATURES 
• 4K x 4 Bit Organization 
• 40nsec and 50nsec Address Access Times 
• 605mW Maximum Power Dissipation 
• Fully TTL Compatible 
• Common Data Inputs & Outputs 
• 20-pin, 300-mil DIP 
• Single +5V ± 10% Operation 

{ 

• 45nsec and 55nsec Chip Enable 
IMS1420 Access Times 

• Power Down Function 
• 165mW Maximum Standby Power 

I· High Speed Chip Select Function 
rMS1421 • 30nsec and 40nsec Chip Select 

Access Times 

PIN CONFIGURATION 

A. Vee 
A5~ YccA3 
2~l : ; :..: :'119 

As A3 
As :~3 U 20

18!: A2 
Ae A2 
A7 Al 

A7 ::4 1 17r.: Al 

AI Ao 
As :J5 16t: Ao 
A, :l6 TOP 15t: 1/01 

At I/O, Al0 :::7 14r: I/~ Alo 1/02 An :~8 1011 13C 1/03 
A11 1/03 

Eli * I/O. 
9r, f1 f1 r112 

Vss Vi Vas 1/0. 

DIP CHIP 
CARRIER 

PIN NAMES 

Ao-A11 ADDRESS INPUTS Vee POWER (+5V) 

W 
E* 
s* 
1/0 

WRITE ENABLE 
CHIP ENABLE 
CHIP SELECT 
DATAINIOUT 

* E IMS1420 ONLY 
i IMS1421 ONLY 

!Vss GROUND 

FEATURES 

• 4K x 4 Bit Organization 
• 70 and 100ns Chip Enable Access Times 
• 65 and 95ns Address Access Times 
• 495mW Maximum Power Dissipation 
• 83mW Maximum Standby Power 
• Fully TTL Compatible 
• Common Data Inputs & Outputs 
• 20-pin, 300-mil Plastic DIP 
• Single +5V ± 10% Operation 
• Power Down Function 

LOGIC SYMBOL BLOCK DIAGRAM 

1/0, -~--'---' 

I/O. 

1/03-~.u,---, 

I/O ............. .L..L...L.J"" ....... 

MEMORY 
ARRAY 
128 ROWS 
128 COLUMNS 

Inmos Corporation· P.O. Box 16000. Colorado Springs, Colorado 80935 • (303) 630-4000· TWX 910 920 4904 
Whitefriars· Lewins Mead • Bristol BSI 2Np· England • Phone Bristol 272 290861 • TLX: 851-444723 
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FEATURES 
• High Speed, RAS Access of 100,120 and 150ns 
• Cycle Times of 160, 190 and 230ns 
• Low Power: 

22mW Standby 
303mW Active (350ns Cycle Time) 
413mW Active (190ns Cycle Time) 

• Singie +5V ± 10% Power Supply __ 
, • On-Chip refresh using CAS-before-RAS, Pin 1 left 

as N/C for 256K expansion 
• Indefinite DOUT Hold Under CAS Control 
• Industry Standard 16 Pin Configuration 
• Nibble-Mode Capability ,(High Speed 4 Bit 

Serial Mode) 
• 4ms/256 Cycle Refresh 
• All Inputs and Output TTL Compatible 
• Read, Write, Read-Modify-Write Capability both on 
~Ie Bit and in Nibble Mode Operation 

• RAS-Only Refresh Capability 
• Common I/O Capability using "Early-Write" 

Pin Names 
A.-A ADDRESS INPUTS 
CAS COLUMN ADDRESS STROBE 
RAS ROW ADDRESS STROBE 

D~ DATA IN 

Doo" DATA OUT 

WE WRITE ENABLE 

Vee +5 VOLT SUPPLY INPUT 

V" GROUND 

Pin Configuration 

DIP 

zut; U Un 
_ ':~3 L~ 1 .... ~: Do.r. 

lID :.:: .. 1 15::::" 
HIe :; 5 TOP 14:::: N/e 

.. :It 13~: A, 

a, :::7 110'2:::: A. 
I In 11 [1 11111 

A., Yee: A. A. 

Chip Carrier 

to., 
A, 
A, 
A, 
A. 
A, 
A, 
A, 

Logic Symbol 
A, 
A, 

A, D. 

A, 

A, 

A, D~, 

A, 
A, 

Block Diagram 

MEIIORY ARRAY 
6411.11115 

D. 

*No Page Mode Operation 

FEATURES 
• 16K x 4 Organization 
• High Speed, RAS Access of 100,120 and 150ns 
• Cycle Times of 160, 190, and 240ns 
= Low Power: 

28mW Standby 
495mW Active (160ns Cycle Time) 
330mW Active (350ns Cycie Time) 

• Common I/O 
• Single +5V ± 10% Power SupmL __ 
• On-Chip Refresh Assist using CAS-before-RAS 
• Multiplexed Addresses 8 Row, 6 Column 
• 18-Pin Package-JEDEC Standard Pinout 
• All Inputs and Outputs TTL Compatible 
• Output Enable (OE) Control for Greater Timing 

Flexibility 
• 4ms/256 Cycle Refresh 
• Read, Write and Read-Modify-Write Capability 
• 25 MBit Data Rate 

Pin Configuration Pin Names 

'" ·1" ADDRESS INPUTS 
CAS COLUMN ADDRESS STROBE 
1'[.0 ROW ADDRESS STROBE 

or w" 
DO, DO, 

DO, CD 00 ·00 DATA INIDATA OUT 

'" DO, O£ OUTPUT ENABLE 
W WRITE ENABLE 
Vee +5VSUPPLY 

11M .. 
to., A, V .. GROUND .. A, .. A, Block Diagram 

Y" 

Logic Symbol 

.. DO, 
A, 

A, 

A, 
DO, 

.. 
DO, .. .. DO, 

&, 

DQ.-DQ~ 

Inmos Corporation • P.O, Box 16000· Colorado Springs, Colorado 80935 • (303) 630-4000 • TWX 910 920 4904 
Whitefriars· Lewins Mead • Bristol BSI 2Np· England • Phone Bristol 272 290 861 • TLX: 851-444723 

INMOS reserves the right to make changes in specifications at any time and without notice, The information furnished by INMOS in this publication is believed to be accurate. However, 
no responsibility. IS assumed for its use; nor for any infringements of patents or other rights of third parties resulting from Its use. No license is granted under any patents, trade
marks, or other rights of INMOS. 
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FEATURES 
• 8Kx8 Byte-Wide Organization 
• High Speed Chip Enable Access of 120, 150 

and 200ns 
• 28-Pin Package-JEDEC Standard Pinout 
• 256 Cycle/4ms Refresh 
• On-Chip Refresh Counter 
• Hidden Refresh Using Pin 1 Refresh 
• Single +5V ± 10% Supply 
• Latched Chip Select and Address 
• High Speed Output Enable Control 
• Low Power -

42mW Standby 
358mW Max @ 190ns cycle 
275mW Max @ 240ns cycle 
220mW Max @ 310ns cycle 

PIN CONFIGURATION 

FiFSH Vee 
A12 iN 
A7 CS 
At At 
As A. 
A4 An 
A3 OE 
A2 A1D 
Al ~ 
Ao D07 

DOD DO, 
. DOl DOs 
D02 DO .. 
Vss D03 

PIN NAMES 

Ao-A12 ADDRESS INPUTS 

LOGIC SYMBOL 

Ao 
Al 
~ 
A3 
A4 

DOD 

As 
DO, 

At 
DQ2 

A7 
D03 
D04 

At DOs 
A. DO, 
A1D D07 
An 
Au 

1 
RFSH ~ cs iN OE 

'CE CHIP ENABLE DOo-~ DATA IN/DATA OUT 

CS CHIP SELECT Vee +5VSUPPLY 

W WRITE ENABLE Vss GROUND 

OE OUTPUT ENABLE RFSR REFRESH ENABLE 

TYPICAL APPLICATIONS 
• Cost-Effective Alternative to 8Kx8 SRAMs 
• Easily Interfaced with Microprocessors 
• Buffer Memory 
• Controllers 
• Terminals 
• Printers 
• Displays 
• Personal Computers 
• Games 
• Instrumentation 

BLOCK DIAGRAM 

• MEMORY Ao ~ .. 
A, ~~ 

84KBITS 
A, 
A" ~! 
~ II: 

Ao 
"-
1.7 

Column DeccIcMr 
lof251 

"-
A, 

A,. e.... 
An MIrtA 
A,. IIIIIIn 

CE' 

fiFSR 

OE cs w I>Oo-DO, 

Inmos Corporation· P.O. Box 16000· Colorado Springs, Colorado 80935 • (303) 630-4000 • TWX 910 920 4904 
White(riars. Lewins Mead· Bristol BSI 2Np· England· Phone Bristo! 272 290 861 • TLX: 851-444723 

INMOS reserves the right to make changes in specifications at any time and without notice. The information .furnished by INMOS in this publication is believed to be accurate. However. 
no responsibility is assumed for its use; nor for any infringements of patents or other nghts of third parties resulting from !ts use. No license !s granted under any patents. trade
marks. or other rights of INMOS. 
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FEATURES 
.. High Speed, Chip Enable Access of 200ns 
.. +5 Volt Only Operation For All Modes 
.. Advanced Nitrox Process 
.. Row Or Full Array Erase Mode 
.. Single Byte Or Multiple Byte Modification 
.. Row Programming - Provides Up To 64 

Times Faster Programming 
.. Latched Addresses and Data 
• Latched Program/Erase Allows 

Processor To Perform OJher Functions 
During Non-Volatile Modification 

.. Clocked Operation Provides Low 
Standby Power 

.. Industry Standard 28 Pin Dual-In
Line Pinout 

PIN CONFIGURATION 

Va; 

WE 

cs 
AS 

A9 

A11 

8Kx8 
rn: 

EEPROM A10 

CE 

AO 07 

D6 

01 OS 

n? 1~ 

G~~1;; ::r: 

TYPICAL APPLICATIONS 
.. Computer Systems 
.. Point of Sale Terminals 
.. Communication Systems 
.. Process Controllers 
• Telemetry Systems 
• Control Systems 
.. Instrumentation 

The IMS3630 has been optimized for in-system oper
ation. All modes of operation, including Chip Erase, 
are executed with a single +5 volt supply and standard 
TTL signal levels. Furthermore, all programming and 
erasing operations are controlled by using a simple 
sequence of initiate and terminate cycles. This eliminates 
the need to hold control signals, addresses, or data 
during the extended intervals required for programming 
or erasing. 

FUNCTIONAL BLOCK DIAGRAM 

PE 

cs 

~----t----j 

WE------4 

~ 

'I 

EEPROMAmIy 

128 rows x 
64colsx 
BOUIIlUIS 

0 
DOo··· DO, 

~ 
~ 

Inmos Corporation • PO. Box 16000 • Colorado Springs, Colorado 80935" (303) 630-4000 .. TWX 910 920 4904 
Whitefriars· Lewins Mead" Bristol BSI 2NP .. England" Phone Bristol 272 290 861 .. TLX: 851-444723 

INMOS reserves the right to make changes in specifications at any time and without notice. The information furnished by INMOS in this publication is believed to be accurate. However. 
no responsibility is assumed for its use; nor for any infringements of patents or other rights of third parties resulting from its use. No license is granted under any patents. trade
marks. or other rights of IN MOS. 
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MILITARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGES 

FEATURES: 
• High-speed (equal access and cycle time) 

-MILITARY /INDUSTRIAL 
IDT6116S 90/120/150 ns (max.) 
IDT6116L 90/120/150 ns (max.) 

-COMMERCIAL 
tDT9116S 70/90/120 ns (max.) 
tDT6116L 90/120/150 ns (max.) 

• Low power consumption 
IDT6116S IDT6116L 

Active: 180 mW (Typ.) Active: 160 mW (Typ.) 
Standby: 100 ",W (Typ.) Standby: 20 ",W (Typ.) 

• Battery backup operation - 2V data retention voltage 
• Produced with advanced CEMOSTM I high-performance 

technology 
• CEMOSTM I process virtually eliminates alpha particle 

soft-error rates (with no organic die coatings) 

• Single 5V (±10%) power supply 
• Input and output directly ITL compatible 

• Three-state output 
• Static operation: no clocks or refresh required 
• Standard 24-pin dual-in-Iine ceramic sidebrazed pack

age or 28-pin and 32-pin LCC 

• Pin compatible with standard 16 K static RAM and 
EPROM 

• Standard product 100% screened to MIL-STD-883, 
Class C 

• Military product available 100% screened to Class B 

PIN CONFIGURATIONS 

24 PIN SIOEBRAZE 
TOP VIEW 

LOGIC SYMBOL 

Ao 1/01 

A1 1/02 

A2 1103 

A3 1/04 

A4 IIOS 
AS 1106 
A6 1107 

A7 1108 
A6 

28 PIN LCC 
TOP VIEW 

A7 He He He Vee He He 

00, 003 QND Ne 00. 00. WOo 

32 PIN LCC 
TOP VIEW 

CEMOS is a trademark of Integrated Device Technology, Inc. 

3982 

DESCRIPTION: 
The IDT6116 is a 16,384-bit high-speed static RAM organ- . 

ized as 2K x 8. It is fabricated using lOT's high-perform
ance, high-reJiability technology-CEMOSTM I. This state
of-the-art technology, combined with innovative circuit 
design techniques, provides a cost-effective alternative to 
bipolar and fast NMOS memories. 

Access times as fast as 70ns. are available with maxi
mum power consumption of only 550mW. The circuit also 
offers a reduced power standby mode. When CS goes high, 
the circuit will automatically go to, and remain in, a standby 
power mode as long as CS remains high. In the standby 
mode, the low power device consumes less than 20",W 
typically. This capability provides significant system level 
power and cooling savings. Both versions also offer a bat
tery backup data retention capability where the circuit 
typically consumes only 1p.W to 4 p.W operating off of a 2V 
battery. 

All inputs and outputs of the IDT6116 are ITL compatible 
and operation is from a single 5V supply, simplifying sys
tem designs. Fully static asynchronous circuitry is used, 
requiring no clocks or refreshing for operation, providing 
equal access and cycle times for ease of use. 

The IDT6116 is packaged iO either a 24-pin, 600 mil or 
-300 mit DIP, 32-pin and 28-pin lead Jess chip carriers, or 24-
pin flatpack, providing high board-level packing densities. 

The IDT6116 Military RAM is 100% processed in compli
ance to the test methods of MJL-STD-883, Method 5004, 
making it ideally suited to military temperature app!ica~ 
tions demanding the highest level of performance and relia
bility. 

PIN NAMES 

Ao-Al0 ADDRESS 'WE WRITE ENABLE 

1101-1108 DATA INPUT/OUTPUT OE OUTPUT ENABLE 

CS CHIP SELECT GND GROUND 

Vee POWER 

FUNCTIONAL BLOCK DIAGRAM 
vee 

--0 

--0 

GncI 
Row 128 X 128 

Decode, Memory Arroy 
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IDT8t18S110T8t181 CMOS STATIC RAMS 18K (2K )( 8 BIi) MIUTARY IINOUSTRIAUCOMMERCIAL TEMPERATURE' RANGE 

ABSO,LUTE MAXIMUM RATINGS(1) 
TEMPERATURE RANGE -55°C to + 125°C -40°C to +85° OOCto +700 C 
SYMBOL PARAMETER RATING UNIT 

VrERM Voltage on any Pin with 
Respect to GND 

-0.5 to +7.0 -0.5 to +7.0 -0.5 to +7.0 V 

TA Operating Temperature -55 to +125 -40to +85 Oto +70 °C 
TB1As Temperature Under Bias -65 to +135 -55 to +125 -10to +85 °C 
Tsrs Storage Temperature -65 to +150 -65 to +150 -55 to +125 °C 
Pr Power Dissipation 1.0 1.0 1.0 W 
lOUT DC Output Current 50 50 50 rnA 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
ratings conditions for extended periods may affect reliability. 

RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. •... TYP. MAX. UNIT 

Vcc Supply Voltage 4.5 5.0 5.5 V 

GND Supply Voltage 0 0 0 V 

VIH Input High Voltage 2.2 3.5 6.0 V 

I Input Low Voltage 1-1.0* .1 - I +0.8 I V I 
I Outout Load I - - . 100 of 

I· TTL I Out~ut Load I I...:. I 1 1'- I 

MILITARY (TA = -55°C to +125°C) 

INDUSTRIAL (TA = -40°C to +85°C) 

COMMERCIAL (T A == O°C to + 70°C) 

* VIL min. = -3.5V for pulse widths less than 30 ns and duty cycles less than 50%. 

IDT6118S DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, TA= -55°C to +125°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IbT8118S901120 IDT8118S150 

MIN. TYP.(1) MAX. MIN. TYP.(1) MAX. 

!lLlI Input Leakage Current Vcc = 5.5 V, V'N = GND to Vcc - - 10 - - 10 

IIlol Output Leakage Current CS=V'H or OE=V'H - - 10 - - 10 
Vllo=GND to Vcc 

Icc CS=V,l,IIIO=OmA - 40 100 - 35 90 

Icc1 
Operating Power Supply Current VIH =3.5V, V'l=0.6V - 35 - - 30 -IlIo=OmA 

ICC2 Dynamic Operating Current Min. Duty Cycle = 100% - 40 100 - 35 90 

IS8 CS=V'H - 5 25 - 5 25 

IS81 
Standby Power Current CS~Vcc-0.2V, - 0.02 10 - 0.02 10 

VIN~Vcc-0.2Vor VIN<0.2V 

VOL Output Low Voltage 10l = 3.5mA(2) - - 0.4 - - 0.4 

VOH Output High Voltage 'loH= -1.0mA 2.4 - - 2.4 - -
1. Vcc=5V. TA=25·C 
2. 'Ol = 2.1 mA for 'DT6.116S150 

I,DT6116L DC ELECT'RICAL CHARACTERISTICS (Vcc=5V ±10%, TA=-55°C to +125°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IDT8118L9OI12U IDT8118L 150 

MIN. TYP.(1) MAx. MIN. Tvp.(1) MAX. 

IILlI Input Leakage Current Vcc =5.5V, VIN=GNDto Vcc - - 5 - - 5 

IIlOI Output Leakage Current CS=V'H or OE=V'H 
V'IO = GND to Vcc - - 5 - - 5 

Icc CS = Vll, 1"0 = OmA - 40135 100190 - 30 80 

Icc1 
Operating Power Supply Current V'H=3.5V, Vll =0.6V - 35130 30 

II/O=OmA - - -
ICC2 Dynamic Operating Current Min. Duty Cycle = 100% - 40135 100190 - 30 80 

lsa CS=V'H - 5 20 - 5 15 

1581 
Standby Power Current CS;'Vcc -0.2V, 

4 900 4 900 
V1N>VCC -0.2Vor V1N<0.2V - -

VOL Output Low Voltage IOl = 3.5mA(2) - - 0.4 - - 0.4 

VOH Output High Voltage 10H= -1.0mA 2.4 - - 2.4 - -
1. Vcc=5V. TA=~ 
2. 'OL .. 2.1 mA for lOT6116L.150 

Integrated Device lechnology, Inc. 3238 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6118 • TWX 910-338-2070 
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IDT6118SItDT81181 CMOS STATIC RAMS 16K (2K x 8 Bin MILITARY /INDUSTRIAL/COMMERCIAL TEMPERATURE RANGE 

IDT61168 DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, TA=-40°C to +85°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IOT61165901120 IDT61165150 

MIN. TYP.«1) MAX. MIN. TYP.(1) MAX. 

IIlll Input Leakage Current Vcc = 5.5 V, VIN = GND to Vcc - - 10 - - 10 

IILOI Output Leakage Current 
CS =VIH or OE = VIH 
Vllo=GND to Vcc - - 10 - - 10 

Icc CS = Vll, 1110 = OmA - 40 90 - 35 80 

Icc1 
Operating Power Supply Current VIH =3.5V, Vll =0.6V - 35 30 

IlIo=OmA 
- - -

Icc2 Dynamic Operating Current Min. Duty Cycle = 100% - 40 90 - 35 80 

ISB CS=VIH - 5 20 - 5 20 

ISB1 
Standby Power Current CS~Vcc-0.2V, - 20 2000 20 2000 

VIN ~ Vcc - 0.2V or VIN~ 0.2V -

VOL Output Low Voltage IOl=4mA(2) - - 0.4 - - 0.4 

VOH Output High Voltage 10H= -1.0mA 2.4 - - 2.4 - -
1. VCC=5V. TA = 25°C 
2. 10l = 2.1 rnA for IOT6116515O 

IDT6116L DC ELECTRICAL CHARACTERISTICS (VCC =5V ±10%, TA= -40°C to +85°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IDT6116L9OI120 IDT6116L 150 

MIN. TYP.(1) MAX. MIN. TYP.(1) MAX. 

Ilul Input Leakage Current Vcc = 5.5 V, VIN = GND to Vcc - - 2 - - 2 

Illol Output Leakage Current 
CS = VIH or OE = VIH 
VIIO = GND to Vcc - - 2 - - 2 

Icc CS = Vll, 1110 = OmA - 40/35 90180 - 30 70 

Icc1 . 
Operating Power Supply Current VIH =3.5V, Vll =0.6V - 35/30 - - 30 -

Il/o=OmA 

tCC2 Dynamic Operating Current Min. Duty Cycle == 100% - 40135 90/80 - 30 70 

tSB CS=VIH - 5 20/15 - 4 12 

ISB1 
Standby Power Current CS~Vcc-0.2V, - 4 200 - 4 200 

VIN~Vcc-0.2Vor VIN<0.2V 

VOL Output Low Voltage 10l= 4mA(2) - - 0.4 - - 0.4 

VOH Output High Voltage 10H= -1.0mA 2.4 - - 2.4 - -
1. VCC=5V. TA = 25°C 
2. 10l = 2.1 rnA for IDT6116L15O 

IDT6116S DC CHARACTERISTICS (VCC = 5V ±10%, Gnd = OV, TA = O°C to +70°C) 

SYMBOL ITEM TEST CONDITIONS IOT6116S 70 IOT6116590/120 

lIul Input Leakage Current 

IILOI Output Leakage Current 

Icc 

Icc1 
Operating Power Supply Current 

ICC2 Average Operating Current 

ISB 

ISB1 
Standby Power Current 

VOL 

VOH 
Output Voltage 

1. Vee = 5V. TA = 250 C 

MIN. TYP.m MAX. MIN. TYP.* 

Vee = 5.5V, V1N = GND to Vee - - 10 - -
CS = VIH or OE = V1H 
VI/o = GND to Vee - - 10 - -. 

CS = VIL, "/0 = OmA - 50 100 - 40 

VIH = 3.5V, VIL =0.6V - 40 - - 35 
11/0 = OrnA 
Min. Cycle Duty = 100% - 50 100 - 40 

CS = VIH - 5 15 - 5 

CS~Vce -0.2V, 
VIN~Vce -0.2VorVIN<0.2V - 20 2000 - 20 

1oL=4rnA - - 00'4 - -
IOH = -1.0rnA 2.4 - - 2.4 -

3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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IDT6116S/IDT6116L CMOS STAnc RAMS 16K (2K x 8 BIT) MIUTARY/INDUSTRIAL/COMMERCIAL TEMPERATURE RANGE 

IDT6116L DC CHARACTERISTICS (Vc~ = 5V ±10%, Gnd = OV,-TA ~ O°C to +70°C) 
---

SYMBOL ITEM TEST CONDITIONS IDT6116L 90 IDT6116L 120/150 UNIT MIN. TYP.11! MAX. MIN. TYP.I') MAX. 

liLt! Input Leakage Current Vee = 5.5V, VIN = GND to Vee - - 2 - - 2 pA 

IILOI Output Leakage Current CS = V1H or OE = VIH - - 2 - - 2 pA I Vi/ O = GND to Vee 

Ice CS = Vll, 11/0 = OmA - 40 - 80 - 35/30 70/60 mA 

Icel 
Operating Power Supply Current VIH = 3.5V, Vil =0.6V - 35 11/0 = OmA - - 30 - mA 

lce2 Average Operating Current Min. Cycle Duty = 100% - 40 80 - 35/30 70/60 mA 

Iss CS = VIH - 5 15 - 4 12 mA 

1581 
Standby Power Current CS~Vee -0.2V, 

VIN~Vee -0.2VorVIN~0.2V 
- 4 100 - 4 100 pA 

VOL lot = 4mA'21 - - 0.4 - - 0.4 V 

VOH 
Output Voltage 

10H = -1.0mA 2.4 - 2.4 V - - -
1. Vee = 5V, TA = 25°C 2. h = 2.1mA for IOT6116l150 

AC ELECTRICAL CHARACTERISTICS 
(VCC = 5V ±10%, TA = -55°C to +125°C/-40°C to +85°C/O°C to +70°C)11I 

I2J IDT6116S90 IDT6116S120- . IDT6116S150 
IDT616S70 IDT6116L90 IDT6116L 120 IDS6116L150 

SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. UNIT 

READ CYCLE 
tRe Read Access Time 70 - 90 - 120 - 150 - ns' 

t ...... Address Access Time - 70 - 90 - 120 - 150 ns 

tACS Chip Select Access Time - 70 - 90 - 120 - 150 ns 

tCLz Chip Selection to Output in low Z 5 - 0/0/5 - 5/5/10 - 10115131 - ns 

toe Output Enable to Output Valid - 50 - 65 - 80 - 100 ns 

lou Output Enable to Output in Low Z 5 - 010/5 - 5/5/10 - 10115131 - ns 

tCHZ . Chjp Deselection to Output in High Z 0 35 0 40 0 40 0 50 ns 

btz Output Disable to Output in High Z 0 35 0 40 0 40 0 50 ns 

bt Output Hold from Address Change 5 - 0/0/5 - 5/5/10 - 10115'3) - na 

WRITE CYCLE 
twe Write Cycle Time 70 - 90 - 120 - 150 - ns 

tew Chip Selection to End of Write 40 - 55 - 70 - 90 - ns 

lAw Address Valid to End of Write 65 - 80 - 105 - 120 - ns 

lAs Address Setup Time 15 - 15 - 20 - 20 - ns 

twP Write Pulse Width 40 - 55 - 70 - 90 - ns 

tWR Write Recovery Time 5 - 10/5/5 - 10/5/5 - 10 - ns 

btz Output Disable to Output in High Z 0 35 0 40 0 40 0 50 ns 

tWHz Write to Output in High Z 0 40 0 50 0 50 0 60 ns 

tow Data to Write Time Overlap 30 - 30 - 35 - 40 - ns 

tOH Data Hold from Write Time 5 - 10/10/5 - 10/10/5 - 10 - ns 

tow Output Active from End of Write 0 - 0 - 015/5 - 5/10'·) - ns 

1. Parameters listing three limits apply in this Temp. Range order: MilitaryllndustriallCommercial. All other limits apply to all three Temp. Ranges. 
2. IOT6116570 available in Commercial OoC to 70°C only. 
3. 10ns applies over -55°C to + 125°C and -40°C to +85°C; 15ns applies over ooC to + 70°C. 
4. tow = 5ns over -55°C to +125°C; tow = 10ns over -40°C to +85°C and OoC to + 70°C. 

AC TEST CONDITIONS 

Input Pulse Levels 

Input Rise and Fall Times 

Input Timing Reference Levels 

Output Reference Levels 

Output Load 

GNDt03.0V 

10ns 

1.5V 

1.5V 

1 TTL Gate and CL = 100pF 
(including scope and jig) 

Integrated Device Technology, Inc. 
@) Ie MASTER 1984 
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IDT6116S/IDT6116L CMOS STAnC RAMS 16K (2K x 8 BIT) MILITARY/INDUSTRIAL/COMMERCIAL TEMPERATURE RANGE 

TRUTH TABLE CAPACITANCE<1) (TA = 25°C, f = 1.0 MHz) 

MODE CS OE WE I/O OPERATION SYMBOL PARAMETER CONDITIONS 

Standby H X X HighZ CIN Input capacitance V1N=OV 

Read L L H Dour 
Read L H H HlghZ 

CliO 
Input/Output 

V1/O=OV Capacitance 

Write L X L DIN 
1. This parameter is sampled and not 100% tested. 

TIMING WAVEFORMS OF READ CYCLE NO. 1(1) 
1_-----100------""" -. 

DouT,----------""',...MI"-____ --.l ...... M 
READ CYCLE 2'1,2,4) READ CYCLE 3(1,3,4) 

=:f_~_" :-/4--t-=-=--=-=IO_M-=' .... ~=~-'g=.--::::.-,-_ -=:_f_~_'OH-l_t"-' 
NOTES: 1. WE is High for Read Cycle. 

~ 2. Device is continuously selected, CS.; V,L-
0) 3. Address valid prior to or coincident with CS transition low. 
a 4. OE=V,L. 
a 5. Transition is measured :I: 500mV from steady state. This parameter is sampled and not 100% tested. 
c: 
.c. 
o TIMING WAVEFORMS OF WRITE CYCLE 1(1) 
~ 
Q) 
o oS; 
Q) 

C 

NOTE: See footnotes on next page. 

1_---__ lwc ______ 1 

-... 

,_--Icw--_I 

DM~~~~~~~-----------+------__ 
r-- ~1xxx 

Din ___________ ~~~-----~ ............. 

3236 Scott Blvd., Santa Clara, CA 95051 
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IDT6118SIIDT6116L CMOS STATIC RAMS, 16K (2K x 8 arn MIUTARY IINDUSTRIAUCOMMERCIAL TEMPERATURE RANGE 

TIMING WAVEFORM OF WRITE CYCLE 2<1,8) 

1-------lwc------_1 

I----Icw----I 

10"--1(9) 
Dm ________________________ ~ 

NOTES: 1. WE must be high during all address transitions. 
2. A write occurs during the overlap (t~ of ~w CS and a low CE. 
3. tWR is measured from the earlier of CS or WE going high to the end of write cycle. 
4. DuringJ!!is period, !l0 pins are in the output state so that the input signals of opposite~ase to the outputs must not be applied. 
5. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a high 

!!!!pedance state. _ 
6. OE is continuously low (OE = V1L). 
7. DOUT is the same phase of write data of this write cycle. 
8. DQUJ is the read data of next address. 
9. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the outputs must not be ap: 

plied to them. 
10. Transition is measured ± 500mV from steady state. This parameter is sampled and not 100% tested. 

DATA RETENTION CHARACTERISTICS 
(TA = -55°C to +125°C/ -40°C to +85°C/O°C to 70°C) 

IDT6116L IDT6116S 
SYMBOL PARAMETER TEST CONDITIONS MIN. TYP.(11 MAX. MIN. TYP.111 MAX. 

VOR Vector Retention Data 2.0 - - 2.0 - -
COM'L - 0.5 20 - 2 400 

IcCOR Data Retention Current Vee = 2.0V, CS>Vee-0.2V IND - 0.5 40 - 2 600 

VIN~Vee -0.2VorVIN~0.2V MIL - 0.5 300 - 2 1000 

tCOR Chip Deselect to Data Retention Time 0 - - 0 - -
tR Operation Recovery Time he(2) - - tRe(2) - -

1. Vee = 2V. TA = +250 C 
2. tRe = Read Cycle Time 

LOW Vee DATA RETENTION WAVEFORM r-----, 
Voc~I.:J ~ .... 2. ~'_I 
cs '7 / 7 7 7 :£' VDR I---\~\-\~\""'I'\--\-, 

" , , II· VIH ¥IH ., \ \ \ \ \ 

Integrated Device Technology, Inc. 
3236 ScoH Blvd., Santa Clara, CA 95051 • Telephone: (408) 727-6116 • TWX 9103382070 
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Integrated Device Technology. Inc. reserves the right to make changes to the specifications In this data sheet in order to 
Improve design or performance and to supply the best possible product. 
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MILITARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGES 

FEATURES: 
• High-speed (equal access and cycle time) 

-MILITARY /INDUSTRIAL 
IDT6167S 55/70/85/100ns (max.) 
IDT6167L 55/70/85/100ns (max.) 

-COMMERCIAL 
IDT6167S 45/55/70/85ns (max.) 
IDT6167L 45/55/70/85ns (max.) 

• Low power consumption 
IDT6167S IDT6167L 

Active: 150mW (typ.) Active: 125mW (typ.) 
Standby: 100",W (typ.) Standby: 10",W (typ.) 

• Battery backup operation -2V data retention voltage 
(lDT6167L only) 

• High-density 20-pin dual-in-line package and 20-pin 
leadless chip carriers 

• Produced with advanced CEMOSTM I high-performance 
technology 

• CEMOSTM I process virtually eliminates alpha particle 
soft-error rates (with no organic die coatings) 

• Separate data input and output 

• Single 5V (±10%) power supply 

• Input and output directly TTL-compatible 

• Three-state output 

• Static operation: no clocks or refresh required 

• Pin-compatible with standard 16K x 1 static RAMs 

• Standard product 100% screened to MIL-STD-883 
Class C 

• Military product available 100% screened to Class B 

PIN CONFIGURATIONS 
A1 Ao Vee A13 

I , """ L...1 I , L...1 L...1 
2 I I 20 19 

-, " r- A12 A2 3 1.
1
-' 18L... 

A3 A11 

A4 A10 

AS As 

A& As 

DoUT A7 

WE GND CS DIN 

LCC 
Top View 

PIN NAMES 
Ao-A13 ADDRESS INPUTS DIN DATA IN 

CS CHIP SELECT DOUT DATA OUT 

WE WRITE ENABLE GND GROUND 

Vee POWER 

CEMOS Is a trademark of Integrated Device Technology, Inc. 

3988 

DESCRIPTION: 
The IDT6167 Is a 16,384-blt high-speed static RAM organ

ized as 16 K x 1. It is fabricated using lOT's high-performance, 
high-reliability technology - CEMOSTM I. This state-of-the
art technology, combined with innovative circuit design 
techniques, provides a cost effective alternative to bipolar 
and fast NMOS memories. 

Access times as fast as 45ns are available with maxi
mum power consumption of only 330mW. The circuit also 
offers a reduced power standby mode. When CS goes high, 
the circuit will automatically go to, and remain in, a standby 
mode as long as CS remains high. In the standby mode, the 
device consumes less than 100",W, typically. This capabil
ity provides significant system-level power and cooling sav
ings. The low power, (L), version also offers a battery back
up data retention capability where the circuit typically con
sumes only 1 ",W operating off of a 2V battery. 

All inputs and the output of the IDT6167 are TTL
compatible. and operate from a Single 5V supply, thus 
Simplifying system designs. Fully static asynchronous cir
cuitry is used, which requires no clocks or refreshing for 
operation, and provides equal access and cycle times for 
ease of use. 

The IDT6167 is packaged in. either a space-saving 20-
pin, 300 mil DIP, a 20-pin leadless chip carrier, or 20-pin 
flatpack providing high board-level packing densities. 

The IDT6167 Military RAM is 100% processed in compli
ance to the test methods of MIL-STD-883, Method 5004, 
making it ideally suited to military temperature applica
tions demanding the highest level of performance and relia
bility. 

LOGIC SYMBOL 

DIN 
WE 
cs 

FUNCTIONAL BLOCK DIAGRAM 

Ao 

A1 

A2 

A3 

A4 

A12 

A13 

cs 
DIN 

Row 
SeleCt 

128 x 128 
Memory An.y 

Vcc 

_GND 

----+---~I>-_+--------~------~I>-DoUT 
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IOT6167S/IDT6167L CMOS STATIC RAMS 16K (16K x 1 BIT) MILITARY I INDUSTRIAL I COMM.ERCIAL TEMPERATURE RANGE 

ABSOLUTE MAXIMUM RATINGSI1I 

TEMPERATURE RANGE -55°C to +125° -40°C to +85°C ooc to +700 C 

SYMBOL RATING VALUE 

VTERM Terminal Voltage with ":"0.5 to +7.0 -0.5 to +7.0 -0.5 to +7.0 
Respect to GND 

TA Operating Temperature -55 to +125 -40 to +85 
TslAs Temperature Under Bias -65 to +135 -55 to +125 
TSTG Storage Temperature -65 to +150 -65to· +150· 

Pr Power Dissipation 1.0 1.0 

lOUT DC Output Current 20 20 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RAtiNGS may cause 
permanent damage to the device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those indicated in the 
operational sections of this specification is not implied. Exposure to absolute 
maxi,:"um rating conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
(TA = -55°C to +125°C/ -40°C to +85°C/0°C to + 70°C) 

o to +70. 
-10 to +85 
"':'55 to +12!) 

1.0 
20 

UNIT 
V 

°C 
°C 
°C 
W 

rnA 

SYMBOL PARAMETER MIN. 

Vcc Supply Voltage 4.5 

GND Supply Voltage 0 

V. IH In ut Hi h Volta e 2.2 

TYP. MAX. 

5.0 5.5 

0 0 

- 5.0 

UNIT 

V 

V 

V 

MILITARY (TA= -55°C to +125°C) 

INDUSTRIAL (TA-= -40°C to +85°C) 

COMMERCIAL (TA = O°C to + 70°C) 

DC ELECTRICAL CHARACTERISTICS (Vcc= 5V ±10%, TA = -55°C to +125°C/-40°C to +85°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IOT6167S IOT6167L 

UNIT 
MIN. TYP.<1) MAX. MIN. TYpJ1) MAX. 

lIul Input Leakage Current Vcc = 5.5 V, V'N=OVtoVcc - - 10 - - 5/2 ",A 

Illol Output Leakage Current CS = V'H' VOUT = OV to Vcc - - 10 - - 5/2 ,.,A 

ICCl Operating Power Supply Clirrent CS = V,L• Output Open - 30 60 - 25 50 mA 

ICC2 Dynamic Operating Current Min. Duty Cycle =100% - 30 60 I - 25 50 rnA 

IS8 Standby Power Supply Current CS~V'H - 5 20 - 5 20 mA 

IS81 Full Standby Power Supply CS~Vcc -0.2V 
20 

10,000/, 
2 

9001 
p.A Current Y'N ~ Vcc -0.2 V or~ 0.2V - 2000 - 150 

VOL Output Low Voltage IOl=8mA - - 0.4 - - 0.4 V 

VOH Output High Voltage IOH=-4mA 2.4 - - 2.4 - - V 

DC ELECTRICAL CHARACTERIS,TICS (VCC =5V ± 10%, TA =0 to +70°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IOT6167S IOT6167L 

UNIT 
MIN. TYP.(1) MAX. MIN. TYP,(1) MAX. 

IILlI Input Leakage Current Vcc= 5.5V, V,N=OVtOVcc - - 2 - - 2 ,.,A 

Illol Output Leakage Current CS = V'H. VOUT = OV to Vcc - - 2 - - 2 ,.,A 

ICCl Operating jPower Supply Current CS = Y,lt Output Open - 30 60 - 25 50 mA 

Icc2 Dynamic Operating Current Min. Duty Cycle =100% - 30 60 - 25 50 mA 

IS8 Standby Power Supply Current CS~V'H - 5 20 - 5 20 rnA 

IS81 Full Standby Power Supply CS~Vcc-0.2V - 20 2000 - 2 50 ,.,A Current V'N~Vcc-0.2V or<0.2V 

VOL Output low Voitage IOl=8rnA - - 0.4 - - 0.4 V 

VOH Output High Voltage IOH=-4rnA 2.4 - - 2.4 - - V 

TRUTH TABLE CAPACITANCE (TA = 25°C, f = 1.0MHz) 

MODE CS WE OUTPUT POWER SYMBOL . ITEM CONDITIONS MAX. UNIT 

Standby H X HlghZ Standby 

Read L H DOut Active 

Write L L HighZ Active 

Integrated Device lechnology, Inc. 
@ Ie MASTER 1984 

C,N Input capacitance V,N=OV 

COUT Output capaCitance VOUT=OV 

NOTE: This parameter is sampled and not 100% tested. 

3236 Scott Blvd., Santa Clara, CA 95051 
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IOT6167S/IOT6167L CMOS STA-':IC RAMS 16K (16K x 1 BIT) MILITARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGE 

AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ±10%, TA = -55°C to +125°C/-40°C to +85°C 
unless otherwise noted.) 

IOT6187S55 IOT6187S70 IOT6187S85 IOT6187S100 
SYMBOL PARAMETER IOT6187L55 IOT6187L70 IOT6187L85 IDT6187L 100 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

READ CYCLE 

tRC [rAVAV) Read Cycle Time 55 - 70 - 85 - 100 -
tAA [rAVOV) Address Access Time - 55 - 70 - 85 - 100 
tACS [rELOV) Chip Select Access Time - 55 - 70 - 85 - 100 

tOH [rAXOX) Output Hold from Address Change 5 - 5 - 5 - 5 -
tLZ [rELOX) Chip Selection to Output in low Z 5 - 5 - 5 - 5 -
tHZ [rEHOZ) Chip Deselection to Output in High Z 0 40 0 40 0 50 0 50 

tpu [rElICCH) Chip Selection to Power Up Time 0 - 0 - 0 - 0 -
t pD [rEHICCl) Chip Deselection to Power Down Time - 55 - 70 - 85 - 100 

WRITE CYCLE 

twc [rAVAV) Write Cycle Time 55 - 70 - 85 - 100 -
tcw [rElWH) Chip Selection to End of Write 45 - 55 - 65 - 80 -
tAW [rAVWH) Address Valid to End of Write 45 - 55 - 65 - 80 -
t AS [rAVWL) Address Setup Time 0 - 0 - 0 - 0 -
twp [rWlWH) Write Pulse Width 35 - 40 - 45 - 55 -
tWR [rWHAX) Write Recovery Time 0 - 0 - 0 - 0 -
tow [rDVWH) Data Valid to End of Write 25 - 30 - 35 - 40 -
tOH [rWHDX) Data Hold Time 0 - 0 - 0 - 0 -
twz [rWlOZ) Write Enable to Output in High Z 0 40 0 40 0 50 0 50 

tow [rWHOX) Output Active from End of Write 0 - 0 - 0 - 0 -

UNIT 

ns 

ns 

ns 

ns 

ns 

n$ 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

~ AC CHARACTERISTICS (VCC = 5 V ± 10%, TA = 0 to + 70CC) uniess otherwise noted.) 
0) 
o 
o 
c: 
.c: 
o 

{E. 
(J) 
o 
> 
(J) 

o 
"0 
(J) 

"§ 
0) 
(J) -c: 

SYMBOL PARAMETER 

READ CYCLE 

tRC [rAVAV) Read Cycle Time 

tAA [rAVOV) Address Access Time 

tACS [rElOV) Chip Select Access Time 

tOH [rAXOX) Output Hold from Address Change 

tLZ [rElOX) Chip Selection to Output in low Z 

tHZ [rEHOZ) Chip Deselection to Output in High Z 

tpu [rElICCH) Chip Selection to Power Up Time 

t po [rEHICCl) Chip Deselection to Power Down Time 

WRITE CYCLE 

twc [rAVAV) Write Cycle Time 

tcw [rElWH) Chip Selection to End o.f Write 

tAW [rAVWH) Address Valid to End of Write 

t AS [rAVWl) Address Setup Time 

twp [rWlWH) Write Pulse Width 

tWR [rWHAX) Write Recovery Time 

tow (TDVWH) Data Valid to End of Write I 

tOH [rWHDX) Data Hold Time 

twz [rWlOZ) Write Enable to Output in High Z 

tow [rWHOX) Output Active from End of Write 

Integrated Device Technology, Inc. 
3990 

IOT6187545 IDT6167S55I IDT6187S70 IDT6187S85 I I IDT6187L45 IOT6187L55 IOT6187L70 IDT6187L85 UNIT 
MIN. MAX • MIN. MAX. MIN. MAX. MIN. MAX. 

45 - 55 - 70 - 85 - ns 

- 45 - 55 - 70 - 85 ns 

- 45 - 55 - 70 - 85 ns 

5 - 5 - 5 - 5 - ns 

5 - 5 - 5 - 5 - ns 

0 30 0 30 0 30 0 40 ns 

0 - 0 - 0 - 0 - ns 

- 35 - 35 - 35 - 40 ns 

45 - 55 - 70 - 85 - ns 

40 - 45 - 55 - 65 - ns 

40 - 45 - 55 - 65 - ns 

0 - 0 - 0 - 0 - ns 

30 - 35 - 40 - 45 - ns 

0 - 0 - 0 - 0 - ns 

25 - I 25 - 30 - 35 - , ns 

0 - 0 - 0 - 0 - ns 

0 30 0 30 0 30 0 40 ns 

0 - 0 - 0 - 0 - ns 

3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 72'7--8116 • TWX 910-338-2070 
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IDT6167S/JDT6167L CMOS STATIC RAMS 16K (16K x 1 Bin MILItARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGE 

AC tEST CONDITIONS 

Input Pulse Levels 

Input Rise and Fall Times 

Input Timing Reference Levels 

Output Reference Levels 

Output Load 

GNDto3.0V 

5ns 

1.5V 

1.5V 

See Figures 1 and 2 

figure 1. Output Load Figure 2. Output Load 
(ior 1HZ, Ill' Iwz, and tow) 

*Including scope and jig. 

TIMING WAVEFORM OF READ CYCLE NO. 1(1,2) 

iiMiNG WAVEFORM OF READ CYCLE NO. 2~~,3} 

NOTES: 1. WE is high for READ cycle. 
2. CS is low for READ cycle. 
3. Address valid prior to or coincident with CS transition low. 
4. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. This parameter is sampled, not 100% tested. 
5. All READ cycle timings are referenced from the last valid address to the first transitioning address . 

. 6. For any given speed grade, operating voltage and temperature, tHz will be less than or equal to tLZ• 

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED)(1) 
~--------------------t~------------------~ 

~--------------tAW--------------~'--
__ ~ ______ ~~,~~------t_--------~~~ ______________ __ 

NOTES: 1. CS or WE must be high during address transitions. 
2. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
3. All write cycle timings are referenced from the last valid address to the first transitionlng address. 
4. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100% tested. 

Integrated Device lechnology, Inc. 
@ Ie MASTER 1984 
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IDT6167S/IDT6167L CMOS STATIC RAMS 16K (16K x 1 BIT) MIUTARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGE 

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLED)(1) 
14.~--__________ t~3 ____________ ~.~1 

Addrn. 

-tAS -�4.1-----Icw------...., ... 1 

1-+----------tAw ---------1 

I-+-+----IDW----~~I 

Oala.ln I Data In Valid 

Dala Out Dala Undefined 
~I .. ·-:J--I----

~ High Impedance 

NOTES: 1. CS or WE must be high during address transitions. 
2. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
3. All write cycle timings are referenced from the last valid address to the first transitioning address. 
4, Transition is measured ±500mV from steady state voltage with specifi,ed loading in Figure 2. This parameter is sampled and not 100% tested. 

LOW Vee DATA RETENTION CHARACTERISTICS 
FOR L VERSION ONLY (TA = -55°C to +125°C/-40°C to +85°C/O°C to +70°C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP.1 MAX. UNIT 

VOA Vee for Data Retention 2.0 - - V 

COM'L - 0.5(2) 20(2) 
- 1.0(3) 30(2) 

ICCOA - Data Retention Current CS~Vee -0.2V IND - 0.5l21 40(21 
IlA 1.()!31 60(3) 

VIN~Vee -o.2Vor~0.2V MIL - O.5!:!} 300C!! 

- 1.0(3) 450(31 

teDR Chip Deselect to Data Retention Time 0 - - ns 

tR Operation Recovery Time tAC(4) - - ns 

NOTES: 1. TA = 25°C 3. at Vee=3V 
2. at Vee=2V 4. tAC = Read Cycle Time 

LOW Vee DATA RETENTION WAVEFORM 

"'" uv v .. >2V If .... :}=
Data Retantlon Mode-j 

r tC·DR . ~tR--1 
cs '-Z~Z-7--'//""'!"""~-1H ~, VDR 1--vlH ....... \-\-\~\\~\:--r' 

Integrated Device khnology, Inc. 
3236 Scott Blvd., Santa Clara, CA 95051 • Telephone: (408) 727-6116 ~ TWX 9103382070 
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Integrated Deylce Technology, Inc. reserves the right to make changes to the specifications In this data sheet In order to 
Improye design or performance and to supply the best possible product. 
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MILITARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGES 

FEATURES: 
• High-speed (equal access and cycle time) 

IDT6168SIIDT6168L 45 (com'I)/55/70/85/100 ns 
(max.) 
IDT71681S/IDT71681L 45 (com'I)/55/70/85/100 ns 
(max.) 
IDT71682S/IDT71682L 45 (com'I)/55/70/85/100 ns 
(max.) 

• Low power consumption .. 
-IDT6168S/IDT71681SIIDT71682S 

Active: 225 mW (typ.) 
Standby: 100 p.W (typ.) 

-IDT6168L/IDT71681L/IDT71682L 
Active: 225 mW (typ.) 
Standby: 10 p.W (typ.) 

• Bidirectionai data input and output (iDT6168 oniy) 
• Separate data inputs and outputs {IDT71681 and 

InT71~R? I'\nl\l\ 
• ..., 1.1 IV"''' ..,.I'ZI 

• Outputs in high impedance in WRITE mode (IDT71682 
only) 

• Battery backup operation - 2V data retention voltage 
(L versions only) 

• Produced with advanced CEMOS™ I high-performance 
technology 

• CEMOS I process virtually eliminates alpha particle 
soft-error rates (with no organic die coatings) 

• Single 5V (±10%) power supply 
• Input and output directly TTL-compatible 
• Three-state output 
• Static operation: no clocks or refresh required 
• Standard product 100% screened to MIL-STD-883 

Class C 
• Military product available 100% screened to Class B 

DESCRIPTiON: 
The IDT6168, IDT71681 and IDT71682 are 16,384-bit 

high-speed static RAMs organized as 4K x 4. They are 

FUNCTIONAL BLOCK DIAGRAMS 

'IDT6168 

I/01-.....n~ 

1/02 _+-11.J ...... 

I/OJ_of-t'Loi ...... 
1I04 .....t-4-++CH 

128 x 128 
MEMORY 
ARRAY 

-Vcc 
-GND 

ceMos is a tradema~k of Integrated Device Technology, Inc. 

@) Ie MASTER 1984 

fabricated using lOT's high-performance, high-reliability 
technology - CEMOS™ I. This state-of-the-art technology, 
combined with innovative circuit design techniques, pro
vides a cost effective alternative to bipolar .and fast 
NMOS memories. 

The IDT71681 and IDT71682 are manufactured with 
separate data inputs and outputs. This feature allows for 
improved system architectures. The external latches of a 
bidirectional bus system are not needed, improving both 
board density and system power levels. The absence of 
bus contention allows a streamlined approach, enhanc
ing system speeds. Also, they fit readily into a pipeline 
structure. 

Access times as fast as 45 ns are available with maxi
mum power consumption of only 495 mW. The cir.£Y,it also 
offers a reduced power standby. mode. When CS goes 
high, the circuit will automatically go to, and remain in, a 
standby mode as long as CS remains high. In the standby 
mode, the device consumes less than 100 p.W, typically. 
This capability provides significant system-level power 
and cooling savings. The low power (L) version also of
fers a battery backup data retention capability where the 
circuit typically consumes only 1 p.W operating off. a 2V 
battery. 

All inputs and outputs of the IDT6168, IDT71681 and 
IDT71682 are TTL-compatible and operate from a single 
5V supply, thus simplifying system designs. Fully static 
asynchronous circuitry is used, which requires no clocks 
or refreshing for operation, and provides equal access 
and cycle times for ease of use. 

The IDT6168 is packaged in either a space-saving 20-
pin, 300 mil DIP, a 20-pin leadless chip carrier or a 20-pin 
fJatpack and the IDT71681 and IDT71682 in a 24-pin, 300 
mil DIP or a 28-pin leadless. chip carrier, providing high 
board-level packing densities. 

The Military RAMs are 100% processed in compliance 
to the test methods of MIL-STD-883, Method 5004, mak
ing them ideally· suited to military temperature applica
tions demanding the highest level of performance and 
reliability. 

IDT71681 

0.----""-- I 

D,_~I 

0, I ...... I 

We __ ......-.. 

128x 128 
Memory Array 

Column 110 

Column Select 

A, A. A. A,. Au 

y.-----I 
y,---_---I 
y,------I 
y.-----~ 

CS-~4>~-----------------------------------------________ ~ 
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IOT6168 & 71681 & 71682S/IOT6168 &. 71681 & 71682L 
CMOS STATIC RAMS 16K (4K x 4 BIT) -

FUNCTIONAL BLOCK DIAGRAMS 
IDT71682 

MIUTARY 1 INDUSTRIAL 1 COMMERCIAL TEMPERATURE . RANGE 

128 x 128 
Memory Array 

CoIumnUO 

Column Select 

A, A. A. A.. A .. 

y. ___ ----J 

Yl--·---~ 
Y, _----''"-_----J 

Y.------' 

CS-=~~------------------------~ 

LOGIC SYMBOLS 

A. 
A, 
A. 
A, 
A. 
As 
At 
A, 

A. 
A, 
A .. 
An 

g 
... g 
... g 

g 

I~ I~ 
(IDT6168) 

A, 

A. 
A. 
A. 
A. 
A, 
A, 
A, 

A, 

A, 

A.. 
A., 

D, D. D. D. 

I 
CS WE 

y. 

Y. 

Y. 

Y, 

(IDT71681 & IDT71682) 

PIN CONFIGURATIONS 

DIP 
Top View 
(IOT6168) 

PIN NAMES 
(lOT6168) 

Ao-An ADDRESS INPUTS 
CS CHIP SELECT 
WE WRITE ENABLE 

As 

I I I I I I'J 
L.~ I I L.~ L. 
2 U' 20 19 

3 1 18' A,. 
A, 

At 

110, 

Aa -]7 1102 

A7 :]8 13C 1103 
9 10 11 12 

rl rl rl r" 
CS GND WE 1/04 

Lee 
Top View 
(IOT6168) 

DATA 
1/01-1/04 INPUT 1 OUTPUT 
Vee POWER 
GND GROUND 

Integrated Device Technology, Inc. 
3994 

N.C. 

N.C. N.C. 

At N.C. 

Ds 

D. ~ 

DIP 
Top View 
(l0T71681 
10T71682) 

(l0T71681 & 10T71682) 

Ao-A'1 ADDRESS INPUTS 

CS CHIP SELECT 

WE WRITE ENABLE 

Vee POWER 

D. CSOND WE Y, Y. Y • 

Lce 
Top View 
(l0T71681 
10T71682) 

0 ,-04 DATA IN 

Y,-Y4 DATA OUT 

GND GROUND 

3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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IDT6168S • 71681S • 71682S/IDT6168L & 71681L • 71682L 
CMOS STATIC RAMS 16K (41( x 4 BIT) MIUTARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGE 

ABSOLUTE MAXIMUM RATINGS'1) 
TEMPERATURE RANGE -SSOCto + 125°C -40°C to +85° OOCto +700 C 
SYMBOL PARAMETER RATING UNIT 

VTERM Voltage on any Pin with 
Respect to GND 

-0.5 to +7.0 -0.5 to +7.0 -0.5 to +7.0 V 

TA Operating Temperature -55 to +125 -40 to +85 Oto +70 °0 
TSIAS Temperature Under Bias -65 to +135 -55 to +125 -10 to +85 °0 
TST6 Storage Temperature -65 to +150 -65 to +150 -55 to +125 °0 
PT Power Dissipation 1.0 1.0 1.0 W 
louT DC Output Current 50 50 50 mA 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM RATINGS may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other conditions above 
those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
ratings conditions for extended periods may affect reliability. 

RECOMMENDED DC OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. 

Vee Supply Voltage 4.5 

GND Supply Voltage 0 

VIH Input High Voltage 2.2 
__ '" I - * I I"VUL L.OW Voltage I 1.0 

TYP. 

5.0 

0 

3.5 

-

MAX. UNIT 

5.5 V 

0 V 

6.0 V 

1.,..0.8 I V I 

MILITARY (TA = -55°C to +125°C) 

INDUSTRIAL (TA = -40°C to +85°C) 

COMMERCIAL (T A = O°C to + 70°C) 

* VIL min. = -3.5V for pulse widths less than 30 ns and duty cycles less than 50%. 

DC ELECTRICAL CHARACTERISTICS (vCC= 5V ± 10% I TA = -55°C to 
+125°C/-40°C to +85°C/0°C to +70°C) 

SYMBOL PARAMETER TEST CONDITIONS 
IDT6168S171681S IDT6168L171681L 

MIN. TYP.(1} MAX. MIN. TYPJ1} MAX. 

111I1 Input Leakage Current Vcc = 5.5V. VIN = OV to Vcc - - 10/10/2 - - 5/2/2 

IILOI Output Leakage Current CS = V1H• VOUT = OV to Vcc - - 10/10/2 - - 5/2/2 

Icc1 Operating Power Supply Current CS = V1l• Output Open - 45 90 - 45 90 

ICC2 Dynamic Operating Current Min. Duty Cycle =100% - 45 90 - 45 90 

ISB Standby Power Supply Current CS~VIH - 5 20 - 5 20 

IS81 Full Standby Power Supply CS~ Vcc - 0.2V 20 10,0001 
2 

9001 
Current VIN~VCC - 0.2Vor~0.2V - 200012000 - 150/50 

VOL Output Low Voltage IOl=8mA - - 0.4 - - 0.4 

VOH Output High Voltage IOH=-4mA 2.4 - - 2.4 - -

TRUTH TABLE CAPACITANCE (TA = 25°C, f = 1.0MHz) 

MODE CS WE OU'JIPUT POWER SYMBOL ITEM CONDITIONS MAX. 

Standby H X High Z Standby CIN Input Capacitance VIN=QV 5 

Read L H DOut Active CbUT Output Capacitance VOUT=OV 7 

Write L L High Z Active NOTE: This parameter is sampled and not 100% tested. 

+5V +5V 

l I 
AC TEST CONDITIONS 

Dour-_--_+ DouT-~--_+ 

UNIT 

iJ.A 

iJ.A 

mA 

mA 

mA 

iJ.A 

V 

V 

UNIT 

pF 

pF 

Input Pulse Levels GNDt03.0V 2550 3OpF* • 255Q : ;: 5pF· 

Input Rise and Fall Times 5ns 

Input Timing Reference Levels 1.5 V 

Output Reference Levels 1.5 V 

Output Load See Figures 1 and 2 

Integrated Devic~ Technology, Inc. 
@ Ie MASTER 1984 

fl1 

Figure 1. Output load Figure 2. Output load 
(for tHz. tLl' twz. and tow) 

*Includlng scope and jig. 

3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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IDT6168S & 71681S & 71682S/IDT6168L & 71681L & 71682L 
CMOS STATIC RAMS 16K (4K x 4 BIT) MIUTARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGE 

AC CHARACTERISTICS (Vee = 5V ±10%, TA = -55°C to +125°C/-40°C to +85°C/O°C to +70°C 
unless otherwise noted.) (1) 

\ -SYMBOL 
IOT6168s45(21 IOT6168S55 IOT6168S70 IDT6168S85 IDT6168S100'3 

PARAMETER IDT6168L45 IOT61rL55 IOT6168L70 IDT61rL85 IDT616fL 100 
MIN.r MAX. MIN. MAX. MIN. I MAX. MIN. MAX. MIN. MAX. 

READ CYCLE --

fRc (TAVAV) Read Cycle Time 45 - 55 - 70 - 85 - 100 -
fAA (TAVaV) Address Access Time - 45 - 55 - 70 - 85 - 100 
v.cs (TElaV) Chip Select Access Time - 45 - 55 - 70 - 85 - 100 
too (TAXaX) Output Flold from Address Change 5 - 5 - 5 - 5 - 5 -
tu (TElax) Chip Selection to Output in low Z 20 - 20 - 20 - 20 - 20 -
t...z (TEHaZ) Chip Deselection to Output in High Z - 20 - 25 - 30/30/25 - 40/40/25 - 50 
t.u (TELICCH) Chip Selection to Power Up Time 0 - 0 - 0 - 0 - 0 -
t.o (TEHICCL) Chip Deselection to Power Down Time - 40 - 55/55/50 - 70/70/60 - 85/85/70 - 100 
fRcs Read Command Set-Up Time -5 - -5 - -5 - -5 - -5 -
fRCH Read Command Hold Time -5 - -5 - -5 - -5 - -5 -
WRITE CYCLE 
twc (TAVAV) Write Cycle Time 40 - 50 - 60 - 75 - 90 -
lew (TELWH) Chip Selection to End of Write 35 - 50/50/45 - 60/60/55 - 75/75/65 - 90 -
v.w (TAVWH) Address Valid to End of Write 35 - 50/50/45 - 60/60/55 - 75/75/65 - 90 -
tAs (TAVWL) Address Setup Time 0 - 0 - 0 - 0 - 0 -
twP (TWLWH) Write Pulse Width 35 - 50/50/45 - 60/60/55 - 75/75/70 - 90 -
tWR (TWHAX) Write Recovery Time 0 - 0 - 0 - 0 - 0 -
tow (TDVWH) Data Valid to End of Write 15 - 25/25/20 - 30/30/25 - 35/35/30 - 40 -
loti (TWHDX) Data Hold Time 3 - 5/5/3 - 5/5/3 - 5/5/3 - 5 -
twz (TWLOZ) Write Enable to Output in High Z - 20 - 25 - 30 - 40 - 50 
tow (TWHaX) Output Active from End of Write 10 40 0/0/10 40/40/50 0/0/10 50/50/60 010110 60/60/70 0 70 

AC CHARACTERISTICS (Vee = 5V ±10%, TA= -55°C to +125°C/-40°C to +85°C/O°C to +70°C 
unless otherwise noted)!1l 

IDm68145(21 10m 68155 10T7168170 1DT7168185 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

SYMBOL PARAMETER IDT71r245 10T71rss 10T7168270 I DT71 r85 10T71682100 UNIT 11DT71681100Ol 

MIN. -, MAX. MIN. MAX. MIN. MAX. MIN. 1 MAX. MIN. MAX. 
READ CYCLE 

fRc (TAVAV) Read Cycle Time 45 - 55 - 70 - 85 -

fAA (TAVaV) Address Access Time - 45 - 55 - 70 - 85 
tACS (TELOV) Chip Select Access Time - 45 - 55 - 70 - 85 
too (TAXaX) Output Hold from Address Change 5 - 5 - 5 - 5 -
ttz (TELaX) Chip Selection to Output in Low Z 20 - 20 - 20 - 20 -
t...z (TEHaZ) Chip Deselection to Output in High Z - 20 - 25 - 30 - 40 
t.u (TELICCH) Chip Selection to Power Up Time 0 - 0 - 0 - 0 -
tpo (TEHICCL) Chip Deselection to Power Down Time - 40 - 55/55/50 - 70/70/60 - 85/85/70 
fRcs Read Command Set-Up Time -5 - -5 - -5 - -5 -
tRCH Read Command Hold Time -5 - -5 - -5 - -5 -
WRITE CYCLE 
twc (TAVAV) Write Cycle Time 40 - 45/45/50 - 55/55/60 - 65/65/70 -
lew (TElWH) Chip Selection to End of Write 35 - 45 - 55 - 65 -
v.w (TAVWH) Address Valid to End of Write 35 - 45 - 55 - 65 -
lAs (TAVWl) Address Setup Time 0 - 0 - 0 - 0 -
twP (TWLWH) Write Pulse Width 30 - 35 - 40 - 45 -
tWR (TWHAX) Write Recovery Time 0 - 0 - 0 - 0 -
tow (TDVWH) Data Valid to End of Write 15 - 25/25/20 - 30/30/25 - 35/35/30 -
~ (TWHDX) Data Hold Time 3 - 5/5/3 - 5/5/3 - 5/5/3 -
tty (TDVaV) Data Valid to Output Valid - 35 - 35/35/40 - 40/40/45 - 45/45/50 

(71681 only) 
twv (TWLaV) Write Enable to Output Valid - 35 - 35/35/40 - 40/40/45 - 45/45/50 

(71681 only) 

twz (TWLOZ) Write Enable to Output in High Z - - - 25 - 30 - 40 
(71682 only) 

tow (TWHax) Output Active from End of Write 
(71682 only) 

- - 0 40 a 50 0 60 

(l)Parameters listing three limits apply in this Temp. Range order: Military/Industrial/Commercial. All other limits apply to all three Temp. Ranges. 
(2)Available in Commercial OOC to +70oC only. 
[llAvaiiable in Military -55°C to +1250 C and Industrial -40°C to +85°C only. 

100 
-
-
5 

20 

-
0 

-
-5 
-5 

80 
80 
80 
0 

55 
0 

40 
5 
-
-

-
0 
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~ .... 
100 ns 
100 ns 

- ns 

- ns 
50 ns 

- ns 
100 ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 

- ns 
50 ns 

50 ns 

50 ns 

70 ns 
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IDT6168S & 71681S & 71682S/IDT6168L & 71681L & 71682L 
CMOS STATIC RAMS 16K (4K x 4 BIT) MIUTARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGE 

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLED)1 For IDT6168 
1 ...... f--------twc 3----------I .... 1 

----tcw---· 

1 ..... II------tAw-------l~1 

DII'aln 

Data Out Data Undefined 
r-''''~J--I ____ _ 

~ High Impedance 

NOTES: 1. CS or WE must be high during address transitions. 
2. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
3. All write cycle timings are referenced from the last valid address to the first transitioning address. 
4. Tiansition is measured ± 200mV from steady state voltage with specified loading in Figure 2. This parameter is sampied and not 100% tested. 

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE. CONTROLLED)1 For JDT71681 and IDT71682 

-i ~ *-' -
~--------'AW---------_.~---

_-+-___ ~~~,... __ ---twP----:---·I.,.....-_-------

________ ~---...,jE ....... v ... ·,· "'9~ __ 
_

____________ ~I ______ ~~-tl-Y---.~ ___ ----~---------------(71681 Only) Data Out DIIta Undefined loa.ta Valid 
I 

_~ ~JJo_----HIgh-ImpecIaMe--I---tO-W-2,4-1-1 ..... ---

DII .. 1n 

(71682 Only) DlitaOut 

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLED)1 For IDT71681 and IDT71682 
1 ..... _-------twc3----------I .. 1 

Address 

I ... --.:....-tcw---... I 

---------~---- ~-----+---------

1 ... -----tAw--------I .. 1 

Data In 
I 

I .~a...--~ 

(71681 Only) Data Out Data Undefined j' .. '1a...-____ Da_'a_vaIId _____ _ 

~tOH_~tAA ~I. 
(71682 Only) OaiaOut Pravious Oala Valid i X X *--o-at-.V-.-lid---

NOTES: 1. GS or WE must be high during address transitions. 
2. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
3. All write cycle timings are referenced from the last valid address to the first transitioning address. 
4. Transition is measured ±2OOmV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100% tested. 

Integrated Device lechnology, Inc. 
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IDT6168 & 71681S & 71682S/IDT6168L & 71681L & 71682L 
CMOS STAnc RAMS 16K (4K x 4 BIT) MIUTARY I INDUSTRIAL I COMMERCIAL TEMPERATURE RANGE 

TIMING WAVEFORM OF READ CYCLE NO. 1(1,2) For IDT6168 and IDT71681 and IDT71682 

~ __ IRC_6 -1= 
DataOut ---PrhIoUI--~~~9'M X X ~----D.-ta-V-.IId----

TIMING WAVEFORM OF READ CYCLE NO. 2(1,3) For IDT6168 and IDT71681 and IDT71682 

NOTES: 1. WE is high for READ cycle. 
2. CS is low for READ cycle. 
3. Addrel?s valid prior to or coincident with CS transition low. 
4. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. This parameter is sampled, not 100% tested. 
5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 

6. For any given speed grade, operating voltage and temperature, ltiz will be less than or equal to tLZ• 

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED)1 For IDT6168 

~------------------t~----------------~~ 

14--------------tAW-----------~-
-~-----~~,r.-------Iw--------.i_--------------

c-w ''"-1_ 
Dataln ===============1 =======:c Data Veld ;( 

Data Out _~-jJ-___ HIgII_Im_IpIdaI_l-_ICl_tow_2,4_=k-l ===== 

Integrated Device khnology, 1t:lC. 
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IDT6168S c &71681S " 71682S/IDT6168L & 71681L & 71682L 
CMOS, STATIC RAMS 16K (4K x 4 BIT) MIL.ITARY I INDUSTRIAL I COMME;RCtAL TEMPERATURE RANGE 

LOW Vee DATA RETENTION CHARACTERISTICS (TA = -55°C to +125°CI 
, -40°C to +85°C/O°C to + 70°C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP.1 

VDR Vcc for Data Retention 2.0 -
COM'L - 0.5(21 

- 1.0(3) 

ICCDR Data Retention Current CS~VCC -0.2V IND - 0.5{21 
1.0(3) 

V1N ~ Vcc -0.2 V or ~ 0.2 V MIL - O.5(2) 

- 1.0(3) 

tCDR Chip Deselect to Data Retention Time 0 -
tR Operation Recovery Time tRC(4) -

NOTES: 1. TA =25°C 3. at Vcc=3V 
2. at Vcc=2V 4. tRC = Read Cycle Time 

LOW Vee DATA RETENTION WAVEFORM 
_______ -JI~D ... R .. '""OOM--LIr_~ ______ ~_ 

Vee' 4.5V~ VD'l,,2V ~4.5V 

r teoR-~ . 1- tR -I . 
cs' Y--P-71---ZZ~7J,...-t,-VIH--"'" VOR I VIH \\\\\\~ 

Integrated Device lechnology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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MILITARY I COMMERCIAL TEMPERATURE RANGES 

64K RAMPAK 

FEATURES: 
• 8,192 x 8 static RAM module complete with decoder 

anddecoupling capacitor 
• High-speed 85 (commercial only)l120/150/200ns (equal 

access and cycle times) 
• Low power consumption; 300 mW typo 
• Two pinout options (64K EPROM & 64K static RAM) 
• Utilizes IDT6116s - high performance 16K RAMs pro

duced with advanced CEMOS ™ I technology 
• CEMOS I process virtually eliminates alpha particle 

soft error rates (with no organic die coating) 
• Single 5V (± 10%) power supply 
• Input and output directly TTL-compatible 
• Static operation: no clock or refresh required 
• Standard military components 100% screened to 

MIL-STD-883 Class C 
• Military components available 100% screened to 

Class B 

DESCRIPTION: 
The iDT7M864iiDT8M864 are 64K (8,192 x 8 bit) high 

speed static RAMs constructed on a ceramic substrate us
ing 4 IDT6116 (2,048 x 8) static RAMs in leadless chip car
riers. Functional equivalence to a monolithic 64K static 

PIN CONFIGURATIONS 
..... ---Pin #1 Identlfler----. 

:~2 ~D,~~ v~~ 
A7 3 P 26 CS2 

Ae 4 P 25 Aa 

As 5 24 A, 

~~ ~DO 
Ao 10 

::::0. 
OND 14 

7M864 

PIN NAMES 

Ao-Au ADDRESS 

23 A" 
22 OE 

21 A'0 

20 CS, 
19 UOa 18 U07 

17 UOe 

16 UOs 

15 U04 

110, -1108 DATA INPUT/OUTPUT 

CS"C~ CHIP SELECT 

Vcc POWER 

NC 1 [ Ira vcc 
p27 WE Au 2 [ 

A7 3 I ~26 NC 

4 ( p25 Aa 
5 ( L--______ ---l P 24 A, 

A4 6 or23 
A" 

A3 7 D p22 OE 
A2 8 r21 A

'
0 

A, 9 P20 CSt 
Ao 10 P19 UOa 

UO, 11 Db18 U07 
U02 12 ~17 UOe 

U03 13 h16 UOa 

GND 14 ( 15 U04 

8M864 

WE WRITE ENABLE I 

OE OUTPUT ENABLE 

GNO GROUND 

CEMOS is a trademark of Integrated Device Technology, Inc. 

4000 

RAM is achieved by utilization of an on-board decoder cir
cuit that interprets the higher order addresses Al1 and Au to 
select one of the four 2Kx8 RAMs. Extremely fast speeds 
can be achieved with this technique due to use of the 
IDT6116 fabricated in lOT's high performance, high
reliability technology - CEMOS I. This state-of-the-art 
technology, combined with innovative circuit design tech
niques, provides the fastest 16K static RAMs available. 

The IDT7M864IIDT8M864 are available with access times 
as fast as 85ns for commercial and 120ns for military 
temperature ranges, with maximum power consumption of 
only 825mW. The circuit also offers a reduced power stand
by mode. When CS1 goes high, and/or CS2 (7M864) goes low, 
the circuit will automatically go to, and remain in, a standby 
mode as long as these conditions are held. In the standby 
mode, the module consumes less than 275mW. Substantial
ly lower power levels can be achieved in the ISB1 mode (less 
than 25mW max.) and 2V data retention mode (less than 
3mW max.) - see "DC Characteristics" and "Data Retention 
Characteristics" for details. 

Pinout of the IDTBM864 is equivalent to the 64K EPROMs 
(no connect on pin 26), ideal for applications requiring easy 
microcode changes during prototyping. The IDT7M864's 
pinout is compatible with monolithic 64K static RAMs (CS2 

on pin 26). 
All inputs and outputs of the IDT7M864IIDT8M864 are 

TTL-compatible and operate from a single 5V supply, thus 
simplifying system designs. Full asyncronous circuitry is 
used, requiring no clocks or refreshing for operation, and 
provides equal access and cycle times for ease of use. 

All lOT military module components are 100% processed 
to the test methods of MIL-STD-883, Method 5004, making 
them ideally suited to applications demanding the highest 
level of performance and reliability . 

FUNCTIONAL BLOCK DIAGRAM 
Ag.A , 0 -----.-----------. 

UO, • UOa -----..--+----------. 
WE---~_+~--------------~ 

OE--~~__+~------~ 

AU' Au 
~, 

CS2 
(7M864 only) 

IDT6116 
2Kx8 

CMOS 
STATIC 

RAM 

cs 

IDT6116 
2Kx8 

CMOS 
STATIC 

RAM 

CS I 

IDT6116 
2Kx8 

CMOS 
STATIC 

RAM 

CS 

IDT6116 
2Kxa 

CMOS 
STATIC 

RAM 

CS 
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IDT7M864IIDT8M864 64K (8K x 8) CMOS STATIC RAM MODULE 

TRUTH TABLE 

MODE CS, C~ OE WE 110 OPERATION 

Standby H X X X HighZ 

Standby X L X X High Z 

Read L H l H DouT 

Read L H H H HighZ 

Write L H X L DIN 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

RECOMMENDED DC OPERATING 
CONDITIONS 
(T A = - 55°C to + 125°C and O°C to + 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. 

Vec Supply Voltage 4.5 5.0 5.5 

GND Supply Voltage 0 0 0 

VIH Input High Voltage 2.2 3.5 6.0 

Vil Input Low Voltage -0.5 • - .65 

Cl Output Load - - 100 

TIL Output Load - - 1 

UNIT 

V 

V 

V 

V 

pF 

-
* XO~/o~in. = -3.5V for pulse widths less than 30 ns and duty cycles less than 

DC ELECTRICAL CHARACTERISTICS (Vcc=5V ± 10%, TA= -55°C to + 125°C and O°C to + 70°C) 

IDT7M864I8M864 
SYMBOL PARAMETER TEST CONDITIONS 

MIN. TYP.(1) MAX. 

Ilul Input Leakage Current Vee = 5.5V, VIN = OV to Vcr. 

!110! j Output Leakage Current OE or ~ ~ VIH, or ~ ~ VIl .. Vour = OV to Vee 

Icc Operating Power Supply Current CS, " VII, ~ ~ V'H, Output Op,en 

Icc1 Dynamic Operating Current Min. Duty Cycle = 100% 

ISB Standby Power Supply Current CS, ~ VIH, or CS2 ~ Vil 

ISB1 Full Standby Power Supply CS, ~;Voc-0.2V, and/or ~~0.2V 
VIN ~ Vcc-0.2V or< 0.2V Current 

VOL Output Low Voltage 10l = 4mA 

VOH Output High Voltage 10H = -1mA 

ABSOLUTE MAXIMUM RATINGS(1) 

SYMBOL RATING COMMERCIAL MILITARY 

VTERM Terminal Voltage with -0.5 to + 7.0 -0.5 to +7.0 
Respect to GND 

TA Operating Temperature o to + 70 -55 to +125 

TBIAS Temperature Under Bias -10 to +85 -65 to + 135 

TSTG Storage Temperature -55 to + 125 -65 to +150 

Pr Power Dissipation 4.0 

lOUT DC Output Current 50 

. 1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those Indicated in the operational sec
tions of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect reliabi!ity. 

4.0 

50 

UNIT 

V 

°c 
°c 
~C 

W 

rnA 

- - 15 

- - 15 

- 65 150 

- 65 150 

- 20 50 

- 15 1200 

- - 0.4 

2.4 - -

AC TEST CONDITIONS CAPACITANCE (TA = 25°C, f = 1.0 MHz) 

Input Pulse Levels 
Input Rise and Fall Times 

GND to 3.0V 
10ns 

SYMBOL ITEM CONDmONS MAX. 

Input and Output Timing Reference 
Levels 

Output Load 
1.5V 

1 TIL Gate and Cl = 100pF 
(including scope and jig) 

Integrated Device lechnology, Inc. 
@ Ie MASTER 1984 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VOUT=OV 

NOTE: This parameter is sampled and not 100% tested. 

3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 

20 

22 

UNIT 

JAA 
~ 
rnA 

rnA 

rnA 

Jl.A 

V 

V 

UNIT 

pF 

pF 

4001 

I 

~ 
0> 
o 
o 
c 
.c 
o 
Q) 

I-
Q) 
o 

"S: 
Q) 

o 
"C 
Q) ..... 
~ 
0> 
Q)' ..... 
C 



IDT7M864JIDT8M864 64K (8K x 8) CMOS STATIC RAM MODULE MILITARY AND COMMERCIAL TEMPERATURE RANGES 

AC ELECTRICAL CHARACTERISTICS (Vcc=5V ± 10%, TA= -55°C to + 125°C and O°C to + 70°C) 

7M/8M864L85 

SYMBOL PARAMETER 
COMMERCIAL 

7M/8M864L120 7M/8M864L 150 ONLY 
MIN. MAX. MIN. MAX. MIN. MAX. 

READ CYCLE 

tRC Read Cycle Time 85 - 120 - 150 -
tAA Address Access Time - 85 - 120 - 150 

tACS Chip Select Access Time - 85 - 120 - 150 

~CLl Chip Selection to Output in Low Z 5 - 5 - 5 -
tOE Output Enable to Output Valid - 65 - 65 - 80 

tOll ' Output Enable to Output in Low Z '- 0 - 0 - 0 -
tCHZ Chip Deselection to Output in High Z - 55 - 70 - 70 

tOHZ Output Disable to O~tput in High Z - 40 - 40 - 40 

tOH Output Hold from Address Change 0 - 0 - 0 -

WRITE CYCLE 

twr. Write Cvcle Time 85 - 120 - 150 -
tr.w ChiD Selection to End of Write 65 - 80 - 100 -
tAW Address Valid to End of Write 70 - 85 - 100 -
t AS Address Setup Time 15 - 15 - 20 -
twp Write Pulse Width· 55 - 55 - 70 -
tWR Write Recovery Time 10 - 10 - 10 -
tOHZ Output Disable to Output in High Z - 40 - 40 - 40 

tWHZ Write to Output in High Z 0 50 0 50 0 60 

tow Data to Write Time Overlap 30 - 30 - 35 -
tOH Data Hold from Write Time 10 - 10 - 10 -
tow Output Active from End of Write 0 - 0 - 0 -

TIMING WAVEFORM OF READ CYCLE NO. 1(1,2) 

TIMING WAVEFORM OF READ CYCLE NO. 2(1,3t TIMING WAVEFORM OF 
READ CYCLE NO.3 (1,3,4) 

7M18M864L200 UNIT 
MIN. MAX. 

200 - ns 

- 200 ns 

- 200 ns 

5 - ns 

- 100 ns 

0 - ns 

- 80 ns 

- 50 ns 

0 - ns 

200 - ns 

120 - ns 

120 - ns 

20 - ns 

90 - ns 

10 - ns 

- 50 ns 

0 60 ns 

40 - ns 

10 - ns 

5 - ns 

Add,", 

~l=--tcu-=g-.I--(_1-

cs. --
DOUT -----------l 
NOTES: 1. WE is High for Read Cycle. 

2. Device is. continuously selected, ~ = V1lo ~ = VIH (7M864 only). 
3. Address valid prior to or coincident with ~t transition low, ~ transition high (7M864 only). 

4. OE = VIL' 
5. Transition is measured ± 500mV from steady state. This paramete~ is sampled and not 100% tested. 

Integrated Device Technology, Inc. 
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IDT7M8641IDT8M864 64K (8K x 8) CMOS STATIC RAM MODULE MILITARY AND COMMERCIAL TEMPERATURE RANGes 

TIMING WAVEFORM 
OF WRITE CYCLE 1(1) 

_ ---___ lwc ________ 1 

Address 

I_--Icw---·l 

cs. 
(7 ..... only) ~"'--i-'--"--"-"""""-'I 

I (',1OJ I 

TIMING WAVEFORM 
OF WRITE' CYCLE 2(1,1) 

I-------.wc------_ 

J---Icw----I 

I I 

(II 

~'OHZ 1 
0 ... »»» 

1_1~2) ___ 1 

D;.-~<f'~--+-'~1xxx 

f~'OW_t-'DHI(9! 

om--------------------~K ~ 

NOTES: 1. WE is high during all address transitions. 
2. A write occurs during the overlap (twp) of a low CS" or high CS2 (7M864 only) and a low WE. 
3. tWA is measured from the earlier of ~, or WE going high or ~ going low to the end of write cycle. 
4. During this period, 110 pins are in the output state so that the input signals of ~site phase to the outputs must not be applied. 
5. If the CS, low transition or ~ high transition occurs simultaneously with the WE low transitions or after the WE transition, outputs 

remain in a high impedance state. 
6. OE is continously low (OE = V It). 
7. Dour is the same phase of write data of this write cycle. 
S. DQW is the read data of next address. . 
9.lf CS, is low or C~ is high during this period, 110 pins are in the output state. Then the data input signals of opposite phase to the outputs 

must not be applied to them. 
10. Transition is measured ± SOOmV from steady state. This parameter is sampled and not 100% tested. 

LOW Vee DATA RETENTION CHARACTERISTICS (T A = - 55 °C to + 125 °C and O°C to + 70°C) 

SYMBOL PARAMETER TEST CONDITION MIN. 

VOA Vcc for Data Retention 2.5 

IccoA Data Retention Current -
CSt~ Vee - O.2V, CSz <O.2V -

tCOA Chip Deselect to Data Retention Time VIN~VCC -o.2Vor<O.2V 0 

tA Operation Recovery Time tAC(4) 

NOTES: 1. TA = 25"C 3. at Vcc=3V 
2. at VCC = 2.5V 4. tAC = Read Cycle Time 

LOW Vee D~TA RETENTION WAVEFORM 

Vee 

I---Data~lIocIe--j 

~4.5Vt VDRi!:2.5V Jir---,UV.51 -
~DR~' ~~ 

VDR 

s O.2V 

• Low Vcc data retention achieved by the indicated CS, waveform or CS:t waveform. 

TYP.(1) MAX 
COMM. 

- -
2.fPJ 8()(2) 

4.()<3) 12()(3) 

- -
- -

Integrated Device lechnology, Inc. 3238 Scott Blvd., Santa Clara, CA 95051 
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MILITARY I COMMERCIAL TEMPERATURE RANGES 

64K RAMPAK 

FEATURES: 
• 

• 
• 
• 
• 
• 

• 

• 
• 
• 
• 

• 

65,536x1 bit static RAM module complete with 
decoder and decoupling capacitor 
High-speed 70 (commercial only)l1001120/150ns (equal 
access and cycle times) 
Low power consumption; 250mW typically 
Offered in a 22 pin, 300 mil center sidebraze DIP 
Pin compatible with proposed monolithics 
Utilizes IDT6167s - high performance 16K RAMs pro
duced with advanced CEMOSTM I technology 
CEMOS I process virtually eliminates alpha particle 
soft error rates (with no organic die coating) 
Single 5V (± 10%) power supply 
Input and output directly TTL-compatible 
Static operation: no clock or refresh required 
Standard military components 100% screened to 
MIL-8TD-883 Class C 
Military components available 100% screened to 
Class B 

DESCRIPTION: 
The IDT7M464 is a 64K (16,384 x 4 bit) high speed CMOS 

static RAM constructed on a ceramic substrate using 4 

PIN CONFIGURATION 

Vee A13 A12 All A10 Ae "04 1/0 3 1/02 "01 WE 

22 21 20 19 18 17 16 15 14 13 12 

6 7 8 9 10 11 

As Ae A7 As CS GNO 

Pin '1 Identifier 

7M464 
TOP VIEW 

PIN NAMES 
I Ao-A13 ADDRESS I WE WRITE ENABLE 

1101-110. DATA INPUT/OUTPUT Vcc POWER 

CS 'CHIP SELECT GND GROUND 

CEMOS is a trademark of Integrated Device Technology. Inc. 

4004 

IDT6167 (16,384 x 1 bit) CMOS static RAMs in leadJess chip 
carriers. Functional equivalence to proposed monolithic 
16Kx4 static RAMS is achieved· by utilization of tungsten 
traces within the substrate to connect the four 16K RAMs in 
a 16Kx4 configuration. Extremely fast speeds can be 
achieved with this technique due to use of the IDT6167 
fabricated in lOT's high-performance, high-reliability 
technology - CEMOS™I. This state-of-the-art technology, 
combined with innovative circuit deSign techniques, pro
vides the fastest 16K static RAMs.available. 

The IDT7M464 is available with access times as fast as 
55ns for commercial and 65ns for military temperature 
ranges, with maximum power consumption of only 1.1 watt. 
The circuit also offers a reduced power standby mpde .. 
When CS goes high, the circuit will automatically go to, and 
remain in, a standby mode as long as 'OS remains high, con
suming only 300mW maximum. Substantially lower power 
levels can be achieved in the 1581 mode (less than 6mW 
max.) and 2V data retention mode (less than 2mW max.) -
see "DC Characteristics" and "Data Retention 
Characteristics" for details. 

The IDT7M464 is offered in a space saving 22-pin, 300 mil 
pin center package, providing equivalent pinout to the pro
posed monolithic 16Kx4 static RAMs. 

AU inputs and outputs of the IDT7M464 are TTL
compatible and operate from a single 5V suppty, thus 
simplifying system designs. Full asyncronous circuitry is 
used, requiring no clocks or refreshing for operation, and 
provides equal access and cycle times for ease of use. 

All lOT military module components are 100% processed 
to the test methods of MIL-8TD-883, Method 5004, making 
them ideally suited to applications demanding the highest 
level of performance and reliability. 

A.,-A .. 
110, 
110, 
110. 
I/O. 
WE 

FUNCTIONAL BLOCK DIAGRAM 

-

,--- .----
IDT6167 IDT6167 

---- (l6Kxl) f-- (16Kxl) 
L-____ 01 L-~Ol 

Oor- DO-

cs "---,cs..-----'r-

'----- '-----

I I IDT6161 I ! I 1 IDT6167 1 ! 
I-- (18Kxl) 'J 

I 
1---' (l6Kxl) 

01 - 0 1 
DO 00>-

'i T 
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10T7M464 64K (16K x 4) CMOS STATIC RAM MODULE 

TRUTH TABLE 

MODE I CS WE OUTPUT POWER 

Standby H X High Z Standby 

Read L H D Out Active 

Write L L High Z Active 

DC ELECTRICAL CHARACTERISTICS (VCC 

SYMBOL PARAMETER 
- .. --

Ilul Input Leakage Current 

IILol Output Leakage Current 

lecl Operating Power Supply Current 

lee2 DynamiC Operating Current 

ISB Standby Power Supply Current 

'SB1 Full Standby Power Supply 
Current 

VOL Output Low Voltage 

VOH Output High Voltage 

1. Vee::: 5V. TA = 25°C 
2. ISBl max at commercial temperature ::: O.2mA 

ABSOLUTE MAXIMUM RATINGS(l) 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

RECOMMENDED DC OPERATING 
CONDITIONS 
(TA = -55°C to + 125°C and aoc to + 70 0 e) 

SYMBOL PARAMETER MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

GND Supply Voltage 0 0 0 

V1H Input High Voltage 2.2 3.5 6.0 

V1L Input Low Vol.tage -0.5· - +0.8 

UNIT 

V 

V 

V 

V 

* Vil min. = -3.5V for pulse widths less than 30 ns and duty cycles less than 
50%. 

TEST CONDITIONS 
IDT7Ml64 

UNIT 
MIN. TYP'<') MAX. 

Vee = 5.5V. V1N = OV to Vee - - 15 /AA 

CS = V1H• VOUT = OV to Vee - - 15 /AA 

CS == V1L• Output Open - 100 195 rnA 

Min. Duty Cycle == 100% - 100 195 rnA 

CS~VIH - 20 55 rnA 

CS~ Vee - 0.2V 
8 100012) JAA V1N ~ Vee - 0.2V or~ 0.2V -

IOL= 8mA - ~ 0.4 ·V 

10H = -4mA 2.4 - - V 

AC TEST CONDITIONS 

SYMBOL RATING COMMERCIAL MILITARY UNIT Input Pulse Levels GNDto 3.0V 

VTERM Terminal Voltage with -0.5 to + 7~0 -0.5 to +7.0 
Respect to GND 

TA Operating Temperature o to + 70 -55 to + 125 

TB1AS Temperature Under Bias -10 to +85 -65 to + 135 

TSTG Storage Temperature -55 to + 125 -65 to + 150 

Pr Power Dissipation 4.0 

lOUT DC Output Current 50 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
RATINGS may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec· 
tions of this specification is not implied. Exposure to absolute 
maximum iating cOiidiiions fOr extended periods may affect reiiabiiity. 

CAPACITANCE (TA = 25°C, f = 1.0MHz) 

SYMBOL ITEM CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 20· pF 

COUT Output CapaCitance VOUT=OV 22 pF 

NOTE: This parameter is sampled and not 100% tested. 

4.0 

50 

Integrated Device lechnology, Inc. 
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V 

°c 
°c 
DC 

W 

rnA 

Input Rise and Fall Times 5ns 

Input Timing Reference Levels 1.5 V 

Output Reference Levels 1.5 V 

Output Load See Figures 1 and 2 

Figure 1. Output Load Figure 2. Output Load 
(for tHz, t LZ' t wz• and tow) 

*Including scope and jig .. 
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IDT7M464 64K (16K x 4) CMOS STATIC RAM MODULE MILITARY AND COMMERCIAL TEMPERATURE RANGES 

AC ELECTRICAL CHARACTERISTICS (Vcc=5V ± 10%, TA= -55°e to + 125°e and ooe to + 70 0 e) 

7M464S55 7M464S100 
SYMBOL PARAMETER COMMERCIAL MILITARY UNIT ONLY 7M464S65 7M464S85 ONLY 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

READ CYCLE 

t AC Read Cycle Time 55 - 65 - 85 - 100 - ns 

tAA Address Access Time - 55 - 65 - 85 - 100 ns 

tACS Chip Select Access Time - 55 - 65 - 85 - 100 ns 

tOH Output Hold from Address Change 5 - 5 - 5 - 5 - ns 

tLZ Chip Selection to Output in Low Z 5 - 5 - 5 - 5 - ns 

tHZ Chip Oeselection to Output in High Z 0 40 0 40 0 50 0 50 ns 

tpu Chip Selection to Power Up Time 0 - 0 -. 0 - 0 - ns 

tpo Chip Oeselection to Po~er Down Time - 55 - 65 - 85 - 100 ns 

WRITE CYCLE 

twc Write Cycle Time 55 - 65 - 85 - 100 - ns 

tcw Chip Selection to End of Write 45 - 55 - 65 - 80 - ns 

tAW Address Valid to End of Write 45 - 55 - 65 - 80 - ns 

t AS Address Setup Time 0 - 0 - 0 - 0 - ns 

twp Write Pulse Width 35 - 40 - 45 - 55 - ns 

tWA Write Recovery Time 0 - 0 - 0 - 0 - ns 

tow Data Valid to End of Write 25 - 30 - 35 - 40 - ns 

tOH Data Hold Time 0 - 0 - 0 - 0 - ns 

twz Write Enable to Output in High Z 0 4Q 0 40 0 50 0 50 ns 

tow Output Active from End of Write 0 _. 0 - 0 - 0 - ns 

TIMING WAVEFORM OF READ CYCLE NO. 1(1.2) 

------L 'K' 

~ ... ~<U 1 __ 
~ o.uVaUd i X X ~ DauVaid o.uO\lt 

TIMING WAVEFORM OF READ CYCLE NO. 2(1,3. 

NOTES: 1. WE is high for READ cycle. 
2. CS is low for READ cycle. 
3. Address valid prior to or coincident with CS transition low. 
4. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. This parameter is sampled, not 100% tested. 
5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 

Integrated Device lechnology, Inc. 
4006 

3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 

@) Ie MASTER 1984 



MIlITARY AND COMMERQAl TEMPERATURE RANGES 

TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED)1 
~------------------t~------------------~ 

~--------------tAW--------------·~~-

__ ~ ______ ~~.~-------t~---------4~I~ ______________ _ 

!--tow I '''~-
Datil In ===============I========C Datil v* ;( 

Data Out 
_~~jJ. ____ HIgh_I_mpedII_~_to_w·2,_·1 ....... ~-=-~ __ -_-

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLED)1 

I
" twe3 III 

--------~\'~----------------------------~"~--------Address 

-lAS -1 ..... 1-----tew ----... 1 

1 ..... ~-----'----tAW ---------1 

Oalaln 

Data Out Data Undefined 
~I"·-: ........ I ___ -

~ High Impedance 

NOTES: 1. CS or WE must be high during address transitions. 
2. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
3. All write cycle timings are referenced from the last valid address to the first transitioning address. 
4. Transition is measured ± 200mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not '100% tested. 

LOW Vee DATA RETENTION CHARACTERIST'ICS (TA = .-:55°C to + 125°C and O°C to + 70°C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP.<1) c~~~. 
VOR Vee for Data Retention 2.0 - -
ICCOR Data Retel'lti<)n Current - 2.()I2) 80(2) 

CS~ Vee -0.2V - 4.0(3) 120(3) 

tCOR Chip Deselect to Data Retention Time VIN~Vee -0.2V Qr~0.2V 15 - -

tR Operation Recovery Time t RC(4) - -

NOTES:'. TA = 25°C 3. at Vee = 3V 
2. at VCC = 2V 4. tRC = Read Cycle Time 

LOW Vee DATA RETENTION WAVEFORM 
_ Data Retention Mooe_ 

Vee 4.SV 
VDR~2V 

4.SV 

r tCDR
- -"-~ 1111 Illv'H 
, VDR 

cs I VIH~\\\\' 
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~ MILITARY I COMMERCIAL TEMPERATURE RANGES 

64K RAMPAK 

FEATURES: 
• 65,536 bit CMOS static RAM module with decoupling 

capacitor 
• High-speed: 55165185ns max. commercial 

65185/100ns max. military 
• Low power consumption: 1.1W max. 
• Pinout identical to proposed monolithic 64Kx1 static 

RAMs 
• Utilizes IDT6167s - high performance 16K RAMs pro

duced with advanced CEMOS ™ I technology 
• CEMOS I process virtually eliminates alpha particle 

soft error rates (with no organic die coating) 
• Single 5V (± 10%) power supply 
• Input and output directly TTL-compatible 
• Static operation: no clock or refresh required 
• Standard . military components 100% screened to 

MIL-STD-883 Class C 
• Military components available 100% screened to 

Class B 

DESCRIPTION: 
The iDT7Mi64 is a 64K (65,536xi bit) high speed static 

RAM constructed on a ceramic substrate using 4 IDT6167 
(16Kx1) static RAMs in leadless chip carriers. Functional 

PIN CONFIGURATION 

Vee A15 A14 A13 Au A11 A10 Ag AS D,N CS 

22 21 20 19 18 17 16 15 14 13 12 

IDT7M164 
TOP VIEW 

PIN NAMES 

~-A15 ADDRESS !WE WRITE ENABLE ! 

DIN DATA INPUT Do DATA OUTPUT 

CS CHIP SELECT GND GROUND 

Vcc POWER 

CEMOS is a trademark of Integrated Device Technology. Inc. 
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equivalence to proposed monolithic 64Kx1 static RAMs is 
achieved by utilization of an on-board decoder circuit that 
interprets the higher order addresses A14 and A15 to select 
one of the four 16Kx1 RAMs. Extremely fast speeds can be 
achieved with this technique due to use of the IDT6167 
fabricated in lOT's high performance, high-reliability 
technology - CEMOS™I. This state-of-the-art technology, 
combined with innovative circuit design techniques, pro
vides the fastest 16K static RAMs available. 

The IDT7M164 is available with access times as fast as 
70ns for commercial and 100ns for military temperature 
ranges, with maximum power consumption of only 66OmW. 
The circuit also offers a reduced power standby mode. 
When CS goes high, the circuit will automatically go to, and 
remain in, a standby mode as long as this condition is held. 
In the standby mode, the module typically consumes less 
than 100 mW. Substantially lower power levels can be 
achieved in the ISB1 mode (less than 50 /-lW typ.) and 2V data 
retention mode (less than 4/-lW typ.) - see "DC Characteris
tics" and "Data Retention Characteristics" for details. 

The IDT7M164 is offered in a space saving 22-pin, 300 mil 
pin center package, providing equivalent pinout to the pro
posed monolithic 64Kx1 static RAMs. 

All inputs and outputs of the IDT7M164 are TTL
compatible and operate from a single 5V supply, thus 
simplifying system designs. Full asyncronous circuitry is 
used, requiring no clocks or refreshing for operation, and 
provides equal access and cycle times for ease of use. 

All lOT military module components are 100% processed 
to the test methods of MiL-STD-883, Method 5004, making 
them ideally suited to applications demanding the highest 
level of performance and reliability. 

FUNCTIONAL BLOCK DIAGRAM 

r- ~ 
IDT6167 • 

I--
IDT6167 

~ f- 16x1 f-- 16x1 
STATIC I--- STATIC I---
CMOS CMOS 
RAM RAM 

Cs Cs 

L 
I.-- "--

IDT6187 
'-- IDT6167 

L..--
16x1 16x1 

STATIC ~~ STATIC f- I--
CMOS CMOS 
RAM RAM 

CS 

I 
cs 

....--- T I 
5_ I Decoder 
i-----c 

L---
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iDT7M164 64K (64Kx1) CMOS STATIC RAM MODULE 

TRUTH TABLE· 

MODE CS WE OUTPUT POWER 

Standby H X High Z Standby 

Read L H DOut Active 

Write L L HighZ Active 

MILITARY AND COMMERCIAL TEMPERATURE RANGES 

RECOMMENDED DC OPERATING 
CONDITIONS 
(TA = -55°C to + 125°C and O°C to + lO°C) 

SYMBOL PARAMETER MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

GND Supply Voltage 0 0 0 

VIH Input High Voltage 2.2 3.5 6.0 

VIL Input Low Voltage -0.5 * - +0.8 

UNIT 

V 

V 

V 

V 

* VIL min. = -.3.5V for pulse widths less than 30 ns and duty cycles less than 
50%. 

DC ELECTRI.CAL CHARACTERISTICS (VCC = 5V ± 10%, TA = -55°C to + 125°C and O°C to + lO°C) 

SYMBOL PARAMETER TEST CONDITIONS IDT7M164 UNIT 
M!N. Typ.<1) MAX. 

Ilul Input Leakage Current Vee = 5.5 V, VIN = OV to Vee - - 20 IJ.A 

IILol Output Leakage Current CS = VIH, Your = OV to Vee - - 20 IJ.A 

Icc,. Operating Power Supply Current CS = VIL, Output Open - 50 120 mA 

lee2 Dynamic Operating Current Min. Duty Cycle = 100% - 50 120 mA 

ISB Standby Power Supply Current CS~VIH - 20 80 mA 

ISB' Full Standby Power Supply CS~Vee - 0.2V 
0.008 3.5(2) mA Current VIN ~ Vee - 0.2V or, 0.2V -

VOL Output Low Voltage IOL=8mA - - 0.4 V 

VOH Output High Voltage IOH=-4mA 2.4 - - V 

L vee = 5V, TA = 25°C 

2. ISB1 max at commercial temperature = O.2mA 

ABSOLUTE MAXIMUM RATINGS(1) . AC TEST CONDITIONS 

SYMBOL RATING COMMERCIAL MILITARY UNIT Input Pulse Levels GNDt03.0V 

VTERM Terminal Voltage with -0.5 to + 7.0 -0.5 to +7.0 
Respect to GND 

TA Operating Temperature o to + 70 -55 to + 125 

TalAs Temperature Under Bias -10 to +85 -65 to + 135 

TSTG Storage Temperature -55 to + 125 -65 to + 150 

Pr Power Dissipation 4.0 

lOUT DC Output Current 50 

1. Stresses greater than those listed under ABSOLUTE MAXIMUM 
. RATINGS may cause permanent damage to the device. This is a 

stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sec· 
tions of this specification is not implied. Expo-sure to absolute 
maximum rating conditions for extended periods may affect reliability. 

CAPACITANCE (TA = 25°C, f = 1.0MHz) 

SYMBOL ITEM CONDITIONS MAX. UNIT 

CIN Input CapaCitance VIN=OV 20 pF 

COUT Output CapaCitance VOUT=OV 22 pF 

NOTE: This parameter is sampled and not 100% tested. 

4.0 

50 

Integrated Device Technology, Inc. 
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V 

°c 

°c 

°c 

W 

mA 

Input Riseand Fall Times 5ns 

Input Timing Reference Levels 1.5 V 

Output Reference Levels 1.5 V 

Output Load See Figures 1 and 2 

+5V 

-~
f~ t·,· 

J 

Figure 1. Output Load 

+5V 

-~
Ci'·'· 

Figure 2. Output Load 
(for tHz. t lZ' twz. and tow) 

*Including scope and jig. 
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IDT7M164 64K (64Kx1) CMOS STATIC RAM MODULE MILITARY AND COMMERCIAL TEMPERATURE RANGES 

AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 10%, TA = - 55°C to + 125°C and O°C to + 70°C) 

COMMERCIAL 
SYMBOL PARAMETER ONLY UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

READ CYCLE 

tRC Read Cycle Time 70 - 100 - 120 - 150 - ns 

tAA Address Access Time - 70 - 100 - 120 - 150 ns 

tAcs Chip Select Access Time - 70 - 100 - 120 - 150 ns 

tOH . Output Hold from Address Change 10 - 10 - 10 - 10 - ns 

tLZ Chip Selection to Output in Low Z 20 - 35 - 40 - 55 - ns 

tHZ Chip Deselection to Output in High Z 15 55 30 70 35 80 50 100 ns 

tpu Chip Selection to Power Up Time 15 - 30 - 35 - 50 - ns 

tpo Chip Deselection to Power Down Time - 70 - 100 - 120 - 150 ns 

WRITE CYCLE 

twc Write Cycle Time 70 - 100 - 120 - 150 - ns 

tew Chip Selection to End of Write 65 - 80 - 100 - 120 - ns 

tAW Address Valid to End of Write 65 - 80 - 100 - '120 - ns 

tAS Address Setup Time 0 - 0 - 0 - 0 - ns 

twp Write Pulse Width 40 - 45 - 50 - 60 - ns 

twRW Write Recovery Time WE Controlled 0 - 0 - 0 - 0 - ns 

tWRC Write Recovery Time CS Controlled 25 - 25 - 30 - 35 - ns 

tow Data Valid to End of Write 30 - 30 - 35 - 40 - ns 

tOHw Data Hold Time WE Controlled 0 - 0 - 0 - 0 - ns 

tOHC Data Hold Time CS Controlled 25 - 25 - 30 - 35 - ns 

twz Write Enable to Ouput in High Z 0 40 0 40 0 50 0 50 ns 

tow Output Active from End of Write 0 - 0 - 0 - 0 - ns 

TIMING WAVEFORM OF READ CYCLE NO. 1(1,2) 

1-011 ,..t--_-:..-:..-:..:.:.:.-:..-:..-:..-:.-:.-:_t,,_c5::::::::::::::::::::::::.:.-·C 

========~~:£I~~ 
Data Out Previous Data Valid Data Valid 

'> 
~ TIMING WAVEFORM OF READ CYCLE NO. 2(1,3) 

'C 
(I) 
+-' a:s 
10... 
0') 
(I) 
+-' 
C 

~ i=~tLZ-=-K_t"C5-=1 =tl~'1 
,"I&<'ut I" ~I" 1 ..... __ ....... "bV'Ii--I .. ~""t-H-~igh~l-m_ped~~a~nc-e_-_ 

VccSupply - """: - - ~ 
Current ;,;,158:;... __ ....... 

NOTES: 1. WE is high for READ cycle. 
2. CS is low for READ cycle. 
3. Address valid prior to or coincident with CS transition low. 
4. Transition is measured ±500mV from steady state voltage with specified loading in Figure 2. This parameter is sampled. not 1000

0 tested 
5. All READ cycle timings are referenced from the last valid address to the first transitioning address. 

Integrated Device lechnology, Inc. 
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IDT7M164 64K (64Kx1) CMOS STATIC. RAM MODULE MILITARY AND COMMERCIAL TEMPERATURE RANGES 

'TIMING WAVEFORM OF WRITE CYCLE NO.1 (WE CONTROLLED)1 
!--.---------twc2 ---------.1 

Address 

~-------tAW----------i .. f4-

__ ~ ___ ~~~~~----twP-----'~I~ _______ _ 

r tow
-

Oataln =======================C Data Valid I 
f- t

WZ3 j .~ fow
3 ~ 

Data Undefined· ,.....----
_ High Impedance ~ __ _ 

Data Out 

TIMING WAVEFORM OF WRITE CYCLE NO.2 (CS CONTROLLEOr 
I- twc 3 -I 

Address 

-tAS-I- Acw -
cs 

- tAW 

WE 

Oaialn I 
I 

~''''l Data Out Data Undefined 
High Impedance 

NOTES: 1. WE must be high during address transitions. 
2. All write cycle timings are referenced from the last valid address to the first transitioning address. 
3. Transition is measured ± 100mV from steady state voltage with specified loading in Figure 2. This parameter is sampled and not 100% tested. 

LOW Vee DATA RETENTION CHARACTERISTICS (TA = -55°C to + 125°C and O°C to + 70°C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP.<1) c~~. 
VOR Vee for Data Retention 2.0 - -
IceoR Data Retention Current - 2.()I2) 6()12) 

CS~Vee ~0.2V - 4.()I3) 90(3) 

teoR Ch!p Deselect to Data Retention Time VIN~Vee -0.2Vor~0.2V 0 - -
tR Operation Recovery Time t RC(4) - -

NOTES: 1. TA=25°C 3. at Vcc=3V 
2. at Vec = 2V 4. tRe = Read Cycle Time 

LOW Vee DATA RETENTION WAVEFORM 

Integrated Device lechnology, Inc. 3236 Seo« Blvd., Santa Clara, CA 95051 
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MILITARY I COMMERCIAL TEMPERATURE RANGES 

FEATURES: 
• 16x16 parallel-multiplier with double precision product 
• High-speed 75ns maximum clock to multiply time 
• P(oduced with advanced CEMOSTMI high-performance 

technology 
• Low power consumption - 150mW typical, less than 

1/10th the power of compatible bipolar parts 
• IDT7216 is pin and functionally compatible with TRW 

MPY-16HJ and AMD AM29516 
• IDT7217 requires only single clock with register 

enables making it pin and functionally compatible 
with AMD AM29517 

• Configured for easy array expansion 
• User controlled option for transparent output register 

mode . 
• Round control for rounding the MSP 
• Single 5V power supply 
• Input and output directly TTL-compatible 
• Three-state output 
• Available in DIP, LCC or ,Flat-Pak 
• Standard product 100% screened to MIL-STD-883 

Class C 
• Military product available 100% screened to Class B 

DESCRIPTION: 
The IDT72161IDT7217 are high speed, low power 16x16 

multipliers, ideal for fast, real time digital signal processing 
applications. Utilization of a modified Booths algorithm and 
IDT's high-performance, high reliability technology - CEMOS 

I, has achieved speeds comparable to bipolar (75ns max.) at 
1/10th the power consumption. 

The IDT72161IDT7217 are ideal for applications requiring 
high speed multiplications such as fast Fourier transform' 
analysis, digital filtering, graphic display systems, speech 
synthesis and recognition, and in any system requirement 
where multiplication speeds of a mini/micro computer are 
inadequate. 

All input registers, as well as LSP and MSP output 
registers, use the same positive edge triggered D type flip
flop. In the IDT7216, there are independent clocks (CLKX, 
CLKY, CLKM, CLKL) associated with each of these 
registers. The I0T7217 has Eonly a SiE2~ clock input (CLK) 
and three register enables. NX and control the two in
put registers, while ENl5 controls the entire product. 

The IDT721617217 offer additional flexability with the FA 
control and MSPSEL functions. The FA control formats the 
output for 2's complement by shifting the MSP up one bit 
and then repeating the sign bit in the MSP of the LSP. The 
MSPSEL low selects the MSP to be available at the product 
output port, while a high selects the LSP to be available. 
Keeping this pin low will ensure total compatibility with the 
TRW MPV-16HJ. 

The IDT7216/IDT7217 Multipliers are 100% processed in 
compliance to the test methods of MIL-STD-883, Method 
5004, making them ideally suited to applications demanding 
the highest level of performance and reliability. 

LOGIC DIAGRAMS 

ClKY __ ,~--+-___ +-~ __ --' 
ClKX --+--+-~r----. 

ClKM _______ --' 

MULTIPLIER 
ARRAY 

ClKl _______ --'-+----' 

MSPSEl ______ ~ 

OEP 

PROooCT1" 

IOT7216 

CEMOS is a trademark of Integrated Device Technology. Inc 
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ClK - ....... 4-+---+--+-+----.J 
ENX--'---+-~ 

MULTIPLIER 
ARRAY 

ENP--------1-4--~ 

MSPSEl ______ ~ 

PRODUCT $16 

IOT7217 
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1DT721611DT7217 16x16 BIT PARALLEL CMOS MULTIPLIER MILITARY AND COMMERCIAL TEMPERATURE RANGES 

ABSOLUTE MAXIMUM RATINGS(l) 

SYMBOL RATING COMMERCIAL MILITARY- UNIT 

VTERM Terminal Voltage with -0.5 to + 7.0 -0.5 to +7.0 V 
Respect to GND 

TA Operating Temperature o to + 70 -55 to + 125 °c 
TSIAS Temperature Under Bias -10to +85 -65 to + 135 °c 
TSTG Storage Temperature -55 to +125 -65 to +150 °c 
Pr Power Dissipation 1.0 1.0 W 

lOUT DC Output Current 50 50 mA 

1. Stresses greater than those listed iJnder ABSOLUTE MAXIMUM RATINGS may cause perma· 
nent damage to the device. This is a stress rating only and functional operation of the 
device at these or any other conditions above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for 
extended periods may affect reliability. 

DC ELECTRICAL CHARACTERISTICS (VCC= 5V ± 5%, TA = O°C to +70°C and 
'VCC= 5V ±10%, TA= -55°C to +125°C) 

SYMBOL PARAMETER TEST CONDITIONS MIN' TYP!l) MAX MIN 

Ilul Input Leakage Current Vee = Max, VIN =0 to Vee - - 2 -
IILOI Output Leakage Current VOUT = 0 to Vee - - 2 -
Icc Operating Power Supply Current Output Open - 30 60 -
lecal Quiescent Power Supply Current VIN ;;::: VIH or ~ VIL - 10 30 -
1CCQ2 Quiescent Power Supply Current VIN ~ Vee - .2V or " .2V - 0.1 1.0 -
VOH I Output High Voltage Vee = Min., 10H = - 0.4mA 2.4 - - 2.4 

VOl Output Low Voltage Vee = Min., IOl = 4.0mA - - 0.5 -
(l)Vcc = 5V, T" = 25°C. 

RfECOMMENDED DC OPERATING 
CONDITIONS 

TEST LOADS 

Symbol Parameter MIN 

VeeM Military Supply Voltage 4.5 

Vccc Commercial Supply Voltage 4.75 

GND Supply Voltage 0 

V,H Input High Voltage 2;0 

Vil Input Low Voltage -

TYP MAX 

5.0 5.5 

5.0 5.25 

0 0 

- -
- 0.8 

UNIT 

V 

V 

V 

V 

IV 

TO 
~~--~--K~---1 
PIN 

40pF 

810Q 

IN3062 

TYP(1) MAX UNIT 

- 10 JJA 

- 10 JJA 

30 80 mA 

10 30 mA 

0.1 1.0 mA 

- - V 

- 0.5 V 

Figure 1. A.C. Output Test Load Figure 2. Output Three State 
Delay Load 

AC TEST CONDITIONS CAPACITANCE (TA = 25°C, f = 1.0MHz) 

Input Pulse Levels GND to 3.0V SYMBOL ITEM CONDITIONS MAX. UNIT 

Input Riseand'FaliTimes 5ns C'N Input Capacitance Y'N =OV 10 pF 
Inp~t Timing Reference Levels 1.5V COUT Output Capacitance VOUT=OV 12 pF 
Output Reference Levels 1.5V NOTE: This parameter is sampled and not 100% tested. 
Output Load See Figures 1 and 2 ' 

Integrated Device lechnology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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IDT72161IDT721716x16 BIT PARALLEL CMOS MULTIPLIER MILITARY AND'COMMERCIAL TEMPERATURE RANGES 

>-
0) 
o 
o 
c 
.c 
o 

{E. 

AC ELECTRICAL CHARACTERISTICS (Vcc = 5V ± 5%, TA = O°C to + 70°C) COMMERCIAL 

IDT7216-75 IDT7216·90 IDT7216·140 
IDT7217·75 IDT7217-90 IDT7217·140 

SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNIT 
tMUC Unclocked Multiply Time - 110 - 125 - 180 ns 
tMC Clocked Multiply Time - 75 - 90 - 140 ns 
ts X, Y, RND Setup Time 25 - 25 - 25 - ns 

tH X, Y, RND Hold Time 0 - 0 - 0 - ns 

tPWH Clock Pulse Width High 20 - 20 - 25 - ns 

tPWL Clock Pulse Width Low 20 - 20 - 25 - ns 
tpDSEL f\ifS15SE[ to Product OLit - 35 - 35 - 40 ns 
tpop Output Clock to P - 35 - 35 - '40 ns 
tPOY Output Clock to Y - 35 - 35 - 40 ns 

tENA 3 state enable time (Note 2) - 35 - ,35 - 40 ns 

tOiS 3 state disable time (Note 2) - 30 - 30 - 40 ns 

ts Clock Enable Setup Time (lDT7217 only) 25 - 25 - 25 - ns 

tH Clock Enable Hold Time (IDT7217 only) 0 - 0 - 0 - ns 

tHCL 
Clock Low Hold Time CLKXY Relative to 0 - 0 - 0 - ns 
CLKML (see Note 1) (IDT7216 only) 

AC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, TA = - 55°C to + 125°C) MILITARY 

IDT7216·90 IDT7216·120 I DT7216· 185 
IDT7217-90 IDT7217-120 IDT7217·185 

SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. MAX. UNIT 
tMUC Unclocked Multiply Time - 130 - 160 - 230 ns 
tMCS Clocked Multiply Time - 90 - 120 - 185 ns 

ts X, Y, RND Setup Time 30 - 30 - 30 - ns 

tH X, Y, RND Hold Time 0 - 0 - 0 - ns 

tPWH Clock Pulse Width High 30 - 30 - 30 - ns 

tPWL Clock Pulse Width Low 30 - 30 - 30 - ns 

tpDSEL MSJ5SE[ to Product Out - 40 - 40 - 45 ns 
tPDp Output Clock to P - 40 - 40 - 45 ns 

tPDY Output Clock to Y - 40 - 40 - 45 ns 

tENA 3 state enable time (Note 2) - 40 - 40 - 45 ns 

tOIS 3 state disable time (Note 2) - 40 - 40 - 45 ns 

ts Clock Enable Setup Time (IDT7217 only) 30 - 30 - 30 - ns 

tH Clock Enable Hold Time (IDT7217 only) 0 - 0 - 0 - ns 

tHCL 
Clock Low Hold Time CLKXY Relative to 0 - 0 - 0 - ns 
CLKML (see Note 1) (IDT7216 only) 

TEST 
LOAD 
FIG. 

1 
1 
1 

1 
1 
1 
1 
1 
1 
2 

2 
1 

1 

1 

TEST 
LOAD 
FIG. 

1 
1 

1 

J 
1 
1 

1 
1 
1 
2 
2 
1 
1 

1 

~ Note 1. To ensure that the correct product is entered in the output registers, new data may not be entered into the input registers before the output 
"S; registers have been clocked. 
~ 2. Transition is measured ± 500mV from steady state voltage with loading specified in Fig. 2 

"C 
(]) ..... 
a:s 
'-
0) 
(]) ..... 
C 

SET·UP AND HOLD TIME 

DATA 
INPUT 

-. __ ~-r~----------PP"~~_~ 
- 'M: ~ts-l_tH-I ~ 

CLOCK ------ f _______ 1.5V 
INPUT ________ .... ________ av 

NorES: Diagram shown for HIGH data only. Output transition 
may be opposite sense. 

THREE STATE CONTROL TIMING DIAGRAM 

THRf£ ~ STATE 
CONTROL -tOlS 

OUTPUT 
THREE 
. STATE ______ _ 

HIGH IMPEDANCE 

Integrated Device lechnology, Inc. 
4Cl14 
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Telephone: (408) 727-6116 • TWX 910·338·2070 

@ Ie MASTER 1984 



IDT7216fIDT7217 16x16 BIT PARALLEL CMOS MULTIPUER MlUTARY AND COMMERCIAL TEMPERATURE RANGES 

IDT7216 TIMING DIAGRAM 1-·--tPWH---'1 tHCll-I ... 1 ______ _ 

CLKX 
CLKY _____ --' 

INPUT ...... r""7"r,.. ,----+-- , __ ........-Jr-tr ...... .....; ................. r-:llr-tr....T'W'""'1M:-r ...... r-:IIFJr ........... 

Xj. Vi> 
RND 

CLKL _____ ~~-___ -------___ -~ 

OUTPUTY 

CLKM ________ ~---,.. __ ----------..I 
CLKL 

I-tpup-

OUTPUT P~--
V V V y 11)' " "l'~ V V V V '( )1 )')' l{ l{ " V)' V " l{ V " )( V V ) ~ I" 

~ tuuc ., 

IDT7217 TIMING DIAGRAM 
1---tPWH---' I 

CLK 

~ _____ _--~_ w~~r.-r~~ ...... ~r-:II~~~~~~~~~~ 

YI. 
RND ~~~ ~ ____ +-J ~~~~~~~~~~~~~~~~~~~~ 

OUTPUTY 

OUTPUTP 

SIMPLIFIED TIMING DIAGRAM 
TfPiCAl APPLiCATiON I··---tyc·---+-l· I 

ClK ___ .......II '--___ ·;1----: ___ ...1 

o~--------~-~~~~~~2~~--~ 
DATA DATA OUTPUT 

TO X. Y TO MSP. LSP 
REGISTERS REGISTERS 

-I 1- tHCL (IDT72161 
O~ _______ o--_~:~!~M~_~~_~ 

DATA INPUT DATA OUTPUT 
TO X. Y TO MSP, LSP 

REGISTERS REGISTERS 

Integrated Device lechnology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 
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IDT72161IDT7217 16x16 BIT PARALLEL CMOS MULTIPLIER MILITARY AND COMMERCIAL TEMPERATURE RANGES 

DEFINITION OF TERMS 16x16 BIT MULTIPLIER CONNECTION DIAGRAMS 

~ 
C) 
o 
o 
c 

.s= 

X15-Xo 

Y15-Yo 

XM, YM 
(TCX, TCY)* 

FA (RS)* 

FT 

MSPSEL 

R NO 

OEP (TRIM)· 

o EL (TRIL)· 

IDT7216 ONLY 

o C 
0> 

LKX 

I-
0> C 
o 
os: 
0> C 
C 

~ C ...... 
a3 
~ 

LKY 

LKM 

LKL 

DT7217 ONLY C) 
0> ...... 
C 

C LK 

ENX 

NY 

E NP 

Multiplicand Data inputs. 

Multiplier Data inputs. 

Mode control inputs for each data 
word; LOW for unsigned data and 
HIGH for two's complement data. 

Format adjust control selects either 
a full 32-bit product (HIGH) or a left 
shifted 31-bit product with the sign 
bit replicated in the LSP (LOW). This 
control is normally high, except for 
certain fractional two's complement 
applications. (See Multiplier output 
krmats table). 

Feedthrough control (HIGH) makes 
both MSP and LSP registers 
transparent. 

Selects. either MSP (LOW) or' LSP 
(HIGH) to be available at the product 
output port. 

Round control for the rounding of 
the MSP. 

Three-state enable for product 
output port. 

Three-state enable for routing LSP 
through Y input/output port. 

Register Clock, X15-XO, XM, RND 

Register Clock, Y15-Yo, YM, RND 

MSP Register Clock 

LSP Register Clock 

Clock, All Registers 

Register Enable, X1s-XO, XM, RND 

Register Enable, YIS-YO, YM, RND 

Register Enable, MSP, LSP 

* TAW MPY 16HJ pin designation 

PIN. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 

! 63 
64 
65 
66 
67 
68 

Integrated Device lechnology, Inc. 
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~ ~ -- , 

7216 7217 7216 7217 7216 
DIP DIP FP FP LCC 
X. X. P'S P31 P'S P31 +Vcc 
X3 X3 P,. P30 P,. P30 GND 
X2 X2 P13 Pzo P13 Pzo GND 
X, X, P12 P28 P'2 P28 MSPSEl 
Xo Xo P11 P27, Pil P27 FT 

OEl OE[ P,O Pu P,O P28 FA 
ClKl ClK PI P25 Pe P25 5EP 
ClKY ENY Pa P20l Pa P24 ClKM 
Po Yo Po Yo P7 P23 P7 P23 N/C 
P, Y, P, Y, p. P22 Pa P22 P'5 P31 
P2 Y2 P2 Y2 Ps P21 Ps P21 P,. P30 
P~ Y3 P3 Y3 p.P,n p. P,o P13 Pzo 
p .. Y. p. Y. P3 P" P3 P" P12 P2a 
P5 Ys Ps Ys P2 P,a P2 P,. P'I P27 

P, Ya Pa Y8 P, PH P, P'7 P,O P2a 
P7 Y7 P7 Y7 Po P,e Po PlL ~g P25 

Pa Y, Pa Ya P,s V's P'S Y,S Pa P2• 
P, Y, PI Y, P,. Y14 P,. P,. P7 P23 

P,o Y,O P,O Y,o P'3 Y,3 P'3 Y13 P6 P22 
P" Y,I P" V'I P12 Y'2 P12 Y~ P~~l 
P12 Y,2 Pt2 Y,2 P'I Ylt 'P" Y" p. P20 
P'3 Y13 P'3 Y'3 P,O Y,O P,O Y,O P3 Pit 
p,• Y,. P,. Y,• PI Y, P, Ye P2 P,. 
PIS Y,S P'S V's PI YA PA Ye P, P17 

Po PIe Po P'8 P7 Y7 P7 Y7 Po P,a 
P, PH P, P'7 Pa Ya PI! Y, NJC 
P2 P18 P2 P18 Ps Ys Ps Ys P,s Y,S 
P3 Pit P3 P" p. Y .. p. Y. P,. Y,• 
p .. Pzo p .. P20 P3 Y3 P3 Y3 P'3 Y13 

Ps P21 Ps P21 P2 Y2 P2 Y2 P12 Y12 

Pa P22 P, P22 P, Y, P, Y, P'I Y" P7 P23 P7 P23 Po Yo Po Yo P,o Y,n 
P8 P2. p. P2• ClKY ENY P, YI 
PI P2S PI P2S ClKl ClK P, Y. 
P,O P2a P,O Pu OEl OEl P7 Y7 

P,. P27 Pit P27 Xo Xo PB Ye 
P12 P2• P12 PH X, X, PI Ys 
P13 Pzo P13 Pzo ~ X2 p. Y. 
P,. P30 P,. P30 X3 X3 P3 Y3 
P'S P3 P,li P31 X. X. P2 Y2 
ClKM mrs Xs Xs P, Y, 
OEP (IDS Xa Xa Po Yo 
FA FA X7 X7 N/C 
FT FT -~ X. ClKY 

MSPSB: MSP5E[ Xe Xe ClKl 
GND GND X,O X,O OEL 
GND GND X" X" Xo 
+Vcc +Vcc X12 X,2 X, 
+Vcc +Vcc X13 X13 X2 
YM YM X,. X,. X3 
XM xM X,5 X'5 X. 

AND AND ClKX ENX ~ 
ClKX ENX AND AND Xa 

X,s X,s XM XM X7 

X,. X,. YM YM Xa 
Xt:t X13 +Vcc +Vcc· X. 
X,2 X12 +Vcc +Vcc X,O 

X11 X" GND GND X" 
X,O X,O GND GND X,2 
Xe X. MSPSEl MSPSEl NIC 
Xa Xa FT FT X,3 

X7 X7 FA FA X,. 
~ ! X. I OEP ! OEP ! X,6 

Xs Xs CLKM ENP ClKX 
- - - - AND 
- - - - XM 
- - - - YM 
- - - - +Vcc 

3236 Scott Blvd., Santa Clara, CA 95051 
Telephone: (408) 727-6116 • TWX 910-338-2070 

7217 
LCC 
+ Vee 
GND 
GND 

MSPSEl 
FT 
FA 

OEP 
ENP 
N/C 

P'5 P31 
P,. P30 
P'3 Pzo 
P'2 P28 
P

" 
P27 

P,O P2a 
Pg P25 
p. P2• 

P7 P23 

P, P22 
Ps P" 
p. P20 
P3 P,e 
P2 P,a 
P, P'7 

Po P,a 
N/C 

P'5 Y,5 

P,. Y,• 
P13 Y'3 
P12 Y,2 
P" Y'I 
P,o Y,n 
PI Y, 
PI YI 
P7 Y7 

Pa Ya 
P5 Ys 
p. Y. 
P3 Y3 
P2 Y2 

P, Y, 
Po Yo 
NJC 
ENY 
ClK 
OEl 
Xo 
X, 
X2 

;X3 
x . 
~ 
Xa 
X7 

Xa· 
Xe 
X,O 

X" 
X12 

N/C 

X13 
X,. 

! X,s 
ENX 
AND 
XM 
YM 

+Vcc 
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CMOS MEMORY PRODUCTS SCREENED TO MIL-STD-883 CRITERIA 

lOT MILITARY PROCESSING TO' 
MIL-STD-883 

Maintaining the highest standards of. quality in our 
memory products is the basis of lOT's standard manu
facturing systems and procedures. lOT products begin 
with stringent design rules derived for use in high reli
ability programs. This is followed by a dedicated com
mitment to reliable workmanship as well as rigid controls 
throughout wafer fab, device assembly and electrical test, 
all of which are designed to produce products' that are 
inherently reliable. 

All monolithic memory products, including commercial 
grade, are manufactured and screened to the demanding 
requirements of MIL-STD-883, Method 5004, Class C. 
Documentation, design, 'processing and assembly work
manship guidelines for these monolithic component~ are 
patterned after MIL-M-38510 specifications. 

For customer applications requiring higher levels of re
liability screening, we supply full military range mono
lithic components completely screened to the Ol~ss B 

MONOLITHIC COMPONENT SCREENING 
PROCEDURES 
PER MIL-STD-883, METHOD 5004, CLASS B 

SCREEN TEST METHOD LEVEL 

Visual and Mechanical 
Internal Visual 2010 Condition B 100% 

High-Temperature 
Storage 1008, Condition C 100% 

Temperature Cycle 1010, Condition C 100% 

Constant Acceleration 2001 100% 

Hermeticity, Fine and 1014 100% 
Gross 

Burn-In 
Pre-Burn-In Electrical Per Applicable Device 

Specification 100% 

Burn-In 1015,160 Hrs. @ +125°C 
or Equivalent 100% 

Final Electrical Tests 
StatiC (DC) a. At 25°C and Power 

Supply Extremes 100% 

b. At Temperature and 
Power Supply Extremes 100% 

IFunctional 

I 

a. ' At 25°C and Power 
Supply Extremes 100% 

b. At Temperature and 
Power Supply Extremes 

I 

(lDT imposed) 100% 

Switching (A C) or a. At 25°C and Power 
Dynamic I Supply Extremes 100% 

I b. At Temperature and 
Power Supply Extremes 
(IDT imposed) 100% 

External Visual 2009 100% 

Figure 1 

I 

I 
I 
I 

Integrated Device ~hnology, Inc. 
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criteria of Method 5004. ,This Includes 100% 160-hour 
b~rn~in at TA =' +125°C (or equivalent) per Method 1015 

. followed by 100% temperature' testing of all DC and AC 
parameters and DC functional characteristics over the 
full -55°C to +125°C temperature range. 

In the case of module assemblies, additional screening 
of the fully assembled RAMPAKs is performed per Figure 
3 to assure package integrity and mechanical reliability. 
Finally, 100% electrical tests are performed. 

Samples of the monolithic product which have been 
proces~ed to Method 5004 100% screening requirements 
are submitted to the Quality Conformance inspection re
quirements of MIL-STD-883. These Quality Conformance 
inspections, as shown in Figure 2, are performed to the 
criteria of Method 5005, Group A (electrical), Group B 
(mechanical), Group C (chip integrity), and Group 0 
(package environmental integrity). 

For speCial customer specifications or quality require
ments beYQnd Class B levels of MIL-STD-883 - such as 
SEM analysis; X-ray, or other screening flows to meet 
sRecific needs - contact your local lOT sales office. 

QUALITY CONFORMANCE TESTING 
PER MIL-STD-883, METHOD 5005, CLASS B 

SCREEN I TEST METHOD I LEVEL I 
Quality Conformance 

Sample Tests Group A 
(Electrical Tests) 

Group B 
(Mechanical Tests) 

Group C 
(Chip Integrity Tests) 

)

1 Group D 
. (Package Integrity 

Tests) 

Figure 2 

Sample 

Sample 

Sample 

Sample 

FULLY ASSEMBLED MODULE SCREENING 
PER MIL-STD-883, METHOD 5004, CLASS B 

SCREEN TEST METHOD LEVEL 
Temperature Cycle 1010 Condition C 100% 

Hermeticity 1014 100% 
Fine and Gross 

Final Electrical Tests 
Static (DC) a. At 25°C and Power 100% 

Supply Extremes 
b. At Temperature and, 

Power Supply Extremes 100% 

Functional a. At 25°C and Power 
Supply Extremes 100% 

b. At Temperature and 
Power Supply Extremes 
(IDT exposed) 100% 

Switching (AC) or 
DynamiC a. At 25°C and Power 

Supply Extremes 100% 
b. At Temperature and 

Power Supply Extremes 
(IDT exposed) 100% 

External Visual 2009 100% 
.. 

Figure 3 
For special customer specifications or quality reqUirements be
yond Class B levels of MIL-STD-883, such as SEM analysis, X-ray, 
or other screening flows to meet specific needs, contact your 
local IDT sales office. 

3236 Scott Blvd., Santa Clara, CA 95051 
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CMOS PRODUCTS PACKAGE DIAGRAMS 

CMOS PRODUCTS PACKAGE DIAGRAMS 
IOT6116/1 OT71681 II OT71682 
24-LEAD 
THINDIP 
SIDEBRAZE 

r--l.2oo:!:.020~ 

[,:Q,~:]3"" 

~
-<I-<tt::g~~~ ~'l20MAX 

: : : ':;:;:.050 ±.010 
.150 ±.025 .010 

..JilL .050 ±.010 -I \...100 TYP -L I-- ,2901 ...J ±.003 
-II. .018 ±.003 .320 , 

IOT6116 
24-LEAD SIDEBRAZE 

DenoIH[[]]~~'~ 
Pin No. 1 • _, '. 

~ 1:200=:~ .. __ ......j 

~~¢.035/Al70 ! ii, " .1301.170 
005' " ---1-._ 
M.N-t- iii 

-< - -I - -l_ -l t-
.050: .045" .018" .100TYP 
.030 .015 .003 

'~I -.l 
f- ._.1120' ''"] 

28 PIN LCC 

01 
4XIEquoIIpMMO_£L JmI._ 

32 PIN LCC 

iTD'~T 
i~ U 

I I 
2XIEquoIIpMMO_&. 

i 
-I I-JmI._ 

24-LEAD FLAT PACK 
'" PIN NO. 1 MARK 

H·-Z.oDI .0&0%.001 

--<BII--II.02OX4S. -j f-- . 
'..L, .Q25.JI03 

T
ra

-

,~-'- .~ 

-if-~ 

-l f-.CMCI X cs· 13_ 

~TY~ 
L.025 •• OO3 

T 132
_· 

JJOIR 
132_ 

1 !iii 24~~~:+'017±'002 
--r-.050 TYP. 

600 +1.
015 

-L 

12 ---L- .005/.045 , 
~ _______ !~ _.400_±_.0_10~_.0_,25_±_.0_15~i 
[t.285 ± .020 -i 10-.030 MIN. t.OO5 ~:~1 I 

.080± .010 I 

g . IDT6167/10T6168 
.. ~; 

~ 
o 20-LEA1> SIDEBRAZE 
~ 
Q) 
o 0> 
Q) 

o 
-0 
Q) ..... as 
L-

0> 
Q) ..... 

20-PIN LCC 

C 20-LEAD FLATPACK 

n~IIaL' 
I -k~ 

0.2.0/0.320-1----1· ... 

Integrated Device lechnology.lnco 

4018 

r.PIN NO.1 MARK 

1 20 

10 11 

/' 
+.002 L-r-.350 ±.010--r-.285 ±.015---1 ·i-·001 J 'I I 

r 1-.030 MIN. 1.025 ±.015 
.080±.010 

-.L -. 
.017±.002 

\ 
.4701. 

.000TYP 

T I 

T 
.045 MAX 

I 
I 

I 
! 
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CMOS PRODUCTS PACKAGE DIAGRAMS 

CMOS PRODUCTS PACKAGE DIAGRAMS 
IDT7M/8M864 
28-LEAD 
SIDEBRAZE 

r-- 1.400 ±.020 -I 
1,....-----, ..-------, ,....-----" I 
U~UI~cmo 

• • .100 ± .015 ILl 
:.1.150 ±.025 .010 ±.003 ~ R.280MAX 

.050 ± .010 1- -I I- .100 lYP f- .!m'.620-l 
.018 ±.003 - -

IDT7M464 (BENT LEADS) 
22-LEAD 
SIDEBRAZE 

IDT7M164 
22-LEAD 
SIDEBRAZE 

IDT7216/7217 

68-PIN LCC 

f Q~rJi" .390 ± .010 

I 
_ PIN NO.1 -

~_ j: _7~81~±_·0_15 __ ~f----+----L..108 ± .020 

.150 ± .025 
--L 

-iiI- .050 ± .010 U 
-~-1~.018 ± .003 .100lYP 1-1.305 ± .015 

Q;g;pi~o' + .010 

-.
.178 ± .015 

t ------.-
1 ~ .150 ± .025 

=IIC.~: ::~ f-.1~ 
M .~5±.020 

.14 ± _020 
-.010 ± .003 

I I -290/.320 

64-LEAD FLATPACK 
.010 :I: .OO1

L 
~I .600 ± .015 '------

64 LEADS I SQUARE I 

+J:-=.350~~~~:::=:: 
MIN./I_-----' 

, 
SEATING PLANE 

I 
I 
I ., 
I 
I 

64-LEAD TOPBRAZE DIP LEAD 1164i4=Ci========iltr== 

I' 3.200 ± .035 I I 

~;~;:;:;;;~:~:::::::~::::] 
11

- - - - - :'::11-.050 ± .000lYP. 
.018 ± .002 __ 

_ .. 900 ± .015 :_ 
140 + .020 .012 ± .003

1 
-__ _ C -.015 .000 •. 010~-.! . ,~.800 ±-01'1.: I 

_W- ___ -===-____ -.155

t
:l:·025 t r J • 

t : [ II- j!'08O ± .015~ 
, 100 ± 005 .018 ± .003-1 -_ + 002 

-- .-. • I .010 -:001 

Integrated Device khnology, Inc. 3236 Scott Blvd., Santa Clara, CA 95051 
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~~IC MASTER~~ 
BELONGS ON YOUR 

BOOKSHELF 
If you use IC MASTER frequently, you can obtain your own copy by ordering 
now. Use the order cards contained in this publication, or order by 
telephone as described below. 

IC MASTER is a two-volume set of technical data carefully organized to 
direct the engineer to the integrated circuits and related products that are 
closest to his specific needs. It is the surest way to find the optimum 
device to answer an engineering design requirement. By ordering now, you 
won't have to borrow or search for IC MASTER the next time you need it. 

Typical Use of Ie MASTER 

Can an engineer find out who makes a 64K dynamic RA~v1 'vvith an access 
time of 120 nanoseconds or faster in less than 30 seconds? 
He can if he turns to the Memory section of IC MASTER and looks for the 
64K organization (words and bits per word) that he needs. 
Because each device is listed in order of access time, he can easily 
determine the devices that satisfy his speed requirements. 

In the United States only: 
You can order IC MASTER simply by charging it to your VISA or Master 
Card credit card. To place your order, call now: (516) 222-2500. 
Ask for Extension 314. 

ORDER YOUR COpy 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiNOW.~~ 
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BPK 72A 

1 MBIT BUBBLE MEMORY PROTOTYPE .KIT 
Device 

BPK 72A-1 

BPK 72A-4 

BPK 72A-5 

• Assembled and Tested 1MBit Bubble 
Memory Prototype Kit on 4" x 4" PC 
Board 

• Complete with Powerfail Data 
Protection and Clock Circuitry 

• Built·in Error DetectionlCorrection 

• Interfaces with Intel 8080/85/86/88 
1861286 and Other Microprocessors 

• Software Driver for Bubble Memory 
Kit Diskette for Intel MOS· System 

Case Operating 
Temperature 

o To 75°C 

10°C To 55°C 

- 20°C To 85°C 

• 1 Mbit, Non-Volatile, Read·Write, 
.Solid·State Memory in Leaded Dense 
Package 

• Average Random Access Time of 48ms 

• Maxirnum Data Rate of 100K bit/sec 

• Operates from + 5V and + 12V Power 
Supplies 

• Complete Documentation and 
Interfacing Information Included 

The BPK 72A prototype kit is a completely assembled and tested 1 Mbit bubble memory evaluation 
tool. It is ideal for the design engineer that wants the opportunity to fast evaluate how a bubble 
memory solution improves and adds value to an end-product by providing a compact solid-state 
memory that also reliably keeps the data at any powerdown. 

Application information on microprocessor interfacing is included in the kit. A Bubble Memory Kit 
software driver is also included on a diskette for the Intel MOS· System. 

For proQuction purposes, the bubble memory and the support circuit components can be ordered as 
the BPK 70A Subsystem. The 7220, controlling up to eight BPK 70A's, is ordered separately. 
*MDS is a registered trademark of Mohawk Data Science Corp_ 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel 
Product. No Other Circuit Patent Licenses are Implied. 
© INTEL CORPORATION OCTOBER 1983 

ORDER NO. 210804·002 
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BPK 70A 

1 MBIT BUBBLE MEMORY SUBSYSTEMS 
Device Case Operating 

Temperature 

BPK 70A-1 '0 To 75°C 

BPK 70A-4 10°C To 55°C 

BPK 70A-5 - 20°C To 85°C 

• 1 Mbit (12SK Bytes) Non-Volatile, Solid· 
State, Read/Write Bubble Memory 
Subsystem 

• Contains Bubble Memory and' ICs for 
Production with 1 Mbit Bubble Memory 

• Interfaces to Host Microprocessor Via 
Additional Bubble Memory Controller 

• Modularity Provides Expansion Up to 
Eight Subsystems Per Controller 

• Maximum Data Rate of 100K Bit/Sec 
with One Subsystem 

• Average Random Access Time of 4Sms 

• Maximum Data Rate of SOaK Bit/Sec 
with Eight Subsystems in Parallel 

• Bubble Memory in 20·Pin, Dual-ln·Line 
Leaded Package 

A BPK 70A Bubble Storage' Subsystem is a modular building block consisting of one 1 Mbit Magnetic 
Bubble Memory and five support ICs (Shown.in the figure below). The MBM is in a leaded package re~ 
Quiring no socket. These are the basic components to build a non-volatile, solid-state, read-write 
memory system utilizing 1 Mbit bubble memory. 

An additional 1 Mbit Bubble Memory Controller (BMC) 7220 provides the interface between the host 
microprocessor and the Bubble Memory Subsystem afjd provides ali the timing and controi signais to 
the Subsystem. The user interface of the BMC is compatible with microprocessor bus systems for 
8080, 8085, 8086, 8088, 80186, 80286 and other standard microprocessors. The BMC is a software 
driven device utilizing 16 convenient commands. The design engineer's primary responsibility is the in
terfacing to the BMC. This interfacing is comparable to the one of a disk drive controller. 

The modular Intel Subsystem provides a path for density expansion. One BMC can interface up to 
eight BPK 70A subsystems. Thus a 1 Mbit (128K byte) system can be expanded up to 8Mbit (1 M byte) by 
using additional subsystems. 

TO 
1080 
8085 
I0Il --

~---------------~, I I 
I I 
I I 
I I 
I I 
I I 
I , 
I I 
I I 
I .1 
I 

TO ADDITIONAL BPK70. 

CONFIGURATION OF 
ONE BPK 70 BUBBLE 

. STORAGE SUBSYSTEM 
WITH THE 
7220 CONTROLLER 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel 
Product. No Other Circuit Patent Licenses are Implied. 
© INTEL CORPORATION OCTOBER 1983 

ORDER NO. 210356·003 
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2004 
.4K (512 x8) NON-VOLATILE RANDOM ACCESS MEMORY 

• 5 'bIt Only Operation 
• Fast Static RAM . ReadlWrite Cycles 

2004-2, 200ns Max. 
2004, 250ns Max. 
2004-3, 300ns Max. 

• Single Line STORE & RECALL 
• 1 Oms Self-Timed STORE Cycles for 2004-2 

and 2004 (20ms for 2004-3) 

• Automatic Recall on Power Up 
• Write Protect Circuit to Preserve Data 

On Power-Up and Power-Down 

• Lower Power Standby Mode 
• 10-Year Data Retention for each STORE 
• Minimum 10,000 Non-'blatile STORE 

Cycle Endurance 

• Unlimited Endurance for Read, Write, 
and RECALL Cycles . 

• HMOS*.;.E FLOTOX Cell Design 
• Conforms to JEDEC Byte-Wide 

Universal Site 

The Intel 2004 Non-Volatile Random Access Memory (NVRAM) is a 4K device with 512 x 8 architecture. It provides 
the real-time read/write functions of'a static RAM together with the reliable non-volatile storage capability of an 
E2PROM array to preserve its memory contents when power is removed. 

Internally, the 2004 NVRAM consists of a high speed static RAM array backed up, bit-for-bit, by an E2PROM array 
for non-volati.le storage. The transfer of memory data between the static RAM and the E2PROM array occurs in 
parallel for fast storage and recall as well as minimal system support. 

Two functions are provided to transfer data between the volatile RAM and its non-volatile E2PROM counterpart. 
The STORE function transfers RAM data into the E2PROM while the RECALL function fetches E2PROM data and 
places it in the RAM array. Both functions are controlled by a single NE signal which can easily be activated with 
traditional circuitry in memory mapped space, through an I/O port, or from the output of a power-fail detector. 

The RAM operating characteristics of the 2004 NVRAM provides high speed microprocessor performance with 
unlimited endurance. In the non-volatile storage mode, data retention is specified at over 10 years for each 
STORE operation. Over 10,000 STORE operations can be performeci reliably. 

The 2004 NVRAM is furnished in a 28-pin byte wide package with its address, data and control lines configured 
according to the standard JEDEC universal 28-pin site. 

*HMOS is patent process of Intel Corporation. 

J> 
RECAll 

STATIC 
RAM 

ARRAY 

/ 

/ 
/ 

/ 

/ 
E'PROM 

STORAGE 
ARRAY 

/ 
/ 

/ 

~' 1// 
i ARRAY 

CONTROL 

-iiiE 

Rgure 1. 2004 Functional Diagram 

~ 
HE , 28 Vee 

27M 
A, 3 21 N.C. ... 

2004 
25 At 

.. 5 2. N.C 

.. I 23 N.C 
A, 7 220t 
A, I 21 N.C 

A, !I 20Ct 
.. 10 19 1,10, 

1010, 11 11 1010, 
1,10, 12 17 ",,0, 
1,10, 13 l' ",'0. 

151,10, 

2004 PIN NAMES 

Ao-Aa 
I/O 

cr 
N 
Nt 

~ 

N.C. 

~ 
~:; : ~ 
A, 3 21 N.C 

~: 27M : ~ 
~ ~ s:" :~, 
~: ~ ~ 
.. 10 I. 0, 

0,,11 "0" 
0, 12 17 0. 
0, 13 11 0, 

GHD 14 15 0. 

ADDRESSES 

DATA INPUT/OUTPUTS 

CHIP ENABLE 

OUTPUT ENABLE (READ) 

NON-VOLATILE ENABLE 
(STORE/RECALL CONTROL) 

WRITE ENABLE 
NO CONNECT 

Rgure 2. 2004 Pin Configuration 
Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel Product. No Other Circuit 
Patent Licenses are Implied. Information Contained Herein Supercedes Previously Published Specifications On These Devices From Intel. 

AUGUST 1983 
@INTEL CORPORATION, 1983. • ORDER NUMBER: 230665-003 
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2817A 

16K (2K x 8) ELECTRICALLY ERASABLE PROM 

• 5 Volt Only Operation • Write Protect Circuit to Preserve Data 
on Power Up and Power Down 

• On-Chip Latches for Direct 
Microprocessor Interface • 10,000 Erase/Write Cycles per Byte 

• Automatic Byte-Erase-before-Write • Reliable Intel HMOS*-E FLOTOX Cell 
Design Technology 

• Self Timed Byte Write 
• READY/BUSY Line for End-of-Write 

• Fast Read Access Time: Signal 

-2817A-1 200ns max • 10 Year Data Retention For Each Write -2817A-2 200ns max 
-2817A 250ns max 
-2817A-3 350ns max 
-2817A-4 450ns max 

The Intel 2817A is a 16,384 bit Electrically Erasable Programmable Bead Only Memory. Like the Intel 
2816A.it has completely Non-Volatile Data Storage. In addition, it offers a high degree of integrated 
functionality which enables in-circuit byte writes to be performed with minimal hardware and software 
overhead. The Intel 2817A is a product of Intel's advanced E2PROM technology and uses the powerful 
HMOS*-E process for reliable, non-volatile data storage. 

*HMOS is a patented process of Intel Corporation. 

RDYI8USY 

GND 0---- N.C. 

Vee DATA INPUTSIOUTPUTS 
loIOcrlrlO1 II" 

DAT,A PROTECTION CIRCUIT A6 

CE CHIP ENABLEJOUTPUT A. 
OE ENABLE LOGIC 

OUTPUTnNPUT 
BUFFERS PIN NAMES 

A. 

WE A3 OE 
ROY/BUSY "o-A,O ADDRESSES 

e'E CHIP ENABLE A2 A ,o 

~ OUTPUT ENABLE 

Ou-D7 DATA OUTPUTS A, 

10.17 DATA INPUTS 
Ir/D7 

16/06 

1,10. 

YOATINO 

~A,o 
ADDRESS 

X INPUTS 16.384-BIT 
DECODER CELL MATRIX 

ROY/BUSY DEVICE READY/BUSY 
N.C. NO CONNECT 

~ WRITE ENABLE 

1./0. 

13/03 

Figure 1. 2817 A Functional Block Diagram Figure 2. 2817 A Pin Configuration 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in an Intel 
Product. No Other,Circuit Patent Licenses arefmplied. 
© INTEL CORPORATION OCTOBER 1983 

ORDER NO. 230641·002 
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27256 

256K (32K x 8) UV ERASABLE PROM, 

• Software Carrier Capability 

• 250 ns Maximum Access Time 

• Two-Line Control 

• inteligent Identifier™ Mode 
-Automated Programming Operations 

• TTL Compatible 

• Industry Standard Pinout ... JEDEC 
Approved 

• Low Power 
-100 mA max. Active 
- ' 40 mA max. Standby 

• inteligent programming ™ Algorithm 
-Fastest EPROM Programming 

The Intel 27256 is a 5Vonly, 262,144-bit ultraviolet Erasable and Electrically Programmable Read Only 
Memory (EPROM). Organized as 32K words by 8 bits, individual, bytes are accessed in under 250ns. This is 
cO'mpatible with high performance microprocessors, sl,.Jch as the Intel8MHz iAPX 186, allowing full speed 

,operation without the addition of performance-degrading WAIT states. The 27256 is also directly comp,ati-
ble with Intel's 8051 family of microcontrollers. " 

The 27256 enables imp!ementation of new, advanced systems with firmware intensive architectures. The 
combination of the 27256's high density, cost effective EPROM storage, and new advanced microproces
sors having megabit addressing capa~i!ity provides designers with opportunities to engineer user
friendly, high reliability, high-performance systems. 

The 27256's large storage capability of 32K bytes enables it to function as a high density software carrier. Entire 
operating systems, diagnostics, high-level language programs and specialized application software can reside in 
'a 27256 EPROM directly on a system's memory bus. This permits immediate microprocessor access and 
execution of software and eliminates the need for time consuming disk accesses and downloads. 

Several advanced features have been designed into the 27256 that allow for fast and reliable programming 
-the inteligent identifier™ mode and the inteligent Programming™ Algorithm. Programming equipment 
that takes advantage of these innovations will electronically identify the 27256 and then rapidly program it 
using an efficient programming method. 

Two-line control and JEDEC-approved, 28-pin packaging are standard features of all Intel high-density 
, EPROMs. This assures easy microprocessor interfacing and minimum design efforts when upgrading, 
adding, or choosing between nonvolatile memory alternatives. -

The 27256 is manufactured using Intel's advanced HMOS *J1-E technology. 

*HMOS is a patented process of Intel Corporation. 

DATA OUTPUTS 27256 
Vee~ 0 0-07 

Vpp GND~ Vee 
Vpp~ A12 A14 

A13 
Oe 

As 

CE 
OUTPUT BUFFERS As Ag 

All , 
Y-GA-TING OE 

Ao-Au { 
A2 Alo 

ADDRESS Al CE 
INPUTS 262,144 BIT Ao 07 

CELL MATRIX 0 0 06 

PIN NAMES 

Ao-A14 ADDRESSES 

CE CHIP ENABLE 

OE OUTPUT eNABLE 
0 1 05 00-0 7 OUTPUTS 
O2 0 4 

Figure 1. Block Diagram GND 0 3 Figure 2. Pin Configuration 

Intel Corporation Assumes No Responsibility for the Use of Any Circuitry Other Than Circuitry Embodied in ~n Intel Product. No Other Circuit 
Patent Licenses are Implied. JUNE 1983 

© INTEL CORPORATION, 1983. ORDER NUMBER: 210827.004 
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High Performance 
Ti-W PROM Family 
53/63SXXX 53/63SXXXA 
Featuresl Benefit 
• From 256 Bit ttl 32768 Bit of memory 

• Reliable Titanium-Tungsten fuses (Ti-W) 

• Low voltage programming 

• Highest speed Schottky PROM family available 

• Pin compatible with standard Schottky PROMs 

• PNP inputs for low input current 

• Compatible pin configurations for upward expansion 

Applications 
• Microprogram control store 

• microprocessor program store 

• Look up table 

• Character generator 

• Random logic 

• Code converter 

Unblown Fuse 

Description 
The family features common electrical parameters and pro
gramming algorithm, low input current PNP inputs, full Schottky 
clamping and three-state and open collector outputs. The 
titanium-tungsten fuses store a logical low and are programmeo 
to the high state. Special on chip circuitry and extra fuses 
provide preprogramming testing which assure high programming 
yields and high reliability. 

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

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

Blown Fuse 

High Performance PROM Selection Guide 

MEMORY PACKAGE DEVICE TYPE 

SIZE ORGANIZATION PINS TYPE O°C to + 75°C - 55°C to + 125°C 

OC 63S080 53S080 
V4K 32x 8 16, (20) N,J,F,W (L) 

TS 63S081 53 S081 

DC 
16, (20) N,J,F,W (L) 

63S140 53S140 
1K 256 x 4 

TS 63S141 53S141 

OC 63S240 53S24O 
2K 512 x 4 16, (20) N,J,F,W (L) 

53S241 TS 63S241 

63S441 53S441 
4K 1024 x 4 TS 18, (20) N,J,F, (L) 

63S441A 53S441A 

TS 18, (28) N,J,F, (L) 
63S841 53S841 

8K 2048 x 4 
63S841 A 53S841 A 

N,J, F 
63S1641 53S1641 

4096 x 4 TS 20 
63S1641A 53S1641A 

16K 
63S1681 53S1681 

2048 x 8 TS 24, (28) J,JS,F, (L) 
63S1681A 53S1681A 

32K 4096 x 8 TS 24, (28) *J (L) 
63S3281 53S3281 

63S3281 A 53S3281A 

* Flat-pack contact the factory ( ) = Military Product 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 

.onollthlc ~T!n 
•• ",orles Ln.Il1.U 
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Pin Configurations 

53/635080 
53/63S081 

53/635441 
53/635441 A 

---",,-

1024x4 

53/6351681 
53/6351681A 

53/63SXXX 

53/635140 
53/635141 

53/63S841 
53/635841A 

53/635240 
531635241 

53/6351641 
53/6351641A 

53/6353281 
53/6353281A 

TWX: 910-338-2376 Monolithic m~n 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 "'elflor/es InJn.U 
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53/83SXXX 

Absolute Maximum Ratings 
Supply voltage vee ........................................................................................... -0.5V to 7V 
Input voltage ................................................................................................. -1.5V to 7V 
Off-state output voltage ....................................................................................... -0.5V to 5.5V 
Storage temperature range ..................... : ........................................................ , -650 e to + 1500 e 

Operating Conditions 

I 
I 

SYMBOL PARAMETER 
MILITARY 

MIN NOM MAX 

COMMERCIAL 

MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

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

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

Vil low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

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

III low-level input current Vee = MAX VI = O.4V -0.25 mA 

IIH High-level input current Vee = MAX VI = Vee MAX 40 I1A 

Vee = MIN Mil 0.5 

Val low-level output voltage Vil = 0.8V 10L = 16mA 
eOMexcept 

V S1681, S3281 0.45 
VIH = 2V eOM S1681, S3281 0.5 

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

I 
2.4 V 

eOMIOH = -3.2mA -
VIH = 2V I 

10Zl Va = O.4V -40 I1A 
Off-state output current * Vee = MAX I 

10ZH Va = 2.4V 40 I1A 

Va = 2.4V 40 
ICEX Open collector output current Vee = MAX I1A 

Va = 5.5V 100 

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

S08O,S081 90 125 

S140, S141 80 130 

Vee = MAX' S24O, S241 90 130 

ICC Supply current All inputs 8441, S441A 95 140 mA 
grounded. All 8841, S841A 110 150 
outputs open. S1641,S1641A 130 175 

S1681,S1681A 135 185 

S3281, S3281A 150 190 

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

TWX: 910-338-2376 .""oIlthlc l!1!n 
2175 MiaIon College Boulevard, San .. Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 _.",orl.. InJlUJ 
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Switching Characteristics 

Over Commercial Operating cOnditions 

DEVICE TYPE 

63S080,63S081 
63S140,63S141 
63S240,635241 
635441 
635441 A 

I 635841 
635841 A 
63S1641 

I 
63S1641A 
6381681 

I 63S1681A 
1 

6353281 
6353281 A 

Over Military Operating Conditions 

DEVICE TYPE 

538080, 538081 
538140,538141 
538240,538241 
538441 
538441 A 
538841 
53S841 A 
5381641 
5381641A 
5381681 
53S1681A 
5383281 
53S3281 A 

I __ I 

I 

53/63SXXX 

tAA (ns) 
ADDRESS ACCESS TIME 

MAX 

25 
45 
45 
45 
35 
50 
35 
50 

35 
50 
35 
50 
40 

tAA (ns) 
ADDRESS ACCESS TIME 

MAX 

35 
55 
55 

55 
50 

55 
50 

65 

50 
60 

50 

60 

50 

I 
I 
1 

I 

tEAAND tER (ns) 
ENABLE ACCES AND 

RECOVERY TIME 
MAX 

20 
25 
25 
25 
25 
25 
25 
25 
25 
30 

30 

;jU 

30 

tEAAND tER (ns) 
ENABLE ACCES AND 

RECOVERY TIME 
MAX 

30 
30 
30 
30 

30 

30 

30 

30 
30 

35 

35 

35 

35 

TWX: 910-338-2376 "'nollthlc I!Trn 
2175 MIssIon College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 _.nlorl.1I In.IrW 

I 

(§) Ie MASTER 1984 4029 

U) 

CD -;: 
o 
E 
CD 
~ 



U) 
Q) 
"i: 
o 
E 
Q) 

~ 

o 
c: 
o 
~ 

High Performance Registered 
1024x4 PROM 
53/63RA441 

Features/Benefits 
• Edge triggered· "0" registers 

• Advanced Schottky processing 

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

• lower system package counts 

• lower system power 

• Faster cycle times 

• 16mA IOl output drive capabilHy 

Applications 
• Pipelined microprogramming 

• State sequencers 

• Next address generation 

• Mapping PROM 

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

Ordering Information 

MEMORY PACKAGE DEVICE TYPE 

SIZE ORGANIZATION PINS TYPE Mil COM 

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

Edge Triggered Register 

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

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

Pin Configuration 

53/63RA44·1 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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53/63RA441 

Absolute Maximum Ratings 
Supply voltage, vee ........................... " ...... " ............................. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7V 
Input voltage ..................................................................................................... 7V 
Off-state output voltage ............................................................................................ 5.5V 
Storage temperature ..................................................................... :............. -£5° to +l50o e 

Operating Conditions 

PARAMETER 
MILITARY COMMERCIAL 

SYMBOL UNIT 
MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

tsu Address set-up time 60 30 50 30 

th Address hold time 0 -10 0 -10 

tw Clock pulse" width 25 8 20 8 

T a eratin free-air tem erature -55 125 0 75 ° A p 9 p C I 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYPt MAX UNIT 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V I 

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

IlL Low-level input current Vee = MAX VI = O.4V -0.25 . mA 

IIH High-level input current Vee = MAX VI = Vee 40 J.lA 

Vee = MIN 

VOL Low-level output voltage VIL = 0.8V IOL = 16mA 0.5 V 

VIH = 2V 

Vee = MIN MIL IOH = -2mA 
VOH High-level output voltage VIL = 0.8V 2.4 V 

VIH = 2V COM IOH = -3.2mA 

IOZL Off-state output current Vee == MAX 
Vo = 0.5V -40 J.lA 

'IOZH Vo = 2.4V 40 J.lA 

lOS Output short-circuit curtent* Vee = 5V Vo = OV -20 -90 rnA 

120 175 
ICC Supply current Vee = MAX 

All inputs grounded I MIL 

All outputs open I COM 
rnA 

I 120 165 
* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

tTypica!s at S.OV Vee and 250 eTA 

Switching Characteristics 
Over Operating Conditions 

MILITARY COMMERCIAL 
UNIT SYMBOL PARAMETER 

MIN 

tpd Clock to output access time 

tER/tEA Enable to output access and recovery time 

TWX: 910-338-2376 
2175 Mission College Boulevard. Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 

@ Ie MASTER 1984 

TYpt MAX MIN TYPt MAX 

20 35 20 30 ns 

19 35 19 30 ns 

Monolithic ~~n 
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High Performance 
1024x8 
Registered PROM 

Featuresl Benefits 
• Edge triggered "0" registers 

• Synchronous and Asynchronous enables 

• Versatile 1:16 initialization words 

• 8-bit-wide in 24 pin SKINNYDIP® for high board density 

• Simplifies system timing 

. .• Faster cycle times 

• 16mA IOL output drive capability 

• Reliable titanium-tungsten fuses (Ti-W) 

Applications 
• Microprogram control store 

• State sequencers . 

• Next address generation 

• Mapping PROM 

Description 
The 53/63RS881 and 53/63RS881A are 1Kx8 PROMs with on 
chip "0" type registers. versatile output enable control through 
synchronous and asynchronous enable inputs, and flexible 
start up sequencing through programmable initialization. 

Data is transferred into the output registers on the rising edge 
of the clock. Provided that the asynchronous (E) and 
synchronous (ES) enables are low. the data will appear at the 
outputs. Prior to the positive clock edge, register data are not 

53/63RS881 
53/63RS881A 

Ordering Information 

MEMORY PACKAGE DEVICE TYPE 

SIZE PERFORMANCE PINS TYPE MIL COM 

Standard 24 JS.F 53RS881 63RS881 
8K 

Enhanced 28 L 53RS881A 63RS881A 

* Flat-pack - contact the factory 

affected by changes in addressing or synChronous enable 
, inputs. 

Memory expansion and data control is made flexible with 
synchronous and asynchronous enable inputs. Outputs may 
be set to the high impedance state at any time by setting E to a 
high or if ES is high when the rising clock edge occurs. When 
V CC power is first applied the synchronous enable flip-flop 
will be in the set condition causing the outputs to be in the high 
impedance state. 

The flexible initialization feature allows start up and time out 
sequencing with 1 :16 programmable words to be loaded into 
the output registers. With the synchronous INITIALIZE (IS) pin 
low, one of the 16 column words (A3-AO) will be set in the 
output registers independent of the row addresses (Ag-A4). 
The unprogrammed state of I S w~ds are low. presenting a 
CLEAR with IS pin low. With all IS column words (A3-AO) 
programmed to the same pattern. the I S function will be 
independent of both row and column addreSSing and may be 
used as a single pin contro!. With all ! S words programmed 
high a PRESET function is performed. 

Block Diagram 
Ag 

~ Pin Configuration AS 
A7 1 OF 64 64X128 

PROGRAMMABLE 
ARRAY 

.i: 
o 
E 
Q) 

~ 

.2 

.r:. 
=: 
'0 
c 
o 
~ 

AS 
ROW 

DECODER 
AS 

A4 

Is 

A3 
A2 
A1 
AO 

ClK 

ES 

E 

I ~ = 0.3 in. wi:1 

SKINNYDIP~ is a registered trademark of Monolithic Memories 

TVVX:910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 

4032 

IIIonollthlc ~T!II 
IIIe",orles uurw 

@ Ie MASTER 1984 



53/63RS881 53/63RS881A 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage Vee ........................................................................ -0.5 to 7V............ 12V 
Input voltage ........................................ :....................................... -1.5 to 7V ............. 7V 
Off-state output voltage ................................... ~ .............................. -0.5V to 5.5V........... 12V 
Storage temperature .. ~ ...................... : .................................... " ............ , ..... -65°e to +150°C 

Operating Conditions 

MILITARY COMMERCIAL 

SYMBOL PARAMETER TYP 53RS881A 53RS881 63RS881A 63RS881 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

tw Width of clock (high or low) 10 20 20 20 20 ns 

ts(A) Setup time from address to clock 25 40 45 30 35 ns 

ts(ES) Setup time from ES to clock 8 15 15 15 15 ns 

ts(lS) Setup time from IS to clock 20 30 35 25 30 ns 

.. ' ~ ..J .. __ "- ..,1 - " n -th (A) Hold lime adul e~~ lO c!O\,;K 5 o o 

I :: I th/~\ Hold time (Ed -3 5 5 
II\"-SI . v' I I I I 

th(lS) Hold time (IS) -5 0 0 0 I. 0 ! ns 
I 

Vee Supply voltage . 5 4.5 5.5 4.5 5.5 4.75 5.25 I 4.75 5.25 I V 
i 

TA Operating free-air temperature 25 -55 125 -55 125 0 75 I 
I 0 75 I °e 

Electrical Characteristics Over Operating Conditions 

t 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

MIN TYP MAX 

VIL Low-level input voltage 0.8 V 

VIH High-level input voltage 2 V 

Vie Input clamp voltage Vee = MIN II = -18mA -1.2 V 

IlL Low-level input current Vee = MAX VI = O.4V -0.25 mA (J) 
Q) 

IIH High-level input current Vee = MAX VI = VeeMAX 40 p.A .~ 

0 
Vee = MIN E 

Q) 

VOL Low-level output voltage VIL = 0.8V 10L = 16mA 0.5 V ~ 

VIH = 2V 0 
.s:::. 

Vee = MIN 
=: 

MIL 10H = -2mA 0 
VOH High-level output voltage VIL = 0.8V 2.4 V s::::: 

0 

VIH = 2V COM 10H = -3.2mA ~ 

10ZL I Vo = OAV -40 

II 
I 

I Off-state output current Vee = MAX p.A 
I 

'OZH Va = 2.4V 40 

lOS Output short-circuit current* Vee = MAX Vo = OV -20 -90 mA 

ICC Supply current Vee = MAX 
All inputs TTL; 

130 180 mA 
all outputs open. 

• Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. I11III 

t Typicals at 5.0V. Vee and 25°e TA. 

TWX: 910-338-2376 lIIonoIithic W 
2175 Mission Col e Boulevard, Santa Clara CA 95050 Tel: 408 970-9700 TWX: 910-338-2374 ltIIe",orles leg 

© Ie MASTER 1984 4033 



UJ 
Q) 
.~ 

0 
E 
Q) 

:i! 
0 
.c: 
;!: 

0 
c:: 
0 
:i! 

53/63RS881 53/63RS881A 

Switching Characteristic~ Over Operating Conditions and using Standard Test Load 

MILITARY COMMERCIAL 

SYMBOL PARAMETER TYP 53RS881A 53RS881 63RS881A 63RS881 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

tCLK Clock to output Delay 10 20 25 15 20 ns 
--

tESA Clock to output access time (ES) 18 30 35 25 30 ns 

tESR Clock to output recovery time (ES) 17 i 30 35 25 30 ns 

tEA Enable to output access time (E) 18 1 
I 

30 35 25 I 30 ns 

tER Disable to output recovery time (E) 17 30 35 25 30 ns 

Definition of Waveforms 

E 

-I 
is 

ClK 

l--tEA-1 
-VOH -O.SV 

0 
~..l.-_______ ---JII'-____ --L...I...J -VOL + o.SV 

NOTES: 1. Input pulse amplitude OV to 3.0V. 

2. Input rise and fall times 2-Sns from 1.0V to 2.0V. 

3. Input access measured at the 1.SV level. 

4. tAA is tested with switch S1 closed. C L = 30pF and measured at 1.SV output level. 

S. tEA and tESA are measured at the 1.SV output level with CL = 30pF. S1 is open for high impedance to "1" test and closed for 

high impedance to "a" test. 

tEA and tESA are measured CL = SpF. S1 is open for "1" to high impedance test, measured at VOH -O.SV output level; S1 is closed for "a .. to 

high impedance test measured at VOL +O.SV output level. 

TWX: 910-338-2376 
2175 Mission College Boulevard. Santa Clara. CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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2048x8 
Registered Prom 
with Asynchronous Enable 

Featuresl Benefits 
• Asynchronous output enable 

• Edge-triggered "0" registers 

• Versatile 1:16 user programmable initialization words 

• 8-bit-wide in 24 pin SKINNYOIP® for high board density 

• Simplifies system timing 

• Faster cycle times 

• 16mA IOL output drive capability 

• Reliable titanium-tungsten fuses (TI-W) 

Applications 
• Microprog~m control store 

• State sequencers 

• Next address generation 

• Mapping PROM 

Description 
The 53/63RS1681 and 53/63RS1681A are 2 K x 8 PROMs with 
on chip "0" type registers. Output enable control through 
an asynchronous enable input and flexible start up sequen
cing through programmable initialization words. 

Pin Configuration 

I~ = 0.3 in. wi:1 

SKINNYDIP® is a registered trademark of Monolithic Memories 

'53/63RA1681 
53/63RA1681A 

Ordering Information 

MEMORY PACKAGE DeviCE TYPE 

SIZE PERFORMANCE PINS TYPE MIL COM 

Standard 53RA1681 63RA1681 
16K 24 JS 

Enhanced 53RA1681A 63RAl681A 

Data is transferred into the output registers on the rising edge 
of the clock. Provided that the asynchronous {E") enable is 
LOW, the data will appear at the outputs. Prior to the positive 
clock edge, register data are not affected by changes in ad
dressing. 

Memory expansion and data control is made flexi ble with 
asynchronous enable input. Outputs may be set to the high 
impedance state at any time by setting E to a HIGH. 

The flexible initialization feature allows start up and time out 
sequencing with 1:16 programmable words to be load~ into 
the output registers. With the synchronous INITIALIZE (IS) pin 
LOW, one of the 16 column words (A3-AO) will be set in the out
put registers independent of the row addresses (AlO-A4)' 
With all is column words (A3-AO) programmed to the same 
pattern, the IS function will be independent of both row and 
column addressing and may be used as a single pin control. 
With all IS words programmed HIGH ~PRESET function is 
performed. The unprog~mmed state of IS words are LOW, pre
senting a CLEAR with IS pin LOW. 

Block Diagram 

1 OF 128 
ROW 

DECODER 

's -----4 >0--....... 

CLK 

128x128 
PROGRAMMABLE 

ARRAY 

1lVX:910-338-2376 
2175 MIsston College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 1lVX: 910-338-2374 
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53/63RA1681 53/63RA1681A 

Absolute MaxiMum Ratings 
Operating Programming 

Supply voltage Vee ................................ ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -'0..5 to 7V ............ 12V 
Input voltage ..................................................................... ~ . . . . . .. -1.5 to 7V ............. 7V 
Off-state output voltage .................................................................. -a.5V to 5.5V . . . . . . . . . .. 12V 
Storage temperature ..................................................................... -65°C to +15ao e 

Operating Conditions 

MILITARY COMMERCIAL 

SYMBOL PARAMETER Typt 53RA1681A 53RA1681 63RA1681A 63RA1681 

MIN MAX MIN MAX MIN 

tw Width of clock (high or low) 10. 20. 20. 20. 

ts(A) Setup time from address to clock 28 40. 45 35 

tS(iS) Setup time from IS to clock 20. 30. 35 25 

th(A) Hold time address to c.lock -5 a a a 

th(iS) Hold time (IS) -5 a a a 

Vee Supply voltage 5 4.5 5.5 4.5 5.5 4.75 

TA Operating free-air temperature 25 -55 125 -55 125 a 

Electrical Characteristics OVer Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

Vil low-level input voltage 

VIH High-level input voltage 

VIC Input clamp voltage Vee = MIN II = -18mA 

ill Low-level input current Vee = MAX VI = a.4V 

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

Vee = MIN 

VOL low-level output voltage Vil = a.8V 10l = 16mA 

VIH = 2V 

Vee = MIN Mil 10H = -2m A 

VOH High-level output voltage Vil = a.8V 

VIH = 2V eOM 10H = -3.2mA 

10Zl Va = O.4V 

Off-state output current Vee = MAX 

10ZH Va = 2.4V 

lOS Output short-circuit current* Vee = 5.av Va = av 

ICC Supply current Vee = MAX 
All inputs TTL; 
all outputs open. 

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

t Typical at 5.0 V Vee and 25° eTA" 

MAX MIN MAX 

20. 

40. 

30. 

a 

a 

5.25 4.75 5.25 

75 a 75 

I MIN TYpt MAX 

0..8 

2.0. 

-1.2 

-0..25 

40. 

0..5 

2.4 

-40 

40. 

-20. -90 

140 185 

UNIT 

ns 

ns 

ns 

ns 

ns 

V 

°e 

UNIT 

V 

V 

V 

mA 

J.lA 

V 

V 

J.lA 

mA 

mA 

TWX: 910-338-2376 "'nollthlc ~1!n 
2175 Mission College Boulevard. Santa Clara. CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 .e",orles In.InJ.I 
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53/63RA1681 53/63RA1681A 

Switching Characteristics Over Operating Conditions and using Standard Test Load 

, MILITARY COMMERCIAL 

SYMBOL I PARAMETER TYpt 53RA1681A 53RA1681 63RA1681A 63RA1681 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

tCLK Clock to output Delay 10 20 25 15 20 ns 

tEA Enable to output access time (E) 15 30 35 25 30 ns 

tER Disable to output recovery time (E) 15 30 35 25 30 ns 

t Typical at 5.0 V VCC and 25°C T A 

Definition of Waveforms 

A _________ ~!_lh(-~tftS(A'T~~]---------
E~~.---. ~.......--t--_.....:..--I ,,-------:--1 _I \_ 

C= ts (is) I I I 

CLK 

o 

l-lh(iS)-..Ir---+-------:---~----...:..::...------+------~----

NOTES: 1. Input pulse amplitude OV to 3.0V. 

2. Input rise and fall times 2-5ns from 1.0V to 2.0V. 

3. Input access measured at the 1.5V level. 

r-teR--"1 l..-tEA-.j 
) 

\ \ -VOH -O.SV rrr 
______ ... Z_7 -VOL +O.SV Ul. 

4. Switch Sl is closed, CL = 30pF and outputs measured at 1.SV level for all tests except tEA and tEA-

S. tEA is measured at the 1.SV output level with CL = 30 pF. Sl is open for high impedance to "1" test and closed for high 

impedance to "0" test. 

tER is tested-with CL = SpF. Sl is open for "1" to high impedance test, measured at VOH -0.5Voutput level; Sl is closed for "0" to high 

impedance test measured at VOL +0.5Voutput level. 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 

.onolllhla ~~n 
.e",orles U1.Il1.U 

@ IC MASTER 1984 4037 

t/) 
(J) 
-;:: 
o 
E 
(J) 

~ 

o 
c: 
o 
~ 



CIJ 

2048x8 
Registered Prom 
with Synchronous Enable 

Features/Benefits 
• Synchronous output enable 

• Edge~triggered "0" registers 

• Versatile 1 :16 user programmable initialization words 

• 8-blt~wlde In 24 pin SKINNYOIP® for high board density 

• SlmplHles system timing 

• Faster cycle times 

• 16mA IOL output drive capability 

• Reliable titanium-tungsten fuses (Ti-W) 

Applications 
• Microprogram control store 

• State sequencers 

• Next address generation 

• Mapping PROM 

Description 
The 53/63RS1681 and 53/63RS1681A are 2 K x 8 PROMs with 
on chip "0" type registers, versatile output enable control 
through synchronous enable input and flexible start up sequen
cing through programmabie initiaiization words. 

Data is transferred into the output registers on the rising edge 
of the clock. Provided that the synchronous (ES) enable is 
LOW, the data will appear at the outputs. Prior to the positive 

53/63RS1681 
53/63RS1681A 

Ord.ering Information 

MEMORY PACKAGE DEVICE TYPE 

SIZE PERFORMANCE PINS TYPE MIL COM 

16K 
Standard 53RS1681 63RS1681 

Enhanced 
24 JS 

53RS1681A 63RS1681A 

clock edge, register data are not affected by changes in 
addressing or synchronous enable inputs. 

Memory expansion and data control is made flexible with the 
synchronous enable input. Outputs may be set to the high 
impedance state by setting ES HIGH. before the rising clock 
edge occurs. When VCC power is first applied the synchronous 
enable flip-flop will be in the set condition causing the outputs 
to be in the high impedance state. 

The flexible initialization feature allows start up and time out 
sequencing with 1:16 programmable words to be loaded into 
the output registers. With the synchronous INITIALIZE (IS) pin 
LOW, one of the 16 column words (A3-AO) will be set in the 
output registers independerit of the row addresses (AlO-A~. 
With all is column words (A3-AO) programmed to the same 
pattern, the IS function will be independent of both row and 
column addressing and may be used as a single pin control. 
With allIS words programmed HIGH a PRESET function is 
performed. The unprogra..!!lmed state of is words are LOW, 
presenting a CLEAR with IS pin LOW. 

Block Diagram 

.~ Pin Configuration 128x128 
PROGRAMMABLE 

ARRAY 

o 
E 
CI) 

~ 

.2 

..c 
;t:::: 

o 
c: 
o 
~ 

is ----I >0----' 

elK 

ES 

/.. ~I 
JS = 0.3 in. wide 

SKINNYDIf>® is a registered trademark of Monolithic Memories 

11Ar.K:910-338-2376 
2175 Million College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 11Ar.K: 910-338-2374 

4038 

.... "thlc lIT!n 
•• ",orl •• In.UW 

@ Ie MASTER 1984 



53/63RS1681 53/63RS1681A 

Absolute Maximum Ratings 
Operating Programming 

Supply voltage vee ................................ ·· .. ··········· .... .................... -0.5 to 7V ............ 12V 
Input voltage .............. , .............................................................. -,...1.5 to 7V ........•.... 7V 
Off-state output voltage ..................... .'............................................. -0.5V to 5.5V . . . . . . . . . .. 12V 

. Storage temperature ............................ ," - , , , .................................. -65°e to +150o e 

Operating Conditions 
MILITARY COMMERCIAL 

SYMBOL PARAMETER Typt 53RS1681A 53RS1681 63RS1681A 63RS1681 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

tw Width of clock (high or low) 10 20 20 20 20 ns 

ts(A) Setup time from address to clock 28 40 45 35 40 ns 

ts(ES) Setup time from ES to clock 7 15 15 15 15 ns 

is (IS) Setup time from IS to clock 20 30 35 25 30 ns 

th(A) I Hold time address to clock -5 0 0 0 0 ns 

tL../~\ I Hold time (ES) 
'II \t:SJ 

-3 I 5 I 5 5 5 I 
ns 

th(iS) Hold time (IS) -5 0 0 0 0 I ns 

Vce Supply voltage 5 4.5 5.5 4.5 5.5 4.75 5.25 4.75 5.25 V 

TA Operating free-air temperature 25 -55 125 -55 125 0 75 0 75 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYpt MAX UNIT 

Vil low-level input voltage 0.8 V 

VIH High-level input voltage 2.0 V 

VIC Input clamp voltage Vee = MIN II = -18mA -1.2 V 

III low-level input current Vee = MAX VI = O.4V -0.25 rnA 
(J) 

IIH High-level input current Vee = MAX VI = Vee 40 JJ.A 
Q) 
.~ 

0 
Vee = MIN E 

Q) 

VOL Low-level output voltage VIL = 0.8V IOl = 16mA 0.5 V ~ 

VIH = 2V 0 
.r:. 

Vee = MIN :::: 
MlllOH = -2mA 0 

VOH High-level output voltage VIL = 0.8V 2.4 V c 
0 

VIH = 2V eOM 10H = -3.2mA :2 

10ZL Va = O.4V -40 I 
Off-state output current Vee = MAX JJ.A 

10ZH Va = 2.4V 40 

lOS Output short-circuit current* Vee = 5V Va = OV -20 -90 rnA 

ICC Supply current Vee = MAX 
All inputs TIL; 

140 185 rnA 
all outputs open. 

Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
t Typical at 5.0 V Vee and 25°0 T A 

TWX: 910-338-2376 I6JnoIlthlc lUll 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 Wlelflories 
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53/63RS1681 53/63RS1681A 

Switching Characteristics Over Operating Conditions and using Standard Test Load 

MILITARY COMMERCIAL 

SYMBOL PARAMETER Typt 53RS1681A 53RS1681 63RS1681A 63RS1681 UNIT 

MIN MAX MIN MAX MIN MAX MIN MAX 

tCLK Clock to output Delay 10 20 25 l5 20 ns 

tESA Clock to output access time (ES) 15 30 35 25 30 ns 

tESR Clock to output recovery time (ES) 15 30 35 25 30 ns 

Typical at 5.0 V VCC and 25°C T A. 

Definition of Waveforms 

A ______ ~i~-(A)1fts~)T~(A]-----

fir I~---tlo-·ts~_st _' ----:..-1·~~__I:.....__II-----r-·.7 --

C=tS(~ J~I·~~~ I 
I-~(rs)-J I 

1r--~r-'\\-4-tw-.1 tw-.I_-_I---... I 
elK 

o 

NOTES: 1. Input pulse amplitude OV to 3.0V . 

2. Input rise and fall times 2-Sns from 1.0V to 2.0V . 

3. Input access measured at the 1.SV level. 

4. Switch Sl is clbsed, CL = 30pF and outputs measured at 1.5V level for all tests except tESA and tESR 

5. t
ESA 

is measured at the 1.5V output level with CL = 3OpF. Sl is open for high impedance to "1" test and closed for high 

impedance to "0" test. 

t
ESR 

is tested with C
L 

= SpF. Sl is open for "1" to high impedance test. measured at VOH-0.5voutput level; Sl is closed for "0" to high 

impedance test measured at VOL +0.5V output level. 

TWX: 910-338-2376 
2175 Mission College Boulevard. Santa Clara. CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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4096x4 Diagnostic
Registered PROM 
with Asynchronous Enable 

Features/Benefits 
• Asynchronous output enable 

• Provides system diagnostic testing for system 
controllability and observability 

• Shadow register eliminates shifting hazards 

• Edge-triggered "0" registers simplifies system timing 

• Casadable for wide control words used in 
microprogramming 

• 24-pin SKINNYOIP® saves space 

• 24 rnA output drive capability 

• Replaces embedded diagnostic code 

Applications 
• Microprogram control store with built-in 

system diagnostic testing 

• Serial character generator 

• Serial code converter 

• Paraltel in/serial out memory 

• Cost-effective board testing 

Description 
The 53/6301641 is' a 4Kx4 PROM with registered three-state 
outputs and a shadow register for diagnostic capabilities. 

,Block Diagram A11-AO 

OCLK 
501 

MOOE-+---.. 

CLK----~ 

~~------~~SOO 

e--------OtI 

Q3-QO 

SKINNYDIP® is a registered trademark of Monolithic Memories. 

53D1641 
63D1641 

Patent Pend. 

Ordering Information 

MEMORY PACKAGE 
TEMP. PART NO. 

SIZE ORG. PINS TYPE 

Mil 5301641 

i 16K 4096x4 24 JS 
I COM I 6301641 

Shadow register diagnostics allow observation and control of 
the system without introducing intermediate illegal states. The 
output register, which can receive parallel data from either the 
PROM array or the shadow register, is loaded on the rising 
edge of ClK. The ,shadow regjster, which can receive parallel 
data from the output register or serial data from SD!, is !oaded 
on the rising edge of OClK. When the output drivers are dis
ab!ed, the shadow register receives' its parallel data from the 
output bus. Ouring diagnostics, data loaded into the output 
register from the PROM array can be parallel-loaded into the 
shadow register and serially shifted out through SOO, allowing 
observation of the system. Similarly, diagnostic data can be 
serially shifted into the shadow register through SOl, and paral
lel-loaded into the output register, allowing control and test 
scanning to be imposed on the system. Since the output regis
ter and the shadow register are loaded by different input sig
nals, they can be operated independent of one another. In addi
tion, diagnostic PROMs can be cascaded to construct wide 
control words used in microprogramming. 

Logic Symbol 

QO 

Q1 

DCLK Q3 

SDO 

GNO CLK 

llVX:910-338-2376 
2175 MIssion College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 

Monolithic I!~n 
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53/63D1641 

Function Table 

INPUTS OUTPUTS 

MODE 501 CLK OCLK Q3-QO 53-SO 500 

l X f * an - PROM HalO S3 

l X r HalO 
Sn - Sn-1 

S3 * 
So - SOl 

l X r f an - PROM 
Sn - Sn-1 

S3 
So - SOl 

H X t * an -Sn HalO SOl 

H l * f HalO Sn -an SOl 

H H * r HalO HalO· SOl 

• Clock must be steady or falling . 

. , Reserved operation for SN54/74S818 8-Bit Diagnostic Register. 

Definition of Signals 
MOOE The MOOE pin controls the output register mul- ClK 

tiplexer and the shadow register. When MOOE 
is lOW, the output register receives data from 
the PROM array and the shadow register is con- OClK 
figured as a shift register with SOl as its input 
When MOOE is HIGH, the output register receives 
data from the shadow register. The shadow reg- OS-OO 
ister is controlled by SOl as well as MOOE. With 
MODE HIGH and SOl lOW, the shadow regis-
ter receives parallel data from the output bus. 
With MOOEand SOl both HIGH, the shadow reg-
ister holds its present data. 

SOl The Serial Oata In pin is the input to the least 
significant bit of the shadow register when 
operating in the shift mode. SOl is also a control 

S3-S0 

input to the shadow register when it is not in the 
shift mode. A1rAO 

SOO The Serial Oata Out pin is the output from the 
most significant bit of the shadow register when 

E operating in the shift mode. When the shadow 
register is not in the shift mode, SOO displays the 
logic level present at SOl, decreasing serial shift 
time for cascaded diagnostic PROMs. 

OPERATION 

load output register from PROM array 

Shift shadow register data 

load output register from PROM array 
while shifting shadow register data 

load output register from shadow register 

load shadow register from output bus 

No operation t 

The clock pin loads the output register on the 
rising edge of ClK. 

The diagnostic clock pin loads or shifts the 
shadow register on the riSing edge of OClK. 

an represents the data outputs of the output 
register. Ouring a shadow register load with 
outputs enabled these pins are the internal data 
inputs to the shadow register. With the outputs 
three-stated these pins are external data inputs 
to the shadow register. 

Sn represents the internal shadow register 
outputs. 

An represents the address inputs to the PROM 
array. 

The Output Enable pin operates independent of 
ClK. When E is lOW the outputs are enabled. 
When E is HIGH, the outputs are in the high 
impedance state. 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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Logic Diagram 

A7 

AS 2 

AS 3 

A4 4 

A3 5 

A2 6 

A1 7 

AD 8 

MODE 9 

OClK 10 

SOl 11 
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4096x4 Diagnostic PROM 
with Asynchronous Enable 

~ 
II 
II 

J 

4096x4 
PROM 

03 0201 DO 

24 vee 

23 AS 

22 A9 

21 A10 

20 A11 

E 

18 00 

16 02 

14 soo 

GNO 12 13 elK 
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Absolute Maximum Ratings Operating Programming 
Supply voltage V CC. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -0.5V to 7V ...................... 12V 
Input voltage ............................. , ..................... , ................ -1.5V to 7V ....................... 7V 
Input current ..... " ........................................................... -3OmA to +5rnA 
Off-state output voltage ......................................................... -0.5V to 5.5V ...................... 12V 
Storage temperature ........................................................ -65°C to +150o e 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

MIN Typt MAX MIN Typt MAX UNIT 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

TA Operating free air temperature -55 25 125 0 25 75 °e 

tw Width of ClK (HIGH or lOW) 25 10 20 10 ns 

tsu Set up time from address to ClK 45 25 40 25 ns 

th Hold time for elK 0 -15 0 -15 ns 

twd Width of OelK (HIGH or lOW) 45 15 40 15 ns 

tsud Set up time from control inputs (SOl, MODE) to ClK, OClK 50 20 45 20 ns 

thd Hold time for OClK 0 -5 0 -5 ns 

Electrical Characteristics Over Operating Conditions 

: S:MBOl I PARAMETER I TEST CONDITIONS 

I Il - I u v e low level 'np t oltag 

II MiN TYP t MAX ! UNIT I 

os I v I i I 
I 

V,H High-level input voltage 12 I V i 
I 

V'C Input clamp voltage Vee = MIN T I, = -18mA -1.2 V i 
I I,l low-level input current Vee = MAX T V, = O.4V -0.25 mA 
i 

i I'H High-level input current Vee = MAX V, = Vce 40 uA 

Vce:.: MIN 
Mil 'Ol = 16mA 

Val low-level output voltage V,l = 0.8V 
COM 'Ol = 24mA 

0.5 V 
V,H = 2V 

Vce= MIN Mil IOH = -2mA 
VOH High-level output voltage V,l = 0.8V 2.4 V 

V,H = 2V 
COM IOH = -3.2mA 

'OZl Off-state output current VCC = MAX 
Vo = 0.4V -100 uA 

'OZH Va = 2.4V 40 uA 

lOS Output short-circuit current* Vee = MAX Va= OV -20 -90 mA 

ICC Supply current Vee = MAX, All inputs TTL; All outputs open 140 190 mA 

t Typical at 5.0V "Vee and 250 eTA' 

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

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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Switching Characteristics Over. Operating Conditions 
and Using Standard Test Load 

MILITARY 
'SYMBOL PARAMETER 

MIN Typt MAX 

tClK ClK to output 11 25 

tER Disable time 16 30 

tEA Enable time 16 30 

fMAXD Maximum diagnostic clock frequency I 7 18 

tDS I 
DClK to SDO delay (MODE = lOW) 17 35 I 

I = I 
I ISS 

I SOl 10 SOO delay (MODE HIGH) 16 

MODE to SDO delay 14 

t Typical at 5.0V Vee and 25°e T A' 

Definition of Waveforms 

COMMERCIAL 
MIN Typt MAX UNIT 

11 20 ns 

16 25 ns 

16 25 ns 

10 18 MHz 

17 30 ns 

16 

14 

~\ .. ~~~ ... ~~~_ .. ~\~f ___ ~~,_ 
1:-~LK *1 _---:...~---....tER_----..~ l.-tEA~ 

Q 

LOAD OUTPUT REGISTER 
FROM PROM ARRAY 

)
.,). VOH-O.5V ~I 

1-... ___ ---''-.Lf....J VOL + O.5V ~ 

OUTPUT DISABLElENABLE 

NORMAL PROM OPERATiON (MODE = LOw; 

TWX: 910-338-2376 
2175 Mission College Boulevard, santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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® MOTOROLA 

SEMICONDUCTORS 
Memory 
Selector 

Guide 
3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

Motorola has developed a very broad range of reliable 
MOS and bipolar memories for virtually any digital data pro
cessing system application. And for those whose require
ments go beyond individual components, Motorola also sup
plies Memory Systems and Micromodules. 

RAMs 
MOS DYNAMIC RAMs 

Access Time Power No. of 

Organization Part Number (ns Max) Supplies Pins 

16384 x 1 MCM41168P15 150 + 12, ±5 V 16 

16384 x 1 MCM41168P20 200 +12, ±5V 16 

16384 xl MCM41168P25 250 +12,±5V 16 

16384 x 1 MCM4517Pl0 100 +5'V 16 

16384 xl MCM4517P12 120 +5V 16 

16384 x 1 MCM4517P15 150 +5V 16 

16384 x 1 MCM4517P20 200 +5V 16 
65536 x 1 MCM6664AP151 150 +5V 16 
65536 x 1 MCM6664AP201 200 +5V 16 
65536 x 1 MCM6665AP15 150 +5V 16 

65536 x 1 MCM6665AP20 200 +5V 16 

65536 x i MCM66648PI51 ... 150 +5V 16 
65536 x 1 MCM66648P201 * 200 +5V 16 
65536 x 1 MCM66658P15* 150 +5V 16 

65536 x 1 MCM66658P20* 200 +5V 16 

New Motorola memories are being introduced continually. 
This selector guide lists all those available as of November 
1983 .. For later releases, additional technical information or 
pricing, contact your nearest authorized Motorola distributor 
or Motorola sales office. 

MOS STATIC RAMs ( + 5 Volts) 

Access Time No. of 
Organization Part Number (ns max) Pins 

128x8 MCM6810 450 24 
128x8 MCM68AlO 360 24 
128x8 MCM68810 250 24 

1024 x 4 MCM2114P20 200 18 
1024x4 MCM2114P25 250 18 
1024 x 4 MCM2114P30 300 18 
1024x4 MCM2114P45 450 18 
1024x4 MCM21 L 14P20 200 18 
1024x4 MCM21 L 14P25 250 18 
1024x4 MCM21 L 14P30 300 18 
1024x4 MCM21 L 14P45 450 18 
2048 x 8 MCM2016HP45 45 24 
2048 x 8 MCM2016HN45 45 242 

2048 x 8 MCM2016HY45 45 242 
2048 x 8 MCM20i6HP55 55 24 
2048 x 8 MCM2016HN55 55 242 

2048x8 MCM2016HY55 55 242 
2048 x 8 MCM2016HP70 70 24 
2048 x 8 MCM2016HN70 70 242 

2048 x 8 MCM2016HY70 70 242 
16384 x 1 MCM2167HP35 35 20 

5 CMOS STATIC RAMs (+5 Volts) 
16384 x 1 MCM2167HL35 35 20 
16384 x 1 MCM2167HZ35 35 20 

.2 
E 
Q) 

en 
~ 
o 
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Organization Part Number 

2048 x 8 MCM6116P12 
2048 x 8 MCM6116P15 
2048 x 8 MCM6116P20 
4096 x 1 MCM6147P55 
4096 x 1 MCM6147P70 

Operating temperature ranges: 

MOS - O°C to 70°C 

ECL - OOC to 75°C 

Access Time No. of 
(ns max) Pins 

120 24 
150 24 
200 24 
55 18 
70 18 

TTL - Military ~ 55°C to + 125°C, Commercial O°C to 75°C 

*To be introduced. 

(Not all speed selections shown) 

1 Motorola's innovative pin #1 refresh 

2300 mil package 

4046 

16384 xl MCM2167HP45 45 20 
16384 x 1 MCM2167HL45 45 20 
16384 x 1 MCM2167HZ45 45 20 

16384 x 1 MCM2167HP70 70 20 

16384 x 1 MCM2167HL70 70 20 

16384 x 1 MCM2167HZ70 70 20 

TIL RAMs 

Access Time No. of 
Organization Part Number (ns max) Output Pins 

1024 x 1 MCM93415 45 O.C. 16 
1024 x 1 MCM93425 45 3-State 16 
256x4 MCM93L422 60 3-State 22 
256x4 MCM93L422A 45 

I 
3-State 

I 
22 I 

256x4 MCM93422 45 3-State 22 i 256x4 MCM93422A 35 3-State 22 

@ Ie MASTER 1984 



Memory Selector Guide 

RAMs (continued) 
EeL 10K, 10KH RAMs 

Organization Part Number 

8x2 MCM10143 
16x4 MC10H145 
16x4 MCM10145 
64x 1 MCM10148 

128x 1 MCM10147 
256 x 1 MCM10144 
256 x 1 MCM10152 

1024 x 1 MCM10146 
1024 x 1 MCM10415-20 
1024 x 1 MCM10415-15 
1024 x 1 MCM10415-10 
256x4 MCM10422-15 
256><4 MCM10422-10 

4096 x 1 MCM 1 0470-25 
4096 x 1 MCM10470-15 

I I 1024x4 I MCM10474~25 
1024 x 4 MCM10474-15 

0480-20* 
0484-20* 

116384 x 1 I MCM1 
4096 x 4 MCM1 

EeL 100K RAM s 

1024x 1 
256><4 

4096 x 1 
1024x4 

16384 x 1 
4096x4 

MCM1 
MCM1 
MCM1 
MCM1 
MCM1 
MCM1 

00415-10* 
00422-10* 
00470-15* 
00474-15* 
00480-20* 
00484·20* 

Access Time 
(ns max) 

15.3 
6 
15 
15 
15 
26 
15 
29 
20 
15 
10 
15 
10 
25 
15 
25 
15 

10 
10 
15 
15 
20 
20 

EPR OMs 
MOS EPROMs 

Organization 

8192 x 8 
8192 x 8 
8192x8 

Part Number 

MCM68 764C 
766C 
766C35 

MCM68 
MCM68 

Operating temperature r anges: 
MaS - O°C to 70°C 
ECl - O°C to 75°C 

Access Time 
(ns max) 

450 
·450 

350 

No. of 
Output 

O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 

O.E. 
O.E. 
O.E. 
O.E. 
O.E. 
O.E. 

Power 
Supplies 

+5V 
+5V 
+5V 

Pins 

24 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
24 
24 
18 
18 
24 
24 

16 
24 
18 
24 
20 
28 

No. of 
Pins 

24 
24 
24 

TTL - MilitaiY - 55° C to + 125°C, Commsicial coe to 75°C 

*To be introduced. 

PROMs 
EeL PROMs 

Access Time 
Organization Part Number (ns max) 

32x8 MCM10139 20 
256x4 MCM10149 25 
256x4 MCM10149A* 15 

TTL PROMs (3-State Outputs) 

I I 

Organization 

32x8 
512x4 
512x4 
512x8 
512x8 
512x8 
OILXO 

512x8 
512x8 
512x8 
512x8 

1024x4 
1024x4 
1024x8 
1024 x 8 
1024x8 
1024x8 
1024 x 8 
1024x8 
2048x4 
2048x4 

2048x8 
2048 x 8 
2048 x 8 
2048x8 
2048 x 8 
2048 x 8 
4096x4 

2300 mil package 

Part Number 

MCM27S19* 
MCM7621 
MCM7621A 
MCM7641 

I 
MCM7641A 

~~~~~~A 
IVI~IVI/()l-+"'M 

MCM27S29* 
MCM27S31* 
MCM27S25* 
MCM27S27* 
MCM7643 
MCM7643A 
MCM7681 
MCM7681A 
MCM27S181 * 
MCM27S281 * 
MCM27S355* 
MCM27S376* 
MCM7685 
MCM7685A 

MCM76161 
MCM76161A 
MCM27S191 
MCM27S291 
MCM27S455 

MCM27S476 
MCM76165 

Access Time 
(ns max) 

25 
70 
60 
70 
60 
60 
'"tv 

35 
35 

See Note 3 
See Note 3 

70 
50 
70 
50 
35 
35 

See ~ote 3 
See Note 3 

70 
55 

70 
50 
35 
35 

See Note 3 
See Note 3 

35 

3Registered Outputs - 20 ns max clock to output 

35 ns max address to clock setup time 

46Qo mil package 

5Asynchronous register 

(Not all speed selectio ns shown) 6Synchronous register 

® MOTOROI.A Semiconductor Products Inc. 

No. of 
Pins 

16 
16 
16 

No. of 
Pins 

16 
16 
16 
24 

~~ I I 
2v 
20 
24 
24 
22 
18 
18 
24 
24 
244 
242 
24 
24 
18 
18 

24 
24 
244 
242 

24 
24 
20 
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Memory Selector Guide 

ROMs 
MaS STATIC ROMs (+5 Volts) MaS Binary ROMs ( + 5 Volts) 

Character Generators7 Access Time No. of 
Organization Part Number (ns max) Pins 

Access Time No. of 2048 x 8 MCM68A316EP 350 24 
Organization Part Number (ns max) Pins 2048 x 8 MCM68A316EP91 8 350 24 
128x(7x5) MCM6670P . 350 18 4096x8 MCM68A332P 350 24 
128x (7x 5) MCM6674P 350 18 4096 x 8 M CM68A332P23 350 24 
128x (9x7) MCM66700P 350 24 8192x8 MCM68364P35 350 24 
128x (9x 7) MCM66710P 350 24 8192x8 MCM68364P35-~ 350 24 
128x (9x 7) MCM66714P 350 24 8192 x 8 MCM68364P25 250 24 
128x(9x7) MCM66720P 350 24 8192x8 MCM68364P20 200 24 
128x (9x7) MCM66730P 350 24 8192 x 8 MCM68365P25 250 24 
128x(9x7) MCM66734P 350 24 8192 x-S MCM68365P35 350 24 
128x (9x 7) MCM66740P 350 24 8192x8 MCM68366P25 250 .24 
128x (9x 7) MCM66750P 350 24 8192 x 8 MCM68366P35 350 24 
128x(9x7) MCM66760P 350 24 16384 x 8 MCM63128P15 150 28 
128x (9x7) MCM66770P 350 24 16384 x 8 MCM63128P20 200 28 
128x (9x 7) MCM66780P 350 24 32768 x 8 MCM63256P15 150 28 
128x (9x 7) MCM66790P 350 24 32768 x 8 MCM63256P20 200 28 

CMOS ROMs ( + 5 Volts) 

Access Time No. of 
Organization Part Number (ns max) Pins 

256x4 MCM14524 1200 16 
2048 x 8 MCM65516P43 430 18 
2048 x 8 MCM65516P43M8 430 18 

Operating temperature ranges: 

MOS - O°C to 70°C 
ECl - OOC to 75°C 

2048 x 8 MCM65516P55 

TTL - Military -55°C to + 125°C, Commercial O°C to 75°C 

* To be introduced. 
(No! all speed selections shown) 

550 18 

7 Character generators include shifted and unshifted characters. 

ASCII alphanumeric control. math. Japanese British. German. 
European and French symbols. 

8Standard Patterns for MOS ROMs: 

MCM68A316EP91 - Universal Code Converter and Character 

Generator 
MCM68A332P2 - Sine/Cosine look-Up Table 
MCM68364P35-3 - log/Antilog look-Up Table 
MCM65516P43M - MCl46805 Monitor Program 

L...-____ ® ItIIOTOROL.A Semiconductor Products Inc. 
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® MOTOROLA 

SEMICONDUCTORS 
3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

Advance InforID.ation 

16,384-BIT DYNAMIC RAM 

The MCM4517 i$ a 16,384-bi~, high-speed, dynamic Random-Access 
Memory. Organized as 16,384 one-bit words and fabricated using 
HMOS high-performance, N-channel, silicon-gate technology. This 
new breed of 5-volt only dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row- and column-address inputs, the MCM4517 re
quires only seven address lines and permits packaging in standard 16-pin 
dual-in-line packages. Complete address decoding is done on chip with 
address latches incorporated. Data out is controlled by CAS allowing 
for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM4517 incorporates a one-transistor cell design and dynamic 
storage techniques. 

• Organized as 16,384 Words of 1 Bit 

• Single + 5 Volt Operation 

• Fast 100 ns Operation 

• Low Power Dissipation: 
170 mW Maximum (Activel 
14 mW Maximum (Standbyl 

• Maximum Access Time 
MCM4517-10 - .100 ns 
MCM4517-12 - 120 ns 
MCM4517-15 - 150 ns 
MCM4517-20 - 200 ns 

• Three-State Data Output 

• Internal Latches for Address and Data Input 

• Early-Write Common I/O Output Capability 

• 64K Compatible 128-cycle, 2 ms Refresh 

• RAS-only Refresh Mode 

• CAS Controlled Output 

• Upward Pin Compatibility from the 16K RAM (MCM4116) to the 64K 
RAM (MCM6664) 

• Allows Undershoot VIL min = - 2 V 

• Hidden RAS Only Refresh Capability 

BLOCK DIAGRAM 

Al ~ AO~ +-Voo 
+-Vss 

A2 al 

A3 ! 
M ~ 
N5 

o 

1 of 128 Row a; 
Decoder )_ 

64x 128 Cell 
Memory Array 

This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MCM4517 

MOS 
(N-CHANNEL, SILICON-GATE) 

16,384-BIT 
DYNAMIC RAM 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

N/C VSS 

D CAS 

W 0 

~ A6 

AO A3 

A2 A4 

A1 A5 

VCC N/C 

PIN NAMES 

AO-A6 ....................... '" . Address Input 
D .......................................... Data In 
O ........................................ Data Out 
W ............................ Read/Write Input 
RAS ..................... Ro\-·v Address Strobe 
·CAS ................ Column Address Strobe 
VCC ............................. Power (+5 V) 

VSS· .. ··· .. · .... · .. ··· .. ······· .. ········Ground 

This device contains circuitry to p'rotect the in
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. 

©MOTOROLA INC., 1981 
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MEMORY Motorola Semiconductor 

® MOTOROLA 

SEMICONDUCTORS 
3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

Advance Information L...... _____ . 

64K BIT DYNAMIC RAM 

The MCM6665B is a 65,536-bit, high-speed, dynamic Random
Access Memory. It is organized as 65,536 one-bit words and fabricated 
using HMOS high-performance N-channel silicon-gate technology, and 
is a yield enhanced version of our popular MCM6664A, featuring a 
smaller die size and redundancy. 

By multiplexing row- and column-address inputs, the MCM6665B 
requires only eight address lines and permits packaging in standard 
16-pin dual-in-line packages. Complete address decoding is done on 
chip with address latches incorporated. Data out is controlled by CAS 
allowing for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6665B incorporates a one-transistor cell design and dynamic 
storage techniques. 

• Organized as 65,536 Words of 1 Bit 

• Single 5 V Operation (± 10%) 

• Maximum Access Time 
MCM6665B-15 = 150 ns 
MCM6665-20 = 200 ns 

• Low Power Dissipation 
302.5 mW Maximum (Active) MCM6665B-15) 
22 nW Ma)imum (Standby) 

• Three-State Data Output 

• Internal Latches for Address and Data Input 

• Early-Wrote Common 1/0 Capability 

• 16K Compatible 128-Cycle, 2 ms Refresh 

• i'iAS-only Refresh Mode 

• CAS Controlled Output 

• Upward Pin Compatible from the 16K RAM IMCM4116, MCM4517) 

• Fast Page Mode Cycle Time 

AD 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

BLOCK DIAGRAM 

Predmrgf, 

~ Memory 
~ 

Memory 

~ ~ Array Array 
~ 

• g- o 

~ 
Row Decoder ~ Row Decoder 

~ 
Memory 

'0 Memory u 

· ~ Array Array 

0 • ~ Memory Memory 

.. ~ Array ~ Array 

en .. ~ 
Row Decoder lrl Row Decoder 0 

~ :g .. ~ Memory '0 Memory 
recharge Array u Array 
Clock 

°Refresh Function Available on MCM6664B 

I"-
r--

_Vcc 
4-VSS 

roo-

~ 
8 '" -£i 
~ t-
~ l-

g '" 

~'" 
~ (.i 
,:: 

:; 

I--

liAs 

CAS 

Wnte,iN 

~* 

Data In. 0 

Output 
Data. 0 

This document contains information- on a new product. Specifications and information herein 
are subject to change without notIce. 

MCM66658 ] 

MOS 
IN-CHANNEL, SILICON-GATE) 

65,536-BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

- PSUFFIXl 
PLAS flC PACK,~GE 

CASE 648 

J 

AQ·A7 
D. 
o 
iN 
RAS 
CAS 
VCC 
VSS 

PIN ASSIGNMENT 

N/C 

PIN NAMES 

VSS 

CAS 

A6 

A3 

A!J 

Address Input 
Data In 

Data Out 
Read/Write Input 

Row Address Strobe 
Column Address Strobe 

Power I +b VI 
Ground 

This device contains circuitry to ptoted the 
inputs against damage due to high static 
voltagES or electric fields; however, it is 
advised that normal precautions be ta~en to 
avoid application of any voltage higher than 
ma.imum rated voltages to this high
impedance circuit. 
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3501 ED BLUESTEIN BLVD., AUSTIN, TEXAS 78721 

Product Preview 

64K BIT DYNAMIC RAM 

The MCM6665C is a 65,536-bit. high-speed, dynamic Random
Access Memory. Organized as 65,536 cine-bit words and fabricated 
using HMOS high-performance N-channel silicon-gate technology, this 
new breed of 5-volt only dynamic RAM combines high performance 
with low cost and improved reliability. 

By multiplexing row- and column-address inputs, the MCM6665C 
requires only eight address lines'and permits packaging in standard 
16-pin dual-in-line packages. Complete address decoding is done on 
chip with address latches incorporated. Data out is controlled by CAS, 
allowing for greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The MCM6665C incorporates a one-transistor cell design arid dynamic 
storage techniques. 

• Organized as 65,536 Words of 1 Bit 

• Single + V Operation (± 10%) 

• Full Power Supply Range Capabilities 

• Maximum Access Time 
MCM6665C-12 = 120 ns 
MCM6665C-15 = 150 ns 
MCM6665C-20 = 200 ns 

• Low Power Dissipation 

• Three-State Data Output 

• Internal Latches for Address and Data Input 

• Early-Write Common 1/0 Capability 

• 16K Compatible 128-Cycle, 2 ms Refresh 

• RAS-only Refresh Mode 

• CAS Controlled Ouput 

• Upward Pin Compatible from the 16K RAM (MC4116, MCM4517) 

• Fast Page Mode Cycle Time 

• 'Redundancy Added 

BLOCK DIAGRAM 

Prec;harge 

~ Memory 
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Memory 
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Array Array 
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e: 

Row Decoder 
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en ~ .. ~ Row Decoder 0 Row Decoder 

~ .. :g 
« Memory '0 Memory 
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This document contains information on a n~w product. SpeCifications and herein 
are subject to change without notice. 

MCM6665C 

MOS 
(N-CHANNEL, SILICON-GATE) 

65, 536-BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

----

16 
1 

AD-A7 . 
o 
a .. 
W 
RAS 
CAS 
VCC 
Vs.s. . 

P SUFFIX 
PLASTIC PACKAGE 

CASE 648 

PIN ASSIGNMENT 

VCC 

PIN NAMES 

VSS 

CAS 

a 
A6 

A3 

A5 

A7 

Address Input 
.. Data In 
Data Out 

Read/Write Input 
Row Address Strobe 

.. Column Address Strobe 
Power(+ 5VI 

. Ground 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; 
however, it IS advised that normal 
precautions be taken to avoid applica
tion of any voltages to this hlgh
impedance circuit. 

@ Motorola Inc., 1983 AD 1-999 
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Product Previe~ 

256K-BIT DYNAMIC RAM 

The MCM6256 is a 262,144 bit, high-speed, dynamic Random Access 
Memory. Organized as 262,144 one-bit words and fabricated using 
Motorola's high-performance silicon-gate MOS (HMOS) technology, 
this new single + 5 volt supply dynamic RAM combines high perfor
mance with low cost and improved reliability. The MCM6256 has the 
capability of using laser fuse redundancy and is manufactured using ad
variced direct-step on wafer photolithographic equipment. 

By multiplexing row and column address inputs, the MCM6256 re
quires only nine address lines and permits packaging in standard 16-pin 
300 mil wide dual-in-line packages. Complete address decoding is done 
on-chip with address latches incorporated. Data out (Q) is controlled by 
~ allowing greater system flexibility. 

All inputs and outputs, including clocks, are fully TTL compatible. 
The iviCivi6256 incorporates a one transistor cell design and dynamic 
storage techniques. In addition to the 'RAS-only refresh mode, a CAS 
before RAS automatic refresh is available. Another special feature of 
the MCM6256 is nibble mode, allowing the user to serially access 4 bits 
of data at a high data rate. Nibble mode address is controlled by the ad
dresses on pin 1 (A8 row and A8 column). 

• Organized as .262,144 Words of 1 Bit 
., Single +5 Volt Operation (± 10%) 

• Maximum Access Time: 
MCM6256-10= 100 ns 
MCM6256-12= 120 ns 
MCM6256-15= 150 ns 

• Low Power Dissipation: 
70 mA maximum (Active) MCM6256-10 
4 mA maximum (Standby) 

• Three-State Data Output 

• Early-Write Common I/O Capability 

• 256 Cycle, 4 ms Refresh 

• RAS-Ohly Refresh Mode 
• Automatic (CAS before RAS) Refresh Mode 

• Fast Nibble Mode on Read and Write Cycles 
20 ns Access Time 
40 ns Cycle Time 

Memory 
Array 

Spare Bits , \ 
I I II 

Decoder Memory 
Array 

C/) 

« 
a: 

AS 

<fl 
.:,,! 
(.l 
o 
U 

AD 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

Decoder Decoder Nibble 
Decoder 

Memory 
Array 

Decoder Memory 
Array 

r- AS 

RAS 

Write, W 

Data In, D 

Data Out, Q 

This document contains information on a product under development. Motorola reserves the 
right to change or discontinue this product without notice. 
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MCM6256 

MOS 
(N-CHANNEL, SILICON-GATE) 

262,144 BIT 
DYNAMIC RANDOM ACCESS 

MEMORY 

,~ 
1 

L SUFFIX 
CERAMIC PACKAGE 

CASE 690 

PIN ASSIGNMENT 

AS VSS 

D CAs 
TN Q 

RAS A6 

AD A3 

A2 A4 

A1 A5 

VCC A7 

PIN NAMES 

AO-AS. . ............ Address Input 
D ............................ Data In 
Q .......................... Data Out 
W. . . . . . ... . ... Read/Write Input 
RAS. . . . . . . Row Address Strobe 
CAs ........... Column Address Strobe 
V CC ................... Power (+ 5 V) 

I VSS . . . ........... Ground I 

This device contains circuitry to protect 
the inputs against damage due to high 
static voltages or electric fields; however, 
it is advised that normal precautions be 
taken to avoid application of any voltage 
higher than maximum rated voltages to 
this high-impedance circuit. 

©MOTOROLA INC.; 1982 
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FAST 16K BIT STATIC RAM 

The MCM2016H is a 16,384-bit Static Random Access Memory 
organized as 2048 words by 8 bits, fabricated using Motorola's High
performance silfcon-gate MOS (HMOS) technology. It uses an in
novative design approach which combines the ease-of-use features of 
fully static operation (no external clocks or timing strobes required) with 
the reduced standby power dissipation associated with clocked 
memories. To the user this means low standby power dissipation 
without the need for address setup and hold times, nor reduced data 
rates due to cycle times that are no longer than access times. Perfect for 
cache and sub-100 ns buffer memory systems, this high speed static 
RAM is intended for applications that demand superior performance 
and reliability. . 

Chip Enable rEi controls the power-down feature. It is not a clock but 
rather a chip control that affects power consumption. In less than a cy
cle time after chip enable (E) goes high, the part automatically reduces 
its power requirements and remains in this low-power standby mode as 
long as the chip enable (E) remains high. This feature provides signifi
cant system-level power savings. 

The MCM2016H is in a 24-pin dual-in-line 600 mil wide package with 
the industry standard J EDEC approved pinout and is pinout compatible 
with the industry standard 16K EPROM/ROM. A 24 pin dual-in-line 
300 mil wide package will also be available. 

• Single +5 Volt Operation (±10%) 
• Fully Static: No Clock or Timing Strobe Required 
• Fast Access Time: MCM2016H-45 - 45 ns (max) 

MCM2016H-55 - 55 ns (maxI 
MCM2016H-70 - 70 ns (max) 

• Power Dissipation: 120 mA Maximum (Active) 
20 mA Maximum (Standby) 

• Three-State Output 

BLOCK DIAGRAM 

A4 4 -
~ ~ A5 2- >-- - • A6 1 ~ Row • Memory Matrix 

A7 23 >-- Decoder • 128x 128 
A8 22 ==- • A9 19 ~ ----

Al0 . )----

J I 
9 

Doo 10 _:::I ~ 
Column I/O DOl 11 I ~;J ~ D02 13 ~;J Input 

D03 ..... ;J Data 
DQ4 14 I 

DQ5 15 I ..... ;:J Control 
Column Decoder 

~~ 

Pin 24=VCC 
Pin 12=VSS 

I 
• 

---.!...-

DQ6 16 I 
D07 I ~;:J 

B~ 'ij 6H 5~, 1: ~ 

, AO bA1 A2 A3! • I I 
..... 1 : 

I 
't: 

E 18 

G 20 Control 

W 21 Logic 

This document contains Information on a new product. Specifications and Information herem 
are subject to change without notice 
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MCM2016H 

MOS 
(N-CHANNEL, SILICON-GATE) 

2,048 X 8 BIT 
STATIC RANDOM 
ACCESS MEMORY 

Y SUFFIX 
CERAMIC PACKAGE 

CASE 716-00 

L SUFFIX 
CERAMIC PACKAGE 

CASE 716-06 

P SUFFIX PLASTIC PACKAGE 
ALSO AVAILABLE - CASE 709 

A7 

A6 

A5 

A3 

A2 

001 

002 

PIN ASSIGNMENTS 

PIN NAMES 
AO-A 10 .......................... Address Input 
DOO-DOl ................ Data Input/Output 
W .................................. Write Enable 
G ................................. Output Enable 
t. ................................ ' ... Chip Enable 

I Vee ............................. power(+5vll 
I vss········· .. ·· .. ············ .. ········.Ground 

©MOTOROLA INC .. 1983 ADI-951-R1 
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Advance Information 

FAST 16K BIT STATIC RAM 
The MCM2167H is a 16,384-bit Static Random Access Memory orga

nized as 16,384 words by 1 bit, fabricated using Motorola's High
performance silicon-gate MOS (HMOS) technology. It uses an innova
tive design approach which combines the ease-of-use features of fully 
static operation (no external clocks or timing strobes required) with the 
reduced standby power dissipation associated with clocked memories. 
To the user this means low standby power dissipation without the need 
for address setup and hold times, nor reduced data rates due to cycle 
times that are no longer than access times. Perfect for cache and 
sub-l00 ns buffer memory systems, this high speed static RAM is in
tended for applications demanding superior performance and reliability. 

Chip Enable (E) controls the power-down feature. It is not a clock but 
rather a chip control that affects power consumption. In less than a 
cycle time after Chip Enable (E) goes high, the part automatically 
reduces its power requirements and remains in this low-power standby 
mode as long as the Chip Enable (E) remains high. This feature provides 
significant system-level power savings. 

The MCM2167H is in a 20 pin dual-in-line package wi.th the industry 
standard pinout. It is TTL compatible in all respects. The data out has 
the same polarity as the input data. A data input and a separate three
state output provide flexibility and allow easy OR-ties. 

• Single + 5 V Operation (± 10%) 

• Fully Static Memory - No Clock or Timing Strobe Required 

• Fast Access Time: MCM2167H-35 - 35 ns Max. 
MCM2167H-45 - 45 ns Max. 

• Power Dissipation: 120 mA Maximum (Active) 
20 mA Maximum (Standby) 

• Low Power Also Available: MCM21 L67H 

• Automatic Power Down 

BLOCK DIAGRAM 

AO 
Vcc=Pin 20 

2 
Al • 
A2 

3 Memory Array 

4 Row 128 Rows 
A3 Select • 128 Columns 

17 
All 

A12 
18 

• 19 
A13 

12 • • • 
D Column 1/0 Circuits 

Ell 

A4 A5 A6 A7 AS A9 Al0 

This document contains information on a new prciduct. Specifications and information herein 
are subject to change without notice. 
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Vss=Pin 10 

Q 

MCM2167H 

MOS 
IN-CHANNEl, SILICON-GATE) 

16,384-BIT STATIC 
RANDOM ACCESS 

MEMORY 

I~ Irw 
LV U II U 

~ 2O~~~]~ ~ ~ 

L SUFFIX 
CERAMIC PACKAGE 

CASE 729 

P SUFFIX 
PLASTIC PACKAGE 

CASE 738 

Z SUFFIX 
LEADLESS CHIP CARRIER 

CASE 7568 

PIN ASSIGNMENT 

VCC 

Al A13 

A12 

All 

,A,4 Al0 

A5 A9 

A6 A8 

A7 

PIN NAMES 

AO-A 13 ................. Address Input 
Vii . ...................... Write Enable 
E ........................ Chip Enable 
D ......................... Data Input 
Q ........................ Data Output 
V CC ................... Power ( + 5 V) 
VSS ......................... Ground 

©MOTOROLA INC .• 1983 
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24 PIN-COMPATIBLE 64K ROM FAMILY 

MCM68364 

A7 1 
A6 2 
AS 3 
A4 4 
A3 5 
A26 
Al 7 
AlJ8 
009 
01 10 
02 11 

Vss 12 

24 Vee 
23M 
22'" 
21 1 
20 E 
18 Al0 
18 All 
17 07 
16 Q8 

15 05 
14 04 
13 03 

• EDGE ACTIVATED 

• POWEROOWN 

• ADDRESS LATCH 

MCM68365 

A7 1 
M2 
AS3 
A44 
A3 5 
A28 
A1 7 
AlJ8 
008 
01 10 
02 11 

Vss 2 

• FUllY STATIC 

• PQWER DOWN 

• IACC = tCYClE 

MCM68365 

CHARACTERISTICS 

• 8192)( 8 MASK PROGRAMMABLE ROM 

• SINGLE + 5 VOLT 10% SUPPLY 

• PIN COMPATIBLE WITH 8K, 16K, AND 32K ROMs 

• FUllY STATIC OPERATION 

• AUTOMATIC POWER DOWN 

• LOW POWER DISSIPATION 
225 mW ACTIVE (TYPICAL) 
30 mW STANDBY (TYPICAL) 

• MAXIMUM ACCESS TIMEs: 
68365C3O - 300 ns 
68365C35 - 350 ns 

MCM68367 

CHARACTERISTICS 

• 8K )( 8 HMOS MASK PROGRAMMABLE ROM 

• PAGE MODE - ACCESS TOP HALF OR 
BOnOM HALF OF THE 4K BYTES 

• APPEARS TO OUTSIDE WORLD 
AS 4K )( 8 STANDARD ROM 

• FULLY STATIC OPERATION (NO CLOCKS) 

• SUPPLY CURRENT 
100 mA ACTIVE (MAX) 

• MAXIMUM ACCESS TIME - 450 ns 

• PROGRAM LAYER LATE IN PROCESS 

4054 

MCM68366 

A7 1 
M 2 
AS 3 
A4 4 
A3 5 
A2 8 
Al 7 
AIJ, 
0011 
01 10 
02 11 

Vss 12 

• FUllY STATIC 

• OUTPUT ENABLE 

• FAST ACCESS 

PINOUT 

A7M24 vee 
A6 2 23P A8 
A5 ~ 220 A9 

A4 ~4 21~ A12 
A3s 2001;: 
A2 6 1911 Al0 

Al

t
"7_ i8JAll 

AD 8 17~ 07 
QO 9 16 06 

'" " ill Q, 

01 10 15 05 
02 11 14 04 

PINOUT 

A7 
A6 
AS 
A4 4 
A3 
A2 
Al 7 
AD 
ao 
01 10 
02 11 

Vss 2 

19 AID 
18 All 
17 07 
16 as 
15 05 
14 Q4 

1 03 

24 PIN-COMPATIBLE 64K ROM FAMILY 
(CONTINUED) 

MCM683641S/6 

A7 1 
M2 
AS 3 
A4 4 
A3 5 
A26 
Al 7 
AlJ8 
0011 
01 0 
02 11 

Vss 12 

MCM68367 . 

A7 
A6 
A5 
A404 
A3 
A26 
Al 7 
AO 
00 
01 
02 

Vss 

• FUllY STATIC 
• PAGE MODE 

MCM68366 

CHARACTERISTICS 

• 8192)( 8 MASK PROGRAMMABLE ROM 

• SINGLE + 5 VOLT 10% SUPPLY 

• 'fo!OI}STR'! STAN!)AP.O 24 PIN PACl<AGE 

• FULLY STATIC OPERATION (NO CLOCKS OR STROBES) 

• FAST 150 ns ACCESS TIME FROM OUTPUT ENABLE 

• LOW POWER DISSIPATION 
225 mW ACTIVE (TYPICAL) 

• FULLY TTL COMPATIBLE 

• MASK PROGRAMMABLE OUTPUT ENABLE 

• PIN COMPATIBLE WITH MCM88788 (84K EPROM) 

MCM68368 

CHARACTERISTICS 

• 8K)( 8 HMOS MASK PROGRAMMABLE ROM 

• MEMORY IS DIVIDED INTO EIGHT 
1 K )( 8 BYTES WHICH ARE SELECTED 
BY INDIRECT ADDRESSING 

• APPEARS TO OUTSIDE WORLD AS 
4K )( 8 ROM STANDARD PACKAGE 

• FULLY STATIC OPERATION (NO CLOCKS) 

• SUP~l Y CURRENT 
125 mA ACTIVE (IIAX) 

• MAX ACCESS nilE - 450 n. 

• PROGRAII LAYER LATE IN PROCESS 

MCM68368 

A7 • 
A6 
AS 
A4 4 
A3 
A2 
Al 7 
AIJ 
00 
01 0 
02 

Vss 

• FUllY STATIC 
• BANK SELECT 

PINOUT 

A1r124 Vee 
A8 2. 23 A8 
A53 22A. 
A4 4 21 A12 
c.JS AI., u 
A2 d8 1I1p Al0 
Al 7 I' All 
AIJ , 17 '07 
00 , 18 Q8 

01 10 IS OS 
02 11 14 Q4 

Vss 12 13 03 

PINOUT 

A7. 24 Vee 
,. 23,. 
AS 22", 
A4 21 52 
A3 20 SI 
A2 111 Al0 
Al 18 All 
AIJ 17 Q7 

:, rj10 ~: 
Q2 ql1 104P Q4 

VSS~Q3 
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Nonvolatile Memories 

28 PIN-COMPATIBLE ROM FAMILY 

N/C 
A12 

A1 
A6 
AS 
A4 
A3 
A2 
A1 
AO 
QO 
Q1 
Q2 

VSS 

MCM68369 

.64K 
(8K X 8) 

MCM68369 

CHARACTERISTICS 

• 8K x 8 NMOS MASK PROGRAMMABLE 
ROM 

• INDUSTRY STANDARD 28 PIN PACKAGE 
• FULLY STATIC OPERAnON (NO 

CLOCKS OR STROBES) 
• SUPPLY CURRENT 

100 rnA ACTIVE (MAXIMUM) 
• MAXIMUM ACCESS nME - 350 na 
• MASK PROGRAMMABLE CHIP SELECTS 

AND OUTPUT ENABLE . 
• PROGRAM LAYER LATE IN PROCESS 

MCM63128 

CHARACTERISTICS 

• 16K x 8 HMOS MASK PROGRAMMABLE 
nVii 

• INDUSTRY STANDARD 28 PIN PACKAGE 
• FULLY STATIC OPERATION (NO 

CLOCKS OR STROBES) 
• SUPPLY CURRENT 

100 RIA ACTIVE (MAXIMUM) 
15 ri1A STANDBY (MAXIMUM) 

• MAXIMUM ACCESS TIME - 200 na 
• MASK PROGRAMMABLE CHIP AND OUT· 

PUT ENABLES 
• PROGRAM LAYER LATE IN PROCESS 
• THE FUNCTIONS ~ AND! ON PINS 20 

AND 27 CAN BE INTERCHANGED AT 
USERomON 

• a CAN BE OReeI OR ANDecI WITH! OR r 
AT USER.OPTION 

MCM68370 

.64K 
(8K x 8) 

PINOUT 

PINOUT 

N/C 
A12 

A1 
A6 
AS 
A4 
A3 
A2 
A1 
AO 
QO 
Q1 
02 

VSS 

MCM63128 MCM63256 
N/C 28 
A12 27 
A7 26 
A6 25 
AS 24 A9 
A4 23~A11 
A3 22! G 
A2 8 21 ~10 
A1 ~9 20 E 
AO d10 19P 07 
ao d11 l8p 06 
01 L'12 . 17p 05 
Q2 13" 16P 04 

Vss 14 ~03 

• 128K 
(16K x 8) 

• 256K 
(32K X 8) 

MCM68370 

CHARACTERISTICS 

• 8K x 8 NMOS MASK PROGRAMMABLE 
ROM 

• INDUSTRY STANDARD 28 PIN PACKAGE 
• FULLY STATIC OPERATION (~O 

CLOCKS OR STROBES) 
• SUPPLY CURRENT 

100 mA AcnVE (MAXIMUM) 
15 mA STANDBY (MAXIMUM) 

• MAXIMUM ACCESS nME - 350 ns 
• MASK PROGRAMMABLE CHIP ENABLE, 

OUTPUT ENABLE, AND CHIP SELECTS 
• PROGRAM LAYER LATE IN PROCESS 

MCM63256 

CHARACTERISTICS 

• 32,788x8 HMOS MASK PROGRAMMABLE ROM 
• INDUSTRY STANDARD 28 PIN PACKAGE 
• FULLY STATIC OPERATION (NO CLOCKS OR 

STROBES) 
• SUPPLY CURRENT 

100 mA ACTIVE (MAXIMUM) 
15 mA STANDBY (MAXIMUM) 

• MAXIMUM ACCESS TIME - 150 n. 
• MASK PROGRAMMABLE CHIP AND OUTPUT 

ENABLES 
• ADDRESS (A14) IS USER SELECTABLE FOR 

EITHER PIN 27 OR PIN 1 
• PROGRAM LAYER LATE IN PROCESS 

PINOUT 

Ne 1, 
A12 2 

A7 3 
AS 4 
AS 5 
A4 8 
A3 7 
A2 8 
A1 9 
AIJ 10 
QO 1 
01 12 
Q2 3 

Vss 14 

PINOUt 

NIC d1'-!28b V~r. 
A12 2 27 Ali 

A7 3 28 A13 
AS4 25M 
A56 24M 
A4 8 23 A11 
A3 7 1I 
A2 8 21 Al0 
A1 9 20 E 
AIJ 10 19 07 
QO 11 18 Q8 
01 12 17 05 
02 13 16 04 

Vss 14 15 03 

® MOTOROLA Semiconductor Products Inc. 
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Advance Information 

12BK BIT READ ONLY MEMORY 

The MCM63128 is a MOS mask programmable. byte-oriented, Read
Only Memory (ROM), The MCM63128 is organized as 16 x 8 and is 
fabricated using Motorola's high performance N-channel silicon gate 
technology (HMOS), This device is designed to provide maximum 
circuit density and reliability with the highest possible performance. It 
remains fully compatible with TTL inputs and outputs while maintaining 
low power dissipation and wide operating margins. The MCM63128 
also contains circuitry for current surge suppression which maintains 
the chip in an internal deselect mode until VCC approaches 2.5 volts, at 
which time the chip is internally selected. 

There are numerous logical nor or NAND combinations between Chip 
Enable (E), Chip Select (~), and Output Enable (G) that tri state the 
device. This feature is selected by the user and placed into effect with 
the mask programming. The active level of the Chip Enable (~), Chip 
Select (5), and the Output Enable (~), along with the memory 
contents, are definoo by the user. 

The Chip Enable input cotntrols the automatic power down feature 
which deselects the outputs and reduces the power consumption. 

• Single + 5 Volt (± 10%) Supply 
• Fully Static Periphery - No Clocking Required on Chip Enable 

• Power Dissipation 
100 mA Acti~e (Maximum) (Unloaded) 
15 mA Standby (Maximum) 

• Program Layer l.ate in Process for Quick Turnaround Time 

• 150 ns - MCM63128P15 
200 ns - MCM63128P20 

• Maximum Accll'JS from Address and Chip Enable 
60 ns - MCM63128P15 
80 ns- MCM63128P20 

• Active Level for Chip Enable and Output Enable are User 
Selectable 

• 28-Pin JEDEC Standard Package and Pinout 

BLOCK DIAGRAM 

M"~ . ~ 0 ~" 00 

Al 9 ' Memory 3-Slele 12 01 
A2 8 Matrix Output 13 02 
A3 7 Address· (16384 x 81· Buffers 15 03 
A4 6 Decode: ': 16 Q4 
A5 5 17 05 
A6 4 18 06 
A7' 3 ' 19 07 
A8 25 
A9 24 
Al021 
All 23 
A122 
A1326 

EI' 20i 
G7 22i 
~ 271 

VCe=Pin 28 
VSS= Pin '14 

This document contains inform;~';';;'" product. Specifications end information herein 
are subject to change without I'lotice. 

I· MCM63128 ] 

HMOS 
IN-CHANNEL, SILICON GATE) 

16.384 X 8 BIT 
READ ONLY MEMORY 

r-----------------------

~ ~~'U:·SUFFIX 
1 PlAS TIC PACKAGE 

CASE 710 

PIN ASSIGNMENT 

N/eql~vce 

A6 ~4 
A5 5 

00· 11 

01 12 

02 13 

Mr 
VSS 14 

AO-A13 , 
E 
G. 
~ .' 
00-07 . 
Vee· 
VSS· 

S 
A13 

25~ AS 
24 A9 

All 

G 
Al0 

E 

T' 18 O{) 

17 05 

16 04 

15 03 

PIN NAMES 

.. Address 
.. ehip Enable 

... Output Enable 
, ,ehip Select 

... Data Output 
. + 5 V Power Supply 

.. Ground 

©MOTOROLA INC .. 1983 
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Advance Information 

256K BIT READ ONLY MEMORY 
The MCM63256 is a MOS mask programmable byte-oriented, Read

Only Memory (ROMI. The MCM63256 is organized as 32K x 8 and is 
fabricated USing Motorola's high performance N-channel silicon gate 
technology (HMOSI. This device is designed to provide maximum cir
cuit density and reliability with the highest possible performance. It re
mains fully compatible with TTL inputs and outputs while maintaining 
low power dissipation and wide operating margins. The MCM63256 
also contains circuitry for current surge suppression which mainiains 
the chip in an internal deselect mode until Vec approachs 2.5 volts, at 
which time the chip is internally selected. -

The aClive level of the Chip Enable and the Output Enable, along with 
the memory contents, are defined by the user. The user can also define 
the pinout assignment for address (A 14) to either pin 27 or pin 1. 

The Chip Enable input controls the automalic power down feature 
which deselects the outputs and reduces the power consumption. 

• Single + 5 Volt (± 10%) Supply 
• Fully Static Periphery - No Clocking Required on Chip Enable 

• Power Dissipation 
100 mA Active (Maximum) (Unloaded) 
15 mA Standby (Maximum) 

• Program Layer Late in Process for Quick Turnaround Time 

• Maximum Access from Address and Chip Enable 
150 ns-MCM63256P15 
200 ns- MCM63256P20 

• Maximum Access from Output Enable 
60 ns-MCM63256P15 
80 ns-MCM63256P20 

• Address (A 14) is User Selectable for Either Pin 27 or Pin 1 
• Active level for Chip Enable and Output Enable are User Selectable 
• 28-Pin JEDEC Standard Package and Pinout 

BLOCK DIAGRAM 

~ "@ AI 9 
A2 8 
A3 7 Address 
A4 6 Decode 
A5 5 
A6 4 
A7 3 
A8 25 
A9 24 
Al021 
All 23 
A122 
A1326 
A1427 

.~ 20 • y-: 
'G 22 ~ 

• Active level defined by the user. 

11 00 
12 01 
13 02 
15 03 
16 04 
17 05 
18 06 
19 07 

Vee=Pin 2B 
Vss.Pin 14 

This document contains information on a new product. Specifications and informatfon-""flBreln 
are subject to change without notice. 

HMOS 
(N·CHANNEL, SILICON GATE) 

32.768 X 8 BIT 
READ ONLY MEMORY 

~~m 
1 PLASTIC PACKAGE 

AO 

01 

02 

Vss 

AO·A14 
E 
G 
00-07 
Vee 
Vss 

CASE 710 

PIN ASSIGNMENT 

PIN NAMES 

Vee 

A14 

A13 

Address 
ehlp Enable 

Output Enable 
Data Output 

+ 5 V Powor Supply 
Ground 
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Introduction 

GENERAL 

This generic Schottky PROM family by National Semiconductor makes available to the industry one of the widest selec
tions in sizes and organizations. Four-bit wide PROMs are provided with 256 to 4096 words in pin compatible 16 and 1Bpin 
dual-in-line packages. The B-bit wide devices range from 32 to 4096 words in a variety of packages. Being 'generic,' all 
PROMs share a common programming algorithm. 

TITANIUM-TUNGSTEN FUSES 

National's new Programmable Read-Only Memories (PROMs) feature titanium-tungsten (Ti:W) fuse links designed to 
program efficiently with only 10.5 Volts applied. The high performance and reliability of these PROMs are the result of 
fabrication by a Schottky bipolar process, of which the titanium-tungsten metalization is an integral part, and the use of an 
on-chip programming circuit. 

A major advantage of the titanium-tungsten fuse technology is the low programming voltage of the fuse links. At 10.5 Volts, 
this virtually eliminates the need for guard-ring devices and wide spacings required for other fuse technologies. Care is 
taken, however, to minimize voltage drops across the die and to reduce parasitics. The device is deSigned to ensure that 
worst-case fuse operating current is low enough for reliable iong-term operation. The Darlington programming circuit is 
liberally designed to insure adequate power density for blowing the fuse links. The complete circuit design is optimized to 
provide high performance over the entire operating ranges of Vee and temperature. 

TESTABILITY 

The Schottky PROM die includes extra rows and columns of fusable links for testing the programmability of each chip. 
These test fuses are placed at the worst-case chip locations to provide the highest possible confidence in the 
programmin'g tests in the final product. A ROM pattern is also permanently fixed in the additional circuitry and coded to 
provide a parity check of input address levels. these and other test circuits are used to test for correct operation of the row 
and column-select circuits and functionality of input and enable gates. All test circuits are available at both wafer and 
assembled device levels to allow 100% functional and parametric testing at every stage of the test flow. 

RELIABILITY 

As with all National products, the Ti:W PROMs are subjected to an on-going reliability evaluation by the Reliability 
Assurance Department. These evaluations employ accelerated life tests, including dynamiC high-temperature operating 
life, temperature-humidity life, temperature cycling, and thermal shock. To date, nearly 7.4 million $chottky Ti:W PROM 
device hours have been logged, with samples in Epoxy B molded DIP (N-package) and CERDIP (J-package). Device 
performance in all package configurations is excellent. 

~National 
~ Semiconductor 
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CD -a Bipolar PROM Selection Guide --::1 
CJ Size DIP Part TAA TEA ICC Temperature 

C 
(Bits) Organization (Pins) Number (Max) in nS (Max) in nS (Max) in mA Celsius 

0 256 32 x 8 OC 16 DM54S188 45 30 110 -55 to +125 --... 32 x 8 OC 16 DM74S188 35 20 110 O·to +70 U 32 x 8 TS 16 DM54S288 45 30 110 -55 to +125 CD - 32 x 8 TS 16 DM74S288 35 20 110 o to +70 
CD 
0 1024 256 x 4 OC 16 DM54S387 60 30 130 -55 to +125 

:E 256 x 4 OC 16 DM74S387 50 25 130 o to +70 
256 x 4 TS 16 DM54S287 60 30 130 -55 to +125 

0 256 x 4 TS 16 DM74S287 50 25 130 o to +70 

a: 
a.. 2048 512 x 4 OC 16 DM54S570 65 35 130 -55 to +125 ... 512 x 4 OC 16 DM74S570 55 30 130 o to +70 

ca 512 x 4 TS 16 DM54S571 65 35 130 -55 to +125 - 512 x 4 TS 16 DM74S571 55 30 130 o to +70 
0 512x 4 OC 16 DM54S570A 60 35 130 -55 to +125 
C. 512 x 4 OC 16 DM74S570A 45 25 130 o to +70 --m 512 x 4 TS 16 DM54S571A 60 35 130 -55 to +125 

512 x 4 TS 16 DM74S571A 45 25 130 o to +70 
512 x 4 TS 16 DM54S5718 50 35 130 -55 to +125 
512 x 4 TS 16 DM74S5718 35 25 130 o to +70 
256 x 8 TS 20 DM54LS471 70 35 100 -55 to +125 
256 x 8 TS 20 DM74LS471 60 30· 100 o to +70 

4096 512 x 8 OC 20 DM54S473 75 35 155 -55 to +125 
512 x 8 OC 20 DM74S473 60 30 155 o to +70 
512 x 8 TS 20 DM54S472 75 35 155 -55 to +125 
512 x 8 TS 20 DM74S472 60 30 155 o to +70 
512 x 8 OC 20 DM54S473A 60 35 155 -55 to +125 
512 x 8 OC 20 DM74S473A 45 25 155 o to +70 
512 x 8 TS 20 DM54S472A 60 35 155 -55 to +125 
512 x 8 TS 20 DM74S472A 45 25 155 o to +70 
512 x 8 TS 20 DM54S4728 50 35 155 -55 to +125 
512 x 8 TS 20 DM74S4728 35 25 155 o to +70 
512 x 8 OC 24 DM54S475 75 40 170 -55 to +125 
512 x 8 OC 24 DM74S475 65 35 170 o to +70 
512 x 8 TS 24 DM54S474 75 40 170 -55 to +125 
512 x 8 TS 24 DM74S474 65 35 170 o to +70 
512 x 8 OC 24 DM54S475A 60 35 170 -55 to +125 

.... 512 x 8 OC 24 DM74S475A 45 25 170 o to +70 
0 512 x 8 TS 24 DM54S474A 60 35 170 -55 to +125 ...... 
0 512 x 8 TS 24 DM74S474A 45 '25 170 o to +70 
::J 

512 x 8 TS 24 DM54S4748 50 35 170 -55 to +125 '0 
c: 512 x 8 TS 24 DM74S4748 35 25 170 o to +70 
0 512x8 REG 24* DM77SR474 40** 30 185 -55 to + 125 
.2 512x8 REG 24* DM87SR474 35** 25 185 o to + 70 
E 512x8 REG 24* DM77SR476 40** 30 185 -55 to + 125 
Q) 

512x8 REG 24* DM77SR25 40** 30 185 -55to+125 en 
512x8 REG 24* DM87SR476 35** 25 185 o to +70 

(ij 512x8 REG 24* DM87SR25 35** 25 185 o to + 70 
c: 1024 x 4 OC 18 DM54S572 75 45 140 -55 to +125 
0 1024 x 4 OC 18 DM74S572 60 35 140 o to +70 :;:: 
ctS 1024 x 4 TS 18 DM54S573 75 45 140 -55 to +125 
Z 1024 x 4 TS 18 DM74S573 60 35 140 o to +70 

1024 x 4 OC 18 DM548572A 60 35 140 -55 to +125 
1024 x 4 OC 18 DM74S572A 45 25 140 o to +70 
1024 x 4 TS 18 DM54S573A 60 35 140 -55 to +125 
1024 x 4 TS 18 DM74S573A 45 25 140 o to +70 
1024 x 4 TS 18 DM54S5738 50 35 140 -55 to +125 

1024 x 4 TS 18 DM74S5738 35 25 140 o to +70 

* - 24 Pin Narrow Dual Inline Package 
** - Set up Time 

~ National Semiconductor 

4058 © Ie MASTER 1984 



a:J 
Bipolar PROM Selection Guide ~ National Semiconductor --"'C 

0 -
Size DIP Part TAA TEA ICC Temperature m .... 
(Bits) Organization (Pins) Number (Max) in nS (Max) in nS (Max) in mA Celsius 

." 
8192 1024 x 8 OC ' 24 DM77S180 75 35 170 -55 to +125 ::D 

1024 x 8 TS 24* DM77S280 75 35 170 -55 to +125 0 
1024 x 8 OC 24 DM87S180 55 '30 170 o to +70 3: 
1024 x 8 TS 24* DM87S280 55 30 170 o to +70 en 
1024 x 8 OC 24 DM77S181 75 35 170 -55 to +125 CD 
1024 x 8 TS 24* DM77S281 75 35 170 -55 to +70 CD 
1024 x 8 OG 24 DM87S181 55 30 170 o to +70 n 
1024 x 8 TS 24* DM87S281 55 30 170 o to +70 .. --
1024 x 8 TS 24 DM77LS181 175 70 100 -55 to +125 0 
1024 x 8 TS 24 DM87LS181 120 50 100 o to +70 ~ 
1024 x 8 TS 24 DM77S181A 65 35 170 -55 to +125 C) 
1024 x 8 TS 24 DM87S181A 45 30 170 o to +70 C 
1024 x 8 REG. 24* DM77SR181 50** 30 175 -55 to + 125 --
1024 x 8 REG. 24* . DM87SR181 40** 25 175 o to +70 C. 

CD 
2048 x 4 OC 18 DM77S184 75 35 140 -55 to +125 
2048 x 4 OC 18 DM87S184 55 30 140 o to +70 
2048 x 4 TS 18 DM77S185 75 35 140 -55 to +125 
2048 x 4 TS 18 DM87S185 55 30 140 o to +70 
2048 x 4 TS 18 DM77S185A 60 30 140 -55 to +125 
2048 x 4 TS 18 DM87S185A 45 25 140 o to +70 
2048x4 TS 18 DM77S1858 50 30 140 - 55 to + 125 
2048x4 TS 18 DM87S1858 35 25 140 o to + 70 

16384 2048 x 8 OC 24 DM77S190 80 40 175 -55 to +125 
2048 x 8 TS 24* DM77S290 80 40 175 -55 to +125 
2048 x 8 OC 24 DM87S190 65 30 175 o to +70 
2048 x 8 TS 24* DM87S290 65 30 175 o to +70 
2048 x 8 OC 24 DM77S191 80 40 175 -55 to +125 
2048 x 8 TS 24* DM77S291 80 40 175 -55 to +125 
2048 x 8 OC 24 DM87S191 65 30 175 o to +70 
2048 x 8 TS ,24* DM87S291 65 30 175 o to +70 
2048 x 8 TS 24 DM77S191A 60 35 175 -55 to +125 
2048 x 8 TS 24 DM87S191A 45 30 175 o to +70 
2048x8 TS 24 DM77S1918 50 30 175 - 55 to + 125 

s-
O 

2048x8 TS 24 DM87S1918 35 25 175 o to + 70 ..... 
0 

4096x4 TS 20 DM77S195A 60 30 170 -55 to + 125 ::l 

4096x4 TS 20 DM87S195A 45 25 170 o to + 70 
"C 
s::: 

4096x4 TS 20 DM77S1958 50 30 170 -55 to + 125 0 

4096x4 TS 20 DM87S1958 35 25 170 o to + 70 
0 

E 
'32768 4096 x 8 TS 24 DM77S321 65 35 185 -55to +125 

(1.) 

en 
4096x8 _ TS 24 DM87S321 55 30 185 o to + 70 

(ij 
4096x8 TS 24* DM77S421 65 35 185 - 55 to + 125 s::: 
4096x8 TS 24* DM87S421 55 30 185 o to + 70 0 ..... 

Absolute Maximum Ratings (Note 1 ) Operating Conditions as 
Z 

Supply Voltage (Note 2) 
Min 

-0.5 to +7.0V 
Max Units 

Input Voltage (Note 2) -1.2 to +5.5V Supply Voltage (V cd 
Output Voltage (Note 2) -0.5 to +5.5V Military 4.50 5.50 V 
Storage Temperature -65 to +15OC Commercial 4.75 5.25 V 
Lead Temperature (10 seconds) 300C Ambient Temperature (T ~ 

Military -55 +125 °C 
* - 24 Pin Narrow Dual Inline Package Commercial 0 +70 °C 

** - Set up Time Logical "0" Input Voltage 0 0.8 V 
Logical "1" Input Voltage 2.0 5.5 V 

Note 1: Absolute maximum ratings are those values beyond which the device may be permanently damaged. They do not mean that the device may be operated at these values. 

Hole 2: These limits do not apply during programming. For the programming ratings. refer to the programming instructions. 
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DC Electrical Characteristics (Note 3) ~ National Semiconductor 
-

OM77S321 1421 OM87S321 1421 
Symbol Parameter Conditions Units 

Min. Typ. Max. Min. Typ. Max. 

III Input Load Current Vee = Max., VIN =0.45V -80 -250 -80 -250 J.l.A 

Vee = Max., VIN = 2.7V 25 25 J.l.A 
IIH Input Leakage Current 

Vee = Max., VIN = 5.5V 1.0 1.0 rnA 

VOL Low Level Output Voltage Vee = Min., IOl = 12mA 0.35 0.50 0.35 0.45 V 

Vll Low Level Input Voltage 0.80 0.80 V 

VIH High Level Input Voltage 2.0 2.0 V 

Ve Input Clamp Voltage Vee = Min., lIN = -18mA -0.8 -1.2 -0.8 -1.2 V 

CI Input Capacitance Vee = 5.0, VIN = 2.0V 4.0 4.0 pF 
TA = 25°C, 1MHz 

Co Output Capacitance Vee = 5.0V, Vo = 2.0V 6.0 6.0 pF 
TA = 25°C, 1MHz, Outputs Off 

Icc Power Supply Current Vee = Max., 135 185 135 185 rnA 
All Outputs Open 

TRI·STATE Parameters 

los Short Circuit Vo=OV, Vee=Max. -20 -70 -20 -70 rnA 
Output Current (Note 4) 

loz Output Leakage Vee = Max., Vo = 0.45 to 2.4 V -50 +50 -50 +50 J.l.A 
(TRI-STATE) Chip Disabled 

IOH =-2.0mA 2.4 3.2 V 
VOH Output Voltage High 

IOH =-6.5mA 2.4 3.2 V 
--

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

I I OM 77S:321 1421 OM87S321 1421 

... 

.... 

c 
3: 
....... 
:::! 
CO 
....... I I I Symboli P.:..rameter I JEOEC Symbol I I I I Units 

____ ~--------------------~--------------------_+-M-I-n-.~T-yp-.~M--ax-.~M-I-n-.+-T_y_p.~M __ ax_'~----__ 1 ~ 

~~----~------~~~~~~--I$ 
~----~--~~~~~I 

TAA Address Access Time TAVaV 40 65 40 55 ns 

TEA Enable Access Time TEVaV 20 35 20 30 

TEA Enable Recovery Time TEXaX 20 35 20 30 

Tzx Output Enable Time TEVaX 20 35 20 30 

Txz Output Disable Time TEXaZ 20 35 20 30 

AC Electrical Characteristics (With Standard Load and Operating Conditions) 

Symbol 
OM77S321 A/421A OM87S321 Al421 A 

Parameter JEDEC Symbol 
Min. Typ. Max. Min. Typ. Max. 

TAA Address Access Time TAVaV 35 35 

TEA Enable Access Time TEVaV 20 20 

TEA Enable Recovery Time TEXaX 20 20 

Tzx Output Enable Time TEVaX 20 20 

Txz Output Disable Time TEXaZ 20 20 

Note 3: These limits apply over the entire operating range unless stated otherwise. All typical values are for Vee = 5.0V and 
TA = 25°C. 
Note 4: During los measurement, only one output at a time should be grounded. Permanent damage may otherwise result. 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 
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Non-Registered PROM Programming Procedure 

National Schottky PROMs are shipped from the factory with all fuses intact. As a result, the outputs will be low 
(logical "0") for all-addresses. To generate high (logical "1") levels at the outputs, the device must be programmed. 
Information regarding commercially available programming equipment may be obtained_ from National. If it is 
desired to build your own programmer, the following conditions must be observed: 

1. Programming should be attempted only at ambient temperatures between 15 and 30 degrees Celsius. 

2. Address and enable inputs must be driven with TTL logic levels during programming and verification. 

3. Programming will occur at the selected address when Vee is at 10.5 volts, and at the selected bit locatioA when 
the output pin, representing that bit, is at 10.5 volts, and the device is subsequently enabled. To achieve these 
conditions in the appropriate sequence, the following procedure must be followed: 

a) Select the desired word by applying high or low levels to the appropriate address inputs. Disable the device by 
applying a high level to one or more "active low" chip enable-inputs. 

b) Increase Vee from nominal to 10.5 volts (plus or minus 0.5V) with a slew rate between 1.0 and 1 O.OV I Jls. Since 
Vee is the source of the current required to program the fuse as well as the Icc for the device at the 
programming voltage, it must be capable of supplying 750mA at 11.0 volts. 

C) Selectthe output where a logical high is desired by raising that output voltage to 10.5 volts (plus or minus 0.5V). 
Limit the slew rate from 1.0 to 10.0V / J.Ls. This voltage change may occur simu!taneously with the increase in 
Vee, but must not precede it. It is critical that only one output at a time be programmed since the internal 
circuits can only supply programming current to one bit at a time. Outputs not being programmed must be left 
open or connected to a high impedance source of 20kH minimum (Remember that the outputs of the device 
are disabled at this time). 

d) Enable the device by taking the chip enable(s) to a low level. This is done with a pulse of 10J.Ls. The 10J.Ls 
duration refers to the time that the circuit (device) is enabled. Normal input levels are used and rise and fall 
times are not critical. 

e) Verify that the bit has been programmed by first removing the programming voltage from the output and then 
reducing Vee to 4.0 volts (plus or minus 0.2V). Verification at a Vee level of 4.0 volts will guarantee proper 
output states over the Vee and temperature range of the programmed part. The device must be enabled to 
sense the state of the outputs. During verification, the loading of the output must be within specified IOl and 
IOH limits. Steps b, c, and d must be repeated up to 10 times or until verification that the bit has been pro
grammed. 

f) Following verification, apply five additional programming pulses to the bit being programmed. The program
ming procedure is now complete for the selected bit. 

g) Repeat steps a through f for each bit to be programmed to a high level. If the procedure is performed on an 
automatic programmer, the duty cycle of Vee at the programming voltage must be limited to a maximum of 
25%. This is necessary to minimize device junction temperatures. After all selected bits are programmed, the 
entire contents of the memory should be verified. 

Note: Since only an enabled device is programmed, it is possible to program these parts at the board level if all 
programming parameters are complied with. 

~ National Semiconductor 
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Programming Parameters Do not test or you may program the device 

RecornrneI KIed 
Sym Parameters Conditions Min Value Max Units 

Veep Required Ve.G for Programming 10.0 10.5 11.0 V 

Iccp Icc During Programming Vee = 11V 750 rnA 

VOP Required Output Voltage for 10.0 10.5 11.0 V 
Programming 

lop Output Current while VOUT= 11V 20 rnA 
Programming 

IRR Rate of Voltage Change of 1.0 10.0 V/IJ$ 

Vee or Output 

PwE Programming Pulse Width 9 10 11 J.LS 
(Enabled) 

Veev Required Vee for Verification 3.8 4.0 4.2 V 

Moe Maximum Duty Cycle for 25 25 % 
VccatVccp 

Programming Waveforms Non-Registered PROM 

T1 = 100ns min. 
T2 = 5115 min. T2 may be> 0 

if V ccp rises at 
the same mte or faster 
than (Vnr» 

T3 = 100ns mirl. 
T4 = 100ns min. 
TS = 100ns min. 

PwE is repeated for 5 
additional pulses after 
verification of V OH 
indicates a bit has been 
programmed. 

~ National Semiconductor 
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Registered PROM Programming 
Procedure 
National Schottky PROMs, are shipped from the factory 
with all fuses intact. As a result, the outputs will be low 
(logical '0') for all addresses. To generate high (logical '1 ') 
levels at the outputs, the device must be programmed. 
Information regardiflg commercially available program
ming equipment may be obtained from National. If it is 
desired to build your own programmer, the following 
conditions must be observed. 

1. Programming should be attempted only at ambient 
temperatures between 15°C and 30°C. 

2. Address and Enable inputs must be driven with TTL 
logic levels during programming and verification. 

3. Programming will occur at the selected address when 
Vee is at 10.5 V, and at the selected bit location when 
the output pin, representing that bit, is at 10.5V, and 
the device is subsequently enabled. To achieve these 
conditions in the appropriate sequence, the following 
procedure must be followed: 

a) Select the desired word by applyin; high or low lev
els to the appropriate address inputs. Disable the 
device by applying a high level to asynchronous 
chip Enable input G. GS is held low durinr the en
tire programming time. 

b) Increase Vee from nominal to 10.tV (± -l)V) with a 
slew rate between 1.0 and 10V//Js. Since Vee is the 
source of the current required to program the fuse 
as well as the Icc for the device at the program
ming voltage, it must be capable of supplying 
750mA at 11 V. 

c) Select the output where a logical high is desired by 
raising that output voltage to 10.5 V (± 0.5 V). Limit 
the slew rate from 1.0 to 10V//Js. This voltage 
change may occur simultaneously with the in
crease in Vee, but must not precede it. It is critical 
that only one output at a time be programmed 
since the internal circuits can only supply pro
gramming current to one bit at a time. Outputs not 
being programmed must be left open or connected 
to a high impedance source of 20kQ minimum. 
(Remember that the outputs of the device are dis
abled at this time.) 

@ Ie MASTER 1984 

d) Enable the device by taking the chip enable (G) to a 
low level. This is done with a pulse of 10l-'s. The 
10l-'s duration refers to the timethat the circuit (de
vice) is enabled. Normal input levels are used and 
rise and fall times are not critical. 

e) Verify that the bit has been programmed by first re
moving the programming voltage from the output 
and then reducing Vee to 4.0V (± 0.2V). Verification 
at a Vee level of 4.0V will guarantee proper output 
states over the Vee and temperature range of the 
programmed part.. Each data verification must be 
preceded· by a positive going (low to high) clock 
edge to load the data from the array into the output 
register. The device must be enabled to sense the 
state of the outputs. During verification, the 
loading of the output must be within specified 10l 

and 10H limits. Steps b, c, and d must be repeated 
upto 10 times or until verification that the bit has 
been programmed. 

f) The initialize word is programmed by setting INIT 
input to a logic low and progiammlng the initialize 
word output by output in the same manner as any 
o"her address. This can be accomplished by 
j"verting the A9 address input from the PROM 
programmer and applying it to the INIT input. 
Using this method, the initialize word will program 
at address 512. 

g) Following verification, apply five additional pro
gramming pulses to the bit being programmed. The 
programming procedure is now complete for the 
selected bit. 

h) Repeat steps a through f for each bit to be pro
grammed to a high level. If the procedure is per
formed on an automatic programmer, the duty 
cycle of Vee at the programming voltage must be 
limited to a maximum of 25%. This is necessary to 
minimize device junction temperatures. After all 
selected bits are programmed, the entire contents 
of the memory should be verified. 

~ National Semiconductor 
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Programming Parameters DO/not test or you may program the device 

Recommended 
Sym parameters CondItions Min Value 

VCCP Required V cc for Programming 10.0 10.5 

Iccp Icc During Programming Vcc= 11V 

Vop Required Output Voltage for 10.0 10.5 
Programming 

lop Output Current while VOUT= 11V 
Programming 

IRR Rate of V()ltage Change of 1.0 

V CC or Output 

Pwe Programming Pulse Width 9 10 
(Enabled) 

Vccv Required Vcc for Verification 3.8 4.0 

Moe Maximum Duty Cycle for 25 
Vccat Vccp 

Programming Waveforms Registered PROM 

A~~~~~~ ==>< ____ S_EL_EC_T_ED_A_DD_RE_SS_S_TA_B_LE ___ ...JX'--___ _ 
/-T1-1 

Vccp - - -

Vcc 1/ I 
:c~~ ~I .... ----------li21,- -I i51-

PROG: I'll. - /,1 ~ 
~~ ~ I ~~"",",~r--_-_"":"""~""~"",~'?"7"?'7"",,", 

- Tal--IT41- ~~i:~: 
~"""'---IIl,-------------, ENABL~ .. L.J L-

1--lpwE I-T6-1 
CLK n 

CLOCK --------' '----

T1 =100ns MIN. 
T2=5/o1s MIN. (T2 MAY BE> 0 IF Vccp RISES AT THE SAME RATE OR FASTER THAN'VOp·) 
T3=1oons MIN. 
T4=100ns MIN. 
T5=1oon5 MIN. 
T6::z50ns MIN. 

~ National Semiconductor 

4064 

::D 
-CD 
CC --fA .... 

Max Units CD 
i 

11.0 V C. 
750 mA ." 
11.0 V ::D 

0 
20 rnA s: 

10.0 VIpS ." a 
11 

cc 
pS -t 

D) 

4.2 V 3 
25 % 3 --:::s 

CC 
." a n 
CD c. 
c ; 
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Standard Test Load ~ National Semiconductor 
Vee 

OUTPUT o----4t----4 ..... -~ TEST 
POINT 

GHD 

• Device input waveform characteristics are; 
Repetition rate =; 1 MHz 
Soun::e impedance=; son 
Rise and Fall times =; 2.5ns max. 
(1.0 to 2.0 volt levels) 

• T AA is measured with stable enable inputs. 

• TEA and TEA are measured from the 1.5 
. volt level on inputs and outputs with all 

address and enable inputs stable at appli
cable levels. 

• For IOL =; 16mA, Rl = 3OO!l and R2 = 600n , 
for IOL = 12mA, Rl = 4OO!l and R2 = !Klan. 

• "c:' inch ... 'des scope and jig capacitance. 

Switching Time Waveforms Non-Registered PROM 

ADDRESS 3.OV 7JlllJ'JxJ VAUD 

OV ~---.:.----------------
I... TAA-~ 

-----------~~------VA-U-D-----\ OUTPUT ~ .r--
-----.j TZX 1..-u..i.U 'I 1..-TXZ~ 
~-TEA~ "-TER--.j 

~ : _-_-_-_-..,J-x: --- -----y'-,.-_-_-_---:._-_-_-

SWitching Waveforms Registered PROM 

I- tHIAI-1 1-tSIAI-I-1 tH(A) 

Au-Ag -------------I--tlli. I. ~r-r....'"'II'""II~r-r,.....----------- !.:V 

tS,SSII--I .. tHtSSI+1 1-,s,ssI-I---I tHISSI 

. ss Lr-P""'r"'lf -I-_'"'I""'r"'"\\\\ ftt:s tr-P-rlll"""""//I"'"'I"'T/ZZ""""""Z --- ~.~V 
tS(GSII--'HIGSll ov 

I~ I ~Icpj 1-ltwttcP,I,.-rT"'r .... ..,:'""'r""r'"T"--------- 3V 

CP ~ IWIt(CPI~ twHtCPI\\\\\ t twH(CP~\...lo....\\.L..l..\\..a....a.\\..Io...L\ ____ ~.:v 
1-IPHlICPI-1 I=-;;;~I-I I~l-I ~Pl-I 1- IPHZ(G) -I 1- tPZH(GIlir-- ~.5HV 

00 - Q7 1 XI)) ) O.5V ( ( ( I 'I:IX I .) )) O.5V ill-=: 

I ,O.5V I 1 ,0.5V I VoL 
-G l-tPLH(CPI- 1-IPlZ(CPI- -tPlZ(CPI-1 r-1I'lH(CPI- t':=IPlZ(61- r-1PZL(GI-1 

f \ 
3V 

----1.5V 

---------------------------~ ~---- OV 

Key To Timing Diagram 
WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE ~ 
DON'T CARE: CHANGING: 

STEADY STEADY ANY CHANGE STATE 
PERMITIED UNKNOWN 

MAY CHANGE WILL BE IDffi CHANGING CENTER LINE FROM H TO L FROM H TO L DOES NOT IS HIGH 
APPLY IMPEDANCE 

"OFF" STATE 
MAY CHANGE WILL BE 
FROM L TO H CHANGING 

FROM L TO H 

@ Ie MASTER 1984 4065 
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Approved Programmers for NSC PROMs 

MANUFACTURER 

DATA 110 
PRO·LOG 
KONTRON 
STAG 
AIM 
DIGELEC 
STARPLEX™ 

SYSTEM ## 

5/17/19/29A 
M910, M980 
MPP80S 
PPX 
RP400 
UP803 

Quality Enhancement Programs For Bipolar Memory 

A+ PROGRAM· 

Guaranteed 
Test Condition LOTAQL5 Test 

25°C 0.05 

D.C. 
r 

D.C. 
Parametric Each Parametric 
And 

I 
Temperature 0.05 And 

Functionality Extreme Functionality 

A.C. 25°C 0.4 A.C. 
Parametric Parametric 

Critical 0.01 
Mechanical Mechanical 

Major 0.28 

Seal Fine Leak 0.4 Seal 
Tests (5 x 10-8) Tests 
Hermetic Hermetic 

Gross 0.4 

'Includes 160 hours of bum-in at 125°C. 

~ National Semiconductor 
STARPLEX ™ is a trademark of National Semiconductor Corp. 
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B+ PROGRAM 

Guaranteed 
Condition LOTAQL5 

25°C 0.05 

Each 
Temperature 0.05 

Extreme 

25°C 0.4 

Critical 0.01 

Major 0.28 

Fine Leak 0.4 
(5 x 10-8) 

Gross 0.4 
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~,National 
~ Semiconductor 

February 1983 

NMC9306/COP494 256-Bit Serial Electrically Erasable 
Programmable Memory 

General Description 
The NMC9306/COP494 i~ a 256-bit non-volatile sequential 
access memory fabricated using advanced floating gate 
N-channel E2PROM technology. It is a peripheral memory 
designed for data storage and/or timing and is accessed 
via the simple MICROWIRE™ serial interface. The device 
contains 256 bits of read/write memory divided into 16 reg
isters of 16 bits each. Each register can be serially read or 
written by a COP400 series controller. Written information 
is stored in a floating gate cell with at least 10 years qata 
retention and can be updated by an erase-write cycle. The 
NMC9306/COP494 has been des.igned to meet applica
tions requiring up to 1 X 104 erase/write cycles per 

I 
register. A power down mode reduces power consumption 
by 70 percent. . 

Block and Connection Diagrams 

YPP f+-YCC 

... GENERATOR 

YPP 

~ 
~ 

~ 
ePROM 

DECODER 256 BITS 

r-+ 1/16 (16 x 16) 

All jII.. ~ jII.. 
8 16 

~ ~ 

ADDRESS ~ 
R/WAMPS 

LATCHES -
~ .411 ~ 4 16 

"'l1lI ~ 

DATA 

Features 
• Low cost 
• Single supply operation(5V ± 10%) 

• TTL compatible 
• 16 x 16 serial read/write memory 
• MICROWIRE compatible serial 110 
• Compatible with COP400 processors 

• Low standby power 
• Non-volatile erase and write 
• Reliable floating gate technology 

Dual-In-Line Package 

cs 8 vce 

SK 2 7 NC 

DI 3 6 NC 

DO 4 5 GND 

TOP YIEW 

~ REGISTER 
(17 BITS) ClK ~ -.0"10-- DO 

FIGURE 2 

DI 

-+ INSTRUCTION 
REGISTER ClK 

-+ (9 BITS) 

J: 
-

INSTRUCTION 
DECODE, 

CONTROL 
AND 

CS CLOCK 
GENERATORS 

SK ... 

FIGURE 1 

©1983 National Semiconductor Corp. TLlD/S029 

@ IC MASTER 1984 
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Pin Names 

CS Chip Select 
SK Seriai Data Ciock 
01 Serial Data Input 
DO Serial Data Output 
VCC Power Supply 
GNO Ground -

COpsTM and MICROWIRETM are trademarks of National Semiconductor Corp. 

TRI·STATE@> is a registered trademark of National Semiconductor Corp. 

IM·B25M13/Printed in U.S.A. 
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~National 
~ Semiconductor 

October 1983 

NMC9346/COP495 1024-Bit Serial Electrically Erasable 
Programmable Memory (5V .Qnly) 

General Description 
The NMC9346/COP495 is a 1024-bit non-volatile, se~uential 
E2PROM, fabricated using advanced N-channel EPROM 
technology. It is an external memory with the 1024 bits of 
read/write memory divided into 64 registers of 16 bits each. 
Each register can be serially read or written by a COP400 
controller, or a standard microprocessor. Written inform~
tion is stored in a floating gate cell until updated by an erase 
and write cycle. The NMC9346/COP495 has been designed 
for applications requiring up to 104 erase/write cycles per 
register. A power-down mode is provided by CS to reduce 
power consumption by 75 percent. 

Block Diagram Serial E2PROM 

Vcc-
GND -

Vpp I V!p 1+-- Vpp 
GENERATOR 

riP IVpp 

~ 
~ DECODER ... E'lPROM 

1D24 BITS 

r+ 
1/64 ,.. 

(64x16) 

.AI ~ .AI ~ 
16 

12 "'l1lI ~ 

ADD 
BUFFERS R/WAMPS 

~ 6 ..II1II ~ 
16 

"'l1lI ~ 

r+ DATA REGISTER 
(17 BITS) 

01 

...... INSTRUCTION 
REGISTER 

r---+ (9 BITS) 

~ --
INSTRUCTION 

DECOOE, 
CONTROL, 

AND CLOCK 
CS ~ GENERATOR 

SK 

MICROWIRE ™ and COPS ™ are trademarks of National Semiconductor Corp. 
TRI-STATE<il Is a registered trademark of National Semiconductor Corp. 

©1983 National Semiconductor Corp. TLlD/5497 
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-
~ 

Features 
• Low cost 
• Single supply read/write/erase operations (5V ± 10%) 

• TTL compatible 
• 64 x 16 serial read/write memory 
• MICROWIRE™ compatible serial 110 
• Simple interfacing 
• Low standby power 
• Non-volatile erase and write 
• Reliable floating gate technology 

• Self-timed programming cycle 
• Device status signal during programming 

Connection Diagram 

Dual·ln·Line Package 

CS Vee 

SK NC 

01 NC 

00 GNO 

TOP VIEW 

~ 

~ .... DO 

Pin Names 

CS Chip Select 
SK Serial Data Clock 
01 Serial Data Input 
DO Serial Data Output 

Vee Power Supply 
GND Ground 

NC Not Connected 

TLlDI5497· 

z 
3: 
o 
CO 
W 
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~National 
D Semiconductor 

February 1983 

NMC971616k.(2k X 8) Electrically Erasable PROM 
Max Access/Current NMC9116-25 

Max Access Time (ns) 250 

Max Active Current (rnA) 110 

Max Standby Current (rnA) 50 

General Description 
The NMC9716 is a 16,384-bit electrically erasable and pro
grammable read-only memory (E2PROM) fabricated using 
National's high speed, low power, N-channel double sili
con gate technology. The electrical erase/write capability 
of the NMC9716 makes it ideal fora wide variety of appli
cations requiring in-system, non-volatile erase and write. 

The NMC9716 is pin and functionally compatible with the 

I 
NMC28i6 E2PROM, with the added system feature of eras
ing/writing with a 5V TTL pulse on chip enable (CE), while 
the VPP is held at 21 V. The eraseiwrite cycie is very simiiar 
to the industry standard 2716 EPROM programming cycle. 

The device operates from a 5V power supply in the read 

I 
mode and, with its very fast read access speed, is com
patible with high performance microprocessors. 

I The NMC9716 is deselected when CE input is high and is 
I automatically placed in the standby mode. This mode proI vides a 52% reduction in power with no increase in access 

I
i time. The NMC9716 also has an output enable control to 

eliminate bus contention in a system environment. 

Block and Connection Diagrams 

NMC9716-35 NMC9716·45 

350 450 

110 110 

50 50 

The NMC9716 can be easily erased and reprogrammed in a 
byte-by-byte mode and the entire memory array can be 
erased with a Single programming pulse in the chip erase 
mode. Byte erase is identical to byte write, with all inputs 
at logic one (TTL high). 

Features 
• Erase/write with a 5V TTL puise or a 21 V pulse 

• Pin and functionally compatible with the NMC2816 

• No rise time restriction on erase/write pulse 

• 2048 x 8 organization 
• Conforms to J EDEC byte-wide family standard 

• Microprocessor compatible architecture 

• Single byte erase/write capability 

• 10 ms byte erase/write time 

• 10 ms chip erase mode 
• Low power dissipation 

610 mW max (active power ICC + IPP) 
295 mW max (standby power ICC + IPP) 

Dual·ln·Line Package 

YCCO---+ 
GND 0---+ 
VPP 0---+ 

DATA INPUTS/OUTPUTS 
10/00-17/07 24 YCC 

ADDRESS 
INPUTS 

OUTPUT ENABLE 
CHIP ENABLE 

AND E/W LOGIC 

y 
DECODER 

X 
DECOOER 

Pin Names FIGURE 1 

AO-A10 

CE 

OE 

Addresses 

Chip Enable 

Output Enable 

: 1983 National Semiconductor Corp. TlID15196 
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INPUT/ 
OUTPUT 
BUFFERS 

Y GATING 

16,384-BIT 
CEll MATRIX 

Data Outputs 

Data Inputs 

Program Voltage 

NMC9716 . 
E2PROM 

TOP VIEW 

FIGURE 2 

VPP 

Is/Os 

IM-B25M23lPrinted in U.S.A. 
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~National 
D Semiconductor 

PRELIMINARY 
June 1983 

NMC981716,384-Bit (2k x 8) ~PROM 
General Description 
The NMC9817 is a fast 5V-only E2PROM which offers many 
desired application features, making it ideally suited for 
efficiency and ease in system design. The added features 
on the NMC9817 include: 5V-onlyoperation provided by an 
on-chip Vpp generation during erase-write; address and 
data latches to reduce part count and to free the micro
processor while the chip is busy during erase-write; 'ready' 
line indicator to indicate status of chip to the micro
processor and automatic erase before byte-write. It can 
meet applications requiring up to 104 write cycles per byte .. 
The NMC9817 is a product of National's advanced 
E2PROM stepper technology and uses the powerful 
XMOS™ process for reliable, non-volatile data storage. 

The NMC9817 sharply minimizes the interfacing hardware 
logic and firmware required to perform data writes. The 
device has complete self-timing which leaves the proc
essor free to perform other tasks until the NMC9817 sig
nals 'ready'. With an automatic erase before write, the lIser 
benefits by saving an erase command contributing to effi
cient usage of system processing time. On-chip address 
and data latching further enhances system performance. 

The NMC9817's very fast read access times make it com
patible with high performance microprocessor applica
tions. It uses the proven two line control architecture 
which eliminates bus contention In a system environment. 
Combining these features with the NMC9817's 'ready' 
signal makes the device an extremeiy poweriui, yet simpie 
to use, E2 memory. 

Block and Connection Diagrams 

AO-Al0 
ADDRESS 

INPUTS 

LATCHES 

Vpp GENERATOR 

CHIP ENABLE/OUTPUT 
ENABLE LOGIC 

AUTOMATIC WRITE TIMING 

AUTOMATIC ERASE LOGIC 

Y 
OECODER 

X 
DECODER 

FIGURE 1 
Pin Names 

Addresses 10-17 Data Inputs 

1 

The density, and level of integrated control, make the 
NMC9817 suitable for users requiring no hardware over
head, high system performance, minimal board space and 
design ease. Designing with and using the NMC9817 isex
trernely cost effective as th~ required hi~h voltage and 
interfacing hardware required for other E PROM devices 
has been eliminated by 5V-only operation and on-chip 
latches. See Figures 1, 2, and 3 for the NMC9817 block 
diagram, pinout, and simple interface requirements. 

Features 
• Single 5V supply (eliminates an external21V Vpp) 

• Self-timed byte-write with auto erase 

• No external capacitor or pulse shaping circuits 

• On-chip address and data latches 

• Two line output control 
• TRI-STATE@ outputs 

• RDY pin indicator 

• Fast byte-writing 
Write cycle (2 ms typical) 
E/W cycle (4 ms typical) 

• Very fast access times 
NMC9817-20-200 ns 
NMC9817-25-250 ns 
NMC9817-35-350 ns 

• Direct microprocessor interrace capability 

• No support components needed 

• Reliable E2PROM XMOS stepper technology 

DATA INPUTS/OUTPUTS 
10/00-17/07 

INPUT LATCHES 

INPUT/OUTPUT 
BUFFERS 

Y GATING 

16,384-BIT 
CELL MATRIX 

TLIDI5041·1 

Dual·ln·Line Package 

RDY/ 
MfS'V 

NC 

A7 3 

A6 4 

A5 

A4 

A3 7 

Po2 

Al 

AO 

10/00 11 

h /01 12 

12/02 13 

14 

NMC9817 
E2PROM 

TOP VIEW 

Vcr. 

WE 

NC 

A8 

A9 

NC 

OE 

Al0 

CE 

11/07 

16/0s 

15/0s 

TL/DI5041·2 
AO-Al0 

CE Chip Enable RDY/BUSY Device Ready/Busy FIGURE 2 
OE 

0 0-07 

Output Enable NC No Connect 

Data Outputs 

©1983 National Semiconductor Corp. TL/D/5041 

XMOS ™ is a trademark of National Semiconductor Corp. 

TRI-STATet' is a registered trademark of National Semiconductor Corp. 
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~National 
D Semiconductor 

PRELIMINARY 
September 1983 

HS2649 65,536 X 9 Bit Dynamic 
Random-Access Memory Module 

General Description 
The HS2649 is a high speed high density 589,S24 bit, dy
namic random-access memory organized into 65,536 words 
of 9 bits each (S bit data plus parity). Single + 5 volt power 
supply operation with internal decoupling capacitors allows 
for very compact layout of large memory systems. 

The HS2649 is in a 30 pin single-in-line package (SIP) which 
uses a minimum of board space. This SIP package features 
ceramic construction, high strength, and good thermal con
ductivity. 

Applications 

I • Mainframe memory 
• Buffer memory 
• Peripheral storage 
• Transportable computers 

Connection Diagram· 

TLlKl5478-2 

Features 
• 65536 x 9 Bit Dynamic Ram 
• SIP package 
• 200 ns access time 
• 335 ns cycle time 
• Single + 5 volt supply ±10% 
• Common I/O except parity bit 
• All inputs TTL compatible 
• 256 refresh cycles/4 ms 
• Power 2.SW active max, 1S0 mW standby max. 

Logic Symbol .. . , 
DQ2 

DQ3 
DQ4 
IICI5 

DRAM DOl 
"xl DQ7 

PO 
PO 

TLlK/5478-1 

-AS, 9 & 10 are designated for reference for future products, Pin Designations 
and are no connections on this part. AO thru A7 Address Inputs 

oao thru 007 Data Inputs/Outputs 
PO Parity Input 
PO Parity Output 
m Row Address Strobe 
~ Column Address Strobe 
PQ\S Parity Column Address Strobe 
WE Write Enable 
Vee + 5 Volt Supply 
Vss Ground 

% en 
~ en 
~ 
CD 
(7) 
c.n 
~ c.n 
(,) 
en 
>< 
CD 
m --.. 
C 
'< 
::::J 
II 
3 --n 
::D 
II 
::::J a. 
0 
3 • 
~. 
n 
n 
CD 
(I) 
(I) 

3: 
CD 
3 
'0 
.~ 

3: 
0 
Q. 
C -CD 
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t-IEC 
NEe Electronics 

DESCRIPTION 

~PD416-2/-3/-5 
16384 x i-BIT DYNAMIC MOS 
RANDOM ACCESS MEMORY 

The NECJ.lPD416 is a 16384 words by 1 bit Dynamic MOS RAM. It is designed for 
memory applications where very low cost and large bit storage are important design 
objectives. 

The J.lPD416 is fabricated using a double-poly-layer N channel silicon gate process 
which affords high storage cell density and high performance. The use of dynamic 
circuitry throughout, including the sense amplifiers, assures minimal J:ower dissipation. 

Multiplexed address inputs permit the J.LPD416 to be packaged in the standard 16 pin 
duai-in-iine package. The 16 pin package provides the highest system bit densities and 

. is available in either ceramic or plastic. Noncritical clock timing requirements allow 
use of the multiplexing technique whi"le maintaining high performance. 

FEATURES .• ·16384 Words x 1 Bit Organization 

• High Memory Density - 16 Pin Ceramic and Plastic Packages 

• Multiplexed Address Inputs 

• Standard Power Supplies + 12V , - 5V, +5V 
• Low Power Dissipation; 462 mW Active (MAX), 20 mW Standby (MAX) 

• Output Data Controlled by CAS and Unlatched at End of Cycle 
• Read-Modify-Write, RAS-only Refresh, and Page Mode Capability 
• All Inputs TTL Compatible, and Low Capacitance 
• 128 Refresh Cycles 
• 5 Performance Ranges: 

ACCESS TIME RIW CYCLE RMW CYCLE 

J.lPD416-2 200 ns 375 r,s 375 ns 

JlPD416-3 150 ns 320 ns 320 ns 

JlPD416-5 120 ns 320 ns 320 ns 

PIN CONFIGURATION 
VBB VSS 

AO-A6 Address Inputs 

CAS Column Address Strobe 
DIN CAS 

WRITE DOUT DIN Data In 

Dour Data Out 

RAS Row Address Strobe 
RAS A6 

AO A3 WR!TE ReadlWrite 

Vaa Power (-5V) 

VCC Power (+5V) 
A2 A4 

Al AS VDD Power (+12Vj 

VSS Ground 
VDO VCC 

Rev/4 
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DC CHARACTERISTICS 

4074 

J,LPD416-2/-3/-S 

Ta = OnC to +70"CQ). VOO = +12V! 10%, VCC = +SV! 10%, VSB = SV! 10%, VSS = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Supply Voltage VOO 10.8 12.0 13.2 V (?) 
Supply Voltage VCC 4.S 5.0 S.5 V @@ 
Supply Voltage VSS 0 0 0 V @ 
Supply Voltage VSB .- 4.5 -5.0 -S.S V @ 
I nput High (Logic 1 ) 
Voltage, RAS, CAS, VIHC 2.7 7.0 V @ 
WRiTE 
Input Hig~ (Logic 11 
Voltage, all inputs 

VIH 2.4 7.0 V @ 
except RAS, CAS 
WRITE 

Input LOIN (Logic 0) 
VIL 1.0 0.8 V @ 

Voltage, all inputs 

Operating VOO Current 1001 35 mA 
RAS, CAS cycling, 

tRC = tRC Min. @ 

Standby VOO Current 1002 1.5 mA 
RAS VIHC,OOUT 

High Impedance 

Refresh All Speeds 
RAS cycling, CAS 

VOO except /-IP0416-S 1003 2S mA 

VIHC:tRc·375ns@ 
Current /-IP0416-S 1003 27 mA 

Page Mode V 00 
RAS" VI L, CAS 

1004 27 mA cycling: tpc 
Current 

225 ns @ 

Operating VCC 
ICCl iJ.A 

RAS, CAS cyclIng. 
Current tRC 375 ns ~ 

RAS VIHC, 
Standby VCC Current ICC2 10 10 iJ. A °OUT H,qh 

ImpE:dance 

RAS cyc"n4, 
Refresh Vee Current leC3 10 10 iJ. A CAS VIHC· 

tHC 375 ns 

Page Mode VCC 
RAS VI L CAS 

ICC4 ,..A cycl,nq IPC 
Current 

225 ns@ 

Operating VSS 
IBBl 200 ,..A 

RAS. CAS r:ycl,ny 

Current tRC 375 '15 

Standby VSS 
RAS 'v'IHl. 

IBS2 100 iJ.A [Jour H''1h 
Current ImpedJnce 

Refresh VSS 
RAS cycltnq. 

ISS3 200 /J.A CAS VIHC· 
Current 

tRC 375 ns 

RAS VIL, CAS 
Page Mode V S S 

ISS4 200 jJA cycling; 
Current tpc c 225 ns 

VBS = 5V, OV 

Input Leakage 
'IIU 10 10 jJA VIN '" +7V, 

(any input) all other pins not 
under test = OV 

Output Leakage IO(U -10 10 jJA 00UT is disabled, 
OV .;;; VOUT ~ +S.SV 

Output High Voltage 
(Logic 11 VOH 2.4 V lOUT = SmA@ 

Output Low Voltage , VOL , 0.4 I V lOUT = 4.2 mA I (l.ogic 0) i i i 
NOtes:(!) Ta is specified here for ol)eralion at frequencies to tRC '-' tRC(min). Operation at higher cycle rates with reduced 

ambient temperatures and high power dissipation is permissible, however, provided AC operating parameters are met. 
See Figure 1 fo r derating curve. 

<V All voltages referenced to VSS. 
Q) Output voltage wll swing from VSS to Vce when activated with no current loading. For purposes of maintaining 

data in standby mode, Vee may be reduced to VSS without affecting refresh operations or data retention. However, 
the VOH (min} specification is not guaranteed in this mode. 

@ 1001, 1003, and 10D4 depend on cycle rate, See Figures 2, 3 and 4 for 100 limits at other cycle rates. 
® ICCl and ICC4 depend upon output loading. During readout of hi!tt level data VCC is connected through a low 

impedance 1135S! typ) to data out. At all other times ICC consists of leakage currents only. 

© Ie MASTER 1984 



NEe J.LPD416-2/-3/-5 
NEe Electronics 
AC 
CHARACTERISTICS 

Ta : oOe to +700 e VDD: +12V ! 10% Vee: +5V 1 10%, Vee: -5V • 10%, VSs: OV 

LIMITS 

I'P0416-2 I'PD416-3 I'P0416-5 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX 

Aandom read or write 
tAC 375 320 320 

cycle lime 

Aead-write cycle time tAWC 375 375 320 

Page mode cycle time tpc 225 170 160 

Access li.ne from 
tAAC 200 I 150 120 

RAs 
Access time from. 

tCAC I 135 1 100 I 80 
CAS 

Output buffer 
tOFF o I 50 o I 40 0 35 

turn-off delay 

TransItion time 
tT 3 50 3 I 35 I 3 35 

(rise and fail) 

RAS precharge tome tAP 120 100 100 

AAS pulse width tAAS 200 32,000 150 32,000 120 10,000 

RAS hold time tASH 135 100 80 

CAS pulse width tCAS 135 10,000 100 10,000 80 10,000 

RAS to CA::; deiay 

I tACO I 25 65 
time I 20 50 I 15 I 40 

I CAS to RIi3 I I -20 I ! . I 0 I tCRP I -20 I I precharge tome I i I 

Row address 
I 

I i ! 
! set-up time tASA 0 0 0 j 

Row address I I I ! 
tAAH 25 20 15 I hold time i 

I 

Column address 
tASC -10 I 

-10 10 
set-up time i 

I Column address 
I 

[ 

I 
I 

I I I tCAH I 55 
! 

45 40 
hold lime 

I Column address hold 
I 

i 

I 
I I 

I 
I 

time referenced to tAA I 120 i 95 
I 

80 I , AAS 
I 

Read command 
0 0 0 

set-up time tRCS 

Read command ! 
0 0 

! 
0 

hold time tACH 

Write command 
55 45 40 

hole! time tWCH 

Write ~ommand 

hold time tWCA 120 95 80 

referenCed to RAS 

Write command 
55 45 40 

pulse width 
twp 

Write command to 
70 50 50 AAS lead time tRWL 

Write cO'Tlmand to 
70 50 50 

CAS lead time tCWL 

Data-.in set-up time IDS 0 0 0 

Data-on hold tome tDH 55 45 40 

Data·in hold time 
120 95 I I 80 

referenced to RAS tDHA 

CAS precharge time ! 

(ior page mode 
I 

tcp 80 60 I 60 
cycle only) I I 
Aefresh period tREF 2 2 2 

WRITE command I I set·up time IWCS 20 20 I 0 
I 

I CAS toWAITE I ! tewD 95 70 80 
I delay i 
I AAS to WRITE I 

I tAWO 160 120 120 
delay 

I I 

Notes: CD AC measurements as~ume tT = 5 ns. 

TEST 

UNIT CONDITIONS 

ns @ 

ns ® 
ns 

ns @ ® 

ns ® ® 

ns (j) 

ns @ 

ns 

ns 

ns 

ns 

ns ® 

I ns 

ns I 

I ns I 
ns 

ns I 

I 
I 

ns 
I 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns ® 
ns ® 
ns 

ns 

ms 

ns @ 

ns @ 

ns ~' 

@ V IHC (min) or V IH (min) and V IL (max) are reference levels fo, me3sulong t,m,ng of ,nput "gnals. Also, transition times are rT'easured between V IHC or V IH and V I L 

@ The specifications for tRC (min) and tAWC (monl are used only to Indicate cycle time at which proper operation over the full temperature range (O'C' T a' 70 C) 
IS assured. 

@ Assumes that tRCD " tRCD (maxI. If tACO IS great!!r than the maximum recommended value shown In thiS table. tAAC Will Increase by the amount that tRCD 
exceeds the values shown. 

® Assumes that tRCD j< tACO (maxI. 

® Measured With a load equivalent to 2 TTL loads and 100 pF. 

(j) tOFF (max) defines the time at which the output achieves the open C"CUlt condition and is not referenced to output voltage levels. 

® Operation wlthon the tACO (max) Iomlt ensures that tRAC (max) can be met. tACO (max) IS specified as a reference pOint only. If tRCD IS greater than the sp!!cliled 
tRCD (o:nax) limit, then access time is controlled exclusively by tCAC 

® These parameters are referenced to CAS leading edge on early wrote cvcles and to WRiTE' leading edge on delayed wrote or read-mOddy·wrote cycles_ 

@ tWCS, tCWD and tAWD are not restrictive operating parameters. They are oncluded In the data sheet as electrocal characte"stlCS only. If twcs . twcs (mini. the cycle 
is an early wrote CyCle and the data out pin will remain open circuit (high Impedance) ;;. tRWD (min!. the cycle IS a reild·wrote cycle and the data Out Will contain data 
read from the selected cell; .f neither of the above sets of conditions is satISfied the conaitlon of the data out (at access tlmel '5 Indetermln;;lte 

@) IC MASTER 1984 4075 
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NEe 
NEe Electronics 

BLOCK 
DIAGRAM 

ROW 
AOOR 

~
BUFFeR eOL 

AOOR 
BUFFER 

"~ 
"~ 
"~ 

~ 
~ 

Vss 

Operating Temperature _______________________ , , ... _ . _ . oOe to +70°C 

Storage Temperature ............................... -55°C to +l50°C 
All Output Voltages <D .............................. -0.5 to +20 Volts 
All Input Voltages CD ............................... -0.5 to +20 Volts 
Supply Voltages VOD, VCC, VSS CD. . . . . . . . . . . . . . . . . . . .. -0.5 to +20 Volts 
Supply Voltages VDD, VCC (2) . . . . . . . . . . . . . . . . . . . . . . .. -1.0 to +15 Volts 
Short Circuit Output Current ................................. 50 mA 
Power Dissipation ......................................... 1 Watt 

Notes: <D Relative to Vee 
(?) Relative to Vss 

Ta = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is·not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability . 

o 0c Ta = 0 C to 70 , VOD = +12V ± 10%, Vee. = -5V ± 10%, VCC = +5V ± 10%, 
VSS=OV 

PARAMETER SYMBOL 
LIMITS 

UNIT 
TEST 

MIN TVP MAX CONDITIONS 

I nput Capacitance 
Cll 4 5 pF 

(Ao-A6), DIN 

I nput Capacitance 
CJ2 8 10 pF 

RAS, CAS, WRITE 

Output Capacitance 
Co 5 7 pF 

(DOUT) 

4076 

ILPD416-2/-3/-S 

Vee 

~, 
1 .. ~ 

ABSOLUTE MAxIMUM 
RATINGS* 

CAPACITANCE 
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ttlEC 
NEC Electronics 

DESCRIPTION 

FEATURES 

PIN CONFIGURATION 

@ Ie MASTER 1984 

J,LPD4i64-i2/-i5/-20 
65,536 x i-BIT DYNAMIC 

RANDOM ACCESS MEMORY 

The N EC IlPD4164 is a 65,536 words by 1 bit Dynamic N-ChanneiMOS RAM designed 
to operate from a single +5V power supply. The negative-voltage substrate bias is 
internally gener.ated - its operation is both automatic and transparent. 

The IlPD4164 utilizes a three-poly N-channel silicon gate process which provides high 
stor(lge cell density, high performance andhigh reliability. 

The IlPD4164 uses a single transistor dynamic storage cell and advanced dynamic 
circuitry throughout, including the 512 sense amplifiers, which assures that power 
dissipation is minimized. Refresh characteristics have been chosen to maximize yield 
(low cost to user) while maintaining compatibility between Dynamic RAM generations. 

The IlPD4164 three-state output is controlled by CAS, independent of RAS. After a 
valid read or read-modify-write cycle, data is held on the output by holding CAS low. 
The data out pin is returned to the high impedance state by returning CAS to a high 
state. The IlPD4164 hidden refresh feature allows CAS to be held low to ma'intain 
output data while RAS is used to execute RAS o'niy refresh cycies. 

Refreshing is accomplished by performing ~ only refresh cycles, hidden refresh 
cycles, or normal read or write cycles on the 128 address combinations of AO through 
A6 during a 2 ms period. 

Multiplexed address inputs permit the IlPD4164 to be packaged in the standard 16 
pin dual-in-line package. The 16 pin package provides the highest system bitdensities 
and IS compatible with widely available automated handling equipment. 

• High Memory Density 
• Multiplexed Address Inputs 
• Single +5V Supply 
• On Chip Substrate Bias Generator 
• Access Time: pPD4164-20 - 200 ns 

pPD4164-15 - 150 ns 
pPD4164-12 - 120 ns 

• Read, Write Cycle Time: pPD4164-20 - 335 ns 
pPD4164-15 -270 ns 
pPD4164-12 - 260 ns 

• Low Power Dissipation: 250 mW (Active); 28 mW (Standby) 
• Non-Latched Output is Three-State, TTL Compatible 
• Read, Write, Read-Write; Read-Modify-Write, RAS Only Refresh, and Page Mode 

Capability 
• All Inputs TTL Compatible, and Low Input Capacitance 
• 128 Refresh Cycles (AO-A6 Pins for Refresh Address) 
• CAS Controlled Output Allows Hidden Refresh 
• Available in Both Ceramic and Plastic 16 Pin Packages 

NC PIN NAMES 

DIN AO-A7 Address Inputs 

WE DOUT 
RAS Row Address Strobe 

RAS AS 
CAS Col urnn Address Strobe 

WE Write Enable 
AO A3 

DIN Data Input 

A2 A4 
DOUT Data Output 

A1 A5 VCC Power Supply (+5V) 

VCC A} VSS Ground 

NC No Connection 

Rev/2 
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NEe J,LPD4164-12/-15/-20 
NEe Electronics 

Operating Temperature ........... . 
Storage Temperature (Ceramic Package) . 

(Plastic Package) .. 

Supply Voltages On Any Pin Except VCC 

Supply Voltage VCC ..... . 
Short Circuit Output Current 
Power Dissipation ..... . 

Note: <D Relative to VSS 

Ta =25°C 

... O°C to +70°C 
-55°C to +150°C 
- 55°C to +125°C 

-1 to +7 Volts CD 
. -0.5 to +7 Volts CD 

.. 50mA 
. ......... 1 Watt 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability . 

Ta = 0° to 70°C G) ; VCC = +5V ± 10%; VSS = OV 

LIMITS TEST 
PARAMETER SYMBOL MIN TYP MAX UNIT CONDITIONS 

Supply Voltage 
VCC 4.5 5.0 5.5 V 

VSS 0 0 0 V 
High Level Input Voltage. 

VIHC 2.4 5.5 V A~I Voltages 
(RAS, CAS, WE) Referenced 
High Level Input Voltage, 

5.5 V 
to VSS 

All Inputs Except RAS, VIH 2.4 
CAS, WE 
Low Level Input Voltage, 

VIL -2.0 0.8 V 
All Inputs 
Operating Current 

.uPD4164·20 45 
Average Power Supply 
Operating Current ICC1 .uPD4164-15 50 mA @ 
RAS, CAS Cycling; 

.uPD4164·12 tRC = tRC (Min.) 55 

Standby Current 
Power'Supply Standby 

ICC2 Current (RAS = VIHC, 
5.0 mA 

DOUT = Hi·lmpedance) 
Refresh Current 

35 Average Power Supply ",PD4164-20 
Current, 

ICC3 
mA @ 

Refresh Mode; .uPD4164-15 40 

RAS Cycling, CAS = VIHC, 
.uPD4164-12 45 tRC = tRC (Min.) 

Page Mode Current 
.uPD4164-20 35 

Average Power Supply 
Current, 

ICC4 ",PD4164·15 40 mA @ 
Page Mode Operation 
R'A'S = VIL; CAS Cycling 

iJPD4164-12 45 tpc = tpc (Min.) 
Input Leakage Current 
Any Input -
VIN = 0 to +5.5 Volts, 'ilL) -10 10 IlA 

All Other Pins Not 
Under Test = OV 
Output Leakage Current 

IlA DOUT is Disabled, 'OIL) -10 10 

VOUT = 0 to +5.5 Volts 
Output Levels 
High Level Output VOH 2.4 Vce V 

Voltage (lOUT = 5 mAl 
Low Level Output VOL 0 0.4 V 
Voltage (lOUT = 4.2 mAl 

Notes: CD T a is specified here for operation at frequencies to tRC ~ tRC (min). Operation at 
higher cycle rates with reduced ambient temperatures and high power dissipation is 
permissible, however, provided AC operating parameters are met. 

@ 'CC1, ICC3 and ICC4 depend on output loading and cycle rates. Specified rates are 
obtained with the output open. 

4078 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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t-{EC 
NEe Electronics 

AC CHARACTERISTICS 

@ Ie MASTER 1984 

JLPD4164-12/-15/-20 

T.·OO to +7rf'e CD; Vee· +5V t 10"; Vss· ov @ @ 
LIMITS 

~PD4164-20 ,.PD4164-15 ~PD4164·12 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX UNIT 

Random Read or Write tRC 330 260 230 ns 
Cycle Time 

Read Write Cycle Time tRWC 345 280 255 nl 

p. Mode Cycle Time tpc 190 145 130 nl 

ACcess Time from RAS tRAC 200 150 120 nl 

Acceu Time from m tCAC 100 75 60 ns 

Output Buffer Turn.Qff tOFF 0 50 0 40 0 35 nl 
Delay 

Transition Time (Rise and tT 3 50 3 50 3 35 ns 
Falll 

RAS Precharge Time tRP 120 100 9Ci ns 
FiAS Pulse Width tRAS 200 10,000 150 10000 120 10000 nl 

RAS Hold Time tRSH 100 75 60 nl 

CAS Pulse Width tCAS 100 10,000 75 10,000 60 10,000 ns 

CAS Hold Time tCSH 200 150 120 ns 

RAS to CAS Delay Time tRCD 30 100 25 75 25 60 ns 

CAS to RAS Precharge Time tCRP 0 0 0 ns 

CAS Precharge Time tCPN 30 25 25 n, 

I CAS Precharge Time (For I tcp 80 
I I 60 60 

I I 
n. 

Page Mode CycieOniy; 

RAS PreCharge CAS Hold tRPC 0 0 0 n. 
Time 

Row Address Set-Up Time tASR 0 0 0 ns 

Row Address Hold Time tRAH 20 15 15 ns 

Column Address Set-Up tASC 0 0 0 ns 
Time 

Column Address Hold Time tCAH 30 25 20 ns 

Column Addr8!!..!i0ld Time tAR 130 100 80 ns 

I Referenced to RAS 

Relld Command Set-Up tRCS 0 I 0 I 

I 0 I ns 
Tima I 
Read Command Hold Time I tRRH i 25 

I 
20 20 ns 

Referenced toRAS i 
Read Command Hold Time tRCH 0 I a I 0 ns 

Write Command Hold Time tWCH 55 45 1 35 ns 

Write Command Hold Time tWCR 120 95 95 ns 
Referenced to RAS 

Write Command Pulse Width twp 55 45 35 ns 

Write Command to RAS tRWL 55 45 40 ns 
!.Bad Time 

Write Command to CAS tCWL 55 45 40 ns 
Lead Time 

Data·ln Set·Up Time tDS 0 0 0 ns 

Data·ln Hold Time tDH 55 45 35 ns 

Data·ln Hold Time tDHR 155 120 95 ns 
Referenced to RAS 

RefreSh Peri?d tREF 2 2 2 ms 

WR ITE Command Set·Up twcs 10 -10 10 ns 
Time 

CAS to WRITE Delay tCWD 55 45 40 ns 

I RAS to WRITE Delay I !RWD I 130 I I 120 I I 100 I I ns 
I 

Notes: <D Tall specified here for operation at frequencies to tRC ;;. tRC (min). Operation at higher cycle retes with reduced 
ambienllemperatures Ind highlr power dissipation is permiSSible, h(MMYer, provided AC operating paremeten Ire met. 

® An initial pause of 100 jlS is required after power-up followed by any 8 AAlcycles !)afore proper dt1lice operation il 
achieved. 

@ AC measurements assume If • 5 ns. 

@ ":HC (min) or V,H (mi~) .. oo V:L (r:nIld .... rtlIfer.nca 1e\Mls for me_uring timing of input signall. Alsot tnnsition 
times are measured between VIHC or VIH and VIL' 

® The specifiCations for IRC (min) end tAWe (min) are used only to indicate cycle times It which proper operation _ 
the full temPerature range IO"c < T. < 70" C) is allUred. 

® Assumes thatlRCS < IRCD (mix). If tRCS il greater than the maximum recommended v ..... shown in this tibia, 
IRAC will increase by the amount that IRCD exceeds the V81ues shown. 

Q) Assumes thatlRCD ;;. IBCD (max). 

® Mlesured with a load equMllant to 2 TTL loads and 100 pF. 

@ tOFF lmaxl defines the time at which the outPUt ach'- tha open circuit condition end il nOI referencad to outPUt· 
voltage I ....... 

@ ()pe~tion within the tRCD (max) limit ensures that tRAC !maxI can be met, tRCD !max) is spKlfied • a m.r.nc:e 
POinl only, if IACD is greatlr than the specified IRCD (maxi limit, than __ tima II controlled axclusiwly by !CAe. 

o Th_ parameters are referenced to ~ leadlnlllldge In _Iy write cycles and 10 WRm iMdinglldge In dtlayad wrlta 
• or rad-modify_ite cycles. 

@ twcS.!CWD and tAWo'" restrictiw OjIIIratinll P8Ametan in read-writeend read-modify_lte cydel only. If twcs;;. 
twcs (min), the cycle is.n early write cycle end the dati outPUt will remein open circulI throughout 1M Intire cycle, 
If !CWO ;;. ICWO !mini andtAWo > IAWo (mini, tha cycle Is I reed-wrtte and the data outPUt will contlln data rail 
ffl)l1l the .. 1ectad cell. If neither of die IbOIi8 conditions are rnat the condition of the data out let _lima end until 
~1J08I back to VIHI is indetermlnatl. 

4) Either tRRH or tRCH must be satisfied for a rad cycle. 

TEST 
CONDITIONS 

® 

® 

@ @ 
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NEe 
NEC Electronics 

Description 
The ,....PD214 7 A is a 4096-bit static Random Access Memory 
organized as 4096 words by 1. bit, using a scaled MOS tech
nology. It uses a uniquely innovative design approach which 
provides the ease-of-use features associated with non
clocked static memories and the reduced standby power dis
sipation associated with clocked static memories. To the user 
this means low standby power dissipation without the need for 
clocks, address setup and hold times, nor reduced data rates 
due to cycle times that are longer than access times. 
CS controls the power-down feature. In less than a cycle time 
after CS goes high - deselecting the ,....PD214 7 A - the part 
automatically reduces its power requirements and remains in 
this low power standby mode as long as CS remains high. 
This device feature results in system power savings as great 
as 85% in larger systems, where the majority of devices are 
deselected. 
The ,....PD2147A is placed in an 18-pin cerdip package config
ured with the industry standard 2147 pinout. It is directly TIL 
compatible in all respects: input, output, and a single + 5V 
supply. The data is read out nondestructively and has the 
same polarity as the input data. A data input and a separate 
three-state output are used. 
Features 
D Pinout, Function, and Power Compatible to Industry 

Standard 2147 
D Scaled MOS Technology 
D Completely Static Memory - No Clock or Timing 

Strobe Required 
D Equal Access and Cycle Times 
D Single -+;- 5V Supply 
D Direct Performance Upgrade for 2147 
D Automatic Power-Down 
D High Density 18-Pin Package 
D Directly TIL Compatible - All Input and Output 
D Separate Data Input and Output 
D Three-State Output 

Max Supply Current 

Access Time Active Standby 

f,1PD2147 A-25 25ns 160mA 20mA 

f,1PD2147A-35 35ns 160mA 20mA 

f,1PD2147A-45 45ns 160mA 20mA 

Truth Table 
CS WE Mode Output Power 

H X Not Selected HighZ Standby 

L L Write HighZ Active 

L H Read Active 

4080 

J,LPD2147A 
HIGH-SPEED 4096 X i-BIT 

STATIC RAM 

Pin Configuration 

Ae 

As 

DOUT 

D'N 

cs 

Pin Identification 

Pin 
Function 

No. Symbol 

1-6, 17-12 Ao-A11 Address Inputs 

7 DOUT Data Output 

8 WE Write Enable 

9 GND Ground 
~o CS Chip Select -

11 DIN Data Input 

18 _______________ V=cc~ ___________ ~ __ ~(_+_5~~ 

Block Diagram 

DIN------t 

MemoryArrfll/ 
64 Rows 

64 Columns 

_Vee 

-GND 

DOUT 

~ Ie MASTER 1984 



NEe 
NEe Electronics 

Absolute Maximum Ratings· 

T. = 25"C 

Operating Temperature -100(; to + 850(; 

Storage Temperature -65O(;to +1500(; 

Voltage on Any Pin -3.SVto +1V'J; 

DC Output Current 20mA 

Power Dissipation 1.2W 
Note: 1 with respect to gro~d 

*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause permanent 
damage. The device is not meant to be operated under con
ditions outside the limits described in the operational sections 
of this specification. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

DC and Operating Characteristics 
T. = O°Cto + 70°C; Vcc = +5V ± 10%CD 

Limits 

P.rameter Symbol Min Typ~ Max Unit 

Input Load 
Current (All III 0.01 10 fLA 
Input Pins) 

Output Leakage 
Ilo 0.01 10 fLA Current 

Operating Current Icc 
120 150 mA 

160 mA 

Standby Current ISB 12 20 mA 

Peak Power-On 
Current 

Ip0 3 25 50 mA 

Input Low 
Vil - 3.0 0.8 V 

Voltage 

Input High 
VIH 2.0 6.0 V 

Voltage 

Output Low 
VOL 0.4 V 

Voltage 

Output High 
VOH 2.4 V 

Voltage 

Output Short 
los :t130 mA Circuit Current 

Test 
Conditions 

Vcc = Max. VIN = GND to 
Vcc 

CS = VIH.VCC = Max. 
VOUT = GND to Vcc 

T. = 25·C ~c = Max. 
CS = Vil' 

T. = O·C Output Open 

~c = Min to Max. 
= VIH 

~c = GND to Vcc = Min. 
= Lower to Vcc or 

VIH Min 

10l = SmA 

10H = - 4.0mA 

VOUT = GND to Vcc 

Not.s:' The operatmg ambient temperature range IS guaranteed with transverse air flow 
exceeding 400 linear feet per minute 

,2 Typical limits are Vee 5V. T. _. 25 C. and specIfied loading 
), A pull-up resistor to Vec on the CS Input IS required to keep the device deselected: 

otherwise, power·on current approaches Icc active 

@ Ie MASTER 1984 

~PD2147A 

AC Test Conditions 

Input Pulse Levels GNDto 3.0V 

Input Rise and Fall Times Sns 

Input Timing Reference Levels 1.SV 

Output Timing Reference Levels 1.SV 

Output Load See Figure 1 

Capacitance 
T. = 25°C; f = 1.0 MHzCD 

, Limits 
T.st 

Par.meter Symbol Min Typ Max Unit Conditions 

Input Capacitance C'N 5 pF VIN = OV 

Output Capacitance COUT 6 pF VOUT = OV 

Not.: '1, This parameter is sampled and not 100% tested, 

Figure 1 - Outpuf Load Vee 

I 

DOUT--------------r---------~ 

300!! 

Figure 2 - Output Load for tHZ, fLz, twz• tow 

DOUT --------------r-----------4 

300!! 

510!1 

30pF 
(Including 
Scope and 
Jig) 

5pF 
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NEe 
NEe Electronics 

AC Characteristics 
Read Cycle 
T. = O"C to + 70°C; Vcc = + 5V :!: 10%, un Ie •• otherwl.e 
noted. 

LhnHs 

I1P112147A-25 11PD2147A-35 11PD2147A-45 
T •• t 

Par ..... t. S,mbol Min M •• Mill M •• Mill M •• Unit Conditions 

Read Cycle Time tRC-l 25 35 45 ns 
Address 

tAA 25 35 45 Access Time ns 

Chip Select tACS 25 35 45 Access Time ns 

Output Hold From 
Address Change tow 5 ns 

Chip Select to 
tLZ"~ 5 ns ~ Output in Low Z 

Chip Deselection to 
Output in High Z tHZ?: 0 20 0 30 0 30 ns ;'4; 

Chip Selection to 
tpu 0 0 0 ns Power·Up Time 

Chip Selection to 
t,.o 20 20 20 ns Power·Down Time 

Timing Waveforms 

Read Cycle No.1 @@ 

-F=t--I'" -tAC---+ll_ 

Address --J§...,.t .. -.. -.

l
---.-l'--------

Data Out PrevIous Data Valid i X X *.......;D;.;:a:;,:;ta:;....;;Va::;I;.:id:..-________ _ 

Read Cycle No.2 @CV 

51: ~~ - { 
Data Out High I~_ _ __ ~-__ ----... -z1 High 

, Data Valid ~nce 

~tPu-+-----__ ---------~-t-~~ ~~PPIY I;c - - - -50% 50"1~ 
Current S8 

Not •• : 
I All Read Cycle tImings are referenCed from the last vahd address to the first transltlOning 

address. 
2 At any gIven temperature and voltage conditIOn. tHl max IS less than tv min. both for a gIven 

deVIce and from devIce to devIce 
,3, TranSItIon IS measured • 200mV from steady state voltage WIth Specified loading In FIgure 2. 
,4' ~sitlon IS measured at VOl' 200mV and VOH 200mV WIth specIfied loading in FIgure 2. 
5' WE IS hIgh for Read Cycles. 
,6 DeVIce IS continuously selected. Cs VIL . 
,7' Addresses valid prior to or coinCIdent with CS transitIon low. 
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J.LPD2147A 

Write Cycle 

Umits 

I1P112147A-25 11PD2147A-35 11PD2147A-45 
T •• t 

Par ..... t.r S,mbol.'" M •• Mi,. ••• Mi,. • •• Unit Conditions 

Write Cycle n~ twe 25 35 45 ns 

. Chip Selection to 
lew 25 35 45 ns 

End of Write 

Address Valid to 
tAW 25 35 45 ns 

End of Write 

Address Setup Time tAS 0 0 0 ns 

Write Pulse Width t_ 20 20 25 ns 

Write Recovery Time tWR 0 0 0 ns 

Data Valid to 
tow 20 20 25 ns 

End of Write 

Data Hold Time tOtl 10 10 10 ns 

Write Enabled to 
twz 0 15 0 20 0 25 ns @ 

Output in High Z 

Output Active From 
End of Write low 0 0 0 ns ® 

Write Cycle No.1 (WE Controlled) @ 

I~ twe 41 ----
---------tcw-----

77 

tow ~I~ __ 
Data In Data In Valid ~ 

OataOul--~Data~-Undef-~ined------Iw-] ~ ~1== 

Write Cycle No. 2 (CS Controlled) @ . 

~--------------twc--------------~~ 

Address 

--J~---------------------------------r--------

Data~ __________ ~~---~--~--~~-------

DataOul Data Undefined --------------------------
Not •• : 
, If CS goes hIQh slmuHaneously wrth WE hIQh, the output remaIns In a hIQh Impedance state. 
2 All Wl'Ite Cycle tImIngs are referenced from the last valid address to the lirst ,ra'1SltlOOlng address 
3 TransltlOll IS measured at VOl . 200mV and VOH 200mV WIth specifIed loadIng In Figure 2 
4 I@nSI!!2!1.IS measured . 200mV from steady state voltage WIth specified loadIng In FIQure 2 
5. CS or WE must be hIQh dunng address tranSItIOnS. 
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NEe Electronics 

JLPD2149/·1/·2 
4096 (1024 x 4) BIT STATIC RAM 

4096 (1024x4) BIT STATIC RAM 

DESCRIPTION The J1PD2149 is a 4096-bit static Random Access Memory organized as 1024 words 
by 4-bits. Using a scaled NMOS technology, it incorporates an innovative design 
approach which provides the ease-of-use features associated with non-clocked static 
memories. 

The J1PD2149 is encapsulated in an 18-pin ceramic package configured with the 
industry standard pinout. It is directly TTL compatible in all respects: inputs, out
puts, and a single +5V supply. The data is read out non-destructively and has the 
same polarity as the input data. 

F EATU RES • Completely Static Memory - No Clock or Timing Strobe Required 

@ Ie MASTER 1984 

• Equal Access and Cycle Times, Faster Chip Select Access 
• Single +5V Supply 
• High Density 18-Pin Package 

-. Directly TTL Compatible - All Inputs and Outputs 
• Common Input and Out8ut 
• Three-State Output 
• Access Time: 35-55 ns MAX (From Address) 

15-25 ns MAX (From Chip Select) 
• Power Dissipation: 180 rpA MAX 

A6 vee AO-Ag 

A5 A7 WE 

A4 A8 
es 

PIN NAMES 

Address Inputs 

Write Enable 

ehip Select 

110,-1/04 Data Input/Output 
A3 Ag 

Vee Power (+5V) 

AO 11O, GND Ground 

Al 1/02 

A2 1/0 3 
TRUTH TABLE 

es 1/04 es WE MODE "1/0 

GND WE H X Not Selected High Z 

L L Write DIN 

L H Read DOUT 
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NEe Electronics 

A4-------I 

~PD2149/"1/·2 
BLOCK DIAGRAM 

-.. --- vec 

A5-------I - .. ..--- GND 

A6----

A7-------I 

Aa 

Ag-------I 

I/O, 

1/02 ---..... +-1-1 

I /03--..... -+-~--I 

WE-+---I 

ROW 
SELECT 

• 
it 

• 
• 

MEMORY ARRAY 
64 ROWS 

64 COLUMNS 

• • • 

COLUMN SELECT 

Operating Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .-lO°C to +85°C 
Storage Temperature .............................. , -65°C to +150°C 
Voltage on Any P·in ................................ -1.5V to +7V CD 
DC Output Current ........................................ 20 rnA 
Power Dissipation ................ , ..... , ..... , ............. 1.2W 

Note: CD with respect to ground 

Ta = 25°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
en damage to the device. This is a stress rating only and functional operation of the device at these or 
.2 any other conditions above those indicated in the operational sections of this specification is not 
c: implied. Exposure to absolute maximum rating conditions for extended periods may affect device e rei iabi I ity . 
+--o 
~ 

ABSOLUTE MAXIMUM 
RATINGS* 

W Ta = O°C to +70o e; VCC = +5V ± 10%, unless otherwise noted. DC CHARACTE R ISTICS 
o 
W 
Z 

4084 

I PARAMETER SYMBOL MIN MAX UNIT TEST CONDITIONS 

Input Leakage Current III +10 IJA VIN = GND to VCC 

Ouput Leakage Current ILO +50 IJA 
es = VIH 
VOUT = GND to 4.5V 

Power Supply Current ICC laO MA VIN = VCC. 1/0 = open 

Input Low Voltage VIL 0.8 V 

Input High Voltage VIH 2.1 Vec V 

Output Low Voitage VOL 0.4 V 10L - a MA 

Output High Voltage VOH 2.4 V 10H = -4 MA 
.-

Output Short Circuit 
lOS ±200 MA VOUT = GND to VCC 

Current 

Note: The operating temperature range is guaranteed with transverse air flow exceed
ing 400 feet per minute. 
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NEe JLPD2149/-1/-2' 
NEe Electronics 

CAPACITANCE 

LIMITS 

PARAMETER SYMBOL MIN TYP MAX UNIT TEST CONDITIONS 

AC TEST CONDITIONS 

AC CHARACTERISTICS 
READ CYCLE CD 

VCC 

~ 480H 

DOUT----1~-----~~ 
...L 30pF. 

255H T (INCLUDING 

I i SCOPE AND 
JIG) 

Figure 1 

+5V 

48011 

DOUT--------.---. 
330n 35pF 

(lNCLUOING 
SCOPE AND 
JIG) 

Input Capacitance CIN 5 pF 

Output Capacitance COUT 7 pF 

Note: CD This parameter is sampled and not 100% tested. 

Input Pulse Levels ................ . 
Input Rise and Fall Times .......... . 
Input and Output Timing Reference Levels 
Output Load . . . . . . . . . . . . . . . . . . . . 

Ta = O°C to +70°C; VCC = +5V ± 10%, unless otherwise noted. 

2149-2 2149-1 

PARAMETER SYMBOL MIN MAX MIN MAX 

Read Cycle Time TRC 35 45 

Access Time TA 35 45 

Chip Selection 
TCO to Output Valid 

15 20 

Chip Selection 
TCX 5 5 

to Output Active 

Output 3-State 
I From Oeselection TOTO 10 I 15 

I Output Hold From I I 

I Address Change TOH 5 5 I 
Notes CD WE is high for read cycle. 

VIN = OV 

VOUT = OV 

2149 

MIN MAX UNIT 

55 ns 

55 ns 

25 ns 

5 ns 

20 ns I 

I I 
I 

5 ns I 

. Gnd to 3.0V 
. .... 5 ns 
..... 1.5V 
See Figure 1 

TEST 
. CONDITIONS 

@ 

I 

Figure 2 
o Transltion:s measured' 500 MV from steady state with load 01 Figure 2. This parameter 

is sampled and not 100% tested. 

,uPD2149-2 ,uPD2149-1 ,uPD2149 TEST 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX UNIT CONDITIONS 

Write Cycle Time twc 35 45 55 ns 

Chip Selection to 
tcw 30 

End of Write 
40 50 ns 

Address Valid to 
tAW 30 40 50 

End of Write 
ns 

Address Setup 
tAS a 

Time 
a 0 ns 

Write Pulse 
30 35 40 

Width 
twp ns 

Write Recovery 
tWR 5 5 5 ns 

Time 

Data Valid to 
End of Write tow 20 20 20 ns 

Data Hold Time . tOH 5 5 5 ns 

Write Enabled to a 10 a 15 a 20 CD Output in High Z twz ns 

Output Active 
from End of tow a a a ns @ 
Write 

Notes: CD WE or CS must be high during all address transitions. 

® Transition is measured +500 MV from steady state with load of Figure 3. This param
eter is sampled and not 100% tested. 
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AC CHARACTERISTICS 
WRITE CYCLE 

+5V 

480n 

DOUT----------.---~ 

225[2 5 pF 

Figure 3 
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NEe 
NEe Electronics 

Description 
The }LPD2167 is a 16,384-word by 1-bit static MOS RAM. 
Using a scaled-NMOS technology, its design provides the 
easy-to-use features associated with non-clocked static 
memories. 
The }LPD2167 has a three-state output and offers a 
standby mode that features an 83% savings in power con
sumption. The }LPD2167 requires a single +5 volt supply 
and is fully TTL-compatible. It features equal access and 
cycle times and, because of its fully static operation, it 
requires no external clocks or timing strobes. It is pack
aged in a standard 20-pin; 300 mil DIP. 

Features 
D 16384 x 1 organization 
D Fully static memory - no clock or timing 

strobe required 
D Equal access and cycle times 
D Single + 5v supply 
D Automatic power-down 
D Standard 20-pin DIP, 300 mil 
D All inputs and output directly TTL-compatible 
D Separate data input and output 
D Three-state output 
o Power dissipation: 180 rnA max (active) 

30 rnA max (standby) 

Access time R/W Cycle time 
}LPD2167 -3 55ns 55ns 
!-.(.PD2167-2 700s ?Ons 

Pin Configuration 

Vee 

A'J 

A" 

Al1 . 

A'D 

A. 

D'N 

GND 

Pin Names 

Ao-A,3 Address Inputs 

WE Write Enable 

CS Chip Select 

DIN Data Input 

DouT Data Output 

Vee Power ( +5v) 

Vss Ground 

4086 

JLPD2167-2/-3 
16,384 X i-BIT STATIC RAM 

Truth Table 

cs WE 

H X 

L L 

L ·H 

Ao~.r-=--' 
A, 
A, 
A, . 
A,!"'"",--""'~....J 

Mode 

not selected 

write 

read 

A, 

Output 

HighZ 

HighZ 

DouT 

Cell Matrix 
(128· 128) 

Absolute Maximum Ratings· 

Temperature under bias 

Storage temperature 

Voltage on any pin with respect to ground 

D.C. output current 

Power dissipation 

P~wer 

Standby 

Active 

Active 

A. 
A, 
A. 
A", 

D,,,_. 

-10"C to +85"C 

-65"C to +15O"C 

-3.5vto +7v 

20mA 

1.2w 

* Comment: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause perma
nent damage. The device is not meant to be operated 
under conditions outside the limits described in the opera
tional sections of this specification. Exposure to absolute 
maximum rating conditions for extended periods may 
affect device reliability. 

Capacitance 
Ta=25°C, f=1.0 MHz 

Parameter Symbol Max. Unit Conditions 

Input Capacitance CIN 5 pF VIN = OV 

Output Capacitance COUl 6 pF 'lOUT = OV 

This parameter is sampled and not 100% tested. 
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NEe Electronics 

DC Characteristics AC Characteristics 
Ta=O°Cto + 70°C, Vcc =+5v ± 10% Ta=O°Cto + 70°C, Vcc=+5V ±10% 
Parameier Sym Min Typ Max Unit Te.t Parameter Symbol /-LPD2167·3 J.LPD2167.2 Unit Notes 

Condition. min typ max min typ max 

Input load III 10 /-LA Vee=max, Read Cycle 
current VIN =GNO to Vee 

Read cycle tRe 55 70 ns all input pi!"s 
time 

Output ILO 0.1 50 /-LA CS=VIH, 
leakage Vee=max, Address tAA 55 70 ns CD 
current VOUT =:GNDto Vee access time 

Operating lee 170 mA T. = 25'C f ,"",,= max, 
Chip s,lect tAes 55 70 ns ® 

current CS=V1Lo 
access time 

18P mA T A = O"C output open Output hold toH 5 5 ns 

Standby 158 30 mA ~e = min to max, from address 

current CS=VIH 
change 

Peak IpoeD 35 70 mA Vee=GNDto Chip select tLZ 10 10 ns 

Po.wer-On Vee min. to output in 

current CS= Lower of Vee lowZ 

orVIHmin. Chip deselect tHZ 0 40 0 40 ns 

Input low VIL -3.0 0.8 V to output in 

voltage highZ 

Illput high V1H 2.0 6.0 V Chip select tpu 0 0 ns 

voltage to power up 
time 

Output VOL 0.4 V IOl=8mA 
low voltage Chip deselect tpo 30 30 ns 

to power down 
Output high VOH 2.4 V IOH =-4mA time 
voltage 

Write Cycle 
Output short 1051 -150 mA VouT=GND 

Write cycle time twe 55 ·70 circuit current ns 

Output short 1052 150 mA VOUT= Vee Chip select to tew 45 55 ns 

circuit current eQdofwrite 

Address valid to tAW 45 55 ns 
end' of write 

Address setup tAS 0 0 ns 
time 

Write pulse twp 35 40 ns 
·5V 

Write recovery tWR 10 15 ns 

510!! 
time 'en 
Data valid to tow 25 30 ns .2 

Dutil 
end of write s::: 

0 
3OO!! Data hold time tOH 10 10 ns ~ 

+'" 

Write enabled to twz 0. 30 0 35 
() 

ns CD 

= output in high Z W 
Output active tow 0 0 ns 

0 from end of write 
·W 
Z 

Figure 1 - Output Load 
Notes: 

v" 
CD CS valid prior to or COincident with address transition 
® Address valid prior to or coincident with CS transition low 

0, .. , ----r-----I 
SpF 

3OO!! 

Figure 2 - Output Load for tHZ, 'Ll, twz, tow 
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Description 
The fJ.PD4016 is a 16384-bit static Random Access Mem
ory device organized as 2048 words by 8 bits. Using a 
scaled NMOS technology, its design provides the ease-of
use features associated with nonclocked static memories. 
The fJ.PD4016 has a three-state output and offers a stand
by mode with an attendant 75% to 90% savings in power 
consumption. It features equal access and cycle times and 
provides an output enable function that eliminates the need 
for external bus buffers. The fJ.PD4016 is packaged in 600 
mil and 300 mil 24-pin dual-in-line ·packages and is plug
compatible with 2716 EPROMS. 
Features 
o Scaled NMOS technology 
o Completely static memory: no clock, no refresh 
o Equal access and cycle times 
o Single + 5V supply 
o Automatic power-down 
o All inputs and outputs directly TTL-compatible 
o Common 1/0 capability 
o OE eliminates need for external bus buffers 
o Three-state outputs 
o Plug~compatible with 2716 EPROMS 
o Standby current 15mA standard, selectable to 5mA 
tJ Available in 600rnil and 300miTUfP (Skinnydip) , 

Ace ••• Time R/WCycie 

}-IP04016-1 250ns 250ns 

200ns 200ns 

150ns 150ns 

Pin Configuration 

60mA 

60mA 

60mA 

e I/O, 

n ~ 
(l) 

W 

() 
W 
Z Pin Identification 

Pin 

No. S,mbol 

1-8.19.22.23 A7-A.. A.G, At, Aa 
9-11.13-17 110.-110. 

12 Vss 

18 CS 

20 OE 

21 WE 

24 Vee 

4088 

Functl_ 

Address Inputs 

Data InputJOutput 

Ground 

Chip Select 

Output Enable 

Write Enable 

Power (+5V) 

JLPD4016-1/-2/-3 
2048 X 8-BIT STATIC RAM 

Truth Table 
cs OE WE Mod. 
H X X Not Selected 

L L H Read 

L H L Write 

L L L Write 

Block Diagram. 

110, 

110, 

110, 

110.-

I/O, 

I/O, 

lin 
0;"'7 ..... 

11O, 

A. 

A, 

A., 

A, 

A, 

A, 

A" 

RoW 
Select 

Input 
Data 

Control 

I/O 

High-Z 

DouT 

D'N 

D'N 

Memory Array 
128 Rows 

128 Columns 

Sense Switch 

Column Select 

AO A1 A2 A3 

"-' 
Standby 

Active 

Active 

Active 

Absolute Maximum Ratings· 

Temperature Under Bias 

Storage Temperature 
-6SOCto +1S00C(4016D) 

-5SOC to +125°C (4016C) 

VoHage on Any Pin with Respect to Ground -O.5V to + 7V 

DC Output Current 20mA 

Power Dissipation 1W 

*COMMENT: Exposing the device to stresses above those 
listed in Absolute Maximum Ratings could cause permanent 
damage. The device is not meant to be operated under 
conditions outside the limits described in the operational 
sections of this specification. Exposure to absolute max
imum rating conditions for extended periods may affect 
device reliability. 

Rev/3 ' 
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NEC Electronics 

Capacitance AC Characteristics 
T. = 25°C; f = 111Hz Read Cycle 

Umlt. 
T. = O"Cto 10"e, Vee = 5V :t 10% 

Par.met ... Symbol .. in TJp .... Unit T .. t Condition. 1Jmit. 

Input Capacitance C'N 5 pF V'N = OV ~PD40t"3 ~PD40t"l ~PD401"1 Test 

I/O Capacitance C'P 7 pF V,/o '" OV Par.met ... S,mboI IIln "U IIIn .... .. in .... UnIt Condition • 

This parameter Is sampled and not 100% tested. Read Cycle Time t.c 150 200 250 ns CD 

Address Access 
tAA 150 Time 200 250 ns 

DC Characteristics Chip Select 
tACS 150 

Til = O°C to 70°C, V~~ 5V :t 10% Access Time 200 250 ns ® 

Unlit. Output Hold from 
to.. 10 10 10 ns Address Change 

Par.meter S,mIIol .. in TJp II •• Unit T •• t Condition. Chip Selection to 
VCC = Max. Output in low Z tLZ 10 10 10 ns @® 

Input Leakage Current lu 10 I1A VIN = GND to VCC Chip Deselectlon to 
VCC = Max. CS = VIH Output In High Z t..z 50 60 80 ns @® 

Output leakage Current ILO 10 I1A VOUT = GND to VCC Output Enable to 
VCC = Max. CS = Vil Output Valid to. 70 90 110 ns 

Operating Current Ici: 60 mA 
Outputs Open Output Enabl6 to 
VCC = Min. to Max. Output In low Z to..z 10 10 10 ns @® 

Standby Current CD 158 15 mA 
CS = VIH Output Disable to 

Input low Voltage V1L -0.3 0.8 V Output in nigh Z to... 50 60 80 ns @® 

Input High Voltage Viti 2.0 6.0 V Chip SelectIon to 
tpu 0 0 Power up Time 0 nl ® 

Output low Voltage VOL 0.4 V 10l = 4mA 

Output High Voltage Vow 2.4 V IOH = 1mA 
Chip Deseiectlon to tpo 70 90 110 ns ® Power down TIme 

Output Short Circuit 
Current los TBD TBD mA VOUT = GND to VCC 

Notes: CDSmA max available (contact regional office). Writ_Cycle 
T. = O"Cto 70"C, Vee = 5V:t 10% 

AC Test Conditions LhnIIa 

Input Pulse levels O.8Vto2.2V ~t"3 ~t"2 ~t"t Test 

Input Rise and Fall Times 10ns 
Par.meter Symbol IIln "U "'n "u IIln .... Unit Conditions 

Write Cycle Time twe 150 200 250 ns 

Input TIming Reference Levels 1.SV Chip Selection to 
te .. 120 End of Write 160 200 ns 

Output TIming Reference Levels 1.SV Addr ... Valid to 
End of WrIte tAW 90 120 150 nl 

AddreM Setup Time tAS 0 0 0 ns 

+5V Write Pulse Width twp 80 100 130 ns ® 

Write Recovery Time tWA 10 10 10 ns 

Data VaHd to 
tow 50 60 80 End of Write 

ns 

I/O 
Data Hold Time to.. 0 0 0 ns 

670!l 
Write Enabled to 

twz 50 60 80 
fJ) 

Output In HIgll-Z ns @® .2 l00pF I (Including Scope and Jig) 
Output Active 

tow 10 10 10 ns ®® C 

Figure 1 - Output Load 
from End of Write 0 

"-
Not .. : 

..... 
CD All Read Cycle timings are referenced from the last valid address to the first transitioning 

0 
address. 

Q) 

® Address I18lid prior to or coincident with CS transition low. W 
@ Transjtion is measured :!: 200mV from steady state voHage with specified load of Figure 1. 
® Tt:Jii.parar:!!l1er is sampled and not 100% tested. () 
® If CS and OE are both low before write enabled. twp = twz + tow. W @ Transition is measured :!: 200mV from steady state voltage with specified loading in Figure 2. Z ® This parameter is sampled and not 100"10 tested. 

+5V 

1I0-...,.....----__ ~-..... 

Figure 2 - Transition Load 
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NEe Electronics 

OESCR IPTION 

J-LPD446/-1/-2/-3 
2048 x 8-BIT STATIC 

CMOS RAM 

The J.LPD446 is a high speed, low power, 2048 word by 8 bit static CMOS RAM 
fabricated using an advanced silicon gate CMOS technology. A unique circuitry 
_technique makes the J.LPD446 a very low operating power device which requires 
no clock or refreshing to operate. Minimum standby power current is drawn by this 
device when CS equals VCC independently of the other input levels. 

Data retention is guaranteed at a power supply voltage as low as 2V. 

The J.LPD446 is packaged in a standard 24-pin dual-in-line package and is plug-in 

compatible with 16K EPROMs. The jJ.PD446 is also avaitable in.the 24-pin mini-flat 
(SOP) package. 

F EA TU R ES • Single +5V Supply 

• Fully Static Operation - No Clock or Refreshing required 
• TTL Compatible - All Inputs and Outputs 
• Common I/O Using Three-State Output 
• OE Eliminates Need for External Bus Buffers 

• Max Access/Min Cycle Times Down to 150 ns 

• Low power Dissipation, 18 rnA Max Active/10 J.LA Max Standby/ 
10 J.LA Max Data Retention 

• Data Retention Voltage - 2V Min 
• Standard 24-Pin Plastic, DIP, and Mini-flat (SOP) Packages 
• Plug-in Compatible with 16K EPROMs 

• Operating Temperature Range - - 40°C to + 85°C 
• For operation at less than 4.5V power supply, contact the NEe Sales Office 

PIN CONFIGURATION A7 VCC 

A6 As 
A5 Ag PIN NAMES 

WE AO-AlO Address Inputs 

OE WE Write Enable 

A2 /.LPD Al0 OE Output Enable-

Al 446 cs CS Chip Select 

Ao 1/08 
1/01-1/08 Data Input/Output 

1/01 1/07 
VCC Power (+5V) 

1/02 1/06 
GND Ground 

1/03 1/05 

1/04 

TRUTH TABLE 

CS OE WE MODE I/O ICC 

H X X NOT SE LECTED HZ STANDBY 

L H H NOT SELECTED HZ ACTIVE 

L L H READ DOUT ACTIVE 

L X L WRITE DIN ACTIVE 

Rev!1 
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.N"EC JLPD446/-1/-2/-3 
NEC Electronics BLOCK DIAGRAM 

A4 

A5 

As ROW 
CELL ARRAY 

A7 DECODER 
i28 ROWS 

128 COLUMNS 
As 
AS 

Al0 

1/01 
I INPUT 
I DATA DATA 
I 
I 

I lOB 
CONTROL CONTROL 

Supply Voltage .......................................... 1.0V 
Input or Output Voltage Supplied .................... -0.3 to Vee + 0.3V 
Storage Temperature Range .......................... -55°e to 125°e 
Operating Temperature Range ......................... -40o e to +85°e 

Ta=25°e 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. ·This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 

reliability. 

LIMITS 

PARAMETER SYMBOL MIN 

Input High Voltage VIH 2.2 

Input Low Voltage VIL -0.3 

Input Leakage Current ILl -1.0 

1/0 Leakage Current ILO -1.0 

ICCAl 

Operating Supply Current ICCA2 

1CCA3 

Standby Current ICCS 

Output High Voltage VOH 2.4 

Output Low Voltage VOL 

NOTE: CD J.lPD446: 12 mA TYP, 18 mA MAX 
J.lPD446-1: 18 mA TYP, 26 rnA MAX 
J.lPD446-2: 20 rnA TYP, 30 rnA MAX 
J.lPD446-3: 25 rnA TYP. 38 rnA MAX 

@ Ie MASTER 1984 

TYP 

CD 

5 

30 

MAX UNIT CONDITIONS 

VCC V 
+0.3 

0.8 V 

1.0 J.J.A VIN = 0 -VCC 

1.0 J.J.A VCS = VIH 
VI/O = 0 - VCC 

CD mA VCS = VIL 11/0 = 0 
MIN TCYCLE 

10 mA VCS = VIL 11/0 = 0 
DC CURREf\JT 

100 J.J.A VCS = 0.2V 11/0 = 0 
VIN = VCC -0.2 
OR 0.2V 

10 J.J.A VCS = VCC -0.2 
VIN = O, ... .vCC 

V 10H = -1.0 mA 

0.4 V 10L = 2.0 mA 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 
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t-(EC ~PD446/·1/·2/·3 
NEe Electronics 

CAPACITANCE Ta = 25°C, f = 1.0 MHz 

LIMITS 

TEST 
PARAMETER SYMBOL MIN MAX UNIT CONDITIONS 

Input Capacitance CIN 6 pF VIN = OV 

Input/Output Capacitance CliO 8 pF VI/O = OV 

AC CHARACTE R ISTICS READ CYCLE 

4092 

LOW VCC DATA 

RETENTION 

VCC = S.OV ! 10%, Ta = -40'C to +8S'C 

PARAMETER SYMBOL 

Read Cycle Time IRC 

Address Access Time tAA 

Chip Select Access Time tACS 

Output Enable to Output Valid tOE 

Output Hold from Address Change tOH 

Chip Enable to Output in lZ tClZ 

Output ,Enable to Output in lZ tOlZ 

Chip Disable to Output in HZ tCHZ 

Output Disable to Output in HZ tOHZ 

Vce = S.OV • 10%, Ta = -40"e to +85 C 

PARAMEtER SYMBOL 

Write Cycle Time twc 

Chip Enable to End of Write tcw 

Address Valid to End of Write tAw 

Address Setup Time tAS 

Write Pulsewidth twp 

Write Recovery Time tWR 

Data Valid to End of Write tow 

Data Hold Time tDH 

Write Enable to Output in HZ tWHZ 

Output Active from End of Write tow 

Ta = -40°C to +85°C 

PARAMETER 

VCC for Data Retention 

I 
Data Retention Current 

Chip Deselection to Data 
Retention Time 

Operation Recovery Time 

LIMITS 

IJPD446-3 IJPD446-2 IJPD446-1 

MIN MAX MIN MAX MIN MAX 

150 200 250 

150 200 250 

150 200 250 

75 100 120 

15 15 15 

10 10 10 

5 5 5 

50 60 80 

50 60 80 

WRITE CYCLE 

LIMITS 

IJPD446-3 IJPD446-2 IJPD446-1 

MIN MAX MIN MAX MIN MAX 

150 200 250 

120 150 180 

120 150 I 180 

0 0 0 

90 120 150 

0 0 0 

50 60 80 

0 0 0 

50 60 80 

10 10 10 

TEST 
SYMBOL CONDITIONS MIN 

VCCDR VIN = 0'" VCC, 2.0 
VCS = VCC 

ICCDR VCC = 3.0V, I 
VIN = 0 ..... VCC 
Ves = Vce 

tCDR 0 

tR tRC 

IJPD446 

MIN MAX UNIT 

450 ns 

450 ns 

450 . ns 

150 ns 

15 ns 

10 ns 

5 ns 

100 ns 

100 ns 

IJPD446 

MIN MAX UNIT 

450 ns 

210 ns 

t 210 ns 

0 ns 

180 ns 

0 ns 

100 ns 

0 ns 

100 ns 

10 ns 

LIMITS 

TYP MAX UNIT 

V 

0.01 10 IlA 

ns 

ns 
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t-fEC 
NEe Electronics 

J,tPD449/.1/·2/·3 
2048 x 8·BIT'STATIC 

CMOS RAM 

2048 x 8-BIT STATIC CMOS RAM 

DESCRIPTION The ~PD449 is a high speed, low power, 2048 word by 8-bit static CMOS RAM fab
ricated using an advanced silicon gate CMOS technology. A unique circuitry tech
nique makes the ~PD449 a very low operating power device which requires no 
clock or refreshing to operate. 

Since the device has two chip enable inputs, it is suited for battery backup applica
tions. Minimum standby power current is drawn by this device when CE1 or CE2 
equals VCC independently of the other input levels. 

Data Retention is guaranteed at a power supply voltage as low as 2V. 

The J.LPD449 is packaged in a standard 24-pindual-in-line package and is plug-in com
patible with 16K EPROMs. The ~PD449 is al~o available in the 24-pin mini-flat (SOP) 
package. 

FEATURES • Single + 5V Supply 

PIN CONFIGURATION 

@ Ie MASTER 1984 

• Fully Static Operation - No Clock or Refreshing required 
e TTL Compatible - AI! Inputs and Outputs . 

• Common Data Input and Output Using Three-State Output 

• Two Chip Enable Inputs eliminates need for External Bus Buffers 
• Max Access/Min Cycle Times Down to 150 ns 

• Low Power Dissipation; 18 mA Max Active/10 J.LA Max Standby/ 
10 IlA Max Data Retention 

• Data Retention Voltage - 2V Min 

• Standard 24-Pin Plastic, DIP and Mini-flat (SOP) Packages 
• Plug-in Compatible with 16K EPROMs 
• Operating Temperature Range - 40°C to + 85°C 
• For operation at less than 4.5V power supply, contact the NEC Sales Office 

A2 

Al 

AO 

1/01 

1/02 

IlPD 
449 

VCC 

AS 

Ag 

WE 

CEl 

A10 

CE2 
1/08 

1/07 

1/06 

1/05 

GNDL1~i_2 __________ ~ 

TRUTH TABLE 

CEl CE2 WE MODE 

X H X NOT SELECTED 

H X X NOT SELECTED 

L L L WRITE 

L L H READ 

Rev/1 

PIN NAMES 

AO-A10 Address Inputs 

WE Write Enable 

CE1-CE2 Chip Enable Inputs 

1/01-1/08 Data Input/Output 

VCC Power (+5V) 

GND Ground 

I/O ICC 

HZ STANDBY 

HZ STANDBY 

DIN ACTIVE 

DOUT ACTIVE 
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fttIEC 
NEe Electronics' 

. J,tPD449/-1/-2/-3 
BLOCK DIAGRAM 

A4 

AS 

A6 

A7 

A8 

ADDRESS 
BUFFER 

A9 

A10-~...,.._ ... 

ROW 

DECODER 

Il~l __ -+ __ "" INPUT 

: DATA 
I CONTROL 

1/08 ---+--+-H 

Supply Voltage 

CELL ARRAY 
128 ROWS 

128 COLUMNS 

SENSE SWITCH 

COLUMN 

DECODER 

Input or Output Voltage Supplied .. 
Storage Temperature Range ... 
Operating Temperature Range. 

Ta = 25°C 

OUTPUT 

DATA 

CONTROL 

............ 7.0V 
. -0.3 to Vee + 0.3V 

-55°C to 125°C 
. .. -40°C to +85°C 

*COMMENT: Stress above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress rating only and functional operation of the device at these or 
any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device 
reliability. 

LIMITS 

I 

PARAMETER SYMBOL MIN TYP 

Input High Voltage VIH 2.2 

Input Low Voltage VIL -0.3 

Input Leakage Current III -1.0 

I/O Leakage Current ILO 1.0 

ICCAl CD 

Operating Supply Current ICCA2 5 

ICCA3 30 

Standby Current ICCS 

I 

Output High Voltage VOH 2.4 

Output Low Voltage VOL 

NOTE: <D ~PD449: 12 mA TYP, 18 mA MAX 
~PD449·1: 18 mA TYP. 26 mA MAX 
~PD449-2: 20 mA TYP, 30 mA MAX 
~PD449-3: 25 mA TYP, 38 mA MAX 

4094 

MAX 

VCC +0.3 

0.8 

1.0 

1.0 

CD 

10 

10 

10 

I 

0.4 

TEST 
UNIT CONDITIONS 

V 

V 

pA VIN = 0 - VCC 

VeEl or 

pA VC'E2 = VIH 
or VWE = VIL 
VIIO = 0 ' VCC 

VCE1 lind 

rnA VCE2 = VIL 
1110 = a 
MIN TCYCLE 

VCEl and 

rnA VCE2 = VIL 
1110 = 0 
DC CURRENT 

VCEl and 

VCE2 = O.2V 
pA VIN = VCC O.2V 

or O.2V 

1110 = 0 

VCEl or VCE2 = 
pA VCC -0.2V 

I V,N = 0 - Vce ! 
V 10H = -1.0 rnA 

V 10L = 2.0 rnA 

ABSOLUTE MAXIMUM 
RATINGS* 

DC CHARACTERISTICS 

@ Ie MASTER 1984 



t-lEC MPD449/ .. 1 /·2/·3· 
NEe Electronics 

CAPACITANCE 
LIMITS 

TEST 
PARAMETER SYMBOL MIN MAX UNIT CONDITIONS 

Input Capacitance CIN 6 pF VIN = OV 

Input/Output Capacitance CliO 8 pF VI/O = OV 

.READCYCLE 

AC CHARACTE R ISTICS VCC = 5.0V .t 10%, Ta = -40"C to +Q5"C 

LOW Vec 
DATA RETENTION 

@ IC MASTER 1984 

LIMITS 

~P0449-3 ~P0449-2 ~P0449-1 ~P0449 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX 

Read Cycle Time tRC 150 200 250 450 

Access Time tA 150 200 250 450 

Chip Enable (CE 1) to Output Valid te01 150 200 250 450 

Chip Enable (CE2) to Output Valid tC02 150 200 250 450 

Output Hold from Addre~s Change tOH 15 15 15 15 

Chip Enable (CE1) to Output in LZ tLZ1 _ 5 5 5 5 

Chip Enable (CE2) to Output in LZ tLZ2 5 5 5 5 

-
Chip Enable (CE1) to Output in HZ tHZ1 50 60 80 100 

Chip Enable (CE2) to Output in HZ tHZ2 50 60 80 100 

WRITE CYCLE 

VCC = 5.0V • 10%, Ta = -40"C to +85'C 

LIMITS 

~P0449·3 uP0449.2 ~P0449-1 /JP0449 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX 

Write Cycle Time twc 150 200 250 450 

Chip Enable (CE 1) to End of Write tCW1 120 150 180 210 

Chip Enable (CE2) to End of Write tCW2 120 150 180 210 

Address Setup Time tAW 0 0 0 0 

Write Pulsewidth twp 90 120 150 180 

Write Recovery Time tWR 0 0 0 0 

Write Enable to Output in HZ twz 50 60 80 100 

Output Active from End of Write tow 10 10 10 10 

Data Valid to End of Write tow 50 60 80 100 

Data Hold Time tDH 0 I 0 0 0 

TEST LIMITS 

PARAMETER SYMBOL CONDITIONS MiN TYP MAX 

VIN=O-VCC, 
VCC for Data Retention VCCDR VeE1 0r 2.0 

VCE2 = VCC 

VCC = 3.0V, 

Data Retention Current ICCDR 
VIN=O'1"VCC 

0.01 10 
VeE1 0r 

VCE2 = VCC 

Chip Disable to Data Retention Time tCDR 0 

Operation Recovery Time tR tRC 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNiT 

V 

IJA 

ns 

ns 

4095 

f/) 

.2 
c 
o ... ... 
~ 
iii 
o 
w 
z. 



en 
.2 
c: 
o 
'..... 
o 
~ w 
() 
w 
z. 

ttlEC 
NEe Electronics 

FEATURES: 

• Two Fast Access Times: 
-450nsec 
-350nsec 

• All Inputs TTL Compatible 
• All Outputs Drive 2 TTL Load Directly 
• Single +5 Volt Supply with ± 10% Tolerance 
• Three-State Outputs for Direct Bus Compatibility 
• Pin Compatible to 2708 EPROM 
• Fully Static Operation 
• All Inputs Protec.ted Against Static Charge 
• 100% Burned-In . 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME 
INDUSTRIAL 
,uPD 2308A-45PC 450nsec 
,uPD 2308A-35PC 350nsec 

BLOCK DIAGRAM 

Ag • 
AS a: 

w 
A7 • 0 

0 

A6 
(,) • w 
0 

A5 x 

A4 • 

PACKAGE 

Molded DIP 
Molded DIP 

• 

• 
• 

JLPD2308A 
NMOS READ ONLY MEMORY 

1,024 WORDS, 8 BITS/WORD 

GENERAL DESCRIPTION: 

The ,uPD2308A is a 8,192 bit Read Only Memory, utilizing 
MOS N-Channel silicon gate technology. The device is 
completely static in operation and is organized as 1024 
words by 8 bits and operates from a single +5 volt power 
supply. All inputs and outputs are fully TTL compatible. It 
has two programmable chip selects, and Pins 21 and 19 
have no connection (NC) to allow full plug-in compati
bility with 2708 EPROMs. Programming of the device is 
done through a custom mask during fabrication. 

PIN CONFIGURATION (TOP VIEW) 

A7 VCC 

AS AS 

A5 Ag 

A4 NC 

A3 CS, 

A2 NC 

A, CS2 

AO °7 

°0 Os 

0, °5! 

°2 °4 
GND °3 

64 x 128 
ROM MATRIX 

• • • 

A3--------------------------~·~1 
A2--------------------------~·~1 
A1--------------------------~·~1 
AO--------------------------~·~I 

Y DECODER 

CS1 ------...-J 
CS2-----~ 

4096 

CHIP 
SELECT 
LOGIC 
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NEe JLPD2308A 
NEe Electronics 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter Ratings Unit 

Vee Supply Voltage -0.5 to +7 V 

VI Input Voltage -0.5 to +7 V 

Vo Output Voltage -0.5 to +7 V 

Topt Operating Temperature -0 to +70 °C 

Tstg Storage Temperature -65 to +125 - °C 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only, and 
operation of the device at any condition above those indicated in the operational sections of this specification is 
not implied. 

D.C. CHARACTERISTICS (Ta = 0° to +70° C, Vee = +5 ± 10% ) 

Symbol I Parameter Test Condition 

VIL ! Input "Low" Voltage 

VIH Input "High" Voltage 

hL Input Load Current I VIN =.0 to +5.50V 

VOL Output "Low" Voltage IOL = +3.2mA 

VOH Output "High" Voltage IOH = -2ooJ.LA 

ILO Output Leakage Current Chip Disabled VOUT = +0.4V to Vec 

Icc Power Supply Current I All inputs +S.50V Outputs Unloaded 

A.C. CHARACTERISTICS (Ta = 0° to +70° C, Vee = +5 ± 10%
) 

Symbol Parameter 

tACC Access Time 

tco Output Enable Time 

tOF Output Disable Time 

tOH Output Hold Delay 

C, Input Capacitance 

Co Output Capacitance 

A.C. TEST CONDITIONS 

Input rise and fall times (tr. tf)= 20 nsec 
Timing Measurement Reference Levels: 

Input and output high levels' (~H. VOH) = 2.0 Volts 
Input and output low levels (~L VoL) = 0.8 Volts 

Output load = 1 series 74 TTL + 100 pf 

CUSTOM PROGRAMMING INSTRUCTIONS 

J.LPD2308A-35 

Min. Max. 

350 

150 

100 

20 

7 

10 

BIT PATTERN VERIFICATION: 

Min. Typ. Max. Unit 

-0.5 0.8 V 

2.0 I Vee + 1 I V 

I I 10 J.LA 

0.40 V 
I 2.4 V 

10 J.LA 

I I 60 I 90 ! rnA 

. J.LPD2308A-45 

Min. Max. Units 

450 nsec 

150 nsec 

100 nsec 

20 nsec 

7 pf 

10 pf 

BIT PATTERN SUBMITTAL 
OPTIONS: 
The customer's unique bit pattern can 
be submitted in a convenient method 
that is'easy for the ROM customer, and 
readily verifiable for accuracy. The bit 
pattern can be delivered to NEC con
tained within: 

For customer verification of the submitted bit patterns, several alternatives are 
also available. The following is found to be lTlost expeditious. 

1, One programmed 2708 EPROM 

@ Ie MASTER 1984 

CUSTOM PATTERN 
SUBMITTED VIA: 

1. One programmed 2708 
EPROM 

VERIFICATION ROUTINE 

Customer sends NEC one additional 
erased 2708. NEC programs the spare 
2708 with th.e data from the programmed 
2708, and returns to customer for 
verification. 
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NEe 
NEe Electronics 

FEATURES: 

• Two Fast Access Times: 
-450nsec 
-350nsec 

• All Inputs TTL Compatibie 
• Single +5 V ± 10% Supply 
• Three-State Outputs for Direct Bus CompatibiUty 
• Pin Compatible to 2708 and 2716 EPROMs 
• Fully Static Operation 
• Inputs Static Charge Protected 
• 100% Burned-In 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME 
INDUSTRIAL 
J.LPD 2316E-45PC 450nsec 
J.LPD 2316E-35PC 350nsec 

BLOCK DiAGRAM 

4098 

64 x 256 
ROM MATRIX 

PACKAGE 

Molded DIP 
Molded DIP 

JLPD2316E 
NMOS READ ONLY MEMORY 

2,048 WORDS, 8 BITS/WORD 
GENERAL DESCRIPTION: 

The J,LPD2316E is a 16,384 bit Read Only Memory utilizing 
MOS N-Channel silicon gate technology. The device is, 
completely static in operation and is organized as 2048 
words by 8 bits and operates from a single +5 volt power 
supply. All inputs and outputs are fully TTL compatible. It 
has three programmable chip select inputs and three 
state outputs that allow memory expansion to 16,384 
words by 8 bits without the use of external logic. 
Programming ofthe device is accomplished by a custom 
mask during fabrication. Pinout is compatible with 2708 
and 2716 EPROMs. 

PIN CONFIGURATION (TOP VIEW) 

A7 Vee 

AS AS 

AS Ag 

A4 e~ 

A3 e51 

A2 A10 

A1 e52 

AO °7 

°0 Os 

°1 Os 

°2 °4 
GND °3 

• 
16 x 16 DECODER • 

• 
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ABSOLUTE MAXIMUM RATINGS J.LPD2316E 
Symbol Parameter Ratings Unit 

Vee Supply Voltage -0.5 to +7 V 

VI Input Voltage -0.5 to +7 V 

Vo 
I Output Voltage -":0.5 to +7 V 

Topt Operating Temperature -0 to +70 °C 

Tstg Storage Temperature I -65 to +125 I °C 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only, and 
operation of the device at any condition above those indicated in the operational sections of this specification is 
not implied. 

D.C. CHARACTERISTICS (Ta = O°C to +70°C, Vee = +5±10% ) 

Symbol Parameter Test Condition Min. Typ. Max. Unit 

VIL Input "Low" Voltage ~.5 0.8 V 

VIH Input "High" Voltage 2.0 Vee + 1 . V 

ilL Input Load Current VIN = 0 to +5.50V 10 J.1.A 

VOL Output "Low" Voltage IOl = +~.2mA I I 0.40 V 

VOH Output "High" Voltage IOH = -200J.1.A 2.4 l V 

ILO Output Leakage Current Chip Disabled, VOUT = +0.4V to Vee f I I 10 I J.1.A 

lee Power Supply Current All inputs +5.50V, Outputs Unloaded 60 90 rnA 

A.C. CHARACTERISTICS (Ta = O°C to +70°C, Vee = +5±10% ) 

J.1.PD2316E-35 J.1.PD2316E-45 

Symbol Parameter Min. Max. Min. Max. Units 

tAee Access Time 350 450 I nsec 

teo Output Enable Time 150 150 nsec 

tOF Output Disable Time 100 I 100 I nsec 

tOH Output Hold Delay 

CI Input Capacitance 

Co Output Capacitance 

A.C. TEST CONDITIONS 

Input rise and fall times (tr. tf) = 20 nsec 
. Timing Measurement Reference Levels: 

Input and output high levels (ViH, VOH) = 2.0 Volts 
Input and output low levels (VIL. VoL) = 0.8 Volts 

Output load = 1 series 74 TTL + 100 pf 

CUSTOM PROGRAMMING INSTRUCTIONS 

20 

BIT PATTERN VERIFICATION: 

20 

7 7 

10 10 

BIT PATTERN SUBMITTAL 
OPTIONS: 
The customer's unique bit pattern can 
be submitted in several convenient 
methods that are easy for the ROM 
customer, and readily verifiable for 
accuracy. The bit pattern can be deliv
ered to NEe contained within: 

For customer verification of the submitted bit patterns, several alternatives are 
also available. The following are those foundto be most expeditious. 

1. One programmed 2716 EPROM 
2. Two programmed 2708 EPROMs 

@ Ie MASTER 1984 

CUSTOM PATTERN 
SUBMITTED VIA: 

1. One programmed 2716 
EPROM 

2. Two programmed 2708's 
EPROMs 

VERIFICATION ROUTINE 

Customer sends NEC one additional 
erased 2716. NEC programs the spare 
2716 with the data extracted from the 
programmed 2716, and returns to the 
customer for verification. 

Customer sends NEC two additional 
erased 2708's. NEC programs the spare 
2708's with the pattern data extracted 
from the programmed 2708's and returns 
to the customer for verification. 

nsec 

pf 

pf 
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fttIEC 
NEC Electronics 

FEATURES: 

• rhree Fast Access Times 
-450nsec 
-350nsec 
-300nsec 

• All Inputs TTL Compatible 
• Outputs Drive 2 TTL Loads Directly 
• Single +5V ± 10% Supply 
• Two Programmable Chip Selects 
• Both JEDEC Pinouts Available 

PIN 18 PIN 21 . 
,uPD2332A A11 CS2 
,uPD2332B CS2 A11 

• Pin Compatible to 2716 and 2732 EPROMS 
• Fully Static Operation 
• All Inputs Protected Against Static Charge 
• 100% Burned-In 

ORDERING INFORMATION 

PIN PIN ACCESS 
PART NUMBER 18 21 TIME 
,uPD 2332A-45PC A11 CS2 450ns 
,uPD 2332A-35PC A11 CS2 350ns 
,uPD 2332A-30PC A11 CS2 300ns 
,uPD 2332B-45PC I CS2 A11 I 450ns 
.uPD 2332B-35PC I CS2 A11 I 350ns 
,uPD 2332B-30PC CS2 A11 300ns 

BLOCK DIAGRAM 

128 BIT DECODER 

128 

ROM MATRIX 
128 X 256 

PACKAGE 
Molded DIP 
Molded DIP 
Molded DIP 

I Molded DIP I Molded DIP 
Molded DIP 

256 

J.LPD2332 
NMOS READ ONLY MEMORY 

4096 WORDS, 8 BITS/WORD 

GENERAL DESCRIPTION: 

The ,uPD2332A/B is a 32,768 bit fully static Read Only 
Memory utilizing MOS N-Channel silicon gate ion implan
ted technology. It is organized 4096 words by 8 bits and 
operates from a single +5V ± 10% power supply .. AII 
inputs are TTL compatible. It has two programmable 
chip selects and three-state outputs for direct bus 
compatibility. It is unique in that both JEDEC standard 
pin configurations are available. 

PIN CONFIGURATION (TOP VIEW) 

DECODER 
32 X 8 

A7 

AS 

AS 

A4 

AJ 

A2 

A, 

An 
°0 

0, 

°2 
GND 

Vee 

AS 

Ag 

All ieS2 

GS, 

Ne 

eS2iA 11 

Gl7 

Os 

°5 

°4 

OJ 

@ Ie MASTER 1984 



ABSOLUTE MAXIMUM RATINGS J.LPD2332 
Symbol Parameter Ratings Unit 

Vee Supply Voltage -0.5 to +7 V 

VI- I Input Voltage -0.5 to +7 V I 

Vo Output Voltage -0.5 to +7 V 

Topt I Operating Temperature -0 to +70 °C 

Tstg Storage Temperature -65 to +125 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only. and 
operation of the device at any condition above those indicated in the operational sections of this specification is 
not implied. 

D.C. CHARACTERISTICS (Ta = 0° to +70°C, Vee = +5 ± 10%) 

Symbol Parameter Test Condition Min. Typ. Max. 

VIL Input "Low" Voltage -0.5 0.8 

VIH Input "High" Voltage 2.0 Vee +1 

ilL Input Load Current VIN = 0 to 5.5V 10 

I Output "Low" Voltage IOL=+3.2mA 0.40 

VOH I Output "High" Voltage 2.4 - ~ I 

ILO Output Leakage Current Chip Disabled VOUT = +O.4V to Vee ! 10 ! 

lee Power Supply Current All inputs +5.5V Output Unloaded 60 I 90 

A.C. CHARACTERISTICS (Ta = 0° to +70°C, Vee = +5 ± 10%) 

J,LPD2332A1B-30 J.LPD2332A1B-35 J.LPD2332A1B-45 

Symbol Parameter 

tAee Access Time 

teo Output Enable Time 

tOF Output Disable Time 

tOH Output Hold Delay 

CI Input CapaCitance 

Co Output Capacitance 

A.C. TEST CONDITIONS 

Input rise and fall times (tr. tf) = 20 nsec 
Timing Measurement Reference Levels: 

Min. 

20 

Input and output high levels (\AH. VOH) = 2.0 Volts 
Input and output low levels (\AL. VoL) = 0.8 Volts 

Output load = 1 series 74 TTL + 100 pf 

CUSTOM PROGRAMMING INSTRUCTIONS 
BIT PATTERN SUBMITTAL 

Max. Min. 

300 

150 

100 

·20 

7 

10 

OPTiONS: BIT PATTERN VERIFICATlo.'4S: 

Max. Min. Max. 

350 I 450 

150 150 

100 100 

20 

7 7 

10 10 

The customer's unique bit pattern can 
be submitted in several convenient 
metnods that are easy for the ROM 
customer, and readily verifiable for 
accuracy. The bit pattern can be deliv
ered to NEC contained within: 

For customer verification of the submitted bit patterns, several alternatives are 
also available. The following are those found to be most expeditious. 

1. One programmed 2732 EPROM 
2. Two programmed 2716 EPROMs 

@ IC MASTER 1984 

CUSTOM PATTERN 
SUBMITTED VIA: 

1. One programmed 2732 
EPROM 

2. Two programmed 2716 
EPROMs 

VERIFICATION ROUTINE 

Customer sends NEC one additional 
erased 2732. NEC programs the spare, 
2732 with the data from the programmed 
2732, and returns to customer for 
verification. 

Customer sends NEC two additional 
erased 2716's. NEC programs the spare 
2716's with the data from the pro
grammed EPROMs and returns to 
customer for verification. 

lJ.nit 

V 

V 

J.LA 

v 
V 

J.LA 

rnA 

Unit 
I nsec 

nsec 

nsec 

nsec 

pf 

pf 
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NEe 
NEe Electronics 

FEATURES: 

• Three Fast Access Times 
-450nsec 
-350nsec 
-300nsec 

• All Inputs and Outputs TTL Compatible 
• Single +5V ± 10% Power Supply 
• One Programmable Chip Select 
• Three-State Outputs for Direct ~us Compatibility 
• Pin Compatible to 2716,2732, and 2564 EPROMS 
• Fully Static Operation 
• All Inputs Protected Against Static Charge 
• 100% Bumed-In 

BLOCK DIAGRAM 

256 BIT DECODER 

4102 

256 

ROM MATRIX 
256 X 256 

256 

,uPD2364 
NMOS READ ONLY MEMORY 

8192 WORDS, 8 BITS/WORD 

GENERAL DESCRIPTION: 

The pPD2364 is a 65,536 bit Read Only Memory utilizing 
MOS N-Chahnel SiliCon gate technology. The device is 
completely static in operation, organized as 8192 words 
by 8 bits arid operates from a single +5V power supply. 
All inputs and outputs are fully TTL compatible. It has 
one programma.ble chip select input and three-state 
outputs that allow memory expansion to 16.384 words by 
8 bits without the use of external logic. Programming of 
the device is accomplished by a custom mask during 
fabrication. Pinout is compatible with 2716. 2732. and 
2564 EPROMs. 

PIN CONFIGURATION (TOP VIEW) 

DECODER 
32 X 8 

A7 

A6 

AS 

A4 

A3 

A2 

.A, 
An 
°0 

0, 

°2 
GNO 

Vee 
AS 

Ag 

A'2 

cs, 
A,O 

A" 

°7 

°6 

°5 

°4 
°3 

CS, 
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ABSOLUTE MAXIMUM RATINGS." JLPD2364 

Symbol Parameter Ratings Unit 

Vee Supply Voltage -0.5 to +7 V 

VI Input Voltage I -0.5 to +7 V 
I 

Vo Output Voltage 
I 

-0.5 to +7 V 

Topt Operating Temperature I -0 to +70 °C 

Tstg Storage Temperature 
·1 

-65 to +125 °C 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only, and 
operation of the device at any condition above those indicated in the operational sections of this specificati9n is 
not implied. 
D.C. CHARACTERISTICS (Ta = 0° to +70° C, Vee = +5 ± 10%) 

Symbol Parameter Test Condition Min. Typ .. Max. Unit 

VIL I Input "Low" Voltage -0.5 0.8 V 

VIH Input "High" Voltage 2.0 Vce + 1 V 

hL Input Load Current VIN = 0 to 5.5V 10 . IJ.A 

VOL Output "Low" Voltage I tOL = +2.1mA 0.4 V 

VOH I 
Output "High" Voltage IOH = -400IJ.A 2.4 I V 

Output Leakage Current Chip Disabled VOUT = +O.4V to Vee I IJ.A 

IcC Power Supply Current All inputs +5.5V Output Disabled mA 
----~------------------~----------------------------~----~------~----~-----

A.C. CHARACTERISTICS (Ta = 0° to +70°C, Vee = +5 ± 10%) 
-

Symbol Parameter 

tACC Access Time 

teo Output Enable Time 

tOF Output Disable Time 

tOH Output Hold Delay 
-. 

CI Input Capacitance 

Co Output Capacitance 

A.C. TEST CONDITIONS 

Input rise and fall times (tr, tf) = 20 nsec 
Timing Measurement Reference Levels: 

Input and output high levels (VIH, VOH) = 2.0 Volts 
Input and output low levels (VIL. VOL) = 0.8 Volts 

Output load = 1 series 74 TTL + 100 pf 

CUSTOM PROGRAMMING INSTRUCTIONS 

IJ.PD2364-30 

Min. Max. 

300 

120 

120 

20 

10 

15 

BIT PATTERN VERIFICATIONS: 

IJ.PD2364-35 IJ.PD2364-45 

Min. Max. Min. Max. I Unit 

350 I 450 I nsec 
I 

150 150 nsec 

150 150 nsec 

20 20 nsec 

10 10 pf 

15 15 pf 

BIT PATTERN SUBMITTAL 
OPTIONS: 
The customer's unique bit pattern can 
be submitted in several convenient 
methods that are easy for the ROM 
customer, and readily verifiable for 
accuracy. The bit pattern can be deliv
ered to NEC contained within: 

For customer verification of the submitted bit patterns, several alternatives are 
also available. The following are those found to be most expeditious. 

1. One programmed 2764 EPROM 
2. Two programmed 2732 EPROMs 

@ Ie MASTER 1984 

CUSTOM PATTERN 
SUBMITTED VIA: 

1. One programmed 2764 
EPROM 

2. Two programmed 2732 
EPROMs 

VERIfiCATION ROUTINE 

Customer sends NEC one additional 
erased 2764. NEC programs the spare 
2764 with the data from the programmed 
2764, and returns to customer for 
verification. 

Customer sends NEG two additional 
erased 2732's. NEG programs the spare 
2732's with the data from the pro
grammed EPROMs and returns to 
customer for verification. 

4103 
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FEATURES: 

• Two Fast Access Times: 
-2S0nsec- ,uPD2364E-25 
-200nsec- ,uPD2364E-20 

• All Inputs and Outputs are fully TTL Compatible 
• Three-State Output for Direct Bus Compatibility 
• Single +5V ± 5% Power Supply 
• Three Programmable Chip Selects 
• All Inputs Protected Against Static Charge 
• 100% Burned-In 

ORDERING INFORMATION 

ACCESS TIME PACKAGE 
,u 250nsec Molded 28-PIN 

DIP 
,uPD 2364E-20PC 200nsec Molded 28-PIN 

DIP 

BLOCK DIAGRAM 

°0 0, O2 °3 
CE 

AO 
A, 

A2 

A3 

MPD2364E 
NMOS READ ONLY MEMORY 
8192 WORDS, 8 BITS/WORD 

GENERAL DESCRIPTION: 

The ,uPD2364E-20/2364E-25 is a 65,536 bit Read Only 
utilizing NMOS silicon gate technology. The device is 
static in operation, organized as 8192 words by 8 bits and 
operates from a single +5 Volt power supply. The device 
has three-state outputs and all inputs and outputs are 
fully TTL compatible. The chip select pins are mask 
programmable and can be specified by selecting "1 ", "0" 
and "Don't Care" Data. Pinout is compatible with 2764 
EPROMs. 

PIN CONFIGURATION (TOP VIEW) 

Ne Vee (+5V) 

A12 eS1 

A7 eS2 

As AS 

As Ag 

A4 A11 

A3 e~ 

A2 A 10 

A1 CE 

AO °7 

°0 °6 

°1 °5 

°2 °4 
(OV) GND °3 

0 4 0 5 Os 0 7 

OE 
A4 Y-SELECTOR PROGRAM 

A5 

AS 

A7 

AS 

A9 

AlO MEMORY CELL MATRIX CEINPUT CS, 

A" 
BUFFER CS2 

A'2 CS3 
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ABSOLUTE MAXIMUM RATINGS ~PD2364E 
Symbol Parameter Ratings Unit 

Vee Supply Voltage -0.5 to +7 V 

VI Input Voltage -0.5 to +7 V 

Vo Output Voltage -0.5 to +7 V 

Topt Operating Temperature -0 to +70 °C 

Tstg Storage Temperature -65 to +125 °C 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only. and 
operation of the device at any condition above those indicated in the operational sections of this specification is 
not implied. 

D.C. CHARACTERISTICS (Ta = 0° to +70°C, Vee = +5 ± 50/0) 

Symbol Parameter Test Condition 

VIH Input "High" Voltage 

VIL Input "Low" Voltage 

VOH Output "High" Voltage tOH = -400IlA 

VOL Output "Low" Voltage tOl = +2.1mA 

IUH Input Leakage Current High VI = Vce 
. . ..... .. 

IUL I Input LeaKage Liurrem LOW 
I , . '"' VI=UV 

IlOH Output Leakage Current High Vo = Vcc, Chip Deselected 

ILOL . Output Leakage Current Low Vo = Ov. Chip Deselected 

lec1 Supply Voltage CE = Vil 

ICC2 Supply Voltage CE = VIH. Standby Mode 

A.C. CHARACTERISTICS (Ta = 0° to +70°C, Vee = +5 ± 50/0) 

Min. Typ. 

+2.1 

-D.5 

+2.4 

I 
I 

I 

I I 
i 

! I 
I 45 I 

I I 12 I 

Max. 

Vcc +1.0 

+0.7 

+0.4 

+10 

-10 

+10 

-10 

85 

20 

I 
! 

I 

Unit 

V 

V 

V 

V 

IlA 

.. /\ 
1-''"' 

IlA 

IlA 

mA 

mA 

D2364E-25 D2364E-20 

Symbol Parameter Test Condition Min. Typ. Max. Min. Typ. Max. Units 

tACC Access Time 250 200 ns 

tCE Chip Enable Access Time 
' Input Voltage tr, tf = 20ns 

250 200 Timing Reference Levels: ns 

tOE OE1 to OE3 Output On Time Input = 0.8V & 2.0V 10 110 10 100 ns 
Output = 0.8V. & 2.0V 

tOH Output Hold Time 
Load 1 TTL + 100 pF 

0 0 ns 

tOF Output Disable Time 0 100 0 90 ns 

CI I nput Capacitance f = 1MHz 10 10 pF 

Co Output Capacitance f = 1MHz 15 15 I pF 

CUSTOM PROGRAMMING INSTRUCTIONS 

BIT PATTERN SUBMITTAL 
OPTIONS: 
The customer's unique bit pattern can 
be submitted in several convenient 
methods that are easy for the ROM 
customer, and readily verifiable for 
accuracy. The bit pattern can be deliv
ered to NEe contained within: 
1. One programmed 2764 EPROM 
2. Two programmed 2732 EPROMs 

(i) Ie MASTER 1184 

BIT PATTERN VERIFICATIONS: 
For customer verification of the submitted bit patterns. several alternatives are 
aiso avaiiabie. The foiiowing are those found to be most expeditious. 

CUSTOM PATTERN 
SUBMITTED VIA: 

1. One programmed 2764 
EPROM 

2. Two programmed 2732 
EPROMs 

VERifiCATION ROUTINE 

Customer sends NEe one additional 
erased 2764. NEe programs the spare 
2764 with the data from the programmed 
2764, and returns to customer for 
verification. 

Customer sends NEe two additional 
erased 2732's. NEe programs the spare 
2732's with the data from the pro
grammed EPROMs and returns to 

_ customer for verification. 
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FEATURES: 

• Fast Access Time: 250nsec Max. 
• All Inputs and Outputs are TTL Compatible 
• Single +5 Volt ± 10% Supply 
• Three-State Outputs for Direct Bus Compatibility 
• Edge Enabled Operation 
• Programmable Chip ·Select for 

Memory Expansion 
• . Low-Power Standby Mode 
• All Inputs Protected Against Static Charge 
• 100% Burned-In 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME PACKAGE 

,uPD 23128-25PC 250nsec Plastic DIP 

BLOCK DiAGRAM 

AO 

Al 

A2 

A3 

A4 

~PD23128 
NMOS READ ONLY MEMORY 

16,384 WORDS, 8 BITS/WORD 

GENERAL DESCRIPTION: 

The ,uPD23128 is a 131,072 bit edge enabled Read Only 
Memory, utilizing MOS N-Channel silicon gate, ion 
implanted technology. The device is organized 16,384 
words by 8 bits and operates from a single +5 volt supply. 
All inputs and outputs are fully TTL compatible and the 
device has one programmable chip select, with three
state outputs that allow memory expansion without the 
use of external logic. Programming of the device is 
accomplished during the fabrication process. Pinout is 
compatible with 27128 EPROMs. 

PIN CONFIGURATION (TOP VIEW) 

Ne Vee (+5V) 

A'2 es 

A7 A'3 

AS AS 

A5 A9 

A4 All 

A3 OE 

A2 A,O 

A, CE 

AO °7 

°0 Os 

0, °5 

°2 °4 

GNO °3 

AS 
Y-SELECTOR 

A6 

A7 

A8 

Ag 

A lO MEMORY CELL MATRIX 
All 16384 X 8 TIMING OE 

A12 GENERATOR CS 

A13 CE 
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ABSOLUTE MAXIMUM RATINGS J,tPD23128 
Symbol Parameter Ratings Unit 

Vcc Supply Voltage -0.5 to +7 V 

VI I Input Voltage 
! 

-0.5 to +7 V 

Vo Output Voltage -0.5 to +7 V 

Topt I Operating Temperature -0 to +70 °C 

Tstg Storage Temperature :-65 to +125 °C 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only, and 
operation of the device at any condition above those indicated in the operational sections of this specification is 
not implied. 

D.C. CHARACTERISTICS (Ta = O°C to +70°C, Vee = +5 ± 10%) 

Symbol Parameter Test Condition Min. 

VIH Input "High" Voltage +2.0 

VIL Input "Low" Voltage -0.5 

VOH Output "High" Voltage IOH = -400}.LA +2.4 

VOL Output "Low" Voltage IOl = +3.2mA 

IUH Input Leakage Current VI = Vcc 

IUl Input Leakage Current VI=OV I 

IlOH Output Leakage Current Vo = Vcc, Chip Deselected 

IlOl Output Leakage Current Vo = Ov. Chip Deselected 

Icc1 Power Supply Current tCYC = 350ns 

ICC2 ! Power Supply Current Standby Mode 

A.C. CHARACTERISTICS (Ta = O°C to +70°C, Vee = +5 ± 100/0) 

Symbol Parameter Test Condition Min. 

tCYC Cycle Time 350 

tAS Address Setup Time 0 

tAH Address Hold Time 
Output Load = 1 TTL + 100pF 

60 

Chip Enable 
Input Voltage tr , t1 = 20 ns 

teE Timing Reference Levels: 
Access Time 

tOE Output Enable 
Input Voltage = 0.8V & 2.0V 

Output Voltage = 0.8V & 2.0V 
Access Time 

tACC Access Time(1) 

tOF Output Disable Time 0 

tee Chip Enable Off Time 50 

CI Input Capacitance j f = 1MHz I 
I 

Co Output Capacitance f = 1MHz 

CUSTOM PROGRAMMING INSTRUCTIONS 

@ Ie MASTER 1984 

BIT PATTERN S~AL 
OPTIONS: 
The customer's unique bit pattern can 
be submitted in several convenient 
methods that are easy for the ROM 
customer, and readily verifiable for 
accuracy. The.bit pattern can be deliv
ered to NEC contained within: 
1. One programmed 27128 EPROM 
2. Two programmed 2764 EPROMs 
2. Four programmed 2732 EPROMs 

BIT PATTERN VERIFICATIONS: 
For customer verification of the submitted bit patterns, several aHernatives are 
also available. The following are those found to be most expeditious. 

CUSTOM PATTERN 
SUBMITTED VIA: 

1. One programmed 27128 
EPROM 

2. Two programmed 2764 
EPROMs 

3. Four programmed 2732 
EPROMs 

VEAlFlCAT10N ROUTINE 

Customer sends NEC one additional 
erased 27128. NEC programs the spare 
27128 with the data from the pro
grammed 27128, and returns to customer 
for verification. 

Customer sends NEC two additional 
erased 2764's. NEC programs the spare 
2764's with the data from the pro
grammed 2764's and returns to the 
customer for verification. 

CusSomer sends NEC four additional 
erased 2732's. NEC programs the spare 
2732's with the data from the pro
grammed 2732's and returns to the 
customer for verification 

Typ. Max. Unit 

Vee +1.0 V 

+0.8 V 

V 

+0.4 V 

+10 }.LA 

! I -10 I }.LA 

+10 }.LA 

-10 }.LA 

+25 +40 mA 

+7 +15 mA 

Typ. Max. Units 

ns 

ns 

ns 

250 ns 

120 ns 

250 ns 

70 ns 

ns 

10 i pF I 

15 pF 
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FEATURES: 

• Fast Access: 250nsec Max. 
• All Inputs and Outputs are TTL Compatible 
• Single +5 Volt ± 10% Supply 
• Three-State Outputs for Direct Bus Compatibility 
• Edge Enabled Operation 
• Low-Power Standby Mode 
• One Programmable Chip Select for 

Memory Expansion 
• All Inputs Protected Against Static Charge 
• 100% Burned-In 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME PACKAGE 

,uPD 23256-25PC 250nsec Plastic DIP 

BLOCK DIAGRAM 

AO 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

Ag 

J,LPD23256 
NMOS READ ONLY MEMORY 

32,768 WORDS, 8 BITS/WORD 

GENERAL DESCRIPTION: 

The ,uPD23256 is a 262,144 bit edge enabled Read Only 
Memory, utilizing MOS N-Channel silicon gate, ion 
implanted technology. The device is organized 32,768 
words by 8-bits and operates from a single +5 Volt supply. 
All inputs and outputs are fully TTL compatible with one 
programmable chip select, and the device has three-state 
outputs that allow memory expansion without the use of 
external logic. Programming of the device is accomp
lished during the fabrication process and the pinout is 
compatible with 27128 EPROMs. 

PIN CONFIGURATION (TOP VIEW) 

NC Vcc!-SV) 

A12 A14 

A7 A13 

As As 
As Ag 

A4 All 

A3 CS 

A2 A10 

Al CE 

Ao °7 

°0 °6 

°1 Os 

°2 °4 

°3 

Al0 MEMORY CELL MATRIX 
cs All 32,768 X 8 TIMING 

A12 GENERATOR 

A13 CE 
A14 
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ABSOLUTE MAXIMUM RATINGS JLPD23256 
Symbol Parameter Ratings Unit 

Vcc Supply Voltage -0.5 to +7 V 

VI Input Voltage -0.5 to +7 V 

Vo Output Voltage -0.5 to +7 V 

Tapt I Operating Temperature I -0 to +70 °C 

Tstg I· Storage Temperature -65 to +125 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only. and 
operation of the device at any condition above those irldicated in the operational sections of this specification is 
not implied. 

D.C. CHARACTERISTICS (Ta = OOeto +70°C, Vee = +5 ± 100/0) 

Symbol Parameter Test Condition Min~ 'tYP· 
VIH Input "High" Voltage +2.0 

VIL Input "Low" Voltage ~.5 

VOH Olltput "High" Voltage IOH = -400,uA +2.4 

VOL I Output "Low" Voltage IOH = +3.2mA 

ILiH 
i lilput Leakage CUiient High i Vi = Vee I I I I I I 

IUL f Input Leakage Current Low VI=OV 
I 
I 

ILOH Output Leakage Current High Vo = Vcc. Chip Deselected I 

ILOL Output Leakage Current Low Vo = Ov. Chip Deselected 

tCC1 I Power Supply Current 
I 

tCYC = 350ns +25 

ICC2 I Power Supply Curtent Standby Mode +8 

A.C. CHARACTERISTICS (Ta = 0° C to +70° C, Vee = +5 ± 100/0) 

Symbol Parameter Test Condition Min. Typ. 

tCYC Cycle Time 350 

tAS Address Setup Time b 

tAH Address Hold Time . Input Rise/Fall Times: 20ns 60 

tACC Access Ti me(1) Timing Reference L~vels: 

tCE Chip Enable Access Time Input Voltage = 0.8V & 2.0V 

tOE Output Enable 
Output Voltage = 0.8V & 2.0V 

Access Time Output Load = 1 TTL + 100pF 

tOF Output Disable Time 0 

tcc Chip Enable Off Time 50 

CI I nput Capacitance f = 1MHz 

Co Output Capacitance f = 1MHz 

custOM PROGRAMMING INSTRUCTIONS 
BJT PAttERN SUBMITTAL 
OPTIONS: 
The customer's unique bit pattern can 
be submitted in several convenient 
methods that are easy for the ROM 
customer, and readily verifiable for 
accuracy. The bit pattern can be deliv
ered to NEC contained within: 
1. Two programmed 27128 EPROMs 
2. Four programmed 2764 EPROMs 

@ Ie MASTER 1984 

BIT PATTERN VERIFICATIONS: 
For customer verification of the submitted bit patterns, several alternatives are 
also available. The following are those found to be most expeditious. 

CUSTOM PATTERN 
SUBMITTED VIA: 

1. Two programmed 27128 
EPROMs 

2. Four programmed 2764 
EPROMs 

VERIFICATION ROUTINE 
Customer sends NEC two additional 
erased 27128's. NEC programs the spare 
27128's with the data from the pro
grammed 27128's, and returns to the 
customer for verification. 

Customer sends NEe four additional 
erased 2764's. NEC programs the spare 
2764's with the data from the pro
grammed 2764's, and returns to the 
customer for verification. 

Max. Unit 

Vcc +1.0 V 

+0.8 V 

V 

+0.4 V 
..L.1n j.i.A I IV 

-10 ,uA 

+10 I 
; ,uA 

-10 ,uA 

+40 mA 

+15 mA 

Max. Units 

ns 

ns 

ns 

250 ns 

250 ris 

120 ns 

70 ns 

nS 

10 pF 

15 pF 
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FEATURES: 

• Two Fast Access Times: 
-35Onsec-/-LPD231000-35 
-300nsec-/-LPD231000-30 

• All Inputs and Outputs are Fully TTL Compatible 
• Single +5 Volt Power Supply 
• Three-State Outputs for Direct Bus Compatibility 
• Edge Enabled Operation 
• Low Power Standby Mode 
• All Inputs Protected Against Static Charge 
• 100% Burned-In 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME 
/-LPD 231000-35PC 350nsec 
/-LPD 2310oo-30PC 300nsec 

BLOCK DIAGRAM· 

AO 

Al 

A2 

A3 

A4 

PACKAGE 
Plastic DIP 
Plastic DIP 

j.LPD231 000 
NMOS READ ONLY MEMORY 

131,072 WORDS, 8 BITS/WORD 

GENERAL DESCRIPTION: 

The /-LPD2310oo is a 1,048,576 bit Read Only Memory, 
utilizing NMOS silicon gate technology. The device is 
edge enabled, organized as 131,072 words by 8 bits and 
operates from a single +5 Volt power supply. All inputs 
and outputs are fully TTL compatible. The. device has 
three state outputs for direct bus interface. The device 
has a low-power stand-by mode and is available In two 
speed versions (300 and 350nsec). Programming of the 
device is accomplished by a custom mask during the 
fabrication process. 

PIN CONFIGURATION (TOP VIEW) 

A15 Vee 
A12 A14 

A7 A13 

As AS 

As As 
A4 All 

A3 A16 

A2 AlO 

Al CE 

AO °7 

°0 °6 

°1 °5 

°2 °4 

°3 

AS 
Y-SELECTOR 

A6 

A7 

AS 

Ag 

A l0 MEMORY CELL MATRIX 
All 131072 X~ BUFFER/CLOCK 

A12 GENERATOR CE 

A13 

A14 

A16 
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ABSOLUTE MAXIMUM RATINGS 
JLPD231 000 

---

Symbol "Parameter Ratings Unit 

Vcc Supply Voltage -0.5 to +7 V 

VI Input Voltage -0.5 to +7 V 

Va Output Voltage -0.5 to +7 V 

Tapt Operating Temperature -0 to +70 °C 

Tstg Storage Temperature -65 to +125 °C 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only, and 
operation of the device at any condition above those indicated in the operational sections of this specification is 
not implied. 

D.C. CHARACTERISTICS (Ta = 0° to +70°C, Vee = +5V ± 10%) 

Symbol Parameter Test Condition 

VIH Input "High" Voltage 

VIL Input "Low" Voltage 

VOH I Output "High" Voltage I I =-400J..LA 

VOL Output "Low" Voltage 1= +3.2mA 

IUH I Input Leakage Current High I V=VCC 

IUL Input Leakage Current Low V=Ov 

ILOH Output Leakage Current High V = Vcc, Chip Deselected 

ILOL Output Leakage Current. Low V = OV, Chip Deselected 

Icc1 i Power Supply Current 

I 
Operating Mode (Average) 

j tCYC = 450ns i 

ICC2 i Power Supply Current 
I 

Standby Mode· 

A.C. CHARACTERISTICS (Ta = O°C to +70°C, Vee = +5V ± 10%) 
Symbol Parameter Test Condition 

tCYC Cycle Time 

tAS Address Setup Time 
Input Voltage tr , tf = 20 ns 

tAH Address Hold Time Timing Reference Levels: 

tACC Access Time Input Voltage = 0.8V & 2.0V 

tCE Chip Enabie Access Time Output Voltage = 0.8V & 2.0V 

tcc Chip Enable Off Time 
Output Load = 1 TTL + 100pF 

CI Input Capacitance f = 1MHz 

Co Output Capacitance f = 1MHz 

CUSTOM PROGRAMMING INSTRUCTIONS 

BIT PATTERN SUBMITTAL 
OPTIONS: BIT PATTERN VERIFICATIONS: 

Min. Typ. Max. Unit 

+2.0 Vcc +1.0 V 

-0.5 +0.8 V 

+2.4 V 

. +0.4 V 
I 

+10 
i 

J..LA I I I 

-10 J..LA 

+10 J..LA 

-10 I J..LA 

I 
35 

I 
50 l mA 

i 

I I I 

8 ,15 mA 

Min. Typ. Max. Units 

450 ns 

o . ns 

100 ns 

350 ns 

350 ns 

70 ns 

10 pF 

15 pF 

The customer's unique bit pattern can 
be submitted in a convenient method 
that is easy for the ROM customer, and 
readily verifiable for accuracy. The bit 
pattern can be delivered to NEC con
tained within: 

For customer verification of the submitted bit patterns, several alternatives are 
also available. The following are those found to be most expeditious. 

1. Eight programmed 27128 EPROMs 

@ Ie MASTER 1984 

CUSTOM PATTERN 
SUBMITTED VIA: 

1. Eight programmed 27128 
EPROMs 

VERIFICATiON ROUTINE 

Customer sends NEC eight additional 
erased 27128's. NEG programs the spare 
27128's with the data from the pro
grammed 27128's, and returns to the 
customer for verification. 
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FEATURES: 

• 16,384 Words by 8 Bits 
• Access Time: 5psec Vee = 5V ± 10% 
• Low Power Consumption--CMOS Technology 
• One Mask Programmable Chip Select 
• Three State Output for Direct Bus Interface 
• Built for Direct Interface with 8048/8048 pproc. 
• Single Power Supply (3.5-5.5V) 
• 100% Burned-In 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME PACKAGE 
pPD 23C128PC 5psec 28 Pin Molded. DIP 

BLOCK DIAGRAM 

m------------------------------------------~ 

CS 

Vcc~ 

GNO-" 

A'3 
A12 
All 
A,O 
Ag 

A8 
A7 

AS 
AS 
A4 
A3 
A2 
A, 

AO .. 

ABSOLUTE MAXIMUM RATINGS 

Symbol Parameter 

Vee Supply Voltage 

VI Input Voltage 

V 0 Output Voltage . 

JLPD23C128 
CMOS READ ONLY MEMORY 

16,384 WORDS, 8 BITS/WORD 
GENERAL DESCRIPTION: 

The pPD23C128 is a 131,072 bit Read Only Memory 
utilizing low power CMOS technology. The device is 
mask programmable and is organized 16,384 words, by 8 
bits/word and operates from a single 3.5-5.5 volt supply. 
The device has one mask programmable chip select 
input for simple memory expansion and has three-state 
output for direct bus interface. 

PIN CONFIGURATION (TOP VIEW) 

00 0, 

Ne 

Al2 

A7 

As 
As 
A4 

A3 

A2 

A, 

AO 

°0 

0, 

°2 

GND 

°2 °3 °4 °5 

Y SELECTOR 

MEMORY CELL MATRIX 
16.384 x 8 

Ratings 

-0.3 - +7 

Vee 

eS l 
A13 

AS 

Ag 

A" 

cs 
A,O 

CE 

°7 

°6 

°5 

°4 

°3 

Os 

-0.3 - Vee +0.3 

- vv . 03 - V,...,... +03 

°7 

Unit 

V 

V 

I V 

Topt Operating Temperature -10 - +70 °C 

Tstg Storage Temperature -40 ~ +125 °C 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only, and 
operation of the device at any condition above those indicated in the operational sections of this specification is 
not implied. 
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D.C. CHARACTERISTICS (Ta = 0° to +70°C) ,uPD23C128 
Vee = sv ± 10% Vee = 3.S to S.SV 

Symbol Parameter 

VIH Input "High" Voltage 

Vil Input "Low" Voltage 

VOH Output "High" Voltage 

VOL Output "Low" Voltage 

IUH Input l.eakage Current High, 

IUL Input Leakage Current. Low 

ILOH 'Output Leakage Current High 

ILOL Output Leakage Current Low 

ICC1 
I 
~ SUPPlY Current 

ICC3 I 

·*1 = No transition on input signals 

Test Condition 

IOH =-1.0mA 

IOH =-0.5mA 

IOH = -200,uA 

IOl = 1.0mA 

IOl = 200,uA 

VI =Vcc 

VI=OV 

Vo =Vcc 

Vo=OV 

.. 
Cntp 

Deselect 

I 

A.C. CHARACTERISTICS (Ta = 0° to +70°C) 

Min. 

0.7Vcc 

2.4 

3.5 

I 
! 

I 

Typ. Max. Min. Typ. Max. 

Vcc 0.7Vcc Vcc 

0.7 0.5 

3.0 

0.45 

0.5 

1.0 1.0 

-1.0 -1.0 

1.0 1.0 

-1.0 -1.0 

1 4 1 4 

- -I 0.1 u.1 u.4 

2 

Condition 
Ve = sv ± 10% Vee = 3.S to S.SV 

Symbol Parameter 
Min. Typ. Max. Min. Typ. Max. 

tCYC Cycle Time 5.5 11.0 

tAS Address Setup Time 0 0 

tAH Address Hold Time 1.0 2.0 

tACC Access Time CL =50 pF 5.0 10.0 

tCE Chip Enable Access Time 0.75 1.5 

tOF Output Disable Time 0.5 1.0 

teo Chip Enable Off Time 0.5 1.0 

Limits 
Parameter Test Condition Symbol 

Min. Typ. Max. 

CI I nput Capacitance V = OV. f = 1 MHz 

Co Output Capacitance Ta = 25°C 

CUSTOM PROGRAMMING ~NSTRUCTIONS 
BIT PATTERN SUBMITTAL 
OPTIONS: 
The customer's unique bit pattern can 
be submitted in several convenient 
methods that afe easy fOr tne ROM 
customer, and readily verifiable for 
accuracy. The bit pattern can be deliv
ered to NEC contained within: 
1. One programmed 27128 EPROM 
2, Two programmed 2764 EPROMs 
3, Four programmed 2732 EPROMs 

@ Ie MASTER 1984 

BIT PATTERN VERIFICATION: 
For customer verification of the submitted bit patterns, several alternatives are 
also available, The follbwing are those found to be most expeditious. 

CUSTOM PATTERN 
SUBMITTED VIA: 

1. One programmed 27128 
EPROM 

2. Two programmed 2764 
EPROMs 

3. Four programmed 2732 
EPROMs 

VERIFICATION ROUTINE 

Customer sends NEC one additional 
erased 27128. NEC programs the spare 
27128 with the data from the pro
grammed 27212 and returns to customer 
for verification. 

Customer sends NEC two additional 
erased 2764's. NEC programs the spare 
2764's with the data from the pro
grammed 2764's and returns to the 
customer for verification. 

Customer sends NEC four additional 
erased 2732's. NEC programs the spare 
2732's with the data from the pro
grammed 2732's and returns to the 
customer for verification. 

15 

15 

Unit 

V 

V 

V 

V 

V 

V 

V 

,uA 

,uA 

,uA 

,uA 

rnA 

rnA 

,uA 

Unit 

,us 

j..LS 

j..Ls 

j..LS 

,us 

j..LS 

,us 

Unit 

pF 

pF 
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FEATURES: 

• 16,384 Words by 8 Bits 
• Access Time: 5J,Lsec vee" 5V ± 10% 
• Low Power Consumption-CMOS Technology 
• Four Mask Programmable Chip Selects 
• Three State Output for Direct Bus Interface 
• Built for Direct Interface with 8048/8748 J,Lproc. 
• Single Power Supply (3.5-5.5V) 
• 52 Pin Plastic Flat Package 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME 
J.LPD 73128G 5J,Lsec 

PACKAGE 
52 Pin Plastic 
Flat Package 

~PD73128G 
CMOS READ ONLY MEMORY 

16,384 WORDS, '8 BITS/WORD 

GENERAL 'DESCRIPTION: 

The J,LPD73128G is a 131,072 bit Read Only Memory 
utilizing low power CMOS technology. The device is 
mask progr8fTImable and is organized 16,384 words, by 8 
bits/word and operates from a single 3.5-5.5 volt supply. 
The device has four mask programmable chip select 
inputs for simple memory expansion and has three-state 
output for direct bus interface. 

PIN CONFIGURATION (TOP VIEW) 

NC NC 

NC NC, 

A5 A13 
A4 As 
A3 Ag 
A2 All 

Al OE 
Ao Al0 

ClK CE 

READY 0 °7 
READY 1 Os 

NC NC 
NC NC 

NOTE: Pins 7 and 33 are internal. 
Connected to Vcc ' 

BLOCK DIAGRAM 

lOC 

Vec ---.. 

VSS ---.. 

ClK READY 0 READY 1 °0 °7 

OE 

CE 

AlS 

HAlLA 

L eS:3 

es, 

eso 

A'3 

4114 

Y SELECTOR 

MEMORY CELL 
MATRIX 

16.384 II 8 
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ABSOLUTE MAXIMUM RATINGS JLPD73128G 
Symbol Parameter Ratings Unit 

Vee Supply Voltage -0.3 - +7 V 

VI Input Voltage -0.3 - Vee +0.3 V 

Vo Output Voltage -0.3 - Vee +0.3 V 

Topt I Operating Temperature I -10 - +70 °C 

Tstg Storage Temperature -40 - +125 

Stresses more severe than those listed here may cause permanent damage to the device. This is a stress rating only, and 
operation of the device at any condition above those indicated in the operational sections of this specification is 
not implied. 

D.C. CHARACTERISTICS (Ta = 0° - +70° C) 
Vee =5V ± 10% Vee = 2.5 - 6.0V 

Symbol Parameter Test Condition . Min. Typ. Max. Min. Typ. Max. Unit 

VIH Input "High" Voltage 0.7Vee Vee 0.7Vee Vee V 

Vil Input "Low" Voltage 0.8 0.4 V 

IOH = -1.0mA 2.4 V 
I 

VOH I Output "High" Voltage I IOH = -0.5mA I 3.5 I· V 
I IOH = -2OOflA I I 2.0 I I V 

IOl = 1.0mA 0.45 V 
VOL Output "Low" Voltage 

IOl = 200flA 0.5 V 

IUH Input Leakage Current High VI = Vee 1.0 1.0 flA 

IUl I Input Leakage Current Low I VI =OV I -1.0 I I -1.0 I flA 

IlOH I Output Leakage Current High Vo = Vee 1.0 I 1.0 I flA 

IlOl Output Leakage Current Low Vo=OV -1.0 -1.0 I flA 

leel 
Chip Desetectedl 4 10 4 12 I rnA 

lee2 
Supply Current / 

10 10 flA 

A.C. CHARACTERISTICS·(Ta = 0° - +70° C) 

Symbol Parameter 
Vee=5V± 10% Vee = 2.5 - 6.0V 

Unit Condition , Min. Typ. Max. Min. Typ. Max. 

tCl '1 '1 I-ls 

tC2 
CE Cycle Time 

'2 '2 I-lS 

tAS Address Setup Time 0.5 1 I-lS 

tAH Address Hold Time 0.5 1 I-lS 

tAC Access Time 3 6 I-lS 

tHS ALS. HAlLA Setup Time 0.75 1.5 I-lS 

tHH ALS. HAlLA Hold Time 
CL = 50pF 

0.75 1.5 I-lS 

tOE Data Output Delay Time (from OE) 0.75 1.5 I-ls 

tON' READY Output Delay Time (from CE) 0.75 1.5 I-ls 

tON2 READY Output Delay Time (from OE) 0.75 1.5 I-lS 

tRD READY Enable to Output Delay Time 5 10 I-lS 
(from CE) 

tOFl Output Float Delay Time (from CE) 0.5 1 I-ls 

tOF2 Output Float Delay Time (frof!l OE) 0.5 1 I-lS 

tp CE Precharge Time 1 2 I-lS 

lirhits 
Symbol Parameter Test Condition Unit 

i Min. Typ. Max. 

CI I nput Capacitance VI = OV. f = 1 MHz 15 pF 

Co Output Capacitance Vo = OV. f = 1MHz 15 pF 

'1 = tCl = tp + tAC 
'2 '" tC2 '" tCl + tp + tHH + tHS 
Additional Application Information Is Available. 
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FEATURES: 

• One Megabit Programmable Data Capacity 
• 131,072 Words by 8 Bits 
• Access Time: 3J.l5eC Vee = 5V ± 10% 
• Low Power Consumption-CMOS Technology 
• Two Mask Programmable Chip Selects 
• Three State Output for Direct Bus Interface 
• Built for Direct Interface with 8048/8748 Mprocessor 
• Single Power Supply (3.5-5.5V) 
• 52 Pin Plastic Flat Package/40 Pin DIP 

ORDERING INFORMATION 

PART NUMBER ACCESS TIME 
J.lPD 731000G 

J.lPD 738000PC 

HAlLA 

A12 
A7 

As 
As 
A4 
NC 

A3 

A2 
Al 

READY 

NC 

00 
0, 

°2 

BLOCK DIAGRAM 

5J.lsec 

O'E---

CS 

CE INPUT 

ALS TIMING 

HAlLA 
CONTROL 

Ao 
Al 
A2 .. 
A3 II 
A4 .. 
As • 
As -I 
A7 .. 
AS .. 
Ag .. 
A10 -All -A12 .. 
A13 .. 
A14 .. 
A'5 .. 
A'6 .. 

4116 

PACKAGE 
52 Pin Plastic 
Flat Package 

40 Pin 
Plastic DIP 

READY 

Y DECODER 

X DECODER 

J.LPD731 000 
CMOS READ ONLY MEMORY 

131,072 WORDS, 8 BITS/WORD 
GENERAL DESCRIPTION: 

The J.lPD731000 is a 131,072 bit Read Only Memory 
utilizing low power CMOS technology. The device is 
mask programmable and is organized 16,384 words, by 8 
bits/word and operates from a single 3.5-5.5 volt supply. 
The device has one mask programmable chip select 
inputs for simple memory expansion and has three-state 
outputs for direct bus interface. 

PIN CONFIGURATION (TOP VIEW) 

NC 
NC 

A5 
A4 
A3 
A2 

A1 

Ao 
CLK 

READY 0 
READY 1 

NC 
52

0 
NC 

1 

NOTE: P:ns 7 and 33 are :nterna! 

uuuuuuuuuuuuu Connected to Vee' 
uu O-NCIlUt-0 M~Ln(J 
ZZOOO>Vl>U goooz 

OUTPUT BUFFER 

OUTPUT LATCH 

Y SELECTOR 

MEMORY CELL MATRIX 
131,072.8 
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ABSOLUTE MAXIMUM RATINGS (Ta = 25° C) JLPb131 000 
Symbol Parameter' Fiatlngs Unit 

Vee Supply Voltage I -0.5 to +7 V 

VI Input Voltage -0.5 to +7 V 

Vo . Output Voltage -0.5 to +7 V 

Topt Oper~ting Temperature -0 to +70 °C 

Tstg I Storage Temperature -65 to +125 °C 

Stresses more severe than those listed here may cause permaneht damage to the device. This is a stress rating only, and 
operation of the device at any condition above those indicated in the operational sections of this specification is 
not implied. 

D.C. CHARACTERISTICS (Ta = 0° - +70° C, VSS = OV) 

Vee =5V ± 100/c Vee = 2.7 - S.SV 

Symbol Parameter Test Condition Min. Typ. Max. Min. Typ. Max. Unit 

VIH Input "High" Voltage 0.7Vee Vee 0.7Vee Vee V 

VIL Input "Low" Voltage 0.8 0.4 V 

IOH =-1.0mA 3.5 V 

VOH I Output "High" Voltage I, V 

I IOH = -':::UUjJ.J-\ I I ':::.U I v 

IOL = 1.0mA 0.4 V 
VOL Output "Low" Voltage 

IOL = 200jJ.A 0.5 V 

IUH Input Leakage Current High VI = Vee 1.0 1.0 jJ.A 

I input Leakage Current Low I 'i 

, 
I IUL VI=OV -1.0 

, 
-1.0 jJ.A 

ILOH I Output Leakage Current HigH Vo = Vee I 
I I 1.0 ! 

I 1.0 
I 

jJ.A i i I i 
-1.0 -1.0 jJ.A 

leel I I 5 10 5 12 rnA 

lee2 Supply Current *2 0.1 10 0.1 10 p.A 
*1 

leC3 10 10 jJ.A 

Parameter 
Limits 

Symbol Test Condition Unit 
Min. Typ. Max. 

CI Input Capacitance VI = OV, f = 1 MHz 15 pF 

Co Output ~apacitance Vo = OV, f = 1M Hz 15 pF 

*1 = Chip is deselected 
*2 = Input signal is not changed 

A.C. CHARACTERISTICS (Ta = 0° - +70° C, VSS = OV) 

Symbol Par.meter Condition 
Vcc=5V±10"f0 Vee = 2.5 - '.cv J Unit 

MIn. ~ 110. MIiI. ,,",.: 110. I 

tC! '3 '3 i jlS 

tc;- CE Cycle Time 
'4 '4 jlS 

tAS Address Setup Time 0.5 I 
, 

I 

jlS 

tAH Address Hold Time 0.5 i , 
I jlS 

IAcc , AcceSs Time 3 6 jlS 

tHS ALS. HAlLA Setup Time 0.75 1.5 _L jlS 

tHH ! ALS. HAlLA Hold Time 
i 

0.75 1.5 ! i jlS 
! 

Cs Setup Time 
1 CL = 50pF 

I I p'S tcss i 1 2 
i 

toe Output Enable Access Time I 0.75 I 1 1.51 jlS 

tON! READY Output Delay Time (from CE) 0.75 i 1.5 j lAS 

tON2 READY Output Delay Time (from OE) I 
, 

0.75 ' i 1.5 jlS 

lAD READY Enable to Output Delay Time , 5 10 IlS 
(fromCE) 

tOFI Output Float Delay Time (from eEl 0.5 I : I l!'~ 
tOF2 Output Float Delay Time (from OE) 0.5 I jlS 

tp CE Precharge Time 1 2 p.S 

'3 = te! = Ip + lAc 
'4 = tC2 = tC! + Ip + tHH + tHS 
Additional application information is available. 
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Call on OK! Semiconductor 
____ • Your high-performance source for 

PART NUMBER DESCRIPTION PART NUMBER DESCRIPTION 

CMOS MICROPROCESSOR DYNAMIC RAM 

MSM80C85A RS 8 BIT CMOS MICROPROCESSOR MSM3732L-15 RS 32KX1 NMOS DRAM 
MSM80c85A GSK 8 BIT CMOS MICROPROCESSOR MSM3732H-15 RS 32KX1 NMOS DRAM 
M$MBOCB6 RS 16 BIT CMOS MICROPROCESSOR MSM3732L-20 RS 32KX1 NMOS DRAM 
MSMBOC86-2 RS 16 BIT CMOS MICROPROCESSOR MSM3732H-20 RS 32KX1 NMOS DRAM 
MSM80CB7 RS CMOS NUM. DATA PROC. MSM3764-12 RS 64KX1 NMOS DRAM 
MSM80C88 RS 8 BIT CMOS MICROPROCESSOR MSM3764-15 RS 64KX1 NMOS DRAM 
MSM80C88-2 RS 8 BIT CMOS MICROPROCESSOFI MSM3764-20 RS 64KX1 NMOS DRAM 
MSMBOC188 RS 8 BIT CMOS MICROpROCESSOR MSM41256 RS 256KX1 NMOS DRAM 

MSM37256 AS 256KX1 NMOS DRAM 

NMOS MICROPROCESSOR 
MSM41257 RS 256KX1 NMOS DRAM 

MSM80B5A RS ·8 BIT NMOS MICROPROCESSOR STATIC RAM 

CMOS MICROCOMPUTERS 
MSM511~2 RS 1KX4 CMOS STATIC RAM 
MSM5128-12 RS 2KX8 CMOS STATIC RAM 
MSM5128-15 RS 2KX8 CMOS STATIC RAM 

MSM5840H RS 4 BIT CMOS MCU-NO ROM MSM5128-15 GSK 2KX8 CMOS STATIC FlAM 
MSM5840H-XX RS 4 BIT CMOS MCU-W/ROM MSM5128-20 RS 2KX8 CMOS STATIC RAM 
MSM5840H-XX GS 4 BIT CMOS MCU-W/ROM MSM5128-20 GSK 2KX8 CMOS STATIC RAM 
MSM5842-XX RS 4 BIT CMOS MCU-W/ROM MSM5165 RS SKX8 CMOS STATIC RAM 
MSM5842-XX GSK 4 BIT CMOS MCU-W/ROM 
MSM58421-XX GSK 4 BIT CMOS MCU-LCD-W/ROM 
MSM58422-XX GSK 4 BIT CMOS MCU-VF-W/ROM EPROM 
MSM5B45-XX RS 4 BIT CMOS MCU-W/ROM 
MSM80C35 RS ROMLESS CMOS 80C4S MSM2764 AS SKX8 NMOS EPROM 
MSM80C39 RS ROMLESS CMOS 80C49 MSM27C64 AS 8KX8 CMOS EPROM 
MSM8OC48-XX RS CMOS 8048 8 BIT UC 
MSM80C48-XX GSK CMOS S048 8 BIT uc 

ROM MSM80C49-XX RS CMOS 8049 S BIT UC 
MSM80C49-XX GSK CMOS 8049 S BIT UC 

MSM38256 RS 32KX8 NMOS MASK ROM 

MCUIMPU DEVELOPMENT PACKAGES 
MSM3864 RS 8KX8 NMOS MASK ROM 

EASE-40-1 SERIES 40 DEV PKG-ISIS CMOS VOICE SYNTHESIZERS 
EASE-40-C SERIES 40 DEV PKG-CP/M 
EASE-49-1 SERIES 80 DEV PKG-ISIS MSM5205 RS SPEECH SYNTHESIZER, ADPCM 
EASE-49-C SERIES 80 DEV PKG-CP/M MSM5205-2 KIT 5205/ALP-2 FILT/RESONTR 
MPB-202 SERIES 40 DEV BOARD MSM5205-3 KIT 5025iALP-3 FILT/RESONTR 
MPB-203 SERIES 40 DEV BOARD MSM5205-4 KIT 52051 ALP-4 FILT/RESQNTR 
MPB-421-LCD SERIES 40 DEV BOARD MSM5218 RS SPEECH ANALY/SYNTHESIS, ADPCM 
MPB-422-VF SERIES 40 DEV BOARD MSM5218-2 KIT 5218/ALP-2 FILT/RESONTR 
MPB-B02 SERIES 80 DEV BOARD MSM5218-2-2 . KIT 52181TWOALP-2 FIURES 1 

MSM5218-3 KIT 5218/ALP-3 FILT/RESONTR 

PERIPHERAL CIRCUITS 
MSM5218-3-3 K.T 5218/TWO ALP-3 FIURES 1 
MSM218-4 KIT 5218/ALP-4 FILT/RESONTR 
MSM5218-4-4 KIT 52181TW0 ALP-4 FIURES 1 

~ MSM3914A-34 RS NMOS 16X8 KYBD ENCDR MSM5204A RS 8 BIT CMOS AID CONVERTER a 
+-' MSM5204A RS 8 BIT CMOS AID CONVT MSM5248 RS SPEECH SYNTH, 4SK BIT ROM, ADPCM 
(.) MSM520~1 KJT 5204/450 KHZ RESONATOR MSM6202 GSK SPEECH SYNTH, 144K BIT ROM, ADPCM 
::J MSM5832 RS CMOS REAL TIME CLOCK MSM6212 RS SPEECH SYNTH, 288K BIT ROM, ADPCM 

"'0 MSM58321 RS CMOS REAL TIME CLOCK MSM6243 GSK SPEECH SYNTH, 192K BIT ROM, ADPCM 
c:: MSM6203 AS ARITHMETIC CIRCUIT MSM6912 AS AUDIO FILTER 

a MSM80C58 RS CMOS ARITHMETIC CKT $AS-1 SPEECH DEV SYSTEM 
(.) . MSM8155 RS NMOS 256X8 RAM/I-O TIMR $AS-2 SPEECH DEV SYSTEM 

E MSM81C55 RS CMOS 256XS RAM/I-OITIMR ALP-2 LOW PASS FILTER 2KHz 
MSMB2C12 AS CMOS 8 BIT I/O PORT ALP-3 LOW PASS FiLTER 3KHz 

CD MSM82C43 RS CMOS 8 BIT I/O PORT EXPDR ALP-4 LOW PASS FILTER 4KHz 

en MSM82C51A RS CMOSUSART 
MSM82C53-5 RS CMOS PROG. INTVR TIMER 

TELECOMMUNICATIONS ~ MSM82C55A-5 RS CMOS PROG. PERIP INTFCE 

0 MSM8255 RS 256XS RAM/I-OITIMER 
MSM82C57-5 RS CMOS DMA CONTROLLER MSA104 RS LOGARITHMIC AMPLIFIER 
MSM82C59A-2 RS CMOS INTERRUPT CONTROLLER MSA105 AS LOGARITHMIC AMPLIFIER 
MSM82C84A RS CMOS CLOCKGEN DEV MSM5249 RS CMOS PULSE DIALER 
MSM82C88 RS CMOS BUS CNTL . MSM6910 AS CMOS CODEC/FILT COMBO 
MSM83C55-XX RS CMOS 16K ROM, I/O MSM6912 AS PCM GHANNEL FILTER 
MSM83C55-2 RS CMOS 16K ROM + 1/0 MSM6912 RS PCM CHANNEL AUDIO FILT 

MSM6917 AS U-255 CODEC CIRCUIT 
MSM3953 AS 1200B CCID MODEM 
MSM6926 RS 300B CCID MODEM 
MSM6927 RS 1200B CCID MODEM 
MSM6946 RS 300B BELL MODEM 
MSM6947 RS 1200B BELL MODEM 
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to optim.ize system design 
high-technology- products in high-volunle supply. 

PART NUMBER DESCRIPTION 

DISPLAY DRIVERS & CHARACTER GENERATORS 
OCTAL + 30V DISP DRVR 
OCTAL - 60V DISP DRVR 
OCTAL -60V DlSP DRVR 
OCTAL - 60V DISP DRVR 
LED DIGIT DRIVER 
CMOS 48 BIT LCD DRIVER 
CMOS 48 BIT LCD DRIVER 
32 ROW LCD D/MATRIX DR 

. RF COUNTER/DISP DRIVER 
4D LED DISPLAY DRIVER 
4D VF DISPLAY DRIVER 

PART NUMBER 

TIMEKEEPING 
MSM5509 
MSM5523 
MSM5524 
MSM5525 
MSM5528 
MSM5529 
MS"555O 
MSM5557 
MSM5557 
MSM5558 
MSM5803 

RS 
RS 
RS 
RS 
RS 
RS 
RS 
GSK 
DICE 
RS 
GSK 

DESCRIPTION 

6D LED DIGITAL CLOCK 
LED CLK, RF CNTR, 4.5 DIG 
4 V2 DIG VF CLOCK 
31/2 DIG VF RF CNTR 
3V2 DIG VF CAR CLOCK 
4D MUX VF AUTO CLOCK 
4D VF ALARM CLK CKT 
MUX LCD ALARM CLOCK 
MUX LCD-.ALARM CLOCK 
VF DIGITAL CLOCK 
LCD ALARM CLOCK 

MSL912 
MSL915 
MSL915 
MSL917 
MSL966 
MSM5219 
MSM5219 
MSM5238 
MSM5526 
MSM58282 
MSM5,8283 
MSM58292 
NlSM58293 
MSM58371 
MSM5838 
MSM5839 
MSM9353 
MSM9356 
MSM9356 
MSL9510 
MSL9511 
MSL9650-o1 
MSL9662-01 
MSL9663-o1 
MSL9664-01 
MSL9665-o1 

RS 
RS 
DICE 
RS 
RS 
GSK 
DICE 
GSK 
RS 
RS 
RS 
GS 
GS 
RS 
GS 
GS 
RS 
GSK 
DICE 
RS 
RS 
AS 
RS 
RS 
RS 
RS 

5D LCD DISPLAY DRIVER 
5D VF DISPLAY DRIVER 
12 BIT S/Fi WILED DRV MISCELLANEOUS CIRCUITS 
LCD DOT ROW DRIVER 
LCD DOT COL DRIVER 
LCD 8 DOT LEVEL METER 
LCD 32 DOT LEVEL METER 
LCD 32 DOT LEVEL METER 
8D SCAN VF DISP DRVR 
8D SCAN VF DISP DRVR 
35 DOT CHAR GEN + ROM 
16 SEG AN CHAR GEN 
16 SEG AN CHAR GEN 
14 SEG AN CHAR GEN 
14 SEG AN CHAR GEN 

MSl2312 
MSM5232 
MSM5814 
MSM5816 
MSM5819 
MSL9362 
MSL9363 

PACKAGING RS: 
AS: 

RS DIV 10/100 PRESCALP=I 
RS 8 CHANNEL TONE GEN 
RS MOTOR CONTROLLER 
RS MOTOR CONTROL PLL 
RS MOTOR CONTROL PLL 
RS 4 CH PROP RIC XMTR 
RS 4 CH PROP RIC RCVR 

PLASTIC GS: PLASTIC FLAT PACK 
CERAMIC GSK: BENT LEAD FLAT PACK 

OKIHEADQUARTERS 010 SEMICONDUCTOR 
Tel: 408/984-4842 
WATS: 800/542-8617 
TWX: 910/338-0508 
FAX: 408/984-4879 
Cable: OKI SNTA 1333 Lawrence Expressway, Suite 401, Santa Clara, CA 95051 

OKI REGIONAL 
OFFICES 

. Southwest 

OKI Semiconductor, Inc. 
2102 Business Center Drive, Suite 212 
Irvine, California 92715 
Tel: 7141752-1843 TWX: 910/595-1747 

Midwest 

OKI Semiconductor, Inc. 
6100 Green Valley Drive, Suite 160 
Bloomington, Minnesota 55438 
Tel: 6121835-0837 TWX: 910/576-2998 

South Central 

OKI Semiconductor, loc. 
16990 Dallas Parkway, Suite 151 
Dallas, Texas 75248 
Tel: 214/248-8801 

Southeast 

OKI Semlcon~uctor, Inc. 
440 Lakeside Drive 
Horsham, Pennsylvania 19044 
Tel: 215/674-9511 TWX: 510/665-6550 

Northeast 

OKI Semiconductor, Inc. 
65 Williams Street, Suite 120 
Wellesley, Massachusetts 02181 
Tel: 617/431-7944 TWX:710/383-6812 

MAJOR ACCOUNTS 

OKI Semiconductor, Ine. 
205 South Avenue, Suite 100 
Poughkeepsie, New York 12601 
Tel: 9141473-8044 TLX: 0291516 

REPRESENTATIVES: ALABAMA: Electronic Sales, 205/533-1735. AFtIZONA: Semi-Systems, 602/991-1151. N. CALIFORNIA: Pro Associates, ~ 
408/358-3861. S. CALIFORNIA: Littlefield & Smith, 619/455-0055. Santana Sales, 714/827-9100. COL()RADO: Electrodyne, 303/695-8903 .. CONNECTICUT: .8 
Advanced Design Group, 617/431-7946. DELAWARE: Campbell Associates, 215/322-6630. FLORIDA: Perrott Associates, 305/298-7748 & 813/443-5214 & 0 
305/792-2211. GEORGIA: Electronic Sales, 404/448-6554. ILLINOIS: J. G. Twist Co., 312/593-0200. INDIANA: Valentine & Associates, 317/888-2260 & :::3 
219/288-7070. IOWA: C. H. Horn & Associates, 319/393-8703. ,KANSAS: D.L.E. Electronics, 316/744-2126. KENTUCKY: Valentine & Associates, "0 
317/888-2260. MAINE: Advanced DeSign Group, 617/431-7946. MARYLAND: Delta III Associates, 301/730-4700. MASSACHUSETTS: Advanced Design c: 
Group,617/431-7946. MICHIGAN: Luebbe Sales, 313/477-3131. MINNESOTA: J. G. Twist Co., 612/835-2120. MISSISSIPPI: Electronic Sales, 0 
2051533-1735. MISSOURI: J. G. Macke Co., 314/432-2830. NEBRASKA: C. H. Horn & Assoc., 319/393-8703. NEVADA: Pro Associates, 408/358-3861. NEW .2 
HAMPSHIRE: Advanced Design Group, 617/431-7946. NEW JERSEY: Campbell Associates, 215/322-6630 & Pat Associates, 2011335-0680. NEW MEXICO: E 
Semi Systems, 602/991-1151. NEW YORK: Reagan Compar, 518/489-4777 & Paf Associates, 516/360-0940. NORTH CAROLINA: Electronic Sales, 
205/533-1735. NORTH DAKOTA: J. G. Twist Co., 414/782-2670. OHIO: Luebbe Sales, 513/891-5770 & 614/431-0474 & 216/333-0425 & 513/294-0426. Q) 
OKLAHOMA: Ammon & Rizos, 405/942-2552. OREGON: Quest Marketing, 503/644-8077. PENNSYLVANIA: Campbell Associates, 215/322-6630 & Luebbe en 
Sales, 412/931-0414. RHODE ISLAND: Advanced Design Group, 617/431-7946. SOUTH CAROLINA: Electronic Sales, 205/533-1735. SOUTH DAKOTA: J. G. 
Twist Co., 612/835-2120. TENNESSEE: Electronic Sales, 205/533-1735. TEXAS: Ammon & Rizos, 214/233-5591 & 7131781-6240 & 512/454-5131. UTAH: ~. 
Electrodyne, 801/486-3801. VERMONT: Advanced Design Group, 617/431-7946. VIRGINIA: Delta III Associates, 301/730-4700. WASHINGTON: Quest 0 
Marketing, 206/223-1541. WASHINGTON D.C.: Delta III Associates, 3011730-4700. WEST VIRGINIA: Luebbe Sales, 513/871-4211. WISCONSIN: J. G. Twist 
Co., 4141782-2670. WYOMING: Electrodyne, 303/695-8903. CANADA: RPS Electronics, 514/341-3663 & 416/276-5222. 

DISTRIBUTORS: ALABAMA: Cdhtact Electronics: 205/881-9321. RM Electronics, 205/852-1550. CALIFORNIA: Ryno Electronics 619/292-6022 & 
714/261-2500. Pacesetter Electronics, 408/734-5470 & 714/557-7131. COLORADO: Act 303/42~-9229. CONNECTICUT: Future Electronics, 203/272-1851. 
FLORIDA: Milgray Electronics, 305/647-5747. Reptron Electronics, 813/855-4656. GEORGIA: Milgray Electronics, 404/393-9666. ILLINOIS: Reptron ElectroniCS, 
3121593-.1070. RM Electronics, 312/932-5150. INOIAN.A: RM ElectronicS, 317/247-9701. KANSAS: Mitgray Electr9nics, 913/236-8800. MARYLAND: 
ElectrOniCS, 3011468-6400. MASSACHUSETTS: Milgr~y Electronics, 617/272-6800. Future Electronics, 617/366-2400. MICHIGAN: Reptron EI.,,..,trnr'i,.." 
313/525-2700. MINNESOTA: Gopher Electronics, 612/483-4450. NEW HAMPSHIRE: C & H Electronics, 603/882-1133. NEW JERSEY: Action Electronics, 
609/858-2450. JJD Electronics, 609/953-1011. Milgray Electronics, 609/983-5010. NEW YORK: Milgray ElectroniCS, 516/546-5600. Future Electronics, 
315/272-1851. OHIO: Milgray Electronics, 216/447-1520. Reptron Electronics, 614/436-6675. OREGON: Zepher Electronics, 503/682-2929. TEXAS: Act 
Electronics, 214/980-1888 & 5121452-5254 & 713/496-4000. RM Electronics, 214/263-8361. UTAH: Act Electronics, 801/487-8131. WASHINGTON: Zepher 
ElectroniCS, 206/241-1980. Shannon Electronics, 206/763-0545. WISCONSIN: RM Electronics, 414/784-4420. CANADA: Westburne Electric Supply Ltd., 
416/635-2950. 

OKI 
SEMICONDUCTOR 
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MN4164, NMOS 65K Bit Dynamic Ram 
Description 
System oriented features include: operation from a 
single +5V ±10% tolerance power supply, direct 
TTL interfacing capability, on-chip addresses and 
data registers which eliminate the need for inter
face registers, and two chip select methods to al
low the user to determine the appropriate speedl 
power characteristics of his memory system. 

The RAM module also incorporates several flexi
ble operating modes: "Read," "Write,""Read
Modify-Write" cycles, "Page-Mode" operation and 
"RAS-Only" refresh. Proper control of the clock in
puts (RAS, CAS and WRITE) allows common 110 
capability, two dimensional chip selection, and 
extended page boundaries (for operating in page 
mode). 

Features 
• 65,536 x 1 RAM, 16-pin package 

• Row access time: 
150 ns Max. (MN4164-15/MN4164P-15) 
200 ns Max. (MN4164-20/MN4164P-20) 
250 ns Max. (MN4164-25/MN4164P-25) 

• Cycle time: 
270 ns Max. (MN4164-15/MN4164P-15) 
330 ns Max. (MN4164-20/MN4164P-20) 
410 ns Max. (MN4164-25/MN4164P-25) 

• Low power dissipation: 
275 mW Max. (active) 
27.5 mW Max. (standby) 

• Single 5V supply, ±10% tolerance 

• 128 refresh cycles/2ms 

Pin Assignment (Top View) 

N.C. Vss_ 

DIN CAS 

WRITE OOUT 

RAS A6 

AO A3 

A2 A4 

Al A5 

~cc A7 

MN4164 Block Diagram 

MN4164-15 
MN4164-20 
MN4164-25 

6 

\4 

\3~ 
12 "'! 
II~ 

Unit: mm (inch) 

.... 
x 

~ 

R xD .. MiI 

8.6typ.(.34) (16 PIN CERAMIC OIL) 

MN4164P-15 
MN4164P-20 
MN4164P-25 O.SA 

Unit: mm 

o· 16 rt>=~ T 
-(=~:: I~ 0 

I: I"i:: I~ 1 I t1= I f9 ~--l-
1'5~ 6.35 1.8 

3.55 4.75 

. 3.45 

(),..,'\~:P 

. 0.2

5 

(16 PIN PLASTIC OIL) I 

Pin Names Function 

Ao- A7 Address Inputs 

RAS Row Add ress Strobe 

CAS Column Address Strobe 

WRITE Write Enable 

DIN Data Input 

Doul Data Output 

Vee Power (+SV) 

Vss Ground (OV) 

The lev:e specifications are subject to change without prior notice. While every. precaut.ion has been taken. in the preparation of this data sheet, the publisher 
assOtel no responsibility for patent liability with respect to the use of the information contained herein. 
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MN4164, NMOS 65K Bit Dynamic Ram 

AO 

A7l 

Timing 
Generator 

Column 
Address 
Buffer 

Row 

Vss ----------l.~ 

Vee - ..... -------l~ 

On Chip 
~ Vee 

Generator 

Absolute Maximum Ratings 
Rating 

Voltage on any Pin relative to Vss 

Voltage on Vee Supply relative to Vss 

Operating Temperatu-re 

Storage Temperature 

Power Dissipation 

Short Circuit Current 

11 
! , 
Memory 
Cells 

Symbol 

VIN, VOUT 

Vee 

Top 

T,tg 

Po 

los 

Timing 
Generator 

Write 
Clock 
Generator 

I I 
I I 
Data 
Input 
Register 

.. -

Value 

-1.0to +7.0 

-1.0 to +7.0 

o to +70 

-55 to +150 

1 

50 

DouT 

DIN 

Unit 

V 

V 

°C 

°C 

W 

mA 

o 
c:: 
o 
CJ) 
Cd 

Note:. Exceeding Absolute Maximum Ratings may cause permanent device damage. Functional operating of the device is not implied outside the operating c:: 
conditions. Exposure to absolute maximum ratings for extended periods of time may impact device reliability. Cd 

0.. 

Recommended Operating Conditions (Referenced to Vss) 

Parameter Sym~ol Min Typ Max Unit Temperature 

Supply Voltage Vee 4.5 5.0 5.5 V 

Vss 0 0 a V aoc to 

Input High Voltage, all inputs VIH 2.2 - Vee +t.av V +70°C 

Input Low Voltage, all inputs V1L -1.0 - 0.8 V 

Capacitance (Ta = 25°C, f = 1 MHz) 

Parameter Symbol Min Typ Max Unit 

Input Capacitance CIN -.' - 10 pF 

Output Capacitance COUT - - 12 pF 
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MN4164, NMOS 65K Bit Dynamic Ram 
DC Characteristics (Recommended operating conditions unless otherwise noted.) 

Parameter Symbol Min Typ Max 
Operating Current: Average power supply current 
(RAS, CAS cycling; tRc = min) Icci - - 50 
Standby Current: Power supply current 
(RAS = CAS = VIH) Icc2 - - 5 
Refresh Current: Average supply current 
(RAS cycling, CAS = VIH; tRc = min) Icc) - - 40 
Page Mode Current: Average power supply current 
(RAS = VIL, CAS cycling; tpc = min) Icc4 - - 40 
Input Leakage Current: Input leakage current, any input 
(OV ::; VIN ::; 5.5V, all other pins not under test = OV) III -10 0.1 10 
Output Leakage Current: (Data out is disable, 
OV ::; Your ~ 5.5V) ko -10 0.1 10 
Output Level: Output low voltage (1m = 4.2 mAl VOL - - 0.4 
Output Level: Output high voltage (IOH = -5 mAl VOH 2.4 - -

Unit Note 

rnA 1) 

rnA 

mA 1) 

mA 1) 

p.A 

p.A 

V 
V 

Note: 1) IeCI, leo, IeC4 depend on cycle rate and output loading. Specifications are for maximum cycle rate and no load. Supply current may be scaled 
according to the following equation: tRC min x I (tRC min) + (tRC - tRC min) x lecz 

I (tRC) = tRC 

AC Characteristics1),2) (Recommended operating conditions unless otherwise noted.) 
MN4164-15 MN4164-20 MN4164-25 

MN4164P-15 MN4164P-20 MN4164P-25 
Parameter Symbol Unit Min Max Min Max Min Max Notes 

Refresh period tm ms - 2 - 2 - 2 
Random read or write cycle time tRC ns 270 - 330 - 410 -
Read-write cycle time tRwC ns 310 - 375 - 515 -
Page mode cycle time tpc ns 170 - 225 - 275 -
Access time from RAS tRAC ns - 150 - 200 - 250 4),6),8)' 
Access time from CAS tCAC ns - 100 - 135 - 165 5),6),8) 
Output buffer turn-off delay tOFF ns 0 40 0 50 0 60 7) 
Transition time tT ns 3 50 3 50 3 50 3) 
RAS precharge tim~ tRo ns 100 - 120 - , 150 -
RAS pulse width iRAS ns 150 10,000 200 10,000 250 10,000 
RAS hold time tRSH ns 100 - 135 - 165 -
CAS precharge time tcp ns 50 - 80 - 100 -
CAS pulse width teAS ns 100 10,000 135 I 10,000 165 10,000 I 

CAS hold time tcsH ns 150 - 200 - 250 -
RAS to CAS delay time hCD ns 25 50 25 65 40 85 8) 
CAS to RAS precharge time tcRP ns -20 - -20 - -20 -
Row Address set-up time iASR ns 0 - 0 - 0 -
Row Address hold time tRAH ns 20 - 20 - 35 -
Column Address set-up time tAse ns -5 - -5 - -5 -
Column Address hold time tcAH ns 45 - 55 - 75 -
Column Address hold time 
referenced to RAS tAR ns 95 - 120 - 160 -
Read command setup time tRCS ns 0 - 0 - 0 -
Read command hold time tRCH ns 0 - 0 - 0 -
Write command set-up time twcs ns -20 - -20 - -20 - 10) 
Write command hold time tWCH ns 45 - 55 - 75 -
Write command hold time 
referenced to RAS tWCR ns 95 - 120 - 160 -
Write command pulse width twp ns 45 - 55 - 75 -
Write command to RAS lead time tRWL ns 60 - 80 - 100 -

. Write command to CAS lead time tcWL ns 60 .- 80 - 100 -
Data-in set-up time tos ns 0 '- 0 - 0 - 9) 

Data-in hold time tOH ns 45 - 55 - 75 - 9) 
Data-in hold time 
referenced to RAS tOHR ns 95 - 120 - 160 -
CAS to WRITE delay tcwD ns 80 - 95 - 125 - 10) 
RAS to WRITE delay tRwD ns 130 - 160 - 200 - 10) 
Read command hold time 
referenced to RAS tRRH ns 20 - 25 - 35 -
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MN4164, NMOS 65K Bit Dynamic Ram 
Note: 
1) Several cycles are required after power up or prolonged 

periods of RAS inactivity (2 ms) before proper device opera
tion is achieved. Any 8 cycles which perform refresh are 
adequate for this purpose. 

2) AC measurements assume tr = 5.0 ns. 

3) V IH and VIL are reference levels for measuring signal timings 
and transition times. 

4) Assumes that tRCD ~ tRCD (Max). 

5) Assumes that tRCD ~ tRCD (Max). 

6) Measure with load equivalent to 2 TIL loads and 100 pF. 

7) tOFF defines the time at which the output enters high im
pedance state. It is not referenced to levels of VIH and V IL• 

8) Operation within the tRCD (Max) limit ensures that tRAC (Max) 
can be met. fRCD is specified as a reference point only; if tRCD 

is greater than the specified tRCD limit, then row access time 
is tRCD + tCAC. 

9) These parameters are referenced to leading edge of CAS 
(Early-Write) or WRITE (Delayed-Write or Read-Modify
Write) whichever occurs last. 

10) twcs, lewD and tRwD are not restrictive operating parameters. 
They are included. under AC Characteristics as electrical 
characteristics only. If twcs ~ twcs (Min), the cycle is an 
Early-Write cycle and the data out pins will remain open 
circuit (high impedance) throughout the entire cycle. If 
leWD ~ leWD (Min) and tRWD ~ tRWD (Min), the cycle is a Read
Modify-Write cycle and the data out will contain data read 
from the selected cell. If neither of the above sets of con
ditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

Read Cycle 

. 
VOH- HIGH 

DouT VOL------IMPEDANCE 

Write Cycle (Early Write) 

VH_----~~-------------tl~M-----------~~--_1 
VIL-

VH-----~----~-,~~------~·------~~~--~ 
VIL-

ON ~~:~f~ 
o VOH- __________________ HIGH . _____________ _ 

OUT VOL- IMPEDANCE 

Don't Care 
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MN4164, NMOS 65K Bit Dynamic Ram 
Read-Write/Read-Mo~ify-Writ~ Cycle 

V .. -
VIl-

V .. - ---+:-----~""\ ~-------tcAs----1 f.-±---,J 
V'L-

VOH- HIGH 
DOUT VOL_---..:......IMPEDANCE----~~-------.....:I[" 

Dill V .. -------------------~~-~~.,_----~-------
VIl- ____________ ,~--~.'------------

o Don't Care 

Page Mode Write Cycle 

tASR 
V .. __ .~J~,~~,~~~"~~,~~~~'~~~r~~------

ADDRESS~~L -"..Jl~~,,:::~~'--~..J~~''---:-~II_'~?if"'-~_:__----

V .. ---~,~~~~~,~~~~r-~ 
Dill V'L- "._--"--"1=-~~or',,-~,_~~:It'-.._--, 

4124 

D" Don't Care 

Page Mode Read Cycle 

V .. - ----u.~------tRAs----------O 
VIL-

V .. _-----H---~~~ 
V,L 

DOUT ~~:= -----+-
1--------1 

WRITE ~~::: ________ J 

D Oon't Care 

"RAS Only" R~fr~sh Cycle 
Note: WRITE = Don't Care 

1---------'tRc---------~ 

~--------·tRM-------~~ 

VOH- HIGH 
DOUT ---------------IMPEDANCe--------------

VOL-

E Don't Care 
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MN4164·, NMOS 65K Bit Dynamic Ram 
Typical Characteristics Curves 
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MN4164, NMOS 65K Bit Dynamic Ram 
Typical Characteristics Curves (Continued) 

« 
.§. 

>-
.ol 

ICC2 vs. Vcc 
5.0.------,...-----,...---......-----. 

VU-i=MAX. 

~ 3.0t-------1f-----7'~~~£-..f-----t 

§ 
'" () 

..!! 

4126 

4.0 4.5 5.0 5.5 
Vee [V] 

ICC3 (tRAS: Constant) 
v.s. Vcc 

6.0 

40.----......---...--~--~ 

4.0 

4.0 

Ta=25°C 
tRAS=l5Ons 

4.5 5.0 5.5 

Vee [V] 

ICC3 (tRP: Constant) 
v.s. Vcc 

4.5 5.0 

Vee [V] 

5.5 

6.0 

6.0 

~ 
.s .. 
1) 
> u 
-5 
l!! 
';; 
a: 

'" () 

~ 

ICC3 (tRAS: Constant) 
V.s. Cycle Rate 

Ta=25°C 
tRAS=l5Ons 

2 3 4 
Cycle Rate (l/tRC) [MHz] 

ICC3 (tRP: Constant) 
v.s. Cycle Rate 

5 

~.----......----...---...----

30 

20 

Ta=25°C 
tRP=l00ns 

2 3 4 

Cycle Rate (l/tRC) [MHz] 

5 

'" () 

~ 

.. 

5.0 

4.0 

2.0 

10 

30 

~ 
-5 20 

i 
~ 
'" () 

~ 10 

ICC2 V.S. Ta 

VC~=5.5V 

...... 

"---I------.... -

o 75 

ICC3 (tRAS: Constant) 
v.s. Ta 

I 
Vee=5.5V 
tRAS=150n5 

- tRC=270ns 

- T 330ns 
--+-
400n5 - :r-500ns 

- 1l: 

o 75 

ICC3 (tRP: Constant) 
v.s. Ta 

I 
Vee=5.5V 
tRP=l00ns 

-..... tRC-270ns 

--- ~ 

- -~ 
- 4~ 

500ns 

-- r - _ l000ns 
-I'-

o 25 50 75 

@ Ie MASTER 1984 



P . PANASONIC INDUSTRIAL COMPANY ,anasonlC Division of Matsushita Electric Corporation of America / Electronic Components Division 
, ' ® One Panasonic Way, Secaucus, N.J. 07094 • Tel: (201) 348-5269 • TWX: 710-992-8920 

MN4164, NMOS 65K Bit Dynamic Ram 
Typical Characteristics Curves (Continued) 
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MN4164, NMOS 65K Bit pynamic Ram 
Typical Characteristics Curv~s (Continued) 
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anasonlC Division of Matsushita Electric Corporation of America I Electronic Components Division 
® One Panasonic Way, Secaucus, N.J. 07094 • Tel: (201) 348-5269 • TWX: 710-992-8920 

MN4164, NMOS 65K Bit Dynamic Ram 
Functional Description 
Address Input 
The 16 address bits required to decode 1 of the 65,536-cell 
locations within the RAM module are multiplexed onto the 8 
address inputs and latched into the -on-chip address latches by 
externally applying two negative going TTL level clocks. The 
first clock, Row Address Strobe (RAS), latches the 8 row ad
dresses bits into the chip. The second clock, the Column Ad
dress Strobe (CAS), subsequentry latches the 8 column address 
bits into the chip. (Ao -' A7 are row and column address input.) 
Each of these signals, RAS and CAS, triggers a sequence of 
events which are controlled by different delayed internal clocks. 
The two clock chains are linked together logically in such a 
way that the address multiplexing operation is done outside 
of the critical path timing sequence for read data access. The 
later events in the CAS clock sequence are inhibited until the 
occurrence of a delayed signal derived from the RAS clock 
chain. This "gated CAS" feature allows the CAS clock to be 
externally activated as soon as the Row Address I Hold Time 
(tRAH) has been satisfied and the address inputs have been 
changed from row address to coiumn address information. 

Note that CAS can be activated at any time after tRAH and 
it wiii have no effect on the worst case data access time (tRAe) 
up to the point in time when the delayed row clock no longer 
inhibits the remaining sequence of column clocks. Two timing 
specifications result from the internal gating of CAS; they are 
tRCO (min) and tRcD (max). No data storage or reading errors will 
result if CAS is applied to the RAM module at a point in time 
beyond the tRCD (max) limit: However, access time will then be 
determined exclusively by the access time from CAS (tCAC) 
rather than from RAS (bAd, and access time from RAS will be 
increased by the amount that tRCD exceeds the bCD (max) limit. 

Data InputlOutput 
Data is retrieved from memory in a read cycle by maintain
ing WRITE in the inactive or high state throughout the portion 
of the memory cycle in which CAS is active (low). Data read 
from the selected cell will be available at the output within the 
specified access time. 

Data to be written into a selected cell is latched into an on 
chip register by a icombination of WRITE and CAS while RAS 
is active. The later of the signals (WRITE or CAS) to make its 
negative transition is the strobe for the Data in register. -This 
permits several options in the write cycle timing. In a write 
cycle, if the WRITE inputis brought low (active) prior to CAS, 
the DIN is strobed by CAS and the set up and hold times are 
referenced to CAS. 

If the input data is not available at CAS time or if it is de
sired that the cycle be a Read-Modify-Write cycle, the WRITE 
signal will be delayed until after CAS has made its negative 
transition. In this delayed write cycle, the data input set up 
and hold times are referenced to the negative edge of WRITE 
rather than CAS. (To illustrate this feature, DIN is referenced 
to WRITE in the timing diagrams depicting the "Read-Modify
Write" cycie while the "WRITE;; and "Page-Mode-Write" cycle 
diagrams show DIN referenced to CAS.) 

Data Output 
The normal condition of the data output (Dour) of the RAM 
module is a high impedance state. That is to say, any time 
CAS is at a high level, the Dour pin will be floating. The only 
time the outputs will turn on and contain either a logic 0 or 
logic 1 is at access time during a read cycle. Dour will remain 
valid from access time until CAS is taken back to the inactive 
(high) conditions. 

If the memory cycle in progress is "Read" or "Read-Modify
Write" cycle, then the data output will go from the high im
pedance state to the active condition and at access time will 
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contain the data read from the selected cell. This output data 
is the same polarity (not inverted) as the input data. Once 
having gone active the output will remain' valid untit CAS is 
taken to the precharge state, whether or not RAS goes into 
precharge. -

If the cycle in progress is a "Write" cycle (Write active 
before CAS goes active), then the output pins will maintain the 
high impedance throughout the entire cycle. 

Note that with this type of output configuration, the user is 
given full control of the Dour pin simply by controlling the 
placement of WRITE command during write operations, and 
the pulse width of CAS during read operations. Note also that 
even though data is not latched at the output, data can re
main valid from access time until the beginning of a subse
quent cycle without paying any penalty in overall memory 
cycle time (stretching cycle). This type of output operation 
results in some very significant system implications. 

Common 110 
If all write operations are handled in the "Write" cycle mode 
(\A/RITe active befoie CAS goes active), then DIN can be con
nected directly to Dour respectively for common I/O data bus. 

RAS and CAS Chip Selection 
Only those devices which receive both RAS and CAS signals 
will execute a read or write cycle. Since Dour is not latched, 
CAS is not required to turn off the outputs of unselected mem
ory device in a matrix. This means that both CAS and/or RAS 
can be decoded for chip selection. If a common CAS scheme 
is used where RAS is decoded for module selection, then total 
memory power can be conserved. If both RAS and CAS are 
decoded, then a two dimensional (X, Y) chip select array can 
be realized. 

Page Mode 
The "Page-Mode" feature of the RAM allows for successive 
memory operations at multiple column locations of the same 
row address with increased speed without an increase in 
power. This is done by strobing row address into the chip and 
maintaining the RAS signal at a logic 0 throughout .all suc
cessive memory cycle in which the row address is common. 
This "Page-Mode" of operation will not dissipate the power 
associated with the negative going- edge of RAS. Also, the 
time required for strobing in a new row address is eliminated, 
thereby decreastng the access and cycle Urnes. 

The successive memory operations in "Page-Mode" may be 
any sequence of read, write, or read-modify-write operations. 

The page boundary of a single RAM module is limited to 
.the 256 column locations determined by all combinations of 
the 8 column address bits. However, in system applications 
which utilize more than 65,536 data words (more than one 64K 
memory blOCk), the page boundaiY can be extended by using 
CAS rather than RAS as the chip select signal. RAS is applied 
to all devices to latch the row address into each device and 
then CAS is decoded and serves as a page cycle select signal. 
Only those devices which receive both RAS and CAS signals 
will exequte a read or write cycle. 

Refresh 
Refresh of the dynamic cell matrix is accomplished by per

forming a memory cycle at each of the 128 row addresses 
within each 2 ms time interval. Although any normal memory 
cycle will perform the refresh operation, this function is most 
easily accomplished with "RAS-Only" cycles. RAS-Only refresh 
results in a substantial reduction in operating power. This 
reduction in power is reflected in the Iccl specification. 

4129 

o 
c 
o 
UJ as 
c 
as a. 



c: 
o 
CD 

.s:::::. 
+-' 
~ as 
a:: 

Product Specifications LSI Components 

Field Programmable 
Read-Only Memories 

29000 
Series 

Features 
• Low Power Schottky 

Technology •• • 
• 

• Highly Reliable Nichrome 
Fuses 

• SPROM Versions of All 
Configurations as Plug-In PROM 
Replacements 

• TypicalSPROM "OFF" Power is 25% of 
Standard Power. 

• ·SPROMs Feature Guaranteed Access Times 
and Full Vee Tolerance Under Power
Switched Conditions. 

• All Devices Use Same Programming 
Techniques (Generic) 

• All Devices Available in both Commercial 
(oo·C to 75° C) and Military (-55° C to+125° C) 
Versions. 

• Packages Available 
• Flat • 0.3 Wide DIP 
• 0.6 \/tJide DIP • 28 Pin LCC 

Ordering Information 

Absolute Maximum Ratings 
(Above which the useful life may be impaired). 

Junction Temperature ..... -65° C to +175° C 
Storage Temperature ...... -65°C to +150°C 
Temperature 

Under Bias ...... 0 ••• 0 •• -55°C to +125°C 
Supply Voltage to Ground 

Potential (Continuous) .00. -0.5V to +7.0V 
DC Voltage Applied to 

Outputs (Except During 
Programming) .0 ••••• 0 -0.5V to +Vee Max 

DC Input Voltage 
(Address Inputs) 00000 ••• 0. -O.5V to +5.5V 

DC Voltage Applied to Outputs 
During Programming .. 0 • 0 ••••• 0 ••• o. 26V 

Output Current into Outputs 
During Programming 0 ••••• 0 0 0 • • •• 250mA 

DC Input Voltage 
(Chip Select Input-Pin) . 0 ••• -O.5V to +33V 

DC InRut Current .... 0. •• -30mA to +5.0mA 

2 9 61 1 AD M B 

Bipolar ~T T T T il H'-ReI S« .. n.ng 
PROM B MIL-STD-883. Level 8 
Family S MIL-STD-883. Levul S 

Memory Size -----. LTemperature Range 
1 = 512 x 4 (2K) . M Military -55C to . 125 C 
2 = 512 x 8 (4K) C COlllfllerclalO C to ·75C 
3 = 1024 x 8 (8K) 

,4 = 4096 x 4 (16K) Package Type 
5 = 2048 x 4 (8K) D CeramiC Dual-m-Lille 
7 = 4096 x 8 (32K) F Ceramic Flat pack 
8 = 2048 x 8 (16K) L Leadless Chip Camer 

S CeramiC "SIIIll-DIP' 
Product -------' 

1 = PROM 
3 = SPROM 

L...-_____ AC Performance 
None = Standard 
A Select 

The information contained in this data sheet has been carefully compiled; However, it shall not by implication or otherwise become part of the terms and 
conditions of any subsequent sale. Raytheon's liability shall be determined solely by its standard terms and conditions of sale. No representation as to 
application or use or that the circuits are either licensed or free from patent infringement is intended or implied. Raytheon reserves the right to change the 
circuitry and other data at any time without notice and assumes no liability for inadvertent errors. 

RAYTHEON COMPANY - Semiconductor Division -350 Ellis Street -Mountain View, CA 94039-7016 
(415) 968-9211 - TWX: 910-374-6484 
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29000 Series PROMs 

. Common Electrical Characteristics Over Operating Range (unless otherwise noted) 

Parameter Description Test Conditions Min Typl Max Units 

VOH Output High Voltage Vee = Min, IOH = -2.0mA 2.4 3.6 V 
VIN = VIH or VIL 

VOL3 Output Low Voltage Vee = Min IOL = 8.0rnA 0.30 0.4 V 
VIN = VIH or VIL IOL = 16mA 0.35 0.5 

V,H Input High Level Guaranteed Input Logical High 2.0 5.5 V Voltage for All Inputs 

VIL Input Low Level Guaranteed Input Logjcal Low 0.0 0.8 V Voltage for A" Inputs 

IlL Input Low Current Vee = Max, VIN = O.4V , -10 -250 f.lA 

I'H Input High Current Vee = Max, VIN = 2.7V 10 p.A 

Vee = Max, VIN = 5.5V 0.1 rnA 

Ise I Output Short I Vee = Max, VOUT = O.2V I -12 I -35 I -85 I mA 
i Circuit Current (Note 2) 

I I 

VI . -1 Input Clamp Voltage Vee =. Min, liN = -18mA -1.5 V 

leEx Output Leakage Current Vee = Max Vo = 4.5V +100 p.A 
Chip Disabled Vo = 0.45V -100 

Notes: 1. Typical limits are at Vee = 5.0V and TA = +25°C. 
2. Not more than one output should be selected at a time. Duration of the short circuit should not be more than one second. 
3. This characteristic cannot be tested prior to programming; it is guaranteed by factory testing. 

SPROM Characteristics 

Part lead Icc (rnA) TAA (nS)l TEA [nS)l T ER (nS)l 

Number Density Count Disable Enable Mil Com· Mil Com Mil· Com 

29633 1024 x 8 24 45 170 90 70 115 75 40 30 
----------------- --------_ .. _--- .. ------ --------------- --- ........ -- ...... ---- ... --------- .... ---- -- .. -.. ----- ... --- ---------- .. _- ............ _------ ......... ---- .. --------- .. ,.. .. -------- ... -- ---------- ..... _-

29633A 1024 x 8 24 45 170 70 50 70 50 40 30 
------------ .. ---- --------------------- --------------- --------------- --- ... ------------- ---------_ .... -.. ----------- ... -- -------------- .. _------------ --_ ...... _----- ......... ------ ............ _---
29653 2048 x 4 18 45 170 90 75 95 80 45 35 
----------------- ------_ ... -.. ------- ... __ ... ------ ... __ ...... --- ... --------------- ----_ ... _---------- ------- .. ------ ---- .... __ .. _- .. _-- --- ..... _--------- --_ ..... --------- .. --_ .... _------- --------------
29653A 2048 x 4 18 45 170 75 65' 80 70 45 35 
-- ... -------------- ------------------- .. - --------------- ----- ..... _------- ----------------- ...... __ .. _-------- -------------- _ ... _-------- ..... _- -------------- ---_ .. _---_ ... _-- --------------
29673 4096 x 8 24 55 195 105 85 95 125 50 45 
------------ .. -.... - -_ ... _------ .. --_ .. _----- --------------- ---------- ... ---- -- ... ----- .. ------- _ ..... _---------- -.. -- .. ------- ..... --------------- -------------- -_ ........... _------- _ ... _--- ........ _--_ ... 

29683 2048 x 8 24 50 180 105 85 105 85 50 45 
----------------- -----_ ... _-- .. ---_ ... _----- ---------_ ... _--- --------- ... ----- --------- ..... _----,- -------- ...... _--- --- .. _---- .. ---- _ ... _-----_ ..... -- ..... ------_ ... -.. _--- -------------- -- .. --- .. -------
29683A 2048 x8 24 50 180 70 50 80 65 45 35 

PROM Characteristics· 
I 
Part lead TAA (nS)i TEA (nS)i T ER (nSJl 
Number Density Count Icc (rnA) Mil Com Mil Com Mil Com 

29671 4096 x 8 24 195 100 80 50 40 45 40 
-------------_ ... _--_ .. --- .. ------- .. ------- .. __ ...... --- -..... _------- .. -.. -.. _-- ... _--------- ...... __ ... -- .. _- --- .. _ ..... __ ..... --- ---_ .......... _---- ... _ ....... _-----_ ... -.. ---_ .. _------ ... - ---_ ... _-------- -----_ .. _---- .. _-
29671 A 4096 x 8 24 195 80 45 35 
------_ ... _ .. _------- .. - ------------ .... _------ .. ----- _ ..... -------- ... _------ .. _-_ .. _--_ ... _ .. ----_ .. ---- ..... _-------- .. -.. -------------- .... _- .. -... -.......... _-- .. --- ... -.. -.. ----- --_ .. -........ ------ ... ------ .. -_ ... _---
29681 2048 x 8 24 180 100 80 50 40 45 40 
29681 A 2048 x 8 24 180 70 50 45 35 35 30 

Note: Test Conditions - CL = 30pF, RL = 300n to Vee and 600n to GND (16mA Load). 300n resistor opened for tEA and ~R 
measurements between HIGH and OFF states. 

I 
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pin 'Out Information 

29671/A 
29673/A 

Leadless Chip Carrier (28 Pin) 

A5 A6 A7 Ne Vee Aa Ag 
A5 A6 A7 NC Vee As Ag 

4 3 2 28 27 26 
A4 A4 5 25 

A3 A3 6 24 

A2 A2 7 23 

A2 A1 8 22 

AD Ao 21 

Ne NC 10 20 

0101 11 19 
12 13 14 15 16 17 18 

02 03 GND NC 04 05 06 
02 03 GND Ne 04 05 06 

Pin 24 is also the programming pin (pp). 

29681/A 
29683/A 

Leadless Chip Carrier (28 Pin) 

A5 A6 A7 Ne Vee Aa Ag 
A5 A6 A7 NC Vee As Ag 

4 3 2 28 27 26 
A4 A4 5 25 

A3 A3 6 24 

A2 A2 7 23 
C 
0 

Al A1 8 22 Q) 
.r. ..... 

An Ao 9 21 ~ 
«S 
a: Ne NC 10 20 

01 01 11 19 
12 13 14 15 16 17 18 

02 03 GND NC 04 as 06 
02 03 GND Ne 04 05 06 

Pin 24 is also the programming pin (pp). 

4132 

A10 A10 

CS1 PSI 

An All 

CS2 PS2 

NC Ne 

Os Oa 

07 07 

A10 A10 

CS1 PSI 

CS2 PS2 

CS3 PS3 

NC Ne 

as Oa 

07 07 

29000 S~ries PROMs 

29671/A 
29673/A 

Dual-in-Line and Flat Packa~es 

Vee Aa Ag A10 PSI All PS2 Oa 07 06 05 04 
Vec As Ag Al0 CS1 A11 CS2 as 07 06 05 04 

24 23 22 21 20 19 18 17 16 15 14 13 

2 3 4 5 6 7 8 9 10 11 12 

A7 A6 A5 A4 A3 A2 A1 Ao 01 02 03. GND 
A7 A6 A5 ~4 A3 A2 Al . AD 01 02 03 GND 

Pin 20 is also the programming pin (pp). 

65-01624A 

29681/A 
29683/A 

Dual-in-Line and Flat,Packages 

Vee Aa Ag A10 PSI PS2 PS3 
Vee As Ag A10 CS1 CS2 CS3 

24 23 22 21 20 19 18 

2 3 4 5 6 7 

A7 A6 A5 A4 A3 A2 A1 
A7 A6 A5 A4 A3 A2 Al 

Pin 20 is also the programming pin (pp). 

Oa 
08 

17 

8 

Ao 
AD 

07 06 05 04 
07 06 Os 04 

16 15 14 13 

9 10 11 12 

01 02 03 GND 
01 02 03 GND 

65-01625A 

C£AYTHEO~ 
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seeQ 52813152823152833 
52813HI52823HI52833H 
Electrically Erasable ROM 

PRELIMINARY DATA SHEET 

Features 
• Input Latches 

• Single 5V Supply 

• Specilled over Vee ±10%Range 

• TTL Byte Erase/Byte Write/Chip Clear 

• 1 ms or 10 ms Byte Erase/Byte Write 

• 10,000 Erase/Write Cycles per Byte 

• Silicon Slgnature™ and DITrace™ 

,. Fast Read Access Time - 250 ns 

• JEDEC Approved Byte Wide Memory Pinout· 

Description 
SEEQ's iamiiy of 5 voir, eiectricaiiy erasabie read 
only memories, E2ROMs, include three denSities. 
The 52813 and 52813H are 2048 x 8 bit, the 52823 
and 52823H are 4096 x 8 bit, and the 52833 and 
52833H are 8192 x 8 bit E2ROM. Each device 
operates on 5 volt TTL levels in the read, write and 
erase modes. In addition, high voltage (14-22 volts) 
may be used with the 52813 for erase and write. All 
devices have a chip clear mode in which the entire 
memory is erased in a singl€] erase cycle. The 52813 
performs chip clear with a high voltage signal while 

Block Diagram 

COLUMN 
ADDRESS 
LATCHES 

ROW 
ADDRESS 
LATCHES 

COLUMN 
ADDRESS 
DECODE 

ROW 
ADDRESS 
DECODE 

WRITE/ERASE ENABLE 

E2 
MEMORY 

ARRAY 

1l00·, 

March 1983 

the other devices in the family require only a TTL 
level signal on OE. The erasure time for both chip 
clear and byte erase is under 10 ms for all device 
types. Where faster erase/write times are required, 
the "H" product may be used to achieve erase or write 
in under 1 ms. 

Data, addresses, GE, GG and OE are latched on the 
leading edge of WE. The system controller needs 
only to maintain the WE signal during the 
erase/write cycle after the latches are activated. 
Once written, which requires under 10 ms. there is 
no limit to the number of times that the data may be 
read. Each byte may be erased and written at least 
10,000 times. 

This family of E2RO~.-1s include Silicon Signatui6™ 
and DiTrace™, SEEQ's on-Chip traceability feature. 
This feature provides the ability to trace the history 
of any packaged device back to the wafer level. 
Silicon Signature™ contains device revisions and 
programming information. The process lot numbers 
and data is written into DiTrace™. 

The members of SEEQ's family of latched E2ROMs 
are each available in the military (-55°e to + 125° G) 
and the extended (-40° G to +85° G) temperature 
ranges. 

Pin Configurations 
52B13/52B13H 52B23/52B23H 52B33/52B33H 

2. Vee 
23 As 
22 Ag 

2' WE 
20 5E 

:~ : 16K :: ~ 
Ao 8 17 I/0e 

I/O,. '6 1/07 

1/02'0 '5 1/06 
1/03 11 ,. I/Os 
GND~12 __ ' ... 31""/04 

Pin Names 

cc 
N/e 

A7 

As 

AJ 
A2 
A, 
Ao 

110, 
1/02 

1/03 
GND 

, 2' 

2 " 
J 26 . 2S 

2. 

7 
32K 

22 

8 21 . 20 

'0 
,. 

" '8 

'2 17 

'3 16 

14 15 

Vee CC " 
WE Au 2 " 
N/e A7 J :It 

As As 2. 
As As . 24 

A" A. 6 23 

De AJ , 
64K :: A,o 

CE 20 

I/0e ,. 
1/07 1/0, 11 ,. 
1/06 1/02 12 17 

1/05 1/03 13 
" 

1/0. GND 14 15 

I Ac I ADDRESSES - COLUMN (LOWER ORDER BITS) 

AR ADDRESSES - HOW 

CE CHIP ENABLE 

OE OUTPUT ENABLE 
.wE WRITE ENABLE 
I/O DATA INPUT WRITE OR ERASE, DATA OUTPUT READ 

CC CHIP CLEAR 
N/C NO CONNECT 

Vee 

WE 
N/e 
As 
As 

A" 
Of 
AIO 

CE 
II0s 
1/07 

1/06 

1/05 

1/0. 

seeQ Technology, IncorpOrated 1849 Fortune Drive, San Jose, California 95131 • TWX: 910-338-2313 • (408) 942-1990 
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52813152823152833 
52813HI52823HI52833H 

PRELIMINARY DATA SHEET 

Absolute Maximum Stress Ratings· 
Temperature 'COMMENT: Stresses above those listed under "Absolute 

Storage .................. -65° C to + 100°C Maximum Ratings" may cause permanent damage to the 
Under Bias ............... -10° C to +80° C device. This is a stress rating only and functional operation 

All Inputs or Outputs with of the device at the$e or any other conditions above those 

Respect to Ground .......... +6V to -0.3V indicated in the operational sections of this specification is 

52813 Only not implied. Exposure to absolute maximum ratmg condi-

WE During Writing/Erasing tions for extended periods may affect device reliability. 

with Respect to Ground . . . . .. +22.5 V to -0.3V 
Duration of WE Supply at 

22V During W/E Inhibit ............... 24 Hours 

Recommended Operating Conditions (All Operating Modes - Reference Table 1) 

52BXX-3 52BXX-200/-250/-350 

Vee Supply Voltage 5V±5% 5V ± 10% 

Temperature Range o to 70°C o to 70°C 

D. C. Operating Characteristics During Read or Write/Erase 
lOver the Operating Vecand Temperature Rangel 

Symbol Parameter Min. NomJ1] Max. Unit Test Conditions 

liN Input Leakage Current 10 J.lA VIN = Vee Max. 

10 Output Leakage Current 10 J.lA VOUT = Vcc Max. 

IWE Write Enable Leakage 
I Read Mode 10 J.lA WE = VIH 

.-

TTL W/E Mode 10 J.lA WE = VIL 

I I 
High Voltage W/E Model 21 I 1.5 I mA WE = 22V, CE = VIL 

High Voltage W/E Inhibit Model 21 I 
I 

1.5 I mA I WE = 22V, CE=V!H 

I I 
10 

I J.lA 

I 

Chip Erase - TTL Mode WE = VIL 

Chip Erase- High Voltage I I 

Model 21 i 1.5 mA WE = 22V 

lec1 Vec Standby Current i I 52813/H 
I 

15 30 mA 
CE = VIH I 

52823/H, 52833/H 18 40 mA I 
I 

lec2 Vcc Active Current 
52813/H 50 80 mA 

CE = OE = VIL 
52823/H, 52833/H 60 110 mA 

VI~ (D.C.I Input Low Voltage (D.C. I -0.1 0.8 V 

VIL (A.C.I Input Low Voltage (A.C.I -0.4 V Time = 10 ns 

VIH Input High Voltage 2 Vce + 1 V 

VWE WE Read Voltage 2 Vcc + 1 V 

WE Write/Erase Voltage 
TTL Mode -0.1 0.8 V 

High Voltage Model21 14 22 V 

VOL Output Low Voltage 0.45 V 10L = 2.1 mA 

VOH Output High Voltage 2.4 V 10H = -400 J.lA 

VOE OE Chip Erase Voltage 14 22 V 10E = 10 J.lA 

Notes: 
1. Nominal values are for TA == 25° C and Vee = 5.0V. 2. Applies to 52813 only. 

I "--- seeQ Technology, Incorporated 
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.52813152823152833 
52813HI52823HI52833H 

PRELIMINARY DATA SHEET 

A.C. Operating Characteristics During Read (Over Operating Vee and Temperature Rangel 

Symbol Par.ameter . 

tAee Address to Data Valid 

Chip Enable to Data Valid 

Output Enable to Data VaJid 

Output Enable to High Impedance 

I 
I tOH l Output Hold 

52BXX/52BXXH Device Number 
Extension Min. Nom. Max. Units Conditions 

-200 200 ns CE =OE =VIL 

-250 250 ns 

-350/-3 350 ns 

-200 200 ns OE = VIL 

-250 250 ns 

-350/-3 350 ns 

-200 J 10 80 ns CE = VIL 

-250 10 90 ns 

-350/-3 10 100 ns 

-200 0 60 ns CE = ViL 

.. 1-1 __ -2_50 __ +-1 _0--+1_-+-1 _7_0 --+!_ns--!I 

-350/-3 0 I I 80 i ns I 
I I 0 I ns l i I CE = OE = V!L I 

[ CIN/ 
i Cour l31 

I Input/Output Capacitance ! 
i I ! 10 I pF VIN=ONour=O, I 

TA = 25°C I 
A.C. Operating Characteristics During WrHe/Erase. (Over Operating Vee and Temperature Rangel 

Symbol Parameter Min. Max. Units 

0141 Maximum Endurance 10,000 Cycles/Byte 

ts CC, CE, OE or AN Setup to WE 50 ns 

tDS Data Setup to WE 0 ns 

tHISI WE to CE, OE, CC, AN or Data Change 50 ns 

twp Write Enable, WE, Chip Clear - All Devices 9 ms 
Pulse Width Byte Modes - 52BXX 9 ms 

Byte Modes - 52BXXH 1 ms 

tWAI 61 WE to Mode Change 50 ns 

READ TIMING 

ADDRESSES ADDRESSES VALID 

I tOE[11--j 

I

I. HIGHZ l~ --- I 

OUTPUT -----+. ----t-\+-t~-< [VALID ~~~P_U_~ .... ! -+".J..J 

1-4-1.--- IACC IOH----J 

HIGHZ 

~~oteS: 
1. DE may be delayed up to tAce - tOE after the falling edge of CE without impact on tACC. 
2. tOF is specified from DE or CE, whichever occurs first. 
3. This parameter is periodically sampled. 
4. Maximum endurance, Q, is the number of write and erase cycles/byte. 

L 
5. After tH, hold time, from WE, the inputs CE, DE, CC, Address and Data are latched and are "Don't Cares" until tWR, Write Recovery 

Time, after the trailing edge of WE. 
6. The Write Recovery Time, tWR, is the time after the trailing edge of WE that the latches are open and able to accept the next mode 

set-up conditions. Reference T?ble 1 (page 2) for mode control conditions. 

seeQ Technology, Incorporated -------------------~ 
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52B13/~2B23/52B33 
52B13H/52B23H/~2~33H 

PRELIMINARY DATA SHEET 

BYTE ERASE OR BYTE WRITE TIMING 

ADDRESSES ------J.x VALID X __ -.-_D_O_NT_CA_R_E ____ +-_____ _ 

: i 

4136 

------
CE DON'T CARE 

WE ------..I.~~ 

~----~\~\--------

(WRI~~ ___ .....;H..:.;,IG;;.;H.;.,;Z~I-< 
I ~ __ Jf 

I/O ___ ...;.H;';';IG;;";'H;"";;Z4: oJ) ~,,--_D_ON_T_C_A_RE_ 
(ERASE) I '''-

DON'T CARE 

1------- BYTE ERASE/WRITE PERIOD START OF NEXT MODE 

CHIP ERASE TIMING 

CHIP E~ASE TIMING 

1------------ CHIP ERASE PERIOD----------+-START OF NEXT MODE 

ADDRESS AND 110 PINS ARE "DONT CARE", 

"IN THE BYTE ERASE/WRITE OR CHIP ERASE MODE, WE FOR THE 52813 MAY 8E EITHER A 
HIGH OR TTL VOLTAGE, WE FOR THE 52XXH IS TTL ONLY. 

""IN THE CHIP ERASE MODE, OE IS A HIGH VOLTAGE FOR THE 52813/52813H ONLY. 

seeQ Technology, Incorporated _______________________ ....J 
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PRODUCT DESCRIPTION 

Features 

• 200 ns Access Times at 0 to 70° C 

• Programmed Using Intelligent Algorithm 
- Typically 5 ms/byte Programming Time 
- 2 Minutes for 5143 (27128) 
- 1 Minute for 5133 (2764) 

• JEDEC Approved Bytewide Pin 
Configuration 
- 5133 8K x 8 Organization 
- 5143 16K x 8 Organization 

• Low Power Dissipation 
- 100 mA Active Current 
- 30 mA Standby Current 

!!!!! Extended Temperature Range Available 

• Silicon Signature™ 

Block Diagram 

r 

9 
q 

OE 
CE 

PGM 

-

ROW 
DECODERS 

COLUMN 
DECODER 

CONTROL 
LOGIC 

Mode Selection 

I 
MEMORY 
ARRAY 

V 

~ COLUMN ADDRESS 

~ GATING 

I/O 
BUFFERS 

-

513315143 
64K/128K 'UV EPROM 

September 1983 

Description 

SEEQ's 5133 and 5143 are ultraviolet light erasable 
EPROMs which are organized 8K x 8 and 16K x 8 
respectively. They are pin for pin compatible to 64K 
and 128K EPROMs, such as the 2764 and 27128 
respectively, in a/l operational/programming modes. 
Both devices have access times as fast as 200 ns· 
over the 0 to 70° C temperature and Vee tolerance 
range. The access time is achieved without sacrific
ing power since the maximum active and standby 
currents are 100 mA and 30 mA respectively. The 
200 ns allows higher system efficiency by eliminat
ing the need for wait states in today's 8- or 16-bit 
microcomputers. 

Initially, and after erasure, aii bits are in the "I" state. 
Data is programmed by applying 21 V to V pp and a 
TTL "0" to pin 27 (p;ogram pinj. The 5133 and 5143 
may be programmed with an intelligent algorithm 
(continued on page 2) 

Pin Configuration 

5133/5143 

Vpp Vee 

A12 PGM 

A7 A
13

[1] 

A6 As 

As A9 

A4 A" 

AJ OE 

A2 A,o 

A, CE 

Ao 0 7 

00 0 6 

0, 05 

02 0 4 

GND 0 3 

NOTE 1: PIN 26 IS A NO CONNECT 
ON THE 5133. 

~--:: CE OE PGM Vpp VCC Outputs 
MODE (20) (22) (27) (1) (28) (11-13,15-19) 

Read VIL VIL VIH Vee Vee DOUT 
Standby VIH X X Vee Vee High l-
Program VIL VIH VIL Vpp Vee DIN 
Program Veriiy VIL VIL VIH Vpp I Vee DOUT 
Program Inhibit VIH X X Vpp Vee High Z 
Silicon Signature'¥ VIL VIL VIH Vee Vee 15~~~ded 

X can be either VIL or VIH 

For Silicon Signature'¥: Ao-kj are toggled. A4 ~ VIL, Ag = 12V. all other 
addresses are at any TTL level. 

Pin Names 

AC ADDRESSES - COLUMN (LSB) 

AR ADDRESSES - ROW 

CE CHIP ENABLE 

OE OUTPUT ENABLE 

I 00- 07 OUTPUTS 

PGM PROGRAM 

seeQ Technology, Incorporated 1849 Fortune Dr;ve, San Jose, California 95131 • (408) 942-1990 
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that is now available on commercial programmers. 
The programming time is typically 5 mslbyte or 2 
minutes for all 16K bytes of the 5143. The 5133 
requires only half of this time, about a minute for BK 
bytes. This faster time improves manufacturing 
throughput time by hours over conventional 50 ms 
algorithms. Commercial programmers (e.g. Data I/O, 
Pro-log, Digelec, Kontron, and Stag) have imple
mented this fast algorithm for SEEQ's EPROMs. If 
desired, the 5143 and the 5133 may be programmed 

Absolute Maximum Stress Ratings 

Temperature 
Storage ..................... -65° C to +150° C 
Under Bias .................... -10°C to +BO°C 

A!llnputs or Outputs with 
Respect to Ground ................ +7V to -0.6V 

V pp During Programming with 
Respect to Ground .. ............. +22 V to -0.6V 

Voltage on Ag with 
Respect to Ground ............. +15.5V to -0.6V 

5133/5143 
PRODUCT DESCRIPTION 

using the conventional 50 ms programming specifi
cation of older generation EPROMs. 

Incorporated on the 5143 and 5133 is Silicon Signa
ture™. Silicon Signature contains encoded data 
which identifies SEEQ as the EPROM manufacturer, 
the product's fab location, and programming infor
mation. This data is encoded in ROM to prevent 
erasure by ultraviolet light. 

'COMMENT: Stresses above those listed under "Absolute 
Maximum Ratings" may cause permanent damage to the 
device. This is a stress rating only and functional operation 
of the device at these or any other conditions above those 
indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condi
tions for extended periods may affect device reliability. 

Recommended Opel8tlng Conditions (51XX = 5133 and 5143) 

51XX-200, 51XX-250 
51 XX-300, 51 XX-450 S1XX-2, 51XX-3, 51XX-4 

Vee Supply Voltage1l i 5 V ± 10% 5V±5% 

Temperature Range (Read Mode) o to 70°C o to 70°C 

Vpp During Programming 21 ± 0.5 V 21 ± 0.5 V 

DC Opel8ting Chal8cteristics During Read or Progl8mming 

Limits 

S b I ym 0 P a ar me,er M' In. M ax. U 't m T tC dT es on lions 

liN Input Leakage Current 10 IlA VIN = Vee Max. 

10 Output Leakage Current 10 IlA Your = Vee Max. 

Ipp 2 Vpp Current Read Mode 5 rnA Vpp = Vee Max. 

Prog. Mode 30 rnA Vpp = 21.5V 

lee12 Vee Standby Current 30 rnA CE=,VIH 

lee2 2 Vee Active Current 100 rnA CE= OE=VIL 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2 Vee + 1 V 

VOL Output Low Voltage 0.45 V 10L = 2.1 rnA 

VOH Output High Voltage 2.4' V 10H = -400 J.l.A 

. NOTES: 
1. Vee must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

seeQ Technology, Incorporated ______________________________ ---J 
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AC Operating Characteristics During Read 

51XX-2 
S1XX-200 

Symbol Parameter Min. Max. 

TAcc Address to Data Valid 200 

TCE Chip Enable to Data Valid 200 

TOE Output Enable to Data 75 
Valid 

TOF Output Enable to Output 0 60 
Float 

TOH Output Hold from Chip 0 

I 

Enable, Addresses, or 
Output Enable whichever 
occurred first 

Capacitance 111 

Symbol Parameter Typ. Max. Unit 

CIN Input Capacitance 4 6 pF 

COUT Output Capacitance 8 12 pF 

A.C. Waveforms 

ADDRESSES 1 
I 

CE 

513315143 
PRODUCT DESCRIPTION 

Limits (nsec) 

S1XX-250 
Min. Max. 

250 

250 

100 

0 60 

0 

Conditions 

VIN = OV 

VOUT = OV 

ADDRESSES 
VALID 

51XX-3 S1XX-4 
51XX-300 51XX-450 Test 

Min. Max. Min. Max. Conditions 

300 450 CE= OE = VIL 

300 450 OE = VIL 

120 150 CE = VIL 

0 105 0 130 CE = VIL 

0 0 CE = OE = VIL 

A.C. Test Conditions 

Output Load: 1 TTL gate and CL = 100 pF 
Input Rise and Fall Times: :s 20ns 
Input Pulse Levels: 0.45 V to 2.4 V 
Timing Measurement Reference Level: 

Inputs 1 V and 2V 
Outputs O.BV and 2V 

---]< 
---

n_Y ) 
~to'[2l~ n_1 DE 

~IDF[31--1 

~~~~~~ 
1 

HIGH Z HIGH Z 
OUTPUT VALID OUTPUT 

I I I- IACC -I IOH ----j 

NOTES: 
1. THIS PARAMETER IS SAMPLED AND IS NOT 100% TESTED. 
2. BE MAY BE DELAYED UP TO IACC - IOE AFTER THE FALLING EDGE OF CE WITHOUT IMPACT ON IACC. 
3. IOF IS SPECIFIED FROM BE OR a. WHICHEVER OCCURS FIRST. 

seeQ Technology, Incorporated -------------------------' 
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~~ IC MASTER!!!!!!!!!!!!!!!!!!!!!!!!!!!!! 
BELONGS ON YOUR 

BOOKSHELF 
If you use IC MASTER frequently, you can obtain your own copy by ordering 
now. Use the order cards contained in this publication, or order by , 
telephone as described below. 

IC MASTER is a two-volume set of technical data carefully organized to . 
direct the engineer to the integrated circuits and related products that are 
closest to his specific needs. It is the surest way to find the optimum 
device to answer an engineering design requirement. By ordering now, you 
won't have to borrow or search for IC MASTER the next time you need it. 

Typical Use of Ie MASTER 

Can an engineer find out who makes a 64K dynamic RAM with an access 
time of 120 nanoseconds or faster in less than 30 seconds? 
He can if he turns to the Memory section of IC MASTER and looks for the 
64K organization (words and bits per word) that he needs. 
Because each device is listed in order of access time, he can easily 
determine the devices that satisfy his speed requirements. 

In the United States only: 
You can order IC MASTER simply by charging it to your VISA or Master 
Card credit card. To place your order, call now: (516) 222-2500. 
Ask for Extension 314. 

ORDER YOUR COpy 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii NOW~iiiiiiiiiiiiiii 
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BIPOLAR MEMORY DIVISION 

SELECTION GUIDE 

Device Org Output Output 
CKT Logic 

1 2 

FPLAs 
828100 16x48x8 T8 -
828101 16x48x8 be -
828152 18x32x10 oe 1/0 
828152A* 18x32xl0 oc 1/0 
828153 18x32xl0 T8 1/0 
828153A* 18x32xl0 T8 1/0 
828161* 12x48x8 T8 -
828173* 20x24xl1 T8 1/0 

FPGAs 
828151* 18x12 T8 1/0 
828103 16x9 T8 -

FPLSs 
828105 16x48x8 T8 R 
828105A 16x48x8 T8 R 
82S155* 16x32x12 T8 I/O,R 
825157* 16x32x12 T8 I/O,R 
82S159 16x32x12 TS I/O,R 
828167 14x48x6 T8 "R 

PROMs 
82823 32x8 oc -
82823A* 32x8 oc -
828123 32x8 TS -
828123A* 32x8 T8 -
82S126 256x4 oc -
828126A* 256x4 oe -
82S129 256x4 TS -
828129A* 256x4 T8 -
10149 256x4 OE -
100149 256x4 OE -
82S13O 512x4 oc 
828130A* 512x4 oe 
82S131 512x4 TS 
828131A* 512x4 TS 
82LS135 256x8 T8 
828135* 256x8 T8 
82S115 512x8 T8 L 
828141 512x8 TS 
828137 1024x4 T8 
828137A t024x4 T8 
8281378 1024x4 T8 
828147 512x8 TS 
828147A 512x8 T8 
82L8181 1024x8 T8 
82S180 1024x8 oc 
828181 1024x8 T8 

UJ 828181A 1024x8 T8 
.~ 8281818 1024x8 T8 ... 828183 1024x8 T8 CD 82S2708 1024x8 TS c: 

L 

.2> 82S185 2048x4 TS 
en 828185A 2048x4 TS 

8281858 2048x4 T8 
828191 2048x8 T8 
828191A 2048x8 TS 
8281918* 2048x8 T8 
82H8195* 4096x4 T8 
828321· 4096x8 T8 
82HS321* 4096x8 TS 
82HS641* 8192x8 T8 

4142 

Access Temp 
Time 

3 4 

50 M,e 
50 M,e 
40 M,e 
30 M,e 
40 M,e 
30 M,e 
50 M,e 
25 M,e 

20 M,e 
35 M,e 

60 M,e 
50 M,e 
65 M,e 
65 M,e 
65 M,e 
65 e 

50 M,e 
25 M,e 
50 M,e 
25 M,e 
50 M,e 
35 M,e 
50 M,e 
35 M,e 
20 e 
20 e 
50 M,e 
35 M,e 
50 M,e 
35 M,e 
100 M,e 
45 M,e 
60 M,e 
60 M,e 
60 M,e 
45 M,e 
35 e 
60 M,e 
45 M,e 
150 M,e 
70 M,e 
70 M,e 
50 M,e 
45 e 
60 M,e 
90 M 
100 M,e 
50 M,e 
45 e 
80 M,e 
55 M,e 
45 M,e 
30 M,e 
70 M,e 
40 M,e 
45 M,e 

Pkg 

5 

F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 

F,N 
F,N 

F,N 
F,N 
F,N 
F,N 
F,N 

F3,N3 

F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F 
F 

F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 

F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 

F,R,G 

F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 

Pins 

28 
28 
20 
20 
20 
20 
24 
24 

20 
28 

28 
28 
20 
20 
20 
24 

16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
20 
20 
24 
24 
18 
18 
18 
20 
20 

" 24 
24 
24 
24 
24 
24 
24 

18 
18 
18 
24 
24 
24 
20 
24 
24 
24 

Max 
Icc 

170 
170 
155 
155 
155 
155 
170 
170 

155 
170 

180 
180 
155 
155 
155 
160 

77 
100 
77 
100 
120 
120 
120 
120 
150 
150 
140 I 
140 
140 
140 
100 
155 
175 
175 
140 
140 

140 
155 
155 
80 

175 
175 
175 
175 
175 
185 

120 
155 
155 
175 
175 
175 
155 
175 
175 
175 
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BIPOLAR MEMORY DIVISION 

SELECTION GUIDE 

Device Org Output 

CAMs 
10155 

RAMs 
3101A 
54/748189 
82821 
82816 
82817 
748301 
82L816 
82L817 
74L8301 
82809 
82809A 
82819 

" . 628i::10 
828212 
828212A 
8X350 

NOTES: 
1 Output circuit 

OE = Open Emitter 
OC = Open Collector 
TS =3 State 

2 Output logic 

8x2 

16x4 
16x4 
32x2 

256x1 
256x1 
256x1 
256x1 
256x1 
256x1 
64x9 
64x9 
64x9 
-~ ~ 2oox::l 

256x9 
256x9 
256x8 

CKT 
1 

OE 

OC 
T8 
OC 
T8 
OC 
OC 
T8 
OC 
OC 
OC 
OC 
OC -,s 
T8 
T8 
T8 

T = Transparentinput data appears on output during Write 
B = Blankedoutput is blanked during Write 
R = Register 
1/0 = Input/Output option 
l = latch 

3 Commercial (O°C to + 75°C) except (82S2708) 

4 Temperature range 

C = Commercial (O°C to + 75°C) 
M = Military (- 55°C to + 125°C) 
A = Automotive (-40°C to +85°C) 

5 Packages: 
F = Hermetic Cerdip Dual In line 

N = Plastic Dual In line 
R = Ceramic Flat Pack (Military only) 

G = Ceramic Square leadless Chip Carrier (Military only) 

'Under development 

@ Ie MASTER 1984 

Output 
Logic 

2 

-

8 
8 
T 
T 
T 
8 
T 
T 
8 
T 
T 
8 
8 
8 
8 
'8 

Access 
Time 

3 

13 

35 
35 
50 
50 
50 
50 
40 
40 
40 
45 
35 
35 
60 
45 
35 

N/A 

Temp 

4 

C 

C 
M,C 
C 

M,C 
M,C 
M,C 
M,C 
M,C 
M,C 
M,C 
C 

M,C 
M,C 
M,C 
C 

M,C 

Pkg 

5 

F,N 

F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 
F,N 

!ii!lDotiC!i 

Pins 

18 

16 
16 
16 
16 
16 
16 
16· 
16 
16 
28 
28 
28 
24 
22 
22 
22 

Max 
Icc 

140 

105 
110 
130 
115 
115 
115 
70 
70 
70 

190 
190 
190 
185

1 
185 
185 
185 I 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE GATE ARRAY (18x15x12) 

DESCRIPTION 
The 828151 is a single level logic element, 
consisting of 12 AND gates with fusible 
link connections for programming 110 
polarity, 1/0 direction and output enable 
control. 

All gates are linked to 6 inputs (I) and 12 
bidirectional 110 lines (B). These yield vari
able 110 gate configurations via 3 direction 
control gates (D), ranging from 18 inputs to 
12 outputs. 

On chip TIC buffers.couple either True (I, B) 
or Complement (T, B) input polarities to each 
AND gate. The polarity of all gate out
puts is individually programmable through 
a set of EX-OR gates for implementing 
AND/NAND logic functions. Alternately, if 
desired, OR/NOR logic functions can also 
be realized by programming for each gate 
the complement of its inputs and output 
(DeMorgan's Theorem). 

The 828151 is field programmable, enabling 
the user to quickly generate custom patterns 
using standard programming equipment. 

This device is available in a 20-pin slim
line package. For the commercial tempera
ture range (O°C to + 75°C) specify N828151 N 
or F. For the military temperature range 
(-55°C to + 125°C) specify S828151 F only. 

FUNCTIONAL DIAGRAM 

FEATURES 
• Field Programmable (Ni-Cr link) 
• 6 Inputs 
• 15 Product Terms: 

12 Logic Terms 
3 Control Terms 

• 12 bidirectional 1/0 lines 
• Active high or low outputs 
• Programmable output enable. 
• Power dissipation: 650mW (typ) 
• 1/0 propagation delay: 25ns (max) . 
• Input loading 

N'828151: -100/LA (max) 
8828151: -150/LA (max) 

• Output: three-state 
• TTL compatible 

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

___________________ io ________ ~r~ I 

~+---------------------+---------~I , I 

A" Ni-Cr links are initially intact, 

4144 

lijgnoticli 

825151 

INTEGRATED FUSE LOGIC 
SERIES 20 

PIN CONFIGURATION 

F,N PACKAGE8 

F=Cerdip 
N=Plastic 

LOGIC FUNCTIONS 

Typical Output Functions: 
Active-High 

X=A.B·C· ..... 

Active-Low 

X=A·8·C· .... . 
X=A+B+C+ .... . 

NOTES: 
1. For each of the 12 outputs, either function X 

(active-high) or X (active· low) is available, but not 
both, The desired output polarity is programmed 
via the EX-OR gates. 

2. X, A, 6, C, etc. are user defined ,connections to 
fixed inputs (I) and bidirectional pins (6). 

@ Ie MASTER 1984 
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FIELD PROGRAMMABLE GATE ARRAY (18x15x12) 825151 

INTEGRATED FUSE LOGIC 
SERIES 20 

ABSOLUTE MAXIMUM RAnNGS THERMAL RATINGS 

RATING 1 

PARAMETER 
Min Max 

UNIT TEMPERATURE 

VCC Supply voltage +7 Vdc 

VIN Input voltage +5.5 Vdc 

VOUT Output voltage +5.5 Vdc 

liN Input currents -30 +30 rnA 

Maximum junction 
Maximum ambient 
Allowable thermal rise 
ambient to junction 

lOUT Output currents +100 rnA 
Temperature range Co 

TA Operating 
NB2S151 0 +75 
SB2S151 -55 +125 

TSTG Storage -65 +150 

DC ELECTRICAL CHACTERISTICS NB2S151: O°C ~ TA ~ + 75°C, 4.75V ~ Vee ~ 5.25V 
8828151: - 55°C ~ T A ~ T 125"C, 4.5V ~ Vee ~ 5.5V 

Mill-
tary 

175°C 
125°C 

50°C 

N82S151 S82151 
PARAMETER TEST CONDITION 

Min Typ2 Max Min Typ2 Max 

Input voltage3 

VIL Low VCC = Min .BO .BO 
VIH High VCC = Max 2.0 2.0 
VIC Clamp3,4 VCC = Min, I in = -12mA -.8 -1.2 -.B -1.2 

Output voltage3 VCC = Min 
VOL Low 

I 
IOL = lOrnA 

I 
.5 

I VOL Low IOL = BmA .5 
VOH High 10H = -2mA 2.4 I i 2.4 i 

Input Current VCC = Max I 
IlL Low VIN = 0.45V -100 -150 

hH High "IN = 5.5V 40 50 

Output Current VCC = max 
10(OFF) Hi-Z state7 VOUT = 5.5V BO 110 

Commar-
clal 

150°C 
75°C 

75°C 

UNIT 

V 

I 
V 

! 
i 

I J.LA 

J.LA 
VOUT = .45V -140 -210 

lOS 8hort circuit 4,5 VOUT = OV -15 -70 -15 

ICC V CC supply current VCC = max 130 155 130 

Capacitance VCC = 5V 
CIN Input VIN = 2.0V 8 8 
CB I/O VB = 2.0V 15 15 

AC ELECTRICAL CHACTERISTICS R1 = 4700, R2 = 1 KO 

PARAMETER TO 

TpD Progagation delay Output± 

TOE Output enable Output-
TOO Output disable6 Output+ 

NOTES 

N828151: 0 °c ~ T A ~ + 75°C, 4. 75V ~ Vee :$ 5.25V 
8828151: - 55°C ~ TA ~ + 125°C, 4.5V ~ Vee ~ 5.5V 

TEST N82S151 
FROM 

CONDITIONS Min Typ2 Max 

Input± CL = 30pF 20 25 

Input± 20 25 
Input± CL - 5pF 20 25 

S82S151 

Min Typ2 

20 

20 
20 

5. Duration of short circuit should not exceed 1 second. 
6. Measured at VT = VOL + O.5V. 

-85 rnA 

155 rnA 

pF 

Max 
UNiT 

ns 

ns 
ns 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress r~ting only, and functional operation of the 
device of these or any other condition above those indicated in the operation of the 
device specifications is not implied. 

2. All typical values are at Vcc = 5V. TA = 25°e. 

7. 10 (OFF) at VOUT = 0.45V includes IlL max value and at VOUT = 5.5V includes 
IIH max value. 

3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
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BIPOLAR MEMORY DIVISION S!!IIDliCG 

FIELD PROGRAMMABLE LOGIC ARRAY (18x42x10) 825153/825153A (1.5.) 

DESCRIPTION 
The 825153 and 825153A are two-level logic 
elements, consisting of 32 AND gates and 
10 OR gates with fusible link connections 
for programming 110 polarity and direction. 

All AND gates are linked to 8 inputs (I) and 
10 bidirectional I/O lines (B). These yield 
variable 110 gate configurations via 10 
direction control gates (D), ranging from 18 
inputs to 10 outputs. 

On chip TIC buffers couple either True (I, B) 
or Complement (I, B) input polarities to all 
AN 0 gates, whose outputs can be optionally 
linked to all OR gates. Their output polarity, 
in turn, is individually programmable 
through a set of EX-OR gates for imple
menting AND/OR or AND/NOR logic 
functions. 

The 825153 and the 825153A are field 
programmable, enabling the user to 
quickly generate custom patterns using 
standard programming equipment. 

Both devices are available in a 20-pin slim 
line package. For the commercial tempera
ture range (O°C to + 75°C) specify N825153 
N or F and N825153A Nor F. For the military 
temperature range (-55°C to + 125°C) 
specify 5825153 F only and S825153A F 
onry. 

FUNCTIONAL DIAGRAM 

FEATURES 
• Field Programmable (Ni·Cr links) 
• 8 Inputs 
• 32 AND gates 
• 10 OR gates 
• 10 bidirectional 110 lines 
• Active high or low outputs 
• 42 Product Terms: 

32 Logic Terms 
10 Control Terms 

• 110 propagation delay: 
N82S153: 40ns (max) 
N82S153A: 3Ons(max) 
S82S153: 60ns (max) 
S82S153A: 45ns (max) 

• Input loading 
N82S153: -100~ (max) 
S82S153: -150~ (max) 

• Power dissipation: 
650mW (typ) 

• Output: three·state 
• TTL compatible 

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

10 ~"'---+--I -~I --+--1 ---+-1-

------~ ,~ 
'- ./ 17 0----1 

~--+---------------~--------_r------+_ 

(5)/" >-+----I~---_+--_O 80 

I ~ I 

4146 

INTEGRATED FUSE LOGIC 
SERIES 20 

PIN CONFIGURATION 

F = Cerdip 
N = Plastic 

LOGIC FUNCTION 

Typical product term: 
Pn = A • B • c . D •..... 

Typical logic function: 
At Output Polarity = H 

Z = PO + P1 + P2 .... 

At Output Polarity = L 
Z = PO + P1 + P2 + .... 
..,. nn n... C)t"') 
~=rv· r. ··r' .... 

NOTES: 
1. For each of ihe 10 outputs, either function Z 

(active·high) or Z (active· low) is available, but not 
both. The desired output polarity is programmed 
via the EX·OR gates. 

2. Z. A. B. C. etc. are user defined connections to 
fixed inputs (I) and bidirectional pins (B). 
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BIPOLAR MEMORY DIVISION 
Gi!lQOliGS 

FIELD PROGRAMMABLE LOGIC ARRAY (18x42x10) .825153/825153A (1.5.) 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
PARAMETER 

Min Max 

Vee Supply voltage +7 

VIN Input voltage +5.5 

VOUT Output voltage +5.5 

liN Input currents -30 +30 

lOUT Output currents +100 
Temperature range 

TA Operating 
NS2S153/153A 

I 
0 +75 

S82S153/153A -55 +125 

TSTG Storage -65 +150 

UNIT 

Vdc 
Vdc 
Vdc 
rnA 
rnA 
eo 

INTEGRATED FUSE lOGle 
SERIES 20 

THERMAL RATINGS 

I I MIII- I Com mer- I 
TEMPERATURE tary cial 

Maximum junction 175°C 1500 e 
Maximum am!Jient 125°C 75°C 
AII9wabie thermal rise 
ambient to junction 50°C 75°C 

DC ELECTRICAL CHARACTERISTICS NS2S153, NS2S153A: ooe ~ TA ~ + 75°e, 4.75 ~ Vee ~ 5.25V 

PARAiViEiER 
I 

Input voltage3 I 
I 

Vll low I 
VIH High 

VIC elamp3.4 

Output voltage 
I VOL low3.5 I 

I I VOL low3.5 

VOH High36 
i 

Input current 
r III low 

IIH High 

Output current 

10(OFF) Hi-Z state10 

lOS Short circuit4 , 6, 7 

~c Vec supply current8 

Capacitance 

CIN Input 

i CB I/O 

AC ELECTRICAL CHACTERISTICS 

PARAMETER TO 

TpO Progagation delay Output± 

TOE Output enable Output-

TOO Output disable9 Output+ 

PARAMETER TO 

TpO Progagation delay Output± 

TOE Output enable Output-

TOO Output disable9 Output+ 

@ IC MASTER 1984 

S828153, 8828153A: - 55°e :5 T A :5 + 125 °e, 4.5V :5 Vee :5 5.5V 

L " N82S153 S82S153 
TEST CONDiTiON 

Min Typ2 Max Min Typ2 

Vec = min .85 
Vce =max i 2.0 I 

I 
2.0 ! 

Vee = min, lin = -12mA 1 -.S -1.2 -.S 

Vec = min 
! 

I 

10l = 15mA I I .5 ! 

I 
I 

10l = 12mA 
I 

I I 
10H = -2mA 1 2.4 i i 2.4 

Vee = max 
I 

I 

I VIN = 0.45V I -100 

VIN = 5.5V I 40 

Vee = max 

VOUT = 5.5V SO 

VOUT = .4SV -140 

VOUT = OV .,.15 -70 -15 

VCC = max 130 155 130 

Vec = 5V 
VIN = 2.0V 8 8 
VB = 2.0V 15 I 15 

RA=470fl, R2 = 1Kfl 

NS2S153, NS2S153A: 0 °e ~ T A ~ + 75°e, 4. 75 ~ Vee ~ 5.25V 
SS2S153, SS2S153A: - 55 °e ~ TA ~ + 125 °e, 4.5V ~ Vee ~ 5.5V 

TEST N82S153 S82S153 
FROM 

CONDITIONS Min Typ Max Min Typ 

Input ± 
el = 30pF I 30 40 30 

Input± 25 35 25 
I i I 

Input ± Cl = 5pF 25 35 25 

I 
i 
i 

[ 

TEST N82S153A S82S153A 
FROM 

CONDITIONS Min Typ Max Min Typ 

Input± 
Cl = 30pF 

20 30 

I 
20 

Input± 20 30 20 

Input± el = SpF 20 30 20 

Max I U:IT I 
.80 ! 

I 

-1.2 I 
1 V I 

I I 
I I 

.5 
I 

I I 
i I 

f 
IJ.A i -150 

50 I 

110 IJ.A 
-210 
-85 rnA 

165 rnA 

pF 

I I 

Max 
UNIT 

55 
45 

ns 

45 ns 

Max I UNIT 

45 
40 

ns 

40 ns 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE LOGIC SEQUENCER 
(16x45x12) 

DESCRIPTION 
The 828159 is a three state output registered 
logic element combining ANDIOR gate arrays 
with clocked J/K flip-flops, dynamically converti
ble to D-type via a "foldback" inverting buffer 
and control gate Fc. It features 8 registered I/O 
outputs (F), in conjunction with bidirectional I/O 
lines (8). These yield variable VO gate and 
register configurations via control gates (0, L) 
ranging from 16 inputs to 12 outputs. 

The ANDIOR arrays consist of 32 logic AND 
gates, 13 control AND gates, and 21 OR gates 
with fusible link connections for programming 
I/O polarity and direction. All AND gates are 
linked to 4 inputs (I), bidirectional 110 lines (B), 
internal flip-fl0..e outputs (Q), and Complement 
Array output (C). The Complement Array con
sists of a NOR gate optionally linked to all AND 
gates for generating and propagating com
plementary AND terms. 

On chip IIC bu!fe.£.s 2S>u£le either True (I, B. Q) or 
Complement (I, B, Q, C) input polarities to all 
AND gates, whose outputs can be optionally 
linked to a" OR gates. One group of OR gates 
drives bidirectional 110 lines (B), whose output 
polarity is individually programmable through a 
set of EX-OR gates for implementing AND-OR or 
AND-NOR logic functions. Another group drives 
the J-K inputs of all flip-flops, as well as 
asynchronous Preset and Reset lines (P, R), 
(except the 8281581159, where AND functions 
are provided). 

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

The 828159 is field programmable, enabling the 
user to quickly generate custom patterns using 
standard programming equipment. 

The 828159 is available in a 20-pin, slim line 
package. For the commercial temperature range 
(O°C to + 75°C) specify N828159N or F. For the 
mi!itary range (-55°C to +125°C) specify 
8828159F only. 

FUNCTIONAL DIAGRAM 

(LOGIC TERMS) 

a 

b 

FEATURES 
• Field programmable (Ni·Cr link) 

• 4 dedicated inputs 
• 13 control gates 

• 32 AND gates 

• 21 OR gates 
• 45 product terms: 

32 logic terms 

13 control terms 

• 4 bidirectional 110 lines 

• 8 bidirectional registers 
• J/K, T, or O·type flip·flops 

• Asynchronous PresetlReset 

• Complement Array 
• Active high or low outputs 

• Programmable O.E. control 

• Positive edge trigger clock 
.' Power·on reset on all flip-flops (Fn = "1 ") 

• Clock frequency: N82S159: 15 MHz (max) 
S82S159: M Hz (max) 

• Input loading: N82S159: -100~ (max) 
S82S159: -150~ (max) 

• Power dissipation: 650mW (typ) 

• TTL Compatible 

APPLICATIONS 
• Random sequential logic 
• Synchronous up/down counters 
• Shift registers 
• Bidirectional data buffers 
e Tlmln; funcUen generater. 
• System controllers/ synchronizer. 
• Prtorltyencoder/reglat.,a 

(CONTROL TERMS) 

P R L D E 

O.E. 

SmnOliCS 

825159 (T.5.) 

INTEGRATED FUSE LOGIC 
SERIES 20 

PIN CONFIGURATION 

82S159 

F = Cerdip 
N" PlastiC 

F,N PACKAGES 

FLlP·FLOP TRUTH TABLE 

+5 

NOTES 

L 
L 

L 
L 
L 
L 

H 
H 

x X H L X X 
X X L H X X 

L 
L 
L 
L 

H 
H 

L L L L 
L L L H 
L L H L 
L L H H 

L L L H 
L L H L 

+10V ~ X X L H 
X X H L 

1. Positive Logic: 

H 
L 

Q 
L 
H 
Q 

L 
H 

L 
H 

L 
H 

Q 
H 
L 
Q 

H* 
L* 

H** 
L •• 

J/K" TO + Tl +T2 ·· .. T47 
B Tn = C. (IO·l t .12' . .). (00.0" .. ). (BO. B, •... ) 

4148 

2. t denotes trsnsition from Low to High level. 
F 3. X" Don't Csre 

4. • .. Forced at Fn pin for loading JlK flip·flop in I/O 
mode. L must be enabled. and other active Tn disabled 
via steering input(s) I. B. or O. 

5. At P .. R .. H. a .. H. The final state of a depends on 
which is released firat. 

6. • • "'Forced at Fn pin to load J/K flip-flop independent 
01 program code jDiagnostic mode). 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE LOGIC SEQUENCER 
(16x45x 12) . 

ABSOLUTE MAXIMUM RATINGS1 
RATING 

PARAMETER 
Min Max. 

Vcc Supply voltage +7 
VIN InPL!t voltage +5.5 

VOUT Output voltage +5.5 
liN Input currents -30 +30 
lOUT Output currents +100 

Temperature range 
TA Operating 

N82S159 0 +75 
S82S159 -55 +125 

TSTG Storage -65 +150 

UNIT 

Vdc 
Vdc 
Vdc 
rnA 
rnA 
GC 

GlnlliCG 

825159 (T.5.) 
INTEGRATED FUSE LOGIC 
SERIES 20 

THERMAL RATINGS 
COM-

Mill- MER-
TEMPERATURE TARY CIAL 

Maximum 
junction 175°C 150°C 

Maximum 
ambient 125°C 75°C 

Allowable thermal 
rise ambient 
to junction 50°C 75°C 

DC ELECTRICAL CHARACTERISTICS N82S159: 0° ~ TA ~ +75°e, 4.75V ~ Vee ~ 5.25V 
S82S159: -55°e:5 TA ~ + 125°C, 4.5V :5 Vee .s 5.5V 

PARAMETER 

Input voltage3 

VIH High 

VIL Low 
VIC Clamp 

Output voltage3 
I 

VOH High (62S155/7/9) 

I VOL Low 
VOL Low I 

Input current 

I IIH High 
IlL . Low 
IlL Low (eK input) 

Output current 
IO(OFF) Hi-Z state8 

lOS Short circuit4•6 

ICC Vee supply current? 

Capacitance 
elN Input 

eOUT Output 

NOTES 
1. Stresses above those listed under "Absolute Maximum 

Ratings" may cause permanent damage to the clevice. 
This is a stress rating only, and functional operation of 
the device of these or any other condition above those 
indicated in the operation of the device specifications is 
not implied. 

2. All typic.1 value!! !If@ at Vee'"' 5V, T A'" 25°(;. 
3. All voltage values are with respect to network ground 

terminal. 
4. Test oneat a time. 
5. Meaawed with VIH applied to o.e. 
6. Duration of short circuit should not exceed 1 second. 
7. ICC is measured with the O.E.· input grounded, all other 

inputs at 4.5V and the outputs open. 

8. 10 (OFF) at VOUT = 0.45V includes IlL max value and at 
VOUT = 5.5V includes IIH max value. 

-@ Ie MASTER 1984 

TEST CONDITIONS 
Min 

Vee = Max 2 
Vee = Min 

Vee = Min, liN = -12mA 

Vee = Min I 
10H = -2mA 

I 
2.4 

IOL = lOrnA 
10L = lOrnA 

I 

Vee= Max 
VIN = 5.5V 

VIN = 0.45V 
VIN = 0.45V 

Vee = Max 
VOUT = 5.5V 
VOUT = 0.45V 

VOUT = OV -15 

Vee = Max 

Vee = 5.0V 
VIN =2.0V 

VOUT = 2.0V 

N82S159 S82S159 

Typ2 Max Min Typ2 Max 
UNIT 

V 
2 

0.80 0.8 
-0.8 -1.2 -0.8 -1.2 

I I 

V 
2.4 

0.35 0.5 

1 0.35 0.5 

I ILA 
<1 40 <1 50 
-10 -100 -10 -150 
-50 -250 -50 -3?0 

1 80 1 110 ILA 
-1 -140 -1 -210 

-70 -15 -85 rnA 

150 190 150 190 rnA 

pF 
8 8 
15 15 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE LOGIC SEQUENCER 
(16x45x12) 

AC ELECTRICAL CHARACTERISTICS- R 1 = 470U. R2 = 1 kU 

825159 (T.5.) 
INTEGRATED FUSE LOGIC 
SERIES 20 

N82S159: O°C ::s TA ::s +75°C. 4.75V ::s VCC ::s 5.25V 
S82S159: -55°C ::s T A ::s + 125°C. 4.5V::s VCC ::s 5.5V 

TEST 
PARAMETER TO FROM 

CONDITIONS Min5 

Pulse width 

TCKH Clock2 high CK- CK+ 25 

TCKL Clock low CK+ CK- ·30 

TCKP Period CK+ CK+ 70 

TpRH Preset/Reset pulse (I.B)+ (I,B)- 40 

Set up time 

TIS1 Input CK+ (I.B) ± 40 

TIS2 Input (through Fn) CK+ F± CL = 30pF -
TIS3 Input (through 

Complement array)4 CK+ (I.B)± 65 

Hold time 

TIHl Input CK+ (I.B)± 

TIH2 CK+ F± 

Propagation delay 

TCKO Clock F± CK+ 

TOEl Output enable F- O.E.-

TOOl Output disable3 F+ O.E.+ CL = 5pF 
TpD Output B± (I,B) ± 

CL = 30pF 
TOE2 Output enable B± (I.B)+ 

T002 Output disable3 B+ (I,B)- CL = 5pF 
TpRO Preset / Reset F± (I,B)+ 

CL = 30pF 
TpPR Power-on preset F- VCC+ 

NOTE 
1. All typical yalues are at V CC = 5V. T A = 25· C. 
2. To prevent spurious clocking. clock rise time (10%-90%) < IOns 

3. Measured at VT = VOL + 0.5 V. 
4. When using the Complement Array T CKP = 75ns (min). 
5. Limits are guaranteed with 12 product terms maximum connected to each sum term line. 

TEST LOAD CIRCUIT 

Vcc 

10 a----.. 
I 
r 

13 a----.. 

BW ~ OUT 

I 

BX o--!-. 
CK a----.. 

-

4150 

By 

BZ 

Fa 

+5V 

Cl 

J "NCLUDES 
SCOPE AND JIG 
CAPACITANCE) 

N82S159 5825159 

Typ1 Max Min Typ1 Max 
UNIT 

ns 
20 20 
20 20 
50 50 
30 20 

ns 
30 30 
10 5 

40 40 

ns 
-10 0 -10 

0 - -5 

ns 
25 30 25 
20 30 20 
20 55 20 
40 50 35 
35 55 35 
35 35 35 
50 55 50 
0 10 0 

VOLTAGE WAVEFORM 

I I INPUT PULSES 

Measurements: All circuit delayl ara mealurad at 
the + 1.5V level of inputl and output., unla •• other
wise specified. 
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BIPOLAR MEMORY DIVISION ~jgnltiC!i 

FIELD PROGRAMMABLE LOGIC SEQUENCER (14x48x6) 
r .. •. ~ ~ . 

825167 (1.5.) 

DESCRIPTION 
The 82S167 is a bipolar, programmable 
state machine of the Mealy type. It con
tains logic AND-OR gate arrays with user 
programmable connections which control 
the inputs of on-chip state and output 
registers. These consist respectively of 8 
0P' and 4 Of edge-triggered, clocked SIR 
flip-flops, with an asynchronous preset 
option. 

All flip-flops are unconditionally preset to 
"1" during power turn-on. 

The AND array combines 14 external in
puts, 10.13, with 8 internal inputs, P()'7' fed 
back from the State register to form up to 
48 transition terms (AND terms). In addi
tion, bit-O and bit-1 of the internal state 
register are brought off-chip to allow ex
tending the output register to 6 bits, if so 
desired. 

All tr~nsition terms can include True, 
False, or Don't Care states of the control
ling variables, and are merged in the OR 
array to issue next-state and next-output 
commands to their respective registers on 
the low to high transition of the Clock 
pulse. 

Both True and Complement transition 
terms can be generated by optional use of 
the internal variable (C) from th~ comple
ment array. Also, if desired, the Preset in-

LOGIC DIAGRAM 

LOGIC TERMS 

@ Ie MASTER 1984 

FEATURES 
• Field programmable (Ni-Cr link) 
• 14 True/Complement buffered inputs 
• 48 programmable AND gates 
• 25 programmable OR gates 
• Q·bit state register 
• 2·bit shared state/output n~gister 
• 4·bit putput register 
• Transition complement array 
• Programmable asynchronous 

preset/output enabl .. 
• Positive edge·trigger clock 
• Power·on preset to logic "1" of all 

registers 
• Automatic logic "HOLD" state via SIR 

flip·flops 
• On·chip test array 
• '(max): 13.9MH~ (82S167) 
• Power: 650mW (typ) 
• TTL compatible 
• Tri·state outputs 
• Single + 5V supply 
• 300 mil wide 24.pin DIP 

put can be converted to output-enable 
function, as an additional user program
mable option. 

The device is available in the commercial 
temperature range. For the commercial 
temperature range (O°C to + 75°C) specify 
N82S167F or N. 

PR/OE 

P 

F 

CK 

INTEGRATED FUSE LOGIC 
SERIES 24 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
• Timing generators 
• Sequential circuits 
• Elevator controllers 
• Security locking systems 
• Counters 
• Shift registers 

PIN CONFIGURATION 

F, N PACKAGE* 

CK~VCC 
16 2 

*F=Cerdip 
N= Plastic 

LOGIC FUNCTION 

I Tu ... i ...... ~t"'ta T ..... "'iti ...... • ~,...I"" ... 1W" ......... "U"oi3Il""'II. 

020100~ I 0 I 1 I 0 I SR PRESENT STATE 

STATE REGISTERt Ao.oCo 

I 0 I 0 I 1 Sn+1 NEXT STATE 

SET 00: So = (02·01·00)·A.ii.c .. 
Ro=O 

RESET 01: Sl = 0 
R1 = (02·01·00)·A·e·C ... 

HOLD 02: S2 = 0 
R2=O 

4151 
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BIPOLAR MEMORY DIVISION 
: IRllliCI 

FIELD PROGRAMMABLE LOGIC SEQUENCER (14x48x6) 825167 (T.5.) 

INTEGRATED FUSE LOGIC 
SERIES 24 

FPLS LOGIC DIAGRAM 
•• ------------(LOGIC TERMS-T) ---------------__ (OPTION) 

10 8 ~-+-f--+-+-+-+-+-; --+-+-+---t-il----+------+--+-!I-+-, +-+-+-~If-+-+: -I-I-I-+-+---+-: -+--+---i..--+--+-+-+-+-- --+-+- ~-+---+-1f--+-~ 
, 

11 7 ~++I-+-~~~~~~~~-++'~L~' ++-+-~I~++-+-f--+-+-++~!~+-+-+-~~++-+-f--+-+ 
-1-

I I I I I I 
12~~~~~'++ 1-+-~~++-+-~+-++i-+-~+4~4,~++-+-~+-++-+-~+4~-+-~+4~~ ------+-!!1PRlOE 

P~ 13 5 I I I I 

14 4 

15 3 

16 2 

17 2 

18 

N 

F 

NOTES 

: : 
I I I I I 

I I 

, 1 

i 

': I I : : i, I I I I! I I I: ' ~'-1 

I r:: I: : ! I Ii! I I ! I 'ii ! II ~s 0-, 
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1. All AND gate inputs with a blown link float to a logic "1". 
2. AilOR gate inputs with a blown link float to a logic "0". 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE LOGIC ARRAY (16x48x8) 

DESCRIPTION 
The 82S100 (tri-state) and 82S101 (open 
collector) are Bipolar, Fuse-Link Program
mable Logic Arrays WPLA). Each device 
utilizes the standard AND/ORllnvert archi
tecture to directly implement custom sum 
of product logic equations. 

Each device consists of 16 dedicated 
inputs and 8 dedicated outputs. Each out
put is capable of being actively controlled 
by any or all of the 48 product terms. The 
true, complement, or don't care condition 
of each of the 16 inputs ANDed together 
comprise one P-term. All 48 P-terms are 
then ORed to each output. The user must 
then only select which P-terms will acti
vate an output by disconnecting terms 
which do not affect the output. In addition 
each output can be fused as active-high(H) 
or active-lowIL). 

The 82S100 and 82S101 are fully TTL com
patible, and include chip-enable control 
for expansion of input variables, and out
put inhibit. They feature either open col
lector or tri-state outputs for ease of 
expansion of product terms and applica
tion in bus-organized systems. 

Both devices are available in commercial 
and military tempera1ure ranges. For the 
commercial temperature range (O°C to 
+ 75°C) specify N82S100/101, F or N, and 
for the military temperature range ( - 55°C 
to + 125°C specify S82S100/101, F, G or R. 

LOGiC DIAGRAM 

FEATURES 
• Field programmable (Ni-Cr link) 
• Input variables: 16 
• Output functions: 8 
• Product terms: 48 
• Address access time: 

8828100/101 - 80ns max 
N828100/101 - SOns max 

• Power diSSipation: 600mW typ 
• Input loading: 

8828100/101: -150~ max 
N828100/101: -100~ max 

• Chip enable input 
• Output option: 

828100: Tri-state 
828101: Open collector 

• Output disable function: 
Tri-state - Hj-Z 
Open collector - Hi 

• Separate!fO architecture 

APPLICATIONS 
• CRT display systems 
• Random logic 
• Code conversion 
• Peripheral controllers 
• Function generators 
• Look-up and decision tables 
• Microprogramming 
• Address mapping 
• Character generators 
• Data security encoders 
• Fault detectors 
• Frequency synthesizers 
• 16 bit-to-8 bit bus interface 
• Random logic replacement 

~--4--+-------'~~:~ T,,.,,,,I CO,'OClio. 

Typical Connection 

Fusible Ni·Cr links are initially intact at all array cross·points. 

@ Ie MA8TER 1984 
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825100 (T.S.)/82S101 (O.C.) 

INTEGRATED FU8E LOGIC 
SERIES 28 

PIN CONFIGURATION 

F,N,R PACKAGE* 

vcc 

17 18 

19 

110 

111 

112 

113 

114 

115 

F7 CE 

FS FO 

FS F1 

F4 F2 

GND 

• F = Cerdip N = Plastic A = Flat Pack 

tOpen or grounded during normal operation. 

G PACKAGE 
Fs F7 10 11 12 13 14 

CE 115 114 113 112 111 110 

G= Leadless TOP VIEW 
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BIPOLAR MEMORY DIVISION 
saglBliCS . 

FIELD PROGRAMMABLE LOGIC ARRAY (16x48x8) 825100 (T.5.)/825101 (O.C.) 

ABSOLUTE MAXIMUM RATINGS1 

RATING 
PARAMETER 

Min Max 

Vcc Supply voltage +7 
VIN Input voltage +5.5 
VOUT Output voltage +5.5 

liN Input currents - 30 +30 
lOUT Output currents + 100 

Temperature range 
TA Operating 

N82S100/101 0 + 75 
S82S100/101 -55 + 125 

TSTG Storage -65 + 150 

THERMAL RATINGS 

TEMPERATURE 
UNIT 

Maximum junction 

Vdc Maximum ambient 
Vdc 
Vdc 

rnA 

Allowable thermal rise 
ambient to junction 

rnA 
°C 

INTEGRATED FUSE LOGIC 
SERIES 28 

MILITARY COMMERCIAL 

175°C 150°C 

125°C 75°C 

50°C 75°C 

DC ELECTRICAL CHARACTERISTICS N82S100/101: O°C ~ TA ~ + 75°C, 4.75V ~ Vcc ~ 5.25V 
S82S100/101: - 55°C ~ TA ~ + 125°C, 4.5V ~ Vcc ~ 5.5V 

N82S100/101 S82S100/101 
PARAMETER TEST CONDITIONS 

Typ2 Typ2 
UNIT 

Min Max Min Max 

Input voltage3 V 
VIH High Vcc= Max 2 2 
Vil Low Vcc= Min 0.8 0.8 
VIC Clamp3.4 Vcc= Min, IIN= -12mA -0.8 -1.2 -0.8 -1.2 

Output voltage Vcc= Min V 
VOH High (82S100)3,5 10H= -2mA 2.4 2.4 

VOL Low3,6 IOl=9.6mA 0.35 0.45 0.35 0.50 

Input current I(A 

IIH High VIN = 5.5V <1 25 <1 50 

III Low VIN = 0.45V -10 -100 -10 I -150 

Output current CE = High, Vcc = Max 

I I 10lK Leakage7 VOUT= 5.5V 1 40 1 60 p.A 

10(OFF) Hi-Z state (82S100)7 VOUT= 5.5V 1 40 1 60 JlA 

VouT =0.45V -1 -40 -1 -60 
los Short circuit (825.100)4,8 CE= Low, VOUT=OV -15 -70 -15 -85 rnA 

Icc Vcc supply current9 Vcc= Max 120 170 120 180 rnA 

Capacitance7 CE= High, Vcc =5.0V pF 
CIN Input VIN = 2.0V 8 8 

COUT Output VOUT= 2.0V 17 17 

AC ELECTRICAL CHARACTERISTICS R1 = 470n, R2 = 1 kn, Cl = 30pF 
N82S100/101: O°C ~ TA ~ + 75°C, 4.75V ~ Vcc ~ 5.25V 

~ S82S100/101: - 55°C ~ TA ~ + 125°C, 4.5V ~ Vcc ~ 5.5V -(]) 
c 
.2' 
en 

N82S100/101 S82S100/101 
PARAMETER TO FROM 

Typ2 
UNIT 

Min Typ2 Max Min Max 

Propagation delay ns 

TIA Input Output Input 35 50 35 80 

TCE Chip enable Output Chip enable 15 30 15 50 

Disable time ns 
TCD Chip disable Output Chip enable 15 30 15 50 

NOTES: 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only. and only functional operation of the 

device at these or any other conditions above those indicated in the operation of the device specifications is not implied. 

2. All voltages are atVCC=5V, TA=25·C. 
3. Ail voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with Vil applied to CE and a logic high stored. 
6. Measured with a programmed logic condition for which the output test is at a low logic level. Output sink current is applied through a resistor to Vcc· 
7. Measured with VIH applied to CE. 
8. Duration of short circuit should not exceed 1 second. 
9. ICC is measured with the chip enable input grounded, all other inputs at 4.5V and the outputs open. 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE GATE ARRAY (16x9x9) 

.DESCRIPTION 
The 82S102 and 82S103 are Bipolar, fuse 
programmable, gate arrays. The device 
consists of 9 AND/NAND Gates which 
share 16 common inputs. The type of gate 
is selected by programming the output as 
active-high(H) or active-low(L). Each of the 
16 inputs 10-115 can be programmed to pro
vide the True (H), Complement (L), or Don't 
Care (-) state to each of the 9 AND/NAND 
gates. OR/NOR logic functions can also 
be implemented by complementing the 
inputs and outputs via on-chip inverting 
buffers. 

Both devices are field-programmable, 
which means that custom patterns are im
mediately available. 

The 82S102 and 82S103 include chip
enable control for output strobing and in
hibit. They feature either open collector or 
tri-state outputs for ease of expansion of 
input variables and application in QUs
organized systems. 

Both devices are available in the commer
cial and military temperature ranges. For 
the commercial range (O°C to + 75°C) 
specify N82S102/103, F or N, and for the 
military range (- 55°C to + 125°C) specify 
8828102/103, F, G, and R. 

LOGIC DIAGRAM 

o a 

FEATURES 
• Field programmable (Ni-Cr link) 
• 16 input variables 
• 9 output functions 
• Chip enable input 
• 1/0 propagation delay: 

N82S102/103: 35ns max 
S82S102/103: SOns max 

• Power dissipation: 600mW typ 
• Input loading: 

N82S102/103: -100J.lA max 
S82S102/103: -150J.lA max 

• Output options: 
82S102: Open collector 
82S 103: Tri-state 

• Output disable function: 
82S102: Hi 
82S103: Hi-Z 

• Fully TTL compatible 

APPliCATiONS 
• Random logic 
• Address decoders 
• Code detectors 
• Peripheral selectors 
• Fault monitors 
• Machine state decoders 

Typical Connection 

+--+----+-~;~ 

Fusible Ni·Cr links are initially intact at all array cross·points. 
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825102 (O.C.)/825103 (T.5.) 

INTEGRATED FUSE LOGIC 
SERIES 28 

PIN CONFIGURATION 

F,N,R PACK~GE* 

VCC 

'a 
19 

110 

111 

112 

113 

114 

115 

F7 CE 

F6 11 FO 

F5 [gJ till F1 

F4 rn1 b:§J F2 

GND -~a.. ___ --,~F3 

*F = Cerdip N = Plastic R = Flat Pack . 

G PACKAGE 
. F6 F7 Fa 10 11 12 13 

CE '15 '14 '13 '12 111 '10 
G = Leadless TOP VIEW 

4155 

en 
o = (]) 
c: 
0> 

(f) 



BIPOLAR MEMORY DIVISION 
S!!InotiC!i 

FIELD PROGRAMMABLE GATE ARRAY (16x9x9) 825102 (O.C.)/825103 (1.5.) 

ABSOLUTE MAXIMUM RATINGS THERMAL RATINGS 
PARAMETER RATING UNIT TEMPERATURE 

Vee Supply voltage +7 Vdc Maximum junction 
VIN Input voltage +5.5 Vdc 

Output voltage Vdc Maximum ambient 

VOH High (82S102) +5.5 Allowable thermal rise ambient 
Vo Off-state (82S 103) +5.5 to junction 
IrN Input current ±30 mA 
lOUT Output current +100 mA 

Temperature range °C 
TA Operating 

N82S1 02/1 03 o to +75 
S82S1 02/1 03 -55 to +125 

TSTG Storage -65 to +150 

INTEGRATED FUSE LOGIC 
SERIES 28 

MILITARY COMMERCIAL 

175°C 150°C 

125°C 75°C 

50°C 75°C 

DC ELECTRICAL CHARACTERISTICS N828102/103: O°C::; TA::; +75°C, 4.75V::; Vee::; 5.25V 

8828102/103: -55°C::; TA ::; +125°C, 4:5V ::; Vee::; 5.5V 

PARAMETER1 TEST CONDITIONS 
N82S102/103 S82S102/103 

UNIT 
". Min Typ2 Max Min Typ2 Max 

Input voltage V 
Vil Low1 Vee = Min 0.8 0.8 
VIH High1 Vee = Max 2.0 2.0 

Vie Clamp1,3 Vee= Min, IIN= -12mA -0.8 -1.2 -0.8 -1.2 

Output voltage Vee = Min V 
VOL Low1,4 10l = 9.6mA 0.35 0.45 0.35 0.50 
VOH High (828103)1,5 10H = -2m A 2.4 2.4 

Input current pA 
III Low VIN = 0.45V -10 -100 -10 -150 
IIH High VIN = 5.5V <1 25 <1 50 

I 
Output current 

I 
Vee = Max 

I I 10lK Leakage (828102)6 VOUT = 5.5V 1 40 1 60 pA 
iO(OFF) Hi-Z state (82Si03i6 VOUT = 5.5V 1 

I 
40 

I 
1 60 pA 

VOUT = 0.45V -1 -40 -1 -60 
los 8hort circuit (828103)3,7 VOUT = OV -15 -70 -15 -85 mA 

lee Vee supply currentS Vee = Max 120 170 120 180 
, 

mA I 

Capacitance Vee = 5.0V I pF 
CIN Input VIN = 2.0V 8 8 

I COUT Output6 VOUT = 2.0V 15 15 

AC ELECTRICAL CHARACTERISTICS R1 = 4700, R2 = 1kn, Cl = 30pF 

N828102/i03: O°C S TA::; +75°C, 4.75V::; Vee:S 5.25V 

~ 8828102/103: -55°C:S TA::; +125°C. 4.5V::; Vee::; 5.5V 

+:: 
Q) 
c: 
.2> 
(J) 

PARAMETER TO FROM 

Progagationdelay 
TIA Input Output Input 
TeE Chip enable Output Chip enable 

Disable time 
Teo Chip disable Output Chip enable 

NOTES 

1 All voltage values are with respect to network ground terminal 
2. All typical values are at Vee'" 5V, T A == 25° e. 
3. Test each output one at a time. 
4. Measured with a programmed logic condition for which the output under teSi is at a low logic level 

Output sink current is supplied through a resistor to Vee. 
5. Measured With Vil applied to CE and a logiC high at the output 
6. Measured with VIH applied to CE 
7 Duration of short cirCUit should not exceed 1 second. 
8. Icc IS measured with the chip enable input grounded. all other inputs at 4.5V and the outputs open 

4156 

N82S102/103 58251021103 
Typ2 Max 

UNIT 
Min Typ2 Max Min 

ns 
20 35 20 55 
15 30 15 45 

ns 
15 30 15 45 
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BIPOLAR MEMORY DIVISION 

FIELD PROGRAMMABLE 
LOGIC SEQUENCER'( 16 x 48 x 8) 

DESCRIPTION FEATURES 
• Field programmable (Ni·Cr link) 
• 16 input variables 
• 8 output functions 
• 48 transition terms 
• 6·bit state register 

The 82S105A is a bipolar programmable 
state machine of the Mealy type. It con
tains logic AND-OR gate arrays with user 
programmable connections which control 
the inputs of on-Chip State and Output 
registers. These consist respectively of 6 
Qp, and 8 QF edge triggered, clocked SIR 
flip-flops, with an asynchronous Preset 
option. All flip-flops are unconditionally 
preset to "1" during power turn on. 

'. 8·bit output register 

The AND array combines 16 external inputs' 
10-15 with 6 internal inputs PO-5 fed back 
from the ,State register to form up to 48 Tran
sition terms (AND terms). All Transition 
terms can include True, False, or Don't Care 
states of the controlling variables, and are 
merged in -the OR array to issue next-state 
and next-output commands to their respec
tive registers on the low to High transition of 
the Clock pulse. Both True and Complement 
Transition terms can be generated by op
tional use of the internal input variable (C) 
from the Complement array. Also, if desired, 
the Preset input can be converted to Output
Enable function, as an additional user 
programmable option. 

The device is available in commercial 
temperature range. For the commercial 
temperature range (O°C to + 75 0

) specify 
N82S105A, F or N. 

LOGIC DIAGRAM 

LOGIC TERMS 

• Transition complement array 
• Positive edge trigger clock, 
• Programmable asy'nchronous preset 

or output enable 
• Power-on preset to all "1" of internal 

registers 
• '(max) = 20MHz 
• 650mW power dissipation (typical) 
• TTL compatible' 
• Single + 5V supply 
• Open collector and tri~state versions 
• TRI·STATE outputs 

APPLICATIONS 
• Interface protocols 
• Sequence detectors 
• Peripheral controllers 
• Timing generators 
• Sequential circuits 
• Elevator controllers 
• Security locking systems 
• Counters 
• Shift registers 

~~---------------------------------------------~C 

F 

T47 --------- To CK 
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825105A (1.5.) 

INTEGRATED FUSE lOGIC 
SERIES 28 

PIN CONFIGURATION 

F, N PACKAGE-

F7 

FS 

F4~ 
GND 14 

~F2 
15 F3 

'F=Cerdip 
N = Plastic 

LOGIC FUNCTION 

Typical State Transition: 

I 0 I 1 I 0 I SR PRESENT STATE 02 01 00 ~ 

STATE REGISTER' A ••• C •.. 

I 0 I 0 I 1 Sn+1 NEXT STATE 

SET 00: So = (Cho01oQO)oAoiioC , " 
Ro=O 

RESET 01: 51 = 0 
R1 = (02·Q.,.Qo)·Aej-C .. 

HOLD 02: 52=0 
R2=0 
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BIPOLAR MEMORY DIVISION 9i!1DOliC9 

FIELD PROGRAMMABLE 
LOGIC SEQUENCER (16 x 48 x 8) 825105A (1.5.) 

INTEGRATED FUSE LOGIC 
SERIES 28 

ABsoluTE MAXIMUM RATINGS1 THERMAL RATINGS 
RATING 

PARAMETER 
Min Max 

UNIT 
COM-

TEMPERATURE MILI- MER· 

Vcc Supply voltage +7 Vdc 

Y,N Input voltage +5.5 Vdc 
VOUT Output voltage +5.5 Vdc 

liN Input currents -30 +30 rnA 

lOUT Output currents + 100 mA 
Temperature range °C 

TA Operating 0 +75 

TSTG Storage -65 + 150 
TSDO Simultaneous Terms/OR

1O 
4 

TARY CIAL 

Maximum 
junction 175°C 150°C 

Maximum 
ambient 125°C 75°C 

Allowable thermal 
rise ambient 
to junction 50°C 75°C 

DC ELECTRICAL CHARACTERISTICS O°C sTAs + 75°C, 4.75VsVcc s5.25V 

PARAMETER TEST CONDITIONS 
N82S105A 

UNIT 
Min Typ2 Max 

Input voltage3 V 

V,H High Vec= Max 2 

V,L Low Vee = Min 0.8 

V'c Clamp4 Vec= Min, liN = -12mA -0.8 -1.2 

Output voltage3 Vee = Min V 

VOH HighS 10H= -2mA 2.4 

VOL Low6 
IOL=9.6mA 0.35 0.45 

I 
Input current 

I 
vA 

'IH High V,N =5.5V <1 25 

I'L Low V ,N =0.45V -10 -100 

I,L Low (CK input) V,N =0.45V -SO -250 

Output current Vee=Max 

10(OFF) Hi-Z state7 
VouT =5.5V 1 40 p.A 

VouT =0.45V -1 -40 

los Short eircuit4,8 VOUT=OV -20 -70 mA 

Icc Vee supply current
9 

Vee = Max 120 180 mA 

Capaeitanee7 
Vee =5.0V pF 

C'N Input V'N=2.0V 8 

COUT Output VOUT=2.0V 10 

NOTES 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation 

at these or any other condition above those indicated in the operational and programming specification of the device is not implied . 
2. All typical values are at Vee = SV, T A = 25°C. 
3. All voltage values are with respect to network ground terminal. 
4. Test one at a time. 
5. Measured with V,L applied to O.E. and a logic high stored, or with V,H applied to PR. 
6. Measured with a programmed logic condition for which the output is at a low logic level, and V,L applied to PRlo:E. Output sink current is supplied through a resistor to Vee· 
7. Measured with V,H applied to PRlo.E .. 
8. Duration of short circuit should not exceed 1 second. 
9. ICC is measured with the PRI~. input grounded, all other inputs at 4.SV and the outputs open. 

10. See OR DRIVE limitations on page 9. 
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BIPOLAR MEMORY DIVISION Ii!!lDotiC!i 
FIELD PROGRAMMABLE 
LOGIC SEQUENCER (16 x 48 x 8) 825105A (T.5.) 

AC ELECTRICAL CHARACTERISTICS R1 =4700, R2= 1kO, CL =30pF O°C~TA~ + 75°C, 4.75V~Vcc~5.25V 

PARAMETERS TO FROM 
N82S10SA 

UNIT 

Min Typ1 Max 

Pulse width ns 

TCKH Clock high2 CK- CK+ 25 15 

TCKL Clock low CK+ CK- 25 15 
TCKP1 B Period (w/o c-array) CK+ CK+ 50 40 
TCKP2 B Period (w/c-array) CK+ CK+ 80 50 

TpRH Preset pulse PR+ PR- 25 15 

Set-up time3 ns 
TIS1 A Input CK+ Input± 40 
TIS1 B Input CK+ Input± 30 
TIS2 A Input (through Complement array) CK+ Input± 70 

T'S2 B Input (through Complement array) CK+ Input± 60 
Tvs Power-on preset CK- Vcc + 0 -10 

I TpRS Preset. CK-

I 
PRS- o -10 

Hold time ns 
TIH Input Input ± CK+ 5 -10 

Propagation delay ns 
TCKO Clock Output ± CK+ 15 20 
TOE Output enable Output - O.E.- 20 30 
Too Output disable Output + O.E.+ 20 30 
TpR Preset Output + PR+ 18 30 
TpPR Power-on preset Output + Vcc + 0 10 

Frequency of operation 

I 
MHz I 

I 
fMAX B w/o c-array 20 

I fMAX B w/c-array 12.5 I 
NOTES: 
1. All typical values are at vcc % 5V, T A = 25"C. 
2. To prevent spurious clocking, clock rise time (10%·90%):s30ns. 
3. See "Speed vs. OR Loading" on page 9. 
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BIPOLAR MEMORY DIVISION 9i!1DlliCS 

256·BIT BIPOLAR RAM (256 x 1) 82LS16 (T.S.)/82LS17 (O.C.) 

DESCRIPTION 

The 82LS16 and 82LS17 are Read/Write 
memory arrays which feature either open 
collector or 3-state output options for op
timization of word expansion in bused 
organizations. Memory expansion is fur
ther enhanced by full on-chip address 
decoding, 3 chip enable inputs and PNP in
put transistors which reduce input loading. 

During Write operation, the logical state of 
the output of both devices follows the com
plement of the data input being written. 
This feature allows faster execution of 
Write/Read cycles, enhancing the perform
ance of systems utilizing indirect addres
sing modes, and/or requiring immediate 
verification following a. Write cycle. 

80th devices have fast Read access and 
Write cycle times, as well as low power re
quirements and thus are ideally suited in 
high-speed memory applications such as 
cache, buffers, scratch pads, writable con
trol stores, where power limitations are of 
major concern. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 

Input voltage 
Output voltage 

VOUT High (open collector) 

TSTG 

Temperature Range 
Operating 

N grade 
S grade 

Storage 

BLOCK DIAGRAM 

AO 
A1 

A2 
A3 

A4 

AS 

AS 
A7 

4160 

Both devices are available in the commer
cial temperature range (O°C to + 75°C) and 
the military temperature range ( - 55°C to 
+ 125°C). They are specified as: N82LS16F 
or N or N82LS17F or N for the commercial 
temperature range, and S82LS16F, G, or W 
or S82LS17F, G, or W for the military tem
perature range. Military products are avail
able as fully processed to Mil-Std 883 Level 
8 or Level C; specify ,either 8838 or 883C. 

See page 4-9 for Truth Table, Timing Dia
grams, Test Circuit and Waveform. 

FEATURES 

• Address access time: 
N82LS16/17: 40ns max 
S82LS16/17: 60ns max 

• Write cycle time: 
N82LS16/17: 40ns max 
S82LS16117: 65ns max 

• Power dissipation: 0.98mW Ibit typ 

• Input loading: 
N82LS16/17: -100ILA max 
S82LS16/17: - 250ILA max 

RATING UNIT 

+7 Vdc 

+5.5 Vdc 
Vdc 

+5.5 

°C 
o to + 70 

- 55 to + 125 
-'65 to + 150 °C 

I 

• Output follows complement of data 
input during Write 

• On·chip address decoding 

• Output option: 
82LS16 3-state 
82LS17 Open collector 

• Schottky clamped 

• TTL compatible 

APPLICATIONS 

• Buffer memory 

• Writable control store 

• Memory mapping 

• Push down stack 

• Scratch pad 

PIN CONFIGURATIONS 

F, N, W PACKAGE 

A'~ ~ .. 
GND [IJ ... _____ ---'~ AS 

F=Cerdip 
N= Plastic 
W=Flat Pak 

GND 

NC 

AS 

AS 

G = Leadless 

TOP VIEW 

Order Numbers: 
N82LS16F or N82LS16N 
N82LS17F or N82LS17N 
S82LS16F or S82LS16W 
582LS17F or S82LS17W 

G PACKAGE 

NC WE DIN A3 

TOP VIEW 

Order Numbers: 
582LS16G or S82LS17G 

Vee 

A2 
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BIPOLAR MEMORY DIVISION 9jglOliC9 

256-BIT BIPOLAR RAM (256 x 1) 82LS16 (T .S.)/82LS17 (O.C.) 

DC ELECTRICAL CHARACTERISTICS N82LS16/17: O°C=:;TA=:; + 75°C, 4.75V=:;Vcc=:;5.25V 
S82LS16/17: -55°C=:;TA=:; +125°C, 4.5V=:;Vcc=:;5.5V 

VIH 
VIL 
VIC 

VOH 
VOL 

IIH 
IlL 

IIOLK 
IIn7 I ~-

los 

. Icc 

ICIN 
ICOUT 
I 

PARAMETER 

Input voltage2 

High 
Low 
Clamp3 

Output voltage2 

High (82LS16)4 
LowS 

Input current3 

High 
Low 

Out ut current p 
Leakage (82LS17)5 
Hi-Z state (82LS16)6 

Short circuit (82LS16)7 

Vec' supply currentS 

Capacitance 
Input 
Output 

I 
1 

TEST CONDITIONS 

Vcc=max 
Vcc=min 

Vce = min, liN = -12mA 

Vce=min 
IOH= -3.2mA 

IOL=16mA 

Vec=max 
VIN =5.5V 

VIN =0.45V 

VouT=5.5V 
VOUT=5.5V --

VOUT = 0.45V 
Vcc = max, Vo = OV 

Vcc=max 

Vcc= 5.0V 
VIN=2.0V 

VOUT=2.0V 

N82LS16/17 

Min Typ1 

2.0 

-1.0 

2.6 
0.35 

1 
-10 

I -1 
-15 

I 50 

I 5 
I 8 
j 

Max 

0.8 
-1.5 

0.45 

25 
-100 

40 
40. 

-40 
-70 

70 

Min 

2.0 

2.4 

-15 

AC ELECTRICAL CHARACTERISTICS R1 = 2700, R2 = 6OOfl, CL = 30pF 
N82LS16/17: O°C=:;TA =:; + 75°C, 4.75V=:;Vcc =:;5.25V 
S82LS16/17: -55°C=:;TA=:; +125°C, 4.5V=:;Vcc=:;5.5V 

S82LS16/17 
Typ1 

-1.0 

0.35 

1 
-10 

! -1 I 

50 

I 5 
I 8 I 

Max 

0.8 
-1.5 

0.5 

25 
-250 

40 
50 

-50 
-70 

100 

PARAMETER TO FROM 
N82LS16/17 S82LS16/17 

Access time 
TAA Address Output Address 
TCE Chip enable Output Chip enable 

TCD Disable time Output Chip enable 
Two Valid time Output Write enable 

Setup and hold time 
TWSA Setup time 

Write enable Address 
TWHA Hold time 

TWSD Setup time 

I 

Write enable Data in 

I 
TWHD Hold time 

Twsc Setup time 
Write enable CE TWHC Hold time 

Pulse width 
Write enable9 

I I 

NOTES 
1. All typical values are at vcc = 5V, TA + 25 ·C. 
2. All voltage values are with respect to network ground terminal. 
3. Test each input one at a time. 
4. Measured with a logic low stored and VIL applied to CE1, CE2 and CE3. 
5. Measured with a logic high stored. Output sink current is supplied through a resistor to Vcc. 
6. Measured with VIH applied to CE1. CE2 and CE3. 
7. Duration of the short·circuit should not exceed 1 second. 
8. ICC is measured with the Write enable and memory enable inputs grounded, all other inputs at 4.5V. 

and the output open. 
9. Minimum required to guarantee a Write into the slowest bit. 

@ Ie MASTER 1984 

Min Typ1 Max Min Typ1 Max 

30 40 30 70 
15 25 15 40 

15 25 15 40 
30 40 30 55 

0 -5 10 -5 
0 -5 10 -5 

25 15 40 15 
0 -5 10 -5 

0 -5 10 -5 
0 -5 10 -5 

25 15 40 15 

UNIT 

V 

V 

p.A 

IA 

I" I 
I 

mA 

I 
pF 

I 

UNIT 

ns 

ns 
ns 

ns 

ns 

4161 

en 
.2 
+-' 
Q) 
c: 
.2> en 



en 
0 
+"" 
Q) 
e: 
.2> 
en 

BIPOlAR MEMORY DIVISION !ii!llotie!i 

2304-BIT BIPOLAR RAM (256 x 9) 825212A (T .5.) 

DESCRIPTION 
The organization of the 82S212A allows 
byte wide storage of data, including parity. 
Where parity is not required, the ninth bit 
can be used as a tag for each word stored. 
The 82S212A is ideal for scratch-pad, 
push-down stacks, buffer memories, and 
other internal memory applications in 
which space and performance require
ments dictate a wide data path in favor of 
word depth. 

The 82S212A data inputs and outputs are 
common (common I/O) with separate out
put disable (00) line that allows ease of 
read/write operations using a common 
bus. 

TRUTH TABLE 

MODE WE 

Disable output X 
Disable R/W X 
Write 0 
Read 1 

x == Don't care 

BLOCK DIAGRAM 

Ao 

A1 X 

A2 
DEC 

1 OF 32 
32 

A3 

AS 

AS 
Y 

DEC 
10F8 

A1-

WE-

CE CONTROL 
LOGIC 

OD_ 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 

VIN Input voltage 

Vo Off-state output voltage 
Temperature range 

TA Operating 

TSTG Storage 

4162 

The 82S212A is available in the commer- PIN CONFIGURATION 
cial temperature range. For the commer
cial temperature range (O°C to 75°C) spec
ify N82S212AF or N: 

FEATURES 
• Address access time: 

N82S212A: 35ns max 

• Power dissipation: O.3mW/bit 
• Tri-state outputs 
• Schottky clamped TTL 

APPLICATIONS 
• Cache memory 
• Buffer storage 
• Writable control store 

CE 00 

X 
1 
0 
0 

1 
X 
1 
0 

MEMORY CELL MATRIX 
32 x 12= 2304 

RATING 

+7 

+5.5 

I +5,5 

o to + 75 

ON 
IN/OUT 

High Z 
High Z 
Data in 

Data out 

I 

-65 to +150 

UNIT 

Vdc 

Vdc 

Vdc I 

°C 

*F=Cerdip 
N = Plastic 

N, F PACKAGE* 

TOP VIEW 

TYPICAL 1/0 STRUCTURE 

DISABLE 

+v 

~10 

@ Ie MASTER 1984 



BIPOLAR MEMORY DIVISION 
9i!1DOtiCG 

2304-BIT BIPOLAR RAM (256 x 9) 825212A (T .5.) 

DC ELECTRICAL CHARACTERISTICS1 N82S212A: O°C s TA ~ + 75°C, 4.75V ~ Vee ~ 5.25V 

N82S212A 
PARAMETER TEST CONDITIONS 

Min Typ 

Input voltage 
VIL Low Vee= Min 
VIH High Vee= Max 2.0 

Vie Clamp2 . Vee= Min, IIN= -12mA 

Output voltage 

VOL Low3 Vee = Min, IOL=8.0mA 
VOH High 10H= -2mA 2.4 

Input current 
IlL Low VIN =0.45V 
IIH ·High VIN =5.5V 

Output current 
102 Hi-Z state CE= High or 00= High, VOUT= 5.5V 

I 
I CE= High or 00= High, VouT =0.5V 

los Short circuit4, 5 CE= 00= Low, Vour= OV -15 

Ice Vee supply current Vee= Max I 135 I 

Capacitance Vee= 5.0V 
CIN Input VIN=2.0V 5 
COUT Output Vour = 2.0V 8 

AC ELECTRICAL CHARACTERISTICS1 R1 = 470D, R2= 1kD, CL= 30pF 
N82S212A: O°C ~ TA ~ + 75°C, 4.75V ~ Vee ~ 5.25V 

N82S212A 
PARAMETER TO FROM 

Typ3 Min 

Access time 
TAA Address Output Address 

Enable time 
TOE Output Output 00 
TeE Output Output Chip enable 

Disable time 
Too 

6 
Output Output 00 

Teo 
6 Output Output Chip enable 

Pulse width 
Twp Write 25 

Twse Setup time Write Chip enable 5 
T~He Hold time Chip enable Write 5 

Twso Setup time Write Data 25 
TWHO Hold Time Data Write 5 

TWSA Setup time Write Address 5 
TWHA Hold time Address Write 5 

Tso Setup time (from disabled state) Chip enable 00 50 
T U_I ........ : __ ".." ""'-= ___ :-L.I_ -~ 'HO nVIU lillie vu vlll~ t:1IC:lUlt: I ou 

NOTES 
1. The operating embient temperature ranges are guaranteed with transverse air flow exceeding 400 linear feet per minute and a 2 minute warmup. 
2 All voltages are with respect to network ground terminal. 
3. All tYPical values are at Vee = 5V, T A = 25°C. 
4. Measured on one pin at a time. 
5. Duration of lOS test should not exceed one second. 
6. Measured at a delta of O.5V from Logic Level with R1 = 7500, R2 = 7500 and eL = 5pF. 

@ IC MASTER 1984 

UNIT 
Max 

V 
0.8 

-1.5 

V 
0.5 

p.A 
-100 

25 

40 p.A 

I 
-100 
-70 rnA 

185 rnA I 
pF 

UNIT 
Max 

I 
ns 

35 

ns 
25 
25 

ns 
25 
25 

ns 
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BIPOLAR MEMORY DIVISION 9i!1DOliC!i 

256·BIT BIPOLAR PROM (32 x 8) 82523A (O.C.)/825123A (T.5.) 

DESCRIPTION 

The 82S23A and 82S123A are field pro
grammable, which means that customer 
patterns are immed,iately available by fol
lowing the fusing procedure given in this 
data manual. The 82S23A and 82S123A de
vices are supplied with all outputs at 
logical low. Outputs are programmed to a 
logic high level at any specified address 
by fusing a Ni-Cr link matrix. 

These devices include on-chip decoding 
and 1 chip enable input for memory expan
sion. They feature either open collector or 
tri-state outputs for optimization of word 
expansion in bused organizations. 

Both 82S23A and 82S123A devices are 
available in the commercial and military 
temperature ranges. For the commercial 
temperature range (O°C to + 75°C) specify 
N82S23A/123A, N or F, and for the military 
temperature range (- 55°C to + 125°C) 
specify S82S23A1123A, For W. 

LOGIC DIAGRAM 

Ao O>---r-_I 

ADDRESS 
LINES 

1:32 
DECODER 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vce Supply voltage 
VIN Input voltage 

Output voltage 
VOH High (82S23) 
Vo Off-state (82S 123) 

I Temperature range 
TA Operating 

N82S23A/123A 
S82S23A/123A 

TSTG Storage 

4164 

FEATURES 

• Address access time: 
N82S23A1123A: 25ns max 
S82S23A1123A: 35ns max 

• Power dissipation: 1.3mW/bit typ 
• Input loading: 

N82S23A1123A: -100I'A max 
S82S23A1123A: -150I'A max 

• On·chip address decoding 
• Output options: 

82S23A: Open collector 
82S123A: Tri-state 

• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

APPLICATIONS 

• Prototyping/volume production 
• Sequential controllers 
• Format conversion 
• Hardwired algorithms 
• Random logic 
• Code conversion 

32x8MATRIX 

RATING UNIT 

+7 Vdc 
+5.5 Vdc 

Vdc 
+5.5 
+5.5 

I °C 

o to +75 
-55 to +125 
-65 to +150 

PIN CONFIGURATION 

F,N,W, PACKAGE 

w = Flat Pak TOP VIEW 
F = Cerdip 
N =,Plastic 
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BIPOLAR MEMORY DIVISION 9jg Doti C9 

256-BIT BIPOLAR PROM (32 x 8) 82523A (O.C.)/825123A (T.5.) 

DC ELE,CTRICAL CHARACTERISTICS N82S23A/123A:O°C:s; TA :s; + 75°C, 4.75V :s; .Vee :s; 5.25V 
S82S23A1123A: - 55°C :s; TA ':s; + 125°C, 4.5V :s; Vee :s; 5.5V 

PARAMETER TEST CONDITIONS1, 2 
N82S23A1123A S82S23A1123A 

Vil 
VIH 
Vie 

VOL 
VOH 

III 
IIH 

IOlK 
loz 

los 

lee 

CIN 
COUT 

Input voltage 
Low 
High 
Clamp 

Output voltage 
Low 
High 

Input current 
Low 
High 

Output current 
Leakage (82S23A) 
Hi-Z state (82S123A) 

Short circuit (82S123A)3 

Vee supply current 

Capacitance 
Input 
Output 

IIN= -12mA 

CE= Low 
lOUT = 16mA 
louT=-2mA 

VIN = 0.45V 
VIN = 5.5V 

- ., 
CE = High, VOUT = 5.5V 
CE = High, VOUT = 5.5V 
;::;c Ui"h \/ n r:;.\1 
VL- = I II~II, yOUT = v.v. 

CE = Low, VOUT = OV, High stored 

Vee= Max 

CE = High, Vee = 5.0V 
VIN = 2.0V 

VOUT = 2.0V 

Min 

2.0 

2.4 

I 
-15 

Typs 

5 
8 

Max 

0.8 

-1.2 

0.45 

-100 
50 

.-
4U 

40 
- An 

"TV 

.-90 

96 

Min 

2.0 

2.4 

-20 

AC ELECTRICAL CHARACTERISTICS R1 = 270n, R2= 600n, Cl = 30pF 
N82S23A/123A: O°C :s; T A :s; + 75°C, 4.75V :s; V cc :s; 5.25V 
S82S23A1123A: - 55°C :s; TA :s; + 125°C, 4.5V :s; Vee :s; 5.5V 

Typ 

5 
8 

Max 

0.8 

-1.2 

0.5 

-150 
50 

-bO 
50 
- r:;.n 

vv 

-100 

110 

PARAMETER 
N82S23A1123A S82S23A1123A 

TO FROM 
Min 

Access time 
TAA 

4 Output Address 
TCE Output Chip enable 

Disable time 
Teo Output Chip disable 

NOTES 
1. Positive current is defined as into the terminal referenced. 4. Tested at an address cycle time of l/Lsec. 
2. All voltages with respect to network ground. 5. Typical values are at vee,= 5V, T A = 25°e. 
3, Duration of short circuit should not exceed 1 second, 

Typs Max 

20 25 
18 

18 

TEST LOAD CIRCUIT VOLTAGE WAVEFORM 

Min Typ Max 

35 
22 

22 

UNIT 

V 

V 

J.LA 

(olA 
J.LA 

mA 

mA 

pF 

UNIT 

ns 

ns 

VCC 

1 IIADDR~_'SV __ 

GND 

@Ie MASTER 1984 

VCC 

iT CL (INCLUDES SCOPE AND 
R~ JIG CAPACITANCE) 

--IE .UV 

~;~--~I-mi~-:c-~-~------------~~~~~::' 
~TAA~ --VOL 

All inputs: tr = It = 5ns (10% to 90%) 
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BIPOLAR MEMORY DIVISION SmootiCS 
1024·BIT BIPOLAR PROM (256 x 4) 825126A (O.C.)/82S129A (l5.) 

DESCRIPTION 
The 82S126A and 825129A are field pro
grammable, which means that customer 
patterns are immed,iately available by fol
lowing the fusing procedure given in this 
data manual. The 825126A and 82S129A 
devices are supplied with all outputs at 
logical low. Outputs are programmed to a 
logic high level at any specified address 
by fusing a Ni-Cr link matrix: 

These devices include on-chip decoding 
and 2 chip enable input for ease of mem
ory expansion. They feature either open 
collector or tri-state outputs for optimiza
tion of word expansion in bused organiza
tions. 

Both 82S126A and 825129A devices are 
.available in the commercial and military 
temperature ranges. For the commercial 
temperature range (O°C to + 75°C) specify 
N825126A/129A, F or N, and for the mili
tary temperature range (- 55°C to 
+ 125°C) specify 5825126AI129A, For R. 

BLOCK DIAGRAM 

ADDRESS 
LINES 

FEATURES 

• Address access time: 
N82S126A: 30ns max 

. N82S129A: 27ns max 
S82S126A1129A: 35ns max 

• Power dissipation: 0.5mW/bit typ 
• Input loading: 

N82S126A1129A: -100~ max 
582S126A1129A: -150~ max 

• . On-chip address decoding 
• Output options: 

82S126A: Open collector 
82S129A: Tri-state 

• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

APPLICATIONS 

• Prototyping/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• Co~trol store 
• Random logic 
• Code conversion 

AO o-------------~~--r_---r--~r_~ 
A1 o-------------~ 
A2o-------------~~~ __ ~L-~-L~~ 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vcc Supply voltage +7 Vdc 

VIN Input voltage +5.5 Vdc 
Output voltage Vdc 

VOH High (825126) +5.5 

I Vo Off-state (825129) +5.5 

I Temperature range I I °C 

TA Operating 
N825126A/129A o to +75 
S82S126A/129A -55 to +125 

TSTG 5torag~ -65 to +150 

4166 

PIN CONFIGURATION 

F,N,R PACKAGE* 

·F = Cerdip 
N = Plastic 
R = Flat Pak 

TOP VIEW 
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BIPOLAR MEMORY DIVISION 91DOtiC9 

1024-81T BIPOLAR PROM (256 x 4) 82S126A (O.C.)/82S129A (T.5.) 

DC ELECTRICAL CHARACTERISTICS N82S126A1129A: O°C :S TA:s + 75°C, 4.75V s Vcc :S 5.25V 

L 

Vil 
VIH 

VIC 

Val 
VOH 

III 

ItH 

.tOlK 

loz 

los 

tcc 

GIN 
COUT 

PA.RAMETER 

Input voltage 
Low 
High 
Clamp 

Output voltage 
Low 
High (82S129) 

Input current 
Low 
High 

Output current 
Leakage (82S 126A) 
Hi-Z state (82S129A) 

Short circuit (82S129A)3 

Vcc supply current 

Capacitance 
Input 
Output 

. S82S126A1129A: - 55°C :S TA:s + 125°C,4.5V s Vcc :S 5.5V 

TEST CONDITIONS1, 2 
N82S126A1129A S82S126A1129A 

Min Typs Max Min Typ Max 

CE1,2 = Low 
lOUT = 16mA 

lOUT = -2.0mA 

VIN = 0.45V 
VIN = 5.5V 

I I 
I CEl or CE2 = High, Your = 5.5V I 
i CEl or CE2 = High, VOUT = 5.5V I 

2.0 

2.4 

! CEl or GE2 = High, VOUT = 0.5V i 

i CE1 ,2 = Low, VOUT = OV, Stored highl - 15 i 

I 

I 

Vcc= Max 

CEl or CE2 = High Vee = 5.0V 
VIN = 2.0V 

VOUT = 2.0V 

I ! 
I 

i 
I 
, 
i 

; 

0.8 

-1.2 

0.45 

-100 
40 

40 
40 
-40 
-70 

[ 120 

~ I 

2.0 

2.4 

-15 

I 
I 5 
I 

I 8 

0.8 

-1.2 

0.5 

-150 
50 

I 60 
I 60 

-60 
-85 

125 

! I 

AC ELECTRICAL CHARACTERISTICS R1 = 2700, R2 = 600!2, C l = 30pF 
N82S126A/129A: O·C :S TA:s + 75°C, 4.75V :S Vcc :S 5.25V 
S82S126A/129A: - 55°C :S TA :S + 125°C, 4.5V :S Vcc s 5.5V 

S82S126A 
PARAMETER TO FROM N82S129A N82S126A 82S129A 

Min Typs Max Min Typ5 Max Min Typ 

TAA Address access4 Output Address 17 27 . 17 30 

TCE Enable access Output Chip enable 10 20 10 20 

TCD Output disable Output Chip enable 6 15 6 15 

NOTES 3. Duration of short circuit should not exceed 1 second. 
1. Positive current is defined as into the terminal referenced.· 4. Tested at an address cycle time of 1l'sec. 
2. All voltages with respect to network ground. 5, Typical values are at V CC = 5V, T A = 25 ·C. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORM 

Max 

35 

20 

15 

UNIT 

v 

V 

J.lA 

rnA 

rnA 

pF 

UNIT 

ns 

ns 

ns 

~----------------+3.0V 

ADDRE~,1_.S_V _______________ OV 

A2 

A3 

A" 
DUT 

As 03 

"e 0" 

A7 
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VCC 

R !TCL (INCLUDES SCOPE AND 21 JIG CAPACITANCE) 

01- 04 HI·Z ------<. 
82S129A 

,._---+3.0V 

1.SV 
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BIPOLAR MEMORY DIVISION 9i!1DOliC9 

2048·BIT BIPOLAR PROM (512 x 4) 82S130A (O.C.)/82S131 A (lS.) 

DESCRIPTION FEATURES 

The -a2S130A and 82S131A are field pro- • Address access time: 
N82S130A: 33ns max 
N82S131A: 30ns max 
S82S130AJ131A: 35ns max 

grammable, which means that customer 
patterns are immediately available by fol
lowing the fusing procedure given in this 
data manual. The standard 82S130A and • 
82S131A are supplied with all outputs at • 
logical low. Outputs are programmed to a 
logic high level at any specified address 

Power dissipation: O.3mW/bit typ 
Input loading: 

by fusing a Ni-Cr link matrix. • 
• These devices include on-chip decoding 

N82S130AJ131A: -100~ max 
S82S130A/131A: -150JLA max 

On·chip address decoding 
Output options: 

82S 130A: Open collector 
82S131A: Tri·state 

• No separate fusing pins 

and 1 chip enable input for ease of mem
ory expansion. They feature either open 
collector or tri-state outputs for optimiza
tion of word expansion in bused organiza

• Unprogrammed outputs are low level 

tions. 

Both 82S130A and 82S131A devices are 
available in the commercial and military 
temperature ranges. For the commercial 
temperature range (O°C to + 75°C) specify 
N82S130A/131A, F or N, and for the mil
itary temperature range (- 55°C to 
+ 125°C) specify S82S130A/131 A, For R. 

BLOCK DIAGRAM 

A3 0 ........... - __ ' 

ADDRESS 
LINES 

AS O~--I,--_.......I 

• Fully TTL ~ompatible 

APPLICATIONS 

• Prototyping/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• Control store 
• Random logic 
• Code conversion 

32x 64 

Aoo---------~~--ir---.----r-~ 
A10------------~~1 
A2D--------------M 
A3O-------------+L~-l ____ !-~~ __ -J 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

Vcc Supply voltage +7 
VIN Input voltage +5.5 

Output voltage 
VaH High (82S130) +5.5 

I Va Off-state (82S131) I +5.5 
Temperature range 

TA Operating 
N82S130A/131A o to +75 
S82S130A/131A -55 to +125 

TSTG Storage -65 to +150 

4168 

UNIT 

Vdc 
Vdc 
Vdc 

°C 
I 

PIN CONFIGURATION 

OF = Cerdip 
N = Plastic 
R = Flat Pilk 

F,N,R PACKAGE* 

TOP VIEW 
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BIPOLAR MEMORY DIVISION !ii!lDotiC!i 

2048·BIT BIPOLAR PROM (512x4) 825130A (O.C.)/825131 A (T.5.) 

DC ELECTRICAL CHARACTERISTICS N82S130A/131A:0°C ~ TA ~ + 75°C, 4.75V ~ Vcc ~ 5.25V 
S82S130A/131A: - 55°C ~ TA ~ + 125°C; 4.5V ~ Vce ~ 5.5V 

N82S130Al131A S82S130Al131 A 
PARAMETER TEST CONDITIONS1. 2 

Min Typs Max Min Typ Max 

Input voltage 
VIL Low 0.8 0.8 

VIH High 2.0 2.0 

VIC Clamp IIN= -12mA -1.2 -1.2 

Output voltage CE = Low 

I VOL Low lOUT = 16mA 0.45 0.5 
VOH High (825131) lour=-2mA 2.4 2.4 

Input current 
III Low VIN = 0.45V -100 -150 
ItH High VIN = 5.5V 40 50 

Output current 

I 
10lK Leakage (82S130A) 

I 
CE = high. VOUT = 5.5V 

I I I 
40 

I I 
60 

loz· Hi-Z state (82S131A) CE = high, VOUT = 5.5V 40 60 
I 

CE = high, VOUT = 0.5V I -40 -60 . 
los Short circuit (82S131A)3 CE = Low, VOUT = OV, Stored high -15 -70 -15 -85 

Icc Vcc supply current Vce= Max 140 140 

I 
Capacitance CE = High. Vee = 5.0V 

CIN Input VIN = 2.0V 5 5 
COUT Output VOUT = 2.0V 8 8 

AC ELECTRICAL CHARACTERISTICS Rl = 2700, R2 = 6000, CL = 30pF 

PARAMETER TO FROM 

N825130A/131A: 0° ~ TA ~ + 75°C, 4.75V ~ Vec ~ 5.25V 
S82S130A/131 A: - 55°C ~ TA ~ + 125°C, 4.5V ~ Vcc ~ 5.SV 

S82S130A 
N82S131A N82S130A N82S131A 

I 

Min Typs Max Min Typs Max Min Typ Max 

TAA Address access4 Output Address 18 30 18 33 35 

TCE Enable access Output Chip enable 10 20 10 20 20 

TCD Output disable Output Chip enable 6 15 6 15 15 

NOTES 3. Duration of short circuit should not exceed 1 second. 
1. Positive current is defined as into the terminal referenced. 4. Tested at an address cycle time of l"sec. 
2. All voltages with respect to network ground. 5. Typical values are at V CC = 5V, T A = 25°C. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORM 

READ CYCLE 

UNIT 

V 

V 

J.LA 

J.LA 

I J.LA 

rnA 

rnA 

pF 

UNIT 

ns 

ns 

ns 

1#1 Vcc 
o 

~_---------------+3.0V 

AOORE~_1.S_V _______________ ov 

A2 

A3 
__ ---+3.0V 

OUT 

2 JIG CAPACITANCE) R 

T
CL (INCLUOESSCOPEANO 1.SV 

GNO 
01 - 04 _____ -< 
82S131A 

All inputs: tr = tf = 5ns (10% to 90%1 
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BIPOLAR MEMORY DIVISION 

2048-BIT BIPOLAR PROM (256 x 8) 

DESCRIPTION 
The 82LS135 is field-programmable, which 
means that custom patterns are immedi
ately available by following the fusing pro
cedure given in this data manual. The 
standard devices are supplied with all 
outputs at logical low. Outputs are pro
grammed to a logic high level at any 
specified address by fusing a Ni-Cr link 
matrix. 

The 82LS135 includes on-chip decoding 
and two chip enable inputs for ease of 
memory expansion, and features tri-state 
outputs for optimization of word expan
sion in bused organizations. 

The 82LS135 device is available in the 
commercial temperature range (O°C to 
75°C), and is specified as N82LS135F or N. 

BLOCK DIAGRAM 

ADDRESS 
LINES 

1:64 
DECODER 

Aoo-------------------~ 

FEATURES 
• Address access time: 1 DOns max. 
• Power dissipation:· 200ILWlbit typ 
• Input loading: -100~A max 
• Two chip enable inputs 
• On chip address decoding 
• No separate fusing pins 
• Fully TTL compatible 

APPLICATIONS 
• Prototyplng/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• 'Control store 
• Random logic 
• Code conversion 

32 )( 64 MATRIX 

1:4 1:4 1:4 1:4 1:4 1:4 1:4 1:4 
MUX MUX MUX MUX MUX MUX MUX MUX 

A1U-------------------~ 
~~~_r~~~~~~~~ 

8 TRI·STATE DRIVERS 

01 02 03 04 05 Os 07 08 

OUTPUT LINES 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Power supply voltage +7 Vdc 

VIN Input voltage +5.5 Vdc 
Output voltage Vdc 

Vo Off-state +5.5 'Vdc 
Temperature range °C 

TA Operating -40 to +85 
TSTG Storage -65 to +150 I 

4170 

Si!lDoties 
82L5135 (T .5.) 

PIN CONFIGURATION 

N= Plastic 
P=Cerdip 

F PACKAGE 

TOP VIEW 
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BIPOLAR MEMORY DIVISION 

2048-BIT BIPOLAR PROM (256 x 8) 

DC ELECTRICAL CHARACTERISTICS O°C ::; TA ::; + 75°C, 4.75V ::; Vcc ::; 5.25V 

I 

Vil 
VIH 
VIC 

VOL 
VOH 

III 
IIH 

10lK 

'OZ 

los 

IcC 

CIN 
COUT 

PARAMETER 

I nput voltage 
Low 
High 
Clamp 

Output voltage 
Low 
High 

Input current 
Low 
High 

Output current 
Leakage 

Hi-Z state 

Short circuit 3 

Vcc supply current 

Capacitance 
Input 
Output 

TEST CONDITIONS1,2 

IIN= -12mA 

lOUT = 16mA 
CE1, CE2= Low, lour = - 2mA, High stored 

VIN = 0.45V 
VIN = 5.5V 

CE1, CE2=H~gh, Vour =5.5V 
CE1 CE., = HIOh, VOUT = 0 5V 
CE~: CE; = High, Vour = 5.5V 

Vour=OV 

Vce= Max 

Vcc = S.OV CE = High 
VIN = 2.0V 

VOUT = 2.0V 

Min 

2.0 

2.4 

I I I 

1-151 

I I 
I 

LIMITS 

Typ5 

80 

5 
8 

SjglltilS 

82L5135 (T .5.) 

UNIT 
Max 

V 
.80 

-1.2 

V 
.50 

}.J.A 
-100 
40 

I 40 I }.J.A 
J.!.A 

mA 

mA 

I ! 

pF 

AC ELECTRICAL CHARACTERISTICS R1 = 10 kO, R2 = 20 kO, Cl = 90 pF, O°C ::; TA ::; + 75°C, 4.75V ::; Vcc ::; 5.25V 

PARAMETER TO 

Access time 
TAA4 Output 
TCE Output 

TCD Disable time Output 

NOTES 
1. Positive current is defined as into the terminal referenced. 
2. All voltages with respect to network ground.' 
3. Duration of short circuit should not exceed 1 second. 

TEST LOAD CIRCUIT 

VCC 

:::l~ vL I 
A2 

A3 

A4 OUT 
AS 

~ Os 

GND 

@ Ie MASTER 1884 

VCC 

Ri Cl 

2 (lNClUOESSCOPEANO 
JIG CAPACITANCE) 

LIMITS 
FROM UNIT 

Min Typ5 Max 

ns 
Address 70 100 

Chip enable 30 50 

Chip disable 30 50 ns 

4. Tested at an address cycle time of 1/lsec. 
5. Typical values are at V CC = 5V. T A = 25°C. 

VOLTAGE WAVEFORM 

II ADDR~-1.SV __ +~vl 
--'\~ _______________________________ OV 

CE1. CE2 
CHIP ENABLE 

4171 

fJ) 
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0) 
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BIPOLAR MEMORY DIVISION 

4096-BII BIPOLAR PROM (1024x4) 

DESCRIPTION FEATURES 
• Address access time: 

N825137A: 45ns max 
N825137B: 35ns max 
5825137A: 70ns max 

The 82S137 is field programmable, which 
means that custom patterns are immedi
ately available by following the fusing pro
cedure given in this data manual. The 
82S137 is supplied with all outputs at 
logical low. Outputs are programmed to a 
logic high level at any specified address 
by fusing a Ni-Cr link matrix. 

• Power dissipation: 13mW/bit typ 
• Input loading: 

N825137: -100~ max 
5825137: -150~ max 

• On-Chip address decoding 
• No separate fusing pins 

These devices include on-chip decoding 
and 2 chip enable inputs for ease of mem
ory expansion. They feature tri-state out
puts for optimization of word expansion in 
bused organizations. 

• Unprogrammed outputs are low level 

The 82S137 device is available in the com
mercial and military temperature ranges. 
For the commercial temperature range 
(O°C to + 75°C) specify N82S137AF or N, 
or N82S137BF or N, and for the military 
temperature range (- 55°C to + 125°C) 
specify S82S137AF or R. 

BLOCK DIAGRAM 

ADDRESS 
LINES 

• Fully TIL compatible 

Aoo--------------r~-,-----r_--_r---., 
A1o-------------~ 
A2o-------------~ 
A3O-------------~~~l-~-L~--L-~ 

01 02 03 04 

OUTPUT LINES 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING 

Vee Supply voltage +7 
VIN Input voltage +5.5 

Output voltage 
Vo Off-state +5.5 

Temperature range 
TA Operating 

N825137 o to +75 
S82S137 -55 to +125 

TSTG Storage -65 to +150 

4172 

UNIT 

Vdc 
Vdc 
Vdc 

°e 

lijgDltiCIi 

825137 A/82S137B (1.5.) 

PIN CONFIGURATION 

'F "' Cerdip 

N = Plastic 
R = Flat Pak 

F,N,R PACKAGE· 

TOP VIEW 
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BIPOLAR MEMORY DIVISION 

4096-Bll BIPOLAR PROM (1024x4) 825137 Al82S1378 (1.5.) 

DC ELECTRICAL CHARACTERISTICS N82S137A/N82S137B: ooe !s,; T A !S,;2 '75°C, 4.75V !S,; Vee !S,; 5.25V 
S82S137A: - 55°C !S,; TA !S,; + 125°C, 4.5V !S,; Vee !S,; 5.5V 

I 

VIL 
VIH 
VIC 

VOL 
VOH 

IlL 
IIH 

lOS 

ICC 

CIN 
COUT 

PARAMETER 

Input voltage 
Low 
High 
Clamp 

Output voltage 
Low 
High 

Ihput current 
Low 
High 

Output current 

Hi-Z state 

Short eireuit3 

V CC supply current 

Capacitance 
Input 
Output 

rEST CONDITIONS1
,2 

liN = -12mA 

CEt,2 = Low 
lOUT = 16mA 
lOUt = -2mA 

VIN = 0.45V 
VIN = 5:5V 

GE1,2 = H!gh, VOUT = 0.5V 
I CE1.2 = High. VOUT = 5.5V 

CE1.2 = Low. VOUT == OV, 
Stored High 

. Vcc= Max 

CE1.2 = High. VCC = 5.0V 

I VIN = 2.0V 

I VOUT = 2.0V 

N82S137 AlN82S131B S82S137A 

Min Typ5 Max Min Typ 

0.8 

2.0 2.0 
-0.8 ....;.1.2 

0.45 
2.4 2.4 

-100 
40 

40 
-40 .1 

-15 -70 -15 

85 140 

I 5 

! ! 
5 

I 8 8 

AC ELECTRICAL CHARACTERISTICS R1 = 2700, R2 = 6000, CL = 30pF 
N82S137A/N82S137B: O°C !S,; TA !S,; + 75°C, 4.75V !S,; Vcc !S,; 5.25V 
S82S137A: - 55°C !S,; T A !S,; + 125°C, 4.5V :s Vcc!S,; 5.5V 

Max 

0.8 

-1.2 

0.5 

-150 
50 

-60 

-85 

150 

PARAMETER 
N82S137A N82S137B 582S137A 

TO FROM 
Min Typ5 Max Min Typ Max Min Typ Max 

TAA 4 Output Address 35 45 30 35 70 

TCE 
Access time 

Output Chip enable 15 30 25 40 

TCD Disable time Output Chip disable 15 30 25 40 

NOTES 
1. Positive current is defined as into the terminal referenced. 
2. All voltages with respect to network ground. 
3. Duration of short circuit should not exceed 1 second.' 
4. Tested at an address cycle time of 1/Lsec. 
5. Typical values are at VCC=5V, TA=25°C. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORM 

UNIT' 

V 

V 

itA 

itA 

rnA 

rnA 

pF 

I 

UNIT 

ns 

ns 

Vce 
? 

.30Y I I'DORE~'-"5V--------
OV 

+3.0V 

All inputs: tr= tf = 5ns (10% to 90%) 
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BIPOLAR MEMORY DIVISION 

4096-BIT BIPOLAR PROM (512 x 8) 

DESCRIPTION 
The 82S147 A is field-programmable, which 
means that custom patterns are immedi
ately available by following the fusing pro
cedure given in this data manual. The 
standard devices are supplied with a/l out
puts at logical low. Outputs are program
med to a logic high level at any specified 
address by fusing a Ni-Cr link matrix. 

The 82S147A includes on-chip decoding 
and one chip enable input for ease of 
memory expansion, and features tri-state 
outputs for optimization of word expan
sion in bused organizations. 

The 82S147A device is available in the com
mercial temperature range (O°C to + 75°C), 
and is specified as N82S147A, For N. 

BLOCK DIAGRAM 

ADDRESS 
LINES 

1:64 
DECODER 

A8o-~------L-__ -J 

AOO~------------------_I 

FEATURES 
• Address access time: 45ns max 
• Power dissipation: 853mW max 
• Input loading: -100~A max 
• One chip enable input 
• On chip address decoding 
• No separate fusing pins 
• Fully TTL compatible 

. APPLICATIONS 
• Prototyping/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• Control store 
• Random logic 
• Code conversion 

64 x 64 MATRIX 

1:8 1:8 1:8 1:8 1:8 1:8 1:8 1:8 
A1 O-------------------IMUX MUX MUX MUX MUX MUX MUX MUX 

8 THREE·STATE DRIVERS 

01 O2 03 04 05 Os 07 Os 
OUTPUT LINES 

~ ABSOLUTE MAXIMUM RATINGS 
+:: 
Q) 
c: PARAMETER RATING UNIT 

.~ 
en 

4174 

Vcc 
VIN 

Va 

TA 
TSTG 

Power supply voltage 
Input voltage 
Output voltage 

Off-state 
Temperature range 

Operating 
Storage 

+7 Vdc 

+5.5 Vdc 
Vdc 

+5.5 Vdc 
°C 

o to +75 
-65 to +150 

Smnotics 
825147 A (T .5.) 

PIN CONFIGURATION 

F,N PACKAGE 

Vcc 

As 

A7 

AS 

AS 

08 

07 

Os 

05 
F=Cerdip 

N = Plastic TOP VIEW 
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BIPOLAR MEMORY DIVISION 

4096·BIT BIPOLAR PROM (512 x 8) 

DC ELECTRICAL CHARACTERISTICS N82S147A:0°C :::;TA :::; +75°C,4.75V:::; Vee:::; 5.25V 
S82S1~7: - 55°C:::; TA :::; + 125°C, 4.5V :::; Vee:::; 5.5V 

9i!1DOliCii 
825147 A (T .5.) 

PARAMETER TEST CONDITION1, 2 
N82S147A S82S147A 

UNIT 
Min Typ5 Max Min Typ 

Input voltage 
VIL Low 0.8 
VIH High 2.0 2.0 
Vie Clamp IIN= -12mA -0.8 -1.2 

Output voltage CE= Low 
VOL Low louT=9.6mA 0.45 
VOH High lOUT = -2mA 2.4 2.4 

Input current 
IlL Low VIN = 0.45V -100 
IIH High VIN = 5.5V 40 

I 
Output current 

1= "'-h" "V 
I I I I I I 

loz Hi-Z siaie I An I ! vI:. = nlg 1, VOUT = 0.0 I <tv I I 
CE = High, VOUT = 0.5V -40 

los Short circuit3 CE = Low, VOUT = OV -15 -70 -15 

Icc Vee supply current Vee= Max 125 155 

Capacitance CE = High, Vee = 5.0V 
CIN Input VIN = 2.0V 5 I I I 5 

I COUT Output VOUT= 2.0V 8 I I I 8 

AC ELECTRICAL CHARACTERISTICS R1 = 470~l, R2 = 1kU, CL = 30pF 
N82S147A: O°C:::;TA:::; + 75°C, 4.75V:::;Vcc $5.25V 
S82S147A: -55°C:::;TA:::; +125°C, 4.5V$Vcc $5.5V 

PARAMETER TO FROM 
N82S147A S82S147A 

Min Typ5 Max Min Typ 

Access time 
TAA 4 Output Address 45 45 
TeE Output Chip enable 20 30 

Disable time 
TeD Output Chip disa~le 20 30 

NOTES 
1. Positive current is defined as into the terminal referenced. 4. Tested at an address cycle time of 1,..sec. 
2. All voltages with respect to network ground. 5. Typical values are at Vee = 5V, T A = 25 ·e. 
3. Duration of short circuit should not exceed 1 second. 

TEST LOAD CIRCUIT VOLTAGE WAVEFORM 

Max 

V 
0.8 

-1.2 

V 
0.5 

J1.A 
-150 

50 

I-eo I 
I .. 11 
I fA""" 

60 J1.A 
-85 mA 

165 mA 

pF 

Max 
UNIT 

ns 
60 
35 

ns 
35 

Vee 

1 II ---+,..1 AO Vee 

OUT 

GND 
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CL (INCLUDES SCOPE & ., ~ I JIG CAPACITANCE) 
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BIPOLAR MEMORY DIVISION 

8192-Bll BIPOLAR PROM (1024x8) 

DESCRIPTION 

The 828181 is field-programmable, which 
means that custom patterns are immedi
ately available by following the fusing pro
cedure given in this data manual. The 
828181 is supplied with all outputs at 
logical low. Outputs are programmed to a 
logic high level at any specified address 
by fusing a Ni-Cr link matrix. 

This device includes on-chip decoding and 
4 chip enable inputs for ease of memory 
expansion. It features 2 tri-state outputs 
for optimization of word expansion in bus
e.d organizations. 

The 828181 is available in both the com
mercial and military temperature ranges. 
For the commercial temperature range 
(DOC to + 75°C) specify N828181AF or N 
or N828181 BF or N, and for the military 
temperature range (- 55°C to + 125°C) 
specify 8828181A, R, F, G. 

BLOCK DIAGRAM 

I 
I 

ADDRESS LINES I 

I 

1:84 
DECODER 

A90-~----~~ ____ ~ 

FEATURES 
• Address access time: 

N82S181A: 55ns max 
N82S181 B: 45ns max 
S82S181A: 80ns max 

• Power dissipation: 76/LW/bit typ 
• Input loading: 

N82S181: -100~ max 
S82S181: -150~ max 

• On-chip address decoding 
• Output: 

82S181: tri·state 
• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

APPLICATIONS 
• Prototyping/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• Control store 
• Random logic 
• Code conversion 

64X128 MATRIX 

AOo-------------------~~,--,~-r----r_~----~~~~ 

A1 0-------------------.. 1:16 1:16 1:16 1:16 1:16 1:16 1:16 1:16 
A2 MUX MUX MUX MUX MUX MUX MUX MUX 

A3 O-------------------~ __ ~~~_L __ ~~ __ ~~~~ 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER 

Vee Supply voltage 

VIN Input voltage 

Output voltage 
Vo Off-state 

Temperature range 
TA Operating 

N828181 
8828181 

TSTG 8torage 

4176 

8 TRI·STATE DRIVERS 

01 02 03 04 05 06 07 08 

OUTPUT LINES 

RATING UNIT 

+7 Vdc 
+5.5 Vdc 

Vdc 
+5.5 

°C 

o to +75 

I 
-55 to +125 

I 

-65 to +150 

!ii!lDDliG!i 

82S181A/82S1818 (T.S.) 

PIN CONFIGURATION 

F,N,R PACKAGE· 

·F = Cerdip 
N = Plastic TOP VIEW 
R = Flat Pak 

GPACKAGE 

0 1 NC AO A2 A3 

G = Leadless 
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BIPOLAR MEMORY DIVISION 
GRlltleG 

8192-BIT BIPOLAR PROM (1 024x 8) 825181 A/825181 B (T .5.) 

DC ELECTRICAL CHARA'CTERISTICS N82S181A/N82S181B: O°C ~ TA ~ + 75°C, 4.75V ~ Vee ~ 5.25V 
S82S181A: - 55°C ~ TA -~ + 12qoC, 4.5V ~ Vee ~ 5.5V 

N82S181A1N82S181B S82S181A 
PARAMETER TEST CONDITIONS1,2 UNIT 

Min Typ5 Max Min Typ Max 

Input voltage V 
VIL Low 0.8 0.8 
VIH High 2.0 2.0 
Vie Clamp IIN= -12mA -0.8 -1.2 -1.2 

Output voltage CE1,2 = Low, CEJ.4 = High V 

VOL Low lOUT = 9.6mA 0.45 0.5 
VOH High lOUT == -2mA 2.4 2.4 

Input current 

I 
J,JA 

IlL Low VIN = O.45V I I -100 I I I 
-150 J IIH High VIN = 5.5V 40 50 

Output current 

loz Hi-Z state CE1,2 = High, CE3.4 = Low, VOUT = 5.5V 40 60 J,JA 
CE1.2 = High, CE3.4 = Low, VOUT = 0.5V -40 1- 60 J,JA 

los Short circuit3 CE1.2 = Low, CE3.4 = High, VOUT = OV -15 -70 -15 -85 mA 
High Stored 

Icc Vee supply current Vee= Max 125 175 185 mA 

Capacitance CE1.2 = High, Vee = 5.0V 

I I 
.pF 

CIN Input VIN = 2.0V 5 5 
COUT Output VOUT = 2.0V 8 8 

AC ELECTRICAL CHARACTERiStiCS R1 = 4700, R2 = 1kO, CL = 30pF 
N82S181A1N82S181B: O°C ~ TA ~ + 75°C, 4.75V ~ Vee ~ 5.25V 

S82S181A: - 55°C ~ T A ~ + 125°C, 4.5V ~ Vee :S5.5V . 

PARAMETER TO FROM 
N82S181A N82S181B S82S181A 

UNIT 
Min Typ5 Max Min Typ Max Min Typ Max 

TAA 4 Output Address 45 55 45 80 

TeE 
Access time 

Output Chip enable 20 35 30 45 
ns 

Teo Disable time Output Chip disable 20 35 30 45 ns en 
o 

NOTES +J 

1. Positive current is defined as into the terminal referenced. Q) 
2. All voltages with respect to network ground. C 
3. Duration of short circuit should not exceed 1 second. 0') 
4. Tested at an address cycle time of 1"sec. en 
5. Typical valueS are at Vee = 5V t T A = 25 ~c. 
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BIPOLAR MEMORY DIVISION 

8192-BIT BIPOLAR PROM (2048X4) 

DESCRIPTION 
The 82S185 is field programmable, which 
means that custom patterns are immedi
ately available by following the fusing pro
cedure given in this data manual. The 
standard 82S185 is supplied with all out
puts at logical low. Outputs are program
med to a logic high level at any specified 
address by fusing a Ni-Cr link matrix. 

This device includes on-Chip decoding and 
1 chip enable input for memory expansion. 
It features tri-state outputs for optim
ization of word expansion in bused 
organizations. 

The 82S185 device is available in the com
mercial and military temperature ranges. 
For the commercial temperature range 
(O°C to + 75°C) specify N82S185A, F, N or 

FEATURES 
• Low power dissipation: 70/LW/bit typ 
• Address access time: 

N828185A: 50ns max 
N828185B: 45ns max 
8828185 A: 80ns max 

• Input loading: 
N828185: -100/LA max 
8828185: -150~ max 

• On-chip address decoding 
• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

N82S185B, F, or N, and for the military ABSOLUTE MAXIMUM RATINGS 
temperature range (- 55°C to + 125°C) 
specify S82S185A, For R. PARAMETER 

Vce Supply voltage 
V,N Input voltage 

Output voltage 

Vo Off-state 

Temperature range 
TA Operating 

N82S185 
S82S185 

TSTG Storage 

BLOCK DIAGRAM 

ADDRESS 
LINES 

A10 O~--lio--_---" 

9(gIOliC9 

82S185A/82S185B (T .S.) 

F,N,R PACKAGE 

TOP VIEW 
F = Cerdip 
N= Plastic R = Flat Pak 

RATING UNIT 

+7 Vdc 
+5.5 Vdc 

Vdc 
+5.5 

°C 

o to +75 
-55 to +125 

I -65 to +150 

l 
64)( 128 MATRIX 

AOo-~-----------r~-'--r--lr-" 

CE1 

OUPTUT LINES 

4178 © Ie MASTER 1984 



BIPOLAR MEMORY DIVISION 9!lotiC9 

8192-BIT BIPOLAR PROM (2048X4) 825185A/825185B (T .5.) 

DC ELECTRICAL CHARACTERISTICS N82S185A/N82S185B: O°C ~ TA ~ + 75°C, 4.75V ~ Vee ~ 5.25V 
882S185A: - 55°C ~ TA ~ + 125°C, 4.5V :5 Vee ~ 5.5V 

PARAMETER TEST CONDITIONS',2 
N82S185A1B 582S185A 

Min Typ5 Max Min Typ 

Input voltage 
VIL Low 0.8 
VIH High 2.0 2.0 
Vie Clamp IIN= -12mA -0.8 -1.2 

Output voltage CE = Low 
VOL Low lOUT = 16mA 0.45 
VOH High lOUT = -2mA 2.4 2.4 

Input current 

Max 

0.8 

-1.2 

0.5 

ilL Low VIW':: 0.45V -100 -150 
.IIH High VIN = 5.5V 40 50 

Output current I I 
loz Hi-Z state 

i 
CE = High. VOUT = 0.5V 

I I I 

I I 
-40 

I I 
-60 

CE = High. VOUT = 5.5V 40 60 
ios Shari circuii 3 1 

CE = Low. VOUT = OV High Stoied 11:1 1 -70 i 15 , ~85 - Iv I I 
lee Vee supply current Vee= Max i I 110 155 I ! 160 

Capacitance CE = High. Vee = 5.0V I I i i i I 
I I I I 

I 
I CIN Input VIN = 2.0V 5 I 

i 
5 

COUT Output VOUT = 2.0V I I 8 I 8 I 

AC ELECTRICAL CHARACTERISTICS R, = 270n, R2= 600n, C L = 30pF 
N82S185A/N82S185B: O°C ~ T A ~ + 75°C, 4.75V :5 Vee :5 5.25V 

882S185A: -55°C:5 TA :5 + 125°C, 4.5V :5 Vee :5 5.5V 

N82S185B 582S185A 

UNIT 

V 

V 

p.A 

p.A 

mA 
i mA I 

pF 

I 

N82S185A 
PARAMETER TO FROM UNIT 

Min Typ5 Max Min Typ Max Min Typ Max 

Access time ns 

TAA 4 Output Address 40 50 45 80 

TeE Output Chip enable 20 30 25 40 

Disable time ns 

TCD Output Chip disable 20 30 25 40 

NOTES 
,. Positive current is defined as into the terminal referenced. 4. Tested at an address cycle time of 1!,sec. 
2. All voltages with respect to network ground. 5. Typical values are at Vee = 5V. T A = 25°e 
3. Duration of short circuit should not exceed 1 second. 

TEST LOAD CIRCUIT VOL TAGEWAVEFORM 

Vcc 

1 ~'-----------~----------+3.0V 

A~Jf<_·5_V ____________________ Oii 

@ Ie MASTER 1984 

(INCLUDES 
R1 SCOPE & JIG 

CAPACITANCE) 

CE 

CHIP ENABtE 

All inputs: tr = tf = 5ns (10"10 to 90%) 

_----+3.0V 

OV 
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16,384-BIT BIPOLAR PROM (2048 x 8) 825191 A (T .5.) 

DESCRIPTION 
The 828191 is field programmable, which 
means that custom patterns are immedi
ately available by following the fusing pro
cedure given in this data manual. The 
828191 is supplied with all outputs at a 
logical low. Outputs are programmed to a 
logic high level at any specified address 
by fusing a Ni-Cr link matrix. 

This device includes on-chip decoding and 
3 chip enable inputs for ease of memory 
expansion. It features tri-state outputs for 
optimization of word expansion in bused 
organizations. 

The 828191 device is available in the com
mercial and military temperature ranges. 
For the commercial temperature range 
(O°C to + 75°C) specify N828191A, For N, 
and for the military temperature range 
(- 55°C to + 125°C) specify 8828191A, F, 
R or G. 

FEATURES 
• Address access time: 

N82S191 A: 55ns max 
S82S181A: 70ns max 

• Power dissipation: 4014W/bit typ 
• 'nput loading: 

N82S191A: -100~ max 
S82S191A: -150~ max 

• 3 chip enable inputs 
• Oo-chip address decoding 
• No separate fusing pins 
• Unprogrammed outputs are low level 
• Fully TTL compatible 

APPLICATIONS 
• Prototyping/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
• Control store 
• Random logic 
• Code conversion 

4180 

PIN CONFIGURATIONS 

G PACKAGE 

07 08 NC CE3 CE2 CE1 A10 

TOP VIEW 

G = Leadless 

BLOCK DIAGRAM 

ADDRESS 
LINES 

1:128 
DECODER 

A10 n------......... __ ... 

Aoo----------... 

F, N, R PACKAGE 

F = Cerdip TOP VIEW 
R=Flat Pak 
N = Power Plastic 

128)( 128 
MATRIX 

A1 1:16 1:16 1:16 1:16 1:16 1:16 1:16 1:16 
A2 MUX MUX MUX MUX MUX MUX MUX MUX 

A3~--------------------"~~~~~~~~~~~~~~ 

eE1 o---.......ar--~ 
CE2 1-------------1 8 TRI-STATE DRIVERS 
CE3 o---~L_~ 

01 02 03 04 Os 0 6 07 08 

OUTPUT LINES 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee 8upply voltage +7 Vdc 
V,N Input voltage +5.5 Vdc 

Output voltage Vdc 
Va Off-state +5.5 

Temperature range °C 
TA Operating 

N828191 o to +75 
8828191 -55 to +125 

TSTG 8torage -65 to +150 

@ Ie MASTER 1984 
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16,384-BIT BIPOLAR PROM (2048 x 8) 825191 A (T .S.) 

DC ELECTRICAL CHARACtERISTICS N82S191A: O°C s T A S + 75°C, 4.75V S Vee S 5.25\1 
S82S191A: -55°C S TA S + 125°C,4.5V S Vee S 5.5V 

TEST CONDITIONS1,2 
N82S191A S82S191A 

PARAMETER 
Min Typ5 Max Min Typ5 

Input voltage 
Vil Low I 0.8 

VIH High 2.0 I 2.0 
Vie Clamp 'IN= -12mA -0.8 i -1.2 

Output voltage CE, = Low, CE2.3 = High 1 
VOL Low I.oUT = 9.6mA • I 0.45 
VOH High 

I 

lOUT = -2mA 2.4 2.4 

Input current 
I I I 

Max 
UNIT 

V 
0.8 

-1.2 

I 
V 

0.5 

/-LA 
Low 
High 

Outout current 

I VI N = 0.45V 
VIN = 5.SV 

I -150 -100 
40 I 50 I .. A I 

I I 

I 

j 
'oz Hi-Z state CE, = High, CE2.3 = Low, 

I 
-40 

VOUT = 0.5 
CE, = HigH, CE2.3 = Low, 40 

VOUT = 5.5 I 
I 

los Short eireuit3 CE1 = Low, CE2.3 = High, -15 -70 I -15 
VOUT = OV 

Ice Vee supply current Vee = Max 130 175 

Capacitance 

I I 
I 

I 

Vee = 5.0V 
GIN Input VIN = 2.0V ! 5 i 

-GOUT Output VOUT 2.0V 8 

AC ELECTRICAL CHARACTERISTICS R, = 4700, R2 = 1 kO; CL = 30pF 
N82S191A: O°C :S TA S + 75°C, 4.75V S Vee S 5.25V 
S82S191A: - 55°G S TA S + 125°G, 4.5V S Vee S 5.5V 

I I ! 
5 
8 

N82S191A S82S191A 
PARAMETER TO FROM Typ5 Min Min Max Typ 

Access time 

TAA 4 Output Address 40 55 
TCE Output Chip enable 20 30 

Disable time 
TCD Output Chip disable 20 30 

NOTES: 
1. Positive current is defined as into the terminal referenced. 4. Tested at an address cycle time of 1!,sec. 
2. All voltages with respect to network ground. 
3. Duration of short circuit should not exceed 1 second. 

5. Typical values are at vee = 5V. TA = 2SoC. 

@ IC MASTER 1984 
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-60 

I 60 

-85 mA 

185 rnA 

I 
pF 

I 

UNIT 
Max 

ns 
70 I 35 

ns 
35 
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BIPOLAR MEMORY DIVISION 

16,384-BIIBIPOLAR PROM (4096x4) 

Advance Information 

·DESCRIPTION FEATURES 
The 82HS195 is field programmable, which 
means that custom patterns are immedi
ately available by following the Generic II 
fusing procedure. The standard 82HS195 
is supplied with all outputs at logical high. 
Outputs are programmed to a logic low 
level at any specified address by fusing a 
programmable matrix. 

• Low power dissipation: 35p'w/bit typ 
• Address access time: 

N82HS195: 30ns max 
882HS195: 40 ns max 

'. Input loading: 
N82HS195: -100JLA max 
882HS195: -150JLA max 

• On-chip address decoding 
• No separate fusing pins 

Unprogrammed outputs are high level 
Fully TTL compatible 

This device includes on-chip decoding and 
2 chip enable inputs for memory expan- • 
sion. It features tri·state outputs· for. • 
optimization of word expansion in bused 
organizations. 

The 82HS195 device is available in the 
commercial and military temperature 
ranges. For the commercial temperature 
range (O°C to + 75°C) specify N82S195, F 
or N, and for the military temperature 
range (-55°C to + 125°C) specify 
S82S195, F. 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
VIN Input voltage 

Output voltage 
Vo Off-state 

Temperature range 
TA Operating 

N82HS195 
S82HS195 

TSTG Storage 

BLOCK DIAGRAM 

ADDRESS 
LINES 

RATING 

+7 . 
+5.5 

+5.5 

o to +75 
-55 to +125 
-65 to +150 

A7o-------------.r~_,----r_--ir--~ 

OUTPUT LINES 

4182 

UNIT 

Vdc 
Vdc 
Vdc 

°C 
I 
I 

!ijgIDtiC!i 

82H5195(T .5.) 

PIN CONFIGURATION 

F=Cerdip 
N= Plastic 

F,NPACKAGE 

TOP VIEW 

© Ie MASTER 1984 



BIPOLAR MEMORY DIVISION 911DtiC9 

16,384-BIT BIPOLAR PROM (4096X4) 82H5195(T .5.) 

Advance Information 

DC ELECTRICAL CHARACTERISTICS N82HS195: O°C S TA S + 75°C, 4.75V S Vees 5.25V 
S82HS195: - 55°C :S TA :S + 125°C, 4.5V :S Vee :S 5.5V 

PARAMETER TEST CONDITIONS1.2 
N82HS195 

Min Typ5 Max Min 

Input voltage1 

VIL Low 0.8 
VIH High 2.0 2.0 
VIC Clamp IIN= -12mA -0.8 -1.2 

Output voltage 1 CE1 & CE2 = Low 
VOL Low lOUT = 16mA 0.45 

S82HS195 

Typ Max 

0.8 

-1.2 

0.5 
VOH High lOUT: -2mA 2.4 2.4 I 

Input current 
IlL Low 
IIH High 

Output current 

loz Hi-Z state 

VIN= 0.45V 
VIN = 5.5V 

- -
CE1 & CE2= High, VOUT= 0.5V 
CE1 & CE2= High, VOUT= 5.5V 

-100 
40 

-40 
40 

-150 
50 

-60 
60 

los Short circuit 3 CE1 & CE2= Low, VOUT=OV High Stored -15 I -70 I -15 I I -85 

Icc Vcc supply current Vec= Max 110 I 155 

Capacitance CE1 & CE2 = High, Vcc =5.0V 

I 
CIN Input VIN=2.0V 5 
COUT Output VouT=2.0V 8 

AC ELECTRICAL CHARACTERISTICS R1 = 2700, R2 = 6000, CL = 30pF 
N82HS195: O°C s TA :S + 75°C, 4.75V :S Vee S 5.25V 
S82HS195: - 55°C :S T A :S + 125°C, 4.5V :S Vce:S 5.5V 

N82HS195 
PARAMETER TO FROM 

Min Typ5 Max 

Access time 
TAA4 Output 
TCE Output 

Disable time 
TCD. Output 

NOTES 

1. All voltage values are with respect to network ground terminal. 
2. Positive current is defined as into the terminal referenced. 
3. Duration of the short circuit should not exceed 1 second. 

TEST LOAD CIRCUIT 

~~ vt I 
"'2 
A3 

A4 

As 
A6 

A7 

AS 

Vcc 

Address 25 
Chip enable 20 

Chip disable 20 

4. Tested at an address cycle time of 1fJsec. 
5. All typical values are at Vee = 5V. TA = 25°C. 

VOLTAGE WAVEFORM 

II 

Ag OUT 
Os 

A10 R2I:~CLUDEs SCOPE AND 
JIG CAPACITANCE) 

-=- All inputs: Ir = II = 5ns (10% to 90%) 

@ JC MASTER 1984 

30 
20 

20 

Min 

165 

5 
8 

S82HS195 

Typ Max 

40 
25 

25 

UNIT 

V 

V 

I 
f.J.A 

rnA 

rnA 

pF 

UNIT 

ns 

ns 

+J 
ov 

+3.0V 

OV 

VOL 
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BIPOLAR MEMORY DIVISION 

32,768-BIT BIPOLAR PROM (4096x8) 

,wn"Jieteiij 

DESCRIPTION 
The 82HS321 is field programmable, which 
means that custom patterns are immedi
ately available by following the Generic II 
fusing procedure. The 82HS321 is sup
plied with all outputs at a logical high. 
Outputs are programmed to a logic low 
level at any specified address by fusing a 
programmable matrix . 

. This device includes on-chip decoding and 
2 chip enable inputs for ease of memory 
expansion. It features tri-state outputs for 
optimization of word expansion in bused 
organizations. 

The 82HS321 device is available in the 
commercial and military ranges. For the 
commercial temperature range (O°C to 
+ 75°C) specify N82HS321, F, N, and for 
the military temperature range (- 55°C to 
+ 125°C) specify S82HS321, F, R or G. 

FEATURES 
e Address access time: 

N82HS321: 45ns max 
S82HS321: 60ns max 

• Power dissipation: 20JLW/bit typ 
• Input loading: 

N82HS321: -100JLA max 
882HS321: -150~ max 

• 2 chip enable inputs 
~ On-chip address decoding 
• No separate fusing pins 
• Unprogrammed outputs are high level 
• Fully TTL compatible 

APPLICATIONS 
• Prototyping/volume production 
• Sequential controllers 
• Microprogramming 
• Hardwired algorithms 
e Control store 
• Random logic 
• Code conversion 

4184 

PIN CONFIGURATIONS 

G PACKAGE 

0-, 08 NC CE2 A11 CE1 A10 

TOP VIEW 

G= Leadless 

BLOCK DIAGRAM 

ADDRESS 
LINES 

("\ -

~ 

,.... 
;::: 
~ 
;:;: 
;::: 
" 

9-6-

I 
I 
I 
I 

] 

1:128 
DECODER 

r--
f 
I 
I 
I 
I 

r--

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
VIN Input voltage 

Output voltage 
Va Off-state 

Temperature range 
TA Operating 

N82HS321 
S82HS321 

TSTG' Storage 

Ii!!lDOliCIi 

82H5321 (T .5.) 

F, N, R PACKAGE 

F = Cerdip TOP VIEW 
R= Flat Pak 
N = Power Plastic 

128 x 256 
MATRIX 

1-------------1 
1:32 1:32 1:32 1:32 1:32 1:32 1:32 1:32 
MUX MUX MUX MUX MUX MUX MUX MUX 

I I 1 ! I ! ! ! 
8 TRI·STATE DRIVERS 

! ! ! ! l ! ! ! 
01 02 03 04 0S 06 07 08 

OUTPUT LINES 

RATING UNIT 

+7 Vdc 
+5.5 Vdc 

Vdc 

I 
+5.5 

°C 

o to +75 
-55 to +125 

-65 to +150 

@) Ie MASTER 1984 
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BIPOLAR MEMORY DIVISION 

32,768-BIT BIPOLAR PROM (4096 x 8) 

'Wii"li.teilj 

DC ELECTRICAL CHARACTERISTICS N828321: O°C:S TA:S +75°C, 4.75V:S Vee ~ 5.25V 

8828321: -55°C :STA:S +125°C, 4.5V:S Vee:S 5.5V 

VIL 
VIH 
Vie 

VOL 
VOH 

IIH 

loz 

PARAMETER 

Input voltage 
Low 
High 
Clamp 

Output vol~age 
Low 

Input current 
Low 
High 

Output current 

Hi-Z state 

TEST CONDITIONS1, 2 

'IN= -12mA 

CE1 = Low, CE2 = High 

I lOUT = 9.6mA 
-lOUT - -2m A 

VIN = 0.45V 

I VIN =5.5V 

I 
! 
! CE1 = High, CE2 = Low, 

VOUT = 0.5 
CE1 = High, CE2 = Low. 

VOUT = 5.5 

N82S321 

Min TypS Max 

0.8 
2.0 i 

-0.8 -1.2 I 

I 

I I 0.45 

I i 40 
I 

1 I 
I 

I 

-40 

40 

Min 

2.0 

los 8hort eircuit3 CE1 = Low, CE2 = High, -15 -70 -15 
VOUT = OV I 

i lee Vee supply current I Vee= Max 130. I I 
175 

I C~pacitance I CE1 = High, CE2 = Low, 1 
I 

Vee = 5.0V 
I 

I 
I 

I 

I 
I I CIN Input I VIN = 2.0V 5 

I 
COUT Output VOUT = 2.0V 8 

I 
! 

I i 

AC ELECTRICAL CHARACTERISTICS R1 = 470n, R2 = 1kn, CL = 30pF 

PARAMETER TO 

Access time 
TAA 4 Output 
TeE Output 

! 
Disable time 

I 
TCD Output 

NOTES 
1. Positive current is defined as into the terminal referenced .. 
2. All voltages with respect to network ground. 
3. Duration of short circuit should not exceed 1 second. 

© IC MASTER 1984 

N828321: O°C:S T A :S +75°C, 4.75V :S Vee :S 5.25V 

8828321: -55°C:S TA:S +125°C, 4.5V:S Vee:S 5.5V 

N82S321 
FROM 

Typs Min Max 

Address 35 
Chip enable 25 

Chip disable 25 

Min 

4. Tested at an address cycle time of 1!,sec. 
5. Typical values are at V CC = 5V, T A = 25 ·C. 

82HS321 (T ~S.) 

S82S321 

Typ Max 
UNIT 

V 
0.8 

-1.2 

V 
0.5 

I I 
50 

I 
I I I JlA 

I I I I I 

I I -60 
i 
I 

I t 
60 

I I I -85 mA 
I I 

I 
I 

185 I mA I 

I 
I 

pF I I 
I I 

I 

I 5 I 
I 

8 

I I 

S828321 

Typ Max 
UNIT 

ns 
60 
30 

ns 
30 
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MOS MEMORY DIVISION 

65.536-BIT CMOS EPROM (8192 x 8) 

Advance Information 

DESCRIPTION FEATURES 
The Signetics 27C64 EPROM is a static 
complementary MOS (CMOS) 5V oniy, 
65,536·bit electrically programmable and 
ultraviolet light erasable read only 
memory, organized as 8192 words by 8 
bits. 

• Low CMOS power consumption -
5p.W typo (standby or quiescent active) 
25mW typo (active) 

• 200ns access time 
• TTL compatible 
• Single + 5V power supply 

The 27C64 has a separate Output E!1able 
control (<3) from the Chip Enable Control 
(E), in order to eliminate bus contention in 
multiple bus systems. 

• Industry standard pinout 
• Three·state outputs 
• Two line controls 
• Fast programming 

The 27C64 typically consumes only 5p.W 
power either in standby mode (E=Ved or 
in quiescent active mode (E = Vss pausing 
on one address location with VIN = Vee or 
VsfJ· 

BLOCK DIAGRAM 

Vee 0-
GNDo-
VppO--

G OUTPUT ENABLE 
E CHIP ENABLE AND 

PGM _~P:R:O:G:RA:M:M;I:N:G:L:OG:I:C::: 

I 
y 

Ao-A12 - DECODER 
ADDRESS 

INPUTS X 
DECODER 

.... _----_ .... 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

PARAMETER 

Temperature Range 
Storage 

Bias 

Operating Mode 

Program Mode 

Applied Voltage with Respect to Ground Potential 
Input 

Output 

Supply Voltage with Respect to Ground Potential 

NOTE 

DATA OUTPUTS 
DOo-D07 

RATING 

-65to+125 

-10 to + 80 
o to 70 
25 ±5 

-0.5 to + 7 

-0.5 to + 7 

-0.5 to + 6 

- 0.5 to + 22 

UNIT 

°C 

V 

V 

1. Stresses beyond the limits listed under "Absolute Maximum Ratings" may cause damage to the device. These are 
stress ratings only. Functional operation at these or any other conditions beyond those indicated in the opera· 
tional sections of this specification is not implied. Exposure to absolute maximum rated conditions for extended 
periods of time may affect device reliability. 

@ Ie MASTER 1984 
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27C64 

PIN CONFIGURATION 

Vee 

PGM 

Ne 

As 

Ag 

D07 

000 11 18 DOs 

P01 mi tID DOs 

:: ~ ... -------'~ : 
TOP VIEW 

PIN NAMES 

Ao-A12 ADDRESSES 

E Chip Enable 

G Output Enable 

DOo·D07 Data I nputsl 
Outputs 

PGM Program Enable 

N.C. No Connect 

4187 
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MaS MEMORY DIVISION SjgnOliCS 

65,536-8IT CMOS EPROM (8192x8) 27C64 

Advance Information 

DC ELECTRICAL CHARACTERISTICS DURING READ (Note 2) TA=OOto + 70°C, Vcc =5.0V ± 10%, unless otherwise 
specified, Vpp= Vcc 

PARAMETER TEST CONDITIONS 
LIMITS 

SYMBOL UNIT 
Min Typ Max 

VIL Input Voltage Low -0.1 0.8 V 

VIH Input Voltage High 2.0 Vcc + 1 V 

VOL Output Voltage Low IOL=3.2mA - 0.45 V 

VOH Output Voltage High IOH= -400/LA 2.4 Vcc V 

'll Input Load Current VIN = 5.5V or 0.45V - 10 /LA 

ILO Output Leakage VouT =.§.5V or 0.45V, - 10 /LA 
E=Vcc 

ICCS1 V cc Standby Current E=Vcc - 1 100 JLA 

ICCS2 V cc Standby Current E=VIH - 1 mA 

ICCQ1 Vcc Active Current (Quiescent) E=G=Vss - 1 100 p,A 
All Addresses at 
either Vss or Vcc 

ICCQ2 V cc Active Current (Quiescent) E=G=VIL 1.3 15 rnA 
All Addresses at 
either VIL or VIH 

ICCA1 Vcc Active Current (Operating) E=G=Vss - 5 25 mA 
All addresses changing 

between V ss and V cc 

ICCA2 Vee Active Current (Operating) E=G=VIL 
All addresses changing 

20 30 mA 

between VIL and VIH 

I I I I 
CIN 

! 
Input Capacitance (Note 3) 

I 
VIN=OV, f=1MHz 4 6 pF 

COUI Output Capacitance (Note 4) VOUT=OV, f= 1MHz 8 12 pF 

NOTES 
2. Typical values are for T A = 25·C and nominal power supply voltages. 
3. Typical values are for T A = 25·C and nominal power supplies. 
4. These parameters are periodically sampled and are not 100% tested. 

AC ELECTRICAL CHARACTERISTICS' DURING READ (Note 5) TA=O° to + 70°C, Vcc=5V ± 10%, unless otherwise 
specified, Vpp= Vcc 

STANDARD COMMON 
PARAMETER SYMBOL SYMBOL 

tAVQV tACC Address Access Time 

tELQV tCE Chip Select Delay 

tGLQV tOE Output Enable Delay 

tEHQZ tOF Chip Deselect Delay 
(Note 7) 

tAXQZ tOH Previous Output Data 
Holding Time 

NOTES 
5, AC TEST CONDITIONS: 

Output load 2 TTL gates and CL = 100pF 
Input rise and fall times: :s 20ns 
Input pulse levels: 0.8V to 2.2V 
Timing measurement reference levels: 

Inputs 1.5V 
Outputs O.SV and 2.2V 

4188 

LIMITS 

TEST CONDITIONS (Note 5) 27C64·20 27C64·25 27C64·30 UNIT 

Min Max Min Max ft1in Max 

E=G=VIL 200 250 300 ns 

G=VIL 200 250 300 ns 

E = VldNote 6) 10 70 10 100 10 150 ns 

E=VIL 0 60 0 90 0 130 ns 

tOF is measured at VOL = 0.8 
to tri·state (High·Z) transition 

From Addresses, E or G 0 0 0 ns 
whichever occurred first 

E=G=VIL 

6. G may De delayed up to tAVQV- tGLQV after the falling edge of E without impact on lAVOV. 

7. tEHQX is specified from G or E. whichever occurs first. 

© IC MASTER 1984 
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MOS MEMORY DIVISION 9110tiC9 

65.536-8IT CMOS EPROM (8192 x 8) 27C64 

Advance Information 

AC EL.ECTRICAL CHARACTERISTICS DURING PROGRAMMING (Note 10)TA=25 ±5°C, Vcc=5V ±5%, Vpp=21V 
±0.5V 

STANDARD COMMON LIMITS 

SYMBOL SYMBOL 
. PARAMETER TEST CONDITIONS(Note 2) UNIT 

Min Typ Max 

tAVPL tAS Address Set-up Time 2 JLS 

t OVPL tos Data Set-up Time 2 JLS 

t pHOX tOH Data Hold Time 2 JLS 

tVHPL tvPPs Vpp Set-up Time 2 JLS 

tELPL tCES CE Set-~p Time 2 JLS 

tpLPH tpw PGM Pulse Width 25 50 55 mS 
During Programming 

tGHPL tOES OE Set-up Time 2 JLS 

tGHQZ tOF Chip Deselect Delay CE=V1L 0 130 ns 
'Note 9 

Address Hold Time JLS 

Note: 
9. tGHQX is specified from G or E, whichever occurs first. 

10. The input reference level is 1 V for V IL and 2V for V IH. 

TIMING DIAGRAM DURING PROGRAMMING 

t------PROGRAM-----f----P~~~I~~M ---I 

VIH--... '------------+---------~ 
ADDRESSES 

Vil 

DATA --.....( 

Vpp 

Vpp 

Vee 

VIH 

E 
Vil 

VIH 

H [I I III PGM 

Vil 

- ~PL~~XGl~ I 

VIH 

G }-
Vil t 
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MOS MEMORY DIVISION 

65,536-8IT CMOS EPROM (8192 x 8) 

Advance Information 

MODE SELECTION 
M9DE/PINS E(20) G(22) 

Read VIL VIL 
Stcmdby VIH X 

Program V,~ VIH 
Program Verify VIL VIL 
Program Inhibit VIH X 

X can be either VOL or VOH. 

TIMING DIAGRAM DURING READ 

INPUTS 

P9M (27) 

VIH 
X 

VIL 
VIH 
X 

ADDRESSES 
VALID 

Vpp (1) 

Vee 

Vee 

Vpp 

Vpp 

Vpp 

ADDRESS IIIII~~ ~ ____________________ J 

CHIP 
ENABLE 

E 

OUTPUT 
ENABLE 

G 

HIGH IMPEDANCE DATA 
OUTPUTS ----------~fo+~~ 

B!IOliC!i 

27C64 

Vee (28) DQO·DQ7 (11·13,15·19) 

Vee OOour 

Vee High Z 

Vee OOIN 

Vee OOour 

Vee High Z 

tAXQX 

tGHQZ 

DC ELECTRICAL CHARACTERISTICS DURING PROGRAMMING (Note 8) TA=25 ±5°C, Vee=5V ±5%, Vpp =21V 
±0.5V 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VIL Input Voltage - low -0.1 0.8 V 

VIH Input Voltage - High 2.0 Vee + 1 

VOL Output Voltage During IOL=3.2mA 0.45 V 
Verify - Low 

VOH Output Voltage During IOH=400JLA 2.4 
Verify - High 

'll Input Load Current VIN = S.2SV or V1L 10 /LA 

leeA3 Vee Supply Current - Active 20 30 rnA 

'pP2 Vpp Supply Current During 

I 
E= PGM=V i 30 I rnA IL 

Programming Pulse Vpp= 21.SV, 000-007 = VIL 

Note: 
8. Vee must be applied before and removed after Vpp. Vpp should never exceed 21.5V (including transients). If PGM = VIL. Vpp should not be switched. 
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MOS MEMORY DIVISION 

131 ,072-8IT CMOS EPROM (16,384 x 8) 

1:04')[4\' 
DESCRIPTION FEATURES 
The Signetics 27C128 EPROM is a static 
complementai)' MOS (CMOS) 5V only, 
131,072-bit electrically programmable and 
ultraviolet light erasable read only mem
ory, organized as words by bits. 

• Low CMOS power consumption -
5p.W typo (standby or quiescent active) 
25mW typo (active) 

• 250ns access time 
• TTL compatible 

The 27C128 has a separate Output Enable 
control (G) from the Chip Enable Control 
(E), in order to eliminate bus contention in 
multiple bus systems. 

• Single + 5V power supply:!: 10% 
• Industry standard pinout 
• Three-state outputs 
• Two line controls 

The 27C128 typically consumes only 5p.W 
power either in standby mode (E = V cd or 
in quiescent active mode (E = Vss pausing 
on one address location with VIN = Vee or 
Vss)· 

• Fast programming 

BLOCK DIAGRAM 

Vee C>-
GND<>-
VppC>--

G OUTPUT ENABLE 
E CHIP ENABLE AND 

PGM ~;P:R:O:G:RA:M:M;I:N:G:L:OG:I:C~ 

[ 

Y 
-- DECODER 

AD~O;:J~ 
INPUTS X 

DECODER 

.... -----_ .. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

PARAMETER 

Temperature Range 
Storage 

Bias 

Operating Mode 

Program Mode 

Applied Voltage with Respect to Ground Potential 
Input 

Output 

Supply Voltage with Respect to Ground Potential 

NOTE 

DATA OUTPUTS 
000-007 

131,072·BIT 
MEMORY 
MATRIX 

RATING 

- 65 to + 125 

-10 to + 80 

o to 70 

25 :!:5 

- 0.5 to + 7 

- 0.5 to + 7 

- 0.5 to + 6 

-0.5 to +22 

UNIT 

°C 

V 

V 

1. Stresses beyond the limits listed under "Absolute Maximum Ratings" may cause damage to the device. These are 
stress ratings only. Functional operation at these or any other conditions beyond those indicated in the opera· 
tional sections of this specification is not implied. Exposure to absolute maximum rated conditions for extended 
periods of time may affect device reliability. -

© Ie MASTER 1984 
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27C128 

PIN CONFIGURATION -

007 

::: ~ .. -------' 
TOP VIEW 

PIN NAMES 

AO-A13 ADDRESSES 

E Chip Enable 

G Output Enable 

DOO-DO? Data Inputsl 
Outputs 

PGM Program Enable 

4191 
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MOS MEMORY DIVISION IiIDOliel 
131 ,072-BIT CMO~ EPROM (16,384)(8) 27C128 

DC ELECTRICAL CHARACTERISTIC~ DURING READ (Note 2) TA=OOto + 70°C, Vcc =5.0V ± 10%, unless otherwise 
specified, Vpp= Vcc 

SYMBOL PARAMETER TEST CONDITIONS 
L,MITS 

UNIT 
Min Typ Max 

VIL Input Voltage Low -0.1 0.8 V 

VIH Input Voltage High 2.0 Vcc + 1 V 

VOL Output Voltage Low IOL=3.2mA - 0.45 V 

VOH Output Voltage High 10H= -400~A 2.4 Vcc V 

III Input Load Current VIN = 5.5V or 0.45V - 10 ~A 

ILO Output Leak~ge VOUT= E·5V or 0.45V, - 10 ~A 
E=Vcc 

Iccs1 V cc Standby Current E=Vcc - 1 100 ~A 

ICCS2 V cc StanqbY Current E=VIH - 1 rnA 

ICCQ1 Vcc Active Current (Quiescent) E=G=Vss - 1 100 ~A 
All Addresses at 
either V ss or V cc 

ICCQ2 Vcc Active Current (Quiescent) E=G=VIL 1.3 15 rnA 
All Addresses at 
either VIL or VIH 

ICCA1 Vcc Active Current (Operating) E=G=Vss - 5 25 rnA 
All addresses changing 
between V ss and V cc 

ICCA2 Vcc Active Current (Operating) E=G=VIL 
All addresses changing 

20 30 rnA 

I I 
between V1L and V'H 

I I CIN Input Capacitance (Note 3) VIN=OV, f= 1MHz 4 6 pF 

COUT Output Capacitance (Note 4) VOUT= OV, f= 1MHz 8 12 pF 

NOTES 
2. Typical values are for T A = 25°C and nominal power supply voltages. 
3. Typical values are for T A = 25°C and nominal power supplies. 
4. These parameters are periodically sampled and are not 100% tested. 

AC ELECTRICAL CHARACTfE~ISTICS DURING READ (Note 5) TA = 0° to + 70°C, Vce= 5V ± 10%, unless otherwise 
specified, Vpp= Vcc 

STANDARD COMMON 
PARAMETER SYMBOL SYMB9L 

tAVQV tACC Address Access Time 

tELQV tCE Chip Select Delay 

tGLQV tOE Output Enable Delay 

tEHQZ tOF Chip Qeselect Delay 
(Note 7) 

tAXQZ tOH Previous Output Data 
Holding Time 

NOTES 
5. AC TEST CONOITIOfiS: 

Output load 2 TTL gates and CL = 100pF 
Input rise and fall times: ::s 20ns 
Input pulse levels: O.BV to 2.2V 
Timing measurement reference levels: 

Inputs 1.5V . 
Outputs O.6V and 2.2V 

4192 

LIMITS 

TEST CONDITIONS (Note 5) 27C128·20 27C128·25 27C128·30 UNIT 

Min Max Min Max Min Max 

E= G= VIL 200 250 300 ns 

G=VIL ~OO 250 300 ns 

E= VldNote6) 10 70 10 100 10 150 ns 

E=VIL 0 60 0 90 0 130 ns 

tOF is measured at VOL = 0.8 
to tri·state (High-Z) transition 

From Addresses, E or G 0 0 0 ns 
whichever occurred first 

E=G=VIL 

6. G may be delayed up to !AVQV- !GLQV after the falling edge of E without impact on tAVQV. 
7. Specifi~d from G or E, whichever occurs first. 
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MOS MEMORY DIVISION 

131,072-81T CMOS EPROM (16,384x8) 

'i'4in41' 
MODE SELECTION 

MODE/PINS E(20) G(22) PGM(27) Vpp (1) 

Read VIL VIL VIH Vee 

Standby VIH X X Vee 

Program VIL VIH VIL Vpp 

Program Verify VIL VIL VIH Vpp 

Program Inhibit VIH X X Vpp 

X can be either VOL or VOH. 

TIMING DIAGRAM DURING READ 

ADDRESS ~~'3SS«W~~ ADDRESSES 

!NPUTS ~mme~~ ~ ______ YA_L_!D _____ -J 

CHIP 
ENABLE 

E 

OUTPUT 
ENABLE 

G 

HIGH IMPEDANCE DATA 
OUTPUTS -----------~f.+ .... ~ 

1i!!llOliCG 

27C128 

Vee (28) 000-007 (11-13,15-19) 

Vee OOOUT 

Vee High Z 

Vee OOIN 

Vee DO OUT 

Vee High Z 

DC ELECTRICAL CHARACTERISTICS DURING PROGRAMMING (Note 8) T A = 25 :t 5°C, Vee= 5V :t 5%, Vpp= 21V 
:t 0.5V 

TEST CONDITIONS 
LIMITS 

SYMBOL PARAMETER UNIT 
Min Typ Max 

V1L Input Voltage - low -0.1 0.8 V 

VIH Input Voltage - High 2.0 Vee + 1 

VOL Output Voltage During IOL=3.2mA 0.45- V 
Verify - low 

VOH Output Voltage During IOH=400",A 2.4 
Verify - High 

III Input load Current VIN = 5.25V or VIL 10 ",A 

IceA3 Vee Supply Current - Active 20 30 rnA 

Ipp2 VPP Supply Current During E= PGM=V IL 30 rnA 
Programming Pulse Vpp~21.5V, 000-OQ7= VIL 

NOTE 
8. vee must be applied before and removed after Vpp. Vpp should never exceed 21.5V (including transients). If PGM = VIL. Vpp should not be switched. 
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MOS MEMORY DIVISION 

131,072-811 NMOS EPROM (16,384x8) 

'RiMiRik' 
DESCRIPTION 
The Signetics 27128 EPROM is an NMOS, 
5V only, 131,072-bit electrically program
mable and ultraviolet light erasable read 
only memory, organized as 16,384 words 
by 8 bits. The 27128 has a separate Output 
Enable control (<3) from the- Chip Enable 
control (E), in order to eliminate bus con
tention in multiple bus systems. 

The 27128 has a standby mode to reduce 
the power dissipation with no increase in 
access time. The maximum active current 
'is 100mA while the standby current is 
40mA from the power supply_ This mode is 
initiated by placing a TTL-high signal on 
the E input. 

BLOCK DIAGRAM 

vee 0-
GNDo-

Vppo--

FEATURES 
• 250ns access time 
• TTL compatible 
• Single + 5Vpowersupply ± 10% 
• Industry standard pinout 
• Power down mode with 30mA 

maximum power supply current 
• Three-state outputs 
• Two line controls 

DATA OUTPUTS 
DOo-D07 

G OUTPUT ENABLE 
E CHIP ENABLE AND 

PGM _;P:R:O:G:RA:M:M;IN:G:L:O:G:IC:: 
y 

DECODER 
f. 

x 

I 
DECODER 

_L...--___ ------' 

9i!1DOliC9 

27128 

PIN CONFIGURATION 

Vee 

PGM 

A13 

Aa 

Ag 

Al1 

G 

A10 

E 

Ao D07 

DOs 

D01 DOs 

D02 DO. 

Vss D03 

PIN NAMES 

Ao-A13 ADDRESSES 

E Chip Enable 

G Output Enable 

DOc-D07 _ Data Inputsl 
Outputs 

PGM Program i;nable 

DC ELECTRICAL CHARACTERISTICS DURING READ (Note 1) TA=O° to + 70°C, Vee =5.0V ± 10%, unless 
otherwise specified, Vpp= Vee 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS 

Min Typ Max 
UNIT 

VIL Input Voltage - Low -0.1 0.8 V 

VIH Input Voltage - High 2.0 Vee + 1 

VOL Output Voltage - Low IOL=3.2mA 0.45 V 

VOH Output Voltage - High IOH= -400p,A 2.4 Vee 

III Input Load Current VIN = 5.5V or 0.45V 10 p,A 

ILO Output Leakage VOUT= 5.5V or 0.45V, 10 p,A 
E=VIH 

ICC1 Vee Supply Current - Standby E=V1H 15 30 rnA 

1 
Ice2 Vec Supply Current --- Active 

I 
E=G=VIL 

I I 
50 

I 
100 rnA 

Ipp1 Vpp Supply Current - Read Mode Vpp= 5.25V 5 rnA 

NOTE 
1. Typical values are for T A = 25·C and nominal power supply voltages. 
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MOS MEMORY DIVISION GlnDtiCG 

131,072-811 NMOS EPROM (16,384x8) 27128 

'aliUM 
AC ELECTRICAL CHARACTERISTICS DURING READ (Note 2) TA = 0° to + ?O°C, Vcc= 5V± 10%, unless otherwise 

specified, Vpp= Vcc 

LIMITS 
STANDARD COMMON 

PARAMETER TEST CONDITIONS (Note 2) 27128·20 27128-25 27128·30 UNIT 
SYMBOL SYMBOL 

Min Max Min Max Min Max 

tAVQV tACC Address Access Time E= G= Vil 200 250 300 ns 

tElQV tCE Chip Select Delay G=Vll 200 250 300 ns 

tGlQV toE Output Enable Delay E = Vil (Note 3) 10 70 10 100 10 150 ns 

tEHQX 
tOF 

Chip Deselect Delay E=Vll 0 60 0 90 0 130 ns 

tGHQX (Note 4) tOF is measured at VOL = 0.5 I 
, to tri-state (High-Z) transition 

tAXQX tOH Previous Output Data From Addresses, E or G 0 0 0 ns 
Holding Time whichever occurred first 

E=G=Vll 
NOTES 
2. AC TEST CONDITIONS: 3. G may be delayed up to tAVQV - tGlQV after E without impact on tAVQV' 

Output load 2 TTL gates and CL = 100pF 
Input rise and fall times: :s20ns 
Input pulse levels: 0.8V to 2.2V 

Timing measurement reference levels: 4. tEHQX is specified from G orE, whichever occurs first. 
Inputs 1.5V 
Outputs 0.6V and 2.2V 

DC ELECTRICAL CHARACTERISTICS DURING PROGRAMMING (Note 5) TA=25 ±5°C, Vce=5V ±5%, 
Vpp= 21V ± 0.5V 

LIMITS 
SYMBOL PARAMETER TEST CON DITIONS 

Min Typ Max 

I 
Vil Input Voltage - low -0.1 0.8 

I VIH I Input Voltage - High 2.0 Vec + 1 

I VOL Output Voltage During IOl=3.2mA 0.45 
Verify - low 

VOH Output Voltage During IOH=4ooltA 2.4 
Verify - High 

III Input load Current VIN = 5.25V or Vil 10 

'CC2 Vec Supply Current - Active 100 

IpP2 Vpp Supply Current During E=PGM=V Il 30 
Programming Pulse Vpp= 21.5V, 000-007 = Vil 

NOTE 
5. Vee must be applied before and removed after Vpp. Vpp should never exceed 21.5V (including transients). If PGM = Vll, Vpp should not be switched. 

AC ELECTRICAL CHARACTERISTICS DURING PROGRAMMING (Note?) TA=25 ±5°C, Vee=5V ±5%, 
\ Vpp =21V ±0.5V 

STANDARD COMMON LIMITS 

SYMBOL SYMBOL 
PARAMETER TEST CONDITIONS (Note 2) 

Min Typ Max 

tAVPl tAS Address Set-up Time 2 

tOVPl tos Data Set-up Time 2 

tpHOX tOH Data Hold Time 2 I 

I I 
tVHPl tvPPs Vpp Set-up Time 2 I tElPl tCES E Set-up Time 2 

tplPH tpw PGM Pulse Width 45 50 55 
During Programming 

tGHPl tOES G Set-up Time 2 

tGHOX tOF Chip Deselect Delay E=Vll 0 130 
tEHOZ (Note 6) 

tpHAX tAH Address Hold Time 0 
NOTES 
6. tGHQX is specified from G or E. whichever occurs first. 
7. The input reference level is 1V for V1l and 2V for VIH' 
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V 

V 

/LA 

rnA 

rnA 

UNIT 

itS 

itS 

IlS 

IlS 

itS 

mS 

IlS 

ns 

ns 
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MOS MEMORY DIVISION 

65,536-8IT STATIC MOS ROM (8192 X 8) 

DESCRIPTION 
This ROM is designed for memory applica
tions where high performance, large bit 
storage, and simple interfacing are impor
tant design objectives. 

The four Chip Select inputs are program-
- mabie. Active-high or active-low level Chip 

Select input can can be defined by the de
signer and the desired chip select logic 
level is fixed during the masking process. 
The programmable Chip Select input, as 
well as OR-tie compatibility on the out
puts, facilitates easy memory expansion. 

The 2364 Read-Only Memory is fabricated 
with n-channel silicon gate technology. 
This technology provides the designer 
with high performance, easy-to-use MOS 
circuits. 

FEATURES 
• Fast access time 
• Industry standard pinout - JEDEC 

approved 
Completely TTL compatible 

• One + 5V ± 10% power supply 
• Low power dissipation 
• Three-state output - OR-tie capability 
• Four programmable Chip Select inputs 

for easy memory expansion or no 
connection option 

• Inputs protected ~ aU inputs have 
protection against static charge 
2764 EPROM compatible 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

PARAMETER RATING UNIT 

I Operating Temperature 2364-XX o to + 70 °C 
2364E-XX - 40 to + 85 °C 

Storage Temperature -65to + 150 °C 

Voltage on Any Pin Relative to Ground - 2 to + 7 V 

Power Dissipation 1 Watt 

Electrostatic Discharge Rating Relative to Ground (Note 2) ±2000 V 

NOTES 
1. Stresses above those listed under" Absolute Maximum Ratings" may cause permanent damage to the device. 

lijgnlticli 

2364-15/20 

PIN CONFIGURATION 

Vee 

S3lS31NC 

S4lS41NC 

Ag 

TOP VIEW 

PACKAGE AVAILABILITY 
See Ordering Information 

PIN NAMES 

Address Inputs 

Chip Selects 

0--7 ...,ala VU"PUlS 

Vee Power 

GND Ground 

NC Not Connected 

These a~e stress ratings oniy. Functionai operation oi this <leVlce at these any any other conditions above those f3 LOCK DIAG RAM 
indicated in the operational sections of this specification is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

2. Test condition. Discharge 100pF through 1500 ohms. MIL-STD 883. method 3015.1. 

S1151 
o s~~ o S3lS31NC-
; ~~~ 
Q) 
c: 
~ ~ 
~ A2 

ORDERING INFORMATION 

TEMPERATURE RANGE PACKAGE TYPE 
ORDER NUMBER BY ACCJ;SS TIME 

150ns 200ns 

O°Cto +70°C Plastic 2364-15N 2364-20N 

O°C to + 70°C Cerdip 2364-15F 2364-20F 
Veco--

O°C to + 70°C Ceramic 2364-15i 2364-201 
GNOo--

- 40°C to + 85°C Plastic 2364E-15N 2364E-20N 

- 40°C to + 85°C Cerdip 2364E-15F 2364E-20F 

- 40°C to + 85°C Ceramic 2364E-151 2364E-201 

4196 

65,536 BIT 
MEMORY 
MATRIX 

Ao A3 A6 A9 All 
ADDRESS 

INPUTS 
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MOS MEMORY DIVISION 

65,536-8IT STATIC MOS ROM (8192 X 8) 

DC ELECTRICAL CHARACTERISTICS Vee =5.0V ± 10% 

PARAMETER TEST CONDITIONS 

Input Yoltage 
VIL Low (Note 3) 
VIH High 

Output voltage 

VOL Low IOL=3.2mA 
VOH High 10H= -4oo1LA 

III Input load current OV :s VIN :s 5.5V 

ILO Output leakage Chip deselected. VOUT= + O.4V to Vee 

Icc Supply current Chip deselected. Vee =5.5V, VIN=Vec 

Capacitance (Note 4) 
CIN Input T A = 25°C, f = 1 MHz, all pins except 
r- J""\ ...... ..... : •• ...I .a._ .a. "': "'-10_ .. _ 1_ ..... 

NOTES 
3, Input levels that swing mQre negative than - 2.0V may alter AC electrical characteristics. 
4. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS Vee = 5.0V ± 10% 

PARAMETER 

t AVQV Address access time 

tSVQV Chip select delay 
(Note 5) 

tSXQZ Chip deselect delay 
(Note 6) 

t AXQX Previous data valid after address change delay 
NOTES 

2364E 15 

Min Max 

-2.0 0.8 
2.0 Vee 

0.4 
2.4 Vee 

1 

5 

120 

7 
in 

-15 

Min 

0 

5. tSVQV is at value indicated, provided the valid address leads the chip select by (tAVQV-tSVQV) ns or more. 
6. tSXQZ is measured at VOL = 0.5Von the "0" to High·Z state transition. with AC test load connected to the output. 

TIMING DIAGRAM 

lilDotil1 

2364-15/20 

2364E 20 2364-15 236420 
UNIT 

Min Max Min Max Min Max 

V 
-2.0 0.8 -2.0 0.8 -2.0 0.8 
2.0 Vee 2.0 Vee 2.0 Vee 

V 
0.4 0.4 0.4 

2.4 Vee 2.4 Vee 2.4 Vec 

1 1 1 ILA 

5 5 5 p.A 

110 110 90 mA 

pF 
7 7 7 
in in 1 ,0 

-20 
UNIT 

Max Min Max 

150 200 ns 

100 100 ns 

75 100 ns 

0 ns 

ACTESTLOAD 

Anna~c::c:: »///I/I/IA ,,,------------, i")j'r./~;;'r.;~;;'r.;~;;'r.;~;'r.;;~;"r;;~;"r;;~;.,.;;,.,;.,.1/,.,;.,.;;,.,;.,..,,11 T 2.17V 

~ 555U 

1 

DATA 

'NPUTS--It'~~'~}~!f VALID f!II/I/////;j}~YtN?!I//ll!lllm 

~~~~;: W&~{~_ ENABLED ~I ~=~ I ~~VQV 

OUTPUTS HIGH ~ 
IMPEDANCE 

tAVQV----.! 

@ Ie MASTER 1984 

DEVICE 
UNDER 
TEST 

JL ~OUTPUT 

I CL=3OpF 

Input transition time ,,5ns 
Input signal levels: O.4V to 2.4V 
Timing reference levels: 

Input = 1.5V 
Output = O.6V and 2.2V 
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MOS MEMORY DIVISION 

65,&36-8IT STATIC MOS ROM (8192 x 8) 

DESCRIPTION 
This ROM is designed fer mel1lory applica
tiens where high perfermance, large bit 
sterage, and simple interfacing are imper
tant design eb~ectives. 

The Chip Select input is programmable. 
Active-high .or active-lew level Chip Select 
input can be defined by the designer and 
the desired chip select legic level is fixed 
during the masking precess. The pregram
mabie Chip Select input, as well as OR-tie 
celTlpatibility en the .outputs, facilitates 
easy memery expansien. 

The 2664A Read-Only Memery is fabricated 
with n-channel silicen gate technelegy. 
This technelegy provides the designer with 
high perfermance, easy-te-use MOS 
circuits. 

FEATURES 
• F~st access time 
• Low power dissipaUon 
• Industry standard pinout - JEDEC 

approved 
• Completely TTL compatible 
• One + 5V ± 10% power supply 
• Three-state output - OR·tiecapability 
• One programmable chip select input 

for easy memory expansion or no 
connection option 

• Inputs protected - all inputs have 
protection agains~ static ch~ug~ 

• 2764 EPROM compatible 

ABSOLUTE MAXIMUM RATINGS (Nete 1) 

PARAMETER RATING UNIT 

I Operating Temperature 2664A-XX o te + 70 °C 
2664AE-XX - 40 te +85 °c 

Sterage Temperature -65te + 150 °C 

Veltage en Any Pin Relative te Greund - 2 te + 7 V 

Pewer Dissipatien 1 Watt 

Electrestatic Discharge Rating Relative te Ground (Nete 2) ±2000 V 

NOTES 

1 

1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

lii!lnDtiGIi 

2664A-15/20 

PIN CONFIGURATION 

Tep VIEW 

PACKAGE AVA!LABILITY 
See Ordering Information 

PIN NAMES 

AO-A12 Address Inputs 

'S Chip Select 

0 0-07 Data Outputs 

Vee Pewer 

GND Ground 

These are stress ratings only. Functional operation of this device at these any any other conditions above those BLOCK DIAG RAM 
inqicated in the operational sections of this specification is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

2. Test condition. Discharge 100pF through 1500 ohms, MIL-STD 883, method 3015.1. 

ORDERING INFORMATION 
ORDER NUMBER BY ACCESS TIME 

TEMPERATURE RANGE PACKAGE TYPE 
150ns 200ns 

O°C te + 70°C Plastic 2664A-15N 2664A-20N 

- 40°C te + 85°C Plastic 2664AE-15N 2664AE-20N 

- 40°C te + 85°C Cerdip 2664AE-15F 2664AE-20F 

- ° 0 40 C te + 85 C Ceramic I - ,\1 2664AE L. I 2664AE 20. 

4198 

SIS 

Al 

A2 

I/) A4 
I/)f!? 
~~ As 
Oz A7 
~- As 

Al0 

A12 

Vee 0---

GNDO---

65,536 BIT 
MEMeRY 
MATRIX 

Ao A3 A6 Ag A11 
ADDRESS 

INPUTS 
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MOS MEMORY DIVISION 

65,536-8IT STATIC MOS ROM (8192 x 8) 

DC ELECTRICAL CH-ARACTERISTICS Vee =5.0V ± 10% 

2664AE·15 
PARAMETER TEST CONDITIONS 

Min Max 

Input voltage 
VIL Low (Note 3) -2.0 0.8 
VIH High 2.0 Vee 

Output voltage 

VOL Low IOl=3.2mA 0.4 
VOH High 10H= -400/lA 2.4 Vee 

III Input load current OV ~ VIN ~ 5.5V 1 

ILO Output leakage Chip deselected. VOUT= + O.4V to Vee 5 

Icc Supply current Chip deselected. Vcc= 5.5V, VIN = Vcc 120 

Capacitance (Note 4) 
CIN Input 

I 
TA= 25°C, f= 1MHz, all pins except 

I ! 
7 

I COUT Output pin under test tied to grouod 10 
I I I 

NOTES 
3. Input levels that swing more negative than - 2.0V may alter AC electrical characteristics. 
4. This parameter is periodically sampled and is not 100% tested. 

AC'ELECTRICAL CHARACTERISTICS Vcc =5.0V ± 10% 

-15 
PARAMETER 

Min 

t AVQV Address access time 

tSVQV Chip select delay 
(Note 5) 

tSXQZ 
.. 

(Note 6) 
Chip deselect delay 

tAXQX Previous data valid after address change delay 0 
NOTES 
5. tSVQV is at value indicated, provided the valid address leads the chip select by (tAVQV-tSVQV) ns "r more. 
6. tSXQZ is measured at VOL = 0.5V on the "0" to High-Z state transition. with AC test load connected to the output. 

TIMING DIAGRAM 

~~~~~SS !?r.~zr~{/i!.v ',," VALID VlIi/lJ/lIliIJ.Z1Jl??2I/iII/i/l/J/; 
IIIIIIIL!I'''''' ___________ ..Jrll/lI/l/lIlJ?iiltiil//////l////1 

~;~~;: W&2%%~~ ENABLED _I ~~~ili?~ 
I I--tSVQV 

DATA 

OUTPUTS HIGH k 
IMPEDANCE 

tAVQV'----.t 

@ Ie MASTER 1984 

HlnoticH 
2664A-15/20 

2664AE·20 2664A·15 2664A·20 
UNIT 

Min Max Min Max Min Max 

V 
-2.0 0.8 -2.0 0.8 -2.0 0.8 
2.0 Vee 2.0 Vee 2.0 Vee 

V 
0.4 0.4 0.4 

2.4 Vee 2.4 Vee 2.4 Vee 

1 1 1 /lA 

5 5 5 /lA 

110 110 90 rnA 

pF 
7 

1 
I 

7 
,I I 

7 

I 10 10 10 I 

-20 
UNIT 

Max Min Max 

150 200 ns 

100 100 ns 

75 100 ns 

0 ns 

ACTESTLOAD 

T 2.17V 

~ 555{l 

DEVICE 
UNDER 
TEST 

± o OUTPUT 

I Cl=30pF 

Input tranSition time ,;;5ns 
Input signal levels: 0.4V to 2.4V 
Timing reference levels: 

Input = 1.5V 
Output = 0.6V and 2.2V 
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MOS MEMORY DIVISION 

131,072~BIT 'STATIC MOS ~OM (16,384x 8) 

DESCRIPTION 
This R9M is designed for memory applica
tions wher~ high performance, large bit 
storage, and simple interfacing are impor
tant design objectives. 

The three Chip $el~ct inputs are program
mable. Active-high or active-low level Chip 
Select input can can be defined by the de
signer and the desired chip select lOgic 
level is fixed during the masking process. 
Thf3 programmable Chip Select input, as 
well as OR-tie compatibility on the out
puts, facilitates easy memory expansion. 

The 23128 Read-Only Memory is fapricated 
with n-channel silicon gate technology. 
This technology provides the designer 
with high performance, easy-to-use MOS 
circuits. 

FEATURES 
• Fast access time 
• Industry standard pinout - JEDEC 

ilPproved 
• Completely TIL compatible 
41 One +'5V ± 10% power supply 
• Low power dissipation 
• Three-state output - OR-tie capability 
• Four programmable Chip Select inputs 

for' e,asy memory expansion or no 
connection option . 

• InRuts protected - all inputs h,ve 
protection against static charge 

• 27128 ~P"OM compat!ble ' 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

PARAMETER RATING U~IT 

Operating Temperature 23128-XX o to + 70 I °C 
23128E-XX -40 to + 85 °C 

Storage Temperatwe -65to+150 °C 

Voltage on Any Pin Relative to Ground - 2 to + 7 V 
Power Dissipation 1 Watt 
Electrostatic Discharge Rating Relative to Ground (Note 2) ±2000 V 

NOTES 
1. Stresses above those listed under" Absolute Maximum Ratings" may cause permanent damage to the device. 

23128-15/20 

PIN CONFIGURATION 

vee 

S3IS3 

TOP VIEW 

PACKAGE AVAILABILITY 
See Ord~ring Information 

PIN NAMES 

AO-A13 Address Inputs 

S1-S3 Chip Selects 

0 0-07 Dat(3. Outputs 

Vce Power 

GND Grounq 

These are stress rating;> only. FunctIOnal operation of this device at these any any other conditions above those BLOCK DIAGRAM 
indicated in the operational sections of this specification is not implied and exposure 10 absolute maximum rating 
conditions for extended periods may affect device reliability. 

2. Test condition. Discharge 100pF through 1500 ohms. MIL·STD 883. method 3015.1. 

ORDERING INFORMATION 
ORDER NUMBER BY ACCESS TIME 

T~MPERAT~RE RANGE PACKAGE TYPE 
150n5· 200n5 

O°C to + 70°C Plastic 23128-15N 23128-20N 

O°C to + 70°C Ceramic 23128-151 23128-201 

- 40°C to + 85°C Plastic 23128E-15N 23128E-20N 

- 40°C to + 85°C Ceramic 23128E-151 23128E-201 

* Preliminary 
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S1181 
S2IS2 
S3IS3 

Vee 0----

GNDo--

DATA OUTPUTS 
00-0 7 

t 

131,072·BIT 
MEMORY 
MATRIX 

t 
Ao A3 As As All 

ADDRESS 
INPUTS 
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MOS MEMORY DIVISION 

131 ,072-8IT STATIC MOS ROM (16,384 x 8) 

DC ELECTRICAL CHARACTERIST.ICS v cc = 5.0V ± 10% 

PARAMETER TEST CONDITIONS 
23128E·15* 

Min Max 

Input voltage 
V,L Low (Note 3) -2.0 0.8 
V,H High 2.0 Vcc 

Output voltage 
VOL Low IOL=3.2mA 0.4 
VOH High IOH= -4oo/LA 2.4 Vcc 

III Input load current OV ~ Y'N ~ 5.5V 1 

ILO Output leakage Chip deselected. VOUT= + O.4V to Vcc 5 

Icc Supply current Chip deselected. Vcc =5.5V, V'N=VCC 120 

Capacitance (Note 4) 
C'N Input T A = 25°C, f = 1 MHz, all pins except 7 

COUT Output pin under test tied to ground 10 

NOTES 
3. Input levels that swing more negative than - 2.0V may alter AC electrical characteristics. 
4. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS Vcc = 5.0V ± 10% 

-15* 
PARAMETER 

Min 

tAVQV Address access time 

tSVQV Chip select delay 
(Note 5) 

tsxaz Chip deselect-delay 
(Note 6) 

tAxax Previous data valid after address change delay 0 
NOTES 
5. tSVQV is at value indicated, provided the valid address leads the chip select by (tAVQy-tSVQY) ns or more. 
6. tSXQZ is measured at VOL = 0.5V on the "0" to High·Z state transition. with AC test load connected to the output. 

• Preliminary 

TIMING DIAGRAM 

DATA 

ADDRESS 7,?~Z:{~~W VALID vli;///;;////J.Z??l??1i;;IIi;lilill 
INPUTS (;iii7iii1'~ __________ -J'fjll/j1(//J/i'ii'i'ti'«(////JJI/I/I! 

~~~~; W&~ili1~ ____ EN_AB_lE_D __ ---I_I ~%,zbl@ 
I I---tsYQY 

OUTPUTS HIGH ~ 
IMPEDANCE 

IAYQY----.t 
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23128-15/20 

23128E·20 23128·15* 23128·20 
UNIT 

Min Max Min Max Min Max 

V 
-2.0 0.8 -2.0 0.8 -2.0 0.8 
2.0 Vcc 2.0 Vcc 2.0 Vcc 

V 
0.4 0.4 0.4 

2.4 Vcc 2.4 Vcc 2.4 Vcc 

1 1 1 /LA 

5 5 5 /LA 

120 110 100 mA 

pF 
7 7 7 
10 10 10 

-20 
UNIT 

Max Min Max 

150 200 ns 

100 100 ns 

75 100 ns 

0 ns 

ACTESTLOAD 

12
.
17V 

~ 55512 

DEVICE 
UNDER 
TEST 

± o OUTPUT 

I CL=30pF 

Input transition time :s5ns 
Input signal levels: 0.4V to 2.4V 

Input = 1.5V 
Output = 0_6V and 2.2V 
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MOS MEMORY DIVISION 

131 ,072-8IT STATIC MOS ROM (16,384X8) 

DESCRIPTION 
This ROM is designed for memory applica
tions where high performance, large bit 
storage, simple interfacing and wide oper
ating temperature range are important 
design objectives. 

The Chip Select inputs are programmable. 
Active-high or active-low level Chip Select 
input can be defined by the designer and 
the desired chip select logic level is fixed 
during the masking process. The program
mable Chip Select input, as well as OR-tie 
compatibility on the outputs, facilitates 
easy memory expansion. 

The 23128 Read-Only Memory is fabricated 
with n-channel silicon gate technology. 
This technology provides the designer with 
high performance, easy-to-use MOS 
circuits. 

FEATURES 
• Fast access time 

- 250ns max. 23128·25 
- 300ns max. 23128M 

• Industry standard pinout - JEDEC 
approved 

• Completely TTL compatible 
• Single + 5V ± 10% power supply 
• Low power dissipation 
• Thr,e·state output - OR·tie capability 
• Three programmable Chip Select inputs 

for easy memory expansion 
• Inputs protected - all inputs have 

protection against static charge 
• 27128 compatible 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

PARAMETER RATING UNIT 

Operating Temperature 23128-XX o to + 70 °C 
23128E-XX - 40 to + 85 "C 

23128M-XX - 55 to + 125 °C 

Storage Temperature -65to+150 °C 

Voltage on Any Pin Relative to Ground - 2 to + 7 V 

Power Dissipation 1 Watt 

Electrostatic Discharge Rating Relative to Ground (Note 2) ±2000 V 

NOTES 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

These are stress ratings only. Functional operation of this device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 

2. test condition: Discharge 100pF through 15000hm, MIL-STD-883, method 3015.1. 

ORDERING INFORMATION 

TEMPERATURE PACKAGE ORDER NUMBER BY ACCESS TIME 
RANGE TYPE 250ns 300ns 450ns 

O°C to + 70°C Plastic 23128-25N 23128-30N 23128-45N 

O°C to + 70°C Ceramic 23128-251 23128-301 23128-451 

- 40°C to + 85°C Plastic 23128E-25N 23128E-30N 23128E-45N 

- 40°C to + 85°C Ceramic 23128E-251 23128E-301 23128E-451 

- 55°C to + 125°C 
Ceramic 23128M-25 23128M-301 23128M-451 

(Note 3) 

NOTE 
3. Also available processed to MIL-STD-883, Method 5004. Class B. 

4202 

S!!IDOliC9 

23128/23128E/23128M 

PIN CONFIGURATION 

Vee 

53/53 

A13 

As 

Ag 

Al0 

51/51 

Q7 

Qs 

Qs 

Q4 

Q3 

TOP VIEW 

PACKAGE AVAILABILITY 
See Ordering Information 

PIN NAMES 

AO-A13 

S1-S3 

0 0-07 

Vee 

GND 

BLOCK DIAGRAM 

51/51 
S2IS2 

S3/53 

Al 

A2 

I/) 
A4 

1/)1/) As wI-
a:::I AT eeL 
e Z 

As ",-

Al0 

A12 

A13 

Vee 0----

GND 0----

Address Inputs 

Chip Selects 

Data Outputs 

Power 

Ground 

DATA OUTPUTS 
QO-Q7 

131,072·BIT 
MEMORY 
MATRIX 

t t 
Ao A3 A6 Ag All 

ADDRESS 
INPUTS 
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MOS MEMORY DIVISION G!IOliCS 

131 ,072-8IT STATIC MOS ROM (16,384x 8) 23128/23128E/23128M 

DC ELECTRICAL CHARACTERISTICS Vee =5.0V ± 10% 

23128EiM 23128·25 23128·30/45 
PARAMETER TEST CONDITIONS UNIT 

Min Max Min Max Min Max 

Input voltage V 
VIL Low (Note 4) -2.0 0.8 -2.0 0.8 -2.0 0.8 
VIH High 2.0 Vee 2.0 Vee 2.0 Vee 

Output voltage V 
VOL Low IOL=3.2mA 0.4 0.4 0.4 
VOH High 10H= - 4OOttA 2.4 Vee 2.4 Vee 2.4 Vee 

III Input load current OV ::5 VIN ::5 5.5V i 1 1 1 ttA 

ILO Output leakage Chip deselected. VOUT= +O.4V to Vee I 5 5 5 ttA 

, Icc Supply current Chip deselected. Vee =5.5V, VIN=Vec 120 100 90 rnA 

Capacitance (Note 5) I 
I 

pF 
CIN Input I T A = 25°C, f = 1 M Hz, all pins except I I 7 I I 7 I 7 

.. I 

I COUT OutPUt ptn Under test tied to ground 10 10 10 

NOTES 
4. !r;put !eve!s that s'v·ving more negative than - 2.0V may alter AC electrical characteristics. 
5. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS Vee= 5.0V ± 10% 

-25 -30 -45 
PARAMETER UNIT 

Min Max Min Max Min Max 

t AVQV Address access time 250 300 450 ns 

tSVQV Chip select delay 120 150 150 ns (Note 6) 

tSXQZ Chip deselect delay 100 100 100 ns '(Note 7) 

tAXQX Previous data valid after address change delay 0 0 0 ns 
NOTES 
6. tSVQV is at value indicated, provided the valid address leads the chip select by (tAVQV-tSVQV) ns or more. 
7. tSXQZ is measured at VOL = 0.5V on the "0" to High-Z state transition,with AC TEST LOAD as shown below. 

TIMING DIAGRAM AC TEST LOAD 

I ::.~s ~%¥~f~-----V-A-L-ID-----'""Y,I/i//////if£W!l////ll/$; II T 2.17V 

~ 555Q 

~;~~~ w&~~¥iq~._ ENABLED XI~~~~,f{zf~ 
I I-tSVQV ""''''f'r'I';.,1 ~~ DATA 

OUTPUTS HIGH ~ IMPEDANCE 
tAVQV----..t 

@ Ie MASTER 1984 

DEVICE UNDER TEST t---+----Q_ OUTPUT 
f CL=100pF 

Input transition time" 5ns 
Input signal levels: O.8V to 2V 

Timing reference levels: Input: 1.5V 
Output: O.6V and 2.2V 
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MOS MEMORY DIVISION 

262,144-8IT STATIC MOS ROM (32,768x8) 

'WiI")"'-"j 
DESCRIPTION 
The 23256A is a 262,144-bit read-only 
memory organized as 32,768 words by 8 
bits. The pinout conforms to JEDEC stan
dards for byte-wide memories. 

The 23256A is a fully static device; it goes 
into low power, standby mode when pin 20 
(E), is held high. Either G or E may be used 
for output control to eliminate bus conten
tion. 

The 23256A is fabricated using high per
formance n-channel silicon gate MOS 
technology. 

FEATURES 
• Completely TTL compatible, 2 TTL loads 
• Single + 5V ± 10% power supply 
• Three-state outputs 
• Fast access time - 200ns 
• Fully static 
• Low standby power 
• JEDEC approved byte-wide pinout 
• Inputs and outputs protected against 

static charge 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

PARAMETER RATING UNIT 

Operating Temperature o to + 70 °C 
Storage Temperature - 65 to + 150 °C 

Voltage on Any Pin Relative to Ground - 2 to + 7 V 
Power Dissipation 1 Watt 
Electrostatic Discharge Rating Relative to Ground (Note 2) ±2000 V 

NOTES 
1. Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

These are stress ratings only. Functional operation 01 this device at these or any other conditions above those 
indicated in the operational sections of this specification is not implied and exposure to absolute maximum rating 
conditions lor extended periods may affect device reliability. 

2. Test condition. Discharge 100pF through 1500 ohms, Mll-STD 883, method 3015.1. 

ORDERING INFORMATION 

TEMPERATURE PACKAGE ORDER NUMBER BY ACCESS TIME 
RANGE TYPE 200ns I 250ns I 300ns I 450ns 

O°C to + 70°C Plastic 23256A-20N I 23256A-25N I 23256A-30N I 23256A-45N 

4204 
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23256A 

PIN CONFIGURATION 

Ao 

00 

TOP VIEW 

PACKAGE AVAILABILITY 
See Ordering Information 

A. 

A11 

G 

PIN NAMES 

Ao-A14 Address Inputs 

E Chip Enable 

G Output Enable 

0 0-07 Data Outputs 

Vcc Power 

GND Ground 

NC Not Connected 

BLOCK DIAGRAM 

E 

G 

As 

A1 

As 
At 

An 

A12 

An 

A14 

Vcc-

GND-

a: 
w 
Q 
0 
() 
IU 
Q 

)( 

DATA OUTPUTS 
. 00-07 

262,144 BIT 
MEMORY MATRIX 
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MOS MEMORY DIVISION 

262, 144-8IT STATIC MOS ROM (32,768 x 8) 

DC ELECTRICAL CHARACTERISTICS Vee = 5.0V ± 10% 

PARAMETER 

Input voltage 
V1L Low (Note 3) 
V1H High 

Output voltage 
VOL Low 
VOH High 

III Input load current 

ILO Output leakage 

Supply current 
lee Active 
leez Standby 

Capacitance (Note 4) 
Input 

TEST CONDITIONS 

IOL=3.2mA 
10H= -400p.A 

OV $ V1N $ 5.5V 

Output unloaqed 
E=V1H . 

TA=25°C, f= 1MHz 

I VOUT Output Aii pins except Pin under lesi iied io ground 

NOTES 
3. Input levels that swing more negative than - 2.0V may alter AC electrical characteristics. 
4. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS Vee =5.0V ± 10% 

-20 
PARAMETER 

Min Max Min 

t AVQV Address acCess time 200 

tELQV Chip enable to output delay 200 

tGLQV Output enable to output valid delay (Note 5) I 
100 ! 

tEHQZ Chip disable delay (Note 6) 100 tGHQZ 

tAXQZ Previous data valid after address change delay 0 0 

NOTES 
5. tELOV is at value indicated provided the valid address leads output enable by (tAVQV - tGLQV) ns. 

23256A 

Min Max UNIT 

-2.0 0.8 V 
2.0 Vee V 

0.4 V 
2.4 Vee V 

1 p.A 

5 p.A 

. 90 rnA 
10 rnA 

7 pF 
12 pF 

-25 -30 -45 
UNIT 

Max Min Max Min . Max 

250 300 450 ns 

250 300 450 ns 

120 150 180 ns 

100 120 150 ns 

0 0 ns 

6. tEHOZ and tGHQZ are measured at VOL = 0.5Von the "0" to High-Z state transition with load as shown below connected to output. 

TIMING DIAGRAM 

ADDRES~ ADDRESS VALID 

CHIP ENABLE 

____ -t __ J~-~"-\--iELav--l 
O""'U:-::T==P'""U=T -=E~NA"""'B""'L-=E 

-IGLaV 
1----tAvaV---

OUTPUT ________ H_IG_H_Z _____ ~~ 

© Ie MASTER 1984 

ACTESTLOAD 

-,- 2.17V 

~ 555{l 

DEVICE 
UNDER 
TEST 

t-----+----<l...,OUTPUT 

;:: CC=100pF 

1 
Input transition time,,; 5ns 
Input signal levels: O.4V to 2.4V 
Timing reference levels: 

Input = 1.5V 
Output = 0.6V and 2.2V 

. for 23256A-20 eL = 30pF. 
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MOS MEMORY DIVISION SmDotiCS 

65,536-BIT STATIC MOS ROM (TWO 4096 x 8 BANKS) 26564-30/45 

DESCRIPTION 
The 26S64 is a mask-programmable, 8192 
words by 8 bits Read-Only Memory, parti
tioned into two banks of 4096 words by 8 
bits. Each half can be accessed by a 12-bit 
address, Ao through A11 , and switching 
from one bank to the other is effected by a 
pair of bank-select addresses, FF8 and 
FF9. The address FF8 accesses the bank 
containing locations 0000 through OFFF, 
and FF9 accesses the bank containing 
locations 1000 through 1 FFF. The bank
select locations, 1 FF8 and OFF9, must be 
programmed with a no-operation (NOP) 
instruction. 

The 26S64 has two user-programmable 
chip selects, along with three-state out
puts, allowing. easy memory expansion. It 
is suitable for applications where 12 ad-

dress lines must be used to access 8192 
words of memory, the 13th address bit is 
internally generated and latched, in re
sponse to bank select address FF8 or FF9. 

The 26S64 is manufactured with n-channel 
silicon gate MOS technology, and all in
puts and outputs are TTL compatible. 

FEATURES 
• Fast access time· 
• Organized as two 4K x 8 banks 
• Access 8K bytes with 4K system 

address capability 
• Industry standard pinout 
• Low power dissipation 
• TTL compatible inputs and outputs 
• Single + 5V ± 10% power supply 
• Three-state outputs - OR·tie capability 
• Electrostatic discharge protection 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

PARAMETER RATING UNIT 

Operating Temperature o to + 70 °C 
Storage Temperature - 65 to + 150 °C 

Voltage on Any Pin Relative to Ground - 2 to + 7 V 

Power Dissipation 1 Watt 

Electrostatic Discharge Rating Relative to Ground (Note 2) ±2000 V 

NOTES 
1. Stresses above those listed under "Absolute Maxim'um Ratings" may cause permanent damage to the device. 

These are stress ratings only. Functional operation of thIs device at these any any other conditIons above those 
indicated in the operational sections of this specification is not implied and exposure to absolute maximum rating 
conditions for extended periods may affect device re!iability. 

2. Test condition. Discharge 100pF through 1500 ohms, MIL·STD 883. method 3015.1. 

BLOCK DIAGRAM 

ADDRESS 

Sll81 

S2/52 

INPUTS ~ __ ,I 

ORDERING INFORMATION 

a:: 
w o 
o o w 
o 
Io 
W 
...J 
W 
!/) 

~ 
z 

"' m 

1-----..... OUTPUT BUFFERS 

65,536-BIT 
MEMORY 
MATRIX 

ORDER NUMBER BY ACCESS TIME 
TEMPERATURE RANGE PACKAGE TYPE 

300ns 450ns 

O°C to + 70°C Plastic 26S64-30N 26S64-45N 

O°C to + 70°C Cerdip 26S64-30F 26S64-45F 

4206 

PIN CONFIGURATION 

TOP VIEW 

PACKAGE AVAILABILITY 
See Ordering Information 

PIN NAMES 

Ao-A11 Address inpufs· 

0 0-07 Data outputs 

S1/S2 Chip selects 
.. .- Power/grouna 

... 
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MaS MEMORY DIVISION IRIDtil1 

65,536-BIT STATIC MOS ROM (TWO 4096 X 8 BANKS) 26564-30/45 

DC ELECTRICAL CHARACTERISTICS V cc =5.0V ± 10% 

TEST CONDITIONS 
26564 

PARAMETER Uf'l1T 
Min Max 

Input voltage V 

V IL Low (Note 3) -2.0 0.8 

V IH High 2.0 Vee 

Output voltage V 

VOL Low 10L= 1.6mA 0.4 

V OH High 10H= -100",A 2.4 Vee 

III Input load current OV ~ VIN ~ 5.5V ",A 

I LO Output leakage Chip deselected. VOUT= + OAV to Vee 5 ",A 

Icc Supply current Chip deselected. V cc =5.5V, VIN=VCC 100 rnA 

Capacitance (Note 4) pF 

CIN Input 
T A = 25°C, f = 1 MHz, all pins except pin under test tied to ground 

7 
COUT Output 10 

NOTES 
3. Input levels that swing more negative than - 2.0V may alter AC electrical characteristics. 
4. This parameter is periodically sampled and is not 100% tested. 

AC ELECTRICAL CHARACTERISTICS Vcc= 5.0V ± 10% 

26S64·30 26S64·45 
PARAMETER UNIT 

Min Max Min Max 

t AVQV Address access time (Note 5) 300 400 ns i 

tsVQv Chip select delay (Note 6) 120 150 ns 

tSXQZ Chip deselect delay (Note 7) 100 100 ns 

t AXQX Previous data valid after address change delay 0 0 ns 

NOTES 
5. Following a change of banks, at least two times tAVQV must elapse before a valid access may be exercised. 
6. tSVQV is at value indicated, provided the valid address leads the chip select by (tAVQV-tsVQVl ns or more. 
7. tSXQZ is measured at VOL = 0.5Von the ··0" to High-Z state transition, with AC test load connected to the output. 
8. Bank select can be effected only while chip is selected, and bank switch address is held valid for at least 100ns. 
9. At power-up the 26S64 may come up in either bank; proper initialization is required. 

TIMING DIAGRAM AC TEST LOAD 

ADDRESS INVALID X 
INPUTS I 

I 
CHIP 

SELECT DISABLED 
INPUTS 

DATA I 
OUTPUTS 

HIGH I 
IMPEDANCE .. 

© Ie MASTER 1984 

VALID ¥ INVALID 

I 

~ ENABLED ¥ DISABLED 

!=tSVQV- I I I 

~ < IN~A~D < ( VALID ) ~Nv1L11 2. \. 
\. \. \ J I HIGH 

tAVQV _~ r:::::=:1'MPEDANCE 
tAXQX -, - tSXQZ 

1 2
.
17V 

~ 1110!J 

DEVICE 
UNDER 
TEST 

±. o OUTPUT 

I CL=100pF 

Input transition time :s 5ns 
Input signal levels: 0.8V to 2V 
Timing reference levels: Input = 1.5V 

Outpul=O.6V and 2.2V 
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%i Rotating Memory Integrated Circuit Capabilities 

Silicon Systems is a semiconductor company dedicated 
primarily to the design and production of "application 
specific" integrated circuits. SSi sometimes works closely 
with a group of equipment manufacturers to develop an IC. 
Often these IC's become the "standard products" of the 
industry. Such is the case with Silicon Systems' family 

including the SSi 115 with 2, 4, or 5 channels, the SSi 
117 with 4 to 6 channels, and the 5Si 501 with 8 chan
nels. For thin-film-head applications, SSi has the 
4-channel S5i 114. SSi also has servo preamps including 
the SSi 101 for ferrite-head drives and the SSi 116 for thin
film-head drives. 5Si has defined a floppy-disk read/write 
IC, the soon-to-be released 5Si 570 .. of read/write IC's for the rotating memory market. 

SSI's first read/write Winchester IC 
developed in 1976 

In 1976 Silicon Systems developed its first read/write 
monolithic bipolar integrated circuit for the IBM 3350 
Winchester disk drive PCM (plug-compatible memory) 
market. Called the SSi 104, it integrated all of the 
requir~ read, write, control, and data protection func
tions on one chip. Assembled in a flat pack, the device 
could be mounted directly on the head-arm assembly. 
The SSi 104 soon became the industry standard. 

A broad line of Rotating Memory IC's 

SSi now has several varieties of read/write products 

Ie's for streamers, tape drives, and controllers, too 

If you don't see the product you need, it may be on our 
standard product list soon. We serve the disk drive 
market more completely than anyone else with our stan
dard line of circuits, and we have also developed a score 
of custom IC's of various desig'ns and functions for the 
rotating memory market: IC's for spindle control, data 
paths, ie's for data separation and controllers too. 
So, if the exact circuit you need isn't already in our line 
- we have the technology and experience to make a 

. custom chip for you. 

SSI PRODUCT SELECTOR GUIDE 
DISK DRIVE CIRCUITS 

Pert Circuit No. of Power Logic Data Write Write Write SpecIal 
No. FuncUon Channels Supplies Type WriteiRead Current Unu'. Reed Feature 

Source Indicator Gain 

FERRITE 

SSl101 Servo Preamp 1 N/A 8.3V 10V - - - I- n to 110 !Min BW '0 MHz I 

I I Bi·Directional ! low for 
SSl104 ReadlWrlte Amp i 4 I +6V -4V ECl Differential External I Write Unsafe 28 to 43 I 

ISSl104L ReadlWrite Amp 4 +6V -4V ECl 
Bi·Directional 

External 
low for lOIN Noise 

Differential Write Unsafe 28 to 43 (1.7nVI v'HZ) 

I SSll08 ReadlWrite Amp I 4 +6V -4V ECl I 
Bi·Directional 

External 
low for 24 pin DIP 

Differential Write Unsafe 28 to 43 opt 104 

. \ 

i 

I SS"'5 

I Bi·Dlrectional low for . I I Wrtt. Curren' 
ReadIWrlte Amp I 2,4,5 I ±5V TTL I 

External 26 to 52 . Diverter in 
I 

Differential I Write Unsafe 
I Read Mode 

SSl117 ReadlWrite Amp 4,6 +5V +12V TTL 
TTL Write 

On·Chip 
low for 

~ to 120 
"OEM" supplies 

Ditt. Read Write Safe 

SS1122 ReadIWrite Amp 4 +6V -4V ECl 
Bi-Directional 

External 
low for 

28 to 43 
22 pin DIP 

Differential Write Unsafe opt 104 

SSI501 
TTL Write 

On·Chip 
low for 

~to 120 
"OEM" supplies 

ReadIWrite Amp 8 +5V + 12V TTL Ditt. Read Write Safe 

THIN-FILM 

Ditt. Wri~e low for Sep. ReadlWrite 
SSl114 ReadlWrite Amp 4 ±5V TTL Ditt. Read On·Chip Write Safe 75 to 120 Bus, Write Safe 

Verify output 

SSl116 Servo Preamp N/A 8.3V - - - - 200 to 310 Min BW20MHz 

TAPE DRIVE 

SSl8500 
CRC Character -Generator - - - - - - -

SSI8502 
lRC Character - - -Generator - - - - -

~1852O 
QueuelDeskew - - - - - - -Register -

FLOPPY READlWRITE 

SSl570 eadlWrite System 2 +5V + 12V TTL - On·Chip - - -
Note: On-Chlp Write Current Sources are programmed with an External Resistor. 

%i Silicon Systems'~ 
incorporated 

14351 Myford Road, Tustin, California 92680 (714) 731-7110, TWX 910-595-2809 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohio Sci Ohio Scientic 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY 
Panasonic Panasonic 
Pica Design Pico Design 
Polycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic Design Inc. 
Pro-Log Pro-log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 

GI General Instrument RCA RCA Solid State Division 
Action Ins Action Instruments RCI Data RCI Data 
AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems 
ADT Advanced Digital Technology Reticon Reticon Advent Advent ProdUcts, Inc. 

Harris Harris Semiconductor RIFA RIFA Alphatron Alphatron Rockwell Rockwell, Microelectronic Devices 
AMA American Automation Heurikon Heurikon Corp. RTC Riehl Time Corporation 
AMD Advanced Micro Devices Hilevel Hilevel Technology, Inc. 
AMI American Microsystems, Inc. Hita-chi Hitachi America, ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Analogic Analogic HP Hewl(:ltt·Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si-Fab Si·Fab 
Appl Sys App!ied Systems Corp. Signetics Signetics 
APT Applied Microtechnology 

International Cybernetics 
SGS SGS Semiconductor 

Aptek Aptek Microsystems ICC Sharp Sharp 
Array Tecl! Array Techno!ogy IDT Integrated Device Technology Silic!3!!C Silicon Genera! 
AWl AWl Electronics IMI International Microcircuits, Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Siltronics Siltronics 

Barvon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. 
Bedford Bedford Computer Systems Inc. Infosphere Infosphere S MOS S MOS Systems 
Burr-Brown Burr·Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solitro,. Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE IntCompSys Integrated Computer Systems SSM Solid State Micro Technology Cal Devices California Devices Int Tech Integrated Technology Corp. for Music Cermetek Cermetek Intech Intech Microcircuits Div. SSS Solid State Scientific CGRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cherry Cherry Semiconductor Interdesign Interdesign STC Storage Techno!ogy Corp. CIC Custom Integrated Circuits Intersil Intersil STD STD Microsystems CirTech Circuit Technology Intronics Intronics Struc Des Structured Design Inc. Citel Citel ITT ITT Semiconductors Stynetic Sty netic Systems Com linear Comlinear Corporation Sunrise Sunrise Electronics CMA Custom MOS Arrays Sunshine Sunshine Semiconductor Comark Comark Corp. Kinetic Sys Kinetic Systems Supertex Supertex Inc. Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. Comp Auto Computer Automation Synertek Synertek Compas Com pas Microsystems Sys Innoy Systems Innovations Cant logic Control logic Inc. Lambda lambda Semiconductor 
Control Sys Control Systems Microsystems Div. Linear Tech linear Technology 

Tau Zero Inc. CreMicro Creative Micro Systems LSI Camp lS I Computer Systems Tau Zero 
Cromemco Cromemco. Inc. LSI Logic LSI logic Corporation Technitrol Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices. Inc. Teledyne C Teledyne CrYstalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro·Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics TI Texas Instruments 
Data I/O Data I/O Micrel Micrel Third Domain Third. Domain 
Data Trans Data Translation Micro Innov Micro Innovators Thomson·CSF Thomson-CSF Components Corp. 
Datel Datel Micropac Micropac Industries Toshiba Toshiba America 
Datricon Datricon Corporation Micro Net Micro Networks Trans-Data Trans·Data DOC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW lSI Products DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. Die·Tech Die·Tech Micro Tech Microcircuits Technology Unitrode Digelec Digelec Corp. Micro·Link Micro·link Corporation Unitrode 
Digitek Digitek, Inc. Micron Micron Technology Universal Universal Semiconductor, Inc. 
Dioiiies Dionies iiiC. MilerTron MilerTronics Dist Comp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Mitel Mitel Semiconductor VLSI Design VlSI Design Associates 

Mitsubishi Mitsubishi Electronics VTI VlSI Technology, Inc. 
E·HI E·H International. Inc. MMI Monolithic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. 

Mostek Monolithic Systems Corp. Elind Elind Elettronica Industriale Weitek Corporation EMM-SESCO EEM·SESCO Motorola Mostek Weitek 
MRC Motorola Semiconductor Western Western Digital Emulogic Emulogic Inc. Murray MRC Systems Wintek Wintek Corp. ETI Micro ETI Micro 

Exar Exar Integrated Systems Monosil Murray Consulting 
£Iel Exel Microelectronics Xicor Xicor, Inc. 

National National Semiconductor 
Xycom Xycom 

Fairchild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex Zendex Corp. 
Force Force Computers Division Zilog Zilog 
Fujitsu A Fujitsu America NEC NEC Electronics ZyMOS ZyMOS Corporation 
Fujitsu Fujitsu Microelectronics, Inc. Nitron Nitron Zytrtx Zytrex Corp. 
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RAM Selection Guide 
Commercial T A = 00 C to 70

0 

C) 
Access Maximum Current (mAl 

Part Number Organizalion Time 
Insl Operating 

SY2101-1 256 x 4 500 70 
SY2101A 256 x 4 350 55 
SY2101A-2 256 x 4 250 55 
SY2101A-4 256 x 4 450 55 
SY2111-1 256 x 4 500 70 
SY2111A 256 x 4 350 55 
SY2111A-2 256 x 4 250 55 
SY2111A-4 256 x 4 450 55 
SY2112-1 256 x 4 500 70 
SY2112A 256 x 4 350 55 
SY2112A-2 256 x 4 250 55 
SY2112A-4 256 x 4 450 55 

SY2114AL-l 1024 x 4 100 40 
SY2114AL-2 1024 x 4 120 40 
SY2114AL-3 1024 x 4 150 40 
SY2114AL-4 1024 x 4 200 40 
SY2114A-4 1024 x 4 200 70 
SY2114A-5 1024 x 4 250 70 
SY2148H lUl4 x 4 70 150 
SY214BH-2 1024 x 4 45 150 
SY2148H-3 1024 x 4 55 150 
SY214BHL 1024 x 4 70 125 
SY2148HL·3 1024 x 4 55 125 
SY2149H 1024 x 4 70 150 
SY2149H-2 1024 x 4 45 150 
SY2149H-3 1024 x 4 55 150 
SY2149HL 1024 x 4 70 125 
SV2149HL-3 1024 x 4 55 125 

SY2147H-2 4096 xl 45 180 
SY2147H-3 4096 x 1 I 55 I 180 
SY2147H 4096 x 1 70 160 
SV2147Hl-3 4096 xl 55 125 

SY2147Hl 4096 x 1 70 140 

SY2158-2 1024 x 8 120 100 
SY2158-3 1024 x 8 150 100 
SV2158-4 1024 x 8 200 100 
SY2159-2 1024 x 8 120 100 
SV2159-3 1024 x 8 150 100 
SY2159-4 1024 x 8 200 100 

SV2128-1 2048 x 8 100 100 
SY2128-2 2048 x 8 120 100 
SY2128-3 2048 x 8 150 100 
SY2128-4 2048 x 8 200 100 
SV2128L-l 2048 x 8 100 80 
SY2128L-2 2048 x 8 120 80 
SY2128L-3 2048 x 8 150 80 
SY2128L-4 2048 x 8 200 80 
SY2129-1 2048 x 8 100 100 
SY2129-2 2048 x 8 120 100 
SY2129-3 2048 x 8 150 100 
SV2129-4 2048 x 8 200 100 
SY2129L-l 2048 x 8 100 80 
SY2129L-2 2048 x 8 120 80 
SV2129L·3 2048 x 8 150 80 
SV2129L-4 2048 x 8 200 80 
SY2168 (2) 4096 x 4 70 120 
SY2168-3 (2) 4096 x 4 55 120 
SY2169 (2) 4096 x 4 70 120 
SV2169-3 (2) 4096 x 4 55 120 
SY2167 (2) 16,384 xl 70 120 
SY2167-3 (2) 16,384 xl 55 120 
SV2130 (2) 1024 x 8 100 170 

SY2131 [2] 1024 x 8 100 170 

NOTES: 1. C = Ceramic. 0 = Cerdip. P = Plastic, K = leadless Chip Carrier. 
2. Preliminary Information (new product). 
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Svnertek. --

Power Package 
Supply Number Type 
IVoItsl of Pins INote II 

+5 22 C P 
+5 22 C P 
+5 22 C P 
+5 22 C. P 
+5 18 COP 
+5 18 COP 
+5 18 COP 
+5 18 COP 
+5 16 COP 
+5 16 COP 
+5 16 COP 
+5 16 COP 
+5 18 C D. P 
+5 18 C. D. P 
+5 18 C D. P 
+5 18 C. 0 P 
+5 18 C. D. P 
+5 18 C. D. P 
+5 18 C,D,P 
+5 18 C,D,P 
+5 18 C,D,P 
+5 18 C,D,P 
+5 18 C. 0, P 
+5 18 C,D.P 
+5 18 C,D.P 
+5 18 C.D, P 

. +5 18 C,D,P 
+5 18 C,D, P 
+5 18 C,D.P 

I +5 I 18 

I 
C.D. P I +5 18 C,D, P 

+5 18 C.D.P 
+5 18 C. D. P 
+5 24 P 
+5 24 P 
+5 24 P 
+5 24 P 
+5 24 P 
+5 24 P 
+5 24 K.C. D. P 
+5 24 K.C.D.P 
+5 24 K.C.D.P 
+5 24 K. C. D. P 
+5 24 K.C. D. P 
+5 24 K.C.D. P 
+5 24 K. C. D. P 
+5 24 K. C. D.P 
+5 24 K.C. D. P 
+5 24 K.C.D. P 
+5 24 K. C. D. P 
+5 24 K.C.D.P 
+5 24 K. C. D. P 
+5 24 K.C.D.P 
+5 24 K.C. D. P 
+5 24 K.C. D. P 
+5 20 C.D.P 
+5 20 C. D. P 
+5 '20 C,D,P 
+5 20 C, D, P 
+5 .20 C,D,P 
+5 20 C.D. P 
+5 48 C. D. P 
+5 48 C,P 
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Svnertek. -
ROM Selection Guide 
Commercial: T A = 0° C to +70° C 

Access Maximum Current (mA) Power Package 
Part Number Organization Time Supply Number Type Compatible 

(ns) Max. Operating Standby (Volts) of Pins (Note 1) EPROM/PROM 

SY3308 1024 x 8 70 120 - +5 24 C, D, P, K 82S181 
SY3308R 1024 x 8 35[3] 130 - +5 24 C,D, P,K 27S35 

SY23168 2048 x 8 . 450 98 - +5 24 C,D,P 2716 
SY23168-2 2048 x 8 200 98 - +5 24 C, D, P 2716 
SY23168-3 2048 x 8 300 98 - +5 24 C,D,P 2716 

SY3316 2048 x 8 80 120 - +5 24 C, D, P, K 82S191 
SY3316A 2048 x 8 80 120 20 +5 24 C, D, P, K 82S191 
SY3316R 2048 x 8 35[3] 130 - +5 24 C, D,P, K 27S45 

SY2332 4096 x 8 450 100 - +5 24 C, D,P TMS2532 
SY2332-2 4096 x 8 200 100 - +5 24 C, D,P TMS2532 
SY2332-3 4096 x 8 300 100 - +5 24 C,D,P TMS2532 
SY2333 4096 x 8 450 100 - +5 24 C,D, P 2732/A 
SY2333-2 4096 x 8 200 100 -

I 
+5 24 

I 
C,D,P 27321 A 

SY2333-3 4096 x 8 300 100 - +5 24 C,D,P 2732/A 

. SY2364 8192 x 8 450 100 -
I 

+5 24 C,D, P TMS2564 
SY2364-2 8192 x 8 200 100 - +5 I 24 C, D,P TMS2564 
SY2364-3 8192 x 8 300 100 - I +5 I 24 C,O,P TMS2564 
SY2364A 8192 x 8 450 100 12 +5 24 C, D,P TMS2564 
SY2364A-2 8192 x 8 200 100 12 +5 24 C, D,P TMS2564 
SY2364A-3 8192 x 8 300 100 12 +5 24 C,D,P TMS2564 

SY2365 8192 x 8 450 100 - +5 28 C, D,P 2764 
SY2365-2 8192 x 8 200 100 - +5 28 C,D,P .2764 

. SY2365-3 8192 x 8 300 100 - +5 28 C, D,P 2764 
SY2365A 8192 x 8 450 100 12 +5 28 C,D, P 2764 
SY2365A-2 8192 x 8 200 100 12 I +5 I 28 C,O,P 2764 
SV2365A-3 8192 x 8 300 100 12 +5 28 C,O,P 2764 

SV23128-2 16,384 x 8 200 100 - +5 28 

I 
C, 0, P 

I 
27128 

SV23128-3 16,384 x 8 300 100 - +5 28 C,O,P 27128 
SY23128 16,384 x 8 450 100 - +5 28 C,O, P 27128 
SY23128A-2 16,384 x 8 200 100 10 +5 28 C,O,P 27128 
SV23128A-3 16,384 x 8 300 100 10 +5 28 C,O,P 27128 
SY23128A 16,384 x 8 450 100 10 +5 28 C,O,P 27128 
SY23130 16,384 x 8 450 100 - +5 28 C,O,P -
SV23130-2 16,384 x 8 200 100 - +5 28 C,O,P -
SY23130-3 16,384 x 8 300 100 - +5 28 C,O,P -

\. 
SY23130A 16,384 x 8 450 100 10 +5 28 C,O,P -
SY23130A-2 16,384 x 8 200 100 10 +5 28 C,O,P -
SY23130A-3 16,384 x 8 300 100 10 +5 28 C,O,P -

SV23256-2 32,768 x 8 200 100 - +5 28 C,O, P 27256 
SV23256-3 32,768 x 8 300 100 - +5 28 C, 0, P 27256 
SY23256 32,768 x 8 450 100 - +5 28 C,O,P 27256 
SV23256A-2 32,768 x 8 200 100 10 +5 28 C, 0, P 27256 
SY23256A-3 32,768 x 8 300 100 10 +5 28 C,O,P 27256 
SV23256A 32,768 x 8 450 100 10 +5 I 28 C, 0, P 27256 

SY6364[21 8192 x 8 200 70 1mA/10J.'A[4] +5 24 C,O,P 
SY6365 [2] 8192 x 8 200 70 1mA/10J.'A[4] +5 28 C, D, P 

NOTES: 
1. C = Ceramic, D = Cerdip, P = Plastic, K = Leadless Chip Carrier. 
2. Preliminary information. 

3. §!!ective ~cess Time (tePA)' 
4. CE @2V/CE @Vee. 
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MOS 
LSI 

• 262, 144 X 1 Organization 

• Single + 5-V Supply (10% Tolerance) 

• JEDEC Standardized Pin Out 

• Upward Pin Compatible with TMS4164 
(64K Dynamic RAM) 

• Performance Ranges: 

ACCESS ACCESS 
TIME TIME 

DEVICE ROW COLUMN 
ADDRESS ADDRESS 

(MAX) (MAX) 

TMS4256-10 
100 ns 50 ns 

TMS4257-10 
TMS4256-12 

120 ns 60 ns 
TMS4257-12 
TMS4256-15 

150 ns 75 ns 
TMS4257-15 
TMS4256-20 

200 ns 100 ns 
TMS4257-20 

• Long Refresh Period ... 4 ms (MAX) 

TMS4256, TMS4257 
262,144·8IT DYNAMIC RANDOM·ACCESS MEMORIES 

READ 
OR 

WRITE 
CYCLE 
(MIN) 

200 ns 

230 ns 

260 ns 

330 ns 

MAY 1983 

TMS4256, TMS4257 ... JL OR NL PACKAGE 

(TOP VIEW) 

AO-A8 

-CAS 

o 
Q 

RAs 
W 

VDD 

VSS 

A8 VSS 

0 CAS 

W Q 

RAS A6 

AO A3 

A2 A4 

Al A5 

VDD A7 

PIN NOMENCLATURE 

Address Inputs 

Column Address Strobe 

Data-In 

Data-Out 

Row Address Strobe 

Write Enable 

+5-V Supply 

Ground 

• Low Refresh Overhead Time ... As Low As 1.3% of Total Refresh Period 

• On-Chip Substrate Bias Generator 

• All Inputs, Outputs, and Clocks Fully TIL Compatible 

• 3-State Unlatched Output 

• Common 1/0 Capability with "Early Write" Feature 

• Page ('4256) or Nibble-Mode ('4257) Options for Faster Access Operation 

• Low Power Dissipation: 
Operating ... 200 mW (TVP) 
Standby ... 16.5 mW (TVP) 

• RAS Only Refresh Mode 

• Hidden Refresh Mode 

description 

The '4256 and '4257 are high-speed, 262, 144-bit dynamic random-access memories, organized as 262,144 words 
of one bit each. They employ state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate technology 
for very high performance combined with low cost and improved reliability. 

These devices feature maximum RAS access times of 100 ns, 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is 200 mW operating and 16.5 mW standby. 

New SMOS technology permits operation from a single + 5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. 100 peaks are 150 mA typical, and a -1-V input voltage undershoot can be 
tolerated, minimizing system noise considerations. 

AI! inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines are iatched 
on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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MOS 
LSI 

• 262,144 X 1 Organization 

TMS4256, TMS4257 
262,144·8IT DYNAMIC RANDOM·ACCESS MEMORIES 

MAY 1983 

• Single + 5-V Supply (10% Tolerance) 

.• JEDEC Standardized Pin Out 

TMS4256, TMS4257 ... JL OR NL PACKAGE 

(TOP VIEW) 

A8 VSS 

• Upward Pin Compatible with TMS4164 
(64K Dynamic RAM) 

• Performance Ranges: 

ACCESS ACCESS 
TIME TIME 

DEVICE ROW COLUMN 
ADDRESS ADDRESS 

(MAX) (MAX) 

TMS4256-10 
100 ns 50 ns 

TMS4257-10 
TMS4256-12 

120 ns 60 ns 
TMS4257-12 
TMS4256-15 

150 ns 75 ns 
TMS4257-15 
TMS4256-20 

200 ns 100 ns 
TMS4257-20 

• Long Refresh Period ... 4 ms (MAX) 

READ 
OR 

WRITE 
CYCLE 
(MIN) 

200 ns 

230 ns 

260 ns 

330 ns 

0 CAS 

W Q 

RAS A6 

AO A3 

A2 A4 

A1 A5 

Voo A7 

PIN NOMENCLATURE 

AO-A8 Address Inputs 

CAS Column Address Strobe 

0 Oata-In 

Q Oata-Out 

RAS Row Address Strobe 

W Write Enable 

VOO +5-V Supply 

VSS Ground 

• Low Refresh Overhead Time ... As Low As 1.3% of Total Refresh Period 

• On-Chip Substrate Bias Generator 

• All Inputs, Outputs, and Clocks Fully TTL Compatible 

• 3-State Unlatched Output 

• Common 1/0 Capability with "Early Write" Feature 

• Page ('4256) or Nibble-Mode ('4257) Options for Faster Access Operation 

• Low Power Dissipation: 
Operating ... 200 mW (TVP) 
Standby ... 16.5 mW (TVP) 

• RAS Only Refresh Mode 

• Hidden Refresh Mode 

description 

The '4256 and '4257 are high-speed, 262, 144-bit dynamic random-access memories, organized as 262,144 words 
of one bit each. They employ state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate technology 
for very high performance combined with low cost and improved reliability. 

These devices feature maximum RAS access times of 100 ns, 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is 200 mW operating and 16.5 mW standby. 

New SMOS technology permits operation from a single + 5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. 100 peaks are 150 mA typical, and a -1-V input voltage undershoot can be 
tolerated, minimizing system noise considerations. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines are latched 
on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

PRODUCT PREVIEW Copyright © 1983 by Texas Instruments Incorporated 

This document contains information on a product under 
development. Texas Instrumants reserves the right to 
change or discontinue this product without notice. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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MOS 
LSI 

.• 65,536 X 4 Organization 

• Single +5-V Supply (10% Tolerance) 

• JEDEC Standardized Pin-Out 

• Pin-Out I~entical to TMS4416 
(16K X 4 Dynamic RAM) 

• Performance Ranges: 

ACCESS 
TIME 

DEVICE ROW 

ADDRESS 
(MAX) 

TMS4464-10 100 ns 
TMS4464-12 120 ns 
TMS4464-15 150 ns 

-TMS4464-2u 200 ns 

ACCESS 
TIME 

COLUMN 

ADDRESS 
(MAX) 

60 ns 
70 ns 
85 ns 

.. 120 ns 

• long Refresh Period ... 4 ms(MAX) 

READ 
OR 

WRITE 

CYCLE 
(MIN) 

200 ns 
230 ns 
260 ns 
330 ns 

TMS4464 
65,536-WORD BY 4-811 DYNAMIC RAM 

READ-
MOD,FY-

WRITE 

CYCLE 
(MIN) 

275 ns 
320 ns 
365 ns 

a 4vO ns 

OCTOBER 1 983 

TMS4464 ... JL OR NL PACKAGE 
(TOP VIEW) 

G VSS 
DQ1 OQ4 

DQ2 CAS 

W OQ3 

RAS AO 

A6 A1 

A5 A2 

A4 A3 

VDD A7 

• Low Refresh Overhead Time . . . As Low As 1.3 % of Total 
Refresh Period 

• On-Chip Substrate Bias Generator 

• All Inputs, Outputs, and Clocks Fully TTL Compatible 

• 3-State Unlatched Output 

• Early Write or G to Control Output Buffer Impedance 

• Page-Mode Operation for Faster Access 

• Low Power Dissipation: 
Operating ... 350 mW (TVP) 
Standby ... 16.5 mW (TVP) 

• RAS Only Refresh Mode 

• Hidden Refresh Mpde 

description 

AO-A7 

CAS 

DQ1-0Q4 

G 
RAS 

VDO 

VSS 
W 

PIN NOMENCLATURE 

Address Inputs 

Column Address Strobe 

Data-ln/Data-Out 

Output Enable 

Row Address Strobe 

+ 5-V Supply 

Ground 

Write Enable 

The TMS4464 is a high-speed, 262, 144-bit dynamic random-access memory, organized as 65,536 words of four 
bits each. It .employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate technology for very 
high performance combined with low cost and improved reliability. 

This device features maximum RAS access times of 100 ns, 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is 350 mW operating and 16.5 mW standby. 

New SMOS technology peqnits operation from a single + 5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. 100 peaks aie 150 rnA typical, and a -1-V input voltage undershoot can be 
tolerated, minimizing system noise considerations. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines are latched 
on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

The TMS4464 is offered in an 18-pin dual-in-line ceramic or plastic package and is guaranteed for operation from 
OOC to 70°C. These packages are designed for insertion in mounting-hole rows on 300-mil (7,62 mm) centers. 

PROOUCT PREVIEW 

This document contains infonnation on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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MOS 
LSI 

Dual Accessability - One Port Sequen-
tial Access, One Port Random Access 

Four Cascaded 64-Bit Serial. Shift Registers 
for Sequential Access Applications 

Shift Register Loaded Once Every 64, 128, 
192, or 256 Shift Cycles as Desired by 
User 

Fast Serial Port ... 25 MHz Shift Rate 

TR/OE as Output Enable Allows Direct Con-
nection of D, 0 and Address Lines to 
Simplify System Design 

Random Access, Port Looks Exactly Like a 
TMS4164 

Separate Serial In and Serial Out to Allow 
Simultaneous Shift In and Out 

65,536 x 1 Organization 

Maximum Access Time from RAS Less 
Than 150 ns 

Minimum Cycle Time (Read or Write) Less 
Than 260 ns 

Long Refresh Period . . . 4 Milliseconds 

Low Refresh Overhead Time ... As Low As 
1.6% of Total Refresh Period 

All Inputs, Outputs, Clocks Fully TTL 
Compatible 

3-State Unlatched Outputs for Both Random 
and Serial Access 

Common 1/0 Capability with "Early Write" 
Feature 

Page-Mode Operation for Faster Access 

Low Power Dissipation 

- Operating ... 200 mW (Typical) 
- Standby ... 35 mW (Typical) 

New SMOS (Scaled-MOS) N-Channel 
Technology 

SOE Simplifies Multiplexing of Video Data 
Streams 

TMS4161 
65,536-8IT MUL TIPORT MEMORY 

AO-A7 

CAS 

o 
o 
RAS 

SCLK 

SIN 

SOE 

SOUT 

TR/OE 

W 

VDD 

VSS 

TMS4161 ... NL PACKAGE 

(TOP VIEW) 

SIN VSS 

SCLK SOUT 

SOE TR/OE 

0 CAS 

W 0 

RAS AO 

A6 Al 

A5 A2 

A4 A3 

VDD A7 

PIN NOMENCLATURE 

Address Inputs 

Column Address Strobe 

Random Access Data-In 

Random Access Data-Out 

Row Address Strobe 

Serial Data Clock 

Seiial Data-In 

Serial Output Enable 

Serial Data-Out 

JULY 1983 

Register Transfer/O Output Enable 

Write Enable 

+ 5-V Supply 

Ground 

description 

The TMS4161 is a high-speed, dual-access 65,536-bit dynamic random-access memory. The random-access port 
makes the memory look like it is organized as 65,536 words of one bit each like the TMS4164. The sequential access 
port is interfaced to an internal 256-bit dynamic shift registe,r organized as four 64-bit shift registers which makes 
the memory look like it is organized as up to 256 words of up to 256 bits each which are accessed serially. One, 
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TMS4161 
65,536-8IT MUL TIPORT MEMORY 

two, three, or four 64-bit shift registers can be sequentially read out depending on a two-bit code applied to the two 
most significant column address inputs. The TMS4161 employs state-of-the-art SMOS (Scaled-MaS) N-channel dou
ble level polysilicon gate technology for very high performance combined with low cost and improved reliability. 

The TMS4161 features full asynchronous dual access capability except when transferring data between the shift register 

and the memory array. 

Refresh period is extended to 4 milliseconds, and durinQ this period each of the 256 rows must be strobed with RAS 
in order to retain data. CAS can remain high during the refresh sequence to conserve power. Note that the transfer 
of a. row of data from the memory array to the shift register also refreshes that row. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data-in are latched 
on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

The TMS4161 is offered in a 20-pin dual-in-line-plastic package and is guaranteed for operation from 0 °C to 70°C. 
Packages are designed for insertion in mounting-hole rows on 300-mil (7.62 mm) centers. 

random access address space to sequential address space mapping 

The TMS4161 is designed With each row divided into four, 64-column sections. The first column section to be shifted 
out is selected by the two most significant column address bits. If the two bits represent binary 00, then one to four 
registers car: be shifted out in order. If the two bits represent binary 01, then only 1 to 3 (the most significant) registers 
can be shifted out in order. If the two bits represent 10, then one to two of the most significant registers can be 
shifted out in order. Finally, if the two bits represent 11 only the most significant register can be shifted out. All registers 
are shifted out with the least significant bit (bit 0) first and the most significant bit (bit 63) last. Note that if the two 
column address bits equal 00 during the last register transfer cycle (TR/QE equal to 0) a total of 256 bits can be se
quentially read out. 
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TMS4161 
65,536-8IT MUL TIPORT MEMORY 

functional block diagram 

256 COLUMNS 

14 GROUPS OF 64 COLUMNS) 

D 
I I 

Q 

I COL 
0 

COL I 
255 1- - - -

ROW D Q 

0 

256 

R OWS 
MEMORY ARRAY 

1_ ROW 
255 65.535 - - -

~ 
[ 2.6 COLlJMNS 

'V 
I .--SHIFT REGISTERS-- I 

REG REG REG I REG 
SIN 

00 I 01 I 10 11 

I I I 
COL ! COL t COL ! COL t COL 

0 64 128 192 255 
SCLK 

SIN . 

64 BITS 

'128 BiTS , OF 4 v--REGISTER ...... 
192 BITS ~ DECODER 

256 BITS 

SOUT 

A6 

A7 

WE 

random access operation 

1216 

TR/QE 

The TR/OE pin has two functions. First, it selects either register transfer or random-access operation as RAS falls, 
and second, if this is a random-access operation, it functions as an output enable after CAS falls. 

To use the TMS4161 in the random-access mode, TR/QE must be high as RAS falls. Holding TR/OE high disconnects 
the 256 elements of the shift registers from the corresponding 256 bit lines of the memory array. If data is to be 
shifted, the shift registers must be disconnected from the bit lines. Holding TR/OE low enables the 256 switches that 
connect the shift registers to the bit lines and indicates that a transfer will occur between the shift registers and one 
of the memory rows. 

Once CAS has been pulled low. TR/OE controls when the data will appear at the 0 output (if this is a read cyclei. 
Whenever TR/OE is held high, the 0 output will be in the high-impedance state. This feature removes the possibility 
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TMS4161 
65,536-8IT MUL TIPORT MEMORY 

of an overlap between data on the address lines and data appearing on the 0 output making it possible to connect 
the address lines to the 0 and D lines (Use of this organization prohibits the use of the early write cycle.). 

address (AD through A 7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are set up on 
pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight column-address bits 
are set up on pins AO through A 7 and latched onto the chip by the column-address strobe (CAS). All addresses must 
be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is usetl as a chip select activating the column decoc:jer and the input and 
output buffers. 

'write enable (W) 

The read or write mode is selected through the write enable (W) input. A logic high on the ViI input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common I/O operation. 

data-in (0) 

Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into the on-chip 
data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write cycle, W 
is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. 
In a delayed write or read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with 
setup and hold times referenced to this signal. 

data-out (Q) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state 
as long as CAS or TR/OE is held high. Data will not appear on the output until after both CAS and TR/OE have been 
brought low. In a read cycle, the guaranteed maximum output enable access time is valid only if tCOE is greater than 

tCOE MAX, and tRLCL is greater than tRLCL MAX. Likewise, talC) MAX is valid only If tRLCL is greater than tRLCL 
MAX. Once the output is valid, it will remain valid while CAS and TR/OE are both low; CAS or TR/OE going high will 
return the output to a high-impedance state. In an early write cycle, the output is always in a high-impedance state. 
In a delayed write or read-modify-write cycle, the output will follow the sequence for the read cycle. In a register 
transfer cycle, the output will always be in a high-impedance state. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output buffer is in 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strob
ing each of the 256 row addresses (AO through A 7) with RAS causes all bits in each row to be refreshed. CAS can 
remain high (inactive) for this refresh sequence to conserve power. Note that the shift registers are also dynamic storage 
elements and that the data held in the registers will be lost unless SCLK goes high to shift the data one bit position 
or else the data is reloaded from the memory array. See specifications for maximum register data retention times. 

page-mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing suc-
cessive column addresses, onto the chip. Thus, the time required to setup and strobe sequential rO\AJ addresses for 
the same page is eliminated. To extend beyond the 256 column locations on a single RAM, the row address and RAS 
are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 
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TMS4161 
65,536·81T MUL TIPORT MEMORY 

sequential access operation 

TR/QE 

Memory operations involving parallel use of the shift register are first indicated by bringing TR/OE low before RAS 
falls low. This enables the switches connecting the 256 elements of the shift register to the 256 bit lines of the memory 
array. The W line determines whether the data will be transferred from or to the shift registers. 

write enable (W) 

In the sequential access mode, W determines whether a transfer will occur from the shift registers to the memory 
array, or from the memory array to the shift registers. To transfer from the shift registers to the memory array, W 
is held low as RAS falls, and, to transfer from the memory array to the shift registers, W is held high as RAS falls. 
Thus, reads and writes are always with respect to the memory array. The write setup and. hold times are referenced 
to the falling edge of RAS for this mode of operation. 

row address '(AO through A 1) 

Eight address bits are required to select one ~ the 256 possible rows involved in the transfer of data to or from the 
shift registers. The AO-A 7, W, and the TR/QE line are latched on the falling edge of RAS. 

register column address (A7, A6) 

To select one of the four shift registers (transfer from memory to register only), the appropriate 2-bit column address 
(A 7, A6) must be valid when CAS falls. However, the CAS and register address signals need not be supplied every 
cycle, orily when it is desired to change or select a new register. 

SCLK 

Data is shifted in and out on the rising edge of SCLK. This makes it possible to view the shift registers as though 
it were made of 256 rising edge D flip-flops connected D to O. The TMS4161 is designed to work with a wide range 
duty cycle clock to simptify system design. Note that data will appear at the SOUT pin not only on the rising edge 
of SCLK but also after an access time of ta(RSO) from RAS high during a parallel load of the shift registers. 

SIN and SOUT 

Data is shifted in through the SIN pin and is shifted out through the SOUT pin. The TMS4161 is designed such that 
it requires 0 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least 8 ns after SLCK rises. 
These features make it possible to easily connect TMS4161s together, to allow SOUT to be connected to SIN, and 
to give external circuitry a full SLCK cycle time to allow manipulation of the serial data. To guarantee proper serial 
clock sequence after power up, a transfer cycle must be initiated before serial data is applied at SIN. 

SOE 

The serial output enable pin controls the impedance of the serial output allowing multiplexing of more than. one bank 
of TMS4161 memories into the same external video circuitry. When SOE is at a low logic level, SOUT will be enabled 
and the proper data read out. When SOE is at a high logic level, SOUT will be disabled and be in the high-impedance state. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 

Voltage on any pin except VDD and data out (see Note 1) 
Voltage on VDD supply and data out with respect to VSS 

-1.5 V to 10 V 
-1 V to 6 V 

Short circuit output current ....................................................... . 50 mA 
1W Power dissipation 

Operating free-air temperature range ............................................ O°C to 70°C 
Storage temperature range ................................................ - 65°C to 1 50°C 

t Stress beyond those listed under" Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 

operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 

is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to VSS' 
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TMS4164, SMJ4164 
65,536·81T DYNAMIC RANDOM·ACCESS MEMORY 

• 65,536 X 1 Organization 

• Single + 5-V Supply (10% Tolerance) 

• JEDEC Standardized Pin-Out in Dual-In-Line 
Packages 

• 'Upward Pin Compatible with TMS4116 
(16K Dynamic RAM) 

• First Military Version of 64K DRAM 

• Available Temperature Ranges: 
M ... -55°C to 125°C 
S ... - 55°C to 100°C 
E ... -40°C to 85°C 
L ... OOC to 70°C 

• Long Refresh Period . . . 4 milliseconds· 

• low Refresh Overhead Time ... As Low As 
1.8 % of Total Refresh Period 

• All Inputs, Outputs, Ciocks Fuiiy TTL 
Compatible 

• 3-State Unlatched Output 

• Common I/O Capability with "Early Write" 
Feature 

• Page-Mode Operation for Faster Access 

• Low Power Dissipation 
Operating ... 125 mW (TVP) 
Standby ... 17.5 mW (TYP) 

• Performance Ranges: 

ACCESS ACCESS 
TIME TIME 
ROW COLUMN 

ADDRESS ADDRESS 
(MAX) (MAX) 

'4164-12 120 ns 70 ns 
'4164-15 150 ns 85 ns 
'4164-20 200 ns 135 ns 

• New SMOS (Scaled-MOS) N-Channel 
Technology 

description 

READ 
OR 

WRITE 
CYCLE 
(MIN) 

230 ns 
260 ns 
330 ns 

The '4164 is a high-speed, 65,536-bit. dynamic 
random-access memory, organized as 65,536 words 
of one bit each. It employs state-of-the-art SMOS 
(scaled MOS) N-channel double-level polysilicon gate 
technology for very high performance combined with 
low cost and improved reliability. 

READ-
MODIFY-

WRITE 
CYCLE 
(MIN) 

260 ns 
285 ns 
345 ns 

ADVANCE INFORMATION 
MILIT ARY PRODUCTS (SMJ) ONLY 

This docUl:nent contains information on a new product. 
Specifications are subject to change without notice. 
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TMS4164 ... JDL OR NL PACKAGE 

SMJ4164 ... JD PACKAGE 

(TOP VIEW) 

NC VSS 
CAS 

W Q 

RAS A6 
AO A3 
A2 A4 
A1 A5 

VDD A7 

TMS4164 ... FPL PACKAGE 
SMJ4164 ... FG PACKAGE 

(TOP VIEW) 

U ~I~ oz>u 

RAs 4 

NC 5 

.... 0 r- L!) 

«0«« 
> 

SMJ4164 ... FE PACKAGE 
(TOP VIEW) 

U Ul « UlIUl 
I~ 0 Z > U 

NC 4 
m NC 

AO-A7 

CAS 

D 

NC 
Q 

RAS 

VDO 

VSS 
W 

NC 
AO 
A2 
A1 
NC 
NC 
NC 

A6 
NC 
NC 
NC 
A3 
A4 
A5 

1314151617 

U OUUr-
z~zz« 

PIN NOMENCLATURE 

Address Inputs 

Column Address Strobe 

Data-In 

No-Connection 

Data-Out 

Row Address Strobe 

+.5-V Supply 

Ground 

Write Enable 
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16,384 X 4 Organization 

Single +5-V Supply (10% Tolerance) 

Performance Ranges: 

ACCESS ACCESS 
TIME TIME 

ROW COLUMN 

ADDRESS ADDRESS 
(MAX) (MAX) 

'4416-15 150 ns 80 ns 
'4416-20 200 ns 120 ns 

• Available Temperature Ranges * : 
S . . . - 55°C to 100°C 
E ... -40°C to 85°C 
L ... OOC to 70°C 

READ 
OR 

WRITE 
CYCLE 
(MIN) 

260 ns 
330 ns 

• Long Refresh Period . . . 4 milliseconds 

• Low Refresh Overhead Time ... As Low As 
1.7% of Total Refresh Period 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Unlatched Outputs 

• Early Write or G to Control Output Buffer 
Impedance 

• Page-Mode Operation for Faster Access 

• Low Power Dissipation 
Operating, , , 130 mW (TVP) 
Standby . . . 17.5 mW (TVP) 

• New SMOS (Scaled-MOS) N-Channel 
Technology 

READ-
MODIFY-

WRITE 
CYCLE 
(MIN) 

360 ns 
440 ns 

TMS4416, SMJ4416 
16,384·WORD BY 4·BIT DYNAMIC RAM 

AUGUST 1980 - REVISED SEPTEMBER 1983 

TMS4416 ... NL PACKAGE 
SMJ4416 ... JD PACKAGE 

(TOP VIEW) 

G VSS 
D01 D04 

D02 CAS 

W D03 
RAS AO 

A6 A1 
A5 A2 

A4 A3 

VDD A7 

PIN NOMENCLATURE 

AO-A7 

CAS 

D01-D04 

G 
RAS 

VDD 

~SS 
W 

Address Inputs 

Column Address Strobe 

Data In/Data Out 

Output Enable 

Row Address Strobe 

+ 5-V Supply 

Ground 

Write Enable 

description 

The' 4416 is a high-speed, 65,536-bit, dynamic, random-access memory, organized as 16,384 words of 4 bits each. 
It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate technology for very high per
formance combined with low cost and improved reliability . 

The '4416 features RAS access times to 150 ns maximum. Power dissipation is 130 mW typical operating, 17.5 
mW typical standby. 

New SMOS technology permits operation from a single + 5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. 100 peaks have been reduced to 60 mA typical, and a -1-V input voltage 
undershoot can be tolerated, minimizing system noise considerations. Input clamp diodes are used to ease system design. 

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS 
in order to retain data. CAS can remain high during the refresh sequence to conserve power. 

All inputs and outputs, including clocks, are compatible with Series 54/74 TTl. All address lines and data-in are latch
ed on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

* M temperature range (- 55°C to 125°CI to be available in future. 

PRODUCT PREVIEW 

This document contains infonnation on 8 product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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MEMORY SUPPORT 
LSI 

• Controls Operation of 8K/16K/32K/64K 
Dynamic RAMs 

• Creates Static RAM Appearance 

• One Package Contains Address Multiplexer, 
Refresh Control, and Timing Control 

• Directly Addresses and Drives Up to 256K 
Bytes of Memory Without External Drivers 

• Operates from Microprocessor Clock 
- No Crystals, Delay Lines, or RC Net,!"orks 
- Eliminates Arbitration Delays 

• Refresh May Be Internally or Externally 
Initiated 

• Versatile 
Strap-Selected Rehash Rate 
Synchronous, Predictable Refresh 
Seiection of Distributed, Transparent, and 
Cycle-Steal Refresh Modes 
Interfaces Easily to Popular Micropro
cessors 

• Strap-Selected Wait State Generation for 
Microprocessor/Memory Speed Matching 

• Ability to Synchronize or Interleave Con
troller with the Microprocessor System 
(Including Multiple Controllers) 

• Three-State Outputs Allow Multiport 
Memory Configuration 

• Performance Ranges of 150 ns/200 nsl 
250 ns 

description 

TMS4500A 
DYNAMIC RAM CONTROLLER 

JANUARY 1982 - REVISED APRIL 1983 

TMS4500A ... Nl PACKAGE 

(TOP VIEW) 

ClK 
ROY 

REN1 
CS 

ALE 
RASO 
RAS1 
ACR 
ACW 
CAS 
RAO 

CAD 
MAO 
MAl 

GNO 

VCC 
REFREQ 
TWST 
FSD 
FS1 
RA7 
CA7 
MA7 
MA6 
CA6 
RA6 
RA5 
CA5 
MA5 

CA3 
MA3 

The TMS4500A is a monolithic DRAM system controller designed to provide address multiplexing, timing, control 
and refresh/access arbitration functions to simplify the interface of dynamic RAMs to microprocessor systems. 

The controller contains a 16-bit multiplexer that generates the address lines for the memory device from the 16 system 
address bits and provides the strobe signals required by the memory to decode the address. An 8-bit refresh counter 
generates the 256-row addresses required for refresh. 

A refresh timer is provided that generates the necessary timing to refresh the dynamic memories and assure data 
retention. 

The TMS4500A also contains refresh/access arbitration circuitry to resoive confiicts between memory access iequ6sts 
and memory refresh cycles. The TMS4500A is offered in a 40-pin, 600-mil dual-in-line plastic package and is guaranteed 
for operation from O°C to 70°C. 

Copyright ~c: 1983 by Texas Instruments Incorporated 
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ADVANCED MEMORY 
DEVELOPMENT 

• Fast Address to Match Valid Delay - Two 
Speed Ranges: 45 ns, 55 ns 

• 512 X 9 Internal RAM 

• 300-Mil 24-Pin Ceramic Side Brazed 
Package 

• Max Power Dissipation: 660 mW 

• On-Chip Parity Generation and Checking 

• Parity Error Output/Force Parity Error Input 

• On-Chip Address/Data Comparator 

• Asynchronous, Single-Cycle Reset 

• Easily Expandable 

• Fully Static, TTL Compatible 

• Reliable SMOS (Scaled NMOS) Technology 

TMS2150 
CACHE ADDRESS COMPARATOR 

MARCH 1982 - REVISED SEPTEMBER 1983 

TMS2150 ... JDL PACKAGE 

(TOP VIEW) 

vcc 
A5 A1 

A4 AO 

A3 AS 

A2 A7 

03 A6 

DO 05 

01 04 

02 07 

w 06 

PE MATCH 

VSS 5 

description 

The B-bit-slice cache address comparator consists of a high-speed 512 X 9 static RAM array, parity generator, and 
parity checker, and 9-bit high-speed comparator. It is fabricated using N-channel silicon gate technology for high speed 
and simple interface with MOS and bipolar TTL circuits. The cache address comparator is easily cascadable for wider 
tag addresses or deeper tag memories. Significant reductions in cache memory component count, board area, and 
power dissipation can be achieved with this device. 

When S is low and W is high, the cache address comparator compares the contents of the memory location addressed 
by AO-AS with the data on DO-D7 plus generated parity. An equality is indicated by a high level on the MATCH output. 
A low-level output from PE signifies a parity error in the internal RAM data. PE is an N-channel open-drain output for 
easy OR-tieing. During a write cycle (S and W low), data on 00-07 plus generated even parity are written in the 9-bit 
memory location addressed by AO-AB. Also during write, a parity error may be forced by holding PE low. 

A RESET input is provided for initialization. When RESET goes low, all 512 X 9 RAM locations will be cleared and the 
MA TCH output will be forced high. 

The cache address comparator operates. from a single + 5 V supply and is offered in a 24-pin 300-mil side brazed 
package. The device is fully TTL compatible and is guaranteed to operate from OOC to 70°C. 

MATCH OUTPUT DESCRIPTION FUNCTION TABLE 

MATCH;::: VOH if: [AO-AS] = 00-07 + parity. OUTPUT FUNCTION 
1---

or: RESET;::: V,L. 

or: S = V,H. 

or: W = V,L 

MATCH ;::: VOL if: [AO-A8] =1= 00-07 + parity. 

with RESET ;::: V,H. 

S ;::: V,L. and W ;::: V,H 

MATCH 

L 

L 

H 

H 

PE DESCRIPTION 

L Parity Error 

H Not Equal 

L Undefined Error 

H Equal 
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MOS 
LSI 

• 32,768 X 8 Organization 

• Fully Static (No clocks, No Refresh) 

• All Inputs and Outputs TTL Compatible 

• -Single 5-V Power Supply 

• Optional Power Down or Chip Select 

• 64K Bank Select Option 

• Maximum Access Time from Address or 
Power Down: 

TMS47256-25 
TMS47256-35 

TMS47256-45 

250 ns 
350 ns 

450 ns 

• Worst Case Active Power 
Dissipation ... 330 mW 

• Worst Case Standby Power 
Dissipation ... 66 mW 

description 

The TMS47256 isa 262, 144-bit read-only memory 
organized as 32,768 words of 8-bit length. This makes 
the TMS47 2 56 ideal for microprocessor based 
systems. The device is fabricated using N-channel 
silicon-gate technology for high speed and simple in
terface with bipolar circuits. 

There are two versions of the TMS47256: the stan
dard ROM with options on chip selects and power 
down, and the bank select ROM with similar options. 

The operation section of this data sheet describes both 
versions. 

TMS47256 
32,768-WORD BY 8-BIT READ-ONLY MEMORY 

JUNE 1983 

TMS47256 ... Jl OR Nl PACKAGEt 

ST ANDARD ROM 

(TOP VIEW) 

NC VCC 
A12 A14 

A7 A13 
A6 A8 
A5 A9 
A4 A11 
A3 ~1/S1 
A2 A10 
A1 E/E/S2/S2 
AO 08 
01 07 
02 06 
03 05 

VSS 04 

t The package for the bank select ROM is shown on page 2. 

AO-A14 

E/E/52/S2 

NC 

01-08 

51/S1 

VCC 

VSS 

PIN NOMENCLATURE 

STANDARD ROM 

Addres.ses 

Chip Enable/Power Down or Chip Select 

No Connection 

Data Out 

Chip Select 

+5-V Supply 

Ground 

The TMS47256 is fully compatible with Series 74, 74S, or 74LS TTL. The data outputs are three-state for OR-tieing 
multiple devices on a common bus. Pins 20 and 22 are mask-programmable, providing additional system flexibility. 
The data is always available, it is not dependent on external clocking of pins 20 and 22. 

The TMS47256 is designed for high-density fixed-memory applications such as logic function generation and 
microprogramming. It is pin compatible with TI's full line of ROMs and EPROMs. 

This ROM is supplied in 28-pin dual-in-line plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion 
in mounting-hole rows on'600 mil centers. The device is designed for operation from OOC to 70°C. 

operation, standard ROM 

address (AO-A 14) 

The address-valid interval determines the device cycle time. The 1 5-bit positive-logic address is- decoded on-chip to 
select one of 32,768 words of 8-bit length in the memory array. AO is the least-significant bit and A 14 the most
significant bit of the word address. 

chip select (81 or S 1 ) 

Pin 22 can be programmed during mask fabrication to be active with either a high- or low-level input. When the signal 

PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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MOS 
LSI 

• 16,384 X 8 Organization 

• Fully Static (No Clocks, No Refresh) 

• All Inputs and Outputs TTL Compatible 

• Single 5-V Power Supply 

• Optional Power Down or Chip Select 

• 64K Bank Select Option 

• Maximum Access Time from Address or 
Power Down: 

TMS47128-25 
TMS47128-35 
TMS47128-45 

250 ns 
350 ns 
450 ns 

• Worst Case Active Power Dissipation 
... 330 mW 

• Worst Case Standby Power Dissipation 
... 66mW 

TMS47128 
16,384-WORD BY 8-BIT READ-ONLY MEMORY 

TMS47128 ... JL OR NL PACKAGE t 
STANDARD ROM 

(TOP VIEW) 

NC VCC 
A12 S2/S2 

A7 A13 

A6 A8 

A5 A9 

A4 All 

A3 Sl/Sl 

A2 Al0 

Al E/Eis3/S3 

AO 08 

01 07 

Q2 06 

03 05 

VSS 04 

JUNE 1983 

t The package for the bank select ROM is shown on page 2. 

description 

The TMS47128 is a 131,072-bit read-only memory 

organized as 16,384 words of 8-bit length. This makes 
the TMS4 71 28 ideal for microprocessor based 
systems. The device is fabricated using N-channel 
silicon-gate technology for high speed and simple in
terface with bipolar circuits. 

There are two versions of the TMS47128: the stan
dard ROM with options on chip selects and power 
down, and the bank select ROM with similar options. 
The operation section of this data sheet describes both 
versions 

AO-A13 

E/E/S3/S3 

NC 

PIN NOMENCLATURE 

STANDARD ROM 

Addresses 

Chip Enable/Power Down or Chip Select 

No Connection 

Q 1-08 Data Out 

S 1 IS 1, S2/S2 Chip Selects 

VCC + 5-V Supply 

VSS Ground 

The TMS47128 is fully compatible with Series 74, 74S, or 74LS TTL. The data outputs are three-state for OR-tieing 
multiple devices ona common bus, Pins 20, 22, and 27 are mask-programmable, providing additional system flexibili
ty. The data is always available, it is not dependent on external clocking of pins 20, 22, or 27. 

The TMS47128 is designed for high-density fixed-memory applications such as logic function generation and 
microprogramming. It is pin compatible with TI's full line of ROMs and EPROMs. 

This ROM is supplied in 28-pin dual-in-line plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion 
in mounting-hole rows on 600 mil centers. The device is designed for operation from O°C to 70°C. 

operation, standard ROM 

address (AO-A 13) 

The address-valid interval determines the device cycle time. The 14-bit positive-logic address is deCOded on-chip to 
select .one of 16,384 words of 8-bit length in the memory array. AO is the least-significant bit and A 13 the most
significant bit of the word address. 

chip select (51 or 81 and 52 or 82) 

Pins 22 and 27 can be programmed during mask fabrication to be active with either a high- or a low-level input. When 
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LSI 

TMS4764 
8192·WORD BY 8·BIT READ·ONLY MEMORY 

• 8192 X 8 Organization 

• Fully Static (No Clocks, No Refresh) 

• All Inputs and Outputs TTL Compatible 

• Single 5-V Power Supply 

• 'Maximum Access Time From Address: 

TMS4764-30 300 ns 
TMS4764-35 350 ns ( 
TMS4764-45 450 ns 

• Typical Active Power Dissipation 
... 275 mW 

description 

JUNE 1981 - REVISED JULY 1983 

TMS4764 ... Jl OR Nl PACKAGE 
(TOP VIEW) 

A7 Vee 
A6 A8 
A5 A9 

A12 

A3 SIS 

A2 Al0 
Al All 
AO 08 
01 07 
02 06 
03 05 

Vss 

PIN NOMENCLATURE 

AO - A12 

01 - 08 
SIS 

VCC 

VSS 

Addresses 

Data Out 

Chip Select 

. + 5-V Supply 

Ground 

The TMS4764 is a 65,536-bit read-only memory organized as 8192 words of 8-bit length. This makes the TMS4764 
ideal for microprocessor based systems. The device is fabricated using N-channel silicon-gate technology for high 
speed and simple interface with bipolar circuits. 

All inputs can be driven directly by Series 74 TTL circuits without the use of any internal pull-up resistor. Each output 
can drive two Series 74 or 74S loads without external resistors. The data outputs are three-state for OR-tieing multi
ple devices on a common bus. Pin 20 is programmable, providing additional system flexibility. The data is always 
available, it is not dependent on external clocking of pin 20. 

The TMS4764 is designed for high-density fixed-memory applications such as logic function generation and 
microprogramming. It is pin compatible with TI's full line of ROMs and EPROMs. 

This ROM is supplied in 24-pin dual-in-line-plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion 
in mounting-hole rows on 600-mil centers or chip on board. The device is designed for operation from aoc to 70oC. 

operation 

address (AO - A 12) 

The address-valid interval determines the device cycle time. The 13-bit positive-logic address is decoded on-chip to 
seiect one of ~ i 92 words of 8-bit iength in the memory array. AO is the ieast-significant bit and A 12 the most-significant 
bit of the word address. 

chip select (5 or S) 

Pin 20 can be programmed during mask fabrrcation to be active with either a high- or a low-level input. When the 
signal is active, all eight outputs are enabled and the eight-bit addressed word can be read. When the signal is not 
active, all eight outputs are in a high-impedance state. 
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MOS 
LSI 

• 4096 X 8 Organization 

• All Inputs and Outputs TTL Compatible 

• Fully Static (No Clocks, No Refresh) 

• Single 5-V Power Supply 

• Maximum Access Time From Address: 

TMS4732-30 300 ns 
TMS4732-35 350 ns 
TMS4732-45 450 ns 

• Typical Power Dissipation ... 275 mW 

• 3-State Outputs for OR-Ties 

• Pin-Compatible with TMS2532 EPROM 

• Two Output Enable Controls for Chip Select 
Flexibility 

TMS4732 
4096·WORD BY 8·BIT READ·ONLY MEMORY 

MAY 1977 - REVISED JULY 1983 

TMS4732 ... JL OR NL PACKAGE 
(TOP VIEW) 

A7 VCC 

A6 A8 

A5 A9 

A4 S2/52 

A3 S1/51 

A2 A1D 

A1 A 11 

AD 08 

01 07 

02 

03 

Vss 

PIN NOMENCLATURE 

AO - A11 

01 - 08 

S1/51, S2/52 

Vcc 
VSS 

Addresses 

Data Out 

Chip Selects 

+ 5-V Supply 

Ground 

description 

The TMS4732 is a 32,768-bit read-only memory organized as 4096 words of 8-bit length. This makes the TMS4732 
ideal for microprocessor based systems. The device is fabricated using N-channel silicon-gate technology for high 
speed and simple interface with bipolar circuits. 

All inputs can be driven directly by Series 74 TTL circuits without the use of any internal pull-up resistor. Each output 
can drive one Series 74 or 74S load without external resistors. The data outputs are three-state for OR-tieing multi

ple devices on a common bus. Two chip-select controls allow data to be read. These controls are programmable, pro
viding additional system decode flexibility. The data is always available, it is not dependent on external clocking of 
the control pins. 

The TMS4732 is designed for high-density fixed-memory applications such as logic function generation and 
microprogramming. The part is pin compatible with the TMS2532 4096 x 8 EPROM, which aids in prototyping and 
code verification. 

This ROM is supplied in 24-pin dual-in-line-plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion 
in mounting-hole rows on 600-mil centers or chip .on board. The device is designed for operation from oDe to 70De. 

operation 

4226 

address (AO - A 11 ) 

The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded on-chip to 
select one of 4096 words of 8-bit length in the memory array. AO is the least-significant bit and A 11 the most-significant 
bit of the word address. 

chip select/output enable (pins 20 and 21) 

Each of these pins can be programmed during mask fabrication to be active with either a high- or a low-level input. 
When both signals are active, all eight outputs are enabled and the eight-bit addressed word can be read. When either 
signal is not active, all eight outputs are in a high-impedance state. 
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MOS 
LSI 

TMS27128 
131,072·BIT ERASABLE PROGRAMMABLE READ·ONLY MEMORY 

• 16,384 X 8 Organization 

• Single + 5-V Power Supply 

• Pin Compatible with TMS2764 EPROM 

• All Inputs Are TTL Compatible 

• Max Access/Min Cycle Time: 

TMS27128-20 
TMS27128-25 
TMS27128-30 
TMS27128-45 

200 ns 
250 ns 
300 ns 
450 ns 

• Low Power Dissipation 
500 mW (Typical) 

• JEDEC Approved Pinout 

description 

The Tft .. ~S2 71 28 is an ultraviolet light-erasable, elec
trically programmable read-only memory. It has 
131,072 bits organized as 16,384 words of 8-bit 
length. The TMS27128 only requires a single 5-volt 
power supply with a tolerance of· ± 5 % . The 
TMS27128':20 provides an access time of 200 ns, 
which is compatible with high-speed microprocessors. 

TMS27128 ... JL PACKAGE 
(TOP VIEW) 

VPP vee 
A12 PGM 

A7 A13 

A6 A8 

A5 A9 

A4 A11 

A3 G 

A2 A10 

A1 E 
AO 08 

01 07 

02 06 

03 05 

GND 04 
~ __ ..r-

PIN NOMENCLATURE 

AO-A13 Addresses 

OCTOBER 1 983 

E ehip Enable/Power Down I 
G Output Enable 

GND Ground 

PGM Program 

01-08 Outputs 

Vee + 5-V Power Supply 

Vpp +21-V Power Supply 

The TMS27128 provides dual output control lines: Output Enable (3) and Chip Enable/Power Down (E). This feature 
allows the G control line to eliminate bus contention in multibus microprocessor systems. The TMS27128 has a standby 
mode that reduces the maximum power dissipation from 750 mW to 225 mW when the device is placed on standby. 

This EPROM is supplied in a 28-pin dual-in-line ceramic package (JL suffix). It is pin compatible with the TMS2764 
EPROM and is designed for operation from OoC to 70°C. 

operation 

The five modes of operation for the TMS27128 are listed in the following table. 

FUNCTION 

(PINS) Read 

~ 
VIH 

(27) 

Vpp 
5V 

(1 ) 

Vee 
Vee (28) 

E 

(20) 
VIL 

G 

22 
VIL 

01-08 

(11 to 13, 0 

15 to 19) 

x = VIL or VIH 

PRODUCT PREVIEW 
This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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MODE 

Power Down 
Program 

(Standby) 

X VIL 

5V 21 V 

Vee 5V 

ViH v .. 
-IL 

X VIH 

HI-Z D 

TEXAS 
INSTRUMENTS 

Program Inhibit 

Verification Programming 

VIH X 

21 V 21 V 

5V 5V 

V,L VIH 

VIL X 

0 HI-Z 
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MOS 
LSI 

TMS2764H 
65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

• Organization. ' .. 8192 X 8 

• Single + 5-V Power Supply 

• Pin Compatible with TMS2732A EPROM 

• All Inputs and Outputs are TTL Compatible 

• Performance Ranges: 

MAX ACCESS! VOLTAGE 
MIN CYCLE TIME TOLERANCE 

TMS2764H-20 200 ns ±5% 

TMS2764H-25 250 ns ±5% 

TMS2764H-30 300 ns ± 10% 

TMS2764H-45 450 ns ±10% 

• Low Active Current ... 100 rnA (Max) 

• JEDEC Approved Pinout 

• 21-V Power Supply Required for 
Programming 

• Fast Programming Algorithm Compatible 

• N-Channel Silicon-Gate Technology 

• 8-Bit Output for Use in Microprocessor
Based Systems 

• Static Operation (No Clocks. No Refresh) 

TMS2764H ... JL PACKAGE 

(TOP VIEW) 

Vpp vec 
A12 PGM 

A7 NC 

A6 A8 

A5 A9 

A4 A 11 

A3 G 
A2 Al0 

A1 E 
AO 08 

01 07 

02 06 

03 05 

GND 04 

PIN NOMENCLATURE 

AO-A12 Addresses 

E Chip Enable 

NC No Connection 

G Output Enable 

01-08 Outputs 

PGM Program 

JULY 1983 

description 

The TMS2764H is an ultraviolet light-eraseable, electrically programmable read-only memory. It has 65,536 bits organiz
ed as 8,192 words of 8-bit length. The TMS2764H-20 only requires a single 5-volt power supply with a tolerance 
of ± 5%, and has a maximum access time of 200 ns. This access time is compatible with high-performance 
microprocessors. 

The TMS2764H provides two output control lines: Output Enable (G) and Chip Enable (E). This feature allows the 
G control line to eliminate bus contention in multibus microprocessor systems. The TMS2764H has a power-down 
mode that reduces maximum active current from 100 mA to 35 mA when the device is placed on standby. 

This EPROM is supplied in a 28-pin, 600-mii dual-in-iine ceramic package and is designed for operation from 0 °C to 70°C. 

PRODUCT PREVIEW 
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_ TMS2564, SMJ2564 MOS 
LSI 65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

• Organization... 8K X 8 

• Single. + 5-V Power Supply 

• Pin Compatible with Existing ROMs and 
EPROMs (8K, 16K, 32K, and 64K) 

• All Input/Outputs Fully ~TL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time: 

TMS2564-35 . . . 350 ns 
TMS2564-45 . . . 450 ns 
SMJ2564-45 ... 450 ns 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• N-Channel Silicon-Gate Technology 

• 3-State Output Buffers 

• Guaranteed DC Noise Immunity with 
Standard TTL Loads 

• No Pull-Up Resistors Required 

• Low Power Dissipation: 

Active ... 400 mW Typical 
Standby ... 75 mW Typical 

• Available in Full Military Temperature Range 
Version (SMJ2564) 

description 

The '2564 is a 65,536-bit ultraviolet-light-erasable, elec
trically-programmable read-only memory. This device is 
fabricated using N-ctiannel silicon-gate technology for high
speed and.simple interface with MOS and bipolar circuits. 
All inputs (including program data inputs) can be driven by 
Series 54/74 TTL circuits without the use of external 
resistors. The data outputs are three-state for connecting 
multiple devices to a common bus. 

The TMS2564 is offered in a dual-in-line ceramic package 
(JL or JDL suffix) rated for operation from a °c to 70 DC. 
The SMJ2564 is offered in a 28-pin dual-in-line ceramic 
package (J). and a leadless ceramic chip carrier (FE), rated 
for operation from - 55°C to 125°C. The J package is 
designed for insertion in mounting-hole rows on 600-mil 
(15,2 mm) centers, whereas the FE package is intended for 
surface mounting on solder pads on 0.050-inch (1,27 mm) 
centers. The FE package offers a three-layer rectangular 
chip carrier with dimensions 0.450 xO.550 xO.100 
(11,43 x 13,97 x 2,54 mm). 

ADVANCE INFORMATION 
MILITARY PRODUCTS (SMJ) ONLY TEXAS 

INSTRUMENTS 

MAY 1981 - REVISED SEPTEMBER 1983 

TMS2564 ... JL OR JDL PACKAGE 
SMJ2564 ... J PACKAGE 

(TOP VIEW) 

Q1 

Vpp vcc t 

51 52 

A7 vcc t 

A6 A8 

A5 A9 

A4 A12 

A3 PD/PGM 

A2 A10 

A1 A 11 

AO Q8 

Q1 Q7 

Q2 A6 

Q3 Q5 

VSS Q4 

SMJ2564 ... FE PACKAGE 
(TOP VIEW) 

+-
a.. U U 

<o"~a..UNU 
<t <t1U) > > Iu) > 

A8 

A9 

A12 

PD/PGM 

NC 

A10 

A11 

Q8 

Q2 Q7 

MUU)'=tULO<O 
oZg'OZOO 

t Connected internally, V CC need be 
supplied to only one of these 
two pins. 

PIN NOMENCLATURE 

A(N) 

NC 

PD/PGM 

Q{N) 

SIN) 
VCC 

VPP 

VSS 

Address Inputs 

No Connection 

Power Down/Program 

Input/Output 

Chip Selects 

+ 5-V Power Supply 

+ 25-V Power Supply 

O-V Ground 

Copyright © 1983 by Texas Instruments Incorporated 
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TMS2732A 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

• Organization... 4096 X 8 

• Single + 5-V Power Supply 

• All Inputs and Outputs Are TTL Compatible 

• Performance Ranges: 

ACCESS TIME 
(MAX) 

300 ns 
350 ns 
450 ns 

CYCLE TIME 

TMS2732A-30 
TMS2732A-35 
TMS2732A-45 

(MIN) 

300 ns 
350 ns 
450 ns 

• Low Standby Power Dissipation ... 
158 mW (Maximum) 

• JEDEC Approved Pinout . . . Industry 
Standard 

• 21-V Power Supply Required for 
Programming 

• N-Channel Silicon-Gate Technology 

• 8-Bit Output for Use in Microprocessor 
Based Systems 

• Static Operation (No Clocks, No Refresh) 

TMS2732A ... JL PACKAGE 
(TOP VIEW) 

A7 vee 
A6 A8 
A5 A9 
A4 A 11 

A3 Givpp 
A2 A10 

A1 E 
AO 08 

01 07 

02 06 

03 05 

GNO 04 

PIN NOMENCLATURE 

AO - A 11 

E 

Addresses 

Chip Enable 

AUGUST 1983 

G/Vpp 

01 - 08 

Output Enable/ + 21 V 

Outputs 

Vee + 5-V Power Supply 

description 

The TMS2732A is an ultraviolet light-erasable, electrically programmable read-only memory. It has 32,768 bits organized 
as 4,096 words of 8-bit length, The TMS2732A only requires a single 5-volt power supply with a tolerance of ± 5%. 

The TMS2732A provides two output control lines: Output Enable (<3) and Chip Enable (E). This feature allows the 
G control line to eliminate bus contention in multibus microprocessor systems. The TMS2732A has a power-down 
mode that reduces maximum power dissipation from 657 mW to 158 mW when the device is placed on standby. 

This EPROM is supplied in a 24-pin dual-in-line ceramic package and is designed for operation from 0 °C to 70°C. 

operation 

The six modes of operation for the TMS2732A are listed in the following table. 

MODE 
FUNCTION 

Power Down Program Inhibit 
(PINS) Read Deselect 

(Standby) 
Program 

Verification Programming 

E 

(18) VIL Don't eare VIH VIL VIL VIH 

G/Vpp 
VIL VIH Don't eare 21 V VIL 21 V (20) 

Vee 
5V 5V 5V 5V 5V 5V 

(24) 

01-08 

(9 to 11, 0 HI-Z HI-Z 0 0 HI-Z 

13 to 17) 
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MOS 
LSI 

TMS2532, SMJ2532 
32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

• Organization ... 4096 X 8 . 

• Single + 5-V Power Supply 

• Pin Compatible with Existing ROMs and 
EPROMs (8K, 16K, 32K, and· 64K) 

• JEDEC Standard Pinout 

• All Inputs/Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time: 

'2532-30 
'2532-35 
'2532-45 

300 ns 
350 ns 
450 ns 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• N-Channel Silicon-Gate Technology 

• 3-State Output Buffers 

• Low Power Dissipation: 

- Active ... 400 mW Typical 
- Standby ... 50 mW Standby 

• Guaranteed DC Noise Immunity with 
Standard TTL Loads 

• No Pull-Up Resistors Required 

• Available in Full Military Temperature Range 
Version (SMJ2532) 

description 

The '2532 series are 32,768-bit, ultraviolet-light

erasable, electrically-programmable read-only 
memories. These devices are fabricated using N
channel 'Silicon-gate technology for high speed and 
simple interface with MaS and bipolar circuits. All in
puts (including program data inputs) can be driven by 
Series 54/74 TTL circuits without the use of external 

pull-up resistors, and each output can drive one Series 
54/74 TTL circuit without external resistors. The data 
outputs are three-state for connecting multiple devices 
to a common bus. The TMS2532 series are plug-in 
compatible with the TMS4732 32K ROM. 

A5 
A4 

NC 
A3' 

A2 

A1 

AO 

01 

02 

A(N) 

NC 

DECEMBER 1979 - REVISED SEPTEMBER 1983 

TMS2532 ... JL PACKAGE 

SMJ2532 ... J PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 A8 
A5 A9 

A4 Vpp 

A3 PD/PGM 

A2 Al0 

A1 A1l 

AO 08 
01 07 

02 06 

03 05 

VSS 04 

SMJ2532 ... FE PACKAGE 

(TOP VIEW) 

U 
COl'UUUUcx> 
<t <t z z.> z <t 

MU CJ)'<tULOCO 
oZg'ozoo 

PIN NOMENCLATURE 

Address Inputs 

A9 

Vpp 

PD/PGM' 

NC 

NC 

Al0 

Al1 

08 

07 

PD/PGM 

O(N) 

No Internal 'Connection 

Power Down/Program 

Data Outputs 

Vee 
vPP 

vss 

+ 5-V Power Supply 

+ 25-V Supply 

O-V Ground 

The TMS2532's are offered in a dual-in-line ceramic package (JL suffix), rated for operation from O°C to 70°C. The 
SMJ' devices are offered in a 24-pin dual-in-line ceramic package (J) and in a 32-pad leadless ceramic chip carrier 

(FE). The J package is designed for insertion in mounting-hole rows on 600-mil (15,2 mm) centers, whereas the FE 
package is intended for surface mounting on solder pads on 0.050-inch (1,27 mm) centers. The FE package offers 
a three-layer rectangular chip carrier with dimensions 0.450 x O. 550 x O. 1 00 (11,43 x 13,97 x 2,54 mm). 
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TMS2516, SMJ2516 
16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

• Organization... 2048 X 8 

• Single + 5-V 'Power Supply 

• Pin Compatible with Existing ROMs and 
EPROMs (16K, 32K, and 64K) 

• JEDEC Standard Pinout 

• All Inputs/Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time: 

'2516-35 
'2516-45 

350 ns 
450 ns 

• 8-Bit Output for Use in Microprocessor-
Based Systems 

• N-Channel Silicon-Gate Technology 

• 3-State Output Buffers 

• 40% Lower Power 

Active 
Standby 

285 mW Typical 
50 mW Typical 

• Guaranteed DC Noise Immunity with 
Standard TTL Loads 

• No Pull-Up Resistors Required 

• Available in Full Military Temperature Range 
Version (SMJ2516) 

A5 

A2 

DECEMBER 1979 - REVISED AUGUST 1983 

TMS2516 ... JL PACKAGE 
SMJ2516 ... J PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 A8 
A5 A9 
A4 ~PP 
A3 S 
A2 A10 
A1 PD/PGM 
AO 08 
01 07 
02 06 
03 05 

VSS 04 

SMJ2516 ... FE PACKAGE 
(TOP VIEW) 

U 
<.OI'UU UUco 
<t:<t:zz>z<t: 

4 3 2 1 

A9 
Vpp 
S 
NC 
NC 
A10 
PD/PGM 

08 

description 

01 
02 07 

4232 

The '2516 series are 16,384-bit, ultraviolet-light 

erasable, electrically-programmable read-only 
memories. These devices are fabricated using 
N-channel silicon-gate technology for high speed and 
simple interface with MOS and bipolar circuits. All in
puts (including program data inputs) can be driven by 
Series 54174 TTL circuits without the use of external 
pull-up resistors, and each output can drive one Series 
54174 TTL circuit without external resistors. The data 
outputs are three-state for connecting multiple devices 
to a common bus. The'2516 is plug-in compatible 

with the '4016 16K static RAM. 

A(N) 

NC 

PD/PGM 

Q(N) 

S 
VCC 
Vpp 

VSS 

(Y) U U).q U L!) <.0 
d Z ~d Z d d 

PIN NOMENCLATURE 

Address Inputs 

No Internal Connection 

Power Down/Program 

Data Outputs 

Chip Select 

+ 5-V Power Supply 

+ 25-V Power Supply 

O-V Ground -

Copyright © 1983 by Texas Instruments Incorporated 
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• 2048 X a Organization 

• AU Inputs and Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

• Performance Ranges: 

TMS2716-30 
TMS2716-45 

ACCESS TIME 
(MAX) 

300 ns 
450 ns 

• 3-State Outputs for OR-Ties 

CYCLE TIME 
(MIN) 

300 ns 
450 ns 

• N-Channel Silicon-Gate Technology 

• a-Bit Output for Use in Microprocessor
Based Systems 

• Low Power ... 315 mW (Typical) 

description 

The TMS2716 is an ultra-violet light-erasable, elec
trically programmable read-only memory. It has 
16,384 bits organized as 2048 words of 8-bit length. 
The device is fabricated using N-channel silicon-gate 
technology for high-speed and simple interface with 
MOS and bipolar circuits. All inputs (including program 
data inputs) can be driven by Series 74 circuits 

TMS2716 
2048·WORD BY 8-BIT ERASABLE 

PROGRAMMABLE READ-ONLY MEMORIES 
DECEMBER 1979 - REVISED OCTOBER 1983 

TMS2716 ... JL PACKAGE 
(TOP VIEW) 

AO-A10 

01-08 

S(PGM) 

Vee 
VCc(PE) 

VOO 

VSS 

A7 VCC!PEI 
A6 A8 

A5 A9 
A4 Vee 
A3 A10 

A2 VOD 
A1 S(PGM) 

AO 08 

01 07 
02 06 

03 05 

VSS 04 

PIN NOMENCLATURE 

Addresses 

Oata Out 

Chip Select (Program) 

-5-V Supply 

+ 5-V Supply (Program Enable) 

+ 12-V Supply 

o V Ground 

without the use of external pull-up resistors and each output can drive one Series 74 or 74LS TIL circuit without 
external resistors. The TMS2716 guarantees 250 mV dc noise immunity in the low state. Data outputs are three
state for OR-tying multiple devices on a common bus. The TMS2716 is plug-in compatible with the TMS2708 and 
the TMS27L08. Pin compatible mask programmed ROMs are available for large volume requirements. 

This EPROM is designed for high-density fixed-memory applications where fast turn arounds and/or program changes 
are required. It is supplied in a 24-pin dual-in-line cerpak (JL suffix) package designed for insertion in mounting-hole 
rows on 600-mil (15,2 mm) centers. It is designed for operation from O°C to 70°C. 

operation (read mode) 

address (AO-A 10) 

The address-valid interval determines the device cycle time. The 11-bit positive-logic address is decoded on-chip to 
select one of 2048 words of 8-bit length in the memory array. AO is the least-significant bit and A 10 most-significant 
bit of the word address. 

chip select, program [8 (PGM)) 

When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the 
chip sel~ct is high, all eight outputs are in a high-impedance state. 

program 

In the program mode, the chip select feature does not functi'on as pin 18 inputs only the program pulse. The program 
mode is selected by the VCC(PE) pin. Either 0 V or + 12 V on this pin will cause the TMS2716 to assume program cycle. 

data out (Q1-08) 

The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The out
puts will drive TTL circuits without external components. 
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TMS2708, TMS27L08, SMJ270B, SMJ27L08 
1024·WORD BY 8·BIT 

ERASABLE PROGRAMMABLE READ·ONL Y MEMORIES 

• 1024 X S Organization 

• All Inputs and Outputs Fully TTL 
Compatible 

• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time 

'270S-35 
'270S-45 
'27LOS-45 

350 ns 
450 ns 
450 ns 

• 3-State Outputs for OR-Ties 

• N-Channel Silicon-Gate Technology 

• S-Bit Output for Use in Microprocessor
Based Systems 

• Power Dissipation 

'27L08 
'270S 

5S0 mW Max Active 
SOO mW Max Active 

• 10% Power Supply Tolerance 
(TMS27LOS-45 and all SMJ' versions) 

• Plug-Compatible Pin-Outs Allowing Inter
changeability/Upgrade to 16K With 
-Minimum Board Change 

• Available in Full Military Temperature Range 
Versions (SMJ270S) 

A5 

A4 

NC 

A3 

A2 

Ai 

DECEMBER 1979 - REVISED AUGUST 1983 

TMS2708 ... JL PACKAGE 
SMJ2708 ... J PACKAGE 

(TOP VIEW) 

A7 VCC 
A6 A8 

A5 A9 
A4 Vaa 
A3 S(PE) 

A2 Voo 
A1 PGM 

AO 08 

01 07 

02 06 
03 05 

VSS 04 

SMJ2708 ... FE PACKAGE 
(TOP VIEW) 

U 
tOI""-UUUUCX) 
4:4:22>24: 

A9 

Vaa 
S(PE) 

description AO 

01 

02 

NC 

NC 

Voo 
PGM 

08 

07 

4234 

The '2708-35, '2708-45, and '27L08-45 are 
ultraviolet light-erasable, electrically· programmable 
read-only memories. They have 8,192 bits organized 
as 1024 words of 8-bit length. The devices are 
fabricated using N-channel silicon-gate technology for 
high speed and simple interface with MOS and bipolar 
circuits. All inputs (including program data inputs) can 
be driven by Series 54/74 TTL circuits without the use 
of external pull-up resistors. Each output can drive one 
Series 54/74 or 54LS/74LS TTL circuit without ex
ternal resistors. The '27L08 guarantees 200 mV dc 
noise immunity in the high state and 250 mV in the 
low state. The data outputs for the '2708-35, 
'2708-45, and '27L08-45 are three-state for OR-tying 
mUltiple devices on a common bus. 

TEXAS 
INSTRUMENTS 

AO-A7 

NC 

PGM 

01-08 

S(PE) 

Vaa 

VCC 

C") U C/).q U 10 to 
o 2 ~c 2 0 0 

NC - No Connection 

PIN NOMENCLATURE 

Address Inputs 

No Connection 

Program 

Oata Out 

Chip Select/Program Enable 
- 5-V Power Supply 

+ 5-V Power Supply 

Voo + 12-V Power Supply 

VSS O-V Ground 

Copyright © 1983 by Texas Instruments Incorporated 

POST OFFICE BOX 225012 •. DALLAS, TEXAS 75265 

© Ie MASTER 1984 



@) Ie MASTER 1984 4235 



PROM PRODUCTS 

4236 

NUMERICAL INDEX 

HIGH-PERFORMANCE SCHOlTKY PROMS 

DEVICE FUNCTION AVAILABILITY 

TBP18S030 
32 X8 PROM's 

NOW 

TBP18SA030 NOW 

TBP24S10 NOW 
256 X 4 PROM's 

TBP24SA10 NOW 

TBP24S41 
1024 X 4 PROM's 

NOW 

TBP24SA41 NOW 

TBP24S81 NOW 

TBP24S81-55 
2048 X 4 PROM's 

NOW 

TBP24SA81 NOW 

TBP24SA81-55 NOW 

TBP28L22 
256 X 8 Low-Power PROM's 

NOW 

TBP28LA22 NOW 

TBP28L42 NOW 
512 X 8 Low-Power PROM's 

TBP28L46 NOW 

TBP28L86A 1024 X 8 Low-Power PROM's • 
TBP28L166 2048 X"8 Low-Power PROM's NOW 

TBP28S42 NOW 

TBP28SA42 NOW 
512 X 8 PROM's 

TBP28S46 NOW 

TBP28SA46 NOW 

TBP28S86A NOW 

TBP28S86A-50 NOW 
1024 X 8 PROM's 

TBP28SA86A NOW 

TBP28SA86A-50 NOW 

TBP28S165 • 2048 X 8 PROM's 
NOW TBP28S166 

TBP28S2708A 1024 X 8 PROM's NOW 

• Planned for future announcement. ContactTI field sales office or'a,uthorizedTI 

distributor for st~tus. 
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PRODUCT GUIDE 

TBP14810 ('8287) This product is no longer in production, it is replaced by TBP24S10. 

TBP148A 10 ('8387) This product is no longer in production, it is replaced by TBP24SA10. 

TBP18822 ('8471) This product is no longer in production, it is replaced by TBP28L22. 

TBP188A22 ('8470) This product is no longer in production, it is replaced by TBP28LA22. 

TBP18S030 (,S288) logic svmbolt pin assignments 

PROGRAMMABLE FlEAD-ONL V PROM 32X8 J, N PACKAGES 

MEMORIES 1 00 9 OJ 
(1) 

A'V QO 2 01 10 AO 

• 32 X8 
A'V 

12) 
01 3 02 11 A1 

(10) • Three-state outputs AO 
(11) 

:}A~ 
A'V 

(3) 
02 4 03 12 A.2 

• Typical address access time A1 
A'V 

(4) 
Q3 5 04 13 A3 

(12) 
... 25 ns A2 

A'V 
(5) 

Q4 6 as 14 A4 
(1g) 

A3 
A'V 

(6) as 7 06 15 G • Typical power ... 400 mW (14) 
A4 (7) 8 GND 16 VCC 

06 (1Si G ~EN :~I '(9) 
Q7 For chip carrier OPtions and information, 

contact the factory. 

TBP18SA030 (,S188) logic symbolt pin assignments 

PROGRAMMABLE READ-ONLY PROM 32 X 8 J, N PACKAGES 

MEMORIES 1 00 9 07 
(1) 

AQ QO 2 01 10 AO • 32 X 8 
AQ 

(2) 
01 02 11 A1 (10) 3 

• Open-collector outputs AO 

}A~ 
AQ 

(3) 
02 4 03 12 A2 (11) 

Typical address access time A1 (4) • (12) AQ Q3 5 04 13 A3 

... 25 ns A2 
AQ 

(5) Q4 6 as 14 A4 (13) 

• Typical power ... 400 mW 
A3 

AO 
(6) as 7 06 15 G 

(14) 
A4 

AO 
(7) 8 GND 16 VCC 

(15) ......... as 
~ EN 

AO 
(9) 

07 
For chip carrier OPtions and information, 
contact the factory. 

TBP18842 ('8472) This product is no longer in production. it is replaced by TBP2IJS42. 

TBP18SA42 ('S473) This product is no longer in production. it is replaced by TBP28SA42. 

TBP18846 ('8474) This product is no ionger in production. it is repiaced by TBP28S46. 

TBP18SA46 ('8475) This product is no longer in production. it is replaced by TBP28SA46. 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

t 
Copyright © 1983 by Texas Instruments Incorporated. 
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PRODUCTGUIDE 

TBP24S10 logic symbolt 

PROGRAMMABLE READ-ONLY PROM 256 X4 

MEMORIES AO 
(5) 

0 

• 256 X 4 
(6) 

A1 
(7) (12) 

• Three-state outputs A2 A\l 

A3 
(4) 

A\J 
(11) 

• Typical address access time 0 

A4 
(3) >A 255 A\l 

(10) 
... 35 ns 

A5 
(2) 

A\J 
(9) 

Typical select time ... 20 ns • (1) 
A6 

• Typical power ... 375 mW (15) 
A7 7 

G2 
(14) ,.......", 

& lEN (;, (13) .......... 

TBP24SA10 logic symbolt 

PROGRAMMABLE READ-ONLY PROM 2S6 X4 
(5) 

MEMORIES AO 0 
(6) 

A1 
• 256 X 4 A2 

(7) 
AO 

(12) 

• Open-collector outputs A3 
(4) 

AO 
(11) 

0 

• Typical address access time A4 
(3) )A 255 AO 

(10) 

... 35 ns AS 
(2) 

AO 
(9) 

• Typical select time ... 20 ns A6 
(1) 

Typical power ... 375 mW A7 
(15) 

7 • 
G2 

(14) ......... 
& 

lEN G1 
(13) r--... 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

TEXAS 
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ao 
01 

02 
03 

ao 
01 

02 
03 
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pin assignments 

J. N PACKAGES 

1 A6 9 03 
2 A5 10 02 
3 A4 11 01 
4 A3 12 00 
5 AO 13 G1 
6 A1 14 G2 
7 A2 15 A7 
8 GND 16 Vee 

For chip carrier options and information, 
contact the factory. 

pin assignments 

J. N PACKAGES 

1 A6 9 03 
2 A5 10 02 
3 A4 11 01 
4 A3 12 00 
5 AO 13 G1 
6 A1 14 G2 
7 A2 15 A7 
8 GND 16 Vee 

For chip carrier oPtions and information. 
contact the factory. 

For additional information on other Texas Instruments 
Mlitary products. refer to the Miltary section. 

Copyright © 1983 by Texas Instruments Incorporated. 
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TBP24S41 (,S416) logic symbolt 

PROGRAMMABLE REAO.()NL Y PROM 1024 X 4 

MEMORIES 
AO 

(5) 0 

• 1024 X 4 A1 
(6) 

(7) • Three-state outputs A2 
(4) 

Typical address access time A3 • A\l (3) 
... 40 ns A4 0 A\l (2) >A

1023 Typical select time ... 20 ns A5 A\l • (1) 
A6 

A\l • Typical power ... 475 mW (17) 
A7 

AS 
(16) 

A9 
(15) 

9 

G2 
(10) & 

lEN G1 
(8) 

TBP24SA41 (,S471) logic symbolt 

PROGRAMMABLE REA~-ONLY PROM 1024 X 4 

MEMORIES AO 
(5) 0 

• 1024 X 4 A1 
(6l 

Open-collector outputs A2 
(7) 

• 
A3 

(4) 

• Typical address access time AQ (3) 

... 40 ns 
A4 0 AQ (2) > A 1023 A5 AQ • Typical select time ... 20 ns (1) 
A6 

AQ • Typical power ... 475 mW (17) 
A7 

A8 
(16) 

A9 
(15) 

9 

(;2 
(10) 

& 
lEN G1 

(8) 

TBP24S81 (,S454) logic symbol t 

TBP24S81-55 PROM 2048X4 
(5) 

AO 0 
PROGRAMMABLE REAO'()NL Y (6) 

A1 
MEMORIES 

A2 
(7) 

• 2048 X 4 A3 
(4) 

• Three-state outputs A4 
(3) A\l 
(2) 0 A\l • Typical address access time A5 > A 2047 (1) A\l ... 45 ns A6 

(17) A\l A7 • TBP24S81·55 maximum 
A8 

(16) 
address access time ... 55 ns (15) 

A9 • Typical select time ... 20 ns (8) 
A10 10 

• Typical power ... 625 mW G (10) r--...... EN 

t Pin numbers shown on logic symbols are for J and N packages only. 
nc - no internal connection. 

Copyright © 1983 by Texas Instruments Incorporated. 
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(11) 

(14) 

(13) 

(12) 

(11) 

(14) 

(13) 

(12) 

(11) 
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ao 
01 

Q2 

Q3 

00 

01 

02 

03 

ao 
01 

02 

Q3 
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PRODUCT GUIDE 

pin ..agnments 

J. N PACKAGES 

1 A6 10 G2 

2 AS 11 03 

3 A4 12 02 

4 A3 13 01 

5 AO 14 00 

6 A1 15 A9 

7 A2 16 A8 

8 G1 17 A7 

9 GND 18 Vee 

For chip carrier options and information, 
contact the factory. 

pin _ignments 

J. N PACKAGES 

1 A6 10 G2 

2 AS 11 03 

3 A4 12 02 

4 A3 13 01 

5 AO 14 00 

6 A1 15 A9 

7 A2 16. A8 

8 G1 17 A7 

9 GND 18 Vec 

For chip carrier options and information, 
contact the factory. 

pin alignments 

J, N PACKAGES 

1 A6 10 G 

2 A5 11 Q3 

3 A4 12 02 

4 A3 13 01 

5 AO 14 00 

6 Al 15 A9 

7 A2 16 AS 

8 Al0 17 A7 

9 GND 18 Vce 

For ch ip carrier oPtions and information, 
contact the factory. 

For additional information on other Texas Instruments 
MiHtary products, refer to the Military section. 
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PRODUCT GUIDE 

TBP24SA81 (,S455) logic symbolt 

TBP24SA81-55 PROM2048X4 

AO 
(5) 0 ... 

PROGRAMMABLE READ-ONLY (6) 
MEMORIES 

A1 
(7) 

• 2048 X 4 
A2 

(4) 
A3 

• Open-collector outputs (3) AQ 
(14) 

A4 
• Typical address access time (2) 0 AQ 

(13) 
AS > A 2047 

... 45 ns (1) AQ 
(12) 

A6 (11) 
• TBP24SA81-55 maximum A7 

(17) AQ 
(16) 

address access time ... 55 ns AS 

Typical select time ... 20 ns A9 
(15) 

• 
A10 

(8) 
1'!, • Typical power ... 625 mW (10) ,.........,. 

G EN 

TBP28L22 logic symbolt 

LOW-POWER PROGRAMMABLE PROM 256 X 8 

READ-ONL Y MEMORIES AO 
(1) 0 ... 
(2) A\l (6) 

• 256 X 8 A1 (7) 

A2 
(3) A\l 

• Three-state outputs (8) 
A3 

(4) A\l 
• Typical address access time 0 

A\l 
(9) (5) > A 255 A4 (11) ... 45 ns (17) A\l 

AS 
• Typical select time ... 20 ns (18) A\l 

(12) 
A6 

• Typical power ... 375 mW (19) A\l 
(13) 

A7 7'" (14) 
G2 

(16) ,...... & 
lEN 

A\l 
(15) ,......,. 

G1 

TBP28LA22 logic symbolt 

LOW~OWERPROGRAMMABLE PROM 256X8 

READ-ONL Y MEMORIES (1) 0 ... AO (6) 
(2) AQ 

256 X 8 A1 • (7) 
(31 AQ 

• Open-collector outputs A2 
AQ 

(8) 
A3 

(4) 

• Typical address access time 0 (9) (5) > A 255 AQ 
A4 (11) ... 45 ns (17) AQ 

Typical select time ... 20 ns 
AS (12) • A6 

(18) AQ 
(13) 

• Typical power ... 375 mW A7 
(19) AQ 

7'" (14) 
(16) ,...... & 

lEN 

AQ 
(;2 

(15) ,......,. 
G1 

t Pin nu~bers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 
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ao 
01 
Q2 

Q3 

ao 
01 

02 
03 
04 

as 
06 
07 

ao 
01 

02 
03 
04 

as 
as 
07 
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pin assignments 

J, N PACKAGES 
1 AS 10 G 
2 AS 11 03 
3 A4 12 02 
4 A3 13 01 
S AO 14 00 
S A1 1S A9 
7 A2 16 A8 
8 A10 17 A7 
9 GND 18 Vce 

For chip carrier options and information, 
contact the factory. 

pin assignments 

J, N PACKAGES 
1 AO 11 04 
2 A1 12 OS 
3 A2 13 OS 
4 A3 14 07 
S A4 1S en 
S 00 16 (;2 
7 01 17 AS 
8 02 18 AS 
9 03 19 A7 

10 GND 20 Vcc 

For chip carrier options and information'l 
contact the factory. 

pin assignments 

J, N PACKAGES 
1 AO 11 Q4 

2 A1 12 OS 
3 A2 13 OS 
4 A3 14 07 

5 A4 1S G1 
S 00 1S G2 
7 01 17 A5 
8 02 18 AS 
9 03 19 A7 

10 GND 20 Vcc 

For chip carrier OPtions and information, 
contact the factory. 

Copyright © 1983 by Texas Instruments Incorporated. 
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TBP28L42 logic symbolt 

PROM 512 X S 
LOW-POWER PROGRAMMABLE 

READ-ONLY MEMORIES 

• 512 X 8 

• Three-state outputs 

• Typical address access time 

... 55 ns 

• Typical select time ... 25 ns 

• Typical power ... 275 mW 

AO 
A1 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

G 

(1) 0.., 
(2) 

(3) 

(4) 

(5) 0 

(16) >A511 

(17) 

(1S) 

(19) 
8 

(15) ,......", 
EN 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

Copyright © 1983 by Texas Instruments lnoorporated. 

A\] 

Ay 

A\J 

A\J 

A\J 

A\J 

A\J 

A\J 

(6) 

(7) 

(8) 

(9) 

(11) 

(12) 

(13) 

(14) 

TEXAS 
. INSTRUMENTS 

ao 
Q1 

02 

03 
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05 
Q6 

07 
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PRODUCT GUIDE 

pin assignments 

J, N PACKAGES 

1 AO 11 04 

2 A1 12 05 

3 A2 13 06 
4 A3 14 Q7 

5 A4 15 G 
6 00 16 AS 

7 01 17 A6 

8 02 18 A7 

9 03 19 A8 

10 GND 20 Vee 

For chip carrier options and information, 

contact the factory. 
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PRODUCT GUIDE 

TBP28L45 logic symbolt pin assignments 

TBP28L46 PROM 512 X S J, N PACKAGES 
(S) 

0 1 . A7 AO 13 03 
lOW~OWERPROGRAMMABlE Al 

(7) 
A\l 

(9) 
00 2 A6 14 04 

REAO-QNl Y MEMORIES A2 
(6) 

A\l 
(10) 

01 3 A5 15 05 

A3 
(5) 

A\l 
(11 ) 

02 4 A4 16 06 
• 512 X 8 (4) 0 (13) 5 A3 17 07 

Three-state outputs 
A4 >A511 A\l 03 • (3) (14) 6 A2 18 G2 
AS 

(2) 
A\l 04 

• Typical address access time A6 A\l 
(15) 7 A1 19 G3 

05 
_ .. 55 ns A7 

(1) 
A\l 

(16) 8 AO 20 G1 
06 

Typical select time ... 25 ns 
(23) (17) 9 00 21 G4 • AS s" A\l Q7 
(21) f'..... 10 01 22 nc 

• Typical power ... 275 mW 04 & 
(1S) 11 02 23 A8 

G3 
(1S) EN 12 GND 24 Vee 

G2 

(;1 (20) '" For chip carrier options and information, 
contact the factory. 

TBP28L85A logic symbolt pin assignments 

TBP28L86A PROM 1024 X S J, N PACKAGES 

(S) 0 1 A7 13 03 
LOW-POWER PROGRAMMABLE AO 

(7) (9) 2 A6 14 Q4 
A1 A\l QO 

REAO-QNl Y MEMORIES (6) (10) 3 AS 15 Q5 
A2 A\l 01 

4 A4 16 Q6 • 1024 X 8 A3 
(5) 

A\l 
(11) 

02 
(4) (13) 5 A3 17 Q7 

• Three-state outputs A4 A\l 03 0 6 A2 18 G2 

• Typical address access time AS 
(3) > A 1023 A\l 

(14) 
04 7 A1 19 G3 

A6 
(2) (15) 

... 65 ns A\l 05 8 AO 20 G1 

A7 
(1) 

A\l 
(16) 

9 QO 21 G4 • Typical select time ... 30 ns Q6 

AS 
(23) 

A\l 
(17) 

07 10 Q1 22 A9 • Typical power ... 275 mW 
AS 

(22) 
9 11 Q2 23 A8 

G4 
(21) f"... 

& 12 GND 24 Vee 

G3 
(19) 

i18; EN For chip carrier options and information. 
G2 contact the factory. 
G1 

(20) r--.... 

TBP28L86 ('LS478) This product is no longer in production, it is replaced by TBP28L86A. 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internai connection. 
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I 

TBP28L166 ' 
LOW~OWERPROGRAMMABLE 

READ-ONLY MEMORIES 

• 2048 X 8 
• Three-state outputs 

• Typical address access time 

... 65 ns 

• Typical select time ... 30 ns 

• Typical power ... 350 mW 

logic symbolt 

AO 

Al 

A2 

A3 

A4 

A5 

AS 

A7 

A8 

A9 

A10 

G3 

G2 

G1 

(8) 

(7) 

(S) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(221 

(21) 

(19) 

(18) 

(20) r--...... 

PROM 2048 X 8 

0'" 

A"V 
(9) 

A"V (10) 

A"V (11) 

0 A"V (13) 

>A 2047 A"V (14) 

A"V (15) 

(1S) A"V 
A"V (17) 

~~ 
& 

EN 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

Copyright © 1983 by Texas Instruments Incorporated. 
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ao 
01 

02 
03 

04 
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07 
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PRODUCT GUIDE 

pin assignments 

J, N PACKAGES 

1 A7 13 03 

2 A6 14 04 

3 A5 15 05 
4 A4 16 06 

5 A3 17 Q7 

6 A2 18 G2 
7 A1 19 G3 

8 AO 20 <31 
9 00 21 A10 

10 01 22 A9 
11 02 23 A8 
12 GND 24 VCC 

For chip carrier options and information, 
contact the factory. 

4243 
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(J) 

cc:s 
X 

~ 

PRODUCT GUIDE 

TBP28S42 logic symbol t 

PROGRAMMABLE READ-ONLY 

MEMORIES 

PROM S12 X S 

(1) 
0 

(2) 
• 512X8 (3) 
• Three-state outputs (4) 

• Typical address access time 

... 35 ns 

AO 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

(S) 

(16) 

0 
ASll 

• Typical select time ... 20 ns (17) 

• Typical power ... 500 mW (lS) 

(19) 
S-

G (lS) f'..... EN 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

A '\7 
A '\7 
A '\7 
A '\7 
A '\7 
A '\7 
A '\7 
A '\7 

(6) 

(7) 

(8) 

(9) 

(11 ) 

(12) 

(13) 

(14) 

TEXAS 
INSTRUMENTS 

00 

01 

02 

03 

04 

OS 
06 

07 

POST OFFiCE BOX 225012 • DALLAS. TEXAS 75265 
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pin assignmen.ts 

J, N PACKAGES 

1 AO 11 04 

2 A1 12 05 

3 A2 13 06 

4 A3 14 07 

5 A4 15 G 

6 00 16 A5 

7 01 17 A6 

8 02 18 A7 

9 03 19 A8 

10 GND 20 VCC 

For chip carrier options and information, 

contact the factory. 

Copyright © 1983 by Texas Instruments Incorporated. 
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TBP28SA42 
PROGRAMMABLE READ-ONLY 

MEMORIES 

"' 512 X 8 

• Open-collector outputs 

• Typical address access time 

... 35 ns 

• Typical select time ... 20.os 

• Typical power ... 500 mW 

TBP28S45 
TBP28S46 
PROGRAMMABLE READ-ONLY 

MEMORIES 

• 512 X 8 

• Three-state outputs 

• Typical address access time 

... 35 ns 

• Typical select time ... 20 ns 

• Typical power ... 500 mW 

TBP28SA45 
TBP28SA46 
PROGRAMMABLE READ-ONLY 

MEMORIES 

• 512 X 8 

• Open"collector outputs 

• Typical address access time 

... 35 ns 

• Typical select time ... 20 ns 

• Typical power ... 500 mW 

logic svmbolt 

PROM 512 X 8 

AO (1) 0 
A 01----:.;;(6.:.,.1 _ QO 

A1 (2) 

A2 (3) 

A3 (4) 

A4 (5) 

AS (16) 

A6 (171 

A7 (18) 

o 
)A

511 

-A Q (7) 01 
AQ (81 02 

AQ (91 03 

AQ (11) Q4 

-A Q (12) 05 

A 0 (13) as 

A8 (19) 8 
A Q (14) 07 

G (15) ,....... EN 

logic svmbolt 

'

--P-R-O-M-5-'-2-X---S--' 

A0=rFi(SI O. 
A1 (7) 

A2 (6) 

A3 (5) 

(9) 
A 'V 1----- 00 
A vr-....;(~10...;.)_ C1 

A4 (4) 

AS (3) 

A6 (2) 

A7 (1) 

A8 (23) 

G4 (21) 1"'--.. 
G3 (191 

G2 (18) 

G1 (20) ,........,. 

logic svmbolt 

AO (S) 

A 1 ---=.,(7....;.)_---f 

A2 (6) 

A3 (5) 

A4 _(;...4,,-) ---4 
{3) 

AS (2) 
A6-----t 
A7 (1) 

A8 (23) 

G4 (21) f'..... 
G3 (19) 

G2 (18) 

G1 (20) ,........ 

o 
)A

511 

A 'V1-....;(:..;.1.;.:1)_ 02 

A'V (13) 03 

A'V (14) Q4 

A'V (15) as 
A'V (16) as 

8" A'V (17) 07 

& 

EN 

--------
PROM 512 X S 

o 
A 01--_(9_) - 00 

A 0 (10) 01 

A 0 (11) 02 
o (13) 

>A511 A O~~--'-- 03 
A 0 (14) Q4 

A Q (15) 05 

A Q (16) 06 

s" AQ (17) 07 

& 

EN 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

Copyright © 1983 .by Texas Instruments Incorporated. 
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PRODUCT GUIDE 

pin assignments 

J. N PACKAGES 

AO 11 04 

2 A1 12 as 
3 A2 13 as 
4 A3 14 07 

5 A4 15 G 
6 00 16 A5 

7 01 17 A6 

8 02 18 A7 

9 03 19 A8 

10 GND 20 Vec 

- For chip carrier oPtions and information, 

contact the factory. 

pin aaignments 

J. N PACKAGES 

1 A7 13 03 

2 A6 14 04 

3 A5 i5 05 

-4 A4 16 06 

S A3 17 07 

6 A2 18 G2 

7 A1 - 19 G3 

8 AO 20 G1 

9 00 21 G4 

10 01 22 nc 

11 02 23 A8 

_ 12 GND 24 Vee 

For chip carrier oPtions and information, 

contact the factory. 

pin assignments 

J. N PACKAGES 

1 A7 13 03 

2 A6 14 04 

3 AS 15 as 
4 A4 16 06 

S A3 17 07 

6 A2 18 G2 

7 A1 19 G3 

8 AO 20 G1 

9 00 21 G4 

10 01 22 nc 

11 02 23 AS 

12 GND 24 Vee 

For chip carrier options and information, 

contact the factory. 
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PRODUCT GUIDE 

TBP28S85A logic symbol t pin assignments 

TBP28S85A-50 PROM 1024)( 8 J, N PACKAGES 

PROGRAMMABLE READ'()NL Y (8) 1 A7 13 03 
AO 0 

2 A6 14 04 
ME!'I'0RIES Al 

(7) 
A'\l 

(91 ao 3 A5 15 05 

1024 X 8 A2 
(6) 

A'\l 
(10) 

01 • 4 A4 16 06 
A3 

(5) 
A'\l 

(111 
02 5 A3 17 07 • Three-state outputs 

(4) (13) 

• Typical address access time A4 0 A'\l 03 6 A2 18 G2 
(3) > A 1023 (141 AS A'\l 04 7 A1 19 G3 

... 35 ns 
A6 

(2) (15) 8 AO 20 G1 A'\l as • TBP28S85A-50 maximum 
A7 

(1) (16) 9 00 21 G4 
A'\l Q6 

address access time ... 50 ns 
A8 

(23) 
A'\l 

(17) 
07 

10 01 22 A9 

• Typical select time ... 20 ns A9 
(22) 

9 
11 02 23 A8 

• Typical power ... 550 mW G4 
(211 r-..... 

& 
12 GND 24 Vee 

G3-
(19) For chip carrier options and information, 
(18) EN contact the factory. G2 

Gl- (20) f'... 

TBP28886 ('8478) 
TBP28886·60 These products are no longer in production. They are replaced by TBP28S86A and TBP28S86A-50. 

TBP28S86A logic symbol t pin assignments 

TBP28S86A-50 J, N PACKAGES 
PROM 1024 )( 8 1 A7 13 03 

PROGRAMMABLE REAO.()NL Y AO 
(8) 0 2 A6 14 04 

MEMORIES Al 
(7) 

A'\l 
(9) ao 3 A5 15 05 

I A2 
(6) 

A'\l 
(101 

01 4 A4 16 06 

• 1024 X 8 A3 
(5) 

A'\l 
(11) 

02 5 A3 17 Q7 

• Three-state outputs A4 
(41 

A'\l 
(131 

03 
6 A2 18 G2 

0 
Typical address access time A5 

(31 > A 1023 A'\l 
(14) 7 Al 19 G3 • Q4 G1 (2) (15) 8 AO 20 

... 35 ns A6 A'\l 05 
~4 (11 (161 9 00 21 

TBP28S86A-50 maximum A7 A'\l Q6 • 10 01 22 A9 
AS 

(231 
A'\l 

(17) 
07 address access time ... 50 ns 11 02 23 A8 

A9 
(221 

9 • Typical select time ... 20 ns 12 GND 24 Vee 
(;4 (211 '" & • Typical power ... 550 mw (191 For chip carrier OPtions and information, 
G3 EN contact the factory. (181 
G2 

Gl (20) r-..... 

TBP288A86 ('8479) 
TB P288A86· 60 These products are no longer in production. They are replaced by TBP28SA86A and TBP28SA86A-50. 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 
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TBP28SA86A 
TBP28SA86A-50 
PROGRAMMABLE READ-ONLY 

MEMORIES 

• 1024 X 8 

• Open-collector outputs 

• Typical address access time 

.•. 35 ns 

• TBP28SA86A-50 maximum 

address access time •.. 50 ns 

• Typical select time ... 20 ns 

• Typical power •.• 550 mW 

TBP28S165 
TBP28S166 
PROGRAMMABLE READ-ONLY 

MEMORIES 

• 2048 X 8 

• Three·state outputs 

• Typical select time .. , 15 ns 

PACKAGE 
TYPE 

ROW SPACING 

TBP28S165 7.62 mm (0.300 in.) 

TBP28S166 15,24 mm (0.600 in.) 

logic symbolt 

AO 
A1 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

G4 
G3 

G2 

G1 

'(8) 

(7) 

is) 

(5) 
(41 

(3) 
(2) 

(1 ) 

'(23) 

(22) 

(21) r--.... 
(19) 

(181 

(20) r-..... 

logic SYmboit 

PROM 1024 X 8 

0 

AO 

AQ 

AO 

AQ 0 
> A 1023 AO 

AQ 

AO 
AQ 

9 
& 

EN 

PROM 2048 X 8 

AO 
A1 

A2 
A3 

A4 

AS 

A6 

A7 

A8 

A9 

(8) 
0'" 

A10 

G3 

G2 

G1 

(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(23) 

(22) 
(21) 
(19) 

(18) 

(20) r--...... 

TYPICAL 

ADDRESS 

ACCESS 

TIME 

25 ns 

35 ns 

A\) 
A\) 

A\) 

0 A\) 
,> A 2047 A\) 

A\) 
A\) 

A\) 

10 

& 

EN 

GUARANTEED 

MAXIMUM 

ACCESS 

TIME 

(9) 
(101 

(11) 

(13) 

(14) 
(15) 

(16) 
(17) 

(9) 

(10) 

(11) 

(13) 
(14) 

(15) 

(16) 

(17) 

00 

01 
02 

03 

04 

05 

06 
07 

00 

01 

02 
03 

04 

05 

06 

07 

TYPICAL 

POWER 

DISSIPATION 

550mW 

650mW 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 

Copyright © 1983 by Texas Instruments Incorporated. 
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PRODUCT GUIDE 

pin assignments 

J. N PACKAGES 
1 A7 13 03 

2 A6 14 04 

3 A5 15 05 
4 A4 16 06 
5 A3 17 Q7 

6 A2 18 G2 
7 Al 19 G3 

8 AO 20 (;, 

9 00 21 ~4 

10 01 22 A9 
11 02 23 A8 
12 GND 24 Vce 

For chip carrier options and information, 

contact the factory. 

pin assignments 

I I 
J. N PACKAGES 

1 A7 13 03 

2 A6 14 04 
3 A5 15 05 
4 A4 16 06 
5 A3 17 Q7 

6 A2 18 G2 
7 At 19 G3 
8 AO 20 Gl 
9 00 21 Al0 

10 01 22 A9 
11 02 23 AS 
12 GND 24 VCC 

For chip carrier options and information, 

contact the factory, 

I 
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PRODUCT GUIDE 

1BP2882708 ('82708) This product is no longer in production, it is replaced by TBP28S2708A. 

TBP28S2708A logic symbol t 

PROGRAMMABLE READ-ONLY PROM 1024 X 8 

MEMORIES 
(8) 

0'" • 1024 X 8 
AO 

(7) 

• Three-state outputs 
A1 A\l 

(6) 

• Typical select time ... 20 ns A2 A\l 
(5) 

• Typical address access time A3 A\l 

... 3!? ns A4 
(4) 

0 A\l 
(3) > A 1023 • Typical power dissipation ... 550 mW A5 A\l 
(2) 

A\l A6 

A7 
(1 ) 

A\l 

A8 
(23) 

A\l 

A9 
(22) 

9, 

G 
(20) ~ EN 

11 M 8228 is the same as SN74S428 

11 M 8238 is the same as SN74S438 

TIM9905 is the same 85 SN74LS251 

TIM9906 is the same 85 SN74LS259 

TI M 9907 is the same as SN74148 

11 M 9908 is the same as SN74LS348 

t Pin numbers shown on logic symbols are for J and N packages only. 

nc - no internal connection. 
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00 
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pin assignments 

J. N PACKAGES 

1 A7 13 03 

2 A6 14 04 

3 A5 15 05 

4 A4 16 06 

5 A3 17 07 

6 A2 18 nc 

7 Al 19 nc 

8 AO 20 G 

9 00 21 nc 

10 01 22 A9 

11 02 23 AS 

12 GND 24 Vee 

For chip carrier opions and information, 
contact the factory. 

Copyright © 1983 by Texas Instruments Incorporated. 
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VT2332133 
4096 x 8 STATIC READ ONLY MEMORY 
FEATURES 
• 4096 x 8-bit organization 
• Single + 5 V supply 

• Access Time-2SO ns (max) 

• Totally static operation 

• Completely TIL compatible 

• VT2332 pin compatible with 2532 

• VT2333 pin compatible with 2732 

• 3-State Outputs for wired-OR 
expansion 

• Two programmable Chip Selects 

• 2708/2716/2532/2732 EPROMs 
accepted as program data inputs 

PIN CONFIGURATIONS 

VT2332 

A7 

A3 
A2 A10 

At A11 

Ao 

Os 
05 

VT2333 

04 

03 

@Ie MASTER 1984 

DESCRIPTION 
The VT2332/3 high-performance 
Read Only Memory is organized 
4096 words by eight bits with access 
times of less than 250 ns. This ROM is 
designed to be compatible with all 
microprocessor and similar applica
tions where high performance, large 
bit storage and simple interfacing 
are important design considerations. 
This device offers TIL input and 
output levels with a minimum of 0.4 V 
noise immunity in conjunction with a 
+ 5 V power supply. 

The VT2332/3 operates totally 
asynchronously. No clock input is 
required. The two programmable 

BLOCK DIAGRAM 

Ao 

At 

A2 

Vee 

Chip Selects allow up to four 32K 
ROMs to be wired-OR without 
external decoding. Both devices 
offer 3-state output buffers for 
memory expansion. 

Designed to replace either the 2732 
or 2532 32K EPROMs, the VT233213 
can eliminate the need to redesign 
printed circuit boards for volume 
mask programmed ROMs after 
prototyping with EPROMs. 

GND 

00 

01 

02 

ROW 32,768-BIT OUTPUT 
03 

A3 DECODER ROM 
BUFFERS (l-0F-128) CELL ARRAY 

04 

A4 
Os 

As 
06 

As 
07 

COLUMN DECODER CHIP SELECT 
(l-OF-32) DECODER 

I I I I I I I 
A7 As Ag A10 Att CSt CS2 

VLSI Technology, Inc .• 1101 McKay Drive. San Jose, CA 95131 • 408-942-1810 
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VT2364 
8192 x 8 STATIC READ ONLY MEMORY 

FEATURES 
• 2732 EPROM pin compatible 
• 8192 x 8-bit organization 

• Single + 5 V supply 

• Access time-250 ns max 

• Totally static operation 

• Completely TTL compatible 

• Operating Power: 45 mA (max) 

• 24-Pin JEDEC approved pin-out 

• Programmable Chip Select 

• 3-state outputs for wired-OR 
expansion 

• EPROMS accepted as program 
data input 

PIN CONFIGURATIONS 

VT2364 

A7~24 Vee 
At; 2 23 As 
"-53 22Ag 

At 4 

4250 

DESCRIPTION 
The VT2364 high-performance Read 
Only Memory is organized as 8.192 
words by eight bits with an access 
time of 250 ns. The ROM is designed 
to be compatible with all micro
processors and similar applications 
where high-performance large-bit 
storage and simple interfacing are 
important design considerations. It 
conforms to the JEDEC approved 
pinouts for 24-pin 64K ROMs. 

BLOCK DIAGRAM 

AO-A12 
ADDRESS 
INPUTS 

f-I 
---I DE~~~ER 

DRIVER 
(1-01-256) 

---·1 COLUMN 
___ I D~~~~~R 
___ .1 (1-0F-32) 

The VT2364 offers very simple 
operation with no power down. The 
programmable Chip Select allows 
two 64K ROMs to be Wired-OR 
without external decoding. It is pin 
compatible with the 2732 EPROM 
thus eliminating the need to redesign 
printed circuit boards for volume 
mask programmed ROMs after 
prototyping with EPROMS. 

65,536 
ROM AREA 
(256 x 256) 

....... 
COLUMN SELECT 

CIRCUITRY 
(S-QF-256) 

00 

~~-01 

O2 

'----I ~---03 

04 

L-.-__ ~_I ~------05 

Os 

1.....------;--1.---07 

OUTPUT ENABLE 

'CHIP SELECT (CS) IS PROGRAMMABLE ACTIVE LOW OR ACTIVE HIGH. 

VLSI Technology. Inc, .1101 McKay Drive· San Jose. CA 95131 .408-942-1810 
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VT2365/66 
8,192 x 8 STATIC READ ONLY MEMORY 

FEATURES 
• 2764/2564 EPROM pin compatible 

. • 8,192 x 8-bit organization 

• Single +5 V supply 

• Access time-200 ns (max) 

• Totally static operation 

• Completely TTL compatible 

• Power 
Operating: 45 mA (max) 
Standby: 10 mA (max) 

• 28-Pin JEDEC approved pinout 

• Automatic power down (CE) 

• Output Enable function (OE) 

• Programmable Chip Select 

• 3 -state outputs for wired -OR 
expansion 

• EPRQMs accepted as program 
data input 

PIN CONFIGURATIONS 

VT2365 

VCC 

cs, 
CS2 

As 

Ag 

All 

A3 OE 
Al0 

CE 
07 

06 

05 

04 

03 

VT2366 

NC~VCC 
C~~~ ~ ~: ~ ~:_1 
-I..J! LV ""''''';t: 

25 As 

Vss 

© Ie MASTER 1984 

Ag 

A12 

CE 
Al0 

DESCRIPTION 
The VT2365/66 high-performance 
Read Only Memory is organized 8,192 
words by eight bits with an access 
time of 200 ns. The ROM is designed 
to be compatible with all micro
processors and similar applications 
where high-performance large-bit 
storage and simple interfacing are 
important design considerations .. 
It conforms to the JEDEC approved 
pinout for 28-pin 64K ROMs. 

The VT2365/66 offers an automatic 
power down feature with power down 
controlled by the Chip Enable. (CE) 
input. When CE goes HIGH, the device 
will automatically power down and 
remain in a low-power standby 
mode as long as CE remains HIGH. 

BLOCK DIAGRAM 

AO-A12 
ADDRESS 
INPUTS 

ROW 
DECODER 

DRIVER 
(1-01-256) 

--+--1 COLUMN 

_-+-_1 D~~~~~R 
(1-0F-32) 

ce---I 

OE---I 

CS1----t S;~~~T. 
CS2 ----t CIRCUITRY 
CS3----t 

This unique feature provides system 
level power savings of as much 
as 90%. The programmable Chip 
Selects allow up to four 64K ROMs to 
be wired-OR without external decod
ing. An additional feature of the 
VT2365 is the Output Enable (OEl 
function which eliminates bus con
tention in multiple-bus microproces
sor systems. 

The VT2365 is pin compatible with the 
2764 EPROM and the VT2366 is pin 
compatible with the 2564 EPROM, 
thus eliminating the need to redesign 
printed circuit boards for volume 
mask programmable ROMs after 
prototyping with EPROMs. 

65.536 
ROM AREA 
(256 x 256) 

....... 
COLUMN SELECT 

CIRCUITRY 
(S-oF-256) 

00 

'>-~-01 

1,--1 ~ 

POWER DOWN 

OUTPUT ENABLE 

·CHIP SELECT (CS) IS PROGRAMMABLE ACTIVE LOW OR ACTIVE HIGH. 
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VT23128/29 
16,384 x 8 ·STATIC READ ONLY MEMORY 
FEATURES 
• 16,384 x 8-bit organization 
• Single + 5 V supply 

• Access time 170 ns max 

• Totally static operation 

• Completely TIL compatible 

• Operating power 45 mA max 

• Standby power 10 mA max 

• Automatic power down (CE) 

• Output enable function (OE) 
• Programmable Chip Select 

• 3-state outputs for wired-OR 
expansion 

• 28-pin JEDEC approved pinouts 

• VT23128 pin compatible with the 
2764 EPROM 

• VT23129 pin compatible with the 
2564 EPROM 

• EPROMs accepted as program 
data input 

PIN CONFIGURATION 

VT23128 

cS:!~vcc 

VT23129 

4252 

DESCRIPTION 
The VT23128/29 high-performance 
Read Only Memory is organized 
16,384 words by eight bits with an 
access time of 170 ns. It is designed 
to be compatible with all micro
processors and similar applications 
where high-performance large-bit 
storage and simple interfacing are 
important design considerations. 

The VT23128/29 offers automatic 
power down with power down 
controlled by the Chip Enable (CE) 
input. When CE goes HIGH, the 
device will automatically power 
down and remain in a low-power 
standby mode as long as CE remains 
HIGH. This unique feature provides 
~ystem level power savings of as 
much as 90%. The VT23128 also has 
an Output Enable (OE) function to 
eliminate bus contention in multiple
bus microprocessor systems. The 

BLOCK DIAGRAM 

I 

I I---

· · ROW · DECODER • DRIVER 
(1-01-512) • · · . -

-· -. 
t 

r--
~ 

COLUMN • DECODER · DRIVER 
. (l-oF-32) • --

1 

POWER . DOWN 
CIRCUITRY 

~ 

I CHIP 
1 SELECT* 

CIRCUITRY 

CS 

I 

I 

programmable Chip Select allows 
up to eight 128K ROMs to be wired
OR without extemal decoding. 

The VT23128 is pin compatible with 
the 2764 EPROM andthe VT23129 is 
pin compatible with the 2564 
EPROM, thus eliminating the need to 
redesign printed circuit boards for 
volume mask programmable ROMs 
after prototyping with EPROMS. 

-

131,072 
ROM AREA 
(512 x 256) 

....... 
COLUMN SELECT 

CIRCUITRY 
(B-OF-256) 

I~ LH>I 
I ...... I 
I.~ 
I I 
I~ 1 ,.,..... 

I 

: ~ I 
I 
I 

POWER DOWN 

OUTPUT ENABLE 

*CHIP SELECT (CS) IS PROGRAMMABLE ACTIVE LOW, ACTIVE HIGH. OR DO~'T CARE 
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VT23256/57, PRELIMINARY 

32,768 x 8 STATIC READ ONLY MEMORY 

FEATURES 
• 32,768 x 8-bit organization 

• Single + 5 V supply 

• Access time 200 ns max 

• Totally static operation 

• Completely m compatible 

• Operating power 60 mA max 

• Standby power 10 mA max 

• Automatic power down (eEl 

• Output Enable function (OE) 

• Programmable Chip Select 

• 3-state outputs for wired-OR 
expansion 

• 28-pin JEDEC approved pinouts 

• VT23256 pin compatible with the 
2764 EPROM 

• VT23257 pin compatible with the 
2564 EPROM 

• EPROMs accepted as program 
data input 

PIN CONFIGURATION 

VT23256 

VT23257 

Ag 

A12 

A3 CE 
A2 

Al An 
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DESCRIPTION 
The VT23256/S7 high-performance 
Read Only Memory is organized 
words by eight bits wrth an access 
time of 200 ns. It is designed to be 
compatible with all microprocessors 
and similar applications 'where high
performance large-bit storage and 
simple interfacing are important 
design considerations. 

The VT23256/57 offers automatic 
power down with power down 
controlled by the Chip Enable (CE) 
'input. When CE goes HIGH, the 
device will automatically power 
down and remain in a low power 
standby mode as long as CE remains 
HIGH. This unique feature provides 
system level power savings of as 
much as 90%. The VT23256/57 also 
has an Output Enable (OE) function 
to eliminate bus contention in 

BLOCK DIAGRAM 

0 ----r-------I 

· 0 
ROW · I DECODER · DRIVER · 0 (l-OF-512) · ---

0 

t 

r-----
r---

COLUMN · DECODER 
DRIVER · (1-0F-32) · r---

r-----

t r 

POWER 
o DOWN CE 

CIRCUITRY 

~ 

CSj 
CHIP 

SELECT" 
C~ CIRCUITRY 

I 

multiple-bus microprocessor systems. 
The programmable Chip Select 
allows up to four 256K ROMs to be 
wired-OR without external decoding. 

The VT23256 is pin compatible with 
the 2764 EPROM and the VT23257 
is pin compatible with the 2564 
EPROM, thus eliminating the need to 
redesign printed circuit boards for 
volume mask programmable ROMs 
after prototyping with EPROMS. 

131.072 
ROM AREA 
(512 x 512) 

....... III 
COLUMN SELECT 

CIRCUITRY 
(S-OF-256) 

II~~+-I t>+-
I I 
I I 
I I 
IV" I 
I I , ....... I 

00 

01 

O2 

0 3 

04 

05 

0 6 

0 7 

POWER DOWN t 
1 OUTPUT ENABLE 

'CHIP SELECT (CS) IS PROGRAMMABLE ACTIVE LOW OR ACTIVE HIGH. 
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VL4500A 
DYNAMIC RAM CONTROLLER 
FEATURES 
• Controls operation of 8K/16K/ 

32K/64K dynamic RAMs 

• Creates static RAM 
appearance 

• One package contains address 
multiplexer, refresh control and 
timing control 

• Directly addresses and drives 
up to 256K bytes of memory 
without external drivers 

• Operates from microprocessor 
clock 
- No crystals, delay lines, or RC 

networks 
- Eliminates arbitration delays 

• Refresh may· be internally or 
externally initiated 

• Versatile 
- Strap-selected refresh rate 
- Synchronous, predictable 

refresh 
- Selection of distributed, 

transparent. and cycte-steal 
refresh modes 

- Interfaces easily to popular 
microprocessors 

PIN CONFIGURATION 

August 1983 

4254 

(Top View) 

RA3 

CA3 

• Strap-selected wait state 
generation for microprocessor / 
memory speed matching 

• Ability to synchronize or 
interleave controller with the 
microprocessor system 
(including multiple controllers) 

• Three-state outputs allow 
multiport memory configuration 

• Performance ranges of 150 nsf 
200 ns/250 ns 

• Compatible with T I TMS 4500A 

DESCRIPTION 
The VL4500A is a monolithic DRAM 
system controller designed to 
provide address multiplexing, 
timing, control and refresh/access 
arbitration functions to simplify the 
interface of dynamic RAMs to 
microprocessor systems. 

BLOCK DIAGRAM 

RAO-RA7 L-__ ---,/ 

CAO-CA7 '--__ ---./ 

ALE --------4 

cs 
RENl 

ACR 

ACW 

REFREQ 

TWST 
FSO 
FSl 

ClK 

The controller contains a 16-bit 
multiplexer that generates the 
address lines for the memory 
device from the 16 system address 
bits and provides the strobe 
signals required by the memory to 
decode the address. An 8-bit 
refresh counter generates the 256-
row addresses required to refresh. 

A refresh timer is provided that 
generates the necessary timing to 
refresh the dynamic memories 
and assure data retention. 
The VL4500A also contains 
refresh/access arbitration circuitry 
to resolve conflicts between 
memory access requests and 
memory refresh cycles. The 
VL4500A is offereq in a 40-pin, 600-
mil dual in-line plastic package 
and is guaranteed for operation 
from 0° C to 70° C. 

'Vr----RASO 

'V RASl 

TIMING 
AND 

CONTROL 

'V CAS 

1------RDy 
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'liVL4500A 
ABSOLUTE MAXIMUM RATINGS 
Operating Ambient 
Temperature 
Range 0° C to 70° C 
Storage Temperature 
Range -65°C to 150°C 
Supply Voltage 
Range, V cd 1) ~1.5 to 7 V 

Stresses above those listed under 
"Absolute Maximum Ratings" may 
cause permanent damage to the 
device. These are stress ratings only. 
Functional operation of this device 
at these or any other conditions 
above those indicated on the 

Input Voltage Range 
(any input)[1) -1.5 to 7 V' 
Continuous Power 
Dissipation 1.2 W 

RECOMMEND'ED OPERATING CONDITIONS: TA = ,O°C to +70°C 

SYmbol Uln -.---- -- - - - .. --.--- ..... . 

Vee Supply Voltage 4.5 

VIH (except REFREQ) High-Level Input Voltage 2.0 

VIH (REFREQ) High-Level Input Voltage 2.4 

VIL (except REFREQ) Low-Level Input Voltage -1.0(2) 

VIL (REFREQ) Low-Level Input Voltage -1.0(2) 

DC CHARACTERISTICS: TA = O°C to +70°C, Vee = 5 V ± 10% 

Symbol Parameter Test Conditions 
High-Level MAO-MA7, ROY 

VOH 
Output Voltage RASO, RAS1, CAS 

10H =-1 mA Vee =4.5V 

REFREQ IoH = 100 p,A Vec =4.5V 

VOL Low-Level Output Voltage IOL=4mA Vee=4.5V 

IIH 
High-Level REFREQ 

VI =5.5V Input Current All others 

IlL 
Low-Level REFREQ 

V,=OV Input Current All others 

loz Off-State Output Current Vo =Oto4.5V Vee=5.5V 

Icc Operating Supply Current TA = O°C Vr.c=5.5V 
CI Input Capacitance V,=OV f ='1 MHz 

Co Output CapaCitance Vo=OV f= 1 MHz 

Notes: 

operational sections of this 
specification is not implied and 
exposure to absolute maximum 
rating conditions for extended 
periods may affect device reliability. 

Max ..... i. .......... . v .... 

5.0 5.5 V 

6.0 V 

6.0' V 

0.8 V 

1.2 V 

Min' Typ(3) Max Unit 
2.4 

2.7 V 

2.4 

0.4 V 

100 

10 
p,A 

-1.25 mA 

-10 p,A 

±50 p,A 

100 140 mA 
5 pF 

6 pF 

1. Voltage values are with respect to the ground terminal. ' 
2. The algebraic convention, where the more negative limit is designated as minimum, is used in this data sheet for logic 

voltage levels only. 
3. All typical values are at Vee = 5 V. TA = 25°C except where otherwise noted. 
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'liVL4500A 
AC CHARACTERISTICS: TA = O°C to +70°C, Vee = 5 V ± 10% 

VL4500A-15PC VL4500A-20PC VL4500A-25PC 
Symbol Parameter Mio Max Min Max Min Max Unit 

tc(C) ClK Cycle Time 100 100 140 

tW(CH) ClK High Pulse Width 20 20 20 

tW(CL) ClK low Pulse Width 35 35 35 
tt Transition Time. All Inputs 50 50 50 
tAEL-CL Time Delay. ALE low to 10 10 15 

ClK Starting low( 1) 

tCL-AEL Time Delqy. ClK low to 
ALE Starting Low( 1) 

10 10 15 

tCL-AEH Time Delay. ClK low to 15 20 20 
ALE Starting High(2) 

tW(AEH) Pulse Width ALE High 50 60 60 ns 

tAV-AEL Time Delay. Address. RENt 5 10 15 
CS Valid to ALE low 

tAEL-AX Time Delay. ALE low to 10 10 10 
Address Not Valid 

tAEL-ACL Time Delay. ALE low to th(RA) + 30 th(RA) + 40 th(RA) + 50 
ACX low(3, 4, 5, 6) 

tACH-CL Time Delay. ACX High to 20 20 . 20 
ClK low ( 3. 7) 

tACL-CH Time Delay. ACX low to 30 30 30 
ClK Starting High (to 
remove RDY) 

tRQL-CL Time Delay. REFREQ low 20 20 20 
to ClK Starting low(8) 

tW(RQL) Pulse Width. REFREQ low 20 20 20 

Notes: 
1. Coincidence of the trailing edge of ClK and the trailing edge of ALE should be avoided. as the refresh/access occurs 

on the trailing ClK edge. A trailing edge of ClK should occur during the interval from ACX high to ALE low. 
2. If ALE rises before ACX and a refresh request is present. the falling edge of elK after tCL-AEH will output the refresh 

address to MAO-MA7 and initiate a refresh cycle. 
3. These specifications relate to system timing and do not directly reflect device performance. 
4. On the acces~nt cycle following refresh. the occurrence of CAS low depends on the relative occurrence of ALE low 

to AC'X. low. If ACX occurs prior to or coincident with ALE then CAS is timed from the elK high transition that causes RAS 
low. If "ACX occurs 20 ns or more after ALE then 00 is timed from the elK low transition following the elK high transition 
causing RAS low. 

5. For maximum speed access (internal delays on both access and access grant cycles). ACX should occur prior to or 
coincident with ALE. 

6. th(RA) is the dynamic memory row address hold time. ACX should follow ALE by tAEL-CEL in systems where the required 
th(RA) is gr~ter than tREL-MAX minimum. 

7. Minimum of 20 ns is specified to ensure arbitration will occur on falling elK edge. tACH-CL also affectstc~Charge time 
such thQt the minimum tACH-CL should be e...Q!d...al or greater than: tW(RH)-tW(CL) + 30 ns (for cycle where high occurs 
prior to ALE high) where tW(RH) is the DRAM RAS precharge time . 

8. This parameter is necessary only if refresh arbitration is to occur on this low-going elK edge (in systerps where refresh is 
synchronized to external events). 
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'IIVL4500A 
TIMING DIAGRAMS 
ACCESS CYCLE TIMING 

eLK 

ALE 

ROW RENT 
COL,CS 

MAO-MA7 

RDY 

REFRESH REQUEST TIMING 

CLK 

REFR'EO 
(EXTERNAL) 

REFREQ 
(INTERNAL) 
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'.VL4500A 
READY (ROY) SIGNAL TIMING (WAIT STATE OPERATION, TWST =,1) 

RDY starting high is timed from AC:X low (tACL-RYH) for the condition ACX going low while CLK high. 

ClK 

ALE tcL· ... CL -i+----.J 

tcH·RYH 

ROY 

RDY starting high is timed from CLK high (tCH-RYH) for the condition ACX going low whileCLK ICMI. 

PACKAGE DIAGRAM 
40-LEAD PlASTIC DUAL IN-LINE 
(P-DIP) PACKAGE 

D---OI 0.610 (15.494) 
0.580 (14.732) 

I ___ ---.l. 

lar L.J L.J 2.030 (51.562)' L.J L.J L.J '-'I 
1----1.980 (SO.292)---l 

0.190 (4.826) 

'=C1rn, p ~. -. (2.159) / .... 70 (1.524) TYP. I 

...... 'G.229) IT ==- I ! j 
I 0:625(15.875) II '1-- 0.100(2.54)~ l--Jl I ~:~~~=! f--0.595(15.113)~ TYP 

0.175 (4.445) 
0.065 (1.651) 0.023 (0.584) ~ 

Note 0.030 (0.762) 0.015 (0.381) 

1. All metric dimensions are in parenthesis O. 

ORDERING INFORMATION 

VL4500A-15PC 
(TMS4500AN-15 ) 

VL4500A-20PC 
(TMS4500AN-20) 

VL4500A-25PC 
(TMS4500AN-25 ) 

150 ns Plastic, 
commercial, 
o -70°C 

200 ns Plastic, 
commercial, 
o -70°C 

250 ns Plastic, 
commercial, 
o -70°C 

The information contained in this document has 
been carefully checked and is believed to be reli
able; however. vn shall not be responsible for any 
loss or damage of whatever nature resulting from 
the use of. or reliance upon. the informOtion con
tained in this document. VTI makes no guarantee 
or warranty concerning the accuracy of such 

information. and this document does not in any 
way extend vn's warranty on any product 
beyond that set forth in VTl's standard terms and 
conditions of sale. \/Ii does not guarantee that 
the use of any information contained herein will 
not infringe upon the patent or other rights of 
third parties. and no patent or other license is 

implied hereby. vn reserves the right to make 
changes in the product without notification 
which would render the information contained in 
this document obsolete or inaccurate. Please 
contact vn for the latest information concerning 
this product, © 1983 VLSI Technology. Inc, Printed 
in USA. 
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Integrated Circuits ..-...'I, .......... ~ 
The tpagazine for e 

engineering design strategist* 

Integrated Circuits Magazine 
Circulation Department 
645 Stewart Ave. 
Garden Cit~ NY 11530 
(516) 222-2500 
TWX: 510-222-1673 

Integrated Circuits Magazine is the 
only publication written for senior 
design engineers 'and engineering 
managers who specialize in the 
specifying and use of ICs and related 
components in the design of instru
ments, equipment and systems. 

It is unique in that it concen
trates on reporting/rom the view
point 0/ the user. 

Each issue of Integrated Cir
cuits Magazine includes staff-writ
ten interviews with leading 
designers at major IC customers, as 
well as articles written by IC users 
themselves. 

Regular features include: IC 
User Feedback Reports, Semicustom 
Design Techniques, IC Design Prob
lems and Solutions. What's New in 
ICs, and much more. 

To receive Integrated Circuits 
Magazine absolutely FREE t simply 
give us your authorization right 
,now! Just fill out, sign, date and 
return the subscription card located 
inside the back cover of Volume I. 

Card missing? Additional sub
scription cards available from pub
lisher upon request. 

Integrated Circuits Magazine is 
designed for YOU. 

*Designers who must keep pace 
with contemporary engineering 
design technique~ practices and 
ire-ruls, and bow they affect tbe 
selection and application 0/ inte
grated circuits, microcomputer~ 
boards, and systems. 

tlntegrttted Circuits Magazine is made 
available on a complimentary basis to 
those qualified recipients -within the 
United State8 only. 

Canadian and Foreign Subscriptions 
are available, prepaid by check or 
money order payable in United State8 
currency, at the following rates: 
$35.00 per year Canadian/Foreign; 
$55.00 per year Foreign via Air Mail; 
$18.00 per year non-qualified Dome8tic 
United State8. 



WESTERN DIGITAl. 
CORPORA TION 

NEW PRODUCT BULLETIN 
Error Detection and Correction Unit 

WD8206 
FEATURES 
• DETECTS AND CORRECTS ALL SINGLE BIT 

ERRORS 

• DETECTS ALL DOUBLE BIT AND MOST 
MULTIPLE BIT ERRORS 

• 52 NS MAXIMUM FOR DETECTION; 67 NS 
MAXIMUM FOR CORRECTION (16 BIT SYSTEM) 

• EXPANDABLE TO HANDLE 80 BIT MEMORIES 

• SYNDROME OUTPUTS FOR ERROR LOGGING 

• SEPARATE INPUT AND OUTPUT BUSSES - NO 
TIMING STROBES REQUIRED 

DESCRIPTION 

• SUPPORTS READS WITH AND WITHOUT 
CORRECTION, WRITES, PARTIAL (BYTE) 
WRITES, AND REAP-MODIFY-WRITES 

• NMOS TECHNOLOGY FOR LOW POWER 

• COMPATIBLE WITH INTEL 8206 DEVICE 

• 68 PIN LEADLESS JEDEC PACKAGE 

• SINGLE + 5V SUPPLY 

The NMOS 8206 Error Detection and Correction Unit is a high-speed device that provides error detection and 
correction for memory systems (static and dynamic) requiring high reliability and performance. Each WD8206 
handles 8 or 16 data bits and up to 8 check bits. WD8206's can be cascaded to provide correction and detection 
for up to 80 bits of data. Other WD8206 features include the ability to handle byte writes, memory initialization, 
and error logging. 
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PROPOSED APPLICATIONS 
The WD8206 interface to a typical 32 bit memory system is illustrated below. For larger systems, the partial 
parity bits from slaves two to four must be XORJed externally, which calls for one level of XOR gating for three 
W08206's and two levels for four or five W08206's. 

OE---

32 BIT 
OAT A 
BUS 

T 

OO/WOI 01 SYOI CB1o-6 SYIO-6 
CBO 

PPIO-6 PPOO-6 
(4) 

CRCT PPI7 CONTROL CRCT 
LINES WZ CBI7 WZ 

STB W08206 
STB 

R/W MASiER 
R/W 

(2) SEOCU 
BMO 

BMO 

am { 
BM1 

ER"ROi1 BM1 
MARKS 

(2) 

ERROR 
SIGNALS 

SIMPLIFIED SYSTEM DIAGRAM 

WESTERN DIGITAL 2445 McCABE WAY 
CORPORA TION IRVINE, CALIFORNIA 92714 
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DATA MEMORY 
16 BITS 

01 00 

OO/WOI 01 

W08206 
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POS1 

NSLo 

NSL1 
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PP15-7 

SEDCu 
SYI7 
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WESTERN DIGITAL 
C OR P 0 RAT / 0 N 

NEW PRODUCT BULLETIN 
Advanced Dynamic RAM Controller 

WD8207 
FEATURES 
• PROVIDES ALL SIGNALS NECESSARY TO 

CONTROL 16K, 64K AND 256K DYNAMIC RAMS 

• DIRECTLY ADDRESSES AND DRIVES UP TO 2 
MEGABYTES WITHOUT EXTERNAL DRIVERS 

• SUPPORTS SINGLE AND DUAL-PORT 
CONFIGURATIONS 

• AUTOMATIC RAM INITIALIZATION IN ALL 
MODES 

• FIVE PROGRAMMABLE REFRESH MODES 

• TRANSPARENT MEMORY SCRUBBING IN ECC 
MODE 

DESCRIPTION 

• DATA TRANSFER ACKNOWLEDGE SIGNALS 
FOR EACH PORT 

• PROVIDES SIGNALS TO DIRECTLY CONTROL ' 
THE WD8206 ERROR DETECTION AND 
CORRECTION UNIT 

• SUPPORTS SYNCHRONOUS OR 
ASYNCHRONOUS OPERATION ON EITHER 
PORT ' 

• SINGLE + 5V SUPPLY 

The WD8207 is a 68-pin leadless JEDEC type A hermetic chip carrier. The WD8207 Advanced Dynamic RAM 
Controller (ADRC) is a high-performance, systems-oriented, Dynamic RAM controller that is designed to easily 
interface 16K, 64K and 256K Dynamic RAMs microprocessor Systems. A dual-port interface allows two different 
busses to independently access memory. When configured with a WD8206 Error Detection and Correction Unit 
the WD8207 supplies the necessary logic for designing large error-corrected memory arrays. This combination 
provides automatic memory initialization and transparent memory error scrubbing. 

4262 

RDA __ - __ 

WRA 

PCTLA 

PEA ---._---' 

RDB ...... - __ 

WRB 

PCTlB 

PEB~-~ 

RFRQ 

PDI--+--. 

Vcc_ 
VSS_ 

CLK_ 

RESET_ 

ALO·S L-___ --../I 

AHa·s L------../I 

BSo·, ,...; -----" 

LOCK 

WD8207 BLOCK DIAGRAM 

ERROR 

FWR I CE 

t 
,.....:---'---'-~- LEN 

XACKA/ACKA 

XACKB/ACKB 
AACKAIWZ 

AACKBlRlW 
OBM 
EXTB 

MUXlPCLK 
PSEL 
PSEN 
WE 

t------'tI AOO-8 
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PROPOSED APPLICATIONS 
The ADRC supports several microprocessor interface options including synchronous and asynchronous 
connection. 

WESTERN DIGITAL 
CD._RPORA TION 

<e Ie MASTER 1984 

elK SOl--...... 

ADDR 

S1't--....... 
S2t--~ 

SIMPLIFIED'SYSTEM DIAGRAM 

2445 McCABE WAY 
IRVINE, CALIFORNIA 92714 (714) 863-0102, TWX 91()'595-1139 
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~~IC MASTER~~ 
BELONGS· ON YOUR 

BOOKSHELF 
If you use IC MASTER frequently, you can obtain your own copy by ordering 
now. Use the order cards contained in this publication, or order by 
telephone as described below. 

IC MASTER is a two-volume set of technical data carefully organized to 
direct the engineer to the integrated circuits and related products that are 
closest to his specific needs. It is the surest way to find the optimum 
device to answer an engineering design requirement. By ordering now, you 
won't have to borrow or search for IC MASTER the next time you need it. 

Typical Use of Ie MASTER 

Can an engineer find out who makes a 64K dynamic RAM with an access 
time of 120 nanoseconds or faster in less than 30 seconds? 
He can if he turns to the Memory section of IC MASTER and looks for the 
64K organization (words and bits per word) that he needs. 
Because each device is listed in order of access time, he can easily 
determine the devices that satisfy his speed requirements. 

In the United States only: 
You can order IC MASTER simply by charging it to your VISA or Master 
Card, credit card. To place your order, call now: (516) 222-2500. 
Ask for Extension 314. 

ORDER YOUR COpy 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiNOWiiiiiiiiiiiiiii~ 



PRELIMINARY DATA SHEET 

X2444 
X2444 I 

16x16 Bit Serial NOVRAM* 

256 Bit Serial 
Nonvolatile Static RAM 

• Ideal for use with Single Chip Microcomputers • Reliable N-Channel Floating Gate Technology 
• Static Timing 1 MHz Operation 
• Minimum 110 Interface 
• Serial Port Compatible (COPS™, S051) 
• Minimum Support Circuits 

• Software and Hardware Control of Nonvolatile 
Functions 
• Maximum Store Protection 

• TTL Compatible 
• 16x16 Organization 
• X2444 Emulator Available- X2444E 

• Single 5V Supply 
• Low Power Dissipation 

• Active Current 15mA Typ. 
• Store Current SmA Typ. 
• Standby Current 6mA Typ. 
• Sleep Current 5mA Typ. 

• S-Pin Mini-Dip 
• Low Cost 
• Compact 

The X2444 is a 256-bit Xicor NOVRAM memory fabricated in Xicor's proven NMOS technology. The 
device is organized as 16 words of 16 bits each. Serial access allows the use of a cost-effective 8-pin 
package, making the X2444 ideal for cost sensitive and compact design applications. Each bit of the 
static RAM is overlayed with a bit of nonvolatile electrically erasable PROM (E2PROM). Data can be 
transferred back and forth between the two memories either by instructions sent from the processor 
over the serial interface, or by toggling the external STORE and RECALL inputs. Nonvolatile data is 
retained in the E2PROM, while independent data can be accessed and updated in the RAM. 

High voltage pulses and supplies are not required. A Single 5V supply is the only power source need-
ed, and all Signals are TIL compatible. -

The X2444 offers many modes of operation in order to minimize the power consumption of the chip. 
The chip is placed in the STANDBY mode whenever it is de,selected, and is placed in the SLEEP mode 
whenever the sleep instruction is executed. The chip will automatically return active from STANDBY 
when selected by CE, and will exit the SLEEP mode when the next RECALL operation is performed, 
either by the RCL instruction or by taking the RECALL input low. 

PIN CONFIGURATION 
S-PIN DIP .300" 

CE Vee 

SK STORE 

X2444 
01 RECALL 

DO Vss 

PIN NAMES 

CE CHIP ENABLE 

SK SERIAL CLOCK 

01 SERIAL DATA IN 

DO SERIAL DATA OUT 

RECALL RECALL 

STORE STORE 

Vee +5V 

Vss GROUND 

FUNCTIONAL DIAGRAM X2444 (16x16) 

VCC(8)_ 

Vss(5}_ 

CE(l}----+-I 
0i(3) ------..-----.; 

SK(2) ----o>-----l--+-l 

* NOVRAM is Xicor's nonvolatile static 
random access memory device. 
COPSTM is a trademark of 
National Semiconductor. Inc. 

STORE 

RECALL 

DO(4} 

©Xicor. 1983 Patents Pending 
Characteristics Subject to Change 

Without Notice 
June 1983, Stock No. 200-019 

XICOR, Inc.,851 BuckeyeCourt, Milpitas, California95035 
e> Ie MASTER 1984 

(408)946-6920 TWX 91 0-379-0033 
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* Xicor NOVRAM Memories 
Nonvolatile Static RAMS 

5V .. Programmable 
10% Power Supply Margin 
Vcc=5V ±100/0 

X2212 
X2210 
X2201A 

p 
256 x 4 Bit Nonvolatile Static RAM 

64 x 4 Bit Nonvolatile Static RAM 
1024 x 1 Bit Nonvolatile Static RAM 

• NONVOLATILE STATIC RAM: The X2201A, X2210, and X2212 are organized as conventional 
static RAMs overlaid bit~for~bit with a nonvolatile Electrically Erasable PROM (E2PROM). Nonvolatile 
data can be stored in the E2PROM and at the same time independent data can be accessed in the RAM 
memory. At any time, data can be transferred back~and~forth between the RAM and E2PROM by simple 
store and array recall signals. 

• 5V ONLY: High~voltage pulses or supplies are never require--d. A single SV supply is the only power source 
ever required for any function. -

• EAS£..OF .. USE: Unprecedented simplicity, all inputs and outputs are directly TIL compatible. Fully static 
timing. Three~state output. 18~pin package. 

• PERFORMANCE: RAM cycle time is less than 300ns. During the lifetime of the device, data can be 
recalled from the E2PROM an unlimited number of times. 

• POWER .. FAILURE PROTECTION: One simple TIL signal saves the entire RAM database. A snap~ 
shot nonvolatile copy of all RAM data is internally stored safely without power and can be'recalled to the 
RAM when power returns. No battery backup required. 

• ORGANIZED FOR MICROCOMPUTER SYSTEMS: The common data input and output is orga~ 
nized four bits wide on the X22IO and X2212. The X2201A is organized conveniently by one for larger 
memory applications. 

• Xicor's products are fabricated with reliable n~channel floating gate MOS technology. For systems where 
RAM non volatility or in~the~cirruit ROM changes by TTL signals are important, the Xicor X2201A, 
X2210, or X2212 is the ideal choice. 

PIN CONFIGURATIONS 
256.4 64.4 

WE 

10 :fft~l SfOiiiE 9 

PIN NAMES 

Ao-As 
I101-I10~ 

WE 
CS 
ARRAY RECALL 
STORE 
VCC 

VSS 
NC 

ADDRESS INPUTS 
DATA INPUT/OUTPUT 
WRITE ENABLE 
CHIP SELECT 
ARRAY RECALL 
STORE 
+·W 
GROUND 
NO CONNECT 

.NOVRAM is Xicor's nonvolatile static RAM device 

1K.1 

FUNCTIONAL DIAGRAM 

Ao 

NONVOLATILE -S==_-:;JI 
E>PROM A 
MEMORY 
ARRAY 

STORE 

ARRAY 
RECALL 

+-- Vee STORE ---f.CO~NT::RO~L n:~ 
RECm LOGIC l!;i~:---I 

I/O,--.--I>-t 

COLUMN 
1/0 CIRCUITS 

I~!¥I 11;~j --1----Jit 
CONTROL :: 

© XICOR, 1983 Patents pending. 

July 1983 Stock No. 200-024 

XICOR, Inc., 851 Buckeye Court, Milpitas, California 95035 (408) 946-6920 TWX 910 .. 379..0033 
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XICOR ORDERING INFORMATION 
Device Temp. 
Type Part # I)rganlzatlon Package Range Processing 

NOVRAM X2444P 16x 16" Plastic fr to + 7frC Standard 
X2444PI 16x16" Plastic -4(f to + 85°C Standard 
X2443P 16x16" Plastic fr to + 7frC Standard 
X2443PI 16x 16" Plastic -4(f to + 85°C Standard 
X22100 64x4 Cerdlp fr to + 7frC Standard 
X221001 64x4 Cerdlp -4()0 to + 85°C Standard 
X22100M 64x4 Cerdlp -55° to + 125°C Standard 
X22100M8 64x4 Cerdlp -55° to + 125°C 8838 
X22120 ~!56x4 Cerdlp fr to + 7frC Standard 
X221201 ~!56x4 Cerdlp -4(f to + 85°C Standard 
X22120M ~!56x4 Cerdlp -55" to + 125°C Standard 
X2212DM8 256 x 4 Cerdlp -55" to + 125°C 8838 

• Serial Interface 

E2PROM 'X2804AD 5i12x8 Cerdlp frto + 7frC Standard 
X2804AD-35 5112x8 Cerdlp fr to + 7frC Standard 
X2804AD-45 !j,12x8 Cerdlp fr to + 7frC Standard 
X2804ADI-35 5,'2x8 Cerdlp -4(f to + 85°C Standard 
X2804ADI-45 5,12x8 Cerdlp -4(f to + 85°C Standard 
X2804ADM-35 . 5·12x8 Cerdlp -55" to + 125°C Standard 
X2804ADM-45 512x8 CenUp ~to+ 125°C Standard 
X2804ADM8-35 512x8 Cerdlp -55" to + 125°C 8838 
X2804ADM8-45 512x8 Cerdlp -55" to + 125°C 8838 
X2816AD 2Kx8 Cerdlp fr to + 7frC Standard 
X2816AD-35 2Kx8 Cerdlp fr to + 7~C Standard 
X2816AD-45 2Kx8 Cerdlp fr to + 7frC Sfandard 
X2816ADI-35 2Kx8 Cerdlp -4(f to + 85°C Standard 
X2816ADI-45 2Kx8 Cerdlp -4(f to + 85°C Standard 
X2816ADM-35 :2Kx8 Cerdlp -SSO to + l~C Standard 
X2816ADM-45 :2Kx8 Cerdlp -55° to + l~C Standard 
X2816ADM8-35 :2Kx8 Cerdlp -55° to + 125°C 8838 
X2816ADM8-45 :2Kx8 Cerdlp -55° to + 125°C 8838 
X2816AE :2Kx8 lCC fr to + 7frC Standard 
X2816AE-35 :2Kx8 lCC frto + 7frC Standard 
X2816AE-45 :2Kx8 lCC fr.to + 7frC . Standard 
X2816AEI-35 :2Kx8 lCC -4(f to + 85°C Standard 
X2816AEI-45 :2Kx8 lCC -4(f to + 85°C Standard 
X2816AEM-35 :2Kx8 lCC -55° to + l~C Standard 
X2816AEM-45 :2Kx8 lCC -55° to + 125°C Standard 
X2816AEM8-35 :ZKx8 lCC -!)SO to + 125°C 8838 
X2816AEM8-45 :ZKx.8 lCC -55° to + 125°C 8838 
X2864AD 13Kx8 Cerdlp fr to + 7frC . Standard 
X2864AD-35 13Kx8 Cerdlp fr to + 7frC Standard 
X2864AD-45 13Kx8 Cerdlp fr to + 7frC Standard 

- ---------_ .. _----

MEMORY Xicor 

Access 
nme 

N/A 
N/A 
N/A 
N/A 
300ns 
300ns 
300ns 
300ns 
300ns 
300ns 
300ns 
300ns 

300ns 
350ns 
450ns 
350ns 
450ns 
350ns 
450ns 
350ns 
450ns 
300ns 
350ns 
450ns 
350ns 
450ns 
350ns 
450ns 
350ns 
450ns 
300ns 
350ns 

·45Ons 
350ns 
450ns 
350ns 
450ns 
350ns 

·45Ons 
300ns 
350ns 
450ns 

PIN CONFIGURATIONS 

NOVRAM 

X2210 

E2PROM 

~ 

I/O,q 10 

Vee: A, 

A, A, 

NC A, 

WE A. 

OE A, 

NC A, 

~ A, 

110· A, 

11O. I/O, 

ISpllO 110, 

11O, 11O, 

11O V" 

A, HC HC He Vee WI!: HC 
~ 

X2212 

ARm 
Jrnm[ 

Vee 

A, 

A. 

WE 
DE 

A" 

~ 

I/O, 

I/O, 

110. 

11O. 

110; 

mill 

mm 
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PRELIMINARY DATA SHEET 
Characteristics Subject to Change 
Without Notice. 

·cop 
X2816A 2K x8 Bit Electrically Erasable PROM 
X2804A 512 x 8 Bit Electrically Erasable PROM 

5 Volt Programmable E2PROMs 

• Simple Byte Write Operation 
• No High Voltages Necessary 
• Single TTL level WE Signal Modifies Data 
·Intemally Latched Addresses and Data 
• Automatic Write Time-out 
• Noise Protected WE Pin 

• Conforms to JEDEC Byte-wide Standard 
• Reliable N·Channel Floating Gate 

MOS Technology 

• Single 5-Volt Supply 
• Byte Write Time: 10ms Max. 
• Fast Access Time: 300ns Max. 
•. Low Power Dissipation 

• Active Current X2816A: 110mA Max. 
X2804A: SOmA Max. 

• Standby Current: SOmA Max. 

The Xicor X2816A (16,384 bits) and X2804A (4,096 bits) are electrically erasable programmable read-only 
memories (E2PROMs) with unprecedented ease-of-use features. Xicor E2PROM data can be modified 
using simple TTL level signals and a Sin~e 5-volt l2.0wer sUl2n.l¥. In addition, Xicor E2PROMs are operation
ally and pin compatible with existing 2 x 8 byte-programmable E2PROMs which require an additional 
high voltage power supply for programming. (See optional high voltage programming compatible mode.) 
Writin~ data in Xicor E2PROMs is analogous to writing data in a static RAM. A 200ns TTL low level signal to 
the W pin initiates a byte write operation which is automatically timed out in a maximum of 10ms. Since, 
addresses and data are internally latched, Xicor E2PROMs free the system for other tasks during the 10ms 
period, such as programming other Xicor E2PROMs. In addition to byte modification capability, a 10ms 
total chip erase feature is provided. 

Xicor E2PROMs use a 2-line control architecture, CE and OE, to eliminate bus contention in a system 
environment. A power down mode is featured. In the standby mode, power consum....E!ion is reduced by 
55% without increasing access time. The standby mode is achieved by applying a CE high signal. 

The X2816A and X2804A are fabricated with the same reliable n-channel floating gate MOS technology 
used in Xicor's popular 5-Volt programmable NOVRAM memories. 

PIN CONFIGURATIONS 24 PIN DIP.600" 

MODE SELECTION 
Standard Xicor 5V-Programmable Mode 

\CE\OE1WE\ MODE 
H X X Standby I ! I 
L L H Read 

L H L Byte Write 

L H H Read and Write 
Inhibit 

1/0 

HighZ I 
'DOUT 

DIN 

HighZ 

Ao·A10 
1l00·I1~ 
CE 
~ 
WE" 
vee 
vss 
NC 

POWER 
Standby 

Active 

Active 

Active 

PIN NAMES 

I 

ADDRESS INPUTS 
DATAINPUTS/OUTPUTS 
CHIP ENABLE 
OUTPUT ENABLE 
WRITE ENABLE 
+5V 
GROUND 
NO CONNECT 

© Xicor, 1983 Patents Pending 
Preliminary Information Sheet 

May 1983, Stock No. 200·012 

XICOR, Inc., 851 Buckeye Court, Milpitas, California 95035 (408) 946-6920 TWX 910-379-0033 
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ADVANCED INFORMATION 

64K X2864A 8Kx 8 Bit 
Electrically Erasable PROM 

5 Volt E2PROM 

FEATURES 
• Simple Byte and Page Write 

- Single TTL Lev~, WE Signal 
- Latched Address and Data 
- Automatic Internal Erase 
- Automatic Write Timing 
- Autpmatic Page! Write . 
- DATA Polling Verification 
- Optional Chip Erase 

• Enhanced Write Protection 
• Single 5 Volt Supply 
• Byte or Page Write: 5 ms Typical 

- Effective 3QO jtsec/Byte Write 
- Chip Rewrite-2.6 sec 

• Fast Access Time: 350 ns 
• Power; 110 mA-Active Current 

50 mA-Standby Curr~nt 
• JEDEC Approved Byte-Wide Pinout 

DESCRIPTION 

The Xicor X2864A is an electrically erasable programmable 
read-only-memory (E2PROM) with unprecedented ease-of
use features. Xicor E2PROMs ~n be modified using simple 
TIL level signals and a single 5 volt power supply. In addition, 
the X2864A is operationally and pin compatible with ~xi~ting 
8K x 8 EPROMs which require high voltage.programming and 
ultraviol~t exposure erasing. Writing data in Xicor E2PROMs 
is analogous to writing data in a static RAM. A 200 ns TIL 
low level signal to the WE pin initiates a byte write operation 
which is automatically timed out in 5 ms. Since addresses 
and data are internally latched, Xicor E2PROMs free the sys
tem for other tasks during the 5 ms period. such as program
ming other Xicor E2PROMs. 

A 16-Byte Page Write allows data to be written at an effective 
rate of 300 Ilsec/byteor 2.6 seconds to rewrite the entire Chip. 
An optional chip erase feature is also included. 

The X2864A also features DATA Polling, which enables the 
E2PROM to signal the processor that a write operation is 
complete without requiring the use of any external hardware. 

The X2864A is fabricated with the same reliable N-Channel 
floating gate MOS technology used in the popular 6 volt prcr. 
grammab!e Xicor NOVRAMs. 

PIN CONFIGURATION 

FUNCTIONAL DIAGRAM 

Ao-A12 
ADDRESS 

INPUTS 

C~ 
Of 
WE 

X 
BUFFERS 
LATCHES 

AND 
DECODER 

Vee 0----. --.... 
Vss 0----. 

MODE SELECTION 

I-CE 
L 
I OE I:~ I Mode 

L Read 

H 

f 

I Write Inhibit 

! X L X Write Inhibit 

X X H Write Inhibit 

L VOE I L Chip Erase 

Vee 

WE 

NC 

As 

Ag 

65,536-BIT 
E2PROM 
ARRAY 

I/O BUFFERS 
AND LATCHES 

1/0 

n_ .. _ 
""UUI 

DIN 

Power 

,..~tive 

Active 

I 
High Z Standby 

i - -
I - -
j DIN = H Active 

© Xieor. 1983 Patents Pending Characteristics subject to change without notice. 
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Don't Miss the 
Ie Updates 

These quarterly updates 
keep your IC Master 

current the year 
'round. 

Look for them 
in Integrated 

Circuits Magazine 



This section describes instruments used to enter assembly 
language code into programmable devices such as 
PROMs, EPROMs, EEPROMs, EAROMs, PAI-s, PLAs and 
MPUs. Equipment listed includes programmers designed 
for system development, production and field-seNice ap
plications. Manufacturers are sequenced alphabetically, 
and each system is characterized by pertinent selection 
factors. These parameters include programmed device 
types, type of display, personality modules, edit functions, 
programming checks, self-test features and types of inter-
face ports. ' 

Some manufacturers assi9,n different model numbers to 
units having c~pabilities beyond those listed for the model 
designated at the top of the Master Selection Guide. In 
these cases the units are covered under "Comments". 

© Ie MASTER 1984 

Detailed Product Information 
provided by: 

Oliver Advanced Engineering 4401 
Structured Design 4402 
Sunrise Electronics 4403 
The manufacturers fisted above have provided detailed 
information on their latest and most significant prod
ucts. 
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Ie MASTER 

PROM PROGRAMMERS 

I Maximum Maximum 
PROM Gang 
Array Personality Capacity 

Application Capabilities Programmed Devices Display (bits) Modules (Sockets) Edit FUllCtions 

Development Program, copy, compare, read EPROM CRT, LED 16Kx8 Not Required Insert, delete 

Production Copy EPROM, EEPROM LED 32Kx8 Software based 16 

Development, Program, copy, compare, read, EPROM LEO 32Kx8 Not required, 1 Insert, move, delete, nibble swap, memory 
production, erase sottwar~based map 

l!' field service 

~ - Production Program, copy, compare Bipolar PROM Lamps 4Kx8 Dedicated 1 

Development, Program, copy, compare, read, NMOS, CMOS, MPU, EEPROM, EPROM 7-Segment 23Kx8 Software 1 Via Host System 
field service, erase LED(4) expandable programmable 
Production 

Development, Program, read Bipolar PROM Lamps, digit 4Kx8 Dedicated 

~ field service switch 

Development, Program, copy, compare, read, FPLA: Signetics 828100,828101, LEO Dedicated Insert, delete 
production, test 828106,828107 
field service 

r·- Development, Program, copy, compare, read Bipolar PROM (8 x 32) LED 32x8 Insert, delete 
field service, 
production 

Development Program, copy, compare, read, Seeq 72720 (T.I. 7000 with EEPROM) User up to 8Kx8 1 Line editing or any word processor on host 
test terminal computer 

Development Program, copy, compare, read, EPROM, EEPROM CRT 32Kx8 Dedicated 
Q) test, erase 
"0 
:::s 

Development, Program, copy, compare, read, 18748,8749 1 User 11Kx88748, 
11 

1 Line editing or any word processor on host C) 
Incoming test terminal 2Kx88749 computer 

C Test 
.2 Development, Program, copy, compare, read, 8751,8752 User 2Kx88751, 1 Line editing or any word processor on host ~ 
(,) incoming test terminal 4Kx88752 computer 
Q) test 
Q) 

Development Program, copy, compare,'read EPROM, EEPROM, MPU LED 8Kx8 Dedicated 1 .Insert. delete, write, flU en 
"-

(Universal NMOS 
Q) and Intel ... single-chip f/) 
CU microcomputers) 

~ 

Development Program, copy (load), compare Bipolar (fuse-link and vertical-fuse) 16-character 256Kx8 24-pin 1 Insert, move, delete, nibble swap, memory map, 
field service (verify), read, test, erase PROM, CMOS, PROM, EPROM, fluorescent skinny-wide and split, shuffle, clear, complement, fBI RAM 

EEPROM, EAROM, MPU 4O-pin MPU 
socket adapters; 
no modules 
required 

Development, Program, copy (load), compare CMOS, PROM, EPROM, EEPROM, 16-character 256Kx8 1 Insert, move, delete, nibble swap, memory map, 

field service (verify), read, test, erase EAROM,MPU fluorescent spilt, shuffle, clear, complement, fill RAM 

I I I 

4350 @ Ie MASTER 1984 



MASTER SELECTION GUIDE 

PROM PROGRAMMERS 

I I I 
Programming Checks Sell-Test Prompting Buffer Memory 110 Interface I Comments I Model Source lune 
Blank, verify Audible RS232 Serial, Operates with Z80/8080 CP/M. Utility software supplied to 

selectable baud partition long object or HEX files into required EPROM 
rate length and split 16-bit files into upperllower 8-bit files. UP8 Advent 

Blank, checksum, illegal Keyboard, Visual/ 
bit, verify display, audible CopyROM3716 Citel 

switches 

Blank, checksum, illegal Keyboard, Visual/ 8Kx8 Parallel TIL, 
bit, verify display, . aUdible expandable RS232 serial System37 Citel [4 

switches, buffer, 
memory 

Illegal bit, Vcc sensitivity Visual PD2000S Curtis 

Blank, checksum, illegal Status of Visuall 64 RS232 serial Programs 4K 3-supply through 25gK 1-5 supply and beyond. PD5000E Curtis 5 ~ 
bit, verify; on current programming aUdible selectable Baud Stand-alone duplicator or complete remote control by host ~ 

levels rates 110-9600 computer. 

Vcc sensitivity 

! 
I Visual 

! 
PM3000S Curtis 

Verify 
I 

Visual 

I 
PR-1OOA Curtis 

I I I I 

I I I 

Blank, checksum, illegal Diagnostic & Visual! 32 bytes RS5332 110-9600 Handles Signetics, n, NSC, Harris, AMD, MMI, Intersi!. PR5200B Curtis 

I bit, verify calibration Audible Baud 

Checksum verify bytes Visual User system 300, 1200, 2400 IBM PC cross assemblers with down loader available. CYP-7000 Cybernetic 
baud RS 232 link to Programmer board connects to any RS-232 port and 
host computer utilizes user computer terminal and power supply. 

Blank, checksum, verify· Visuall 16Kx8 RS232 Serial, CYP275 Cybernetic 10 
Audible Selectable Baud Q) 

I Rate 
I :2 

::J 
Checksum verify bytes Visual User system 300, 1200, 2400 IBM PC cross assemblers with downloader available. CJ 

baud RS 232 link to Programmer board connects to any, RS-232 port and 
host computer utilizes user computer terminal and power supply. CYP8048/9 Cybernetic C 

0 
Checksum verify bytes Visual User system 300, 1200, 2400 IBM PC cross assemblers with down loader available. +-' 

baud RS 232 link to Programmer· board connects to any RS-232 port and 0 
host computer utilizes user computer terminal and power supply. CYP8051 Cybernetic 

Q) 

Q) 
Blank, checksum, illegal Keyboard, Visual 2kx8 RS232 serial, 20B Universal en 
bit, verify display, selectable baud NMOS ~ 

switches, buffer rate (110-9600 Memory Q) 
memory, baud) Programmer Data I/O 

+-' 
f/) 

automatic Cd 
power-up, :E 
program ROM, 
status of 
programming 
electronics 

Blank, checksum, illegal Keyboard, Visual 32Kx8 RS232 serial, Portable programming system; includes UV erasing lamp 22A Personal Data I/O 
bit, verify, overcurrent display, current loop, and removable lid for storing accessory. Programmer 
check, backward device, switches, buffer selectable baud 
2-pass verify with variable memory, rate (50-19,200) 

automatic 
power-up, 
pi'iiiJramROM, 
status readout 
of programming 
electronics 

Blank, checksum, illegal Keyboard, Visual 32Kx8 RS232 serial, Portable MOS-on/y programming system; includes UV 22B Personal Data 110 15 
bit, verify, overcurrent display, current loop, eraSing lamp and removable lid for accessory storage. Programmer 
check, backward device, switches, buffer selectable baud 
2-pass verify with variable memory, rate (50-19,200) 
Vcc automatic 

power-up, 
program ROM, 
status of 
programming 
electronicS 

Bold facelndicat .. additional data is provided on the page noted. 
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PROM PROGRAMMERS 

Application Capabilities 

Development, Program, copy (load), compare 
field service (verify), read, test 

Production Program, copy (load). compare 
(verify), read, test, EEPROM 
cycling test, electronic device 
identification 

Development, Program, Set program, copy 
production (load), compare (verify), read, 

test, EEPROM cycling test, 
electronic device identification 

Development. Program, copy, compare, read, 
production, test, stimulate 

field service I 

Production, Program, copy, compare, read, 
field service test 

Production, Program, copy, compare, read, 
field service test, erase 

Development, Program, copy, compare, read, 
production, test, erase 
field service 

Development. Program, copy, compare, read, 
production test, erase 

Development, Program, copy, compare, read 
production, 
field service 

Development Program, copy, compare, read, 
field service test, erase 

I 
Development, Program, copy, compare, read, 
field service test, erase, modify 

Development, Program, copy, compare, read, 
field service test, erase 

4352 

Programmed Devices Display 

Bipolar PROM, CMOS, PROM, EPROM, 16-character 
EEPROM, EAROM, PAL, PLA, MPU, fluorescent 
FPGA, FPLA, FPRP, FPLS, prog. 110 
port, PMUX 

MOS and CMOS PROM, EPROM, 16 character 
EEPROM, intelligent-algorithms for fluorescent 
EPROMs 

MOS and CMOS, EPROM, EEPROM, 16 character 
intelligent algorithms for EPROMs fluorescent 

CMOS, PROM, EPROM, EEPROM LEO 
Hexadecimal 

I I 
CMOS, PROM, EPROM LEO 

CMOS, PROM, EPROM, EEPROM LEO 

Bipolar PROM, CMOS, PROM, EPROM. CRT 
EEPROM, EAROM, IFL, PAL, PLA, MPU 

Bipolar PROM. CMOS, PROM, EPROM, LEO, 
EAROM, PAL, PMUX, MPU hexadecimal 

Bipolar PROM, EPROM, MPU LEO 

CMOS, PROM, EPROM, EEPROM, LEO 
EAROM 

I I 
Bipolar PROM, CMOS, PROM EEPROM 

Bipolar PROM, CMOS PROM, EPROM, LEO 
EEPROM, EAROM, PAL 

Maximum Maximum 
PROM Gang 
Array Personality Capacity 
(bits) Modules (Sockets) Edit Functions 

256Kx8 Software 8 Insert, move (block), delete, nibble swap, 
(UniPak2) selectable Paks memory map, split, shuffle, clear, complement, 

(UniPAK 2, fill RAM 
MOSPak, 
LogicPak, Gang 
Pak, Handler 
UniPak) 

16Kx8, Software 20 Complement RAM, fill RAM, 16-bit mode 
expandable selectable 

16Kx8 Software 20 Insert, delete, 110 offset, begin RAM, fill RAM, 
selectable complement RAM, 16-bit mode 

32KxB Dedicated, Insert, move, search, spliUshuffle. memory 
generic map 

I I I J I 
4Kx8 Gang, generic 16 

gang 

16Kx8 Gang, generic 10 
gang 

63KxB Generic Insert, move, delete, nibble swap, memory map, 
complement, byte, split, shuffle, search 

50KxB (add Dedicated, Move, nibble swap, memory map, complement 
field generic 
64KxBBMS) 

16KxB Dedicated, B Insert, delete, nibble swap 
generic, gang 

32Kx8 Dedicated Insert, move, delete, memory map 

Not required Move, compare, replace 

32Kx8 Generic & Insert, move, delete, nibble swap, memory map, 
software search 
programmable 
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PROM PROGRAMMERS 

Programming Checks Self-Test Prompting Buffer Memory 110 Interface Comments Model Source line 

Blank, checksum, illegal Keyboard, Visual{ 16Kx8 RS232 serial, Edit in hexadecimal, octal or binary. English-language 29A Universal Data 110 1 
bit, verify, overcurrent, display, audible (standard), current loop, prompts, menus and error messagl!s. Remote control and Programmer 
backward device, 2-pass switches, buffer 64Kx8, selectable baud 26 development-system format translators are standard. 
verify with variable Vcc memory, (optional) rate (50-19,200 

automatic baud) 
power-up, 
program ROM, 
status of 
programming 
electronics 

Blank, checksum, illegal Keyboard, Visual! 32Kx8 RS232 serial, Remote control and 26 data translation formats are M120A Gang Data 110 
bit, verify, overcurrent, display, audible selectable baud standard. M 120A controls 200A Data Contriol Unit for Programmer 
backward device, switches, buffer rate (110-9600 program storage. 
mislocated device memory, baud) 

automatic 

~ power-up, 
program ROM, o. 

status of I I I programming 

I electronics 

Blank, checksum. mega! I Keyboard, Visual! 128Kx8, RS232 serial (2), Can Svagment programs and load each segment into differsnt M121A Gang n,..+1'11 lIn I 
UQLG. IIV 

I 
bit, verify, overcurrent, 

I" .... " 
audible 256Kx8 selectable baud PROMs simultaneously. Remote control and 26 data Programmer 

backward device, switches, buffer rate (110-9600 translation formats are standard. M121A controls 200A 

I miclocated device, memory, baud) Data Control Unit for program. 

I variable Vee on automatic 
verification I power-up, 

I I I program ROM, 
status of 
I programming I I I 
I electronics I I I 1 I Q) 

Blank, illegal bit, I Automatic with , Visuall 8Kx8 RS232 serial port, Interfacing formats: Intel Hex; Motorola exorciser; I EP-804 DigeIec I "'0 
checksum, verify 

I"""·'" ,au" .. 
expanded to selectable baud I AeSII·H,x Space; AeSII·BNPF & manual ,ocmal'l 

1 

:J 
32Kx8data rate to 19.2K EPROM/EEPROM simulation capability CJ 
retention with c: power off 0 

Blank, verify Visual{ 4Kx8 RS232 serial, Can program two different patterns simultaneously. GP-16 Gang Digelec 5 ..... 
audible current loop, Programmer () 

selectable baud 
Q) 

rate Q) 

en 
Blank, checksum, illegal Device Selection Visuall GP-810 Gang Digelec "-
bit, verify, parametric test vs Pin Out audible Programmer Q) ..... 

U) 

Blank, checksum, illegal Buffer memory, Visual! 64Kx8, Parallelm, No calibration required. SoftwarelMenu driven machine. UP-803 Digelec 
as 

bit, verify, continuity, program audible espandable to RS232 serial, ~ 
parametric check voltages 512Kx8 current loop, 

battery selectable baud 
backup rate 

Blank. verify. continuity, Visuall 4Kx8,8Kx8. Parallel TIL, 12 interfacing formats; 4 data entry keyboard formats UPP-801 Digelec 
window check audible expandable, RS232 serial, 

battery current loop, 
backup selectable baud 

rate 

Blank, checksum, illegal Display, buffer Visuall 16Kx8 RS232 serial. Unit .is equipped with three fast programmable power RP400-S Elind 
bit, verify memory aud!bIe current loop, supplies (100nslV) for programming voltages 

I selectable baud 
rate, 110 to 9600 
baud 

Blank, checksum, illegal 8uffer memory Visual! 64Kx8 RS232 seial, + TIL The RPSOO is a dedicated I;PROtti Programmer, the selection RPSOO Elind 10 
bit, verify audible serial is made by software. The unit is particularly suited fllr field 

service. The unit can program all EPROMs available at the 
moment. 

Verify H3000 Hughes 

Blank, checksum, illegal Keyboard, Visual 32Kx8 RS232 serial, PROM Emulation Module option allows user to test and IM1010 IMS 
bit. verify display, buffer current loop, debug programs before committing to PROMs. Universal 

memory module selectable baud Programmer 
rate 
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PROM PROGRAMMERS 

Maximum Maximum 
PROM Gang 
Array Personality capacity 

Application capabilities Programmed Devices Display (bits) Modules (Sockets) Edit Functions 

Production, Program, copy, compare, read, EPROM, EEROM, CMOS, EPROM LED 16Kx8, Software 16 Move, delete, memory map, 110 offset, fill RAM 
development test, erase 32Kx8 programmable 

Ii 

f Development, Program, copy, compare, read, Bipolar PROM, EPROM, EEPROM, MPU LED 32KxSbits Generic, gang, 8 Move·, nibble swap· n byte swap·, memory 

I' production erase (E2 only) generic gang map·, enter 

~ 
~ 

Development, Program, copy, compare, read, Bipolar PROM, CMOS PROM, EPROM, Fluorescent 32Kx8 Dedicated, 8 Set, insert, move, delete, nibble swap, memory 
production test, erase EEPROM, EAROM, PAL, PLA, MPU, generic, gang, map, fill, invert, 16-bit split/shuffle, logical 

EPLA, FDRP, EPGA, FPLS, PMUX generic gang AND/OR/XOR, string search 

~ 

Development, Program, copy, compare, read, Bipolar PROM, CMOS PROM, EPROM, LED 32Kx8 Dedicated, 8 Insert, move, delete, nibble swap, memory map, 
prodUction, test, erase EEPROM, EAROM, PAL, PLA, FPLA, generic, gang, fill, invert 
field service FPRP, FPGA, FPLS, PMUX generic gang .l 
Development, Program, copy, compare, read, Bipolar PROM, CMOS PROM, EPROM, LED 32Kx8 Dedicated, 8 Set, insert, move, delete, nibble swap, memory 
production, test, erase EEPROM, EAROM, PAL, PLA, MPU, generic, gang, map, fiU, invert 
field service FPLA, FPLS, PMUX generic gang 

U'J 
"0 Development, Program, copy, verify, read, test. Bipolar PROM, CMOS PROM, EPROM, CRT via 8Kx8 Dedicated 1 Insert, move, delete, save, memory map, 

:::l 
production, erase, help, oddJeven EEPROM, EAROM, PlA terminal change 

(!) field service .. 
r:::: Development, Program, copy, compare, read, Bipolar PROM, CMOS PROM, EPROM, CRT None-(completel 1 Insert, move, delete, nibble swap, memory map, 

0 production, I test, erase EEPROM, EAROM, PAL, PLA, MPU, Aii Interfaces software based)!! on screen cursor -controlled editing 
+01 feeld service programmable devices with Remote 
(,) printer 
Q) 

Q) 
Production Program, copy, compare, read, EPROM LED 32Kx8 Generic gang 16(32 NoneaHowed CJ) ... test with 

Q) satellite) 
+01 
U) 
ctS Production Program, copy, compare, read, EPROM, EEPROM, EAROM LED,ASCII 256Kd Generic gang 18(36 None allowed 
:E test, erase, de parameters with 

satellite) 

Production Program, copy, compare, read, EPROM, EEPROM, EAROM LED,ASCII 256Kx8 Generic gang 20(40 None allowed 
test, erase, de parameters with 

satelHte) 

Development Program, copy, compare, read EPROM LED 2764 Dedicated 1 Insert, move 
production 

Development Copy, compare Bipolar PROM, CMOS PROM, EPROM, LED 64Kx8 Dedicated, 8 Insert. move, delete, nibble swap, memory 
production, EEPROM,PLA generic, gang, map 

field service generic gang 

Development, Program, copy, compare, read Bipolar PROM, CMOS PROM, EPROM, I LED 64Kx16 IDedi~ted, 8 Iinsert, move, delete, nibble swap, memory 
production, EEPROM genenc, gang, map 

field service generic gang 
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PROM PROGRAMMERS 

Programming Checks Self-Test Prompting Buffer Memory UOlnterface Comments Model Source IUne 

Blank, checksum, illegal Keyboard, Visual! 64Kx9 RS232 serial, Simultaneous set programming ability, electrically isolated IM3016 Multi- IMS 1 
bit, verify, misaligned or display, audible standard; selectable baud programming sockets, Computer control software au- Master 
upside-down devi~e, switches, buffer 128Kx9. rate tomates EPROM prograniming. intelligent Fast algorithms Programmer 
broken or bent pin, mel1ljlry, 256Kx9 and supported. 

I 
overcurrent automatic power 512Kx9 

reset, 
calibration, 
programn1ing 
electronics 

Blank, checksum, illegal Buffer memory, Visual! 16Kx8, RS232 serial. "iUPS software package feature. Host software driver also UP-200/201 Intel 
bit, verify, reverse sock~t motherboard. audible" expandable to automatic baud provides file manipulation, file mapping, held file, screen ~! 
detection power supply. 32K;virtual rate selection editing, data manipulation and other features. ~; module buffer" ~=-

Blank, checksum, illegal Keyboard, Visual! 8Kx8, Parallel TTL, Build-in uv EPROM eraser with keyboard programmable EPP-80 Kontron 

= 
bit, verify at high and low display, audible expandable to RS232 serial, timer. Remote controllClble via RA232 and IEEE~ ports. 

~ Vcc limits switches, buffer, 32Kx8 current loop, Error-tolerant communications protocol for long distance 
firmware selectable baud telephone transfers. Compatible with MPP-80S modules. 

~ integrity rate (50 to 38400 
baud), IEEE~ r~ 

Blank, checksum, illegal Keyboard, Visual! 4Kx8,8Kx8, RS232 serial, Build-in uv source, IC handler interface. t.1PP 80SAM ~as MPP-80 Kontron 
bit, verify at high and low display audible 16Kx8, 32Kx8 selectable baud acoustic coupler and modem. i 
Vcc limits switches, buffer plus mass rate :-: 

memory storage 

1-
Blank, checksum, illegal Keyboard, Visual! 8Kx8. RS232 serial, Build-in uv EPROM eraser. IC handler interface. Remote MPP80S Kontron 5 
bit, verify at high and low display audible expandable to current loop, controllable via 8$232 port from terminal or host 
Vcc limits switches, buffer 32Kx8 selectable baud computer. MPP-8OSAM has build-in acoustic coupler, 

memory, rate (50 to 38400 modem and error-tolerant communications protocol. 
firmware baud) 
intllllrity I 

Blank. illegal bit, verify VisuaU 8Kx8, Proprietary MGSPPS I Q) 
Motorola :E I I audible i expandable I I 

:::J 
C!J 

~Iank, checksum, illegal Keyboard, buffer Visual! 64Kx8Std, Dual R8-232 Five versions available, depending on programming Datatap· Oliver C 
bit, verify, matrix test ~mory, leakage /!udible expandable to capabilities needed. Fully expanded, Datatap uses 40 0 

teSt on socket menu- 256Kx8 separate high-voltage drivers with a library of over 1000 :;:: 
driven programmal?!~ devices, programmed from one universal 0 

socket!! 
(]) 

Blank, illegal bit, verify, Keyboard, Visual! "Matrix test checks ~th data and address lines for ESD UPP-2700 Oliver 
Q) 

en 
matrix test" switches, audible (electrostaijp discharge) damage. Data lines are checked 

~ 
leakage test on for min. sink and source current capability during both (]) 
socket matrix blank and verify tests. 100-240 Vac operation. +-' en 

Blank, checksum, illegal Keyboard, Visual! 2 ports for UL oUsted. short UPI'-2IOOO-ZIf - (4401) ctS 
bit. verify, Vcc level tests, switches; audible, label printer circuit protection, ~ 
matrix test leakage test on uicluding and voice power-fait restart 

socket matrix voice enunciator capabiHty 
option 

Blank. c~ecksum, illegal Keyboard, Visual! 2 ports for label U"-2_ 10 
bit, verify, Vcc level tests, switches, audible, printer and voice ... .... (4401) 
matrix test I~kaoe test on including enunciator 

socket matrix voice I 
option 

Blank, iII~al bit. verify Visual None RS232 serial, Gangbuster Onset 
selectable baY!! 
rate 

Blank, verify, at high and Keyboard, Vlsuall 8Kx8, 16Kx8, Parallel TTL, Two year warranty. Separate master and copy sockets on M910AControl 
low Vcc limits, checksum display. audible expandable, RS232serial, personality modules (can duplicate direcUy from master to Unit Pro-Log 

switches, buffer battery selectable baud copy socket). Fixed Ypp power supplies do not require 
memory backup CMOS rate adjustment 

Blank, checksum, illegal Keyboard, Visual! 8Kx8, 16Kx8, Parallel TTL, Two v.ar warranty. Separate master and copy sockets on M98OControi 
!Jit, verify at high and low display, audible expandable, RS232serial. personality Ill!ldules (can duplicate directly from master to Unit Pro-Log 
Vcclimits switches, buffer battery seIectabII baud copy socket). Fixed Vpp power supplies do not reqUire 

memory backup CMOS rate adjustment 

I 
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PROM PROGRAMMERS 
Maximum Maximum 
PROM Gang 
Array Personality Capacity 

Application capabilities Programmed Devices Display (bits) Modules (Sockets) Edit Functions 

Development, Program, copy, compare, read, Bipolar PROM, CMOS PROM, EPROM, LED 64Kx16 Dedicated, 8 Insert, move, delete, nibble swap, memory map, 
production, test, erase EEPROM, PAL, MPU generic, gang, split/interweave (4 and 8 bit), invert 
field service generic gang 

Development, Program, copy, compare, read, PAL KED 2K Dedicated 1 Insert, move, delete, memory map 
production, test 
field service 

I 

Development, Program, copy, compare, read, PAL Insert, d~ete, memory map 
production test 

~ 
" 

~ 
Production Program, copy, compare, read, Bipolar PROM, CMOS PROM, EPROM, 14 character 2561< bits Slave for FPLA, 24 using Peek, poke, move, insert, clear DATA RAM to 

test for device programmability, EEPROM, PAL, FLPA, MPU alphanumeric PAL AIM devices 2 gang state, odd/even byte separate/swap, list, find, 

~ erase EEPROM, device software LED and gang EPROM slaves checksum and selected range programming 

~:'I programming 

~ 

Production Gang program, copy, compare, CMOS PROM, EPROM, EEPROM, MPU, 14 character 256K bits Slave for FPLA, 36 using Peek, poke, move, insert, clear DATA RAM to 
read, test tor device PALFPLA alphanumeric PAL AIM devices 2 gang state, odd/even byte separate/swap, list, find, 
programmibility, EPROMS, LED and gang EPROM slaves checksum and selected range programming 
EEPROMS and MPU's and erase programming 
EEPROMS. Devices software 

CD selected. 
"0 
::J 

I 
(!) 

I I I c: 
0 Production Gang program, copy, compare, 8748, 8748H, 8749H, 8741, 8755A, LED 256K bits Slave for FPLA, 24 using Peek, poke, move, insert, clear DATA RAM to 
+'" read, test for device 8751 PAL AIM devices 2 gang state, odd/even byte separate/swap, list, find, 0 
~ programmability. and gang EPROM slaves checksum and selected range programming 

Q) programming 

en 
.... 
CD 
+'" en as 
~ 

Development Program, copy, compare, read, EPROM, EEPROM, Intel and Motorola 8-character 128K bits Peek, poke, move, clear DATA RAM to state, 
field service test, erase EEPROM and MPU's LED odd/even byte separate/swap list, checksum 

simulate. Devices software and selected range programming 

selected 

Development, Read, program, load from disk, EPROM, bipolar PROM, CMOS, MPU, 80 64Kx8 9 (40 pin) Change, move, fill, complement, word order/-

production verify, verify Blk, store to disk, EEPROM, EAROM, PAL, PLA, FPGA, characters x size, memory map 
program chip set FPLA, FPLS, PMUX, FPRP, prog 110 24 line CRT 

port 

Development Read, program, load from disk, EPROM, bipolar PROM, CMOS, MPU, 80 64Kx8 1 Change, move, fill, complement, word order/-

field verHy, verity Blk, store to disk, EEPROM, EAROM, PAL, PLA, FPGA, characters x size, memory map 

engineering I erase FPLA, FPLS, PMUX; FPRP, prog 110 24 line CRT I I I 
port 
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PROM PROGRAMMERS -

Programming Checks 

B!ank, checksum, iIIega! 
bit, verify, backward 
PROM, shorted address 
line, overload (Vcc and 
Vpp) 

Blank, verify, function 
test, continuity 

Illegal bit, verify 

Blank, programmability 
checksum, illegal bit, 
verify 

Blank, programmability 
checksum, illegal bit, 
verify 

Blank, programmability 
checksum, illegal bit, 
verify 

Self-Test 

Keyboard, 
diaplsy, 
switches, buffer 
memory, 
programmable 
algorithms 

Prompting Buffer Memory 110 Interface 

Visual! 8Kx8, 16Kx8, Parallel TTL, 
audible expandable, RS232 serial, 

~ttery selectable baud 
backup, CMOS r~te, TIV 

Comments Model 

System90 

Display, Visual 2Kx8 RS232 serial, 
selectable baud 
rate 

PALs are designed simulated programmed and functionally SDlO00 
tested on the PAL BURNER. PAL design specifications may switches, buffer 

memory 

Keyboard, 
display, 
switches, DATA 

1 

RAM, automatic 1 
voltage and 
timing 
recalibration 
before and 
during 
programming 

Keyboard, 
display, 
switches, DATA 
RAM, automatic 
voltage and 
timing 

I
, recaJibration 
before and 
during 
programming 

Keyboard, 
display, 
switches, DATA 
RAM, automatiC 
voltage and 
timing 
recali~ration 

before and 
during 
programming 

English 
word, 
audible 

English 
word, 
audible 

English 
word, 
audible 

Keyboard, DATA Visuall 

2Kx8 RS232 Serial, 
selectable baud 
rate 

be down loaded from another computer or stored in the I 
on-board storage media. Programs all MMI, AMD, TI, arm 
NATIONAL 20 and 24 pin PALs I 

SIMPALINK 

16Kx8 Dual independent Z-2000 has same features as Z-l000 except memory is Zl000/Z2000 
expandable to I RS232 serial ports I 64Kx8 and has interfaces for 8 inch dual disc drives and I 

,
64KX8 _I :~~~u~~:: jIEEE488. I 

110-19.2K, 
I terminal and i 
I computer control I 

16Kx8 
expandable to 

I64Kx8 

I 
16Kx8 
expandable to 
64Kx8 

Dual independent Z-2400 has same features as Z-1200 except memory is 
RS232 serial ports 64Kx9 and has 8 inch dual disc drives and IEEE-488 
selectable formats I included. 
parity, baud rates I 

Z1200&Z2400 
Glng 
Programmers 

110-19.2K, I 
terminal and 

I~W~'kG 1 

Dual independent 
RS232 serial ports 
selectable formats 
parity, baud rates 
110-19.2K, 
termina!and 
computer control, 
8-bit parallel port 

1 

Z-244B has same features as Z-1248 except memory is Z1248 
64Kx8 and it haS 8-inch dual disc drives and IEEE-488 
included_ 

8Kx8 RS232 serial, PROM data display simultaneous with RAM data. ZAP48 has ZAP8OIZAP481 

Source line 

Pro-log 

SnDla (4402) 

StrucDes 

(4403) 

5 

Sunrise (4403) 

SHrill (4403) 

Blank, cheCksum, illegal 
bit, verify RAM, simulator, audio expandable to selectable formats, same features as plus programming of lritel's 8748, 8749, ZAP68 SUrisI (4403) 

Verify blank, verify 
programmable block 
check, -verify overcurrent, 
bacl<ward, wrong chip 
type, threshold voltage 
margins, mislocated 
device 

Verify blank, verify 
programmable block 
check, verify overcurrent, 
bacl<ward, wrong chip 
type, threshold voltage 
margins, miSlocated 
device 

programming 
sockets, -diSplay 

Registers, 
memory, driVers, 
power usage, 
auto-calibration 
to .1' on 
current and 
voltage 

Visual 
LED's. 
visual 
CRT 

Registers, Visual 
memory, driVers, LED's, 
power usage, visual 
auto-calibration CRT 
to.1'on 
current and 
voltage 

~ Ie M~$TER 1984 

16Kx8 battery parity, baud rates 850, 8741, 8755A and 8751MPU's. ZAP68 has same 
operated 110-19.2K, . features as ZAP80 plus programming of Motorola's 68701 

terminal and and 68705 MPU's. 
computer control 
with selectable 
communications 

Virtual paged RS232 seria~ 
to disk-no selectable baud 
limit rate (110-9600) 

Parallel printer 
port 

Virtual paged 
to disk-no 
limit 

RS232 serial, 
selectable baud 
rate (110-9600) 
Parallel printer 
port 

New chips are supported through software distribution on PG1140-X 
diskette. Statistics gathering gives printout of program-
ming activity and yield. Automatic labeling support 
standard. Single button repeat programming. 

New chips are supported through software distribution on SP0300-X 
diskette. Customer may write software to program or test 
his own propriefary chips. 

last Page This Section. Next Page 4401 
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~ Oliver Advanced Engineering, Inc. 

~~~ 

• Practically every programmable device 
in production can be programmed on 
two universal sockets, including 
EPROMs, EEPROMs, bipolar PROMs, 

OMNI 64 ™ ~~,. 
SOFTWARE CONFIGURED PROGRAMMER 

single chip microprocessors, PALs, FPLAs, FPLSs, 
FPGAs, and even diode arrays. 

• No more personality modules, HEX keypads or cryptic 
one-line displays. The OMNI 64 has replaced them with 
programmable pin drivers, a large firmware data base and 
a cursor controlled full screen display format. 

• Any 24 x 80 CRT with clear screen and addressable 
cursor will provide over 50 pre-formatted user interactive 
screens. 

• 65,536 bytes of DATA RAM standard, 262,144 bytes 
optional. 

.' The OMNI 64 comes in five upgradable levels. No need 
to pay for programming hardware that you are not going 
to use. 

• ATE version available. Combines DC and AC parametric 
testing with the extensive OMNI 64 piOgramming data 
base. 

Patents pending. 
© 1983 - Oliver Advanced Engineering, loc. 
Specifications are subject to change without notice. 

NEW MODEL 28000 SCOOP 
EPROM & E2PROM TESTER-DUPLICATOR 
• OAE's exclusive SCOOP design allows all 

PROMs to be scooped from their sockets 
and into a tube in one operation! 

• 20 Sockets for high throughput and lower 
labor costs. 

• Full alpha-numeric display produces easy 
to understand operator prompts. 

• TESTS and PROGRAMS both 24 & 28 pin 
NMOS, HMOS, and CMOS 5v single sup
ply EPROMs and E2PROMs. 

• Fourteen new 
tests check for 
shorts, opens, ex
cessive leakage, 
and static damage 
nn nnth rf!!llt!!ll '~"ti 
"'I' ..,"'.... "",Ut." QJ IU 

address lines. 
• Two stage Matrix Test™ locates defective 

or incorrectly inserted devices in Stage I. 

Static damaged or tri-stated parts are de
tected in Stage II. 

• Sink and source current tests are per
formed every time a device is read. 

• Label Printer produces professional cus
tom labels for each device. Diagnostic 
eiiOi labels are automaticaiiy printed for 
marginal or defective EPROMs. 

• 18 Zero Insertion Force Socket version 
also available. 

For more Information call the OAE HOTLINE (213) 240-0080 
676 West Wilson Ave., Glendale, CA 91203. TELEX: 194773. CABLE: OAEINC 

3B}lCIMST.AD 
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SIMPLIFIED METHODOLOGY 
Structured Design Provides the Complete PAL ® Development System 

PAL BURNER 
At Structured Design we believe in methods - complete 
step-by-step methods that free your creativity to design 
hardware that's practical, marketable and tested. 

SD1000 PAL Burner 

Simplify; Simplify, Simplify 

Like all methods that work, ours includes all you need to 
do your job. The SD1000 PAL Burner is the most 
complete programmer available today, working without 
costly add-on equipment or awkward switching of 
modules. 

New PAL Burner Offers Cost-Effective Design Power 

PAL Burner combines power with simplicity. It's simple 
enough that your non-technical staff can easily use it; 
yet, it's powerful enough to capture and store complex 
designs. Since PAL Burner includes a structured, 
menu-driven, user-friendly PAL assembler that prompts 
you through each step, you virtually eliminate syntax 
errors saving many design hours and dollars. 

Compatible. Reliable. Easy-to-Use. 

PAL Burner offers other benefits: programs all current 
PAls (Monolithic Memories, Texas Instruments, National 
Semiconductor, Advanced Micro Devices), built-in 
PALASM simulator and portability. Weighing only two 
pounds, PAL Burner is easy to pack in your briefcase to 
capture' after-hours design inspirations. 

In addition, PAL Burner is upward compatible. We can 
meet new firmware and software developments almost 
as they're introduced. 

• Assembles Boolean equations through new menu-driven PALASM 

• Programs 20-pin and 24-pin PALs 

• Programs MMI, National, TI, and AMD PALs 

• Stores PAL design speCification in E-PAC 

• Verifies logic through Function Test 

• Verifies Boolean equations through SIMULATE function 

• Scores Function Test with Stuck-High/Stuck-Low FAULT Grading 

• Verifies socket connection through Continuity Test 

• Blows security fuse 

Call us first for a simple method -
you won't need to call anyone else! 

Structured Design, Inc. 
1700 Wyatt Drive, Suite 7 
Santa Clara, CA 95054 
(408)988/0725 TX172931 

"PAL is a registered trademark of Monolithic Memories Inc, 

4402 

Also available is our original 
PAL Programmer, the SO 20/24 

PAL Development System. 

structured desigI! 
incorporated 
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flaf\dV,j,I:IRlts,o~roorBfIR EPROMs and 
i"rr*nM._~,._ andMOtorola MPUs, use 

buift"irl!PROM simulators. 
IBU()Ke dev;peselection, 16K x 8 

ia.~apf'1IiSt~:atEXl editor, 110]to 19.2K baud 
.!u·'i"'r'fii:l,rl'niil"l~1 controf. ' 

5& SUNRISE ELECTRONICS. 
524 South Vermont Avenue 
Glendora, California 91740 

*~~~~t:f&:j~rac1~~~,~!~~i~I,~~~~~rc~;~: __ ,_, ___ ,_'' ___ ''' __ ,, ___ "" "," _______________________ j?1~'_?:1~-~_~??·~~10-584-3847 
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Schwebe~rforlllS 
Motorola MACJ«)CEU magic 
at Logic Array Design Centers 

, coast -to-coast. 
Schweber Logic Array Graphic 
Design Centers featuring the 
Motorola MACROCELL Array 

ncept can save you money as 
well as increase the performance, 
reliability and security of your - ••• _.=·.~f=· it components and systems ... quickly. 

By transforming your printed circuit boards into high perfor
mance unique integrated circuits, you can lower the cost of 

Schweber. Your High Technology Distributor. 

gate level equivaient functions. You can enhance your product's 
performance while conserving power. And, with fewer inter
connects, fewer component parts, and reduced power, your 
reliability will be greatly increased. 

But, you don't have to search to the ends of the earth for 
this magical power. Centers are now located in Westbury, New York, 
Irvine, California, Bedford, Massachusetts and Minneapolis, 
Minnesota. Schweber will perform this incredible Motorola 
Macrocell magic in all major markets across the country in 1984. 

Westbury, NY: 516/334-7474. Rochester, NY: 716/424-2222. Fairfield, NJ: 201/227-7880 • Danbury,CT: 203/792-3500 • Bedford, MA: 617/275-5100 
Manchester, NH: 603/625-2250 • Horsham, PA: 215/441-0600 • Pittsburgh, PA: 412/782-1600 • Gaithersburg, MD: 301/840-5900 • Raleigh, NC: 919/876-0000 S 
Atlanta, GA: 404/449-9170. Huntsville, AL: 205/882-2200. Orlando, FL: 305/331-7555. Hollywood, FL: 305/927-0511 • Dayton, OH: 513/439-1800 
Beachwood, OH: 216/464-2970. Livonia, MI: 313/525-8100. Elk Grove, IL: 312/364-3750. Brookfield, WI: 414/784-9020. Edina, MN: 612/941-5280 
Cedar Rapids, IA: 319/373-1417. Kansas City, KA: 913/492-2921 • St. Louis, MO: 314/739-0526 • Tulsa, OK: 918/622-8000 • Dallas, TX: 214/661-5010 
Austin, TX: 512/458-8253 • Houston, TX: 713/784-3600. Phoenix, AZ.: 602/997-4874. Sacramento, CA: 916/929-9732. Santa Clara, CA: 408 '748-4700 SCHWEBER 
Canoga Park, CA: 213/999-4702 • Irvine, CA: 714/863-0200, 213/537-4321 ©1984 SCHWEBER ELECTRONICS CORPORATION ELECTRONICS 
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INTRODucnON 
TO CUSTOM/SEMICUSTOM 
CIRCUITS 

This section describes services and products of companies 
supplying digital, linear and combined ditigal/linear cus
tom circuits. Listed alphabetically in the Master Selection 
Guide, the companies are characterized by descriptions of 
design seNices, production facilities, process technologies 
and testing capability. Options for user contribution to 
custom-circuit projects are outlined by listing the vendor's 
preferred level of user input which can range anywhere 
from system concept to a known good device. 
Semicustom Gate Arrays, Linear and Linear/Digital Arrays, 
Standard Cells, and Programmable Logic are covered in 
detail appropriate for locating devices or suppliers. In the 
semicustom area, performance parameters are circuit de
pendent and definitions are not standardized; therefore 
some are more useful in comparisons within a manufac
turer~ line than in comparisons between manufacturers. 
Frequently the manufacturer~ data provides additional ca
pability information that will assist in source selection. 

@ IC MASTER 1984 

Detailed Product Information 
provided by: 

Advanced Micro Devices 
American Microsystems, Inc. 
BaNon Research 
Citel 
Custom MOS Arrays 
Fairchild 
Fujitsu Microelectronics 
Harris Semiconductor 
Holt. Inc. 
Interdesign 
Intemational Microcircuits 
Intemational Microelectronic 

4600 
4614 
4626 
4628 
4630 
4634 
4637 
4644 
4745 
4746 
4747 

Products 4749 
Intersil Corporation 4751 
LSI Computer Systems 4761 
LSI Logic 4762 
Micrel 4765 
Micro Power Systems 4766 
Monolithic Memories, Inc. 4768 
Motorola Semiconductor 4796 
NEC Electronics 4799 
Plessey Semiconductors 4815 
Raytheon 4822 
RCJ\ 4824 
Semi Processes, Inc. 4826 
Si-Fab 4827 
Signetics 4829 
Silicon Systems 4872 
Synertek 4873 
Telmos 4877 
Texas Instruments 4878 
Universal Semiconductor 4930 
VLSI Technology 4931 
The manufacturers listed above have provided detailed 
information on their latest and most significant prod
ucts. 
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EINPUHRUNG 
KUNDEN
SPEZIPISCHE ICs 
Deiser neue Abschnitt beschreibt Dienstleistungen 
und produkte von Herstellern, die digitale, lineare und 
kornbinierte digital/lineare kundenspezifische Schalt
kreise anbieten. Die Firmen werden in alphabetischer 
Reihenfolge genannt und anhand ihrer Hihigkeit zurn 
SchaItkreis- Entwurf, ihrer Produktionsanlagen, 
Proze,Btechniken und Testrnoglichkeiten beschrieben. 
Die 'verschiedenen Moglichkeiten des Anwenders irn 
Hinblick auf dessen Angaben sind durch eine Auflis
tung der vorn Herstellet gewiinschten technischen 
Details erlautert. Diese konnen von einer Gundkon
zeption . bis zu einern bekannten, funktionierenden 
Bauelernent reichen. 

Die enthaltenen halb-spezifischen (sernicustorn) Bau
teile beschranken sich auf Gatter- und Zellen-Arrays, 
die durch die letzte Maske zurn kundenspezifischen· 
Schaltkreis werden. Feldprograrnrnierbare Bauteile 
sind in diesern Abschnitt nicht enthalten. PALs werden 
unter Speichem (Memory) aufgefiihrt und PLAs 
finden sich sowohl irn Memory- als auch im DigitalteU. 
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INTRODUCTION AUX 
CIRCUITS FAITS SUR 
COM MAN DE 
Nouvelle cette annee, cette Section decrit les services 
et produits fournis par des societes fabriquant. sur 
mesure des circuits digitaux, lineaires, digitaux/line
aires. Le Guide General de Selection offre sur plusieurs 
pages un tableau indiquant par fabricant les services 
offerts, les equipements disponibles, les sysb~mes 
technologiques, et les procedes de test utilises. Les 
possibilites de collaboration entre Ie fabricant et Ie 
client sont egalement indiquees dans ce meme tableau. 

Les produits partiellement faits sur mesure ont ete 
limites aux "portes" et "cellules de memoire" qui sont 
individualisees par un procede final d'interconnexion. 
Les appareils programmablesa l' exterieur ne sont pas 
consideres dans cette Section. Le PALs sont etudies 
dans la Section "Memoires", et les PLAs se trouvent 
dans les Sections "Memoires" et "Systemes Digitaux". 
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INTRODUCCION 
ALOS aRcurros 
PORPEDIDO 
Esta seccion, nueva para este ano, describe servicios 
y productos. de companias que ofrecen circuitos por 
pedido, sea digital, lineal y digital/lineal combinado. 
Aparecierido en orden alfabetico ella Guia Maestra 
de Seleccion, las companias se caracterizan por de
scripciones de servicio de desena, taller de pro
duccion, technologia de processos y capacidad de 
distintas pruebas. Opciones de contribucion por el 
operador en los proyectos de circuitos por pedido, 
eshin delineados en la lista de nivel de asistencia del 
operador preferido por el fabricante que abarca de 
concepto de sistema a pieza comprobada buena. 

Componentes a pedido limitado eshln restringidos a 
redes de puertas y celdas electronicas que son " a 
pedido" en el proceso final de interconeccion. Com
ponentes programables en el campo no estan incluidas 
en esta seccion. Los PALs aparecen en las lista la 
seccion de Memoria y los PLAs se encuentran en 
ambas secciones bajo Memoria y Digital. 
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SOK 

Options 
for 

Going 
Custom 

STANDARD CIRCUITS 

MICROPROCESSOR 

CUSTOM LSI 

QUANTITY lOOK 

Standard circuits are recommended for production volumes below 1000 units. 
Intermediate-volume applications may benefit best from customizing through 
software, such as with microprocessors. Custom chips have the lowest cost 
at high-volume production. Source: National Semiconductor 
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For many applications, standard integrated circuits may be 
inappropriate from the -standpoints of cost, size, power con
sumption or reliability. Moreover, unique features demanded by 
proprietary products often require entirely new circuit con
figurations. As a result, customized ICs are assuming an 
increasingly important role in system design. 

Custom IC suppliers report that the chief benefits enjoyed 
by nearly all custom-circuit users are low-cost parts and cost 
savings resulting from reduced printed-circuit board space, 
parts handling, inventory, testing requirements and system 
maintenance. Obtaining these benefits requires careful con
sideration of the many options provided by both custom ICs 
and other approaches which ultimately effect economics. 

For example, in addition to standard and custom parts, 
'options for implementing new system .designs include semi
custom ICs, microcomputers, custom microcomputers, a mix- Q) 
ture of microcomputers and custom ICs, or a mixture of all of :2 
these. The system development strategy used depends large!y :::::5 
upon marketing objectives and may require staged system (!). 
development, first with standard ICs, then with semicustom ICs c: 

o and, finally, full custom units. Or, the strategy may dictate 
developing standard or semicustom prototype systems with 
concurrent verification of a full custom design. 

Another option is to alter a standard microprocessor and 
other standard circuits, rather than using a full custom design. 
Customizing standard products can reduce the design costs, 
turnaround time and risks of a full custom design. In some 
cases, semicustom or custom circuits can replace micropro
cessors which have been used in dedicated, mostly controller
type applications. Or, a custom circuit may be a direct integra
tIon of sev.eral standard ICs, such as op-amps, comparators 
and resistor networks. 

All approaches require up-front decisions involving design, 
prototype and production turnaround times, volume/cost trade
offs, alternate sourcing, circuit configuration and process tech
nologies, and the user/supplier interface. The most critical 
factor, however, is cost. 

The cost of a nonstandard IC includes expenses for design 
and tooling, wafer and chip processing, packaging and testing. 

Design and Tooling: Until recently, IC users had just two 
options for implementing new designs: standard parts and full 
custom circuits. When standard parts were inadequate, a user 
had to commit to great production volumes to amortize high 
development costs., Additionally, development times often ex
tended well over a year, and chances of initial success were 
relatively slim. However, custom suppliers have minimized 
these drawbacks by devising new customizing techniques to 
the extent that few custom circuits now are developed entirely 
from scratch. 

Full Custom: !n this approach the circuit designer draws 
from a collection of time-tested circuit modules and com
ponents to customize a chip. These elements of known per
formance are located on the. chip with the assistance of CAD 
equipment to form optimized interconnect patterns; thereby 
minimizing chip area and thus cost. Full custom design gives 
the most efficient use of silicon chip area. Although design 
turnaround time has been longer than other options, advanced 
CAD techniques are closing the gap. 

Semicustom: This approach produces custom circuits by 
interconnecting repetetive patterns of preprocessed circuit 
elements on a chip called a masterslice. Because a masterslice 
is processed just short of the final interconnect pattern, the 
same part is mass-produced for use by all customers, with 
customizing occuring at the final interconnect stage. 
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Gate arays are masterslices containing repetitive patterns 
of transistors connected as logic gates. Device arrays. are 
patterns uncommitted transistors and resistors. The next level 
of customization uses an array of unconnected transistors and 
resistors called cells. Each cell can be interconnected inter
nally to provide a specific logic function, and each cell on the 
chip interconnected into a customized system. The repertoire 
of allowable cell functions is called the cel/llbrary. 

Interconnect design for masterslices can be manual or com
puter-aided. In all cases, the masterslice approach minimizes 
design turnaround time. Complex custom-cell library circuits 
can be obtained in about 18 weeks or less in prototype form; 
prototypes from gate arrays typically are available in about 
nine weeks. 

t 

One major disadvantage of masterslice circuits has been 
low circuit density. Circuit and device arrays require channels 
and alleys for routing interconnects. And because a Single 
pattern must accommodate many different system designs, 
considerable interconnect routing space can be left unused 
after the chip is designed. Conversely, ina full cListom design, 
unused space can be minimized. Consequently, a masterslice 

CD can be three times larger than an equivalent full-custom chip 
"C costing 20% to 60% less. 
::J 

C!) 

C 
o ..... 
o 
CD 
CD en 

But masters lice manufacturers -are increasing circuit densi
ties to bring unit cost closer to that of full-custom circuits 
purchased in high volume. Circuits with two and three layers of 
interconnects are being developed to allow more efficient use 
of chip area. Triple interconnect-level masterslices are already 
used in a recent generation of IBM computers. So while full
custom designers are reducing design turnaround time, master
slice proponents are reducing unit cost. 

Production: IC houses that process custom circuits basically 
sell a production service, not a design service. Most are con
cerned first with recovering design costs and then making 
profit on the volume production of parts. The general rule of 
thumb calls for total production volume representing at least 
ten times the supplier's deSign cost. 

Production 
run 

• Provided by customer 
t Optionally provided 

by customer 

Some firms may accept a smaller production volume if engi
neering costs can be lowered. The customer may satisfy this 
requirement by using a design specialty firm or the in-house 

Developing a custom Ie is a mUltistage process. The degree of user involve
ment varies between companies. This diagram cutlines the development of 
a custom chip designed from a cell library. Source: Signetics 

3.0~~--------r-----------~--------------------~~----------r----------' 
Typical "spread" of cost 
distribution depending 
on circuit type, test and 

o screening requirements, 
.;:;-. package type and other 
caE 

S2.rn-__________ ~~------~~f~a~c~to~r~s~.--_4----------_+----------_r--------__; 
Q)UJ 
U:::J 
·~u 

(L"E 
~Q) 
eUJ 

::::> ......... 
-oE 
Q)S 1"OII----------~------4------_+~ ...... _=::::'---__F=~ ...... _==::__--+_-----___1 
NUJ 

:e~ 
0_ 
E:i 
«~ 

~----------+-- Semicustom ------+-......... Crossover -I.~I"'II--- Full custom 
more economical region more econimical 

OL-________ ~~ ________ ~ __________ _L __________ ~ __________ ~--------~ 
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Production Volume (thousand units) 

Production volume influences the choice between full-custom and semicustom parts. However, other conSiderations (such as design 
turnaround time) may be overriding factors. Source: Exar 
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engineering staff. Specialty firms provide services such as 
de~ign, mask-making, assembly and testing. In many cases 
a design house controls the evolution of an IC through tooling, 
fabrication and final delivery. 

Selecting a fabrication process based solely on chip cost is 
not entirely straightforward. For any given process, all wafers 
cost about the same regardless of circuit complexity. The cost 
of a chip is determined chiefly by yield, which tends to de
crease with chip-area increase. Thus, chip cost varies directly 
with chip area. 

Cost comparison between processes is more complex. Older 
processes do not necessarily produce higher yields than 
newer process techniques. And although processes involving 
more fabrication steps tend to have higher production cost per 
wafer, a more complex process may also allow circuit designs 
that produce smaller chips. Similarly, wafers fabricated by 
newer processes that involve expensive production equipment 
are usually costly. But, improved processes, although expen
sive, can produce high yields which tend to lower the die cost. 
The process must therefore be chosen to get the lowest chip 
cost consistent with meeting performance requirements. 

Packaging: A standard package can cost from a few cents 
to several dollars. In many custom designs, package cost can 

be the largest part of unit cost, especially if a custom package 
is required. 

Testing: This cost can be a large portion of the total unit cost. 
So care must be taken to design the chip for minimum testing 
requirements. Testing costs depend on the type of test equip
ment used and the amount of time required to test. Ideally the 
simplest and most widely available equipment should be used. 

Testing cost can range from $50 per hour to several hundred 
dollars per hour. The manner in which tests are specified can 
vary test time per part from a few seconds to a minute. It is not 
economically feasible to test many complex digital circuits 
for every possible combination of inputs and outputs. And 
unless complex random logic is designed with testing in mind, 
it may not be possible to test the final product adequately. 

Testing should be considered. early in the design phase to 
minimize cost. Usually it is possible to select a process tech
nology or circuit configuration that eliminates the need for 
some parametric tests. If timing requirements are critical, for 
example, using one of· the faster process technologies or 
circuit configurations can eliminate testing speed parameters. 
Similarly, using a superior process for linear circuits could 
eliminate the need to test for offset voltages in op-amps. 

Terminology ______________ _ 

Assembly: Process of mounting a chip into a package and con
necting the chip terminal pads to package terminals. 

CAD: Computer-aided design. CAD includes computerized 
equipment that performs circuit simulation, logic simula
tion, automatic circuit and logic drawing, topological digi
tizing, topology construction on a CRT terminal, design rule 
checking and test generation. 

Cell: Circuit performing a digital or linear function that is 
repeatedly used to design an LSI/VLSI chip. 

Cell library: Collection of predesigned cell functions stored in 
a CAD data base. Custom LSIIVLSI devices can be de
signed by choosing appropriate cells from the library and 
locating them on a chip to minimize interconnects and 
maximize performance. The cells are computer character
ized for performance much like SSI and MSI ICs with data 
sheets for each cell. 

Custom circuit: In general, a component whose manufacture 
is under the exclusive control of a customer. The term can 
refer to full-custom, customized-standard or semicustom 
parts. In semicustom parts most of the mask layers are 
common to many customers, and only the final interconnect 
patterns are special. A customized part is a modification 
ofa standard part to the requirements of a customer. Full
custom parts normally are fabricated from masks c~n
figured for the customer. 

Design rules: Collection of rules that define minimum dimen
sions of device topological structures. Design rules also 
express process-parameter design limits such as gain fac
tor, threshold level, oxide thickness and capacitance. 

Die: Rectangular piece of semiconductor material into which 
electrical circuits have been fabricated. Also called a chip. 
Plural is dice. 

Digitized data base: Recorded digital data representing a topo
logical drawing of an SSI, MSI, LSI or VLSI device. The data 
include locations and dimensions of rectangles that make 
up individual circuit elements and interconnects. 

Feature size: Dimensions of rectangles, lines and spacings in 
in an IC topological design. 
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Gate: Basic digital-logic element producing a binary output 
depending on the logic state of various inputs. 

Gate array: Regular pattern of circuit components on a chip, 
connected to form regular patterns of gates. The gates are 
not interconnected until the customer specifies· the chip 
function. 

Gate equivalent: Basic unit of measure for digital circuit com
plexity based on the number of elementary logic gates 
needed to provide the same circuit function. 

LSI: Large-scale integration. Device design integrating from 
100 up to thousands of gate equivalents on a chip. 

Macrocell array: Regular pattern of grouped, uncQnnected cir
cuit components. Macrocells are formed into standard logic 
elements by interconnecting the components to provide 
specific circuit functions. Interconnects between the cells 
are specified to perform a specific chip function. The for
mation of the cell functions and cell interconnects are 
unique to the customer. 

MSI: Medium-scale integration. Device design integrating from 
10 to 100 gate equivalents on a chip. 

Masterslice: In general, a partially processed chip containing 
circuit elements for customizing through final metal inter
connect patterns. Can refer to gate, device or cell arrays. 

Pastis: Scaled decal (usua!!y transparent) representing both 
function and dimensions of an IC building block such as a 
gate, flip-flop or I/O buffer. Pasties are a commonly used 
tool for designing LSI/VLSI chips from a cell library. Each 
cell type has pastie equivalents. 

SSI: Small-scale integration. ICs containing fewer than ten 
logic-gate equivalents. 

Silicon gate: MOS design in which the gate is made of silicon 
instead of metal. Silicon-gate MOS is faster and more dense 
than metal-gate MOS. 

VLSI: Very-large-scale integration. Device design integrating 
thousands of gate equivalents on a chip. 
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Cost: Intense activity in both gate arrays and 
associated development tools should make 
the gate-array concept extremely cost com
petitive with other design approaches. Typical 
costs for the development of a gate array and 
a full-custom IC are shown in the accompany
ing tables. 

New gate arrays are currently in widespread 
development by IC manufacturers; CMOS 
products with up to 8,000 gates and emitter
coupled-logic (ECL) devices with 100-pico-

- second gate delays have already been devel
oped. Although most of the attention has been 
concentrated on CMOS, many bipolar tech
nologies are not being neglected. 

Gate arrays are available in a number of 
bipolar technologies including ECL, Schottky 
TTL, integrated injection logic, integrated 
Schottky logic (ISL), and Schottky transistor 
logic (STL). Gate delays for these devices can 
be as low as 0.8 nanoseconds. Gate array 
chips are also available in NMOS and com
bination CMOS/NMOS versions. 

Availability of computer-aided-design (CAD) 
tools and software support are helping both 
semicustom and custom products gain ac
ceptance. In some cases, IC suppliers permit 
customers to use the supplier's in-house CAD 
facilities. Training courses, running three to 
five days, are also being offered by many IC 
manufacturers. 

Custom IC cost factors. 

Before Process Assembly 

• Orders: Issues & Tracking 

• Specific Documentation 

• Orders: Issues & Tracking 

• Purchase Prices 

• Cost of Capital 

• Inventory: Storage Space/Handling 

• Incoming Inspection 

• PC Board Space 

• Power Consumption 

After PC Assembly 

• Test: Board 

• Failure Diagnostic 

• Test Active/Passive 
Components 

• Repair 

• Re-Test 

• Re-Inventory 
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Typical costs for the development of a 1000-gate array. 

min. max. 
1. Tooling Development 

A) Circuit Conversion $500 $1500 
B) Layout $2.5K $5K 
C) Digitization, PG Tape, Masks, 

20 prototype units in ceramic DIP, 
bench tested $9K $13K 

2. Preproduction 
A) Test Program Development $4K $8K 
B) Test hardware 

Personality Board $1K $2K 
Probe Card $100 $200 
Special Supplies, Signal 

Generdtor .. .. 
Bu rn-I n Board $500 $2500 
Other .. .. 

C) Production Qualification Units 
(Optional) 

Burned-In, Temperature Tested 
100 units 3K $6K 

883B Environmental Screening Extra 
TOTAL $18K $40K 

.. Depends on application 

Typical development costs for a full;.;custom integrated circuit. 

min. max. 
1. Tooling Development 

A) Circuit to LSI Conversion 
B) Layout 
C) Digitization, PG Tape, Masks $20K $200K 

2. Engineering Evaluations: 5 wafers 
Working Plates Per Plate $50 $100 
Bipolar: 1-Layer Metal 4-6 weeks $3K $6K 

2-Layer Metal 6-8 weeks $5K $10K 
Pt Schottky Diodes - week extra 

CMOS: 1 Poly, 1 Metal 6-8 weeks $3K $5K 
Same, 4 Micron 6-8 weeks $4K $6K 

May need several iterations, usually 2 to 4 

3. Prototypes 
A) Establish Waferbank 

30-45 Wafers from Several Runs $10K $30K 
B) First Look Samples 

100 Untested Dice Packaged in 
Ceramic Sidebraze $600 $1500 

C) Test Program Development $5K $30K 
D) Test Hardware 

Personality Board $1K $2K 
Probe Card $100 $200 
Special Supplies, Signal Generators .. 

* 
Burn-In Board $500 $2500 

I Other .. 
* 

E) Production Qualification Units (if desired) 
Burned-In, Temperature Tested 

100 Units $3K $6K 
883B Environmental Screening Extra 

TOTAL $40K $280K 

.. Depends on application 
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Comparison. The relative ranking of risk factors for alternative 
design approaches is shown at the right. These ratings will 
vary depending on the selected suppliers for custom, cell 
library, gate array or non-LSI devices. Therefore, this chart 
should be used only as a guide. In the case of linear designs, 
risks are greater than for digital counterparts. Unless the vari
ous circuit blocks assembled from a cell library are compatible 
with each other from the standpoint of proceSSing, the overall 
performance of the chip can be less than expected. For 
instance, the breakdown voltage, beta, sheet resistance, im
plant dosage, and epi thickness requirements, to say nothing 
of the starting material, may be mutually exclusive. Also, NPN 
and PNP transistor configurations cannot both be optimized 
for performance as is possible with discrete devices. 

Comparisons of advantages of- various design 
approaches. A rating of 1 -indicates best. 
(Numbers in parenthesis apply to linear designs.) 

Design Costs 

Design Time 

Mask Costs 

Redesign Flexibility 

Test Program Costs 

Circuit Purchase Price 

S stem Power y 
Required 

RAIi:tbilitv " .-~.------" 

PC Board & Costs 

Production Labor 

Security 

Added Features! 
Board 

Full 
Custom 

4(3) 

4(3) 

4 

4 

3 

1 

1 

1 

1 

1 

I 
1 

Cell Gate Non-
Library Array LSI 

3(4) 2 1 

2(4) 3(2) 1 

4 2 1 

3 2 1 

3 2 1 

2 3 4 

2 2 4 

2 .- 2 4 

2 2 4 

-2 2 4 

3 2 4 

3 3 4 

---------CUSTOM CONSIDERATIONS---------
Benefits provided by custom, related to cost factors, are 

described in the following paragraphs: 

Specification Documentation: Since a single custom IC can 
replace as many as 100 MSI circuits (plus assorted external 
active and passive components, such as decoupling capaCitors, 
diodes, and transistors), paperwork needed is greatly reduced. 

Purchasing: The purchasing function is not a "free" activity in 
any company. It costs money to issue purchase orders, and to 
track them through various delivery dates and procedures with 
phone calls and computer time. The lower parts count signi
ficantly reduce this paper load. 

Purchase Price: Depending on the complexity of the chip, the 
price for a custom device can be lower, at, or above that of all 
the components to be replaced. It is important to count all of 
the passive peripheral components involved, such as sockets, 
resistors, capaCitors, inductors, and perhaps even connector 
pins to the outside. 

Cost of Capital: This cost varies with prevailing interest rate. If 
a company has to borrow development money,-usually at about 
three or four percent over prime rate, then this interest is also 
an expense incurred by the project. But even if cash is avail
able, there still may be an opportunity cost. This is the income 
that could have been earned if the cash had been used on 

@ Ie MASTER 1984 

short-term projects (such as buying more inventory - provided 
the sales to turn the inventory over exists). 

Inventory: Once the material is in the plant, it has to be handled 
(including counting, sorting, and paperwork), and stored. 
Usually, storage space is predefined, and, since it already 
exists, it is not considered to bean additional expense. How
ever, one has to remember that real estate value on a per
footage basis is substantial and that other departments might 
make a more cost effective use of any space available. Hence, 
an additional cost is incurred for each additional component 
that has to be stored and accounted for. Also, components may 
become obsolete before the inventory is used up. Custom ICs 
contribute to decreasing inventory expenses. 

Incoming Inspection: Unless pre-aged and pre-~creened com
ponents are bought to prevent early failures (infant mortality), 
ifis advantageous to inspect active components as they come 
in. Again, a reduction in the number and variety of devices to 
be tested adds to profits. 

Printed Circuit Board Space: Fewer components mean less 
space needed to mount them, less auxiliary components, less 
artwork for interconnect lines, fewer holes to be drilled, and 
less insertion time and effort - as well as a smaller board. 

Power Consumption: The power consumption of the entire 
system is usually dramatically reduced, making savings pos
sible with lowered power supply and cooling requirements. 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

linear 

Combined Digital/Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4434 

Alphatron 

Up to 4400 2-input gates 

CMOS 

Yes 

Silicon- or metal-gate PMOS, 
NMOS, CMOS 

Silicon- or metal-gate PMOS, 
NMOS, CMOS 

Silicon- or metal-gate PMOS, 
NMOS, CMOS 

Yes 

Alphamap layout logic diagram 
functional description block 
diagram. 

logic simulation, breadboard 
assistance, design rule checks, 
decals. 

Wafer production procured from 
outside foundries. Testing 
done in-house. 

Any upon request 

Yes 

Functional, parametric, burn-in, 
thermal shock, environmental, 
MIL. 

In-house designed, customer
supplied, or outside service. 

Multiple sourcing. Cell library 
and design rule handbook. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

linear 

Combined Digital/linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

© Ie MASTER 1984 

Applied Micro Circuits 

ECl 

250 to 1500 gates 

ECl 

Yes 

ECl 

Yes 

Functional specification, logic 
diagram, test vectors, PG Tape, 
Tegas Tape. 

logic simulation, design rule 
checks. 

In-house, procured 

Packaged dice 

Functional, parametric, burn-in, 
thermal shock environmental. 

MASTER SELECTION GUIDE 

AWl 

Linear, Digital, 
Combined Digital/linear 

Bipolar, CMOS, silicon-gate 
MOS, hybrids 

10 to 10,000 

Over 2600 type 

Yes 

Yes 

All processes 

All processes 

Yes 

Functional schematic, 
circuit diagram 

Users manual 

In-house robotics and 
automation 

Printed card mounted, 
packaged units 

No 

Functional 

Customer supplied 
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~USTOM/SEMICUSTOM (conI) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gat as) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

linear 

Combined Digital/linear 

Provide Design Assistance I 
Acceptable Customer Input 

I 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4436 

California Devices 

Digital 

Silicon- or metal-gate CMOS 

50 to 1780 
2-input gates 

Silicon- or metal-gate CMOS 

Yes 

Bipolar linear arrays 

Yes 

Logic diagram with test vectors 
and PG tape; circuit diagram 
with data-base tape and com-
posite drawing; breadboard. 

lotiC and circuit simulation; 
readboard assistance; design 

rule checks. 

In-house and procured 

Scribed dice, packaged dice, 
substrate-mounted device. 

Yes 

Functional, parametric, burn-in, 
thermal shock, environmental, 
MIL. 

Sentry VII, Sentry Series 20 

Si-gate isolated oxide CMOS h~s 
TTL! lSITL inttlrfacing capa
bility, high-speed performance. 

i 
I 
! 

i 
i 

I 

Cherry SeRliconductor 

Digital, linear, Combined 
Digital/ Linear 

12l, lSI21., ECl and other bipolar 

64 to 150 gates/ mm2 

PL, LSI21, ECl and other bipolar 

Yes 

12L, LSI2L, ECL and other bipolar 

12L, LS/2l, ECL and other bipolar 

12L, LS/2L, ECl and other bipolar 

Yes 

Customer-owned tooling; circuit 
diagram; logic diagramj 
breadboard. 

Logic simulation; breadboard 
assistance; design rule 
checks. 

In-house 

Packaged dice; flip chips 

Yes 

All except military 

Teradyne 1259, A310, A311 

Dice can be solder-bump flip 
chips with nitride passivation; 
packaged dice can be delivered 
from COT for full custom. 

\ 

I 

Circuit Technology Inc. 

Digital 

Silicon gate CMOS 

560 to 1440 - 5 mibron 
single metal 

1120 to 3876 - 4 micron 
double metal 

CMOS and lSITl 

Yes plus CAD 

Silicon gate CMOS 

Yes 

Logic diagram and test vectors. 
Customer-owned tooling. 
Functional specification. 

Logis simulation, auto layout, 
rules checks, network com-
parison checks. 

In-house plus second sourcing 
availability. 

All options available 

Yes 

Full capability including full 
MIL, class S and geothermal 
(200ot). 

Fairchild series 10 

No limit on package variety. 
In-house multi chip hybrid 
capability. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard CiRuits 

Gate Array 

Chip Density Range (equiv. gates)' 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digital! Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

@ Ie MASTER 1984 

Circuit Technology l.ac. 

Digital 

CMOS on Sapphire 

1120 to 3876-4 micron 
double metal 

CMOS and LSm 

Yes plus CAD 

CMOS on Sapphire 

Yes 

logic diagram and test vectors. 
Customer-owned tooling. 
Functional specification. 

Logic simulation, auto layout, 
rules checks, network com· 
parison checks. 

In-house 

All options available 

Yes 

Full capability including full 
MIL and class S. 

Fatrchild series 10 

No limit on package variety. 
In-house multichip hybrid 
capability. 

MASTER SELECTION. GUIDE 
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Comlinear Corp. 

Yes 

Bipolar-FET 

Yes 

Functional specification 

, Computer simUlation 

In-house or procured 

Packaged circuit, printed card 
mounted units. 

Ves 

Functional, burn-in, thermal 
shock, linear, MIL 

Complete time domain and fre
quency domain testing from 
de to 18 GHz. 

Specialties include amplifiers 
with extremely wide band
width and fast settling time, 
fast sample-hold and A to D 
conversion products. 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

linear 

Combined Digital/linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4438 

Custom Integrated Circuits 

Digital, linear, 
Combined Digital/linear 

12l, Linear Master Slice, design 
on other companies' gate arrays 

50 to 8000 (5-input gates) 

121. 

Pl, CMOS, TTL and other 
bipolar devices 

Bipolar, CMOS 

12l/ linear, TIll linear, 
CMOS/linear 

Yes 

No preference 

logic simulation, circuit simula
tion, design rule checks, 
breadboarding, complete 
Calma layout system, in-house 
CAD software, engineering 
assistance. 

Procured 

No preference 

Yes 

All 

HP, MCC 

TotallC develQpment from con
cept through product delivery. 
Any subset of the development 
cycle (design, layout, etc,) 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

linear 

Combined Digital/ Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

@ Ie MASTER 1984 

Ferranti 

linear, Digital, Combined 
linear I Digital 

Collector Diffusion Isolation 

200 to 10,000 Gates! chip 

Collector Diffusion Isolation 

Yes 

Collector Diffusion Isolation 

Collector Diffusion Isolation 

Collector Diffusion Isolation 

Yes 

Pattern-generator tape, com
posite drawing when done on 
Ferranti's supplied design 
station; functional specifica
tion, logic diagram, circuit 
diagram, breadboard, test 
vectors. 

logic simulation, breadboard 
assistance, design rule checks, 
full design capability. 

In-house 

Packaged dice 

Yes 

Semi-custom from off-the-shelf 
selection of a range of 
standard wafers. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

Q) 
"0 
::J 

C!J 
c: 
.2 linear -0 
Q) 

Q) 
Combined Digital/linear rn 

~ 

Q) -(J) Provide Design Assistance as 
~ Acceptable Customer Input 

(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Ele~trical Test Systems Available 

Comments 

4440 

General Instrument 

Silicon-gate CMOS 

560 to 2014 

Silicon-gate CMOS 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

GTE Microcircuits 

ISO-CMOS 

504-2500 

ISO-CMOS 

Yes 

ISO-CMOS 

ISO-CMOS 

ISO-CMOS 

Yes 

Calma tapes, PG tapes, masks 

Design rule checks, 
Logic simulation 

-In-house 

Packaged die, probed wafers, 
mapped wafers 

Yes 

Functional, parametric, burn-in 

Sentry LTX, H;P., Mega, XINCOM 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digita 1/ Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

© Ie MASTER 1984 
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Integrated Circuit Systems 

Digital, Linear, Combined 
Digital/linear 

CMOS 

All MOS processes 

Integrated Technology Corporation 

CMOS/SOS; CMOS, DMOS, NMOS, Silicon- or metal-gate MOS; TTL, 
SI or Metal Gate; Double level STTl, lSTTL, Pl, ECl, other bipoar 
metal; Double level poly. 

CMOS 

CMOS 

Yes 

No minimum required 

DRC and ERC on VAX 11 /780, 
Calma GDS II, sticks software, 
production test, systems. 

Small to medium quantity 

Packaged parts 

Yes 

Yes 

Megatest 

i Services: design, layout, chip! 
PCB artwork, test generation, 
product engineering, test and 
production. 

Silicon- or metal-gate 
CMOS; bipolar 

Silicon- or metal-gate 
CMOS; bipolar 

logic simulation; breadboard 
assistance; design rule checks; 
transient analysis. 

Procured 

Mapped wafers; probed wafers; 
packaged dice; PC-mounted 
packaged units; design 
tooling; complete systems. 

Yes 

Functional; parametric 

Siemens 

Services: design, tooling for 
custom ICsj service industry 
used for photomasks, wafer 
fab, assembly, some testing. 
System design and production 
with custom IC's. 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digital/linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 
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CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit AvaBable 

Full Custom Circuits 
Digital 

Linear 

Combined Digital/Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Production Test 

Electrical Test Systems Available 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digita 1/ Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4444 

Master Logic 

Digital 

Silicon- or metal-gate CMOS 

50 to 1500, silicon-gate 
50 to 600, metal-gate 

Yes 

Yes 

Silicon- or metal-gate CMOS 

No 

Yes 

Yes • 

Any 

Design Manual, CAD with VIA 
Systems, "Gates" design 
package. 

Procured 

Any 

Yes 

In-house 

Pragmatic designs 

Multiple sourced 

MCE Semiconductor 

Linear, Digital, Combined 
Linear I Digital, Bipolar, CMOS 

CMOS, ECl, Dielectric 
Isolation, 12l, Linear 

50 to 10,000 gates 

Yes 

Yes 

CMOS, TIL, lSTIl, 12l, 
ECl, Linear 

Up to 75 Volt 

Up to 20 Volt 

Yes 

MCE will interface with customer 
anywhere in design sequence. 
UniDES; software. 

logic simulation; breadboard 
assistance; design rule checks; 
UN IDES. 

In-house manufacturing; 4" 
Wafer Fab 

Mapped wafers; probed wafers; 
scribed dice; substrate-
mounted dice; packaged dice; 
custom packaging. 

Yes 

Functional; parametric 

T eradyn J273 and A300 with 
laser trim; Pragmatic Inspector 
200 (72 pin digital IC); Kiethley 
300. 

Functional arrays available CMOS 
MGA and SGA series; also 
linear function cells. 
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CUSTOM/SEMICUSTOM (conI) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

full Custom Circuits 
Digital 

linear 

Combined Digital/linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

© Ie MASTER 1984 

Microcircuits Technology, Inc. 

Digita!, Linear, Digital/Linear 

Linear bipolar, metal gate NMOS, 
CMOS; silicon gate CMOS 

250 to 6000 gates 

Silicon gate or metal gate NMOS, 
CMOS, linear bipolar 

No 

Silicon gate CMOS, 
Meta I Gate CMOS 

Bipolar, CMOS 

CMOS and bipolar 

Yes 

Logic diagram, breadboard, 
block diagram, functional 
specifications. 

Calma CAD, logic simulation, 
circuit simUlation. 

In-house, procured 

Packaged units 

Yes 

Functional, parametric, burn-in, 
environmental, Mil, linear 

Fairchild Sentry 

MOS: 
3 and 5 micron channel lengths. 

MASTER SELECTION GUIDE 

Micro Innovators 

Digital 

50 to 250 mil2 

No 

Silicon- or metal-gate PMOS, 
NMOS, CMOS, oth!!r MOS 

Silicon- or metal-gate PMOS, 
NMOS, CMOS, other MOS 

Silicon- or metal-gate PMOS, 
NMOS, CMOS, other MOS 

, Functional specification; logic 
diagram; circuit diagram; 
breadboard; test vectors; 
customer-owned tooling. 

logic simulation; breadboard 
assistance; design rule checks. 

In-house 

Probed wafers; packaged dice 

Yes 

Functional; parametric; burn-in 

Sentry, Teradyne, Comparator 

. Tooling can be used by at least 
two MOS wafer manufacturers 
to ensure alternate sourcing. 
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CUSTOM/SEMICUSTOM (Cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

CUstomized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Fu" Custom Circuits 
Digital 

c: linear o 
+-' o 
Q) 
Q) Combined Digital/line.ar 
en 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4446 

Micro-Sciences 

Digital 

CMOS 

300 to 6000 

CMOS, NMOS 

No 

Silicon- or metal-gate PMOS, 
NMOS, CMOS 

Yes 

logic diagram; circuit diagram; 
functional specification; bread
board; customer-owned tooling; 
known good device. 

logic simulation; breadboard 
assistance. 

Procured 

Packaged dice 

Yes 

Functional; parametric; burn-in 

Chip debugging with portable 
micro prober on customer's 
premises. 
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CUSTOM/SEMICUSTOM (Cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

linear 

Combined Digital/linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Electrical Test Systems Available 

Comments 

© Ie MASTER 1984 
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Murray Consulting 

linear, Digital, Combined 
linear/ Digital 

CMOS 

1 to 100 

BiMOS 

No 

Silicon-gate CMOS; TTL 

Silicon-gate CMOS; bipolar 

Yes 

Breadboard; circuit diagram; 
functional specification. 

Design rule checks 

In-house, procured 

Packaged dice; PC-mounted· 
packaged units. 

Develop photo-integrated 
circuits: CMOS, MOS, bipolar, 
BiMOS. 
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CUSTOM/SEMICUSTOM (Cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

linear 

Combined Digital/linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4448 

NCM Corporation 

linear, digital, combination 

CMOS (si-gate, metal-gate) bipolar 

1000 (max.) 

YES 

No 

CMOS (si-gate, metal-gate) bipolar 

CMOS (si-gate, metal-gate) bipolar 

CMOS (si-gate, metal-gate); bipolar 

Yes 

Functional specs, logic diagram, 
circuit diagram, breadboard, 
test vectors, customer-owned 
tooling; known good devices. 

Logic simulation, breadboarding, 
design rule check, cell library. 

Procured 

Packaged-units, dice, probed 
wafers, pc assemblies. 

Yes 

Functional, parametric, burn-in, 
thermal cycle. 

In-house built. p'C - controlled 
test systems. 

Nitron 

Digital 

Metal-gate CMOS 

50 to 600 

Macro library of common 
functions (overlays) 

Yes 

Metal-gate PMOS, CMOS 

Metal-gate PMOS, CMOS 

Metal-gate PMOS, CMOS 

Yes 

Customer-owned tooling with 
debugged test program; logic 
diagram, electrical specifica
tion with test vectors. 

All available 

In-house 

Packaged dice 

Yes 

All commercial and full military 

Sentry 
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CUSTOM/SEMICUSTOM (Cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digital! Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 
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National 

Digital 

Silicon-gate CMOS 

To 2400 

Yes 

Yes 

Metal-gate PMOS, metal-or Silicon
gate NMOS, high voltage metal
gate CMOS, low voltage metal
and silicon-gate CMOS, metal 
double poly silicon-gate CMOS, 
dual layer XMOS, oxide isolated 
and Schottky devices, 12L. 

Same as above 

Same as above 

Yes 

Any 

Computer aided Circuit analysis, 
logic and systems simulation, 
digitizing cell plotting and 
editing, design rule check, 
pattern generation, 
photolithography. 

In-house 

Packaged dice 

Yes 

All except linear 

Century VI and VII, Sentinel, 
Teradyne, Megatest. 

MASTER SELECTION GUIDE 

Pico Design 

No 

No 

10,000 

Yes 

No 

Silicon- or metal-gate PMOS, 
NMOS, CMOS, other MOS. 

No 

No 

Yes 

Logic diagram, circuit schematic, 
breadboard, functional 
specification. 

Logic and circuit simulation; 
design rule checks; CALMA 
GDS II. 

Procured 

All except PC-mounted packaged 
units. 

Yes 

Functional; parametric 

Fairchild, Sentry VII and Series 20 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM {Cont} 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

linear 

Combined Digital/linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4450 

Polycore Electronics Inc. 

CMOS metal-gate 

Bipolar 

Power Interface/ Driver Circuits 

Yes 

Schematics, Performance specs. 

Breadboard simulation 

In-house wafer fabrication 
procurred assembly 

Packaged units, dice 

Yes 

Functional, parametric, burn-in; 
thermal shock, environmental, 
MIl. 

MCT200 

Also provide silicon foundry 
service in linear, 12l and 
CMOS metal gate. 

Precision Monolithics, Inc. 

Linear 

From customer-owned tooling 

Standard parts available in 
chip form 

Kit parts 

TTL, lSTTl, ISl, 12l, ECl, 
ISO/ CMOS-SiGate 

20, 40, 60V supply voltage 

IlL,ECL, TTL,LSTTL 

Yes 

Customer-owned tooling {pattern-
generator-tape, composite draw-

ing), known good device. 

Kit parts 

In-house 3", 4" lines 

Mapped wafers, probed wafers, 
packaged units. 

Yes 

Functional, parametric, burn-in, 
thermal shock, environmental, 
MIL, linear. 

LTX, F-5000 

Ion implantation; dual layer 
metallization; nitride passiva
tion; thin film resistors; 
Mil 35810 qualified. 

©IC MASTER 1984 



CUSTOM/SEMICUSTOM (cont) 

Manufacturei' 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digital! Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

© Ie MASTER 1984 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digital/Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4452 @ Ie MASTER 1984 



CUST0'!l/SEMICUSTOM (coni) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digital/Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Cdmments 

@Ie MASTER 1984 

Siltronies 

m, STIL, LSTIL, 12L, ECL, 
other bipolar 

TIL, STIL, LSTIL, 12l, ECL, 
other bipolar 

m, STIr, LSTIL, 12l, ECL, 
other bipolar 

Breadboard assistance; 
design-rule checks. 

Breadboard wafers; in-house 
assembly. 

Fully tested assembled package. 

Yes 

Customized to ~it 

J259-style equipment; custom 
testers. 

Specialize in mixed analogI 
digital bipolar. Die sizes to 
40,000 mil2• 

I 

MASTER SELECTION GUIDE 

Solid State Scientific 

Silicon-gate CMOS, NMOS 
metal-gate CMOS 

Silicon-gate CMOS, NMOS 

Silicon-gate NMOS, CMOS 

Yes 

Minimum of functional diagram; 
breadboard; pattern generator 
tape or database tape. 

Logic simulator assistance, 
breadboard assistance, design 
rule checks. 

In-house 

No preference 

Yes 

Full screening available inciuding 
burn-in and full environmental 
screening. 

Sentry VII, Sentinal-f Teradyne 

I 

I 

I 

I 
i 

I 

Capabilities include: design, i 

layout, CAP, mask shop, wafer I 

fabrication assembly, and test. 

I 

Sprague Electric Co. 

Linear 

No 

Composite drawing 

In-house 

Wafers, dice, packaged devices 

ULN-2350C and ULN-2351C basic 
unmetallized circuit. 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer Standard Microsystems Sunshine Semiconductor Supertex 

FOR DETAILED DATA SEE: 

Customized Standard Circuits Digital, Combined Digital, Combined Linear, Digital 
Digital/ Linear Linear/Digital 

Gate Array Silicon- or metal-gate CMOS 

Chip Density Range (equiv. gates) 50 to 2000 

Cell Library Silicon-gate NMOS, CMOS Si-gate CMOS 

Design Kit Available No No 

Full Custom Circuits 
Digital Metal-gate PMOS; 

silicon-gate NMOS, CMOS 
Silicon-gate CMOS, metal-gate Silicon- or metal-gate CMOS 

CMOS, nonvolatile CMOS 

linear 
I 

Silicon- or metal-gate CMOS 

Combined Digital/linear Silicon-gate NMOS, CMOS Metal Gate CMOS I Silicon- or metal-gate CMOS 

I 
Provide Design Assistance Yes Yes Yes 

Acceptable Customer Input Functional specification, logic Product description, block Breadboard with functional 
(in order of preference) diagram, Calma database tape, diagram with specifications, specification and logic 

other. logic diagram. diagram; customer-owned 
tooling. 

Design Aids Logic simulation; breadboard Breadboard, circuit and logic Logic simulation; breadboard 
'. design rule checks, electrical simulation, DRC, graphics, NCC assistance. 

I rule checks, transient analysiS 

I 

Production In-house Procured In-house 

Preferred Delivered Product Packaged devices preferred. Packaged dice, bare dice, design Probed wafers; inspected dice; 
All others available. and layout packaged dice. 

Test Program Generation Yes Yes Yes 

Production Test Full testing and screening, 
including burn-in. 

Procured Functional; parametric; burn-in; 
environmental. 

Electrical Test Systems Available Megatest a8000; SMC; 
dedicated testers, Fairchild, 

Teradyne Jl93; GenRad 2225 

Sentry and Sentinal. 
I I 

, 

Comments Specialize in digital MOS/lSI Services include product and 
and VLSI; will also customize specification finalization, logic 
by modifying MOS/LSI and circuit design, layout, test 
standard parts. Second sources definition. 
available. 

4454 © Ie MASTER 1984 



CUSTOM/SEMICUSTOM (coni) 

llaaul.turer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digital/linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Prodiieliun iest 

Electrical Test Systems Available 

Comments 

(§) Ie MASTER 1984 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

1> 
:J 
:l 
!J Linear 
~ 
0 
.... 
0 Combined Digital! Linear Q) 

Q) 
'f) 

"- Provide Design Assistance (J) .... 
UJ Acceptable Customer Input to 
~ (in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4456 

RSI,lnc. 

Silicon-gate CMOS 

300 + 2500 . 

Si-gate CMOS, NMOS 

No 

CMOS, NMOS, PMOS 

CMOS, NMOS, PMOS 

CMOS, NMOS, PMOS 

Yes 

Specification, logic diagram 
schematic, breadboard COT 

Custom cell library, logic simula-
tion, CAD, CAE, Design Rule 
checks. 

Procured 

Package die, dice 

Yes 

Functional, parametric, burn-in, 
linear 

LTX, HP, Gen Rad, dedicated 
Multiple production sources; 

no minimum production 
requirements. 

Torric Corporation 

Linear, Digital, Combined 
Digital! Linear 

Silicon or metal-gate CMOS, 
Linear Bipolar, Digital ECl 

300 -2500 

SiliGon-gate CMOS 

Yes 

Silicon- or metal-gate PMOS, 
NMOS, CMOS, TIL, STIL, 121 

Silicon- or metal-gate CMOS; 
TTL,STTL 

Silicon- or metal-gate CMQS; 
TTL,STTL 

Yes 

Functional specification; logic 
diagram; circuit diagram; 
breadboard; known good 
devic~; customer owned tool-
ing; test 'lectors. 

logic simulation; breadboard 
assistance; design rule checks; 
graphics CAD. 

Procured 

Packaged dice, printed-card
mounted packaged units. 

Yes 

No 

© Ie MASTER 1984 



CUSTOM/SEMICUSTOM (conI) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell library 

Design Kit Available 

Full Custom Circuits 
Digital 

linear 

Combined Digital/linear 

Provide Design Assistance 

Acceptable Customer tnput 
(in order of preference) 

Design Aids 

Production . . 

Preferred Delivered Product 

Test Program Generation 

production Test 

Electrical Jest Systems Available 

Comments 

© Ie MASTER 1984 

Trans-Data 

Silicon-gate NMOS and CMOS 

SlIicon-gate - CMOS 

Silicon-gate - CMOS 

Yes 

Functional specs, logic diagram, 
circuit diagram, known good 
device, customer tooling. 

Procured 

Packaged dice (prototype quanti
ties), probed wafers. 

Yes 

Functional, Parametric, Burn-in, 
Thermal Shock, environmental 
MIL 

Provide assistance to customers 
who will utilize gate arrays 
manufactured by others. 

MASTER SELECTION. GUIDE 

YLSI Design Associates 

Digital/ Analog 

Silicon-gate CMOS, 
Digital and Analog 

No 

Silicon-gate CMOS and NMOS; 
logic and memory; nonvolatile 
memory. 

Silicon-gate CMOS and NMOS; 
CCD; Switched capacitor 
filters. 

Yes 

logic diagram, circuit diagram, 
functional specification, bread-
board. 

In-house: Calma GDS II and 
VAXll/780. 

Procured 

As requested 

Yes 

Functional, parametric 

Independent design center; 
multiple sources, design aids. 
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MASTER SELECTION GUIDE 

CUSTOM/S.EMICUSTOM (cont) 

Manufacturer 

FOR DETAILED DATA SEE: 

Customized Standard Circuits 

Gate Array 

Chip Density Range (equiv. gates) 

Cell Library 

Design Kit Available 

Full Custom Circuits 
Digital 

Linear 

Combined Digital/ Linear 

Provide Design Assistance 

Acceptable Customer Input 
(in order of preference) 

Design Aids 

Production 

Preferred Delivered Product 

Test Program Generation 

Production Test 

Electrical Test Systems Available 

Comments 

4458 

Western Digital 

Digital 

Up to 1000 gates, 
Silicon-gate NMOS 

Yes 

Ye~ 

Functional specification 
logic system 

Logic simulation, design rule 
checks, test program 
development. 

In-house 

Packaged units and tested dice 

Yes 

Functional, burn-in 

Uncommitted logic arrays, 20 pin 
DIP, 130 prefabricated logic 
elements or 28/40 pin DIP, 
400 prefabricated logic 
elements. 

ZyMOS 

Digital, combined digital/ linear 

Up to 2500 gates, metal-gate 
CMOS 3000 gates, silicon-gate 
CMOS 4000 gates, NMOS. 

Metal-gate CMOS, 
silicon-gate CMOS, NMOS 

Yes 

Metal-gate CMOS, 
silicon-gate CMOS, NMOS 

CMOS 

CMOS 

Yes 

Logic input through ZyP CAD 
system, logic diagram, 
functional specification, 
customer-owned tooling. 

Circuit simulation, logic 
simulation, test program 
generation, artwork generation 
all linked to common data 
base, design rule checks, 
breadboard assistance. 

In-house 

Packaged dice preferred, 
any on request 

Yes 

Functional, parametric 

Sentry, VII, Lomac 

ZyP CAD system - logic level 
design at customer's facility, 
CMOS and NMOS silicon level 
simulation. 

© Ie MASTER 1984 



If you need 

IC Master Catalog 
you need 

Integrated Circuits 
Magazine. 

Not only will Integrated 
Circuits Magazine update 
your IC Master Catalog ... 

... it will provide valuable IC 
application and selection 

information in every issue. 
SUBSCRIBE TODAY! 
Subscription card located 
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CUSTOM/SEMICUSTOM-Gate Arrays 

Internal Toggle No. InpuUOutpul Cells InpuUOutput Compatibility 
Gate Fre- Equiv. Un- Supply 
Delay quency 2-lnput Input Output com- TTl- Voltage 
ns(max) MHz Type Gates O"ly Only mitted CMOS lS TTL ECl V Comments 

Gate Array. 

- 15 1200 I I I 80 I x I x I x I I 4 to 10 I 
I , 

0.5 300 ECl 2800 (68) 120 x -4.5 Macrocell array 

(68) 120 x -4.5 Macrocell array 

ECl-AlS 1456 Dir. 49 99 x x x -4.5 1280-bit RAM on-chip 

450 ECl 638 30 28 x x x -4.5 to -5.2 

878 42 32 x x x -4.5 to -5.2 

1000 96 x x x -4.5 to -5.2 320-bit RAM on-chip 

1414 96 x x x -4.5to-5.2 

2204 128 x x x -4.5 to -5.2 

500 ECl 20 21 x -4.5 to -5.7 20 equiv. 3-input gates 

1000 ECl 500 72 x x x -4.2 to -5.7 or 
5 500 equiv. 3-input gates 

1000 86 
I 

x x x - 4.2 to -5.7 or 
5 1000 equiv. 3-input gates 

20QP 126 x x x -4.2 to -5.7 or 
5 2000 equiv. 3-input gates 

0.55 400 ECl 75 24 x -5.2 

ECl 300 36 20 x -5.2 

ECl 600 54 x -5.2 

0.75 700 EC~ 300 28 28 x -4.5 

1.05 500 ECl 1200 40 48 I x -4.5 

2000 60 48 x -4.5 

1.2 85 TTL-AS 1500 88 x x 5,2 

3000 120 x x 5,2 

160 ECl 625 (18) 60 x I -5.2 Macrocell array 

(18) 50 I I X 1 -5.2 MaCfoce!! array 

(18) 60 x -5.2 Macrocell array 

(18) 60 ! ! x -5.2 Macrocell array 

1192 (26) 60 x -5.2 Macrocell array 

I (26) 60 I x -5.2 Macrocell array 

(26) 60 x -5.2 Macrocell array 

(26) 60 x -5.2 Macrocell array 

200 ECl 250 8 26 x x -5.2/5 Mixed TTL/ECl outputs 

500 28 28 x x -5.2/5 Mixed TTl/ECl outputs 

1000 38 38 x x -5.2/5 Mixed TTl/ECl outputs 

1500 46 38 x x -5.215 Mixed TIL/Eel outputs 

1.4 160 ECl 2800 120 x x 5 Macrocell array 

120 x x 5 Macrocell array 

1.5 75 TTL-AS 1500 88 x x 5,2 

85 TTL-AS 3000 120 x x 5,2 

200 ECl 250 8 26 x x -5.215 Mixed TTL/ECl outputs 

500 28 28 x x -5.215 Mixed TIL/ECl outputs 

1000 38 38 x x -5.2/5 Mixed nL/Eel outputs 

1500 46, 38 x x -5.2/5 Mixed TTL/ECl outputs 

250 Eel 300 36 20 x -5.2 

1.5 * 200 TTl-lS 2000 112 x x 5,2.3 2108 equiv. 3-input gates 

1.6 5Q CMOS 1500 76 x x x 3to 10 

2500 108 x x x 3to 10 

1.8 40 CMOS 968 54 x x x 3t06 

1430 68 I x x I x 3t06 I 
2224 86 x x x 3t06 

3268 110 x x x 3t06 

4368 122 x x x 3t06 

6425 160 x x x 3to 6 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
Belli flnl.IIIClla 1IIIIItluII 11111 Is prlllll ... II 1111 pigi •• t .... 

4460 

Device Source Line 

H1084 t Hughes 

MCA2500ECL Mol.r.la (4796) 

MCA2500ECl National 

MCA1500M National 5 

ACE600 Slg •• lles (4858) 

ACE900 Slg.llles (4858) 

ACE1320M Slg.llles (4860) 

ACE1400 Slg.elles (4860) 

ACE2200 Sigaelies (4860) 10 

FGEOO20 Fllrcllllil (4634) 

FGE0500 Fllrcllllil (4634) 

FGE1000 Fairchild 

FGE2000 Fairellllil (4634) 

SCD1000 Plessey 15 

SCD2000H Plessey 

SCD4000 PIllS., (4815) 

I'PB630t NEC (4799) 

I'PB63tO NEC (4799) 

~B6320 lEG (4799) 20 

HGA-B01500 Harris (4741) 

HGA-8025Oo Harris (4741) 

MCA600 AMD 

lCAfiOO U!l"l.: (4762) 

MCA600ECL 1101 •• 11 (4796) 25 

MCA600ECl National 

MCA1200 AMD 

LCAt200 LSILqle (4762) 

IlCA1200ECL M.llrell (4796) 

MCA1200ECl National 30 

0720 t AppMicroCir 

0710 t AppMicroCir 

Q700 t AppMicroCir 

0750 t AppMicroCir 

IlCA280DALS lI.toroll (4797) 35 

MCA2800AlS National 

HGABAO 1500 t Harris 

HGABA03000 t Harris 

0720 t AppMicroCir 

0710 t AppMicroCir 40 

0700 t AppMicroCir 

0750 t AppMicroCir 

SCD2000M Plessey 

B2000 FaJllsu (4638) 

BC210 t Barvon 45 

BC225 t Barvon 

LL7090 tLSILDglc (4762) 

LL7140 tLSILDQle (4762) I 
LL7220 tLSILlltlC (4762) 

LL7320 tLSILDglc (4762) 50 

LL7430 tLSILegic (4762) 

LL7640 tLSILogic (4762) 
(Continued) 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM-Gate Arrays (Cont'd) 

Internal Toggle No. Input/Output Cells Input/Output Compatibility 
Gate Fre- Equiv. Un- Supply 
Delay quency 2-lnput Input Output com- TTl- Voltage 
ns(max) MHz Type Gates Only Only mitted CMOS lS TTL ECl V Comments Device Source line 

Gate Arrays (Cont'd) I 
1.8 40 CMOS (Cont'd) 

8456 180 x x x 3t06 LL7NO fLSILoglc: (4762) 

10013 180 x x x 3t06 LL71000 fLSILlllc (4762) 

45 CMOS 500 40 x x x 2t09 IG010500 t Intersi! 

1000 68 x x x 2to 9 IG011000 t Intersi! 

1500 84 x x x 2t09 IG011500 f Intersil 5 

2600 100 x x x 2t09 16012600 f Intersi! 

4500 140 x x x 2t09 16014500 t Intersi! 

6000 180 x x x 2t09 16016000 t Intersil 

1.9· - TIl-lS 360 48 x x 5 360 equiv. 3-input gates 1350 FIIIIII (4637) 

1120 88 x x 5 1120 equiv. 3-input gates 81100 FIIIIII (4637) 10 

2.0 50 CMOS 2500 39 84 x x 5 FGC2400 fFllrclllW (4634) 

3925 31 90 x x 5 FGC4000 fFllrclllW (4634) 

6006 41 120 x x 5 FGC6000 fFllrc:lIl111 (4634) 

2.1 110 CMOS 1260 17 42 x x x 4t06 SCX6212 National 

11s 2385 55 I 56 x x x 4t06 SCX6224 National 

2430 I 12 ! I 76 I x x x I 4t06 SCX6225 National 

4860 53 54 x x x 4t06 SCX6248 National 

6260 66 88 x x x 4t06 SCX6260 National 

2.2 160 TIL-AS 1280 (88) (44) 88 x x 5,2 Mixed TIUECl compatible TAT010 tTl 
(88) (44) 88 x -5.2 TAT010 tTl 20 

2420 (120) (60) 120 x x 5,2 Mixed TIUECl compatible TAT020 tTl 
(120) I (60) 120 x -5.2 TAT020 tTl 

2.2· - TIl-lS 500 I ! ! 62 I I X X I I 5 512 equiv. 3-input gates 1500 FIIIIII (4637) 

2.4 50 CMOS 3601 36 x x x I 3t06 IS03A t SiIiconiX 
I 

i I r 36 x x x i 3t06 1S03A fUIIVWSII (4930) 125 
54O! ! 48 x x x 3t06 IS03B t Siliconix 

I ! 48 x x x ! 3t06 18031 fUllw.sa1 (4930)1 

720 54 x x x 3t06 IS03C t Siliconix 

54 x x x 3t06 IS03C fUllw.sa1 (4930) 

960 62· x x x 3t06 1S030 t Siliconix 30 

62 x x x 3106 IS03D fUllnnaI (4930) 
1200 68 x x x 3t06 IS03E t Siliconix 

68 x x x 3t06 IS03E fUllw.sa1 (4930) 
1500 70 x x x 3t06 IS03F t Siliconix 

70 x x x 3t06 IS03F fUllvenal (4930) 35 
1800 82 x x x 3t06 IS03G t Siliconix 

82 x x x 3t06 IS038 fUlI ... 1 (4930) 
2400 82 x x x 3106 IS03H t Siliconix 

I 82 x x x 3t06 I803N fUllw.sa1 (4930) 
2.5 200 ECl 300 36 I 20 x -5:2 SC02000l t Plessey 40 
3.0 - STl 560 61 I x x m700 fn (538) 

25 CMOS 228 28 x x x 4t06 1lA0200 fCltll 
(4628) I 

28 x i x x J 4t06 MA0200 Matra 
380 I 36 x x x 4t06 1lA0400 fCltII (4628) 

: 36 : x i 
x X I , 4t06 MA0400 Matra /45 i 

754 50 x x x i 4106 1lA0800 fCltII (4628)1 
50 x , x X I 4t06 MAOSOO Matra 

1020 ' 52 x i x x I 2.5 to 5.5 01000 fAliI (4619) 
1139 I 62 x x x 4t06 1lA12OO fCltll (4628) 

62 x x x 4t06 MA1200 Matra 50 
1260 1 ! I 75 I x I 

X x i 3t07 HCS12000 t CalOeYices 
1500 64 x x x 2.5 to 5.5 GAl500 fAMI (4619) 
1782 1 ; I 89 i x x X 

i 
3t07 j HCS17800 t Cal Devices 

2025 74 x I x x 2.5 to 5.5 BA2000 fAMI (4619) 
2508 : 84 ! x I X x ! 2.510 5.5 I BA2500 fAliI (4619) 55 

I I I I ! ; I (Continued) 
.. t MIlitary Temperature Range (- 55° to 125°C) • Typical Value 

81 ... facelldlealta 1 .... " ... 1"'11 Is ,...vl ...... till pa ....... 
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CUSTOM/SEMICUSTOM-Gate Arrays (Cont'd) 

Internal Toggle No. InpuUOutput Cells InpuUOutput Compatibility 
Gate Fre- Equiv. Un- Supply 
Delay quency 2-lnput Input Output com- TTL- Voltage 
ns(max) MHz Type Gates Only Only mitted CMOS lS TTL ECl V Comments Device Source Line 

Gate Array. (Cont'd) 

3.0 I (Cont'd) 
30 CMOS 1000 62 X X X 2.5 to 5.5 GA1000D tAMI (4619.4619) 

2070 84 X X X 2.5 to 5.5 BA20000 tAMI (4611.4619) 

3080 102 X X X 2.5 to 5.5 BA30000 tAMI (4619) 

4012 120 X X X 2.5 to 5.5 GA40000 tAMI (4619) 

4995 134 X X X 2.5 to 5.5 GA50000 tAMI (4619) 5 

35 CMOS 400 40 X X X 3t08 SGA04 t MicroTech 

600 48 X X X 3t08 SGA06 t MicroTech 

1000 58 X X X 3to 8 SGA10 t MicroTech 

1500 72 X X X 3t08 SGA15 t MicroTech 

2000 82 X X X 3to 8 SGA20 t MicroTech 10 

3000 110 X X X 3t08 SGA30 t MicroTech 

4000 120 X X X 3t08 SGA40 t MicroTech 

5000 138 X X X 3t08 SGA50 t MicroTech 
Q) 6000 168 X X X 3t08 SGA60 t MicroTech 
0 
:::J 50 ECl 533 26 27 X X 5 Macrocell array MCA500ALS M.leroll (4797) 15 

:!) 26 27 X X 5 Macrocell array MCA400AlS National 

c: 1280 40 40 X X 5 Macrocell array MCA1300ALS M.I ... III (4797) 

0 40 40 X X 5 Macrocell array MCA1300AlS National 
+-' 85 CMOS 648 56 X X X 5 HGA-COO6OO t H.rrl, (4740) () 
Q) 1296 80 X X X 5 HGA-C01200 t Harris (4740) 20 
Q) 2520 102 X X X 5 HGA-C02500 t Harris (4740) rn 

CMOS 
~ 

100 6000 120 X X X 3t07 ClA4000 Plessey 

Q) 125 TIL 1000 76 X X 5,2.5 RT07SO FaiMIII (4634) 
+-' en 130 ECl 300 36 20 X -5.2 SC02000l t Plessey as 
~ 3.2 55 1St 836 48 x x 5,1.8 Gate delay 2.3 ns max with 

I 
active pull-up CGA8L48 tRa,. ... 

(508.4822) 25 

1196 I 
I 

60 I 
I 

X 

I 
x 

I 
5,1.8 I Gate delay 2.3 ns max with 

I ! 
active pull-up CGA12L60 tRa,..... 

i (508.4822) 

1620 ! I I 68 I I X ! X 
5,1.8 I Gate delay 2.3 ns max with 

~ 
I I I , active pull-up CGAl6L68 t .. ,.... 

i i i i (SOU822) 

! 1984 I 
I ! 

76 I x x 5,1.8 Gate delay 2.3 ns max with ;; i active pull-up CGA2OL76 tRa,.. 
I I 

! 
(508.4822) 

2376 84 X X 5,1.8 Gate delay 2.3 ns max with 
;: active pull-up C8A24L84 tRawlHu 

~ 
(501.4822) 

3.5 20 CMOS 500 44 x X x 4to6 50500B GTEMicro 30 

~ .1000 54 x X X 4t06 51000B GTEMicro 

~ 1500 68 x X X 4t06 515008 GTEMicro 

" 
2000 78 x x x 4t06 520008 GTE Micro 

50 CMOS 150 32 x X X 3t07 AT-HSD-15O t ArrayTech 

~ 250 18 12 32 X x x 3t07 AT-HSD-250 t ArrayTech 35 

350 36 x x x 3t07 AT-HSO-35O t ArrayTech 

550 48 X x x 3to 7 AT-HSO-550 t ArrayTech 

750 54 x x x 3t07 AT-HSD-75O t ArrayTech 

1000 62 X X x 3t07 AT-HSO-1000t ArrayTech 

1200 68 x x x 3t07 AT-HSD-1200t ArrayTech 40 

1500 76 x x X 3t07 AT-HSO-1500t ArrayTech 

1800 82 X x x 3t07 AT-HSO-18OOt ArrayTech 

ISL 836 I 48 I X X I 5.1.8 Gate delay 2.3 ns max with I 
active pull-up CGASl48 t Raytheon 

I 1196 60 x x 5,1.8 Gate delay 2.3 ns max with 
active pull-up CGA12l60 t Raytheon 

1620 68 X x 5,1.8 Gate delay 2.3 ns max with 
active pull-up CGA16l68 t Raytheon 45 

(Continued) 

t Military Temperature Range (- 55° to 125°C) * Typical Value 
.1111 IICllliliaiu .1111111 •• 1 1II .. la ,rlllll'" •• I ............ . 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM-Gate Arrays (Cont'd) 

Internal Toggle Nc, Input/Output Cells Input/Output Compatibility 
Gate Fre- Equiv, Un- SUpply 

Delay quency 2-lnput Input Output com- TTl- Voltage 
ns(max) MHz Type Gates Only Only mitted CMOS lS TTL ECl V Comments Device Source . Line 

OateArray. I (Cont'd) 

3.5 50 ISL (Cont'd) 

1984 76 X ' X' 5,1.8 Gate delay 2.3 ns max with 
active pull-up CGA20L76 t Raytheon 

2376 84 X x 5,1.8 Gate delay 2.3 ns max with 
/ active pull-up CGA24L84 t Raytheon 

66 CMOS 648 37 x x x 4t06 SCX6306 National 

1260 17 42 x x x 4t06 SCX6312 National 

2385 55 56 x x x 4t06 SCX6324 National 5 

2430 12 76 x x x 4t06 SCX6325 National 

4860 54 54 x x 4t06 SCX6348 National 

6090 66 88 x x 4t06 SCX6360 National 

75 CMOS 648 56 x x x 5 HGA-COO600 t Harris (4740) 

1296 80 x x x 5 HGA-C01200 t Harris (4740) 10 

2520 102 x x x 5 HGA·C02500 t Harris (4740) 

80 STl 540 (76) (38) 76 x 5,2 TATOfM tn. (538.4894) I, 
1008 (104) (52) 104 x 5,2 TATOO8 t n (538.4894) 

3.5* .25 CMOS 30G 1 37 x x x 3t07 HCS3100 T lialuevlCes 

400 1 43 x x x 3107 HCS4100 t Cal Devices 15 

500 46 x x x 2.5 to 5.5 - BA500 tAMI (4619) 

540 1 49 x x x 3107 HCS5400 t CalDevices 

770 1 59 x x x 3107 HCS7700 t CalDevices 

1000 1 67 x x x 3t07 HCS10000 t CalDevices 

3.6 100 TTL-LS 1000 66 52 x x 5 I'PB6110 NEC 20 

3.8 75 CMOS 8000 160 x I x I 5 I C8000VH FilII •• (4640) 

4.0 12 CMOS 330 38 x x x 2106 SCC0335H SI .... lcs (4866) 

448 I 26 X x x 2 t06 ISCC0455H Slgn.tlcs (4866) 

704 38 x x x 31015 SCC0705H Slgl.llcs (4866) 

1106 I 
66 

I I I 
2 to 6 I ISCCll05H Slplllcs (4866) 25 I x , x X I I I 

15 CMOS 500 50 x x x 5 HD61J Hitachi 

1000 68 x x x 5 HD61K Hitachi 

1600 68 x x x 5 HD61L Hitachi 

2500 104 x x x 5 OptiOnal256-bit RAM HIT Hitachi 

20 CMOS 504 38 x x x 0.5 to 7 Interchip 50 t IntMicCir 30 
960 48 x x x 0.5 to 7 Interchip 100 t IntMicCir 

1444 62 x x x 0.5t07 Interchip 150 t IntMicCir 

2000 (76) (76) x x x 3 to 6.5 MA4200 t Mitel 

25 ISL 1192 36 x x 5,1.5 1A1200 tSI_cs (4834) 

60 x x 5,1.5 1A1260 tSiplllcs 
(527.4844) 35 

1472 42 x x 5,1.5 BAl542 tSlltlllcs 
(527.4848) 

1620 64 x x 5,1.5 BAl664 tSIgHUcs 
(527.4852) 

1740 64 x x 5,1.5 BAl864 tSlplllcs 
(527.4853) 

2088 76 x x 5,1.5 8A2176 tSItMIlcs 
(5!7 ... ·~) 

35 CMOS 4104 118 x x x 5 I'PD65040 NEC 40 
6528 134 x x x 5 I'P06506O NEC 

11250 172 x x x 5 1'P0651OO NEe 
38 CMOS 135 32 x x x 3to 10 870090 t .... lcCIr (4747) 

300 40 x x x 3to 10 670200 tllalcClr (4747) 
375 40 x x x 3tol0 870250 t IItIIIlcClr (4747) 45 

540 52 x x x 3to 10 670360 t IltlMlcClr (4747) 

735 58 x x x 3to'1O 670490 tlll~1r (4747) 

960 68 x x x 3 to 10 870640 t IIIIIIIcCIr (4747) 

1215 76 x 'x x 3to 10 870810 t .. 1llllcC1r (4747) 

1500 84 x x x 3to 10 871000 tllllMlcClr (4747) 50 
i i I I I (Continued) 

t MIlItary Temperature Range (- 55° to 125°C) • Typical Value 
lIIII ... iMlcates ..... UtIli IIf'RNM • 1M II1III11III. 
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CUSTOM/SEMICUSTOM-Gate Arrays (Cont'd) 
Internal Toggle No. InpuUOutput Cells InpuUOutput Compatibility 
Gate Fre- Equiv. un- SUpply 
Delay quency 2-lnput Input Output com- TTl- Voltage 
ns(max) MHz Type Gates Only Only mitted CMOS lS TTL ECl V Comments 

Gate Arrays 

4.0 38 CMOS 
1740 64 x x x 3 to 10 

2160 100 x x x 3to 10 

2646 84 x x x 3to 10 

2940 116 x x x 3to 10 

3360 68 x x x 3to 10 

4185 84 x x x 3to 10 

5250 106 x x x 3to 10 

7650 100 x x x 3 to 10 

4.2 38 CMOS 500 3 40 x x x 3to 10 

1000 3 65 x x x 3to 10 

1500 3 75 x x x 3to 10 

2000 3 90 x x x 3to 10 

55 CMOS 440 54 x x 5 

no 46 x x 3 to 10 

1275 64 x x 5 

2000 72 x x 5 

3900 72 x x 5 

100 CMOS 1000 76 x x x 5,2 

4.4 30 CMOS 360 36 x x x 3to 14 

36 x x x ·3to 14 

540 48 x x x 3to 14 

48 x x x 3to 14 

720 

I I I 
54 

I 
x 

I 
x 

I 
x 

I I 
3to 14 

I 54 x x x 3to 14 
·960 62 x x x 3to 14 

62 x x x 3 to 14 

1200 68 x x x 3 to 14 

68 x x x 3to 14 

1500 70 x x x 3to 14 

70 x x x 3to 14 

1800 82 x x x 3to 14 

82 x x x 3to 14 

2400 82 x x x 3to 14 

82 x x x 3to 14 

80 CMl 500 38 x x x x 3.5 to 5.5 3OO/LW/gate 

38 x x x x 3.5 to 5.5 3OO/LW/gate 

900 48 x x x x 3.5 to 5.5 3OO/LW/gate 

48 x x x x 3.5 to 5.5 3OO/LW/gate 

1200 52 x x x x 3.5 to 5.5 3OO/LW/gate 

52 x x x x 3.5 to 5.5 3OO/LW/gate 

1600 62 x x x x 3;5 to 5.5 3OO/LW/gate 

62 x x x x 3.5 to 5.5 3OO/LW/gate 

1800 64 x x x x 3.5 to 5.5 3OO/LW/gate 

64 x x x x 3.5 to 5.5 3OO/LW/gate 

2000 72 x x x x 3.5 to 5.5 3OO/LW/gate 

72 x x x x 3.5 to 5.5 3OO/LW/gate 

2400 80 x x x x 3.5 to 5.5 3OO/LW/gate 
~ 

80 x x x x 3.5 to 5.5 3OO/LW/gate 

3000 82 x x x x 3.5 to 5.5 3OO/LW/gate 

82 x x x x 3.5 to 5.5 3OO/LW/gate 

4000 118 x x x x 3.5 to 5.5 3OO/LW/gate 

118 x x x x 3.5 to 5.5 3OO/LW/gate 

t Military Temperature Range ( - 55 0 to 125 DC) • TYPIcal Value 
B.I~ tlCI "~ICltes .~III .. 1 ~.tlis ".'I~ •• 'n ,. ......... 

4484 

Device Source Line 

(Cont'd) 

(Cont'd) 
891160 tllllllcClr (4747) 

871440 tllllMlcClr (4747) 

691764 tllUMlcClr (4747) 

671960 t 1IIIIIcCIr (4747) 

892240 tllllllcClr (4747) 5 

692780 t IntlMicCir (4747) 

693500 t 1IIIIIcCIr (4747) 

695100 t IltlMlcClr (4747) 

D05 tBin. (4626) 

1&410 tBin. (4626) 10 

1&415 tBln. (4626) 

1&420 tBin. (4626) 

C440H Fljlhl (4639) 

C77QH FII!'II (4639) 

C1275H FIIIIII (4639) 15 

C2000H FIIIIII (4639) 

C3900H Fljltll 
(4639,4640) 

CT0750 t Fairchild 

IS05A t Sillconix 

IS05A tUII,...1 (4930) 20 

IS05B fSiticonix 

1S051 tUII,...1 (4930) 

IS05C t Siliconix 

IIS05C tUII,...1 (4930) 

IS05D t Siliconix 25 

IS05D tlll..-sli (4930) 

IS05E t Siliconix 

IS05E tUI..-sI1 (4930) 

IS05F t Siliconix 

IS05F tUIIIIWIII (4930) 30 

IS05G t Siliconix 

ISose tlll""'l (4930) 

IS05H t Siliconix 

IS05" tUII, ... 1 (4930) 

ULA5RA t Ferranti 35 

UlA5RA t Interdesign 

ULA9RA t Ferranti 

ULA9RA t Interdesign 

ULA12RA t Ferranti 

ULA12RA t Interdesign 40 

UlA16RA t Ferranti 

ULA16RA t InterdeSign 

ULA18RA t Ferranti 

UlA18RA t Interdesign 

UlA20RA t Ferranti 45 

UlA20RA t Interdeslgn 

ULA24RA t Ferranti I 
UlA24RA t Interdeslgn 

ULA30RA t Ferranti 

ULA30RA t Interde$ign 50 

ULA40RA t Ferranti 

UlA40RA t Interdeslgn 

e IC MASTER 1984 



MASTER SELECTION GUIDE 

CUSrOM/SEMICUSTOM-Gate Arrays (Cont'd) 

Internal Toggle No. InpuUOutput Cells InpuUOutput Compatibility 

I Gate Fre- EQuiv. Un- Supply 

Delay quency 2-lnput Input Output com- TTL- VoHage 
lDeVice ns(max) MHz Type Gates Only Only mitted CMOS LS TTL ECL V Comments Source line 

" 

Gate Arrays (Cont'd) 

4.5 25 CMOS 48 14 16 x x x 3t07 8P7000 f8PI (4826) 

80 16 20 x x x 2t07 8P7001 f8P1 (4826) 

150 16 24 x x x 2t07 8P7002 f8PI (4826) 

300 22 44 x x x 2 to 7 8P7003 UPI (4826) 

34 44 x x x 2 to 7 8P7004 UPI (4826) 5 

544 30 56 x x x 2t07 8P7005 f8PI (4826) 

1000 40 76 x x x 2 to 7 . 8P7010 f8PI (4826) 

72 84 x x x 3t07 8P7210 8PI (4826)· 

30 CMOS 400 40 x x x 5 CMA2004 fCMA (4630) 

800 60 x x x 5 CMA2008 fCMA (4630) 10 

1100 68 x x x 5 CMA2011 fCMA (4630) 

1500 80 x x x 5 CMA2015 fCU (4630) 

2400 I ! I 110 I x I x I x I 1 
5 

1256 equiv. 3-input gates 

ICMA2024 . fCMA (4630) 

70 TIl-lS 256 6 32 x i x 5 j1'PB6101 NEC (4804)1 
598 12 52 x x 598 equiv. 3-input gates I'P861 02 NEC (4804) 15 

80 CNtl 500 38 x x x x 3.5 to 5.5 3OO~W/gate IUlASRA f Ferranti 

! 38 x x j x x 3.5 to 5.5 3OO~W/gate UlA5RA f Interdesign 

900 48 x x x x 3.5 to 5.5 3OO~W/gate ULA9RA t Ferranti 

48 x x x x 3.5 to 5.5 3OO~W/gate .UlA9RA t Interdesign 

1200 52 x x x x 3.5 to 5.5 3OO~W/gate ULA12RA t Ferranti 20 

52 x x x x 3.5 to 5.5 3OO~W/gate UlA12RA t Interdesign 

1600 62 x I x I x I x 3.5 to 5.5 3OO~W/gate UlA16RA t Ferranti 

I I 62 x I x x i x I 3.5 to 5.5 3OO~W/gate UlA16RA t Interdesign 

1800 64 x I x I x I x I 3.5 to 5.5- 3OO~W/gate UlA18RA t Ferranti 

I 3.5 to 5.5 
I 

3OO~W/gate ULA18RA t Interdesign 25 64 x x x x 

2000 I 72 I x I x I x I x I 3.5 to 5.5 300~W/gate UlA20RA t Ferranti 

72 x x x x 3.5 to 5.5 3OO~W/gate UlA20RA t Interdesign 

2400 80 x x x x 3.5 to 5.5 3OO~W/gate UlA24RA t Ferranti 

80 x x x x 3.5 to 5.5 3OO~W/gate UlA24RA t Interdesign 

3000 82 x x x x 3.5 to 5.5 3OO~W/gate ULA30RA t Ferranti 30 

82 x x x x 3.5 to 5.5 3OO~W/gate UlA30RA t Interdesign 

4000 118 x x x x 3.5 to 5.5 3OO~W/gate UlA40RA t Ferranti 

118 x x x x 3.5 to 5.5 3OO~W/gate ULA40RA t Interdesign 
-

4.6 15 CMOS 504 (38) (38) x x x 3t06.5 MA5050 t Mitel 

960 (48) (48) x x x 3 to 6.5 MA5100 t Mitel 35 

1444 (62) (62) x x x 3t06.5 MA5150 t Mitel 

5.0 20 CMOS 252 38 x x x 3 to 10 SG250 t MicroTech 

300 16 34 x x x 5 to 10. to 200 16 push-pull outputs, ± 15 
mA.200 V. TMG5002 Telmos 

405 40 x i x x 3 to 10 SG400 t MicroTech 

605 48 x 1 x x I I 3to 10 SG600 t MicroTech 40 

798 54 x i x x 3to 10 SG800 t MicroTech 

1012 58 x x x 3to 10 SGl000 t MicroTech 

1250 66 x I 
X x 3to 10 SG1250 t MicroTech 

1510 72 x x x 3 to 10 SG1500 t MicroTech 

1980 82 x x x 3 to 10 862000 t MicroTech 45 

25 CMOS 880 66 x x x 3t06 LL5080 fLSlLlllc (4762) 

1404 84 x x x 3t06 LL5140 fLSlL. (4762) 

2224 106 x x x 3t06 LL5220 fLSlLeglc (4762) 

3192 130 x x x 3t06 LL5320 fLSlLlllc (4762) 

4202 148 x x x 3t06 LL5420 fL81Llllc (4762) 50 

6000 172 x x x 3t06 LL5600 fLSlLlllc (4762) 

ITl-lS 320 28 x 5 TAL002 n (4887) 

500 42 x 5 TALOO4 n (4887) 
I I I I I (Continued) 

t Military Temperature Range (-55° to 125°C) * Typical Value 
B .... flee IBlelta .Ulllllllatiis ,""II1II.'" ..... 11l1li. 
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CUSTOM/SfEMICUSTOM-Gate Arrays (Cont'd) 

Internal Toggle No. Input/Output Cells Input/Output Compatibility 
Gate Fre- Equiv. Un- Supply 
Delay quency 2-lnput Input Output com- TTL- Voltage 
ns (max) MHz Type Gates Only Only mitted CMOS lS TTL ECl V Comments 

Gate Arrays 

5.6 25 
CMOS 840 40 x x x 3to 7 

CMOS 1440 52 x x x 3to 7 

CMOS 2400 64 x x x 3to7 

30 CMOS 150 32 x x x 3to 14 

250 18 12 32 x x x 3to 14 

350 36 x x x 3to 14 

550 48 x x x 3to 14 

750 54 x x x 3to 14 

1000 62 x x x 3to 14 

1200 68 x x x 3to 14 

1500 76 x x x 3to 14 

1800 82 x x x 3to 14 

33 CMOS 500 3 40 x x _ x 3 to 10 

1000 3 65 x x x 3to 10 

1500 3 75 x x x 3 to 10 

2000 3 90 x x x 3to 10 

40 CMOS 725 58 x 5 

953 70 x· 5 

1133 78 x 5 

1313 86 x 5 

50 CMOS 600 38 x x x 5 

648 2 35 x x x 3t06 

725 58 x 4to 10 

1200 17 42 x x x 3t06 

1313 

I I I 
86 

I 
x 

I I I I 
4to 10 

I 1440 64 x x x 5 

1920 96 5 X X X 

2295 55 56 x x x 3t06 

4200 80 x x x 3t07 

4860 53 54 x x x 3 to 6 

5.0· 15 CMOS 504 38 x x x 3t06.5 

960 48 x x x 3t06.5 

1440 62 x x x 3t06.5 

6· 25 CMOS 1200 64 x x x 5 

6.0 12 CMOS 408 34 x x x 3ta9 

756 44 x x x 3t09 

1500 62 x x x 3t09 

2001 70 x x x 3t09 

15 CMOS 324 30 x x x 3t06 

560 38 x x x 3t06 

960 50 x x x 3t06 

1440 62 x x x 3t06 

2014 74 x x x 3t06 

20 ISL 1192 36 x x 5,1.5 

60 x x 5,1.5 

1472 42 x x 5,1.5 

1620 64 x x 5,1.5 

1740 64 x x 5,1.5 

2088 76 x x 5,1.5 

25 CMOS 427 2 34 x x x 5 

500 3 40 x x x 3lo 10 

858 48 x x x 5 

1000 3 65 x x x 3to 10 

1368 62 x x x 5 

1500 3 75 x x x 3to 10 

t lilitary Temperature Range (-55° to 125°C) • Typical Value 
Bellllu.llilialts ••• 1111111 allis .rtvl ...... I ...... lellil. 

4166 

Device Source line 

(Cont'd) 

(Cont'd) 
CLA21 00 tP11SIIY (4819) 

CLA2300 tP11SIIY (4819) 

CLA2500 t Plasll (4819) 

AT-D-15O t ArrayTech 

AT-D-25O t ArrayTech 5 

AT-D-35O t ArrayTech 

AT-D-550 t ArrayTech 

AT-D-75O t ArrayTech 

AT-D-1000 t ArrayTech 

AT-D-12oo t ArrayTech 10 

AT-D-15OO t ArrayTech 

AT-D-l800 t ArrayTech 

BC405 t Barvon 

BC410 t Barvon 

BC415 t Barvon 15 

BC420 t Barvon 

PA40650 tlCA (4824) 

PA40850 tlCA (4824) 

PA41000 tlCA (4824) 

PI41200 tlCA (4824) 20 

7CL t STC 

HCA6306 t Motorola 

'160650 tICA (4124) 

HCA6312 t Motorola 

PI61200 tICA (4824) 25 

17CM tSTC 
.J..t"TI\ I"" 1,;)1" 

HCA6324 t Motorola 

CLA3000 tPllssly (4819) 

HCA6348 t Motorola 30 

50500A GTEMicro 

51000A GTEMicro 

51500A GTEMlcro 

TAC020 TI 

I6C10408 tllllnll (4751) 35 

I8C10756 tlllln" (4751) 

16C115OO tllllnli (4751) 

IGC12001 t Intersil (4751) 

LAD3 tGI 

LA05 t GI 40 

LA 10 tGI 
LA15 tGI 
LA20 t GI 

8A1200 t Signetics 

8A1260 t Signetics 45 
8Al542 t Signetics 

8Al664 t Signetics 

8Al864 t Signetics 

8A2176 t Signetics 

~PD65003 IEC (4809) 50 

1C505 tBlnll (4626) 

~PD65oo2 IEC (4809) 

BI:51 0 BIn. (4626) 

~PD65010 IEC (4809) 

1C515 tBln .. (4626) 55 
(Continued) 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM-Gate Arrays (Cont'd) 

Internal Toggle No. InpuUOutjlllt Cells InpuUOutpllt Compatibility 

Gate Fre- Equiv. Un- Supply 

Delay quency 2-lnput Input Output com- TTl- Voltage 

ns(maxl MHz Type Gates Only Only mitted CMOS lS TTL ECl V Comments Device Sour~e Line 

Gate Arrays I (Cont'd) I 
6.0 25 CMOS (Cont'd) 

2000 3 90 X X X 3to 10 8C520 tBarvol (4626) 

2112 78 x x x 5 IlP065020 NEC (4809) 

6.5· - CMOS 200 26 x x 5 208 equiv. 3-input gates 8200 fliitn (4637) 

6.7 50 CMOS 640 38 x x x 5 MKA300 f Mostek 

2048 92 x x x 5 MKA102A t Mostek 5 

3680 130 x x x 5 MKAl840 t Mostek 

5376 138 x x x 5 MKA2688 t Mostek 

7.0 10 CMOS 1250 80 x x x 5 XRCSD f Exar 

7.2 27 CMOS 500 3 40 x x x 3to 10 BC505 t Barvon 

1000 3 65 x x x 3to 10 BC520 t Barvon 10 

1500 3 75 x x x 3to 10 BC515 t Barvon 

2000 3 90 x x x 3to 10 BC520 f Barvon 

8.0 10 NMOS 370 2 16 x 5 Logic array WD1820 Western 

1760 3 35 x 5 Logic array with PLA . WD1828/40 Western 

(4824) 115 20 CMOS 168 20 x j I 3to 12 I MAl0150 tlCA 

182 20 x 4to 10 MA60150 tlCA (4824) 

276 24 x 3 to 12 1lA1625O tICA (4824) 

300 24 x 1lA6025O fICA (4824) 

317 30 x 5 I P120254 tlCA (4824) 

400 48 x 3to 12 MAl 0350 tlCA (4824) 20 

452 32 x 4to 10 I MA60400 fICA (4824) 

517 46 x 5 
I 

P120450 tlCA (4824) I 

576 I 64 I x I I I 3to 12 
I 

MAl 0500 tICA (4824) 

632 
I 

32 ' x 
, I I 4to 10 

I 
IMI60550 tlCA (4824) 

725 58 x 5 P130650 tICA (4824) 25 

848 I 32 I x I i 
, I 4to 10 I IMA60800 tlCA (4824) 

953 70 x I 5 PI20850 tlCA (4824) 

1313 78 x 5 PI21 000 tlCA (4824) 

33 CMOS 300 38 x x x 11012 TM4030 f Telmos 

338 8 37 x x x 5 to 10, to 300 40 dedicated flip-flops, 8 
300V transistors TM5001 t Telmos 30 

400 44 x x x 1 to 12 - TM4040 f Telmos 

540 50 x x x Ho 12 TM4054 f Telmos 

770 60 x x x 1 to 12 TM4077 t Telmos 

1000 68 x x x 1 to 12 TM4100 tTelmos 

1260 76 x x x 1to 12 TM4126 tTelmos 35 

40 CMOS 150 29 x x x 2t07 MPE Interdesign 

510 54 x x x 2t07 MPI t Iltnesl,1 (4746) 

1000 73 x x x 2t07 MPI tlltftlSlga (4746) 

1500 89 x x x 2t07 .PC t Iltnesl,1 (4746) 

2000 122 x x I x 2 to 7 MPO fllllrHsl,1 
(4746,4747) 40 

8.4 35 CMOS 770 46 x x x 5 C770 Fujitsu 

1275 64 x - x x 5 C1275 Fujitsu 

2000 
I I ; 72 x x x 5 C2000 Fujitsu 

3900 i 72 x x x 5 C3900 FIIIIISI (4640) 
9.0 15 CMOS 272 32 x x x' 3t06 LL3020 tLSltllk (4762) 45 

342 36 x x x 3t06 LL3030 tLSllIliC (4762) 

420 40 x x x 3t06 LL3040 tLSlLegic (4762) 

600 48 x x x 3t06 LL3060 tLSlLlllc (4762) 

812 56 x x x 3 to 6 LL3080 tLSILlllc (4762) 

1056 54 x x x 3t06 LL311 0 tLSlL .. lc (4762) 50 

1332 72 x x x 3t06 LL3130 tLSIL .. lc (4762) 

1722 82 x x x 3t06 LL3170 tLSILoglc (4762) 

2162 92 x x x 3t06 Ll3210 tLSlLlllc (4762) 

2550 I I I 100 I x I x I x I 3ta6 I LL3250 tLSlLlllc (4762) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
BIh1lacalHlCltu .INIURlIUII II JlRvNIII .... ,. ....... 
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CUSTOM/SEMICUSTOM-Gate Arrays (Cont'd) 

Internal Toggle No. Input/Output Cells Input/Output Compatibility 
Gate Fre- Equiv. Un- Supply 
Delay quency 2-lnpul Input Output com- TTl- Voltage 
ns(max) MHz Type Gates Only Only mitted CMOS lS TTL ECl V Comments 

Gate Arrays 

10 8 CMOS 153 30 x x x 1.5 to 18 4 dedicated flip-flops 

384 44 x x x 1.5 to 18 16 dedicated flip-flops 

490 48 x x x 1.5 to 18 32 dedicated flip-flops 

1020 68 x x x 1.5 to 18 60 dedicated flip-flops 

10 CMOS 300 1 37 x x x 2.7 to 12 

400 1 43 x x x 2.7 to 12 

540 1 49 x x x 2.7 to 12 

770 1 59 x x x 2.7 to 12 

1000 1 67 x x x 2.7 to 12 

1260 1 75 x x x 2.7to 12 

15 CMOS 560 38 x x x 3to 8 

960 50 x x x 3to 8 

1440 62 x x x 3to 8 

2014 74 x x x 3to 8 

10.0 20 CMOS 560 38 x x x 3t07 

CMOS 964 50 x x x 3to 7 

CMOS 1400 62 x x x 3 to 7 

12 6 CMOS 300 1 37 x x x 3to 10 

400 1 43 x x x 3to 10 

540 1 49 x x x 3to 10. 

770 1 59 x x x 3to 10 

1000 1 67 x x x 3to 10 

1260 1 75 x x x 3to 10 

20 CML 2000 64 x x x x 3.5 to 5.5 250 /LW/gate 

64 x x x x 3.5 to 5.5 250 /LW/gate 

2400 68 x x X I x 3.5 to 5.5 250 /LW/gate 

68 x x x x 3.5 to 5.5 250/LW/gate 

12.7 20 CIIL 500 38 x x x x 3.5 to 5.5 100/LW/gate 

38 x x x x 3.5 to 5.5 1OO/LW/gate 

900 48 x x x x 3.5 to 5.5 loo/LW/gate 

48 x x x x 3.5 to 5.5 100 /LW/gate 

1200 
I 

52 x x x i x j 3.5 to 5.5 1100 /LW/gate 

52 x x x x 3.5 to 5.5 100 /LW/gate 

1600 62 x x x ! x i 3.5 to 5.5 1100 /LW/gate 

62 x x x x 3.5 to 5.5 loo/LW/gate 

1800 64 x x x x 3.5 to 5.5 l00/LW/gate 

64 x x x x 3.5 to 5~5 100 /LW/gate 

2000 I 72 x x x I x 3.5 to 5.5 loo/LW/gate 

72 x x x x 3.5 to 5.5 lOO/LW/gate 

2400 80 x x x x 3.5 to 5.5 l00/LW/gate 

80 x x x x 3.5 to 5.5 100/LW/gate 

3000 82 x x x x 3.5 to 5.5 loo/LW/gate 

82 x x x x 3.5 to 5.5 loo/LW/gate 

4000 118 x x x x 3.5 to 5.5 l00/LW/gate 

118 x x x x 3.5 to 5.5 l00/LW/gate 

13 5 CMOS 50 22 x x x 3to 15 

112 32 x x x 3to 15 

162 38 x x x 3to 15 

216 44 x x x 3to 15 

224 53 x x x 3to 15 32 dedicated flip-flops 

272 69 x x x 3to 15 72 dedicated flip-flops 

464 69 x x x 3to 15 24 dedicated /iip-flops 

13.6 20 CMl 500 38 x x x x 3.5 to 5.5 100/tW/gate 

38 x x x x 3.5 to 5.5 l00/LW/gate 

900 48 x x x x 3.5 to 5.5 100/LW/gate 

48 x x x x 3.5 to 5.5 loo/tW/gate 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bol. lu. 1 •• lct'" ••• 111 .. 1 .... Is pnvldlll II til. p ..... t •. 

4468 

Device Source Line 

(Cont'd) 

HI3600 tHoli (4745) 

HI3900 tHolt (4745) 

HI3100 tHolt (4745) 

HI3300 tHolI (4745) 

UA-l tAMI (4619) 5 

UA-2 tAMI (4619) 

UA-3 tAMI (4619) 

UA-4 tAMI (4619) 

UA-5 tAMI (4619) 

UA-6 tAMI (4619) 10 

MA8505 t CirTech 

MA8510 t CirTech 

MA8515 t CirTech 

MA8520 t CirTech 

CLA1000 tPlusay (4819) 15 

CLA1200 tPlus., (4819) 

CLA1500 tPIIIII, (4819) 

LC31 00 tLSILoDlc (4762) 

LC4100 tLSILoglc (4762) 

LC5400 tLSILoglc (4762) 20 

LC7700 tLSIL'Dlc (4762) 

LC10000 tLSILoglc (4762) 

LC12600 tLSILoDlc (4762) 

ULA9C t Ferranti 

ULA9C t Interdesign 25 

ULA12C t Ferranti 

ULA12C t Interdesign 

ULA5RB t Ferranti 

ULA5RB t Interdesign 

ULA9RB t Ferranti 30 

ULA9RB t Interdesign 

ULA12RB t Ferranti 

ULA12RB t Interdesign 

ULA16RB t Ferranti 

ULA16RB t Interdesign 35 

ULA18RB t Ferranti 

ULA18RB t Interdesign 

ULA20RB t Ferranti 

ULA20RB t Interdesign 

ULA24RB t Ferranti 40 

ULA24RB t Interdesign 

ULA30RB t Ferranti 

ULA30RB t Interdesign 

ULA40RB t Ferranti 

ULA40RB t Interdesign 45 

TM3050 t Telmos 

TM3100 t Telmos 

TH3150 t Telmos 

TM3200 t Telmos 

TM3350 t Telmos 50 

TM3600 t Telmos 

TM3500 t Telmos ! 

ULA5RB t Ferranti 

UlA5RB t Inter design 

ULA9RB t Ferranti 55 

UlA9RB t Interdesign 
(Continued) 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM-Gate Arrays (Cont'd) 

Internal Toggle No. Input/Output Cells Input/Output CompatibilitY I Gate Fre- Equiv. Un- Supply 

Delay quency 2-lnput Input Output com- TIl- Voltage I Device ns(max) MHz Type Gates Only Only mitted CMOS lS TIL ECl V Comments Source Line 

Gate Arrays (Cont'd) 

13.6 20 CML 
- (Cont'd) 

1200 52 x x x x 3.5 to 5.5 100 pW/gate ULA12RB t Ferranti 

52 x x x x 3.5 to 5.5 100pW/gate ULA12RB t Interdesign 

1600 62 x x x x 3.5 to 5.5 100pW/gate ULA16RB t Ferranti 

62 x x x x 3.5 to 5.5 100pW/gate UlA16RB t Interdesign 

1800 64 x x x x 3.5 to 5.5 100pW/gate ULA18RB t Ferranti 5 

64 x x x x 3.5 to 5.5 100pW/gate ULA18RB t Interdesign 

2000 72 x x x x 3.5 to 5.5 100pW/gate ULA20RB t Ferranti 

72 x x x x 3.5 to 5.5 100pW/gate UlA20RB t Interdesign 

2400 80 x x x x 3.5 to 5.5 100pW/gate ULA24RB t·Ferranti 

80 x. x x x 3.5 to 5.5 100pW/gate ULA24RB t Interdesign 10 

3000 82 x x x x 3.5 to 5.5 100pW/gilte ULA30RB t Ferranti 

82 x x x x 3.5 to 5.5 100pW/gate ULA30RB t Interdesign 

4000 118 x x x x 3.5 to 5.5 100ltW/gate ULA40RB t Ferranti 

lis! 118 x x x x 3.5 to 5.5 100pW/gate ULA40RB t Interdesign 

14 20 CML 450 39 x I x x x 3.5 to 5.5 250 "W/gate ULA2C t Ferranti 

39 x x x x 3.5 to 5.5 250pW/gate ULA2C t Interdesign 

900 48 x x x x 3.5 to 5.5 250pW/gate UlASC t Ferranti 

48 x x x x 3.5 to 5.5 250pW/gate ULASC t Interdesign 

15 12l 1120 96 x x x SIP98700 fTl (538) 

2120 140 x x x SBP96600 fTl (531) 20 

2 CMOS 80 28 x x x 3 to 15 606 t MicroTech 

160 

I I ! 
38 

I 
x 

I 
x 

I 
x 

I I 
3to 15 

I 
1616 t MicroTech 

320 48 x x x 3 to 15 
1
626 t MicroTech 

480 62 x x x 3to 15 ;636 t MicroTech 

1000 72 x x x 3to 15 646 t MicroTech 25 

NMOS 120 ' I , 
28 x J ; 5t07 r 12 dedicated flip-flops 707 t MicroTech 

240 i 40 x 5t07 24 dedicated flip-flops 717 t MicroTech 

400 50 x 5t07 40 dedicated flip-flops 727' t MicroTech 

560 51 x 5t07 50 dedicated flip-flops 737 t MicroTech 

20 CML 454 39 x x x x 3.5 to 5.5 250pW/gate ULA2C t Ferranti 30 

39 x x x x 3.5 to 5.5 250pW/gate ULA2C t Interdesign 

900 48 x x x x 3.5 to 5.5 250I'W/gate ULASC t Ferranti 

48 x x x x 3.5 to 5.5 250I'W/gate ULASC t Interdesign 

2000 64 x x x x 3.5 to 5.5 250pW/gate ULA9C t Ferranti 

64 x x x x 3.5 to 5.5 250pW/gate ULA9C t Interdesign 35 

2400 68 x x x x 3.5 to 5.5 250I'W/gate ULA12C t Ferranti 

68 x x x x 3.5 to 5.5 250I'W/gate ULA12C t Interdesign 

16 6· CMOS 330 38 x x x 3to 15 8CC033OII S1pt1la (4862) 

448 26 x x x 3to 15 SCC0450II SI .... (4862) 

704 38 x x x 3to 15 SCC07_ S1lH11a (4862) 40 

1106 66 x x x 3to 15 SCCllOO11 81 .... (4862) 
10 CMOS 168 I 20 x Uto20 MA30150 tRCA 

276 24 x MA30250 tRCA 

17 9 CMOS 140 29 x x X I 3to 15 == tlitir ..... (4;46) 
200 34 x x x 3to 15 IIC8 f' ......... (4746) 45 
270 ! 40 x x x 3to 15 lICe f' ....... (4746) 
340 ! 40 x x x 3to 15 28 dedicated flip-flops lICE f' ......... (4746) 
440 46 x x x 3to 15 32 dedicated fliP-flops I1CD t ......... (4746) 
630 50 x x x 3to 15 IICF f ......... (4746) 
880 58 x x x 3 to 15 IIC8 fll ....... (4746) 50 

18 3 CMOS 100 32 x x 0.5 to 18 InterchipA t Intech 

150 38 x x 0.5 to 18 Interchip B t Intech 

215 44 x x 0.5 to 18 Interchip C t Intech 
224 53 x x 0.5 to 18 32 dedicated flip-flops InterchipD t Intech 
368 64 x x 0.5 to 18 172 dedicated flip-flops Interchip F t Intech 55 

i I i I (Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
II1II lace 1HIcI1II .......... ailia '", ....... PIlI ...... 
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CUSTOM/SEMICUSTOM-Gate Arrays (Cont'd) 
Internal Toggle No. InpuUOutput Cells InpuUOutput Compatibility 
Gate Fre- Equiv. Un- Supply 
Delay quency 2-lnput Input Output com- TIL- Voltage 
ns(max) MHz Type Gates Only Only mitted CMOS lS TIL Eel V Comments 

Gate Arrays 

18 3 CMOS I 
, 

464 64 x x 0.5 to 18 24 dedicated flip-flops 

21 2.5 CMOS 112 29 x x x 3to 12 

162 34 x x x 3to 12 

216 40 x x x 3to 12 

544 46 x x x 3to 12 

25 8 CMOS 100 11 18 x x x 3to 18 

200 12 26 x x x 3to 18 

315 14 32 x x x 3to 18 

420 14 38 x x x 3to 18 

600 18 44 x x x 3to 18 

880 16 54 x x x 3to 18 

12 CMOS 220 8 10 x x x 1 to 18 

225 8 10 x x x 1 to 18 

30 10 12L 11400 62 x x 1 to 6 Programmable Speed/power, 
7600 equiv. 5-input gates 

42 10 CML 500 38 x x x x 3.5 to 5.5 3O/LW/gate 

38 x x x x 3.5 to 5.5 3O/LW/gate 

900 48 x x x x 3.5 to 5.5 3O/LW/gate 

48 x x x x 3.5 to 5.5 3O/LW/gate 

1200 52 x x x x 3.5 to 5.5 3O/LW/gate 

52 x x x x 3.5 to 5.5 3O/LW/gate 

1600 62 x x x x 3.5 to 5.5 3O/LW/gate 

62 x x x x 3.5 to 5.5 3O/LW/gate 

1800 64 x x x x 3.5 to 5.5 3O/LW/gate 

64 x x x x 3.5 to 5.5 ,3OllW/gate 

2000 72 x x x x 3.5 to 5.5 3O/LW/gate 

72 x x x x 3.5 to 5.5 30 /LW/gate 

2400 80 x x x x 3.5 to 5.5 3O/LW/gate 

80 x x 
, 

x 3.5 to 5.5 3O/LW/gate x 
3000 82 x x x x 3.5 to 5.5 3O/LW/gate 

82 
, 

x x x x 3.5 to 5.5 3O/LW/gate 

4000 118 x x x x 3.5 to 5.5 30 /LW/gate 

118 x x x x 3.5 to 5.5 30IlW/gate 

45 5 CML 450 39 x x x x 3.5 to 5.5 70/LW/gate 

39 x x x x 3.5 to 5.5 70llW/gate 

900 48 x x x x 3.5 to 5.5 70/LW/gate 

48 x x x x 3.5 to 5.5 70llW/gate 

2000 64 x x x x 3.5 to 5.5 4O/LW/gate 

64 x x x x 3.5 to 5.5 4O/LW/gate 

2400 68 x x x x 3.5 to 5.5 4O/LW/gate 

68 x x x x 3.5 to 5.5 4O/LW/gate 

10 CML 500 38 x x x x 3.5 to 5.5 3O/LW/gate 

38 x x x x 3.5 to 5.5 3O/LW/gate 

900 48 x x x x 3.5 to 5.5 3O/LW/gate 

48 x x x x 3.5 to 5.5 3O/LW/gate 

1200 52 x x x x 3.5 to 5.5 30/LW/gate 

52 x x x x 3.5 to 5.5 30/LW/gate 

1600 62 x x x x 3.5 to 5.5 3O/LW/gate 

62 x x x x 3.5 to 5.5 3O/LW/gate 

1800 64 x x x x 3.5 to 5.5 3O/LW/gate 

64 x x x x 3.5 to 5.5 3O/LW/gate 

2000 72 x x x x 3.5 to 5.5 3O/LW/gate 

72 x x x x 3.5 to 5.5 3O/LW/gate 

2400 80 x x x x 3.5 to 5.5 3O/LW/gate 

80 x x x x 3.5 to 5.5 3O/LW/gate 

t MIlitary Temperature Range ( - 55 ° to 125°C) * Typical Value 
BIN Ilcel •• IClIts ."111 .. 1 •• 111. '"'I .... II 1M ,. .. HI •. 
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Device Source Line 

(Cont'd) 

(Cont'd) 
Interchip E t Intech 

XRCMA t Exar 

XRCMB t Exar 

XRCMC t Exar 

XRCMD t Exar 5 

CDl1000 t Cal Devices 

CDI2000 t Cal Devices 

CDl3000 t Cal Devices 

CDI4000 t CalDevices 

CDlSOOO t Cal Devices 10 

CDl8800 t Cal Devices 

MGA220 tMCE 

MGA255 t MCE 

GAC-8000 t CIC 

ULA5RC t Ferranti 15 

ULA5RC t Interdesign 

ULA9RC t Ferranti 

ULA9RC t Interdesign 

ULA12RC t Ferranti 

ULA12RC t Interdesign 20 

ULA16RC t Ferranti 

ULA16RC t Interdesign 

ULAl8RC t Ferranti 

ULA18RC t Interdesign 

ULA20RC t Ferranti 25 

ULA20RC t liitanlesigii 

ULA24RC t Ferranti 

ULA24RC t Interdesign 

ULA30RC t Ferranti 

ULA30RC t Interdesign 30 

ULA40RC t Ferranti 

ULA40RC t Interdesign 

ULA2N t Ferranti 

ULA2N t Interdesign 

ULA5N t Ferranti 35 

ULASN t Interdesign 

ULA9N t Ferranti 

ULA9N t Interdesign 

ULA12N t Ferranti 

ULA12N t Interdesign 40 

ULA5RC t Ferranti 

ULA5RC t Interdesign 

ULA9RC t Ferranti 

ULA9RC t Interdesign 

ULA12RC t Ferranti 45 

ULA12RC t Interdesign 

ULA16RC t Ferranti 

ULA16RC t Interdesign 

ULA18RC t Ferranti 

ULA18RC t Interdesign ISO 
ULA20RC t Ferranti 

ULA20RC t Interdesign 

ULA24RC t Ferranti 

ULA24RC t Interdesign 
(Continued) 

~ IC MASTER 1984 



CUSTOM/SEMICUSTOM-Qate Arrays (Cont'd) 

Internal Toggle 
Gate Fre-
Delay quency 
ns(max) MHz Type 

Gate Arrays 

45 10 CMt 

48 5 CMl 

ft , .. OS 

12l 

140 5 CMl 

220 5 CMl 

No. 
Equiv. 

2-lnput 
Gates 

3000 

4000 

450 

900 

2000 

2400 

75 

140 

200 "-

256 

275 

288 

330 

390 

455 

520 

525 

I 

, 
I , 

I 
600 , 

864 
I 

192 , 

288 

520 

500 

900 

1200 

1600 

1800 
I 

2000 ! 

2400 I 
; 

3000 I 

I 
4000 

500 

900 

1200 

1 

input/Output Cells 
Un-

Input Output com-
Only Only mitted 

82 

82 

118 

118 

39 

39 

48 

48 

64 

64 

68 

I I 68 

23 

.,.. 

i 18 
! 

38 

28 

41 

43 
I I 47 I ! 

I I 
40 

49 

I 53 

21 
! 
I 24 

24 

28 

28 

40 

38 

38 

48 

48 

52 

52 

62 

62 

64 
I 64 

72 

72 

I I 80 

! I 80 

82 
! 82 

I 118 

: 118 

i 38 

I 38 
I 48 

i 48 
I 52 

52 

.. 
t Military Temperature Range (-55° to 125°C) 

Input/Output Compatibility 

TTl-
CMOS lS TTL ECl 

x x x x 
x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

x x x x 

I x 
/ 

x I x 
/ 

x 

x x x 

n n n 

x x x 

x x x 

x x x 

x x x 
x x x 

I x I x I X I 
! x 

I 
x 

I 
x ! 

I x x x I 
I X J X x i 

x. x x 
I I I 

! x ! x x ! x 
x x x 
x x x x 
x x x 
x x x 
x x x x 

x x x x 
x x x x 
x x x x 
x x x x 

x x x x 
x x x x 
x x x x 
x x x x 
x x I x x 
x x x x 
x x x x 

I X x X x 

! x x x x 

x i x x x 
I X ! 

X I X X 

I x x x, x 
x x x x 
x x x x 

x x x x 

x x x x 

x x x x 
x x x x 
x x 

I 
x x 

I I 
• Typical Value 

Supply 
Voltage 

V 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

, 3.5 to 5.5 

2tc 15 

2to 15 
?tn 11; - -- _ ... 

0.1 to loopA 

2to 15 

0.1 to 100pA 

2to 15 

2 to 15 
I 

2 to 15 I 

! 0.1 to 100 pA 

1 
2 to 15 

2 to 15 

O.1to 100pA 

! 1 to 12 

1.5t07 

Ho 12 

1.5 to 7 

1.5 to 7 

3.5 to 5.5 

3.5 to 5.5 

3.51O 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

I 3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

3.5 to 5.5 

i 
3.5 to 5.5 

MASTER SELECTION GUIDE 

Comments 

3OpW/gate 

30pW/gate 

30pW/gate 

3OpW/gate 

70pW/gate 

70pW/gate 

70pW/gate 

70pW/gate 

4OpW/gate 

40pW/gate 

4OpW/gate 

/4O pw/gate 

. Programmable speed/power 

Programmable speed/power 

I I Programmable speedlpower 

i 

Programmable speedlpower 
I 

! Programmable speed/power 

Programmable speed/power 

Programmable speedlpower 

Programmable speed/power 

Programmable speedlpower 

12pW/gate 

12pW/gate 

12pW/gate 

12 "W/gate 

12 "W/gate 

12pW/gate 

12 "W/gate 

12pW/gate 

12pW/gate 

12 "W/gate 

12pW/gate 

12pW/gate 

12pW/gate 

12pW/gate 

i 12 "W/gate 

I 12 JlW/gate 

12pW/gate 

12pW/gate 

12pW/gate 

12 "W/gate 

,12"W/gate 

12pW/gate 

: 12pW/gate 

' 12pW/gate 
I 

Device 

UlA30RC 

ULA30RC 

UlA40RC 

ULA40RC 

UlA2N 

UlA2N 

ULA5N 

ULA5N 

ULA9N 

ULA9N 

UlA12N 

IUlA12N 

84060 

G4112 

':.,60 _ .. _-
Dl5C 

84220 

D15A 

84264 

84312 

1
84364 

!D15B 

1
84420 

84480 

D15D 
i 
! 1200 

moo 
1300 

IR300 

XB500 

ULA5RD 

UlA5RD 

ULA9RD 

ULA9RD 

ULA12RD 

ULA12RD 

UlA16RO' 

UlA16RD 

ULAl8RD 

ULAl8RD 

UlA20RD 

UlA20RD 

UlA24RD 

UlA24RD 

UlA30RD 

UlA30RD 

UlA40RD 

UlA40RD 

UlA5RD 

U~5RD 

ULA9RD 

ULA9RD 

'ULAl2RD 

'ULA12RD 
! 

Source Line 

(Cont'd) 

(Cont'd) 
t Ferranti 

t Interdesign 

t Ferranti 

t Inter design 

t Ferranti 5 

t Interdesign 

t Ferranti 

t Interdesign 

t Ferranti 

t Interdesign 10 

t Ferranti 

t Interdesign 

+ !!!tlMicCir 

.. -.. ~-.. -.... -- ,----, .-

t In~MicCir I I 
+1.,IMleCir ti7i7\ 15 

t MCE 

tlllllllcClr (4747) 

tMCE 

tllUMlcCIr (4747) 

t lallMlcClr (4747) 20 

tllUMlcClr (4747) 

tMCE 

tllllMlcClr (4747) 

t 1IIIIIIeCir (4747) 

tMCE 25 

Cherry 

tExar (3386) 

Cherry 

tExlr (3386) 

tExir (3386) 30 

t Ferranti 

t Interdesign 

t Ferranti 

t Interdesign 

t Ferranti 35 

t lnterdesign 

t Ferranti 

t Interdesign 

t Ferranti 

t Interdesign 40 

t Ferranti 

t lnterdesign 

t Ferranti 

t lnterdesign 

t Ferranti 45 

t lnterdesign 

t Ferranti 

t lnterdesign 

t Ferranti 

t lnterdesign 50 

t Ferranti 

t Interdesign 

t Ferranti 

t Interdesign 
(Continued) 
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Ie MASTER 

CUSTOM/SEMICUSTOM-Gate Arrays (Cont'd) 
Internal Toggle No. InpuUOutput Cells InpuUOUtput Compatibility 
Gate Fre- Equlv. I Un-

Supply 
Delay quency 2-lnput Input OUtput com- TTl- Voltage 
ns(max) MHz Type Gates Only Only mitted CMOS lS TTL ECl V Comments Device Source Line 

Gate Arrays (Cont'd) 
220 5 CML (Cont'd) 

1600 62 x x x x 3.5 to 5.5 121'W/gate ULA16RD t Ferranti 
62 x x x x 3.5 to 5.5 12l'W/gate~ ULA16RD t Interdesign 

1800 64 x x x x 3.5 to 5.5 12 "W/gate ULA18RD t Ferranti 
64 x x x x 3.5 to 5.5 12 "W/gate ULA18RD t Interdesign 

2000 72 x x x x 3.5 to 5.5 12 "W/gate ULA20RD t Ferranti 5 
72 x x x x 3.5 to 5.5 12 "W/gate ULA20RD t Interdesign 

2400 80 x x x x 3.5 to 5.5 121'W/gate ULA24RD t Ferranti 

80 x x x x 3.5 to 5.5 121'W/gate ULA24RD t Interdesign 
3000 82 x x x x 3.5 to 5.5 12 "W/gate ULA30RD t Ferranti 

82 x x x x 3.5 to 5.5 12 "W/gate ULA30RD t Interdesign 10 
4000 118 x x x x 3.5 to 5.5 121'W/gate ULA40RD t Ferranti 

118 x x x x 3.5 to 5.5 121'W/gate ULA40RD t Interdesign 
8000 0.1 CML 510 40 x x x x 3.5 to 5.5 0.4 "W/gate ULA2M t Ferranti 

(J) 40 x x x x 3.5 to 5.5 0.4l'W/gate ULA2M t Interdesign 
"0 10500 0.1 GMl 510 40 x x x x 3.5 to 5.5 OA"W/gate UlA2M t Ferranti 15 
::J 40 x x x x 3.5 to 5.5 0.4l'W/gate UlA2M t Interdes~n CJ 
C 
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CUSTOM/SEMICUSTOM-Linear & Linear/Digital Arrays 

Manufacturer Linear Digital 
Total Dedicated Total Equiv. Gate Uncommited 

Bonding OpAmps, Other Lin. 2-lnput Delay Transistors Number 
Technology Pads AlD, etc. Components Gates ns@V NPN PNP Capacitors 

Linear & Linear/Digital Arrays 

Array Technology 
CMOS 42 6 200 5 500 500 12 

70 12 400 5 1000 1000 24 

Barvon Research 
Bi-CMOS 1 2292 400 7 104 76 

58 - 585 250 7 92 52 

California Devices 
BIP 14 110 22 8 

16 209 50 16 

260 59 15 

18 168 38 12 

207 48 15 

I 460 96 36 

20 370 ! 72 ! 22 

24 I I 300 I I ! 69 ! 12 I 
310 ! 60 18 

398 80 22 

Cherry Semiconductor 
BIP 16 333 60 25 

18 187 48 15 

325 60 18 

22 I I 299 I I I 61 I 24 I 

I I I I I 
I 

479 88 I 36 I 
24 

I I 

437 

I I I 
96 

I 
36 

I 
25 695 123 52 

28 801 153 ! 56 

III 40 300 256 

300 256 

Custom Integrated Circuit 
BIP 10 38 25 8 33 

38 124 84 40 124 

50 800 561 164 725 

56 148 168 80 148 

Exar 
'. 

BIP 14 110 23 8 

16 209 50 16 

260 60 18 

300 69 12 

18 200 48 15 

230 34 16 

260 38 12 
_ ... -

I 
309 58 18 

401 75 22 

24 251 80 26 

472 93 36 

28 539 128 52 8 
812 148 56 

40 901 208 68 
IlL 40 401 256 45. 12 

Ferranti Electric 25 908 100 407 2 
CMURTL 

28 1080 150 384 
I I I I I I 

.. 
1 Delay conditions: 2-lnput NAND driVing 2 NANDs (FO = 2), 5V supply, 70°C. worst-case processing. 

~ IC MASTER 1984 

Supply 
Voltage, 
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I 20 
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20 

20 

20 

12 

12 

20 

20 

20 

20 

20 

36 

20 

20 

20 

75 

20 
.. 

20 

20 

20 

20 

36 

20 

36 
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5.5 

5.5 

MASTER SELECTION GUIDE 

Comments Device Source Line 

8-bit DAC, 4 op amps, 2 
comparators AT-lD-04 ArrayTech 

8-bit DAC, 8 op amps, 4 
comparators AT-lD-08 ArrayTech 

4 to 16 decades, combination 
bipolar and CMOS BC3602 Barvon (4626) 

Combination bipolar and CMOS BC3G01 Barvon (462~) 

ClIC-C CalDevices 5 

ClIC-D CalDevices 

ClIC-A Cal Devices 

ClIC-1 CaiDevices 

ClIC-E CalDevices 

ClIC-F CalDevices 

1

10 

ClIC-H CalDevices 

I ClIC-B GalDevices 

ClIC-G CaIDevices 

ClIC-L Cal Devices 

I Flip-chip CS2800 Cherry 15 

CS2000E Cherry 

CS2500G Cherry 

I Photosensor OIl-chip 'CS3500 Cherry 

1CS32OOL I Cherry 

I 1= Cherry 20 

Cherry 

'CS4000 Cherry 

69 NPN/PNP transistors, ion 
implant resistors CMl1400 Cherry 

69 NPN/PNP transistors, 18 
input/output cells CS1400 Cherry 

1 cell, often used in multiples, 
PNPs have 4 collectors MSA-l CIC 25 

1 cell can be used in multiples MSB-l GIC 

15 cells MSA-15 CIC 

2 cells MSB-2 CIC 

X8-Cl00 Exll' (3386) 

X8-0100 Exlr (3386) 30 

XR-Al00 Exar (3386) 

XR-Bl00 Exll' (3316) 

XR-El00 Exlr (3386) 

High voltage array XR-Xl00 Exar 

Xll-.ll00 Exir (3386) 35 ... 

XR-Gl00 Exar (3316) 

Xll-lll00 ExIf' (3386) 

11-1.100 Exar (3386)· 

XR-Fl00 Exar (3386) 

8 JFETs, ion implant resistors XR-Vl00 ExIf' (3386) 40 

XR-IIl00 ExIf' (3386) 

8 JFETs, ion implant resistors XR-Wl00 ExIf' (3386) 

6 or 12V process XR400 ExIf' (3386) 

Precision reference, shaping 
capacitors, 100 rnA 
transistors, 1V operation ULA1G Ferranti 

11V operation ULA1L Ferranti 
(Continued) 
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CUSTOM/SEMICUSTOM-Linear & Linear/Digital Arrays (Cont'd) 

Manufacturer Linear Digital 
Total Dedicated Total Equiv. Gate Uncommited Supply 

Bonding OpAmps, Other Lin. 2-lnput Delay Transistors Number Voltage, 
Technology Pads AID, etc. Components Gates ns@V NPN PNP Capacitors V Comments 

Linear & Linear/Digital Arrays 

Ferranti ElectriC 
CMURTl 28 

1390 160 647 2 5.5 Precision reference, shaping 
capacitors, 100 rnA 
transistors, 1V operation 

30 1327 280 676 5.5 1V operation 

40 1920 340 715 5.5 1Voperation 

2377 510 1280 5.5 1V operation 

2781 580 1589 5.5 1V operation 

48 4304 730 1644 5.5 1V operation 

Holt 
CMOS 52 46 36 105 15 8-bit OAC, 11 op amps, 1 

comparator, 22 flip-flops, 4 
switched-capacitor filters 

Integrated Circuits 
BIP 14 22 8 20 

16 59 18 20 

50 16 40 

62 13 40 

18 48 0 20 

60 0 20 

72 22 20 

38 0 20 

20 60 28 40 

24 96 0 20 

69 12 20 

80 0 20 

I I I I I 
96 

I 
14 

I I 
20 

I Interdesign 
BIP 14 110 2"2 8 20 

16 194 50 16 36 

260 59 18 20 

18 170 38 12 20 

I 187 
I I 

48 15 20 

314 56 22 20 
I 382 72 22 20 

20 310 60 18 20 

24 300 69 12 20 

416 80 26 20 

437 96 36 20 

571 72 57 20 

28 812 141 56 20 

40 1072 182 70 20 

COl 40 2000 265 715 5.5 

2000 265 715 5.5 

2000 265 715 5.5 

CMOS 42 930 199 414 398 84 15 16 dedicated flip-flops, switched 
capacitor array 

MCE Semiconductor 
BIP 14 16 18 2 20 Power array 

109 22 8 20 

109 62 8 20 

16 194 100 16 40 

194 50 16 40 

245 60 28 40 

259 59 18 20 

259 59 18 20 

18 170 38 12 20 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Btlllllct 1 .. lcallS ••• 111 .. 1 a .. Is pr.,I ... H •• pa ........ 
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Device Source Line 

(Cont'd) 

(Cont'd) 

UlA2G Ferranti 

ULA1U Ferranti 

UlA2l Ferranti 

UlA2U Ferranti 

UlA3U Ferranti 5 

UlA5l Ferranti 

HI3700 Holl (4745) 

IMC-2OC IntCirSys 

IMC-2OA IntCirSys 

IMC-400 IntCirSys 10 

IMC-40B IntCirSys 

IMC-2OE IntCirSys 

IMC-2OG IntCirSys 

IMC-20H IntCirSys 

IMC-2OJ IntCirSys 15 

IMC-20B IntCirSys 

IMC-2OF IntCirSys 
IMc~26L··· IntCii-Sys 

IMC-40A IntCirSys 

I'MC 
IntCirSys 20 

1I0e Iiltiiiliilli (4748) 

MOD , ....... (4746) 

MOA I.t.-Hal •• (4746) 

MO.I I.tnal •• (4746) 

MOE I ....... (4746) 25 

MOO I.t ......... (4746) 

MOM ....... ut •• (4746) 

MOO I.""", (4746) 

MOB l.tnIai.. (4746) 

MOL I ......... (4746) 30 

MOF li ...... s'.. (4746) 

MOP I.t •• ut.. (4746) 

MOM l.tnIai •• (4746) 

MON I.t ...... (4746) 

MUA I ........ (4746) 35 

MUB I ......... (4746) 

MUe I.~ .. (4746) 

MLA '.'''ut •• (4746) 

MCEP20A MCE 

MCEA20C MCE 40 

MCEA20CS MCE 

MCEA40D MCE 

MCEA400S MCE 

MCEA40AS MCE 

MCEA20A MCE 45 

MCEA20AS MCE 

MCEA20J MCE 
(Continued) 
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MA$TER SELECTION GUIDE 

CUSTOM/S~MICU$TQM-Linear & Linear/Digital Arrays (Cont'd) 

Manufacturer linear Digital 
Total Dedicated Total Equiv. Gate Uncommited Supply 

Bonding OpAmps. Other lin. 2-lnput Delay Transistors Number Voltage. 
Technology Pads AID. etc. Components Gates ns@V NPN PNP CapaCitors V Comments Device Source Line 

Linear. Linear/Digital Arrays (Cont'd) 

MCE Semiconductor 
BIP 18 (Cont'd) 

170 38 12 20 MCEA20JS MCE 

187 48 15 20 MCEA20E MCE 

187 48 15 20 MCEA20ES MCE 

308 60 18 20 MCEA20G MCE 

308 60 18 20 MCEA20GS MCE 5 

382 72 22 20 MCEA20H - MCE 

382 74 22 20 MCEA20HS MCE 

20 - 27 12 40 5 op amps, power array MCEP40A MCE 

218 62 10 40 MCEA40BS MCE 

24 301 69 12 20 MCEA20B MCE 10 

301 69 12 20 MCEA20BS MCE 

416 80 26 20 MCEA20l MCE 

416 80 26 20 MCEA20lS MCE 

1._1 437 96 36 20 MCEA20F MCE 

437 I 96 36 20 ;';CEA20FS ;';CE 1:> 

464 i 96 36 20 MCEA20WS MCE 

28 149 56 20 MCEA20M MCE 

812 149 56 20 MCEA20MS MCE 

CMOS 18 2 2 8 2 op amps, dedicated logic MGA255 tMCE 

2 2 12 2 op amps, dedicated logic MGA255 tMCE 20 

2 8@15 2 18 MGA255 tMCE 

Plessey Semiconductor I I I I I I I I 
BIP 24 I 278 I 81 I 28 24 I BAA 1000 Plessey 

I 572 I 159 I 58 24 !BAA2000 Plessey 

Reticon 

I I I I NMOS 60 31 
I 

2500 ±11 14 filter sections, 3 extra op 
! amps, 20 state cells, min. 

package size 25 pins, switched 
capacitor filter array R5626 Reticon 

Silicon Systems Inc. 
CMOS 28 24 396 15 12 op amps, 210 switciles, 4 

buffers, 8 flip-flops, switched 
capacitor filter array SCA-6 SllIcuSya 

(3685.4872) 25 

54 46 720 12 24 op amps, 456 switches, 6 
buffers, 16 flip-flops, switched 
capaCitor filter array seA-12 SlIIceISya 

(3685.4872) 

STC Microtechnology 
BIP 18 274 64 10 15 Ft=1.5GHz MSIV-1 STC 

26 548 128 20 15 Ft=1.5 GHz MSIV-2 STC 

34 871 . 258 32 2 15 MSlI STC 

40 1056 256 40 15 Ft=1.5GHz MSIV-4 STC 30 

Telmos ---
CMOS 36 290 5 54 10 16 dedicated flip-flops, 8 op 

amps, 36 switches TII6OO5 TIIIm (4877) 
42 530 5 80 10 32 dedicated flip-flops, 16 op 

amps, 32 switches 1118001 T ..... (4877) 
46 320 5 452 10 37 op amps, 100 switches 1116003 T .... (4877) 
55 740 5 232 10 40 dedicated flip-flops, 16 op 

amps, 100 Switches 1116002 TII.as (4877) 

62 800 5 244 10 32 dedicated flip-flops, 22 op 
amps, 104 switches TII6OO4 T ..... (4877) 35 

1 Delay conditions: 2-lnput NAND drlvmg 2 NANOs (FO = 2), 5V supply, 70°C, worst-case processing. 
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CUSTOM/SEMICUSTOM-Standard Cells 

Manufacturer Delay 
Device Process 2-lnput Cell library Includes Supply 

Geometry Interconnections NAND Op Core 
ROM I PLA 

Voltage, 
Technology ("m) Metal Poly Gate' (ns) AID DIA Amp I'P RAM V Comments 

Standard Cells 

Alphatron 
CMOS, SI-Gate 

3 1 1 x x x 3t06 

4 1 1 x x x 3t06 74lS MSI speeds 

American Microsystems 
CMOS, SI-Gate 

3 1 1 2.5 3to 10 

2 1 2 x 3to 10 

5 1 0 7 x 3to 15 

NMOS, SI-Gate 
4 1 0 7 5 

Array Technology 
CMOS, SI-Gate 

3 1 1 4 x x x x x ±5 

NMOS, Si-Gate 
4 1 1 6 x x x 3t07 

Barvon 
CMOS, Si-Gate 

3 2 1.8 x x x x x x x 3to 10 Core lIP, 1084 

HMOS 3 2 Avail. lQ84 

Circuit Technology 
CMOS, Si-Gate 

4 1 1 5 x 3to 10 200°C operation 

5 1 1 6 x 3to 15 200°C operation 

CMOS, SOS 
3 1 1 3 x 3 to 10 

4 1 1 4 x 4 to 12 

5 1 1 5 x 4to 16 

CMOS, Si-Gate 
3 2 x x x Avail. 

1984 

1.8 x x x x x x x 3to 
10 Core"p, 

1084 

Custom MOS Arrays 
CMOS, Metal-Gate 

5 1 x x x x x x 1.1 to 10 Low voltage and current 

CMOS, Si-~te 
3 1 1 3 x x x x x x 2t07 

Fairchild 
Bipolar 3 2 AvaD,lH84 

CMOS, Si-Gate 
2 2 1 Avail.1H84 

Fujitsu Microelectronics 
CMOS, Si-Gate I 

2,8 2 0 3.5 x x 5 

GTE MiCrocircuits 
CMOS, Si-Gate I 

3 2 2 x x x x x x x 5 AvaH.1084 

4 1 2 4.2 x x x x 5 

5 1 2 5.2 5 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
leN lacelltlla .. IMII_I .... II.,.,.'" .1111 JIII ..... -
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Library 
or 

Process 
Name Source line 

ALPHA MAP t Alphatron 

ALPHAMAP t Alphatron 

CIIIIS 
LlWlry tAMI (4624) 

CMOS 
Library fAM' (4624) 

CMOS 
Library fAM' (4624) 5 

NMOS 
Library fAM' (4624) 

CMOS 
Library t ArrayTech 

NMOS 
library t ArrayTech 

IHC Librlry Ilrvo. (4626) 

IHI Library BlrvGR (4626) 10 

CELLMOS tCirTech 

CELLMOS t ClrTech 

CELLMOS t ClrTech 

CELlMOS t CirTech 

CELlMOS t ClrTech 15 

CMOS Mostek 

IHC Library ..... (4626) 

CMA1000 
Series CMA 

CMOS 
library CMA 

l'l Fairchild 20 

CMOS 
library Fairchild 

CMOS 
library Fujitsu 

I 
ISO-CMOS 
library GTEMicro 

ISO-CMOS 
library GTEMicro 

ISO-CMOS 
library GTEMicro 25 

c IC MASTER 1984 



MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM-Standard Cells' (Cont'd) 

Manufacturer Delay Library 
Device Process 2-lnpui Cell Library Includes Supply or 

Geometry InterCOllll6Ctions NAND Op Core Voltage. Process 
Technology (I'm) Metal Poly Gate'(ns) AID D/A Amp I'P RAM ROM PLA V Comments Name Source line 

Standard Cells (Cont'd) 

Harris Semiconductor 
CMOS, Si-Gate 

3 1 1 3.8 1.5 to 7 SAJI-IV tHlrrls (4744) 

Hughes Aircraft 
CMOS, Si-Gate 

2.5 4to 10 HCMOS 
Library t Hughes 

Integrated Circuit Systems 
CMOS, Metal-Gate 

7.5 1 30 x 5to 18 CMOS 
Library t IntCirSys 

CMOS, Si-Gate 
3 1 1 4 x 5 CMOS 

Library t IntCirSys 

5 1 1 10 x 
I I I 

5to 10 
I CMOS 

Library t !ntCirSys 

" 

NMOS. Metal-Gate 

\ \5to 10 \ 4.5 1 
I 

20 
I I I x I x x x NMOS 

I I Library t IntCirSys 

5 1 1 20 x x x 5 to 10 NMOS 
Library t IntCirSys 

Intel 
CMOS, Si-Gate 

I I I 2 1 1 to x x x x 5 Currently in Beta sites CHMOS-1 
Library Intel 

Inters/l 

I 
I I I I I 

I Avail. 1984 
CMOS, SI-Gate 

I I I I I I I 3 2 1 <2 2 to 10 CMOS 
I 1 Library Intersil 

Int'l Microc;ircuits 

I CMOS, Si-Gate 
:; 2 1 2 x x x x x x 3.5t08 CMOS 

Lan" IllIMlcClr (4747) 10 

lnt'l Microelectronic Prod 
CMOS, Si-Gate 

3 2 2.5 x x x x x x 5 l.pII LI .... " t IMP (4749) 

5 .1 1 3to 12 Impel library t IMP (.t749) 

3 2 x x x x x x 5 Impeilibraryt IMP (4749) 

Master Logic 
CMOS, Metal-Gate 

4 1 15 x x x 2t07 MAL V Series t MasterLoglc 

CMOS, Si-Gate 
4 1 3 x x 2to 7 MASG Series t MasterLogic 15 

MCE Semiconductor 
Bipolar, J.I. 

5 1 1 12.5 x x x to 75 Library includes some 75V 
devices UniCELL tMCE 

CMOS, Metal-Gate 
5 1 10 x 1 to 18 UniCELL 

MGA tMCE 

CMOS, SI-Gate I I I I 3.5 1 1 4.5 x 3t06 ULASeries tMCE 

Microcircuit Technology 
NMOS, Si-Gate 

3 1 1 x x x 5 NMOS 
Library MlcroTech 

CMOS,Si-Gate 
3 1 1 x x x 3t07 CMOS 

Library MicroTech 20 

Mostek 
CMOS, Si-Gate 

3 2 x x x Avail. 1984 CMOS 
I Library Mostek 

1 Delay conditions: 2-lnput NAND driving 2 NANOs (FO = 2), 5V supply, 70°C, worst-case processing. 

c IC MASTER 1984 4477 



(1) 

o 
::J 
:!) 

C 
o 
...... 
o 
Q) 

Q) 

en 

Ie MASTER 

CUSTOM/SEMICUSTOM-Standard Cells (Cont'd) 

Manufacturer Delay 
DeYiCe Process 2-lnput Cell Library Includes Supply 

Geometry interconnections NAND Op Core Voltage, 
Technology (I'm) Metal Poly Gate' (ns) AID D/A Amp I'P RAM ROM PLA V Comments 

Standard Cells 

NCMCorp 
CMOS, Metal-Gate 

7.5 1 0 20 x x x x 1.5 to 15 

CMOS, $i-Gate 
5 1 1 8.5 x x x x 1.5 to 15 

NCR Corp 
CMOS, Si-Gate 

3 1 1 4 x x x 3t06 

NMOS, Si-Gate 
4 1 1 6 x x x 5 

Nitron 
CMOS, Metal-Gate 

5 1 20 x x x x 5 to 15 

CMOS, $i-Gate 
5 1 5 x x x x 3to 10 

Plessey Semiconductor 
CMOS, SI-Gate 

2.5 2 1.4 x x x x x x x 3t07 

5 1 1 6 x x x 3t07 

NMOS 5 1 20 5 

RCA Solid State 
CMOS, SI-Gate 

3 1 1 5 x 3to7 

5 1 1 10 x 3to7 

7 1 1 20 x 3to 12 

CMOS, 50S 
3 1 1 4 x 3to 12 

5 1 1 8 x 3to 12 

SGS-ATES 
Bipolar, MTL'V 

6 2 25 x x x x 2to 10 

Signetlcs 
Bipolar 5 2 3.5 5 Medium power 

2 5 5 Low power 

2 6 5 

CMOS, $i-Gate 
3 2 1 8 2t06 High Speed 

4 1 1 8 3to 15 Medium Speed 

$ilicon Systems 
CMOS, SI-Gate 

3 2 1 3 x x x x x x x 5 

Siliconix 
CMOS, SI-Gate 

3 2 2 3 x x x x 3t06 Avail. 4083 

5 2 2 5.5 x x x x 3to 14 

Synertek 
CMOS, Si-Gate 

3 1 1 8 x x x 3t06 

Texas Instruments 
CMOS, Si-Gate 

3 1 1 4 5 Avail. 4083 
I I I I 

VLSI Technology 
CMOS, SI-Gate 

3 2 1 5 x x x x 5 Configurable cells 

HMOS 3 1 1 4 x x x x 5 Configurable cells 

t Military Temperature Range (-550 to 125°C) • Typical Value 
.... flcelH.III~""" allis ,...,. ........... liliiii. 
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Library 
or 

Process 
Name Source Line 

(Cont'd) 

2000 Series tNCM 

4000 Series tNCM 

CMOS-2 
library NCR 

VLSI-1 NCR 

Nitrochip t Nitron 5 

Nitrochip t Nitron 

c.s ......, (4121) 

CMOS Plessey 

CMOS Piessey 

hCIIOS-2 ICA (4124) 10 

PICIIOS-l ICI (4124) 

PaCIIOS-C2l ICI (4124) 

808-2 
LIWy RCA (4124) 

108-1 
L~ !CA (4I!4) 

Zodiac SGS 15 

EPl·l tSftIIUCI (4151) 

EPl·2 tSlflllla (4155) 

• t ..... (4155) 

INTER Signetlcs 

INTER S1gnetics 20 

CMOS 
Library SlllconSys 

150-3 Library Slliconlx 

150-5 Library S1liconix 

IICII08 
LIInry ts,.tet (4174) 

CIIGS 
LIInry n (4112) 25 

CIIGS 
LIInry m (4131) 

•• OS 
L....., m (4131) 
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MASTER SELECTION GUIDE 

CUSTOM/S~MICUSTOM-~tandard Cella (Cont'd) 

Mamdacturer Delay 

I 
Library 

Device P.r0C8SS 2-lnput Celilibrarv Includes Supply or 
Geometry Interconnections NAND Op Core Voltage, Process 

Technology (;tm) Metal Poly Gate'(ns) AID D/A Amp pP RAM ROM PLA V i Comments Name Source line 

Standard Cells I (Cont'd) I 
ZVMOS 

CMOS, Metal-Gate 
6 1 1 12.2 1.1 to 6 Zy20000 tZyMOS 

CMOS, Si-Gate 
3 1 1 1.6 x x x x 1.1 to 5.5 Zy50000 tZyMOS 

5 1 1 5.8 x x x x x x x 1.1 to 5.5 Zy40000 t ZyMOS 

I I I I I I I I I I I I I I I 
I I 

I 
I 

I 

I 
I I I I 

I I I I I 
I I I I 

I 
I I I 

I I I I I I 

I 
I 
I I I I 

I 
I I I I 

I I I I I 

I I I 

.. 
1 Delay COnditiOnS: 2-lnput NAND driving 2 NANOs (FO = 2), 5V supply, 70°C, worst-case processing . 
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CUSTOM/SEMICUSTOM-Programmable Logic 
Propa- Supply Propa-

Organi- galion Voltage, Organi- gation 
zation Time OUtpUt V Device Source Line zation Time OUtput 

Programmable Logic Field Programmable Array Logic 
30 nsF TS 

Field Programmable Array Logic 
- TS 5 SlMPL20L8 t n (4903,4914) 

SlMPL2014 tn (4903.4914) 
SlUPL20R6 tn (4904.4914) 
Sl54PL20R8 tTl (4904.4914) 
SI54PLRI9L8 tTl (4906.4922) 5 
SI54PLRI9R4 t n (4906.4922) 
Sl54PLBI918 tTl (4907,4922) 
Sl54PLII918 t n 

- (353.4907.4922) 
Sl54PLT19Latn 

(353.4908.4926) 
SlUPL T19R4 t n 

(353.4908.4926) 10 
SN54PLT19R6t TI 
Sl54PL T1988 t n 

(353,4909.4926) 
Sl74PL201.8 n (4903.4914) 
Sl74PL2OII4 n (4903.4914) 
Sl74Pl2Ol6 n (4904.4914) 15 
Sl74PL20B8 n (4904.4914) 
Sl74PLRI9L8 n (49116.4922) 
Sl74PLRI914 n (4906.4922) 
Sl74PLR1. n 

(353,4907,4922) 
Sl74PL11911B n 

(353,4907,4922) 20 
Sl74PLT19L8 n 

(353,4908,4926) 
Sl74PLT19R4 n 

(353,4908.4926) 
Sl74PLT19R8 TI 

(353,4909,4926) 
Sl74PL n.1I n 

I (353,4909,4926) 

TS 5 gPA!.1611U.C M!I (4600) 25 25 nsF 
AlPALI6H1IBIC A. (4800) 
AlPALI6LIAC AlII (4600) 
AlPILIIiLDBAC A. (4600) 
AIPAL 16R4AC AMO (4600) 
AllPAL l8II6AC AMa (4600) 30 
UPAL 18R1AC aa (4600) 
AMPAL22Yll1A AlII (4600) 
PALl6LBAC M. (4768) 
PAL16114AC Mil (4768) 
PALI8R8AC MMI (4768) 35 

35 nsF TS PALI6R8AC MM. (4768) 
PAL20lBAC MMI (4768) 
PAL20R41C II' (4768) 
PAL2OR6AC MMI (4768) 
PAL21R111AC Mil (4768) 40 
DMPAL 10HSAC National 
DMPAL 1OL8AC National 
OMPAL l2H6AC National 
OMPAL l2LSAC National 
OMPAL 14H4AC National 45 
OMPAL 16C1AC National 
DMPAL l6H2AC National 
OMPAL l6L2AC National 
DMPAL 16L8AC National 
DMPAL 16R4AC National 50 
DMPAL 16R6AC National 
OMPAL l6RSAC National 
DMPL 14L4AC National 
SN74ALSl6R4-l TI 
Sl74Pl16L8-1 n (4901.4910 )55 
Sl74Pl1884-1 n (4901.4910) 
Sl74PL1U&-1 n (4902.4910) 
Sl74PL 16118-1 TI (4902.4910) 

30 nsF TS 5 AlPAlI8HBAI t AMa (4600) 
(Continued) 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
a.l. fin 1 •• IClIn I •• IU •• I hhlll ".,1 ... " , .. Pili ...... 

4480 

SUpply 
voltage, 
V Device Source Line 

5 (Cont'd) 
_II. 16HD8AII t'Ma (4600) 60 
AIIPAL 16LUI fAMa (4600) 
AlPII. I&LDIII t AMa (4600) 
AllPAL 16B4AI t AIIO (4600) 
AllPAL 16R&AI t AMa (4600) 
AIIPAL 16118A11 t AMa (4600) 65 
PALI6LBAII tMMI (4768) 
PAL 16RUM t MMI (4768) 
PAlI6R6AM t MMI (4768) 
PAL16RUM tMMI (4788) 
PAL20LUM t MMI (4768) 70 
PAL20R4AM t MMI (4768) 
PAL20R6AM t MMI (4768) 
PAL20RUM t MMI (4768) 
OMPAl1OH8AM 

t National 
OMPAL 10L8AM 

t National 75 
OMPAL l2H6AM 

t National 
OMPAL l2L6AM 

t National 
DMPAL l4H4AM 

t National 
- OMPAL l4L4AM 

t National 
DMPAL l6C1AM 

t National 80 
DMPAL l6H2AM 

t National 
DMPAL16L2AM 

t National 
OMPAL l6L8AM 

t National 
I OMPAL l6R4AM 

t National 
OMPAL l6R6AM 

t National 85 
OMPAl16R8AM 

t National 
SN54ALSl6R4-l 

tTl 
Sl54PL 16L8-1 t n (4901.4910) 
SI54PL 1614-1 tTl (4901.4910) 
Sl54PL 16M-I tTl (4902.4910) 90 
Sl54PL 1&R8·1 t n (4902,4910) 

5 AIIPAL 16HaC aa (4600) 
AIPAll8HILC AMa (4600) 
AIIPALI8HD8C AMa (4600) 
AlPAL16HDaLC AMa (4600) 95 
AMPAL 16L8C AMa (4600) 
AIPAL18lBlC AMa (4600) 
AlPAL lBlOIC AMa (4600) 
AlPIL 18LDllLC AMa (4600) 
AIIPAL 16R4C AMD (4600) 100 
AIPAlI6R4LC AMa (4800) 
AIIPAL 16R6C AlIa (4600) 
AIPAll6R6LC AMO (4600) , 
AIIPAL l6B8C AlIa (4600) 
AJlPAL16R8LC AMa (4600 ) 105 
AIIPAl22V10 AMD (4600) 
HPL77209-5 Hlrrla (3958) 
HPLm09116L8-5Hlrrla (3958) 
HPL77215116H1-5 

Hlrrla (3958) 
HPl77216J16P8-5I11rrll (3958 ) 110 
HPL17317116LD8-5 

Hlrrta (3959) 
HPl1731B/16H18-5 

Hlrrls (3959) 
HPL77319-5 Hlrrls (3960) 

(Continued) 
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MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM-Programmable Logic (Cont'd) 

Propa- Supply 
Organi- gation Voltage, 
zalion Time Output V 

Programmable Logic 

Fieid Programmable Array Logic 
35 nsF TS 5 

1 

40 nsF TS 5 

t Military Temperature Range (- 55° to 125°C) 
OC-Open Collector 

~ IC MASTER 1984 

Propa- Supply 
Organi- galion Voltage, 

Device Source Une zation Time Output V 

(Cont'd) Field Programmable Array Logic 
40 nsF TS 5 

(Cont'd) 
HPL77320·5 Harris (3960) 
PALlOH8C MM. (4768) 45 nsF TS 5 
PAL 1 OLBC MM. (4768) 
PALl2H6C MM. (4768) 
PAL12L6C MM. (4768) 5 
PAL 14H4C MM. (4768) 
PAL14L4C MM. (4768) 
PALl6H2C .M. (47~8) 

PAL16L2C MM. (4768) 
PAL 16lBA·2C MM. (4768) 10 
PALl61BC .M. (476S) 
PAL 16R4A·2C MM. (4768) 
PAL16R4C MM. (4768) 
PAL 1686A·2C MM. (4768) 
PALl686C 

_. 
(4768) 15 

PAL 16RBA·2C MM. (4768) 

IPAll6RBC iiiil (4168)1 
OMPAL10HSC National 
DMPAL 10L8C National 
OMPAL12H6C National 20 
OMPAL 12L6C National 
OMPAL14H4C National 
DMPAL14L4C National 
DMPAL16C1C National 
DMPAL16H2C National 25 
DMPAL16L2C National 
OMPAL16L8C National 
OMPAL16R4C National 
DMPAL16R6C National 
DMPAL 16R8C National 30 

_Al..l6II8LM t AllII (4600) 

~PAL16H.tAIID (4600) 

AlPALlliHDIl!lltAliD (4600) 
IIPAL l&HD8I t AMD (4600) _AI. 16l8l1 t AMD (4600) 35 
.PAL 16L. t .. (4600) 
AlPlll&lDllI t AIID (4600) 
AMPAL 16LDMt AMD 
_11.16141.1 t AIIO (4600) 

.PAL l&R4M t AIID (4600) 40 
50 nsF TS 5 

AIIPAL 1&R6L1 t AMD (4600) 
AMrAL 1 6l16li t AIID ' (4600) _AI. 16R8l1 t AMI (4tiOO) 
.PAL 16_ t AIID (4600) 
PAL 12Ll DC MM' (4768) 45 
PAL 12l1. tMM' (4768) 
PAL 14LBC MM' (4768) 
PAL 14LBM tMM' (4768) 
PALl6A4C MM. (4768) 
PALl6C1C M •• (4768) 50 
PAL16L6C M •• (476S) 
PALl6L6M tMM' (4768) 
PAL 16X4C MM. (4768) 
PALl814C MM. (4768) 
!'lUaU!! t!!!!!! (475!) 55 
PAL2OC1C MM. (4768) 
PAL20C1M tMM. (4768) 55 nsF TS 5 

PAL2OL2C MM. (4768) 
PAL20L21 tMM' (4768) 
DMPAL 12L lOG National 60 
OUPAL 12L lout National 60 nsF TS 5 
DMPAl14LSC Nationa' 
OMPAL 14L8M t National 
OMPAL 16l6C National 
OMPAl16lGMt National 65 
DMPAL 1814C Natiofla' 
OMPAL18l4Mt National 
DMPAL2OC1C National 

(Continued) 

ns*-Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

Device Source Une 

DMPAL2OC1Mt National 
(Cont'd) I 

DMPAL20L2C National 70 
DMPAL20L2M t National 

HPL 77209-2 t Harrts (3958) 
HPL17209J161J-2 

tHarrts (3958) 
HPL77215116HB·2 

tHlrrts (3958) 
HPl77216/16PB-2 

tHlrrts (3958) 75 
HPL77317·2 t Harris (3959) 
HPL7731S·2 tHarrts (3959) 
HPl77319·2 tHarrts (3960) 
PAL10HSM tMM. (4768) 
PAL1018M tMM. (4768) 80 
PAL12H6M tMM. (4768) 
PAL 12L6M tMM. (4768) 
PAL 14H4M t.M. (4768) 

1 PAL 14L4M tM.' (4768) I 1 
PALl6A4M tM •• (476S) 85 
P!!l6Cl!! t!!!!! (475!!) 
PAL 16H2M tMM' (4768) 
PAL 16L2M tal (4768) 
PALl6L. tMM' (4768) 
PALl6R4M t-. (4768) 90 
PALl6R6M tal (4768) 
PAL 168S. t-. (476S) 
PAL 16X4. tM •• (4768) 
OMPAL lOHSMt National 
DMPAL 10L8Mt National 95 
DMPAL12HGMt National 
DMPAL12L6M t National 
DMPAL 14H4Mt National 
DMPAL 14l4Mt National 
DMPAL 16C1Mt National 100 
OMPAL 16H2Mt National 
DMPAL 16L2Mt National 
DMPAL 16L8M t National 
DMPAL 16R4Mt National 
DMPAL 16R6Mt National 105 
DMPAL 16R8Mt National 

PAL16LS·2C MM' . (4768) 
PAL 1 6LIA·21 t MM. (4768) 
PAL 1 &R4·2C MM. (4768) 
PAL 1 6R4A·2M t MM. (4788). 110 
PAL 16R6·2CMM' (476S) 
PAL 16R6A-21 t MM. (4768) 
PAL16RS·2C MM. (476S) 
PAL 16R8A·2M t .M. (4768) 
PAL2OL1OM t- (4768) 115 
PAL20X1011 tal (4768) 
PAL20X4M tM" (4768) 
PAL20X8M tMM' (4768) 
DMPAL209X4C National 
DMPAL20L lOG National 120 
OMPAL20X1OC National 
DMPAL20XSC National 

PAL 16LIA-4C MM. (4768) 
PALl684A-4C MM. (4768) 
PAL 1 6R6A-4C MM' (476S) 125 
PAL 1688A-4C 

_. 
(4768) 

PAL1OH3·2C MMI 
PAL1OL8-2C -, (4768) 
PAL12H8-2C .M. (4768) 
PAL 12L6-2C MM' (4768) 130 
PAL 14H4-2C M.' (4768) 
PALl4L4·2C 

_. 
(4768) 

PALl6Cl·2C -, (4768) 
PAL 16H2·2C 

_. 
(4768) 

(Continued) 

nsR-Nanoseconds at Room Temperature 
OE-Open Emitter 
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CUSTOM/SEMICUSTOM-Programmable Logic (Cont'd) 

Propa- Supply Propa- Supply 
Organi- gation Voltage, Organi- galion Voltage, 
zalion Time Output V Device Source line zation Time Output V 

Programmable Logic (Cont'd) Field Programmable Identity Comparator, 8-Bit and 
4-Bit Comparator 

Field Programmable Array Logic - - 5 
60 nsF TS 5 (Cont'd) 

PAL16L2-2C MMI (4768) 
Field Programmable Logic Array, 14 Inputs, 32 Product 

PAL20L1OC MMI (4768) Terms, Six Sum Terms 
PAL20Xl0C MMI (4768) 10 ns * OC 5 
PAL20X4C MMI (4768) 
PAL20X8C MMI (4768) 5 
DMPAL20l10M National 

TS 5 

DMPAL20Xl0M National 
DMPAL20X4M National Field Programmable Logic Array, 16 Inputs, 48 Product 

DMPAL20X8M National Terms, 8 Outputs 
50 nsF OC 5 

65 nsF TS 5 PAL16L8-2M tMMI (4768) 10 
PAL16R4-2M tMMI (4768) 
PAL 16R6-2M t MMI (4768) TS 5 

PAL16R8-2M tMMI (4768) 

15 nsF TS 5 PAL 16LBA-4M t M. (4768) 80 nsF DC 5 

PAL16R4A-4M t MMI (4768) 15 
PAL 16R6A-4M t MMI (4768) 
PAL 16R8A-4M t MM. (4768) TS 5 

80 nsF TS 5 PAL 10H-2M t MMI 
PAL lOLl-2M t MM. (4768) 
PAL 12H6-2M t_1 (4768) 20 Field Programmable Logic Array, 24 Inputs, 72 Product 

PAL12L6-2M tM. (4768) Terms, 16 Outputs 

PAL 14114-2M t MM. (4768) 200 nsF TS 5 

PAL14L4-2M t MM. (4768) Field Programmable Logic Array, 48 Product Terms, 14 

PAL16Cl-2M tMMI (4768) Inputs 100 nsF OC 5 

PAL 16H2-2M t MM. (4768) 25 Field Programmable Logic Array, 8 Inputs, 32 AND 
PAL16L2-2M tM.' (4768) Gates, 10 OR Gates, 10 110 Lines 
PILl618-4C .. (4768) 30 nsF 00 5 

PALl6R4-4C MM. (4768) TS 5 

PAL16R6-4C 
_. 

(4768) 
PALl6R8-4C 

_. 
(4768) 30 40 nsF OC 5 

100 nsF TS 5 PALl618-4M tMM' (4768) TS 5 

PAL 16114-4M t MMI (4768) 
PAL 16R6-4M t MMI (4768) 45 nsF DC 5 
PAL 1618-4M t MM. (4768) TS 5 

Field Programmable Array Logic. CMOS 
90 nsF TS 5 HPL 16LC8-2 t Harris 35 55 nsF DC 5 

HPL 16LCB-9 t Harris TS 5 
HPL 16RC4-2 t Harris 
HPL 16RC4-9 t Harris 
HPL 16RC6-2 t Harris Field Programmable Logic Element (PROM), 1024x4 
HPL 16RC6-9 t Harrjs 40 35 nsF TS 5 
HPL 16RCB-2 t Harris 50 nsF TS 5 
HPL 16RC8-9 t Harris 

Field Programmable logic Element (PROM), 2048x4 
Field Programmable Gate Array, 16 Inputs, 9 35 nsF TS 5 

AND/NAND Gates, 9 Outputs 50 nsF TS '5 
35 nsF OC 5 1182S102 Slplllcs (4155) 

TS 5 1828103 Slgllllcs (4155) Field Programmable Logic Element (PROM), 32x8 
25 nsF TS 5 

55 nsF DC 5 8828102 tSlpllles 
(532.4155) 45 

TS 5 8828103 tSlg.ltles 35 nsF OC 5 

(532.4155) TS 5 

Field Programmable Gate Array, 6 Inputs, 12 AND Field Programmable Logic Element (PROM), 4096x4 

Gates, 12 110 Lines 35 nsF TS 5 

20 ns· OC 5 S828150 tSlpllles (532) 50 nsF TS 5 

TS 5 S82S151 tSlllllles Field Programmable Logic Sequencer, 12 Inputs, 32 
(532,4144) Product Terms, 6 Outputs 

25 nsF OC 5 N82S150 Signetics 45 nsF· OC 5 

TS 5 111828151 SIgIlllcs (4144) 50 

Field Programmable Identity Comparator, 12-8it TS 5 

- - 5 SII54ALS528 t 11 (1046) 

SII74ALS528 11 (1046) Field Programmable LogiC Sequencer, 12 Inputs, 50 

Field Programmable Identity Comparator. 16-8it Product Terms, 6 Outputs 

- - 5 SII54ALS526 t 11 (1045) 35ns· - 5 

S1I74ALS526 11 (1045) TS 5 

t Military Temperature Range (- 55° to 125°C) • Typical Value 
Bol~ 'aClI.~ICltlla~~1I10 •• 1 all II pr."ld'" .1 Irt. plgl •• 1111. 

4482 

Device Source line 

SI54ALS527 t 11 (1045) 55 
SI74ALS527 11 (1045) 

SN54PL840 tTl (4905.4918) 
SN74PL840 TI (4905.4918) 

SN54PL839 tTl (4905.4918) 
S174PL839 11 (4905.4918) 60 

MC82S101C Motorola 
182S101 Slg.llIes (4153) 

MC82S100c Motorola 
182S1OO Slg.etles (4153) 

MC82S101M t Motorola 65 
S82S101 tSlglllles 

(532,4153) 

MC82S1OOM t Motorola 
S8281 00 tSlpetles 

(532,4153) 

I'PB450 NEC 

IM5200 Intersil 70 

N82S152A Signetics 
18281531 Slglllles 

(4146.4146) 

IN82S152 Signetics 
HPL77153-5 Harris (3957) 
1828153 SllIIlles (4146) 75 

S82S152A t Signetics 
S82S153A tSlg.llles 

(532.4146.4146) 

582S152 t Signetics 
HPL77153-2 tHarris (3957) 
882S153 tSlpltlea 

(532.4146) 80 

6314411 MMI (4026) 
531441 A tMMI (4026) 

63S841 A MMI (4026) 
538841 A tMMI (4026) 

63S080 MMI (4026) 85 
638081 MMI (4026) 

538080 tMMI (4026) 
53S081 tMMI (4026) 

6381641A MMI (4026) 

53816411 tMMI (4026) 90 

SN54PL335 tTl 
SN74PL335 TI 

SN54PL333 tTl 
SN74PL333 TI 

SN74S331 TI 95 
SN74S330 TI 

<c> Ie MASTER 1984 



MASTER SELECTION GUIDE 

CUSTOM/SEMICUSTOM;..Programmable Logic (Cont'd) 

Propa- Supply Propa- Supply 

Organi- galion Voltage, Organi- gation VOltage. 

zalion Time . output V Device Source Line zation Time Output V 

Programmable Logic (Cont'd) I Hard Array Logic 
35 nsF TS 5 

Field Programmable Logic Sequencer, 151ilputS, 48 
Transition Terms, 80uwuts 

60 nsF OC 5 N82S104A Signetics 
S8ZS1OU fSlalllles (53%) 

TS 5 1828105A Sipeties (4157) 
S82811)5A fSlgulles 

(532.4157) 

90 nsF OC 5 N82S104 Signetics 5 
8828104 fSigulles (53%) 

TS 5 N82S105 Signetics 
S828105 fSipltles (53%) 

Field Programmable Logic Sequencer, 4 Inputs, 32 AND 
Gates, 21 OR Gates, 4110 Lines 

35 ns· OC 5 S828158 fSigulles (53%) 
TS 5 S828159 fSlgulles 

(532.4148) 10 

40 nsF OC 5 N82S158 Signetics 
TS 5 1821159 SljiiiUi:i 1 .... 11 I I Field Programmable Logic Sequencer, 4 Inputs, 32 AND 

Gates, 21 OR Gates, 6110 Lines 
35 ns· OC 5 S828156 fSlgutlea (53%) 

TS 5 S828157 fSlplllea (53%) 

40 nsF OC 5 N82S156 Signetics 15 
TS 5 N82S157 Signetics 

Field Programmable Logic Sequencer, 4 Inputs,. 32 AND I 
Gates, 21 OR Gates. 8110 Lines 

. 35 ns • OC 5 1S828154 tSI_1ea (53%) 
TS 5 S8U155 fSipeUca (53%) 

40 nsF OC 5 1N82S154 Signetics 
TS 5 N82S155 Signetics 20 

Field Progr~mmable Multiplexer, (10 inputs, four 10x8 
programmable arrays, four 8:1 addressable 
multiplexers, four outputs) 

55 nsF TS 5 29693C Raytheon 
75 nsF TS 5 ~3M t Raytheon 

Hard Array Logic 
25 nsf TS 5 HAL16lBAC 11111 

(4776.4784.4786) 
HALl6II4AC -I 

(4776.4784.4786) 
NALl6R6AC 11111 

(4776.4784.4786) 25 
HAL16118AC 11111 

(477&.4784.4786) 
HAL2OL8AC _I (4776.4787) 
IIAL2OII4AC _I (477&.4787) 
HAL20116AC 11111 (4776.4787) 
HAL!OR~ _. (4776.4787) 30 40 nsF TS 5 

30 nsF TS 5 HAL2OL8AII t ..... (4776) 
HAL2CMI4AII t_1 (4776) 
NAL2OI6AII t ..... (4776) 
HAL2OII8AII til" (4776) 

35 nsF TS 5 C-HAL16L8 MMI 35 
C-HAL16R4 MMI 
C-HAL16R6 MM! 
C-HAL16R8 MMI 
1IAL1011BC MM. (4776.4782) 
1lAl.10LBC 11111 (4776.4782) 40 45 nsF TS 5 
HAll2H&C MM. (4776.4782) 
1lAl.12L6C -(477&.4782) . 
1lAl.14II4C -(4776.4782) 
1lAl.14L4C -(4776.4782) 
1lAl.1&12C -(4776.4782) 45 
IIAll&l2C -(4776.4782) 
1lAl.1&1.8C -(477&.4784) 
1IAL16I4C -(4776.4784) 
1lAL16R6C . -(4776.4784) 
1IAL16I8C -(4776.4784) 50 

(Continued) 

t Military Temperature Range (- 55° to 125°C) 
OC-Open Collector 

ns· -Nanoseconds Typical nsF-Nanoseconds over Full Temperature Range 
TS-Three-State 

~ IC MASTER 1984 

Device Source Line 

(Cont'd) 
SP81OH8 SPi (48%6) 
SP810LB SPI (48%6) 
SP81%H6 SPI (48%6) 
SP81Zl6 SPI (48%6) 
SP814H4 SPI (48%6) 55 
SP814L4 SPI (48%6) 
SP816H% SPI (48%6) 
SP816l% SPI (48%6) 
SP816LB SPI (48%6) 

SP816114 SPI (48%6) 60 
SP816R6 SPI (48%6) 
SP816R8 SPI (48%6) 
FCT2OJ:4 Sl-Fa~ (48%7) 
HCT10H8 SI-Fall (48%7) 
HCTlOLB SI-FIII (48%7) 65 
HCT12l10 SI-Fn (48%7) 
HCT12l8 Si-FIII (4827) 
HCTl4H4 Si-FI~ (4827) 
HCT14L4 SI-FI~ 

(4827)1 I HCT14l8 SI-FI~ (4827) 70 
HCT1M4 S!-f!t! (4827) 
HCTl6Cl SI-Fu (4827) 
HCTl6H2 Sl-Fu (4827) 
HCTl6L% SI-FI~ (4827) 
HCTl6L6 SI-Fu (4827) 75 
HCTlal8 Si-FIII (48%7) 
HCT16R4 SHill (4827) 
HCTl686 Si-FIII (4827) 
HCTl. SI-Fall (4827) 
HCT16X4 SI-Fall (48%7) 80 
HCT18l4 Si-Fall (4827) 
HCTZOCl SI-Fu (4827) 
HCTZOll0 SHu (4827) 
HCT20LZ SI-Fall (4~7) 

HCT20x10 Si-Fall (4827) 85 
HCTZOx8 SI-FIII (4827) 
ZX-CAL 10H8 Zytrex 
ZX-CAL10L8 Zytrex 
ZX-CAL12H6 Zytrex 
ZX-CAL12L6 Zytrex 90 
ZX-CAL 14H4 Zytrex 
ZX-CAL14L4 Zytrex 
ZX-CAL16H2 Zytrex 
ZX-CAL1612 Zytrex 
ZX-CAL16L8 Zytrex 95 
ZX-GAL16R4 Zytrex 
ZX-GAL 16R6 Zytrex 
ZX-GAL 16R8 Zytrex 

HALI2llOC 11111 (4776.4783) 
HALI4LBC ..... (4776.4783) 100 
HALl6A4C Mil. (4776.4784) 
HALl6ClC _ (477&.4782) 

HALl6L6C 11M. (477&.4783) 
HAl I6X4C 11M. (4776.4784) 
HALl8L4C Mill (4776.4783) 105 
HAL2OC1C .. (477&,(783) 
HAL2OL2C -(477&.4783) 
SP816C1 SPI (4826) 

HAl1011IM tMM' (4776.4782) 
HAl10LIM tllill (4776.4782) 110 
HALI2H611 iMIll (477&.4782) 
HALl2l1011 t- (4776.4783) 
HALl2l611 tllM' (477&.4782) 
HALl4H411 tM1l1 (4776.4782) 
1lAl.14L411 t-· (4776.4782) 115 
1IAL16A411 tal (4776.4784) 
HAL1~111 t_1 (4776.4782) 
HALl6H211 t- (4776.4782) 
HAL 161.211 t- (4776.4782) 

(Continued) 

nsR-Nanoseconds at Room Temperature 
DE-Open Emitter 
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CUSTOM/SEMICUSTOM-Programmable Logic (Cont'd) 

Propa- Supply 
Organi- gation Voltage. 
zation Time Output V Device Source line 

Programmable Logic (Cont'd) 

Hard Array Logic 
45 nsF T8 5 (Cont'd) 

HAL16L6M tMM' (4776.4783) 
HALl6UM tMM' (4776.4784) 
HALl6R4M tMM' (4776.4784) 
HAL16R6M tMM' (4776.4784) 
HALl6R8M tMM' (4776.4784) 5 
HAL16X4M t •• , (4776.4784) 
HALl8L4M t ••• (4776.4783) 
HAL20L2. t ••• (4776.4783) 
HAL24L8M tMMI 

"50 nsF T8 5 HAL16L8-2C ••• (4776.4784.4789) 10 
HAL 1 6R4-2C ••• (4776.4784.4789) 
HALl6R6-2C ••• 

(4776.4784.4789) 
HALl6R8-2C .M' 

(4776.4784.4719) 
HAL20L1OC ••• (4776.4785) 
HAL20X1OC ••• (4776.4785) 15 
HAL20X4C MM' (4776.4785) 
HAL20Xac .M' (4776.4785) 

60 nsF T8 5 HALlOH8-2C MM. 
(4776.4782.4788) 

HAL1OL8-2C •• 
(4776.4782.4788) 

HAL12H6-2C .M. 
(4776.4782.4788) 20 

HALl2L6-2C ••• 
f4776.4782.4788) 

HAL 1 4H4-2C ••• (4776.4782.4788) I HAL 14L4-2C MMI 

I (4776.4782.4788) 
t!AL16C1-2C -, 

(4776.4782.4788) 
HALl6H2-2C ••• (4776.4782) 25 
HALl6L2-ZC M.' 

(4776.478Z.4788) 
HAL2OC1. t _. (4776.4783) 

HAL2OL10. t ••• (4776.4785) 
HAL20Xl0. t ••• (4776.4785) 
HAL20X4. t... (4776.4785) 30 
HAL20X8. t ••• (4776.4785) 

75 nsF T8 5 HAL 16L8-4C .. , 
(4776.4784.4790) 

HAL 1 6R4-4C .M' 
(4776.4784,4790) 

HAL16R6-4C 
_. 
(4776.4784.4790) 

HALl6R8-4C .. , 
(4776.4784,4790) 35 

Programmed at Factory. 14 Inputs, 96 Product Terms 
150 nsF - 5 DM7575 t National 

DM7576 t National 
DM8575 National 
OM8576 National 

I I 

t Military Temperature Range (- 55° to 125°C) • Typical Va.ue 
all. fn. '."altl ••• 'HIDI •• 1. 's "", ..... 1m P'" •• 1111. 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octag ... Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohio Sci Ohio Scientic 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY -Panasonic Panasonic 
Pico Design Pica Design 
Polycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic Design lnc~ 
Pro·Log Pro-Log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 
GI General Instrument RCA RCA Solid State Division Action Ins Action Instruments RCI Data RCI Data AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems ADT Advanced Digital Technology Reticon Reticon Advent Advent Products, Inc. 
Harris Harris Semiconductor RIFA RIFA Alphatron Alphatron Rockwell Rockwell, Microelectronic Devices AMA American Automation Heurikon Heurikon Corp. RTC Riehl Time Corporation - AMD Advanced Micro Devices Hilevel Hilevel Technology, Inc. 

AMI American Microsystems, Inc. Hitachi Hitachi America, Ltd. 
Amperex . Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Analogic Analogic HP Hewlett-Packard SaE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si·Fab Si-Fab 
Appl Sys Applied Systems Corp. Signetics Signetics 
APT Applied Microtechnology 

International Cybernetics 
SGS SGS Semiconductor 

Aptek Aptek Microsystems ICC ~~~rp _ Sharp ..... liitegiated Device Technolog;; Siiicon Generai . ArrayYech Array Yechnoiogy IU' SiliCon & 
AWl AWl Electronics IMI International Microcircuits, Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Siltronics Siltronics Barvon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. Bedford Bedford Computer Systems Inc. Infosphere Infosphere S MOS S MOS Systems 

8~rr·8rown Burr-Brown Inmos Inmos Solarise Solarise Enterprises 
IntCirEng Integrated Circuit Engineering Solitron Solitron Devices 

Computer Aided Engineering 
IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE IntCompSys Integrated Computer Systems SSM Splid State Micro TechnQlogy Cal Devic"s California Devices Int Tech Integrated Technology Corp. for Music Cermetek Cermetek Intech Intech Microcircuits Div. SSS Solid St(!te Scientific CGRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cherry Cherry Semiconductor Interdesign Interdesign STC Storage Technology Corp. CIC Custom Integrated Circuits Intersil Intersil STD STD Microsystems CirTech Circuit Technology Intronics Intronics Struc Des Structured Design Inc. Citel Citel ITT ITT Semiconductors Stynetic Stynetic Systems Comlinear Comlinear Corporation Sunrise Sunrise Electronics CMA Custom MOS Arrays Sunshine Sunshine Semiconductor Comark Comark Corp. Kinetic Sys Kinetic Systems Supertex Supertex Inc. Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. Comp Auto Computer Automation. Synertek Synertek Compas Compas Microsystems Sys Innoy Systems Innovations Cont Logic Control Logic Inc. Lambda Lambda Semiconductor 

Control Sys Control Systems Microsystems Div. Linear Tech Linear Technology 
Tau Zero Inc. CreMicro Creative Micro Systems LSI Comp LSI Computer Systems Tau Zero 

Cromemco Cromemco, Inc. LSI Logic LSI Logic Corporation Technitrol Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master Logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics n Texas Instruments 
Data 110 Data I/O Micrel Micrel Third Domain Third Domain Data Trans Data Translation Micro Innov Micro Innovators Thomson·CSF Thomson-CSF Components Corp. Datel Datel Micropac Micropac Industries Toshiba Toshiba America Datricon Datricon Corporation Micro Net Micro Networks Trans·Data Trans-Data DOC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW LS I· Prod uc'ts DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. Die·Tech Die-Tech Micro Tech -Microcircuits Technology 

Unitrode Unitrode Digelec Digelec Corp. Micro-Link Micro-Link Corporation Universal Universal Semicond!.!ctor. Inc. Digitek Oigitek, Inc, .. :_--- MiCiOn Technology mUilVIl Dionies Dionics Inc. MilerTron MilerTronics Dist Comp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Mitel Mitel Semiconductor VLSI Design VLSI Design Associates 
Mitsubishi Mitsubishi Electronics YTI VLSI Technology, Inc. 

E·HI E-H International. Inc. MMI Monolithic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. 

Mostek Monolithic Systems Corp. Elind Elind Elettronica Industriale 
Weitek Weitek Corporation EMM·SESCO EEM-SESCO Motorola Mostek 

Emulogic Emulogic Inc. MRC Motorola Semiconductor Western Western Digital 
Ell Micro Ell Micro Murray MRC Systems Wintek Wintek Corp. 
Exar Exar Integrated Systems Monosil Murray Consulting 
Exel Exel Microelectronics Xicor Xicor, Inc. 

National National Semiconductor Xycom Xycom 
Fairchild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex Zendex Corp. 
Force Force Computers Division Zilog Zilog Fujitsu A Fujitsu America NEC NEC Electronics ZyMOS ZyMOS Corporation Fujitsu Fujitsu Microelectronics. Inc. Nitron Nitron Zytrex Zytrex Corp. 
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Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 

20-Pin IMOXTM Programmable Array Logic Elements 

Features of PALs Advantages of AMD PALs 
• User customizable, high performance logic • IMOXTM oxide isolated technology insures 

building blocks industry's fastest (12ns typ) "A" versions 
• Custom logic patterns may be generated in and fastest half-power (24ns typ) ilL" versions 

minutes with PROM type programmers • Platinum-silicide fuses and added test words 
• Easy to use software design aids available insure programming yields > 98% 

(PALASM*) • Functional yield after programming> 99% 
• Improves performance and reduces board area • Reliability assured through more than 40 billion 

and cost of existing TTL SSI/MSI designs fuse hours of life testing with no failures 
• Aids creation of new system architectures • Full AC and DC parameter t~ting at the 

through interactive design techniques factory through on-board testing circuitry 
• Security fuse prevents copying of logic by • Power-up reset simplifies state machine design 

competitors • Industry leading quality guarantees 
• Slim 20 and 24-pin DIP packages 

AMD PAL Speed/Power Families 

tpct tS(1) tcO(1) Icc(2) IOl 
Family ns (Max) ns (Max) ns (Max) mA (Max) mA (Min) 

High Speed, "A" 25 20 15 155 24 
Standard 35 30 25 155 24 
Half Power, "L" 35 30 25 80 24 

(1) Sequential functions. 
(2) Combinatorial functions. 

AMD PAL FUNCTIONS 
i , I I i Package Part Array 

Number Inputs Logic OE Outputs Pins 

16R8 
Eight Dedicated Eight 8-Wide AND-OR Dedicated Registered Inverting 20 
Eight Feedback 

Eight Dedicated Six 8-Wide AND-OR Dedicated Registered Inverting 
16R6 Six Feedback 20 

Two Bidirectional Two 7-Wide AND-OR-INVERT Programmable Bidirectional 

Eight Dedicated Four 8-Wide AND-OR Dedicated Registered Inverting 
16R4 Four Feedback 20 

Four Bidirectional Four 7-Wide AND-OR-INVERT Programmable Bidirectional 

1618 Ten Dedicated Eight 7-Wide ANO-OR-INVERT Programmable Six Bidirectional 20 
Six Bidirectional Two Dedicated 

Ten Dedicated Eight 7 -Wide AND-OR Programmable Six Bidirectional 
20 16H8 Six Bidirectional Two Dedicated 

16LD8 Ten Dedicated Eight 8-Wide AND-OR-INVERT - Dedicated 20 
Six Bidirectional 

16HD8 
Ten Dedicated Eight 8-Wide AND-OR - Dedicated 20 
Six Bidirectional 

Twelve Dedicated Ten 12 (Average)-Wide AND-OR! Ten BidirectionalIRegistered 
22V10 Ten Bidirectionall Programmable 24 

Feedback 
AND-OR-1NVERT Programmable Polarity 

IMOX is a trademark of Advanced Micro Devices, Inc. 
·PAL is a registered trademark of Monolithic Memories, Inc. 
·PALASM is a registered trademark of Monolithic Memories, Inc. 

© Ie MASTER 1984 



Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 

20-Pin IMOXTM Programmable Array Logic Elements 

MAXIMUM RATINGS (Above which the useful life may be impaired) 

Storage Temperature 

Temperature (Ambient) Under Bias 

Supply Voltage to Gr.ound Potential (Pin 20 to Pin 10) Continuous 

DC Voltage Applied to Outputs (Except During Programming) 

DC Voltage Applied to Outputs During Programming 

Output Current Into Outputs During Programming (Max Duration of 1 sec) 

DC Input Voltage 

DC Input Current 

OPERATING RANGE 
I· Commercial Mllitarv ---" 

Parameters Description Min Max Min Max Units 

Vee Supply Voltage 4.75 5.25 4.50 5.50 V 

TA 
Operating Free Air 

Temperature 
0 75 -55 °C 

TC 
Operating Case 125 °C 

Temperature 

ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) 

-55 to +125°C 

-0.5 to +7V 

-0.5V to +Vcc max 

21V 

200mA 

-0.5 to +5.5V 

-30 to +5mA 

Typ 
Parameters Description Test Conditions Min (Note 1) Max Units 

Vee = MIN, loti = -3.2mA COM'L 
VOH Output HIGH Voltage 2.4 3.5 Volts 

ViN = ViH or Vil IOH = -2mA MIL 

Vee = MIN, 101.. = 24mA COM'L 
VOl. Output LOW Voltage 0.50 Volts 

VIN = VIH or Vil 101.. = 12mA MIL 

VIH Input HIGH Level 
Guaranteed input logical HIGH 

2.0 Volts 
(Note 2) voltage for all inputs 

Vil Input LOW Level 
Guaranteed input logical LOW 

0.8 Volts 
(Note 2) voltage for all inputs 

III Input LOW Current Vee = MAX, VIN = O.40V -20 -250 p.A 

IIH Input HIGH Current Vee = MAX, VIN = 2.7V 25 p.A 

II Input HIGH Current Vee = MAX, VIN = 5.SV 1.0 mA-

Isc Output Short Circuit Current Vee = MAX. VOUT = 0.5V (Note 3) -30 -60 -90 mA 

1618, 16H8, 16HD8, 16LD8 
110 155 1618A, 16H8A, 16HD8A, 16LD8A 

iee I Power Suppiy Curreni Aii inputs = GND, Vee = MAX rnA 

I 
16RS, 16R6. 16R4 

120 180 I 16R8A, 16RSA, 16R4A 

VI Input Clamp Voltage Vee = MIN, ItN = -lamA -0.9 -1.2 Volts -, 

IozH Output Leakage Current Vee = MAX, VIL = 0.8V Vo = 2.7V 100 

IozL. (Note 4) VIH = 2.0V Vo = O.4V -100 
p.A 

CIN Input Capacitance VIN = 2.0V @f = 1 MHz (Note 5) 6 

COUT Output Capacitance VOUT = 2.0V @f = 1 MHz (Note 5) 9 
pF 

Notes: 1. Typicallirnits are at Vee = 5.0V and TA = 25°C. 
2. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. VOUT = O.5V has been 

chosen to avoid test problems caused by tester ground degradation. 
4. VO pin leakage is the worst case of Iozx or 'IX (where X = H or L). 
5. These parameters are not 100% tested,.but are periodically sampled. 

@ Ie MASTER 1984 4601 
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Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 

20-Pin IMOXTM Programmable Array Logic Elements 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 
HIGH SPEED 

Test Typ COM'L 
Parameters Description Conditions (Note 1) Min Max 

tpD 
Input or Feedback to Non-Registered Output 

12 25 16L8A, 16R6A, 16R4A, 16LD8A, 16H8A, 16HD8A 

tEA Input to Output Enable 16L8A, 16R6A, 16R4A, 16H8A 12 25 

tER Input to Output Disable 16L8A, 16R6A, 16R4A, 16H8A COM'L 12 25 

tpzx Pin 11 to Output Enable 16R8A, 16R6A, 16R4A R1 = 200 8 20 
R2 = 390 

tpxz Pin 11 to Output Disable 16R8A, 16R6A, 16R4A 8 20 

teo Clock to Output 16R8A, 16R6A, 16R4A 8 15 

ts Input or Feedback Setup Time 16R8A, 16R6A, 16R4A MIL 10 20 

tH Hold Time 16R8A, 16R6A, 16R4A R1 = 390 -10 0 
R2 = 750 

tp Clock Period 35 

tw Clock Width 15 

fMAX Maximum Frequency 28.5 

Notes: 1. Typical limits are at Vee = 5.0V and TA = 25°C. 
2. tpD is tested with switch 81 closed and CL = 50pF. 

MIL 

Min Max Units 

30 ns 

30 ns 

30 ns 

25 ns 

25 ns 

20 ns 

25 ns 

0 ns 

45 ns 

20 ns 

22 MHz 

3. For three-state outputs, output enable times are tested with CL = 50pF to the 1.5V level; 81 is open for high impedance to HIGH tests and, 
closed for high impedance to LOW tests. Output disable times'are tested with CL = SpF. HIGH to high impedance tests are made to an output 
voltage of VOH - 0.5V with 81 open; LOW to high impedance tests are made to the VOL + 0.5V level with 81 closed. 

SWITCHING CHARACTERISTICS OVER OPERATING RANGE (Unless otherwise noted) 
STANDARD SPEED 

Parameters 

I tpD 

tEA 

tEA 

tpzx 

tpxz 

teo 

ts 

tH 

tp 

tw 

fMAX 

Description 

I 
Input or Feedback to Non-Registered Output 

. 16L8, 16R6, 16R4, 16LD8, 16H8, 16HD8 

input to Output Enabie i6L8, 16R6, i6R4, 16H8 

Input to Output Disable 16L8, 16R6, 16R4, 16H8 

Pin 11 to Output Enable 16R8, 16R6, 16R4 

Pin 11 to Output Disable 16R8, 16R6,16R4 

Clock to Output 16R8, 16R6, 1.6R4 

Input or Feedback Setup Time 16R8, 16R6, 16R4 

Hold Time 16R8, 16R6, 16R4 

Clock Period 

Clock Width 

Maximum Frequency 

Notes: 1. Typical limits are at Vee = 5.0V and TA = 25°C. 
2. tpD is tested with switch 81 closed and CL = SOpF. 

17 35 

17 35 

COM'L 17 35 
R1 = 200 12 25 
R2 = 390 

12 25 

12 25 

MIL 15 30 
R1 = 390 -10 0 
R2 = 750 

55 

20 

18 

40 ns 

40 ns 

40 ns 

25 ns 

25 ns 

25 ns 

35 ns 

0 ns 

60 ns 

25 ns 

16.5 MHz 

3. For three-state outputs, output enable times are tested with CL = SOpF to the 1.5V level; 81 is open for high impedance to HIGH tests and 
closed for high impedance to LOW tests. Output disable times are tested with CL = SpF. HIGH to high impedance tests are made to an output 
voltage of VOH - 0.5V with 81 open; LOW to high impedance tests are made to the VOL + 0.5V level with 81 closed. 

ACTESTLOAD 

5V~=:J S1 

R, 

OUTPUT 

I I 

~i 1~ 
BPM·370 
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Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 

20-Pin IMOXTM Programmable Array Logic Elements 

SWITCHING WAVEFORMS 

INPUTS,IIO. ]~~(======~rm~I~(================I===)==== REGISTERED 
FEEDBACK 

CP 

REGISTERED 
OUTPUTS: 

'• I . . .= ;''':;:;1 t-'''1 
COM~~~~~; ====================_ .----------------...) .... )""Ir) ..... ))) (:(:(:{==== 

BPM-371 

KEY TO TIMING DIAGRAM 

WAVEFORM INPUTS OUTPUTS WAVEFORM INPUTS OUTPUTS 

MUST BE WILL BE -- DON'T CARE; CHANGING; 

STEADY STEADY 
ANY CHANGE STATE 
PERMITTED UNKNOWN 

H 
CENTER 

DOES NOT LINE IS HIGH 
APPlY IMPEDANCE 

"OFF" STATE 
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BIPOLAR LSI AND SUPPORT PRODUCTS 
20-Pin IMOXTM Programmable Array Logic Elements 

LOGIC DIAGRAM AmPAL16R8/AmPAL16R8A 
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Advanced Micro Devices 
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BIPOLAR LSI AND SUPPORT PRODUCTS 
20-PinIMOXTM Programmable Array Logic Elements 

LOGIC DIAGRAM AmPAL16R6/AmPAL16R6A 

-INPUTS (0 31) 
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BIPOLAR LSI AND SUPPORT PRODUCTS 
20-Pin IMOXTM Programmable Array Logic Elements 

LOGIC DIAGRAM AmPAL16R4/AmPAL16R4A 

-INPUTS (0 31) 
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20-Pin IMOXTM Programmable Array Logic Elements 
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20-Pin IMOXTM Programmable Array Logic Elements 
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BIPOLAR LSI AND SUPPORT PRODUCTS 

20-Pin IMOXTM Programmable Array Logic Elements 

PROGRAMMING 

Each AMD PAL fuse is programmed with a simple sequence of 
voltages applied to two control pins (1 and 11 ) and a programming 
voltage pulse applied to the output under programming. Addres
sing of the 2048 element fuse array is accomplished with normal 
TTL levels on eight input pins (five select the input line number 
and three select the productterm number). VCC is maintained at a 
normal level throughout the programming and verify cycle - no 
extra high levels are required. 

The necessary sequence of levels for programming any fuse is 
shown in the Programming Timing Diagram. The address of each 
fuse in terms of Input Line Number and Product Term Line 
Number is defined by the Fuse Address Tables 1 and 2. Current, 
voltage and timing requirements for each pin are specified in the 
Programming Parameter Table below. 

The 1SL8, 1SR8. 1SRS. 1SR4. 1SH8, 1SLD8 and 1SHD8 use 
identical programming conditions and sequences; .. 

After all programming has been completed. the entire array 
should be reverified at VCCL and again at VCCH. Reverification 
can be accomplished by reading all eight outputs in parallel rather 
than one at a time. The array fuse verification cycle checks that 

PROGRAMMING PARAMETERS TA = 25°C 

Parameters Description 

the correct array fuses have been blown and can be sensed by 
the outputs. 

AMD PAls have been designed with many internal test features 
that are used to assure high programming yield and correct 
logical operation for a correctly programmed part. 

An additional fuse is provided on each AMD PAL circuit to prevent 
unauthorized copying of AMD PAL fuse patterns when design 
security is desired. Blowing the security fuse blockS entry to the 
fuse pattern verify mode, 

To blow the security fuse: 
1. Power up part to VCCP 
2. Raise Pin 5 to VHH. 
3: Pulse Pin 11 from ground to VOP for a SOJA-sec duration. 
4. Perform a normal end-of-programming verify cycle at VCCL 

and VCCH. All fuse locations should be sensed as blown if the 
security fuse has been successfuiiy biown. 

Note that parts with the security fuse blown may not be returned 
as progfcunming rejects. 

AMD PALs normally have high programming yields (>98%). 
Programming yield losses are frequently due to poor socket 
contact. equipment out of calibration or improperly used. 

Min Typ Max Units 

11 12 
Volts 

! I Control Pin Extra High Level 
Pin 1 @ 10-40mA 10 

Vop 

Vccp 

VCCL 

VCCH 

VBIown 

tp 

to 

tv 

VONP 

R 

Pin 11 @ 10-40mA 

Program Voltage Pins 12-19@ 15-200mA 

Input Low Level During Programming and Verify 

Vcc During Programming @ ICC = 5O-2OOmA 

Vee During First Pass Verification@ Icc = 50-2OOmA 

Vee During Second Pass Verification@ lee = 5O-200mA 

Successful Blown Fuse 
Sense Level @ Output 

Rate of Output Voltage Change 

16L8. 16R8, 16R6, 16R4, 16LD8 
16L8A,16R8A, 16R6A, 16R4A,16LD8A 

16H8, 16HD8, 16H8A, 16HDaA 

Rate of Fu.sing Enable Voltage Change (Pin 11 Rising Edge) 

Fusing TIme First Attempt 

Subsequent Attempts 

Delays Between Various Level Changes 

Period During which OUtput is Sensed for VBtown Level 

I Pull-Up Voltage On Outputs Not Being Programmed 

10 

18 

2.4 

0.0 

5 

4.1 

5.4 

2.4 

20 

100 

40 

4 

I 100 

I 

11 12 

20 22 

5 5.5 

0.3 0.5 

5.2 5.5 

4.3 4.5 

5.7 6.0 

0.3 0.5 

3 i 
I 250 

1000 

50 100 

5 10 

200 1000 ! 

I 500 

2 Pull-Up Resistor On OUtputs Not Being Programmed 

i Vccp - 0.3 i VccP + 0.3 

I 2.1 . l 1.9 

AMD PAL PROGRAMMING EQUIPMENT INFORMATION 

Source and Data 1/0 Kontron Electronics, Inc. Stag Microsysterns 
Location 10525 Willows Rd. N.E. 630 Price Avenue 528-5 Weddel Drive 

Redmond, WA 98052 Redwood City, Sunnyvale, 
CA 94063 CA 94086 

Programmer ModeI-1oo, 29, Model-MPP-80S Model-PPX 
Model(s) 19 or 17 or EPP80 

AMD PAL Logicpak MOD-33 PPM2200 
Personality 950-1942-001 
Module 

Socket 715-1947-003 SA37 Am202S 
Adapter 

@) IC MASTER 1984 
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Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

V/p.SeC 

V/p.SeC 

p.SeC 

msec 

ns 

ns 

Volts 

K!l 
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Advanced Micro Devices 

PINS 
2-9 

PIN 1 

PROGRAMMED 
OUTPUT 

PIN 11 

BIPOLAR LSI AND SUPPORT PRODUCTS 
20-Pin IMOXTM Programmable Array Logic Elements 

PROGRAMMING WAVEFORMS 

INPUT LINE NUMBER AND PRODUCT TERM LINE NUMBER ADDRESSES 

r---------~------~-,_----------------~-----------------~H 
,_-_:---------- V1HP 

1----------- V1LP 

-+---....,,-:-------:--------------:----~----------------- VOP 

1----------- VOH 

1----------- VOL 

1--... -------- VHH 

'----- V1LP 

tv to CYCLE 
ENDS 

I------PROGRAMMING----------t----------VERIFY-------l BPM-379 

TABLE 1. INPUT AODRESSING SIMPUFIED PROGRAMMING DIAGRAM 

Input 
Line 

Number 
---

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

L = VILP 
H = VIHP 

I 

Input Line Number 
Address Pin States 

9 I 8 1 7 I 6 I 5 

~ I 

L L L L 
L L L H 
L L H L 
L L H H 
L H L L 
L 

t I 
H L H 

L H H L 

! L H H H 
L H L L L 
L H L L H 
L H L H L 
L H L H H 
L H H L L 
L H H L H 
L H H H L 
L H H H H 
H L L l l 
H l l l H 
H L L H l 
H L l H H 
H l H l l 
H L H L H 

I 

H l H H l 
H L H H H 
H H l l l 
H H l l H 
H H L H l 
H H l H H 
H H H l l 
H H H l H 
H H H H l 

H I H I 
1 I 

VHH 

PINS 
2-9 

PIN 1 

PAL 

~ 
I 

BPM-380 

TABLE 2. PRODUCT TERM ADDRESSING 

Product Term Line Number 

0 8 16 24 32 40 48 56 
1 9 17 25 33 41 49 57 
2 10 18 26 34 42 50 58. 
3 11 19 27 35 43 51 59 
4 12 20 28 36 44 52 60 
5 13 21 29 37 45 53 61 
6 14 22 30 38 46 54 62 
7 15 23 31 39 47 55 63 

Pin I Pin I Pin I Pin 
19 18 17 16 

Pin I Pin 
15 14 

Pin I Pin I 
13 112 

Programming Access and Verify Pin 

L = VILP 
H = VIHP 

Product Term 
Select 

Address Pin 
4 3 2 

L L L 
L L H 
L H L 
L H H 
H L L 
H L H 
H H L 
H H H 
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Advanced Micro Devices 
BIPOLAR LSI AND SUPPORT PRODUCTS 

20-Pin IMOXTM Programmable Array Logic Elements 

PRELOAD OF REGISTERED OUTPUTS LOW state. This feature simplifies testing since any initial state for 
,the registers can be set to optimize test sequencing. 

AMD PAL registered outputs are designed with extra circuitry to 
allow loading each register asynchronously to either a HIGH or 

The pin levels and timing necessary to perform the PRELOAD 
function are detailed below: 

_to to to to 10-

PIN 11 f \ 

/ \ 
I \ 

PIN 2 

.~"m~ 
[/ __ --+------:.-----,.\-+-[ -t-- VHH 

I i-----,~~ Z F= OUTPUT 

Basic Device 
16R8 
16R6 
16R4 
16L8 
16H8 
16LD8 
16HD8 

Speed Selection 
= Standard 

A = High Speed 

z 

Level forced on registered 
output pin during preload cycie 

OV to VCCH or OPEN 

Output state at the 
output pin after cycle 

HIGH 

LOW 

ORDERING INFORMATION 

AmPAL XXXXX x X X X 

t tL.. ______ Screening 

C = 883C Basic Flow 
B = 883B (Burn-ih) 

L...-_______ Temperature Range 

C = Commercial 
M = Military 

~---------- Pa~age 
P = Molded DIP (Commercial Only) 
D = Hermetic DIP 
L = Chip-Pak™. 

·Chip-Paks are rated at maximum case temperature only. 

Chip Pak IS a trademark of Advanced Micro DeVices, Inc. 
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AMI®--------------
.""4. A Subsidiary r of Gould Inc. 

No other company can match AMI's track record in develop
ing state-of-the-art custom VLSI products. With more than 
2000 custom devices designed and, manufactured since 
1966, AMI has more experience than any other integrated 
circuit company in building a wide variety of custom 
microcircuits. 

AMI not only has the experience, but the design engineer
ing organization and the advanced production and testing 
facilities to produce the highest quality MOSIVLSI circuits. 
And because AMI also offers standard memory, micropro
cessor, telecommunication and consumer products and 
the widest variety of custom VLSI processes in the indus
try, we're able to be objective in helping customers deter
mine their most cost effective approach. 

The Advantages of Custom Circuits 
Since a single custom MOSIVLSI chip can replace expen
sive electromechanical devices, discrete logic compo
nents, or less efficient general purpose LSI circuits, it 
offers a number of benefits not available with standard 
logic. 

Custom circuits save money. Grouping functions onto a 
single chip lowers production and inventory costs dramati
cally. That reduces your product manufacturing costs as 
well. 

Custom circuits are more reliable. Putting a complete system 
on a chip trims component count, improving both product 
reliability and production yields. Rework, repair and 
replacements are minimized. 

Custom circuits reduce space and power requirements. 
Fewer components means both space and power require
ments are reduced. 

Custom circuits offer superior performance_ Since the circuit 
is designed to your requirements, features and functions 
can be incorporated which are not available in general pur
pose chips. Special tailoring reduces test requirements as 
well. 

Custom circuits offer proprietary protection. Being tailored 
exactly to your requirements, a custom circuit cannot be 
easily duplicated. This can help put you ahead - and keep 
you ahead - of your competition. 

The Spectrum of Solutions 
The decision to use a custom circuit depends on your 
system design requirements -such things as complexity, 
features, size and power limitations. But no longer is your 
custom decision limited by low volume or short develop
ment time ~ not when you come to AMI. 

AMI has a full spectrum of custom solutions to aSsure you 
get that solution which meets your system performance 
and time-to-market requirements at the lowest possible 
cost. 
AMI's spectrum of solutions bridges the total span of 
volume, timing and interface needs of our customers. From 
semi-custom designs, to full custom design - somewhere 

4614 

Spectrum of Custom Solutions 

on the spectrum, your development time and volqme 
requirements can be met. For customers who already have 
their designs, AMI can provide custom fabrication for the 
customer's tooling. We will even teach custom deSign if 
that's what our customers need. And we can even go a step 
further and license the technology for a customer to set up 
his own fabrication capability. No other company offers 
such a spectrum of solutions. And no other company has 
more experience at helping you pick the best solution for 
your needs. 

Semi-Custom Gate Arrays 
AMI offers both gate arrays and standard cell design 
methods for semi-custom circuit development. 

Gate arrays are the best solution for circuits of moderate 
complexity in low-to-medium volume applications or where 
the shortest possible development time is required. AMI of
fers both gate arrays and standard cell deSign methods for 
semi-custom circuit development. 

AMI CMOS semi-custom gate arrays are standard logic lay
outs of everything except the final metal interconnect pat
tern. Since only the final pattern needs to be developed to 
customize your circuits, both development time spans and 
development costs are dramatically reduced. Because 
wafers containing arrays are preprocessed and inventoried, 
production lead times are short. Gate arrays are especially 
attractive for applications requiring circuit volumes from 
1,000 to 50,000 units per year. 

For more details on AMI's gate arrays, refer to the "Semi
Custom" section. 

Standard Cell Custom 
Standard cells are custom circuits which are designed from 
computer stored modular cells. The computer assembles 
the cells into a collection of functional blocks to form a 
custom circuit. Since standard cells utilize predesigned 
cells, development time is reduced dramatically and devel
opment costs are cut 30 to 50 percent over conventional 
custom design. Circuit size is likely to be slightly larger 
than a conventional custom circuit, so they are most appro
priate where rapid development is more important than 
minimal size. Standard cells are cost effective in volume 
levels beginning around 10,000 circuits. 

For more details on AMI standard cells refer to the "Semi
Custom" section. 

Optimized Custom Design 
Where end product volume is high - beyond 50,000 units 
per year - or where special requirements for lowest power, 
minimal space or highest performance exist, the solution is 
likely to be conventional custom design. By optimizing cir
cuit elements and layout for a specific part, die size is sub
stantially smaller than using semi-custom deSign methods. 
In high volume applications, a smaller die size results in 
lower unit cost to the customer. 

@ Ie MASTER 1984 
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In addition, custom designs allow you to combine logic ele
ments, memory, and analog circuits in a single device. This 
design flexibility is not available in gate arrays and only 
available to a limited extent in standard cells. 

Instrumental in the design of custom circuits is our 
Symbolic Interactive Design System (SIOS). The design is 
done primarily with SIDS where a layout designer works 
with symbols directly at a large screen alph~numeric color 
CRT. After the SIDS circuit design has been completed and 
verified, the symbols are converted to polygons and a 10X 
reticle tape is prepared. 

SIDS uses on-linel real-time design rule checking capability 
to isolate design rule errors in the layout. This allows imme
diate correction which greatly reduces the development 
span time. 

Also a nodal trace function permits a designer to trace and 
highlJght a given electrical node. In this way, the designer 
can manually insure that the node is connected as speci
fied in the master logic description. 

Full background real-time design rule checking on win
dows, cells, and chips is supported, as is full background 
continuity checking against the master logic description. 
This eliminates the delay from digitizing and batch proces
sed computer checking of circuits for accuracy. 

With SIOS, error correction, circuit modification and area 
relocations take only minutes. That significantly reduces 
design cycle time and development costs. 

Computer-aided hand-drawn layouts are used to reduce 
extremely complex circuits to the absolute smallest size. 
Development time and costs are higher, but in certain 
cases, size or complexity requirements may require the 
hand-drawn approach. 

Customer Owned Tooling 
In many cases AMI customers design their own Circuits, 
either through an internal design center, a design house, or 
another vendor. In these cases, AMI can provide custom cir
cuit fabrication from customer owned tooling. In conjunc
tion with a silicon foundry service, AMI's Customer Owned 
TOOling (COT) group can offer the customer design support 
in the ,form of design rules, standard cells, a three phase 
development program, test program generation and general 
technical support. In the event of deSign problems, AMI's 
COT group utilizes the design expertise of the custom or 
semi-custom group for technical assistance. 

Once the circuit is deSigned, the customer has the option of 
transferring the circuit tooling to AMI in PG tape, data base 
tape or working plate form. Close cooperation between the 
customer and AMI's COT Group during an established three 
phase prototype development program Simplifies circuit 
debug and reduces risk of design error. 

Drawing on AMI's extensive manufacturing ability, COT 
offers a wide range of process variations, package types, 
and test capabilities. Unlike most of AMI's competition in 

@ IC MASTER 1984 

Spectrum of Custom Solutions 

the silicon foundry market, AMI has internal photolitho
graphy (mask making) and assembly capability. This inter
nal capability avoids the high costs and quality risks of sub
contracting two very important steps in custom IC 
manufacturing. 

Once the prototype development program is completed, 
AMI can ship as few as five to as many as thousands of 
wafers' per week to the customer. AMI can ship tested die, 
fully tested packaged devices and devices meeting military 
883-B standards. 

AMI's Customer Owned Tooling group is the only vendor in 
the silicon foundry market that offers design support, ful! 
service manufacturing capability, flexibility and experience. 

Joint ueveiopment Ventures 
Through a Joint Development Team (JOV) we can teach a 
customer to design his own MOSIVLSI circuits. The J OV is 
a combination of technically skilled people from the partner 
company and AMI who function as a design group concen
trating on the customer's products alone. The JOV partner 
brings' his system design staff and AMI brings the 
MOSIVLSI staff and its design technology. The partner 
becomes part of an in-house AMI design group. The end 
result is a design capability for the partner company for cir
cuits that AMI will fabricate. 

If the customer wants to go beyond designing his own cir
cuits to operating his own manufacturing/pilot line, AMI will ' 
license the necessary technology in those situations where 
a long-term business relationship can be established be
tween the partner company and AMI. 

AMI Provides Leading CAD Technology 
At almost all levels of the spectrum, computer-aided design 
(CAD) software and hardware aids. are employed to assure 
correctness of design each step of the way and to shorten 
deSign spans reducing customer risk and lowering design 
cost. Highly efficient programs have been implemented to 
assist in logic design and Simulation, layout planning, . 
switched capaCitor analYSis routines and symbolic interac
tive design layout, to name just a few. 

Hardware design aids include: 

• On-site Burroughs 7760 computer with multiprocessing 
capability. 

• Computer terminals built around a Prime computer and 
engineering design facilities which tie into the on-site 7760 ' 
and time-sharing services. 

• Computervision interactive graphics system which pro
vide on-line generation and editing of compOSite drawings; 
includes drafting surfaces and CRT displays. 

• Calma graphics system for both production digitizing 
and on-line changes. 

• Calma GOS-11 high speed electrostatic plotter. 
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• High speed, high resolution Electromask 9-track pattern 
generator. 

Software design aids include: 
logic Design 

• Register Transfer language (RTl) Simulation - Provides a 
system behavior description to define instruction sets, 
optimize data paths, control hardware algorithm design and 
establish register designs. 

• Glide - Permits user to design layout, simulate, generate 
patterns and develop test programs for logic arrays. 

• Path Analysis Program (PATH) - Permits gross logic 
checks to be made before design, and fincll logic checks 
from the ultimate design. 

• logic Simulator (SIMAD) -. (SIMulator with Assignable 
Delays) simulates logic network behavior for design 
verification and propagation delays. 

• Programmable logic Array Design Aids (PLAID) - Uses 
state tables and Boolean equations to generate the opti
mum physical structure for random logic designs. 

• Block Oriented logic Translator (BOLT) ..... A logic descrip
tion compiler that generates a common data base used by 
SIDS, SIMAD, LPA, continuity check, PATH and CIPAR. 

• Design Rule Checking (DRC) 

• Trace and Continuity Checking 
Circuit Design 

• Circuit Simulator (ASPEC) - Analyzes DC operation, DC 
transfer functions, time domain or transients and frequency 
domain or small signal AC characteristics. 

• Pole Zero Analysis (PZSLlC) - Program analyzes the fre
quency domain of linear integrated circuits. 

• Switched Capacitor Analysis Routine (SCAR) - Analyzes 
switched capacitor filter deSigns for telecommunications 
and other analog circuits. 

• Data Analysis Program (DAP) - Analyzes data from circuit 
fabrrcation to maintain the parameters of circuit deSigns. 

Mask DeSign 

• layout Planning Aid (lPA) - Lays out the chip plan and 
interconnection between functional blocks of an integrated 
circuit. 

• Symbolic Interactive Design System (SIDS) - Permits a 
layout designer to work directly with a computer to layout 
and check a circuit on a CRT screen, dramatically shorten
ing layout time requirements. 

• Circuit Interactive Place and Route (CIPAR) - Automati
cally creates error-free mask deSigns in extremely short 
time spans. 

Test Generation 
AMI utilizes numerous software programs to generate test 
programs for integrated circuits. All serve to reduce the 
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time needed to develop test programs to meet customer 
specifications. 

Digital and Analog Combinations 
AMI is a leading innovator in combining digital and analog 
functions on a single chip. We can combine any of the func
tions below into an optimum circuit configuration to meet 
your needs. Unique combinations of these functions are 
already used in many applications in the communications, 
consumer, and industrial marketplace. 

DIGITAL 

PLA 
ALU 

Inverter 
RAM and ROM 
Shift Register 

Interface Driver 
Automatic Power Down 

State of the Art Packaging 

ANALOG 

OPAMP 
Oscillator 

Comparator 
Voltage Reference 

AID and 01 A Converters 
Switched Capacitor Filters 
Programmable Power Down 

Phase Locked Loops 

AMI's packaging capability spans a broad spectrum, begin
ning with plastic, ceramic and CERDIP and going on to chip 
carriers, die bonding to PC boards and, most recently, mini
flat packs. As well as being a leader in plastic packaging for 
the high volume, low cost consumer industry, AMI's high 
reliability plastic packages and chip carriers are accepted 
under the stringent requirements in the Telecom and Auto
motive industries. As many industry segments move 
toward space-saving packages, AMI remains in the 
forefront in packaging using chip carriers. AMI now is 
developing a family of mini-flat packs which are a plastic 
alternative to a chip carrier. 

AMI Delivers Quality 
AMI quality controls for in-process wafer inspection and 
final assembly and test are the best in the industry. Our care 
in fabrication, assembly and test mean that you get pro
ducts that meet your specifications for reliability. Because 
over 70 percent of our total production is custom, we per
form many checks routinely that would only be done on 
special orders and at additional cost by other manufac
turers. In fact, our own in-house standards are tougher than 
most of our customers require. Most importantly, AMI is 
committed to making sure that everything we do is done 
right, every time we do it. 

The Industry's Highest Standard 
AMI has conSistently pursued product excellence and has 
reached for higher quality levels in finished products ship
ped. Circuits are inspected to 0.04 % AQL or your specifica
tions, whichever is more stringent. 
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This 0.04 % AQL can put you in a superior competitive posi
tion. Your incoming test and assembl.y costs come down 
since there is less reworking on the line. And your 
customers receive a more reliable product. 

Quality Checks 

Among the routine quality controls exercised over every 
product at AMI are: 

• Full logic design checks against system specifications 

• Circuit simulation to verify performance against 
objectives 

• Working plates check on automatic checkers 

• Automated mask fabrication checks 

@ Ie MASTER 1984 
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• In-process wafer fabrication checks 

• Wafer sort tests 
• 100% optical inspection at dicing 
• 100% die attach checking 
• 100% lead bonding inspection prior to package sealing 
• Seal checks, fine and gross leak tests 
• Final digital and analog tests 
• Customer specified environmental tests 

Meticulous in-process checks are performed on design 
and workmanship at every step, to ensure a full manufac
turabie device. in manufacture, jot process and yield data 
are captured and examined as a matter of routine. 
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Overview 

As the semiconductor industry has marched into the new 
era of VLSI, a new market has appeared-fast turn custom 
or, as it is now called, semi-custom. AMI, a leader in custom 
MOS since 1966, is also a'ieader in this new semi-custom 
market. AMI has introduced CAD software and hardware 
tools to allow customers to design, Simulate, and layout cir-' 
cuits using AMI gate array and standard cell families. 
Figure 1 shows the economic tradeoffs between gate array, 
standard cell, and full custom, all of which are offered by 
AMI. 

Figure 1. Cost vs. Volume Alternatives 
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The simplest semi-custom ICs are gate arrays. As the name 
implies, a gate array consists of uncommitted component 
matrices of transistors (usually P- and N-type for CMOS) 
that allow user-defined interconnections through a Single 
or double layer of metal. Since arrays employ fixed compo- . 
nent locations and geometries, AMI can process the wafers 
up to the metallization stage and inventory the wafers for 
future customization. Thus gate arrays look like late mask 
programmable ROMs and benefit from this large-volume 
production because they appear to be a standard product. 
Thus AMI can offer them at an economical price and with 
fast prototyping and production turn on spans. 
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Semi-Custom Capabilities 

Standard Cells 

The second semi-custom product group is standard cells. 

Standard cells employ fully customized process/mask sets 
and must pass through all process steps before a user
specified circuit is completed. To design such chips, AMI. 
customers use precharacterized functional cells from our 
cell libraries. Placing and routing the cells is done on AMI 
computers using specially developed software. Standard 
cell designs usually result in smaller chips since only the 
component structures required for the user-specified cir
cuit are included, thus chips designed with cells are less 
expensive than gate array designed chips. 

The key to success in this new market is flexibility. Flexibil
ity to the user entails: low risk circuit implementation, short 
development span, lower development cost, lower piece 
part cost (over TTL implementations), easy to change or 
modify, enhanced product features, etc. For the manufac
turer, flexibility means: ease of manufacture, economies of 
scale, and easy interface with customers. One last point: 
AMI offers the user the opportunity to migrate at a low cost, 
from a gate array to a standard cell (or possibly full custom) 
to further enhance his/her product. By using analog cells, 
significant advances in chip function integration are at the 
user's disposal. 

In addition, AMI offers a wide selection of packages to meet 
specifiC user needs. AMI offers the CAD tools needed to 
work in the new market. AMI also offers the training re
quired to move customers quickly and easily into this new 
technology. 

2-Micron Products 
AMI is developing 2-micron CMOS technology to support 
the next generation of semi-custom products, in both gate 
arrays and standard cells. These products will offer size and 
performance improvements of up to 50% from their 
3-micron counterparts. 

Introduction of the first 2-micron gate array family is plan
ned for second quarter 1984 and is expected to offer 
capabilities of greater than 8000 gates. 

For detailed information on Gate Arrays and Standard Cells 
consult the following seven pages. 
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Gate Arrays 
Features 
• Arrays of Uncommitted CMOS Transistors Programmed 

by Metal Layer Interconnect to Implement Arbitrary Digi
tal Logic Functions 

• Multiple Developmental Interfaces: AMI or Customer 
Designed 

• Three Array Families-5-Micron Single Metal CMOS, 
3~Microh Single Metal CMOS, and 3-Micron Double Metal 
Versions 

• Multiple Array Configurations-From 300 to 1260 Gates 
for 5-Micron Devices, and 500 to 5000 Gates for 3-Micron 
Devices 

• Quick Turn Prototypes and Short Production Turn-On 
Time 

• Economical Semi-Custom Approach for Low-to-Medium 
Production Volume Requirements 

• Advanced Oxide-Isolated Silicon Gate CMOS Tech
nology 

• High Performance-2 to 3ns Typical Gate Delay for 3-
Micron Devices 

• Broad Power Supply Range-3V to 12V (± 10%) 
• TIL or CMOS Compatible 110 
• Up to 134 I/O Connections 
• Numerous Package Options 
• Full Military Temperature Range (- 55°C to 125°C) and 

MIL-STD-883 Class B Screening Available 

Table 1. 5-Micron Gate Array Family 

Circuit Equivalent 
Pads Two-Input Gates 

UA-1 300 40 
UA-2 400 46 
UA-3 540 52 
UA-4 770 62 
UA-5 1000 70 
UA-6 1260 78 

5-Micron Gate Array Family 
The family of 5-micron CMOS products is offered in six 
configurations, summarized in Table I, with circuit com
plexities equivalent to 300, 400, 540, 770, 1000, and 1260 
two-input gates, respectively. All pads can be individually 
configured as inputs, outputs, or I/O's. Input switching 
characteristics can be programmed for either CMOS orTIL 
compatibility. LS buffer output drivers will support CMOS 
levels of two low power schottky TIL loads. TIL buffer out
puts will also provide CMOS levels and are capable of driv
ing up to six LS TIL loads. All output drivers can be pro
grammed for tri-state or open drain (open collector) opera
tion as required. 
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General Description 
AMI's gate array products consist of arrays of CMOS 
devices whose interconnections are initially unspecified. 
By "programming" interconnect at the metal layer mask 
level, virtually arbitrary configurations of digital logic can 
be realized in an LSI implementation. 
AMI gate. array designs are based on topological 
cells-:-i.e., groups of uncommitted silicon-gate N-Channel 
and P-Channel transistors-that are placed at regular 
interval,S along the X and Y axes of the chip with inter
vening polysilicon underpasses. Pads,input protection cir
cuitry, and uncommitted output drivers are placed around 
the periphery. 
Compared to SSIIMSI logic implementations, AMI's gate 
array approach offers iower system cost ahd, in addition, 
all the benefits of CMOS LSI. The lower system cost is due 
to significant reductions in component count, board area 
and power consumption. Product reliability, a strongJunc
tion of component count, is thereby greatly enhanced. And 
compared to fully custom LSI circuits, the gate array offers 
several advantages: low deveiopment cost; shorter deve
lopment time; shorter production turn-on time; and low unit 
costs for small to moderate prodt..iction volumes. 
AMI's CMOS gate arrays are offered in three families: the 
5-micron UA series, the 3-micron single metal GA series, 
and the 3-micron double metal GA-D series. The 5-micron 
UA series has been in production since 1980 and well over 
one hundred circuits have been produced in that tech
nology. The 3-micron GA and GA-D series are the high
speed high-density devices fabricated in AMI's state-of
the-art 3-micron CMOS processes. 

LS Output TTL Output 
Drivers Drivers 

17 20 
23 20 
25 24 
31 28 
35 32 
39 36 

The CMOS technology used for these products is AMI's 
state-of-the-art 5~micron. oxide-isolated. silicon aate 
CMOS process. This process offers all the conventional ad
vantages of CMOS- i.e., very low power consumption, 
broad power supply voltage range (3V to 12V ± 10°/<1), and 
high noise immunity-as well as dense circuits with high 
performance. Gate propagation delays are in the five to ten 
ns range for 5 volt operation at room temperature. AMI gate 
array products can be supplied in versions intended for 
operation over the standard commercial temperature range' 
(O°C to + 70°C), the industrial range (- 40°C to + 85°C), or 
the full military range (- 55°C to + 125°C). MIL-STD-883 
Class B screening, including internal visual inspection and 
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high temperature burn-in, is offered. Simil,arly, customer
specified high reliability screening is available for commer
cial and industrial applications. 

D.C. characteristics for the 5-micron gate array family are 
summarized in lable 2. 

Table 2 

2-lnput Gate 
logic Element Equivalent 

2-lnput NOR 1 
2-lnput NAND 1 

3-lnput NOR 1.5 

3-lnput NAND 1.5 

INVERTER ,5 

D FLIP-FLOP W/RESET 5 

D FLIP-FLOP W/SET-RESET 6 

J-K FLIP-FLOP 8 
; 

CLOCKED LATCH 2.5 

EXCLUSIVE OR 2.5 

SCHMITT TRtGGER 2 

4-81T 8CD CNTR W/RESET 27 

TRANSMISSION GATE .5 

The current AMI array family, 300 gates to 1260 gates, is run 
in a3-12V CMOS process (internally coded as CVA process). 
AMI is currently optimizing this array family for 3V to 5V 
operation (internally coded as CVH process). This new fami
ly, called UA-300 through UA-12S0, is to be functionally 
identical to the existing UA-1 through UA-S. All design tools 
are interchangeable. 

Customers who require 3V to 5V operation will be able to 
use the CVH family now. This optimized process will result 
in a 25-50% performance enhancement for 5V gate array 
designs. Customers who require operating voltages 
greater than 5V wili continue to use the UA-1 to UA-6 eVA 
family. 
In conjunction with these arrays, AMI has developed a set 
of "functional overlays." These are basic logic element 
building blocks-e.g. two input and larger gates of various 
types, flip-flops, and so forth-from which complete logic 
designs can be developed. Each functional overlay cor
responds to a metal interconnect pattern that is superim
posed on a set of uncommitted transistors (and polysilicon 
underpasses) in the array to implement the logic element. 
Typical functional overlay logic elements and the number 
of two-input gate equivalents they utilize are shown in 
Table 3. 

, Currently over 75 functional cells exist for this family. 

3-Micron Gate Array Family 
As part of AMI's long range semi-custom strategy in 
MOSIVLSI, AMI will continue to introduce new gate array 
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products. These new products will offer performance and 
cost advantages not currently realizable. In conjunction 
with these new array products, AMI has introduced 
computer-aided deSign tools to automate the entire gate 
array design process. 

The newest gate array family is the high-performance GA 
and GA-D series which is based on AMI's 3-micron CMOS 
silicon gate process technology. With a 3-micron drawn 
geometry, it is equivalent to a 2-micron effective channel 
length which is the state-of-the-art. 

The AMI GA and GA-D series are deSigned for 5V operation 
over military temperature range (- 55 to 125 D C). Besides 
high speed (2 to 3ns typical delay) and high density (up to 
5K gates), it features total 110 flexibility in that each I/O pad 
can be one of any 13 options . 

The Single metal version provides up to 2500 gates and the 
double metal GA-D version 5000 gates. See Table 3 for con~ 
figurations . 

Table 3_ 3-Micron Gate Array Family 

Process Product No. Gates Pads 

GA-2500 2,500 
" 

84 Single Metal 
GA-2000 2025 74 
GA-1500 1500 64 
GA-1000 1020 52 
GA-500 540 40 

Double Metal GA-5000D 4995 134 
GA-4000D 4012 120 
GA-3000D 3080 102 
GA-2000D 2016 84 
GA-1000D 1024 64 

In conjunction with these new array products, AMI will 
have a complete powerful set of design automation soft
ware to allow users complete design flexibility. Using a 
terminal tied to a central AMI owned or customer owned 
minicomputer or mainframe, the user will have qccess to a 
complete set of design automation software tools in
cluding: 
• Schematic digitization and capture 
• Logic simulation 
• Circuit simulation 
• Test vector generation 
• Interactive or autoplace and route 
• Auto continuity checking 

These tools will allow the user to partially or fully automate 
the design task for maximum flexibility. 

Customer Interfaces 

Unlike other gate-array vendors, AMI offers all the services 
required to develop and fabricate a semi-custom circuit. In
house capabilities include circuit and logic simulation, 
mask making, full wafer fabrication, assembly, and test. 
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Gate array developments are supported in two basIc ways: 
1) The AMI-Tooled Interface is available to customers with' 
little or no experience in semi-cListom circuit development, 
or to experienced users with limited in-house capabilities. 
In these cases-AMI requires a logic diagram or breadboard 
schematic of the circuit to be integrated, along with D.C. 
and A.C. specifications, and functional patterns in I/O for-
mat. , 
At the end of the development phase, the customer . 
receives 25 fully tested prototypes, assembled in ceramic 
packages, which have beEm subjected to our stringent a.A. 
screening requirements. 
2) The Customer-Tooled Interface is 'more applicable tq 
customers with multiple circuit development requirements 
and suitabie in-house design capabilities. FOi theSe 
customers AMI will supply the necessary software tools 
which have been written in FORTRAN and PASCAL 
languages so they will be compatible not only with PRIME 
computers, as is presently the case, but also with VAX and 
IBM minis: The user in turn provides AMI with either a 
database tape in CALMA format, or an ELECTROMASK or 
DAVID MANN compatible pattern generator tape, along 
with test requirements. A debugged SENTRY program. is 
preferred. AMI will then fabricate and test 25 prototypes 
which should be representative of t~e production units. 

Software Support 

AMI CAD Technology (ACTTM) is the most advanced .inte
grated software package for CMOSIVLSI design-available 
in the industry. It uses a common .database ~or logic 
simulation, mask layout and test program generation. By 
operating from a common database, a gate array design 
can be converted into a standard cell or a fully crafted 
custom circuit with minimal risks. 
The heart of the system is BOLTTM (Block Oriehted Logic 
Translator) which is at the same time a hardware descrip
tion language and a compiler. It allows, the system. 
designer to describe the logic network in a hierarchical 
fashion due to an unlimited macro riesting capability. 

The common data base is created iii a very simple fashion, 
consistent with the way that logic files are created in most 
timeshared logic simulators. Figure 2 shows a simple logic 
network and the corresponding BOLTTM file which allows 
programmability of rise and fall times for all gates. 

GLIDETM is the graphics editor on Prime used for interactive 
design of the single metal families of arrays. TRACE™is a 
module that checks the layout databa.se for continuity, and 
COMPARETM verifies that the layout matches the BOLTTM 
logic file. 
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Figure 2. 

GAPARTM is the software. module that allows automatic 
placement and routing of the double metal family of arrays. 
It is designed to complete at least 98% of the wiring con
nections on a 100% utilized array, based on a 90% confi
dence level using Donath-Heller-Milkhail two-dimensional 
model. The GAPARTM system also offers interactive 
routing tools which can be used to complement the auto 
router when overflow conditions exist or to manually route 
critical delay paths. 

CAPACITANCETM'caicuiates the actual capacitive load of 
the active gates fropi the layout database. The capacitance 
parameters are different for poly and metal inter
connections, and for aluminum over diffusions or field 
oxide. In conjunction with DELAyTM, it allows to accurately 
predict the dynamic behavior of the actual integrated cir
cuit before it is fabricated. 
TESTGENTM is used to generate efficiently compressed 
fimctional test patterns based on the fesults of logic simu
lations from SIMADTM. This pattern compression mini
mizes the use of local memory on Sentry testers. 
TESTF).ROTM operates on Prime, allowing off-line genera
tion of D.C. parametric tests in Factor language used in 
Fairchild test systems. Its output is merged with the com
pressed functional patterns from TESTGENTM, and the 
result is a full dynamic test program that can be tailored for 
use in any Sentry tester. 
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Packages 
Pinout or lead count varies with die size and array com
plexity. The arrays are offered in standard plastic and 
ceramic dual-in-line packages with pin counts ranging from 

5-Micron Gate Array Series 

Gate Arrays 

16 to 64, JEDEC-Standard lead less and leaded chip carriers, 
miniflat packs to 84 pins, and pin grid arrays to 144 pins. 
AMI gate array products are also available in wafer or 
unpackaged die form. . 

DC Characteristics-TTL Interface Specified @ Voo = + 5V ±1 0%; Vss = 0; Temperature = - 55 0 C to + 125 0 C 

Symbol Parameter 

VIH Input High Voltage 

VIL Input Low Voltage 

VOH 
Output High Voltage (LS Buffer IOH = - 700~) 
(T Buffer IOH = -1.5mA) 

VOL 
Output Low Voltage (T Buffer VOL = 2.4mA) 
(LS Buffer IOL = 0.8mA) 

loz 3-State Output Leakage Vo = 0 or VOO 

DC Characteristics-CMOS Interface 

Sym. Parameter Voo *T Low 

100 Quiescent Device 5V 
Current 10V 

Low Level Output 
VOL Voitage 

High Level Output 5V 
VOH Voltage 10V 

VIL Input 5V 
Low Voltage 10V 

VIH Input 5V 
High Voltage 10V 

IOL Output Low 
(Sink) Current 5V 
T Buffer 10V 
LS Buffer 5V 

10V 

IOH Output High 
(Source) Current 
T Buffer 5V 

10V 
LS Buffer 5V 

10V 

liN Input Leakage 
Current 

IOZ 3 State Output 
Leakage Current 

CI Input Capacitance 

* Military temperature range is - 55°C to + 125°C 

Industrial temperature range is - 4DOC to + 85°C 

Commercial temperature range is DOC to + 7DOC 
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Min Max 

0.1 
0.2 

0.05 

4.95 
9.95 

0.0 1.5 
0.0 3.0 

3.5 5.0 
7.0 10.0 

3.2 
6.0 
1.0 
1.8 

-600 
-1120 
-300 
-560 

1 

±1 

Min 

4.95 
9.95 

0.0 
0.0 

3.5 
7.0 

3.2 
6.0 
1.0 
1.8 

Min. Typ. Max. Units 
2.0 Voo V 
0.0 0.8 V 

2.7 V 
2.4 V 

0.4 V 
0.4 V 

-10 1 10 ~ 

Limits 

251C *T High 
Units Condition Typ Max Min Max 

.001 0.1 1 ~/gate VIN =0 

.002 0.2 2 ~/gate orVOD 

0.05 0,05 V IO=1~~A 

4.95 V lo=-1~ 
9.95 V 

1.5 0.0 1.5 V 
3.0 0.0 3.0 V 

5.0 3.5 5.0 V 
10.0 7.0 . 10.0 V 

4.8 2.4 mA Vo=0.4V 
9.0 4.0 mA Vo=0.5V 
1.6 0.8 mA VO=0.4V 
3.1 1.0 mA VO=0.5V 

-600 -500 ~ VO=4.6V 
-1120 -940 ~ Vo=9.5V 
-300 -250 ~ Vo=4.6V 
-560 -470 ~ Vo=9.5V 

1 1 ~ VIN =0 or 
Voo 

±1 ±10 ~ Vo=O or 
VOO 

5 pF Any Input 
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Absolute Maximum Ratings 

-, ! 

Gate Arrays 

Supply Voltage, Voo ........................................................................................................................................................ - .5V to + 7V 
Input Voltage, VIN .......................................................................................................................................... :......... - .5V to Voo + .5V 
D.C. Input Current, II .................................................................................................................................................................. ± 10mA 
Storage Temperature, TSTG ....................................................... ; ............................................................................. - 65° to + 150°C 

3-Micron Gate Array Series 

D.C. Electrical Characteristics: Voo = 5V ± 10%, Vss = OV, TA = - 55° to + 125°C 

Symbol Parameter Min. Typ. 

100 Quiescent Supply Current 10 

VOL Low Level Output Voltage 

4.95 
VOH High Level Output Voltage 

2.40 

-.5 
VIL Low Level Input Voltage 

-.5 I 

I 2.0 
VIM High Level Input Voltage 

3.5 

liN Input Leakage Current 

loz 
High Impedance Output 

-10 .001 
Leakage Current 

CIN Input Capacitance 5 

Table 4. Propagation Oelay-Characteristics for AMI Gate Arrays 
A.C. Characteristics: TA = 25°C, Voo = 4.5V, F.O. = 2 

Function 5/J 

INVERTER L-H 6.0 
H-L 5.3 

21NPUT NAND L-H 9.0 
H-l 9.0 

21NPUT NOR L-H 12.0 
H-L 8.2 

D·TYPE F/F 

MAX FREQUENCY 15 

TTL INPUT BUFFER 18 

OUTPUT BUFFER 

DELAY (CL = 30pF) 20 

Max. 

50 

.05 

.4 

.8 

I 1.5 

Voo +.5 

Voo +.5 

1 

10 

Gate Delays 

3/J S.M. 

4.5 
1.3 

5.8 
1.8 

8.4 
1.5 

36 

7 

9 

NOTE: BASED ON WORST CASE PROCESS PARAMETERS. FOR TYPICAL DATA, DIVIDE GATE DELAYS BY 1.8. 
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Units Conditions 

~ VI = Voo or Vss 

V IOl = 1~ 

V IOL = 3.2mA 

V IOH = -1~ 

V IOH = -5mA 

V TtL Interface 

V CMOS Interface 

V TTL Interface 

V CMOS Interface 

pA VIN = Voo 

~ 
VOH = VDD or 
VSS 

pF Any Input 

3/J D.M. Units 

3.4 ns 
1.0 ns 

4.4 ns 
1.4 ns 

6.3 ns 
1.1 ns 

45 MHz 

5 ns 

6.7 ns 
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AMI's Standard Cells 
Program Description 
The cells in the Standard Cell Program are basic logic ele
ments such as gates, flip-flops, register counter bits and 
I/O devices. Each cell has been previously designed and 
analyzed for performanc;:e. Complex digital functions can 
be rapidly implemented by interconnecting the various 
cells. Most cells have a series 4000 CMOS equivalent and a 
7.4LS TTL equivalent for ease of breadboarding. 
The cells are initially designed on an interactive color 
graphics terminal - AMI's SIDS (symbolic interactive 

en design) system. The cell library is maintained within the 
E SIDS data base. If other CAD (Computer-Aided Design) sys-
Q) tems are used internally by a customer, the cell library can 
Ci5 be digitized onto these systems. 
~ Using the SIDS system, new cells or modifications of exist· 
o ing cells can be generated and added to the cell library 02 rapidly, without any hand layout. Similarly, non-cell func
~ tions such as analog elements or memory arrays, RAM or 

ROM, can be designed using SIDS and merged with stan
dard cells. c: 

as 
o 
0i: 
Q) 

E « 

This ability to add speCial features efficiently makes AMI's 
standard cell program far more flexible than other 
manufacturer's cell development systems. 

Table 5. Standard Cell Offerings 

Part No. 

XXXX-001 
XXXX-001 
XXXX-001 
XXXX-001 
XXXX-001 

Performance 

Process Technology 

5,.,. CMOS Single Metal 
4,.,. NMOS Single Metal 
3,.,. CMOS Single Metal 
3,.,. CMOS Double Metal 
2,.,. CMOS Double Metal 

Availability 

NOW 
NOW 
NOW 
NOW 
2Q'84 

AMI's standard cell circuits can be successfully used in 
digital circuits with operating speeds up to 10MHz for 
NMOS (or CMOS at 10V Ved up to 40MHz for CMOS (5V 
Ved. It should be emphasized that if only a small portion of 
the circuit requires faster performance, this portion can be 
"customized" either by creating special cells or by design
ing Circuitry outside of the cell structure. AMI will review 
customer logic without obligation to determine if a cell 
design is feasible. 

Features 

The high speed, high performance 3-micron cell families 
are also available. These cells are designed in AMI's 
3-micron single and double layer metal process. They have 
been characterized for 3-5V operation and over the full 
military temperature range. As in 4000 series CMOS, power 
for static operation is near zero. 

4624 

Standard Cells 

3-Micron Single Metal Standard Cells 

• State-of-the Art CMOS Technology 
• 3·Micron Single Metal Cell as Basic Building Block 
• Same Macros and Performance for Cells and Arrays 

3-Micron Double Metal Standard Cells 
• Automatic Placement and Routing 
• Cells are Designed to Exceed the Performance of 

3-Micron DLM Gate Arrays 
• Fixed Cell HeightlVariable Width 
• Characterized at 25°C, 70°C, and 125°C with Voo = 4.5V 

NMOS Cells 
This family is AMI's most complete cell family with over 
135 cells in 4 speed/power combinations. Voo and Vss con
nections are metal lines running horizontally across the 
cell. Two other metal lines, usually used for clock signals, 
also run across the cell. Typical and worst case inverter 
delays are 5.5ns and 10.0ns, respectively. 

The NMOS cells are implemented using a 4-micron silicon 
gate process and can be used over the full military tem
perature range (- 55°C to 125°C). Operating voltage is 
5V ± 10%. The NMOS cells have been designed with three 
power/speed options. The fastest cells also have the 
highest power consumption and use the most area. There-~ 
fOie, the fast cells should be used only where circuit per
formance requires high speed. Most circuits are optimized 
by using a combination of low power, standard and high 
speed cells. 

CMOS Cells 
The CMOS cells are designed using a 5-micron, silicon gate 
oxide-isolated process and using 3-micron single and dou
ble layer metal process. These processes are well suited 
for analog circuitry and some analog cells will be added to 
the digital cells. The 5-micron CMOS cells are character
ized for 3V to 12V operation over the .full military tempera
ture range (- 55°C to 125°C). CMOS cells are generally 
used where low power battery operaNon or backup are 
required. 

AMI Standard Development 
The circuit user provides a completed logic diagram and a 
circuit specification. AMI performs all other design activity 
including MOS logic d~sign, circuit deSign, layout, mask 
generation and fabrication of wafers. This development op
tion is recommended for most users deSiring to build a 
single LSI device and for multiple circuit users who do not 
wish to become directly involved in the MOS circuit 
development. 
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Developing Your Standard Cell Design 

Standard Cells 

AMI offers three basic options for developing a standard cell custom circuit. All of these apply to the Development ,Flow 
Diagram of Table 7. 
Table 7. Gate Array/Standard Cell Development Flow 

LOGIC DESCRIPTION 

FAULTSIM 

FAULT 
SIMULATOR 

r--..... ----+OIIII--, 
I : 
I I 

BOLT 

SIMAD 

LOGIC 
SIMULATOR 

TEST DESCRIPTION 

GlIDEfGAPAR 

LAYOUT DATA 
BASE 

TESTGEN 

PATTERN 
FORMATTER 

TESTPRO 

PROGRAM 
GENERATOR 

Table 8. AMI Standard Cell 
3-Micron Single Metal Interface 

No. of Gates 

500 
1000 
2000 
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L,ic Diagram Input 

Cost 

$19.7K 
$22.8K 
$31.3K 

Max. Span 

9 Weeks 
11 Weeks 
13 Weeks 

Cost 

$15.7K 
$16.8K 
$21.3K 

CUSTOMER TOOLING 

Net List Input 

RNISHED 
GOODS 

Max. Span 

7 Weeks 
9 Weeks 

11 Weeks 
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We're the 
JastpeopJe 

you need to call 

Look aroWld; compare price, compare yield, compare 
turnaroWld time ... then call BRI. We welcome your 

toughest VLSI design problem. Gate arrays, standard cell, 
PLS/PAL, Bi-CMOS, you name it. We've got a fully compu
terized design solution and a fabrication technique that will 
give you what you need, when you need it, at the right 
price. Volume is no obstacle. 

BRI has combined a fully computerized and world
wide-accessible VLSI design system with high

volume, high-yield fabrication facilities to provide our 
clients with products offering both reduced die size and 
superior electrical characteristics. From initial design 
through final component assembly, or at any step in the 
process, BRI can bring an imaginative and cost-effective 
solution to your VLSI requirements. We don't have to be 
the first people you call but, when it comes to a final 
'decision, we're determined to be the last. 
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V Standard Cell 
BRI's computer aided VLSI design features an extensive cell library which 
includes 7400 series, ROM/RAM and analog functions. This allows custom
ized circuit design at iower cost. and .in less time. The 2 micron HCMOS 
dualla yer metal process technology and advanced design techniques provide 
both increased circuit performance and reduced die size. 

V Gate Array 
The 2 micron HCMOS dual layer metal process technology is supported 
by a fully automated design system to provide a family of gate arrays with 
1.6ns maximum propagation delay. All BRI gate array products are specifi
cally designed for quick turn-around, high performance and low cost. 

V Analog/Digital Gate Array 
Fabricated with the Bi-cMOS process technology, these arrays offer analog 
functions with true bipolarcharacteri$tics and low power CMOS ditigal 
functions in one cost-effective device. This allows the customer to maximize 
system integration while protecting his priorietary design. 

V PAL/PLS 
These 2 micron HCMOS mask programmable products provide bipolar 
speed and CMOS power dissipation for greater reliability and lower cost. 
They are pin compatible with Signetics PLS and MMI PAL series. 

For full facts on these and other BRI custom and semi-custom products, give us a call. 

2680 N. First St., Suite 210 • San Jose, CA 95134 B" RI [;] BARVON RESEARCH, INC. 

. Telephone: (408) 262-8368 • TELEX: 17-1627 • TWX: 910-379-0029 
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Benefits 
o Integrate HCMOS or standard TTL functions easily 

o Reduce component count 

o Reduce power dissipation and consumption 

o Introduce new products quickly 

o Improve system reliability 

o Protect innovative designs longer 

Features 
o Typical propagation delay (tp) <2.0 nsec 

o Circuit! package flexibility 

o Quiescent current: 0.01 J.tA/gate 

o Dedicated VLSI CAD system with 
complete software support 

o Library of pre-designed macro cells 

o Input protection on all pads 

o Rapid design cycle-from 6 to 12 weeks 
depending on array size 

MASeries 
High Speed 

CMOS Gate Arrays 
311 Silicon Gate CMOS 

Preliminary 

General Description 
The MA series of gate arrays is produced on Citel's 3J.t 
silicon gate CMOS process, a state-of-the-art tech
nology featuring oxide isolation, isoplanar structures 
and shallow functions for high speed and high density. 
As a fully licensed second source for both design and 
complete fabrication of Matra Harris gate arrays, Citel 
offers an extensive library of fully characterized macro 
cells which enables a rapid, yet reliable, logic implemen
tation of any cellon any array. 

Gate array design activity is performed on th.e Gate
mark VLSI design system which includes such capabili
ties as schematic or net list entry, logic simulation, 
interactive layout, automatic place and route and a 
layout! net list check. 

In addition to deSign and wafer fabrication, Citel 
offers a wide range of package options and a complete 
S-VII test capability for both wafer sort and final test. 
The 110 pad-to-gate ratio permits wide flexibility in 
package selection (e.g., the MA0400 fits a standard 20-
pin DIP yet also provides 40 pads for those with high 
110 needs). The MA Series currently includes four 
arrays ranging from 200 to 1200 gates. Additional semi
custom arrays and a complete library of standard cells 
for full custom CMOS design are in development 

Citel 3/J CMOS Gate Anay Family (MA Series) 

Gate Pad 
Part No. Count Count PlastIc DIP 

MA0200 228 & 32 8-28 pins 
281/0 

380 & MA0400 
361/0 

40 8-40 pins 

754 & MA0800 
501/0 

54 22-40 pins 

1139 & MA1200 
I 621/0 

66 
! 

24-40 pins 

... _ ..... _-_ .... 
-t-- - - •••••••••• 

-... - - - II II II·· II - . . . II.... •• • ••••••• 
4628 

Packages 
Ceramic 

14-28 pins 

18-40 pins 

22-48 pins 

24-64 pins 
I 

LCC Cells Available 

14-28 pins ANO/OR/INV - 14 
NANO/NOR/ANO-OR-INV/EXOR -19 

28-40 pins 
Latches - 5 
JK/O/RS Flip Flops - 17 

32-64 pins 
MSI Functions - 10 
(Counters. Adders. Registers) 

40-64 pins 
1/0 Cells - 10 

I Misc. Functions - 7 

3060 Raymond Street 0 Santa Clara, CA 95050 
(408) 727-6562 TWX: 910-338-0540 
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ELECTRICAL CHARACTERISTICS Preliminary 

Absolute Maximum iatlngs 
Supply Voltage ............................................... -0.5 to +7.0V 
Input/Output Voltage ..................................... -0.3 to VDD +0.3V 
Storage Temperature ..................................... -'65°C to +150°C 

DC Electrical CharaCteristics (Voo= 5V ±10%; -:55°C to +125°C) 

Paramew " Symbol Min. Typ MaX Units CondItIons 

Low-level (TTL) VIL - - 0.8 V Input Buffer Cells 

Input Voltage (CMOS) VIL - - 1.5 V VO= 4.SV; 10= 0 

High-level TTL VIH 2.2 - - V Input Buffer Cells 

Input Voltage CMOS VIH 3.5 - - V Vo= O.SV; 10= 0 

Low-levelOutput Voltage, VOL - 0.2 0.4 V 10L = 3.2 mA 

High-level Output Voltage VOH 3.9 - - V IOH=-100pA 

Input Leakage Current IlL -1 0.01 +1 pA VIN = OV or Voo 

Standby Supply Current 100 - 0.D1 - pAl G ate 

AC Electrical Characteristics (V DD= 5V; Fan-out = 2 gates; T PD = Y2 (T R + T F) 

Parci.".., 1YP (25ec) Max. (0- to 7CrC) Max. (-55° to 125OC) Units 
Propogation Delay (tp) 

Inverter 1.3 3.0 4.0 nsec 

4-lnput NAND 1.9 '4.6 6.0 nsec 

4-lnput NOR 4.0 10.0 11.0 nsec 

Input Buffer 2.2 7.0 9.0 nsec 

Output Buffer (SOpF) 13.0 20.0 25.0 nsec 

Dynamic Supply Current 5.0 (max) - - pA/MHz/Gate 

Citel's capabilities also include full-custom MOS and bipolar integrated c~rcuits and Universal Programmers. 
Complete information available upon request. 

This data sheet is issued to !?rovide-information only. Citel reserves the right to alter without notice the specifications, design, price or condition of supply of this product. 

Copyrighte 1983, Cite!. All Rights Reserved. Printed in U.S.A . 

. ' , ........ . 

I 

I 
I 

• -ail" . ••••••••••••••••• . - •...... 
, . ..... . 

, ........ . ...... . 3060 Raymond Street 0 Santa Clara, CA 95050 
(408) 727-6562 TWX: 910-338-0540 
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CUSTOM MOS ARRAYS, INC. 211 TopazStreet Milpitas., CA 95035 (408) 946-9111 TWX 910-338-2304 

CMA SIlicon Gate HCMOS Gate Arrays 
CMA 2000 Series 

GENERAL 

The CMA 2000 Series of gate arrays from Custom MOS 
Arrays (CMA) are a high-performance family of gate arrays, 
with complexity ranging from 400 to 2400 gates and pin 
count ranging from 40 to 110 pins. 

The CMA 2000 Series uses 3-micron technology with single
. level metal and programmable via holes for Interconnects, 
and offers Schottky TTL speeds and CMOS power con
sumption. 

FEATURES 

• 400-2400 Gate Complexity 

• Up to 110 Input/Output (IIO)-Pins 

• Schottky TTL Speeds 

• Reliable and Prov~n 3-micron HCMOS Technology 

• Fully Characterized to Military Temperature Range 

• Hermetic and Plastic Packaging 

• Supports 7400/4000 SSIlMSI Functions 

• Full TTL/CMOS Interface Compatibility 

• Ultra-Low Leakage and Standby Currents 

• Proprietary Latch-Up (SCR) Resistant Design 

• Proprietary Static Protection Circuits 

• Hermetic Packaged Parts are Processed to MIL-STD-883, 
Class C 

ABSOLUTE MAXIMUM RATINGS 
Symbol Parameter 

Vee Supply voltage 

VI Input voltage 

Topg Operating ambient temperature (Military) 

PRODUCT DESCRIPTION 

The CMA 2000 Series of gate arrays are manufactured using 
proven oxide-isolated HCMOS technology. Single-level 
metal interconnect enables CMA to obtain higher yields and 
hence lower production cost. 

The gate arrays are organized as arrays of cells, and individ
ual Nand P channel transistors are configured into a variety 
of logic elements called macrocells. CMA's current macro
cell library is detailed in Appendix 1. 

A variety of Input/Output (110) configurations is available: 

• All 110 pads are configurable as inputs, outputs or bi
directional tri-states. 

• All 110 pads can have active pull-ups or pull-downs. 

• Any input may make use of TTL input shifters for TTL 
requirements. 

• All I/O pads can drive multi-TTL loads and may be par
alleled for increased drive. 

The CMA 2000 Series of gate arrays are ideal in applications 
where speed, space and power are at a premium; 

Conditions Limits Unit 

With respect to GND 
-0.3-7 V 
-0.3-7 V 
-55- +125 DC 

Topg Operating ambient temperature (Commercial) 0-70 DC 

T5tg Storage temperature (Hermetic) -65-150 DC 

T5 tg Storage temperature (Plastic) -40-125 DC 

PRODUCT OUTLINE 
Array Number Complexity Max. 110 Pads Technology Gate$peed* 

CMA2004 . 400 40 3-micron 4.5 ns 
CMA 2008 800 60 3-micron 4.5 ns 
CMA 2011 1100 68 3-micron 4.5 ns 
CMA 2015 1500 80 3-micron 4.5 ns 
CMA 2024 2400 110 3-micron 4.5 ns 

*Notes on Gate Speed: 1. Two-input NAND gate, fanout=3 with 3 mm interconnect. 2. TA=70·e, Voo=5V ± 10%. 3. Tpd- Va * (TpLH + TpHd. 
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PROPAGATION DELAYS 

In CMOS technology the propagation delay is a function of: 

• Fanout 

• Interconnect Routing 

• Supply Voltage 

• Temperature 

• Processing 

• Input Slew Rate/Polarity 

1.35 

~ 

:3 1.2 
~ 1.15 
z 
o 
i= 
< 
(!) 
« 
g; 0.9 
a: 
a.. 

0.75 
0.68 

-55 -40 o 25 
TEMPERATURE 

70 85 125 

"" 

Figure 1. CMOS Delay vs. Temperature 
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Figure 3. CMOS Driver Delay vs. Output Loading 

CMA's CAD system takes all of these variables into account 
(except Input Slew Rate/Polarity) during simulation. 

After the design netlist has been entered into CMA's CAD 
system the worst-case delay of each cell is automatically 
determined, taking into account the affects of fanout and 
estimated interconnect capacitance. 

After interconnect routing is completed, the actual intercon
nect loading is calculated automaUcally from tne database 
and automatically inputted into the simulator and final de
sign verification is completed. 

The effects of supply voltage and temperature are illus
trated in Figures 1 and 2 below. A rule of thumb for proc
essing variation is 35% to give worst-case delay figures. 

1.15 
I 
I 
I 
I 
I 
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I 
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~ 1.0,-+-----:-- ---
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0.94

l
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I 

4.5 4.75 5.0 
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5.25 

Figure 2. CMOS Delay vs. Supply Voltage 
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~ 3.5 
J: 

~ 3 Vee = 4.5 volts 

2.5 

5.5 

2 TA=80°C 

0'6~ 0.5 ~ TA=25°C Vee = 4.5 volts 
~ 0.4 ~ TA=O°C 
5 0.3 ________ TA= -55°C 
> 0.2 

0.11:....-~111 
o 1 2 3 4 5 6 7 8 9 10 

IOL(mA) 

Figure 4. Output Current Drive 

CUSTOM MOS ARRAYS, INC. 2 J J Topaz Street Milpitas. CA 95035 (408/ 946-9 J J I TWX 91 0-338-2304 
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DC CHARACTERISTICS (TA = 0 - 70°C, Vee = 5V ± 10%) 

Limits 
Symbol Parameter Test Conditions Min. Typ. Max. Unit 

VIH High-level input voltage 2.0 Vee V 

VIL Low-level input voltage -0.3 O.B V 

VOH High-level output voltage IOH= +1 mA 2.4 V 

VOL Low-level output voltage IOL="4 mA 0.4 V 

ilL Input current VI=0-5.5V ±10 pA 

POWER CONSUMPTION 

In CMOS, power dissipation is a function of three elements: 

• Charging and discharging circuit nodes, usually 90% 
total power. 

• Overlap currents when P and N transistors switch, 
usually 10% power. 

• Leakage (DC power). This is negligible, a few micro-
watts. 

Charging and discharging circuit nodes and the associated 
power consumption may be calculated using the equation 
P = CV2f, where C is node capacitance, V is supply voltage, 
and f the operative frequency. The following example illus
trates a typical power supply calculation. 

Parameter Gate Array 
CMA 2004 CMA 2024 

No. of Gates 400 2400 

Percent Utilization ~%) 320 1920 

No. of Switching Nodes (15%) 48 288 

No. of Outputs Utilized 20 BO 
Output Load Capacitance 45pF 45pF 

No. of Outputs Switching (20%) 4 16 

Supply Voltage I 5V I 
5V 

Core Dissipation per MHz O.6m'vV 3.6 m\N 

Output Dissipation per MHz 4.5mW 1BmW 

At 10 MHz Clock Speed 51 mW 216mW 

At 30 MHz Clock Speed 153mW 648mW 

Note: Overlap power is taken into account by increasing the nodal capaci· 
tance in the above calculation. 

Design Entry 

Logic 
Simulation 

Autoplace 
and Route 

I 

PRODUCT OPTIONS 

The CMA 2000 Series are offered in a variety of operating 
temperature ranges and packages. 

• Military Operating Range: - 55°C to + 125°C 

• Industrial Temperature Range: - 40°C to + 85°C 

• Commercial Temperature Range: O°C to + 70°C 

• MIL-STO-883 Levels Band C Scree,ning 

• Most commercial packages are available as well as 
unpackaged die. 

EOUIVALENT GATE COMPLEXITY 

One of the first tasks in conv~rting your logic functions into 
a gate array is to estimate its logic complexity. CMA defines 
gate count in terms of 2-input NAND gate equivalents. 

Tables 1 and 21ist the approximate equivalent CMOS 2-input 
NAND gate count of most of the popular 7400 and 4000 
Series SSIIMSI functions. 

GATE ARRAY DEVELOPMENT SYSTEM 
CMA 2000 S.~RIES 

The CMA CAD system is configured to allow generation of 
error-free designs. The desired logic functions are entered 
into the system and iogicai and timing verification is com
pleted via CMA's simulator. The simulated input patterns 
and corresponding outputs are, checked for completeness 
and other tests added until the final test patterns are com
pleted. The flow diagram below illustrates the design cycle. 

CMA's CAD team is currently working on a personal gate ar
ray development system for customer design verifi"cation. If 
you are interested in more details of the personal CMA 2000 
Series, contact our applications department. 

Mask Making 
+ 

Wafer Fab 
Customer 

Test 
Generation 

CUSTOM MOS ARRAYS, INC. 2 J I Topaz Street Milpitas. CA 95035 14081 946-9111 TWX 910.-338-2304 
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Table 1. 7400 Equivalent Gate Count 
Part No. 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409-
7410 
7411 
7412 
7413 
7414 
7415 
7416 
7417 
7420 
7421 
7422 
7'423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7442 
7443 
7444 
7445 
7446 
7447 
., .... 0 
,,""'to 

7449 
7450 
7451 
7452 
7453 
7454 
7455, 
7460 
7461 
7462 
7464 
7465 

I 
I 

Gate equivalent 

I 

4 
4 
4 
4 
4 
3 
3 
6 
6 
6 
6 
8 
6 

14 
30 
8 
3 
6 
6 
5 
4 
6 
6 
4 
6 
4 
6 
4 
4 
4 
4 
4 

29 
29 
29 
29 
45 
45 
45 
45 
6 
5 
8 
7 
7 
6 
6 
6 
9 
8 
8 

I 
I 
I 

Part No. 

7470 
7471 
7472 
7473 
7474 
7475 
7476 
7477 
7478 
7480 
7481 
7482 
7483 
7484 
7485 
7486 
7487 
7489 
7490 
7491 
7492 
7493 
7494 
7495 
7496 
7497 
7498 
7499 
74100 
74102 
74103 
74106 
74107 
74108 
74109 
74110 
74111 
74116 
74120 
74135 
74136 
74138 
74139 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 

Table 2. 4000B Equivalent Gate Count 
Part No. Gate Equivalent Part No. 

4000 5, 4038 
4001 4 4040 
4002 4 4041 
4006 108 4042 
4007 2 4043 
4008 32 4044 
4009 5 4051 
4010 5 4068 
4011 4 4069 
4012 4 4070 
4013 10 4071 
4014 43 4072 
4015 62 4073 
4017 45 4074 
4018 52 4075 
4019 12 4076 
4020 40 4077 
4021 43 4078 
4022 35 4081 
4024 44 4082 
4026 65 4089 
4027 20 4093 
4028 22 4094 
4029 68 4099 
4030 12 4106 
4032 68 4107 
4034 110 4138 
4035 48 4139 

CUSTOM MOS ARRAYS, INC. 
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Gate Equivalent 

16 
15 
14 
20 
15 
14 
20 
14 
20 
17 
80 
27 
57 
80 
73 
12 
19 

320 
40 
43 
41 
41 
42 
42 
44 

120 
33 
46 
18 
14 
20 
20 
20 
20 
21 
14 
20 
26 
15 
24 
12 
23 
20 
16 
90 
45 
98 
24 
35 
35 
60 
24 

Gate Equivalent 

74 
74 

4 
12 
20 
20 

6 
4 
3 

12 
6 
4 
8 

14 
8 

41 
12 

4 
4 
4 

84 
32 
86 
64 
30 
18 
20 
10 

Part No. 

74152 
74153 
74154 
74155 
74156 
74157 
74158 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74168 
74169 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74179 
74180 
74181 
74182 
74183 
74184 
74185 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74225 
74226 
74245 
74246 
74247 
74248 
74249 
74251 

Part No. 

4153 
4155 
4157 
4158 
4160 
4162 
4163 
4164 
4166 
4174 
4175 
4192 
4193 
4273 
437a. 
4374 
4375 
4386 
4501 
4504 
4505 
4506 
4508 
4510 
4511 
4512 
4514 

Gate equivalent 

24 
27 
33 
21 
21 
22 
23 
18 
68 
68 
68 
68 
43 
85 
62 
52 
80 
80 

116 
205 

56 
37 
25 
42 
41 
56 
56 
20 

100 
30 
16 

100 
100 
80 
76 
62 
58 
70 
46 
42 
41 
92 
85 

450 
116 
83 
51 
51 
51 
51 
37 

Gate Equivalent 

32 
22 
24 
24 
64 
64 
64 
51 
84 
38 
25 
60 
56 
50 
58 
74 
14 
12 
6 

33 
271 
1r 
24 
94 

136 
31 
69 

Part No. 

74253 
74257 
74258 
74259 
74260 
74261 
74265 
74266 
74273 
74274 
74275 
74276 
74278 
74279 
74280 
74281 
74283 
74284 
74285 
74289 
74290 
74293 
74295 
74298 
74299 
74323 
74348 
7435t 
74352 
74353 
74362 
74363 
74364 
74365 
74366 
74367 
74368 

- 74373 
74374 
74375 
74376 
74377 
74378 
74379 
74381 
74386 
74390 
74393 
74395 
74398 
74399 
74670 

Part No. 

4515 
4516 
4518 
4519 
4520 
4521 
4522 
4526 
4530 
4531 
4532 
4534 
4539 
4554 
4555 
4556 
4558 
4560 
4580 
4581 
4582 
4583 
4584 
4585 
4597 
4598 
4599 

Gate Equivalent 

40 
36 
34 
48 

6 
58 

7 
10 
50 
70 
70 
40 
34 
10 
24 

170 
59 
58 
58 

280 
48 
45 
57 
32 

188 
188 
64 

124 
26 
39 
44 
28 
48 
37 
40 
37 
40 
58 
74 
16 
40 
48 
34 
24 

150 
12 
86 
80 
50 
22 
22 

144 

Gate Equivalent 

69 
66 
26 
28 
54 

123 
44 
47 
16 
36 
39 

190 
24 
40 
22 
22 
65 
78 

187 
100 
31 
23 
30 
35 

103 
74 
42 

211 Topaz Street Milpitas, CA 95035 /408) 946~91 ) 1 TWX 9) 0-338-2304 
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FAIRCHILD 

A Schlumberger Company 

Sept 1983 

Fairchild's high performance gate arrays feature a wide 
range of gate counts and offer minimal circuit delays. 
The FGT0750 and the FGE1000 and FGC6000 series 
complement the FASTTM, F100K ECl and HCMOS 
logic families respectively, allowing for easy integration 

Typical 
Gate 1/0 Internal Product Technology 

Equiv_ levels Gate Delay 
(ns) 

FGE0020 20 ECl 100K 0.35 
'ECl 

FGE0500 500 ECl 100K/10K 0.3-1.5 
ECl 

FGE2000 2000 ECl 100K/10K 0.3-1.5 
ECl 

FGT0750 1000 FAST TTL 1.8 

FGC0500 540 2/! CMOS TTU 1.5 
CMOS 

FGC1200 1242 2/! CMOS TTU 1.5 
CMOS 

FGC2400 2625 2/! CMOS TTU 1.5 
CMOS 

FGC4000 4020 2/! CMOS TTU 1.5 
CMOS 

FGC6000 6000 2/! CMOS TTU 1.5 
CMOS 

Gate Array 
Products 

Gate Array Division 

of standard SSIIMSI functions into a unique lSI chip. 
Designs for all arrays are implemented using pre-defined 
SSIIMSI functions (macros). Fairchild's complete 
Computer-Aided Design System, FAIRCADTM, reduces 
development'time and assures first time success. 

Typical 
PD . Buffer Delay 

Typ 1/0 Packaging Available 
Input Ouptut 
(ns) (ns) 

(W)t 

~/A 0.55 0.5 21 24 F/P Now 

N/A 0.55 1.5-4.0 72 84-Pin CC Now 
84-Pin Grid 

N/A 0.55 4.0-9.0 126 132-Pin CC Now 
132-Pin Grid 

1.8 3.0 1.0 76 68-, 84-Pin CC Now 
68-, 84-Pin Grid 

2.0 6.0 40 28,48 DIP 40 '83 
44 F/P 

2.0 6.0 73 40,68 DIP 30'84 
68,84 PGA 
68,84 lCC 

2.0 6.0 109 84,120 PGA 10 '84 
68,84 LCC 
84 lDCC 
64 DIP 

2.0 6.0 133 120,144 PGA 30 '84 
144 lDCC 
64 DIP 

2.0 6.0 161 172 PGA 2Q '84 
172 lDCC 
64 DIP 

tFor the CMOS arrays, maximum power dissipation = 20 /LW/switching gatelMHz. 

For further information on product availability, CAD training and design 
schedules write to: Gate Array Marketing, 1801 McCarthy Blvd., 
Milpitas, CA 95035, or call (408) 942·2672. 

Fairchild Camera and Instrurnen1 Corporation, Gate Array Division 
1801 McCarthy Blvd. Milpitas, California 95035 
(408) 942·2672 TWX 910 338 2275 
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I=AIR·CHILD 

A Schlumberger Company 

FAIRCAD Computer-Aided Design System 
A user friendly computer-aided design system is 
employed in all phases of th~ design cycle to assure fast 
turnaround times. Major functions performed by the 
FAIRCAD system include schematic capture, logic and 
timing simulation; test vector grading, automatic 
~acement and routing and design rules checking. The 
user's logic description is input either interactively using 
a graphics workstation or entered in net list form. 
Fairchild's FAIRLOGSTM simulator is used to verify array 
logic and timing. A fault simulator grades the 
effectiveness of a user-supplied test vector sequence. 
Placement and routing can be highly interactive 
processes, allowing the user to assign pins and pre
place critical path functions. Automatic routing 

Gate Array 
Products 

eliminates tedious manual steps, thereby reducing 
routi,ng design time from weeks to minutes. Upon routing 
completion, the circuit is resimulated using actual macro 
interconnect delays as a final verification of functionality 
and s~stem performance. Design-rules checking insures 
that process-imposed geometry constraints are not 
violated. 

The FAIRCAD system uses a multiple CPU 
configuration to insure high system availability. Remote 
access via telephone link is available and additional 
design centers are being planned worldwide. The 
FAIRCAD system is product and technology transparent, 
allowing new ga~e arrays and technologies to be easily 
integrated into the system. 

FAIRCAD System 

, I 
r-I USER INPUTS SCHEMATIC 

I \ CAPTURE 
I 

+ INPUT 
, I 

I VECTORS + NETWORK DESCRIPTION 
I , , 
I 

1 LOG1CITIMlNG t TECHNOLOGY t 

T 
SIMULATOR ... DATABASE 

RESULTS \ \ 
I TEST I VECTORS 

, ,. 
I I ' LOGICAU ~ I 

! 
PHYSICAL 1 

RESULTS FAULT \ LIBRARY \ SIMULATION 

SENTRYI 
INTERCONNECT LENGTHS SERIES 20 

FORMAT 

"- L TAPE 

@ Ie MASTER 1984 

-

I
I 
I 
I 
I 
I 

t 
PIN ASSIGNMENTS 

I 
I 
I 
I 
I 

FIXED PLACEMENTS 

PLACEMENT ~ .... 

ROUTING ....... 
t 

POST 
PROCESSING 

INTE RACTIVE 
RAPHICS G 

RO UTING 
PLETION COM 

-, 
I 

" ~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

+ 
I 
I 
I 
I 
I 
I 
I 
I 
I 

---------~------.-~ 

FRACTURING T o MASK MAKING 

4635 



ABBREVIATIONS OlE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohio Sci Ohio Scientic 

OF 
OKI OKr Semiconductor . 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY Panasonic Panasonic 
Pico DeSign Pico Desjgn 
Polycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic DeSign Inc. 
Pr~lOl rro-log Corp. 

Qua, Quay Corp. 

Raytheon Raytheon Semiconductor 
81 General Instrument RCA RCA Solid State Division Action Ins Action Instruments RCI Data RCI Data AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems ADT Advanced Digital Technology • Reticon Reticon Advent Advent Products, Inc. 
Harris Harris Semiconductor RIFA RIFA Alphatron Alphatron Rockwell ROCkwell. Microelectronic Devices AMA American Automation Heurikon Heurikon Corp. RTC Riehl Time Corporation AMD Advanced Micro Devices Hilevel Hilevel Technology, Inc. 

AMI American Microsystems, Inc. Hitachi Hitachi Americ~, ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Ana logic Analogic HP Hewlett-Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits 'Products SPI Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si·Fab Si-Fab 
Appl Sys Applied Systems Corp. Signeties Signetics 
APT Applied Microtechnology 

International CYbernetics 
SGS SGS Semiconductor 

Aptek Aptek Microsystems ICC SharQ Sharp 
Array Tech Array Technology lOT Integrated Device Technology Silicon a Silicon General 
AWl AWl Electronics IMI International Microcircuits, Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Siltronics Siltro~ics Barvon Barvon Research IMS Industrial MicrpSystems Inc. SMC Standard Microsystems Corp. Bedford Bedford Computer Systems Inc. Infosphere Infosphere S MOS S MOS Systems Burr·Brown Burr-Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solinn Solitron Devices 
Computer Aided Engineering 

IntcirSys Integrated Circuit Systems SPntgue Sprague Electric Company CAE IntCompSys Integrated Computer Systems SSM Solid State Micro Technology Cal Devices California Devices Int Tech Integrated Technology Corp. for Music Cermetek Cermetek Intech Intech Microcircuits Div. SSS Solid State Scientific CaRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cherry Cherry Semiconductor Interdesign Interdesign STC Storage Technology Corp. CIC Custom Integrated Circuits Intersil Intersil STD sm Microsystems CirTech Circuit Technology Intronics Intronics Struc Des Structured Design Inc. Citel Citel In lIT Sem iconductors Stynetic Stynetic Systems Comlinear Comfinear Corporation Sunrise Sunrise Electronics CMA Custom MOS Arrays Sunshine Sunshine Semiconductor Comark Comark Corp. Kinetic Sys Kinetic Systems Supertex Supertex Inc. Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. Comp Auto . Computer Automation Synertek Synertek Compas Com pas Microsysfems Sys ,nnllY Systems Innovations Cont Logic Control Logic Inc. Lambda lambda Semiconductor 
Control Sys Control Systems Microsystems Div. Linear Tech linear Technology 

Tau Zero Tau Zero Inc. CreMicro Creative Micro Systems LSI Comp LSI Computer Systems 
. Cromemco Cromemco, Inc. LSI Logic LS! logi~ Corporation Technitrol Technitrol 

Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. TeledyneS Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics n Texas Instruments 
Data 110 Data 1/0 Micrel Micrel Third Domain Third Domain 
Data Trans Data Translation Micro Innoy Micro Innovators Thomson·CSF Thomson-CSF Components Corp. 
Datel Datel Micropac Micropac Industries Tosliiba Toshiba America 
Datricon Datricon Corporation Micro Net Micro Networks Traqs-Data Trans·Data 
DOC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW lSI Products 
DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. Die·Tech Die-Tech Micro Tech Microcircuits Technology Unitrode Unitrode DigeJec Digelec Corp. Micro·Link Micro-link Corporation Universal Universal Semiconductor, Inc. Digitek Digitek, Inc. Micron Micron Technology Dionics Dionics Inc. MilerTron MilerTronics Dist Camp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Mitel Mitel Semiconductor VLSI Design VLSI Design Associates 

Mitsubishi Mitsubishi Electronics VTI VlSI Technology, Inc. 
E·HI E·H International. Inc. MMI Monolithic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. Mostek Monolithic Systems Corp. Elind Elind Elettronica Industriale Motorola Mostek Weitek Weitek Corporation EMM·SESCO EEM-SESCO MRC Motorola Semiconductor Western Western Digita! Emulogic Emulogic Inc. Murray MRC Systems Wintek Wintek Corp. ETa'Micro ETI Micro Monosil Murray Consulting Exar Exar Integrated Systems 
Exel Exel Microelectronics Xicor Xicor, Inc. 

Nationa, National Semiconductor 
Xycom Xycom 

Fairchild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex Zendex Corp. 
Force Force Computers . Division Zitog Zilog 
Fujitsu A Fujitsu America NEe NEC Electronics ZyMOS ZyMOS Corporation 
Fujitsu Fujitsu Microelectronics, Inc. Nitron Nitron Zynx Zytrex Corp. 



TTL Gate Arrays FUJITSU 

_ B240,B350,B600, 
B1100,B2000 

Ge!u!ral 
Information 

The Fujitsu TTL 
Oate Array 
Family 

@ Ie MASTER 1984 

Fujitsu Microelectronics, Inc. offers a full line of low power; high 
speed bipolar gate arrays. All are fabricated using low power 
Schottky TTL technology with TTL-compatible inputs and outputs, 
and use NAND-type logic. The Fujitsu bipolar gate array family has 
two layer metallization for gate interconnect, automatic intercon
nect routing for guaranteed 90 percent cell utilization and proven 
device reliability. They all feature over 54 predesigned, hardwired 
logic cells, and over 50 predesigned 74 series MSI (softwired) 
macros. All Fujitsu bipolar gate arrays can- accept user defined 
macros as well. To assure the success of your design, Fujitsu's 
gate arrays feature DC parametric and DC functional testing as 
well as AC parametric testing. 

Device Name 8240 8350 8600 

Device Numbering MB111 K Series MB112K Series MB113K Series 

Technology LSTTL LSTTL LSTTL 

Internal Cells 240 3-Input NAND 360 3-input NAND 616 3-Input NAND 

Cell Speed 1.9ns @ 0.8mW 1.9ns @ 0.8mW 1.9ns @ 0.8mW 

Peripheral Buffers 40 40 Input 48 28 Input. 64 64 Input 
Total 32 Output Total 38 Output Total 51 Output 

Packaging 14, 16, 18, 20, 22, 24, 28, 40, 24,28,40,42 
22, 24, 28, 40, 42, 48, 64-pin DIP 48, 64-pin DIP 
42-pin DIP 64-pin RIT 64, 88-pin RIT 

(square PGA) (square PGA) 

Interface Logic Diagram Logic Diagram Logic Diagram 
or FLDL (Net or FLDL (Net or FLDL (Net 
List) and FTDL List) and FTDL List) and FTDL 
(Formatted Test (Formatted Test (Formatted Test 
Data) Data) Data) 

Macro Library Same as B2000 Same as B2000 Same as B2000 
description description description 

Turnaround Time 10 week~ after 10 weeks after 10 weeks after 
validation validation validation 

Price. Call Your FMI Call Your FMI Call Your FMI 
Sales Office Sales Office Sales Office 

81100 

MB114K Series 

LSTTL 

1120 3-Input NAND 

1.9ns @ 0.8mW 

88 88 Input 
Total 70 Output 

64, 88, 107-pin 
RIT (square PGA) 

Logic Diagram 
or FLDL (Net 
List) and FTDL 
(Formatted Test 
Data) 

Same as B2000 
description 

10-weeks after 
validation 

Call Your FMI 
Sales Office 
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8240 
8350 
860Q 
81100 
8200~ 

The Fujitsu TTL Gate Array 
Faml~YJ Continued . ' 

FUJITSU 
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DevlceNa .... 82000 

Device Numbering MB17K Series 

Technology Low Power Schottky TIL 

Internal Cells 2108-3 input NAND 

Cell Speed 1.5 ns typical 

Peripheral Buffers 112 Input, Output or 1/0 
72 connected outputs maximum 

Packaging 135-pin RIT (square) 

Interface FLDL (Net List) and FTDL (formatted test data) 

Macro' Library 54 predesigned hardwired logic cells; over 50 predesigned 74 Series 
MSI (softwired) macros; user defined macros allowed 

Turnaround Time 

Price 

DC Specifications 

AC Specifications 

8800 

16 weeks after validation 

Call your FMI Sales Office 

8240 

VIH = 2.0V Min. 
VIL = 0.8V Max. 
IIH = 2OpA@2.4V 
IlL = -200pA@0.5V 
VOH=2.4V Min. 
VOL = 0.5V Max. 

@IOL 10mA 
105= -15 
to -100mA 

loz= ±100pA 

Input Buffer 2.9ns, 
1.15mW 

Output Buffer 4.5ns 
(CL = 15pF) 

6.5ns (CL = 5OpF) 
4.9mW 

81100 

DC Specifications VIH = 2.0V Min. ViH = 2.0V Min. 
VIL = P.8Y. Max. 
IIH = 2OpA@2.4V 

VIL = 0.8V Max. 
IIH = 2OpA@2.4V 
IlL = -200pA@0.5V 
VOL = 0.5V Max. 

@IOL 10mA 
VOH = 2.4 Min. 
105= -15 
to -100mA 

loz= ±100pA 
AC Specifications Input Buffer 2.9ns, 

1.15mW 
Output Buffer 4.5ns 
(CL=15pF) 

6.5ns (CL = 5OpF) 
4.9mW 

IlL = -200pA@0.5V 
VOH = 2.4V Min. 
VOL =0.5V Max. 

@IOL 10mA 
105= -15 
to -100mA 

loz= ±100pA 
Input Buffer 2.9ns, 
1.15mW 

Output Buffer 4.5ns 
(CL = 15pF) 

6.5ns (CL = 5OpF) 
4.9mW . 

8350 

VIH = 2.0V Min. 
VIL = 0.8V Max. 
IIH = 2OpA@2.4V 
IlL = -200pA@0.5V 
VOH = 2.4V Min. 
VOL = 0.5V Max. 

@loL 10mA 
105= -15 
to -100mA 

loz= ±100pA 

Input Buffer 2.9ns, 
1.15mW 

Output Buffer 4.5ns 
(C. =15pF) 

6.5ns (CL = 5OpF) 
4.9mW 

82000 

Input V'H = 2.0V Min. 
Input VIL = 0.8V Max. 
Input IIH = 20pA. Max. 
Input IlL = -200"A Max. 

Output VOL = O.5V @ 8mA 
Output VOH = 2.4V @ -2.6mA 
Output loz= ±100"A 
Output 105= -10 to -90mA 

Input Buffer 3.5ns typo (NAND) 
Output Buffer 3.5ns typ.(NAND) 

@ Ie PiASTER 1984 



CMOS Gate Arrays 

_ C440,C770,C1275 
C2000,C2600,C3900,C8000 

General 
Information 

The Fujitsu 
CMOS Gate 
Array Family, 
HSe ..... 

@ IC MASTER 1984 

Fujitsu offers a full line of very highly integrated, low power high 
speed gate arrays which are fabricated ~ith silicon gate CMOS 
technology. Fujitsu also guarantees 90 percent cell utilization for 
fully automatic placement and routing. 

The Fujitsu CMOS Gate Array family offers more than 100 macro 
elements and contains gate arrays ranging in size from 400 basic 
cells to 8000 basic cells (2-input NAND equivalents). 

A" use Fujitsu's sophisticated computer-aided design system, 
which fuilly automates both the design layout and fabrication. The 
designs are Implemented on-chip by interconnecting basic cells 
and 110 cells using a double layer metallization process. 

To assure the success of your design, Fujitsu's gate arrays feature' 
DC parametric and DC functional testing as well as AC parametric 
testing. 

Devle.Name C440H C770H C1275H 

Device Numbering MB64HK Series MB62HK Series MB63HK Series 

Internal Cells 440-2 Input n0-21nput 1275-2 Input 

Cell Speed 4.0nS 4.0nS 4.0nS 

Peripheral Buffer 54 Inputs or 74 Inputs or .80 Inputs or 
Outputs Outputs Outputs 

Packaging 16, 18,20,22, 24, 28, 40, 42, - 28,40,42,48 
24,28,40, 48, 64-pin DIP 64-pin DIP 
42-pin DIP 64-pin RIT 64-pin RIT 
64-pin RIT (square PGA) (square PGA) 
(square PGA) 

Interface Logic Diagrams Logic Diagrams LogiC Diagrams 
or FLDL (Net or FLDL (Net or FLDL (Net 
List) and FTDL List) and FTDL List) and FTDL 
(Formatted Test (Formatted Test (Formatted Test 
Data Data Data 

Turnaround Time 14-weeks after 14-weeks after 14-weeks after 
validation validation validation 

Price Call Your FMI Call Your FMI Call Your FMI 
Sales Office Sales Office Sales Office 

FUJITSU 

C2000H C3900H 

MB60HK Series MB61HK Series 

2000-2 Input 3900-2 Input 

4.0nS 4.0nS 

68 Inputs or 68 Inputs or 
Outputs Outputs 

4O,42,48-pin DIP 64, 68-pin RIT 
64, 88-pin RIT (square PGA) 
(square PGA) 

Logic Diagrams Logic Diagrams 
or FLDL (Net or FLDL (Net 
list) and FTDL List) and FTDL 
(Formatted Test (Formatted Test 
Data Data 

14-weeks after 14-weeks after 
validation validation 

Call Your FMI Call Your FMI 
Sales Office Sales Office 
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C440, C770,C1275, C2000 
C2eOO,C3800,C8000 

The Fujitsu CMOS Oate 
A ..... y Family, VH Serl .. 

DC Electrical Characteristics 
(All CMOS Arrays) 

FUJITSU 

4640 

Device Name C2800VH 

Device Numbering MB60VHK Series 

Internal Cells 2600' 2-lnput NAND 

Cell Speed 2.5ns 

Peripheral Buffers 106 Input/Output 

Packaging 28,40,42,48, 64-pin DIP 
48, 64, 8O-pin Flatpack 
64, 88, 135-pin RIT 
(square PGA) 
48, 64-pin LCC 

Parameter Min 

Supply Voltage (V do> 4.25 

Input High Voltage (VIH) 2.0 

Input Low Voltage (VIJ Vss 
Input High Voltage at IOH = -0.4mA 4.2 

Output Low Voltage at IOH = 20mA 

C3900VH C8000VH 

MB61VHK Series MB66VHK Series 

3900 2-lnput NAND 8000 2-lnput NAND 

2.5ns 2.5ns 

127 Input/Output 160 Input/Output 

40, 42, 48, 64-pin DIP 64, 135, 179-pin RIT 
64,88, 135-pin RIT (square PGA) 
(sqaure PGA) 
48, 64-pin LCC 
48, 64, 8O-pin Flatpack 

Typ Max Unit 

5.0 5.25 V 
V 

0.8 V 

Voo V 
0.4 V 

@ Ie MASTER 1984 



Gate Arrays 

II Packaging, 
About Fujitsu Microelectronics, Inc. 

Packaging 
Options 

Fujitsu has a wide variety of standard device packaging available 
for your gate array design as shown below. If you have packaging 
requirements that are not on this table (Flat Pack, LCC), a Fujitsu 
applications engineer will be happy to discuss your needs. 

FUJITSU 

8240 8350880081100 82000 C440H C770H C1275H C2000H C3900H C2800YH C3900YH C8000YH 

DIP·14 • 
DIP·16 •• • • 
DIP·18 •• • • 
DIP·20 •• • • 
DIP·22 •• •• • • 
DIP·24 •• •• •• • • •• 
DIP·28 •• •• •• • • •• • • • 
DIP-40 •• •• •• •• • • • • • • • • 
DIP-42 •• •• •• • •• • • • • • • 
DIP-48 • • • • • • • 
DIP-64 • • 
SDlP-64 • • - • • 
FPT-48 • • 
FPT-64 I I • • 
FPT-80 • • 
RIT-64 • • • • • • • • • • • 
RIT-88 • • • • • • 
RIT·107· • I 
RIT·135 • I • • I • I 

RIT·179 • 
* RIT·107 is under development. 

• Ceramic 
• Plastic 
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Packaging, About 
Fujitsu Microelectronics, Inc. 

(RIT) Pin Square 
Packa.e Dimensions 
Dimension in inches 
(millimeters) 

64·Pln Square 
Ceramic Package 

135·Pln Square 
Ceramic Package 

179·Pln Square 
Ceramic Package 

INDEX AREA 

1 o '_7~ 
INDEX.p~,---_____ +--,Tl(3861' 

l D 1.365(34.60 

1~~~~"!-n...L-____ --,J (3645) 

.900 (22.86)REF 0 0 0 0 

-+ ::OOOOOQ:: 

I 1.365 (34.67) I 
1.435 (36.45) 

.039 (1.0) DIA TYP ............. . . . . . . . ~ . . . . . . .... _.0 ...... . 

I 1.480(37.59) 
1.520(38.61) 

.016(0.41) 0 

~O2O(O.51' IA 
=r 00000000000 

T ::IOOI)(lOOOOOO 

....oooO.::CQOOO 

00000 0 

1.400(35.56) : : : : 
REF :::: 

o I) I) 0 0 c 
I 0000000000 

...i :::::::::0: ~
1 ~ ~ : : : : : : j1 

.00000000. .. . . . . . .. . ... I 
(10000000000 

~ eo .. 00 .. 0 0 .039(1.0, TV. 
1 .016 (0.41) 

_f-I1-+-.0;,.;35~(0:.:;.8:;!9) .025 (0.64) 
.060 (1.52) 

.210 (5.33) .120 (3.05) 
MAX .150 (3.81) 

About Fujitsu 
Microelectronics, Inc. 

FUJITSU 

4642 

.020 (0.51) 

.060 (1.52) 

.240 (6.10) 
MAX 

.120 (3.05) 

.150 (3.81) 

Fujitsu Microelectronics, 
Inc.-A U.S. Organization 
Fujitsu Microelectronics, Inc. 
(FMI)is a U.S. subsidiary of 
Fujitsu Limited of Tokyo. A 
California Corporation, FMI is 
responsible for the marketing 
and sales of all semiconduc
tor products in North, Central 
and South America. 

Fujitsu Limited manufactures 
and markets advanced data 
processing and telecom
munications systems, 
semiconductors and elec
tronic components on a world 
wide scale. Fujitsu limited is 
ranked as Japan's number 
one computer manufacturer 
with scales in ~he $2 billion 
range. 

.030(0.76) I : .090(2.29) 

.060{1.52) .110(2.79) INDEX 
INDEX 

.240(6.10) .175(4.45) .033(0.84) TYP 

MAX .205(5.21) 

A Leader In Large Scale 
Logic 
Since 1974, Fujitsu Microelec
tronics has executed over 
3,000 gate array designs. Gate 
arrays from Fujitsu give your 
designs a significant perfor
mance edge. In 1982, we intro
duced our CMOS device with 
8,000 gates and 2.5 ns delay 
times. Our leadership Schottky 
TTL gate arrays is the first 
with 2,000 gates and 0.95 ns 
delays. Our leadership ECl ar
rays, with 4oo-picosecond 
delays are the fastest produc
tion arrays in the world. 

Fujitsu's logic products offer 
leading edge technology, a 
complete selection of both 
bipolar and si-Qate CMOS 

devices; and experience that 
can serve you through the 
coming generations of logic 
products. 

About Fujitsu 
Microelectronics. Inc. 
Fujitsu Microelectronics has 
completed a new a~sembly 
and test facility in order to 
better service our North 
American customers. The 
66,Ooo-square-foot facility is 
located in Kearny Mesa In
dustrial Park near qowntown 
San Diego. The building was 
dedicated in June 1981 and is 
now fully operational. 
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Features 

• INPUTS T2L AND CMOS COMPATIBLE 

• ADJUSTABLE RISE AND FALL TIMES VIA 
2 EXTERNAL CAPACITORS 

• PROGRAMMABLE OUTPUT DIFFERENTIAL RANGE 
VIA VOLTAGE REFERENCE INPUT (VREF) 

.' POWER STROBE INPUT PERMITS LOW QUIESCENT 
POWER OF < 20mw ' 

• OUTPUTS ARE INHIBITED (0 VOLTS) IF DATA (A) AND 
DATA (B) INPUTS ARE BOTH IN THE "LOGIC ONE" 
STATE 

• CAN OPERATE UP TO A 100 KILOBITS DATA RATE 

• OUTPUT SHORT CIRCUIT PRQOF AND cONTAINS 
OVERVOLTAGE PROTECTION 

• DATA "A" AND DATA "B" SIGNALS ARE "ANO'D" 
WITH CLOCK AND SYNC SIGNALS 

• FULL MILITARY TEMPERATURE RANGE 

Package 16 LEAD BRAZED DIP 

a I 0 I gc ~ - G ··H-e H S 

LEAD DIM DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. DIM. 

COUNT A B C D E F G H L 0 S 

014 008 .220 .290 .030 .100 .125 .015 
16 - - - - - - - - -

.200 .023 .015 .840 .310 .320 .070 sse .200 .060 060 

MIN. 
NOTE: DIMENSIONS IN INCHES 

MAX. 

Block Diagram 

HS-3182 

ARINC 429 Bus Interface 
l.ine Driver Circuit 

Description 

The HS-3182 ARINC 429 bus interface driver circuit is a 
monolitpic dielectrically isolated bipolar differential line driver 
designed to meet the specifications of ARINC 429. This device 
is intended to be used with a companion chip, HS-3282 CMOS 
ARINC bus interface circuit, which provides the data formatting 
and processor interface function. 

All logic inputs are T2L and CMOS compatible. In addition to the 
DATA(A} and DATA(B} inpu~s there are also inputs for a CLOCK and 
SYNC signal which are AND'D with the DATA inputs. 'This feature 
was added to enhance system performance and to allow the 
HS-3182 to be used with devices other than the HS-3282. Also ad
ding to system performance is the STROBE input. To minimize 
power consumption the S"fR'O"BE input can be asserted to place the 
chip in the power-down mode where it draws substantially less cur
rent. Four power supplies are required; + V", + 15V ±1 0%, 
-V= -15V±10%, V 1 =5V±5% andV REF . VREF is used to pro
gram the output voltage swing, such that VOUT (DIFF) = ± 2VREF . 
Typically, VREF =V1 =5V±5%. 

The driver output impedance is 75S1 ±20% at 25°C. Output 
rise and fall times are programmed through the use of two 
external capacitors, CA and CB. To meet the requirements for rise 
and fall times as specified in ARINC 429,CA = CB= 75pF for the 
high speed operation (100 KBPS) and 500 pF for the low speed 
operation (12-14.5 KBPSL The outputs are protected against 
overvoltage and short circuit as shown in the Block Diagram. This 
device is designed to operate with a case temperature range of 
- 55°C to + 1 25°C. 

Truth Table 

STRoBe SYNC CLOCK DATA DATA AOUT BOUT COMMENTS 
IAI IBI 

H x X x X HI-Z HI-Z Power-Down 
State 

L X L X X OV OV NULL 
L L X X X OV OV NULL 
L H H L L OV OV NULL 
L H H L H -VREF +VREF LOW 
L H H H L +VREF -VREF HIGH 
L H H H H OV OV NULL , 

Pinout TOP VIEW 

DATAIA)_141. Ql111, /LEVELSHIFTERI ~D~~~! RoUT12 ~ - - -F~ (I) 

H-+--4 • SLOPE r - >-,,'---N'I'-o"-l~~"'~ AouT I CONTRO~ IAI t -~ I 

r1 II 1-'" 
CLOCK~ 

VREF (1) '---+-+++----i 1 (8) GND I -=- CL 
I. 

VREF [ 1 16 J V, 

ii"iiQiiE ( 2 1 5 J NC 

SYNC [ 3 14 J CLOCK 

DATA (A) ( 4 13 J DATA (B) 

SYNCollL-.~ ~UTPUT ~. ~ DRIVER 

1131 L-'::\~;;~~=~ 1:;:'LE:::N::E~:::~=l~:lT=ER~_._.:J (8) ROUll2 DATA IBI"; -r-T I CONTROL IBI . 
I -:--+ .... 

Vl:~161 CURRENTi=-' I 
REGU- i------' 

STROBE ,.!2) LATOR 

-"C- J 1a 
(7) (12) 

CA(s 12tJCB 
A OUT ( 6 11 J BOUT 

-v [ 7 10 P Ne 
GNDC--.;,.8 __ 9

rtl +V 

Copyright © Harris Corporation 1982 
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ABSOLUTE MAXIMUM RATINGS 

Voltage Between 
+ V and - V terminals 
V, 
VREF 

40V 
7V 
6V 

Specifications 

OPERATING RANGE 

Operating Voltage: 
TV 
-V 
Vl 

Logic Input Voltage 
Output Short 

(Gnd-0.3V) to (Vl +0.3V) VREF (for ARINC 429) 
VREF (applications other 

Circuit Duration 
Output Overvoltage 

Protection 

See Note 1 

See Note 3 

ELECTRICAL CHARACTERISTICS 

than ARINC) 
Operating Case Temperature 

Storage Temperature 

+15V ± 10% 
-15V ± 10% 
5V ± 5% 
5V I 5% 

OV to 6V 
-55°Cto +125°C 
- 65°C to + 1 50°C 

+V = +15V±10%, -v = -15V±10%,V1 = VREF =5V±5% 
Case Temperature: - 55 DC to + 1 25 DC 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS 

ICCPD (+V\ Supply Current + V (Power Down) -475 +10 475 J1A ICCPD (-V) Supply Current - V (Power Down) -475 +10 475 J1A 
ICCOp (+V) Supply Current + V (Operating) 11 16 mA 
'CCOP {-VI 

I 
Supply Current - V (Operating) 

I 
- 10 

I 
-16 

I mA 
ICCOp (V,) Supply Current V 1 (Operating) 600 975 J1A 
ICCOp (VRI=I=\ Supply Current VREF (Operating) -1.0 - 0.4 -0.15 rnA VIH .. _., 

Logic "1" Input Voltage 2.0 V 
V'L Logic "0" Input Voltage 0.6 V 
\iOH Output Voltage High VREF VREF VREF 

(Output to ground) ( - 250 mY) 1+ 250mV) 
VOL Output Voltage Low -VREF -VREF -VREF 

(Output to ground) 1- 250mV) 1+ 250mV) 
VNULL Output Voltage Null -250 0 +250 mV 
IlL Input Current (Input Low) -1 - 20 J1A 
IIH Input Current (Input High) 1 10 J1A 
IOHSC Output Short Circuit Current -80 - 100 mA 

(Output High) 
IOLSC Output Short Circuit Current 80 100 mA 

(Output Low) 
CIN Input Capacitance 15 pF 
ISC (+V) Supply Current + V (Short Circuit) 150 mA 
ISC (-V) Supply Current - V (Short Circuit) -150 mA 

NOTES: 

G) Heat sink may be required for 100KBPS @ + 125°C and out out short circuit @ + 125°C. 

Thermal Characteristics: T CASE = T(Junction) - 8(Junction - Case) P(Dissipation). 

Where: T(Junction Max) = + 175°C 

Q (Junction-Case) = 19.6°C/W 

G (Junction-Ambient) = 86.5°C/W 

TEST CONDITION 

STROBE =H 
STROBE = H 
No Load (0-100 kBps) 
No Load (0-100 kBps) 
No Load (0-100 kBps) 
No Load (0-100 kBpsl 

No Load (0-100 kBps) 

No Load (0-100 kBps) 

No Load (0-100 kBps) 

Short to GND 

Short to GND 

Short to GND 

Short to GND 

@ Full Load for ARINC 429: RL = 400n and CL = 30,OOOpF in parallel between AOUT and BOUT' (See Block 
Diagram). 

Output Overvoltage Protection: The fuses used for output overvoltage protection may be blown by a fault at 
each output of greater than .± 6.5V relative to GND. 

POWER SPECIFICATIONS NOMINAL POWER @25 DC, +V = 15V, -v = -15V, V 1 = VREF = 5V 

POWER 
DATA RATE CHIP DISSIPATION 

(KBPS) LOAD +V -V V, POWER IN LOAD 

0-100 No Load 11 mA -10 mA 600pA 325 mW 0 
12.5-14 Full Load* 24 mA -24 mA 600pA 660 mW 60mW 
100 Full Load* 46 mA -46 mA 600pA 1 watt 325 mW 

·See Note (2) above. 
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Typical Application 
PIN NUMBERS INDICATED BY ( ) 

HS-3282 
CMOS 
ARINC 

CIRCUIT 

42900 

HS-3182 
ARINC 

DRIVER 
CIRCUIT 

16 PIN DIP 

(6) 
AOUT 

BOUT 
(tt) 
I-TO 

BUS 

* The rise and fall time of the outputs are set to ARINC 
specified values by CA and CB. Typical CA = CB = 
7 5pF for high speed and 500pF for low speed opera
tion. The output HI and low levels are set to ARINC 
specifications by VREF. 

FROM SYSTEM OR 

GROUNDED IF NOT USED 

-15V PIN NO. 10. 15 = NC 

Driver Waveforms 

DATA IA)OV 

DATA 181 OV---:---;----!!lL.. ____ .Jn .... ____ _ 
AouT OV 

BoUlO\/' 

Burn-In Schematic 

R =400n. Y4 watt. 

Cl .=0.03j.1 F 

C2 = C3 = 500 pF. NPO. 

+V= +15V±10%. 

-V= -15V±10%. 

V 1 = + 5V ±10%. 

'11 DATA(B} 

DATA(A) -v 

+v 

R 

NOTE 
OUTPUTS 

Cl 

GND 

A 0.01 F decoupling capicitor is required on each of the 

three supply lines ( + V tV. and V,l at every 3rd Burn-in 

socket. 

When the Data (A) input is in the Logic One state and 
the Data (B) input is in the Logic Zero state, A Out is 
equal to VREF and B Out is equal to - VREF :his 
constitutes the Output High state. Data (A) and Data 
(B) both in the Logic Zero state causes both A Out 
and B Out to be equal to OV which designates the 
output Null state. Data (A) in the Logic Zero state 
and Data (B) in the Logic One state cause A Out to be 
equal to - VREF and B Out to be equal to VREF 
which is the Output Low state. Both A Out and B 
Out puts are high impedance when the transmitter is 
disabled via the power strobe input. 

+5V 

o 

+ 5V 

B ____ ~rl~ __ ~~ 0 

Ambient Temp. Max = + 125°C 

Package = 1 6 lead Brazed Dip 

Pulse Conditions = 
A & B = 6.25K~z. 25% on & 75% off duty cycle. 

B is delayed one-half cycle and in sync with A. 

@) Ie MASTER 1984 



Note: 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
MIL-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN 

Internal Visual. 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: ® Fine 
@ Gross 

Initial Electrical 

Burn-In Test 

Final Electrical 
100% go-no-go 

External Visual 

MI L-STO:"'883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

2001 Condo E; Yl plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015, 160 hrs. @ 1250 C (or equiv
alent) (Burn-In circuits enclosed) 

Tested at Worst Case Operating 
Conditions 

2009 Sample Inspection 

Traceability: All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

Branding: All devices are branded with the part number and EIA date code. 

Aged Products: Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. . 

Additional 
Requirements: Sample Group A electrical tests are performed on a lot acceptance basis. 

UNITED STATES EUROPEAN 

EASTERN REGION 

2600 Virginia Avenue 
Suite 800 
Washington, DC 20037 
(202) 342-3900 
TVVX: iiO-822-930i 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY .11530 
(516) 747-6776 

@ Ie MASTER '1984 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa; CA 92626 
(714) 957-6557 
TYVX: 910-595-1533 

625 Ellis, Suite 300 
Mt. View, CA 94043 
(415) 964-6443 
TWX: 910-379-6431 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 724-7045 
TWX: 510-959-6259 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL 1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

m 
HARRIS 

CUSTOM INTEGRATED CIRCUITS DIVISION 
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Description 
The Harris HS-3282 is a high performance CMOS 
bus interface circuit that is intended to meet the re
quirements of ARINC Specification 429, and similar 
encoded, time multiplexed serial data protocols. 
The ARINC 429 bus interface circuit consists of two 
(2) receivers and a transmitter operating indepen
dently as shown in Figure 1. The two receivers oper
ate at a frequency that is ten (10) times the receiver 
data rate, which can be the same or different from 
the transmitter data rate. Although the two receiv
ers operate at the same frequency, they are func
tionally independent and each receives serial data 
asynchronously. The transmitter section of the 
ARINC bus interface circuit consists mainly of a 
First-In First-Out (FIFO) memory and timing circuit. 
The FIFO memory, is used to hold eight (B) ARINC 
data words for transmission serially. The timing cir
cuit is used to correctly separate each ARINC word 
as required by ARINC Specification 429. 

Even though ARINC Specification 429 specifies a 
32-bit word, including parity, the HS-32B2 can be pro
grammed to also operate with a word length of 25 
bits. The incoming receiver data word parity is' 
checked, and a parity status is stored in the receiver 
latch and is outputted on Pin BOOB during the 1st 
word. [A logic "0" indicates that an odd number of 
logic "1 "s were received and stored; a logic "1" indi
cates that an even number of logic "1 "s were receiv
ed and stored]. In the transmitter the parity gener
ator will generate either odd or even parity depend
ing upon the status of PARCK control signal. A logic 
"0" on B012 will cause odd parity to be generated 
and inputted to the output data stream. Conversely, 
a logic "1" on B012 will result in the generation of 
even parity that will be inputted to the output data 
stream. 

More versatility is provided in both the transmitter 
and receiver by the addition of an external TTL clock 
input allowing the bus interface circuit to operate at 
data rates from 0 to 0.1 megabits. The TTL external 
clock must be ten (10) times the data rate to insure 
no data ambiguity. 

The ARINC bus interface circuit is fully guaranteed 
to support the data rates of ARINC specification 429 
over both the voltage (± 5%) and full military tem
perature range. It interfaces with TTL, CMOS or 
NMOS support circuitry, and uses the standard 
5-volt VCC supply. 

Copyright © Harris Corporation 1982 
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HS-3282 
CMOSARINC 

Bus Interface Circuit 

Features 
• ARINC SPECIFICATION 429 COMPATIBLE 
• DATA RATES OF 100 KILOBITS OR 12.5 KILOBITS 
• SEPARATE RECEIVER AND TRANSMITTER SECTION 
• DUAL AND INDEPENDENT RECEIVERS, CONNECTING 

DIRECTLY TO ARINC BUS 
• SERIAL TO PARALLEL RECEIVER DATA CONVERSION 
• PARALLEL TO SERIAL TRANSMITTER DATA CONVERSION 
• WORD LENGTHS OF 25 OR 32 BITS 
• PARITY STATUS OF RECEIVED DATA 
• GENERATE PA'RITY OF TRANSMITTER DATA 
• AUTOMATIC WORD GAP TIMER 
• SINGLE S-VOLT SUPPLY 
• LOW POWER DISSIPATION 
• FULL MILITARY TEMPERATURE RANGE 

Pinout 

429011(A) 

429011(8) 

0/R2 

SEL 

EN2 

B014 

B013 

B012 

B011 

B010 

B009 

BOOS 

B007 

BOOS 

TOP VIEW 

N/C 

MR 
TXCLK 

TTLCLK 

FC 

CWSTR 
ENTX 

429Do 
42900 

TX/R 

PL2 
PLl 

BOOO 

B001 

B002 

B003 

B004 

B006 

GND 
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Specifications HS·3282 

ABSOLUTE MAXIMUM RATINGS 

Voltage at any Pin (Except 2, 3, 4, & 5) 
Voltage at Pins 2, 3, 4, & 5 
Maximum Vee 
Operating Temperature Range 
Storage Temperature 

-O.3V to Vee +O.3V 
-29V to +29V 

7.0V 
- 55°e to + 125°e 
- 65°e to + 1500 e 

CAUTION: To prevent permanent damage to this device, care, should be exercised to insure 
that the absolute maxtmum ratings for supply voltages, temperature and voltage 
or current at any pin is not exceeded during both static and dynamic operation. 

ELECTRICAL CHARACTERISTICS 

VCC = 5V ± 5% TA = Operating Temperature Range 

TEST 
SYMBOL PARAMETER MIN TYP MAX UNITS CONDITIONS 

ARINC INPUTS 

VIH Logic "1" Input Voltage 6.7 10 13 V Pin 2-3, 4-5 
VIL Logic "0" Input Voltage -6.7 -10 -13 V Pin 2-3, 4-5 
VIN Null Input Voltage -2.5 0 +2.5 V 

1 

VCH Common Mode V 

I 
±5 

1 

V 

·1 

IIH Input Leakage 75 
I 135 1 

200 /LA 1 VIN=VCC 
IlL Input Leakage -200 -325 -450 /LA VIN=O 
Ri Differential Input Impedance 6 Kn 
RH Input Impedance to VCC 12 KO 
RG Input Impedance to GND 12 KO 
CI Differential Input Capacitance * 20 pF 
CH Input Capacitance to VCC * 20 pF 
CG Input Capacitance to GND* 20 pF 

BI·DIR. INPUTS 

VIH Logic "1" Input Voltage 

I 
2.1 V 

VIL Logic "0" Input Voltage 0.7 V 
II Input Leakage -1.5 -1.5 !LA O<VIN<VCC 

ALL OTHER INPUTS 

I I I VIH Logic "1" Input Voltage 3.5 V 
V,L Logic "0" Input Voltage 

I I 0.7 V 
IIH Input Leakage (Except Pin 36) -. 10 !LA V,N=VCC 

Input Leakage (Pin 36) 50 /LA Y,N = VCC 
'lL Input Leakage -10 !LA VIN=O 
CI Input Capacitance* 15 pF 

OUTPUTS 
(Includin~ Bi·directional Outputs) 

VOH Logic "1" Output 2.7 V 10H= -1.5mA 
VOL Logic "0" Output 0.4 V 10L= 1.8mA 
Co Output Capacitance* 15 pF 

ICC1 Supply Current Stand·by 20.0 mA VCC=5.5, 
VIN=O 

ICC2 Supply Current Operation 20.0 'mA 

*Guaranteed but not tested. 

@ Ie MASTER 1984 
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Specifications HS-3282 

ELECTRICAL CHARACTERISTICS (Continued) 
DATA RATE = 100 KBFS DATA RATE = 12.5 KBFS 

SYMBOL PARAMETER MIN MAX MIN MAX 

FC' Clock Frequency 1 1 

FO Data Rate 100 12.5 
TLHC TIL Clock Rise Time 10 10 
THLC TIL Clock Fall Time 10 10 
TMR Master Reset Pulse Width 200 200 

RECEIVER TIMING 
TO/R2 Receiver Device Ready Time 

From 32nd Data Bit 16 128 
TO/REN Device Ready to Enable Time 0 0 
TEN Data Enable Pulse Width 200 200 
TEN EN Data Enable to Data Enable Time 50 50 
TENO/R Data Enable to Device Ready 

Reset Time 200 200 
TEN DATA Output Data Valid to Enable Time 200 200 
TENSEL Data Enable to Data Select Time 20 20 
TSELEN Data Select to Data Enable Time 20 20 
TDATAEN Output Data Disable Time 30 30 

CONTROL WORD TIMING 

TCWSTR Control Word Register Strobe 
Pulse Width 130 130 

TCWSET Control Word Setup Time 130 130 
TCWHLO Control Word Hold Time 0 0 

TRANSMITIER FIFO 
WRITE TIMING 

TpL Parallel Load Pulse Width 200 200 
TpL12 Parallel Load 1 to Parallel 

Load 2 Delay 0 0 
TTXlR Transmitter Ready Delay Time 840 840 
TOWSET Data Word Setup Time 110 110 
TDWHLO Data Word Hold Time ·0 0 

TRANSMITIER OUTPUT TIMING 

I TEN OAT I Enable Transmit to Output Data 

I I I I I Valid Time 25 200 
TBIT Output Data BIT Time 4.95 5.05 39.6 40.4 
TNUL Output Data Nul Time 

I 
4.95 5.05 39.6 40.4 

TDTXlR Data Transmission Word to 
TXlR Set Time 50 50 

TENTXlR Enable Transmit Turn Off Time 0 0 
TGAP Data Word Gap Time 39.6 40.4 316.8 323.2 

REPEATER OPERATION TIMING 

TENPL Data Enable to Parallel 
Load Delay Time 0 0 

TpLEN Data Enable Hold For Parallel 
Load Time 0 0 

TTX/REN Enable Transmit Delay Time 0 0 

1. 60-40 Duty Cycle Acceptable 2. Same Delay For 25 bit Word Format 

4650 

TEST 
UNITS CONDITIONS 

MHz =50% 
Duty Cycle 

KHz 
ns 
ns 
ns 

p.s 
ns 
ns 
ns 

ns 
ns 
ns 
ns 
ns 

ns 
ns 
ns 

ns 

ns 
ns 
ns 
ns 

I p.s 
' p.s 

p's 

ns 
ns 
p.s 

ns 

ns 
ns 
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Pin Assignments ~ 
PIN SYMBOL SECTION DESCRIPTION PIN SYMBOL SECTION DESCRIPTION 

VCC Receiver! 13 B013 Receiver! See pin 11. 
Transmitter Supply pin. 5 volts .± 5%. Transmitter 

14 B012 Receiver! See pin 11. 
2 1429 011 (All Receiver ARINC 429 data input to Receiver Transmitter 

1429 011 (B)I 

1. 15 B011 Receiver! See pin 11. 
3 Receiver ARINC 429 data input to Receiver Transmitter 

1429 Di2 (Ai 1 
11. 16 8010 Receiver! See pin 11. 

4 Receiver ARINC 429 data input to Receiver Transmitter 
2. 

17 B009 Receiver! See pin 11. 
5 429012 (B) Receiver ARINC 429 data input to Receiver Transmitter 

2. 
18 B008 Receiver! See pin 11. 

6 0!R1 Receiver Device ready flag output from Re- Transmitter 
ceiver 1 indicating a valid data 

19 B007 Receiver! See pin 11. word is ready to be fetched. 
Transmitter 

7 0!R2 Receiver Device ready flag output from Re-
20 B006 Receiver! See pin 11. ceiver 2 indicating a valid data 

word is ready to be fetched. Transmitter 

8 SEL Receiver Bus Data Selector - input signal 21 GNO Receiver! Circuit ground. 

to select one of two 16-bit words Transmitter 

from either Receiver 1 or 2. 22 B005 Receiverl See pin 11. 

9 EN1 Receiver Input signal to enable data from Transmitter 

Receiver 1 onto the data bus. 23 B004 Receiver! See pin 11. Control Word func-

10 EN2 Receiver Input signal to enable data from Transmitter tion not applicable. 

Receiver 2 onto the data bus. 24 B003 Receiverl See pin 11. Control Word func-· 

11 I B015 Receiver! Bi-directional data bus for fetch- Transmitter tion not applicable. I 

II I I 
I Transmitter I ing data from either of the Re-

I I 25 

I 
BD02 I Aeceiver! I See pin 11. Control Word func-I 

ceivers, or for loading data into Transmitter tion not applicable. . 
. I I the Transmitter memory or con- 26 8001 Receiver! Isee pin 11. Contra! Word func-
I I trol word register. See Control I 

I 

I 

Transmitter tion not applicable. 

I Receiver! 

Word Tat;>le for description of 27 BOOO RecelverJ Isee pin 11. Control Word func· Control Word bits. Transmitter tion not applicable. 
12 B014 See pin 11. 28 PL1 Transmitter Parallel load input signal loading I Transmitter the first 16-Bit word into the 

Transmitter memory. 

Pinout 

20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 

PIN SYMBOL 

29 PL2 

" 30 TX!R 

31 42900 
32 42900 
33 ENTX 

34 CWSTR 

35 NC 

@ Ie MASTER 1984 

HS·3282 

SECTION DESCRIPTION 

Transmitter Parallel load input signal loading 
the second 16-Bit word into the 
Transmitter memory and initiates 
data transfer into the memory 
stack. . 

Transmitter Transmitter flag output to indi-
cate the memory is empty. 

Transmitter Data output from Transmitter. 
Transmitter Data output from Transmitter. 
Transmitter Transmitter Enable Input signal 

to initiate data transmission 
from FIFO memory. 

Receiver! Control word input strobe. signal 
Transmitter to latch the control word from the 

data bus into the control word 
register. 

Receiverl This pin should be left open. 
Transmitter 

PIN SYMBOL 

36 NC 

'37 TTLCLK 

38 TXCLK 

39 MR 

40 

SECTION DESCRIPTION 

Receiver! No connect. This pin may be left 
Transmitter open or tied low but never tied 

high. 

I 
Receiver! External clock input. May be 

Transmitter either ten (10) or eighty (80) times 
the data rate. If using both 
ARINC data rates it must be ten 
(10) times the highest data rate. 
(Typically 1 MHz). If using crystal 
oscillator, this pin may be left 
open or tied high but never tied 
low. 

Transmitter Transmitter Clock output. Deliv
ers a clock frequency equal to 
the transmitter data rate. 

Receiver! Master Reset. Active low pulse 
Transmitter used to reset FIFO, bit counters, 

gap timmer, word count signal, 
ITXlR and various other flags and 
controls. Usually only used on 
Power-Up or System Reset. 
No connection. 
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Operational Description 

The HS-3282 is designed to support .ARINC 
Specification 429 and other serial data protocols 
that use a simil~r format by collecting the receiving, 
transmitting, synchronizing, timing and parity func
tions on a Single, low power lSI circuit. It goes be
yond the ARINC requirements of providing foreither 
odd or even parity, and giving the user a choice of 
either 25 or 32 bit word lengths. The receiver and 
transmitter sections operate independently of each 
other. The serial:.to-parallel conversion required of 
the receiver and the parallel-to-serial conversion re
quirements of the transmitter have been incorpor
ated into the bus interface circuit. 

Provisions have been made through the addition of 
an external TTL clock input to provide data rate flexi
bility. This requires an external TTL clock that is 10 
times the data rate. 

I 

To obtain the flexibility discussed above, a number 
of external control Signals are required. To reduce 
the pin count requirements, an internal control word 
register is used. The control word is latched from 
the data bus into the register by the Control Word 
Strobe (CWSTR) signal going to a logic "0". Eleven 
(11) control functions are used, and along with the 
bus data (80) line are listed below: 

CONTROL WORD 

PIN 
NAME SYMBOL FUNCTION 
BD05 SLFTST Connects the self test signal from the 

transmitter directly to the receiver shift reg-
isters, bypassing the input receivers. Re-
ceiver 1 receives Data true and Receiver 2 re-
ceives Data not. Note that the transmitter 
output remains active. (Logic "0" on SLFTST 
Enables Self Test). 

BD06 SDENB1 Signal to activate the Source Destination 
(SO) Decoder for Receiver 1. (Logic "1" acti-
vates SO Decoder). 

BD07 X1 If SDENB1 = "1" then this bit is compared 
with ARINC Data Bit #9. If Y1 also matches 
(see Y1), the word will be accepted by the Re-
ceiver 1.lf SDENB1 = "0" this bit becomes a 

-
don't care. 

BD08 Y1 If SDENB1 = "1" then this bit is compared 
with ARINC Data Bit #10. If X1 also matches 
(see X1), the word wi" be accepted by the Re-

I ceiver 1.lf SDENB1 = "0" this bit becomes a 
don't care. 

BD09 SDENB2 Signal to activate the Source Destination 
(SO) Decoder for Receiver 2. (Logic "1" acti-
vates SO Decoder). 

BD10' X2 If SDENB2 = "1" then this bit is compared 
with ARINC Data Bit #9. If Y2 also matches 
(see Y2), the word wi" be accepted by the Re-
ceiver 2. If SDENB2 = "0" this bit becomes a 
don't care. 

BD11 Y2 If SDENB2 = "1" then this bit is compared 
with ARINC Data Bit #10. If X2 also matches 
(see X2), the word will be accepted by the Re-
ceiver 2. If SDEN B2 = "0" this bit becomes a 
don't care. 

BD12 PARCK Signal used to invert the transmitter parity • bit for test of parity circuits. Logic "0" sel-
ects normal odd parity. Logic "1" selects 
even parity. 

BD13 TXSEL Selects high or low Transmitter data rate. If 
TXSEL = "0" then transmitter data rate is 
equal to the clock rate divided by ten (10). If 
TXSEL = "1" then transmitter data rate is 
equal to the clock rate divided by eighty (80). 

BD14 RCVSEL. Selects high or low Receiver data rate. If 
RCVSEL = "0" then the received date rate 
should be equal to the clock rate divided by 
ten (10). If RCVSEL = "1" then the received 
data rate should be equal to the clockrate di-
vided by eighty (80). 

BD15 WLSEL Selects word length. If WLSEL = "0" a 32-bit 
word format wi" be selected. If WLSEL = 
"1" a 25-bit word format will be selected. ~ 
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Operational Description (Continued) 

ARINC 42~ DATA FORMAT as input to the Receiver 
and output from the Transmitter is as follows: 

TABLE 1 • ARINC 429 DATA FORMAT 

ARINC B!T # FUNCTIONS 

1·8 
.9-10 

'11 
12 - 27 

28 , 
29 

30,31 
32 

Label 
SOl or Data 
LSB 
Data 
MSB 
Sign 
SSM 
Parity 

This format is shuffled when seen on the sixteen bi· 
directional input/outputs. The format shown below is 
used from the receivers and input to the transmitter: 

BIDIRECTIONAL 
BIT# 

15, 14 
13 

12, 11 
10,9 

8 
7-00 

BIDIRECTIONAL 
BIT# 

15 
14 

13 - 00 

TABLE 2 . WORD 1 FORMAT 

FUNCTIO~ 

I I LSB 
501 or Data 

I 
SSM Status 

I Parity 
Label 

TABLE 3 . WORD 2 FORMAT 

FUNCTION 

Sign 
MSB 
Data 

ARINC 
BIT # 
.. Ill "'''' '''', ., 

11 
10,9 

31,30 
32 

1 -8 

ARINC 
BIT # 

29 
28 

27 -14 

I 
I 

If the receiver input data word string is broken 
before the entire data word is received, the receiver 
will reset and ignore the partially received data 
word. . 

to generate a Data Clock. The Receiver sample 
frequency (RCVCLK), 1 MHz, or 125 KHz, is gen
erated by the Receiver/Transmitter Timing Cir· 
cuit. This sampling frequency is ten times the 
Data Rate to ensure no data ambiguity. 

• The derived data clock then shifts the data down 
a 32·bit long Data Shift Register (Data S/R1). The 
Data Word Length is selectable for either 25·Bits 
or 32·Bits long by the Control Signal (WLSEL). 
As soon as the data word is completely receiv· 
ed, an internal signal (WDCNT1) is generated by 
the Word Gap Timer Circuit. 

• The Source/Destination (S/D) Decoder com· 
pares the user set code (X and Y) with Bits 9 and 
10 of the Data Word. If the two codes are match· 
ed, a positive signal is generated to enable the 
WDCNT1 signal to latch. in the received data. 
Otherwise, the data word is ignored and no lat· 
ching action takes place. The SID Decoder can 
be Enabled and Disabled by the control signal 
SID ENB.lf the data word is latched, an indicator 
flag (D/R1)is set. This indicates a valid data word 
is ready to be fetched by the user. II 

• The parity of the incoming word is checked and 
the status (Le., logic "0" for odd parity and logic 
"1" for even parity) stored in the receiver latch 
and outputted on BD08 during the Word No.1. 

• Assuming the user desires to access the data, 
he first sets the Data Select Line (SEL) to a Logic 
"0" level and pulses the Enable (EN1)line. ThiS 
action causes the Data Selector (SEL 1) to select 
thefirst·data word, which contains the label 
field and Enable it onto the Data Bus. To obtain 
the second data word, the user sets the SEL line 
to a Logic "1" level and pulse the Enable (EN1) 
line again. The Enable pulse duration is match
ed to the user circuit requirement needed to 
latch in the Data Word from the Data Bus. The 
second Enable pulse is also used to reset the 

If the transmitter is used to transmit consecutive Device Ready (D/R1) flip-flop. This completes a 
data words, each word will be separated by afour (4) receiving cycle. 
bit "null" state (both positive and negative outputs TRANSMITTER OPERATION 
will maintain a zero (0) volt level). . 

RECEIVER OPERATION 

Since the two receivers are functionally identical, 
only one will be discussed in detail, and the block 
diagram will be used for reference in this discus· 
sion. The receiver consists of the following cir· 
cuits: 

• The Line Receiver functions as a voltage level 
translator. It transforms the 10 voit differentiai 
line voltage, ARINC 429 format, into 5 volt inter
nal logic level. 

•. The output of the Line Receiver is one of two in
puts to the Self-Test Data Selector (SEll. The 
other input to the Data Selector is the Self-Test 
Signal from the Transmitter section. 

• The incoming data, either Self-Test or ARINC 
429, is double sampled by the Word Gap Timer 

@ Ie MASTER 1984 

The Transmitter section consists of an 8-word deep 
by 31-Bit long FIFO Memory, Parity Generator, Trans
mitter Word Gap Timing Circuit and Driver Circuit. 

• The FIFO Memory is organized in such a way 
that data loaded in the input register is automat
ically transferred to the output register for Serial 
Data Transmissron. This eliminates ~ large 
amount of data managing time since the data 
need not be clocked from the input register to 
the output register. The FIFO input register is 
made up of two· sets of 16 D·type flip-flops, 
which are clocked by the two parallel load 
signals (PL 1 and PL2). The data from the Data 
Bus is clocked into the D-type flip-flop on the 
positive going edge of the PL signals. If the FIFO 
memory is initially empty, or the stack is not full, 
the data will be automatically transferred down 
the Memory Stack and into the output register or 
to the last empty FIFO storage register. If the _ 
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Operational Description (Continued) 

Transmitter Enable signal (ENTX) is not active, a 
Logic "0", the data remains at the output regis
ter. The FIFO Memory has storage locations to 
t101d eight 31-8it words. If the memory is full and 
new data is again strobed with PL, the old data 
at the input register is written over by the new 
data. Data will remain in the Memory until ENTX 
goes to a Logic "1". This activates the FIFO 
Clock and data is shifted out serially to the 
Transm itter Driver. 

• The Output Register of the FIFO is designed 
such that it can shift out a word of 25-Bits long or 
32-Bits long. This word length is again con
trolled by the WLSEL bit. The TX Word Gap Timer 
Circuit also automatically inserts a gap equiva
lent to 4-Bit Times between each word. This 
gives a minimum requirement of 29-Bit time or 
36-Bit time for each word transmission. Assum
ing the signal, ENTX, remains at a Logic "1", a 
transfer to stack signal is generated to transfer 
the data down the Memory Stack one position. 
This action is continued until the last word is 
shifted out of the FIFO memory. At this time a 
Transm'itter Ready (TX/R) flag is generated to 
signal the user that the Transmitter is ready to 
receive eight more data words. -' 

• A Bit Counter is used to detect the last Bit 
shifted out of the FIFO memory and replaces it 
with the Parity Bit generated by the Parity Gener
ator. The Parity Generator has a control signal, 
Parity Check (PARCK), which establishes 
whether odd or even parity is inserted into the 
output data word. PARCK set to a logic "0" will 
result in odd parity and when set to a logic "1" 
will result in even parity. 

SAMPLE INTERFACE,TECHNIQUE 

From Figure 1, one can see that the Data Bus is time 
shared between the Receiver and the Transmitter. 
Therefore, bus controlling must be synchronously 
shared between the Receiver and the Transmitter. 

Figure 2 shows the typical interface timing control 
of the ARINC Chip for Receiving function and for 
Transmitting function. Timing sequence for loading 
the Transmitter FtFO MemOfY is shown in Timing~n
te'rval A. A Transmitter Ready (TX/R) Flag signals the 
user that the Transmitter Memory is empty. The user 
then Enables the Transmitter Data, a 16-Bit word, on 
the Data Bus and strobes the Transmitter with a 
Parallel Load (PL 1) Signal. The second part of the 
32-Bit word is similarly loaded into the Transmitter 
with PL2, which also initiates data transfer to stack. 
This is continuous until the Memory is full, which is 
eight 31-Bit word,S. The user must keep track of the 
number of words loaded into the Memory to ensure 
no data is w,ritten over by other data. During the time 
the user is loading the Transmitter, he does not have 
to service the Receiver, even if the Receiverflags the 
user with the signal D/R1 that a valid received word 
is ready to be fetched. This is shown by the Timing 
Interval B. If the user decides to obtain the received 
data before the Transmitter is completely loaded, he 
sets the two parallel load signals (PL 1 and PL2) at a 
Logic "1" state, and strobe EN1 while the signal SEL 
is at a Logic "0" state. After the negative edge of 
EN1, the first 16-Bit segment of the received word 
becomes valid on the Data Bus. At the positive edge 
of EN1, the user should toggle the signal SEL to 
ready the Receiver for the second 16-Bit word. Strob
ing the Receiver with EN1, the second time, enables 
the second 16-Bit word and resets the Receiver 
Ready Flag D/R1. The user should now reset the 
signal SEL to a Logic "0" state to ready the Receiver 
for another Read Cycle. During the time period that 
the user is fetching the received words, he can load 
the transmitter. This is done by interlacing the PL 
signals with the EN signals as shown in the Timing 
Interval B. Servicing the Receiver 2 is similar and is 
illustrated by Timing Interval C. Timing Interval 0 
shows the rest of the Transmitter loading sequence 
and the beginning of the transmission by switching 
the, signal TX Enable to a Logic "1" state. Timing In
terval E is the time it takes to transmit all data from 
the FIFO Memory, either 288 Bit times or 232 Bit 
times. 

341Ciiif'R 

: 
D'ENT)( 

• 
'421100 

32' 
142Il00 

FIGURE 1. SINGLE CHIP ARINC 429 INTERFACE 
FUNCTIONAL BLOCK DIAGRAM. 
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Operational Description (Continued) 
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TX/R 

EN~~LE--'~ ____________________________________________ ~--____ ~'---

DATA 
BUS 

SEL 

LJlJ 
________________ ~r--l~------~~~--------------

I TIME INTERVAL A I TIME INTERVAL B "I TIME INTERVAL C I TIME 
TIME INTERVAL D INT~RVAL 

~ BUS IS BEING USED AS AN OUTPUT. x:::::x BUS IS BEING USED AS AN INPUT. 

FIGURE 2. TYPICAL INTERFACE TIMING SEQUENCE 

~~DI --g2 ---~~' ~~ 1 y-____________ _ 
't:-tDm-E-N----------------------J 

SEL 

Booo·15 -------------------------( 

------------------ OR -----------------

SEL J/!I!//!/. II //!I!///!II !III!!/II!!!l 
BD00-15--------------------<G:)~------iG:)~-----

FIGURE 3 RECEIVER TIMING 

I---- 'CWSTR ~ 

~~---------~)! t= tcWSET --:::j 
B000-15 ---------------« CONTROL WORD 

FIGURE 4 CONTROL WORD TIMING 
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Operational Description (Continued) 
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~-. ,PL----'f~"1\..-__ _ 

~ !J.4.'I_- tPL ---I4~:'I"- ""', =j 
r- IDWSET ~ ,'-" ___ _ 

I IDWHLD 

8000-15 WOAD 1 

429DI 

SEL 

lX/A 

ENl)( 

42900 

FIGURE 5 TRANSMITTER FIFO WRITE TIMING 

TXlA\~ ______ ----,J 
I 

lC 
I 

INUL ~ 'GAP _..,j~---.. ~ INUL f+ ~ IDTXlA 
~-!...r-____ ~ B~T ___ "\}!)_"i--,-_,-t:: __ _ 

~ { 
---- IENDAT 

42100 ____ --( 

FIGURE 6 TRANSMITTER OUTPUT TIMING 

~_I ~~~ ___________ ~~!~_IEN_M __________________ _ 

~IDlAEN 

I 
I 
I 

tENPL ::d 1+ .j I- IPLEN I 
-----------~~~----~--~l------------------------

I ~ 

~·"u' ..... 
------------=j~. {4~ 1'"1= 

~ I I 

___________________ -I __ --JJ- ! ~ -L 
IptENDAT ~ I 

. 1 r::i tNut1 
---------------------------------~~-~-~!~------

FIGURE 7 REPEATER OPERATION TIMING 
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Packaging . Ordering Information 
~PIN CER-DIP 

1·3~82· 8 

~~~.~:::::~::::::::: I m"'~", 
I ~ - L 

HS 

HARRIS~ 
CUSTOM 
INTERGRATED 
CIRCUITS 
DIVISION 

T T LTE~PERATURE: 
DEVICE' . 8: MIL Std. 8838 

2.06±.020 . .2~~~x~l .530'.015 ,-
160

t
.01O· 152.32'.0511 I 1 '. -til 113.46 ±.381lft-I ... ~'~~JFP\ NUMBER 5: ODe to +700C 

~ ~t + -1100-1SO\\--
----j r--- .060 -.015 I r- -1,\ PACKAGE CODe ...J 

1: Ceramic 
.018 '.003 .060 TYP. .100 TYP. 11.52 ±.3811 .010 ±.003 
1.46 '.076) 11.52) 12.54) (.254 t.076) 

1. All dimensions in inches; millimeters are shown in parentheses. 
2. All dimensions ± .010 (± 0.25mm) unless otherwise shown. 

Test Product Flow HARRIS SEMICONDUCTOR PRODUCT FLOW 
MIL-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN 

Internal Visual 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: A Fine 
B Gross 

Initial Electrical 

Burn-In Test 

FinalElectrical 
100% go-no-go 

External Visual 

MI L-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Cond.C 

2001 Condo E; Y1 plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015, 160 hrs. @ 1250C (or equiv
alent) (Burn-In circuits enclosed) 

Tested at Worst Case Operating 
Conditions 

2009 Sample Inspection 

Notes: Traceability All devices are assqled date code Identification that provides traceabilitv Aged Products Product that has been held for more than 24 months will be reinspected 
back to the inspection lot prior to shipment to group A inspection requiremenu. 

Branding All devICes are branded with the part number and E IA date code. Additional 

Sales O"ices 
UNITED STATES 

EASTERN REGION 

2600 Virginia Avenue 
Suite 800 
Washington, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747-6776 

© Ie MASTER 1984 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
llNX: 910-595-1533 

625 Ellis, Suite 300 
Mt. View, CA 94043 
{4151964-6443 
llNX: 910-379-6431 

Requirements: SImple Group A oI«tricai tests ore perlonned on 1 lot __ bosis. 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 724-7045 
llNX: 510-959-6259 

EUROPEAN 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough Sl1 4XD 
United Kingdom 
Tel: 34666 
llNX: 848174 

m 
HARRIS 

CUSTOM INTEGRATED CIRCUITS DIVISION 
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mJ HARRIS HS-3819 

Preliminary Video Character Generator 

Features 
• OPERATION (DOT CLOCK) FROM 1.0 TO 27 MHz 
• DESIGNED TO INTERFACE WITH INTEL 

8275 PROGRAMMABLE CRT CONTROLLER 
• DIRECTLY DECODES (FROM ON-CHIP ROM); 

• ASCII 96 CHARACTER SET 
• 32 PSEUDO-GRAPHIC CHARACTERS 
• 10 OVERLAY PATTERNS 

• EXPANDABLE CHARACTER TABLE 
• 9 X 12 DOT MATRIX WITH DESCENDER CAPABILITY 
• HANDLES VIDEO MODIFIERS; 

• BLANK 
• VIDEO SUPPRESS 
• REVERSE VIDEO 
• LIGHT ENABLE 

Description 
The HS-3819 is a CMOS/LSI Video Character Generator 'designed to 
help interface an Intel 8275 Programmable CRT Controller to a video 
monitor. The character generator must be supplied with a clock frequency 
of between 1 and 27 MHz which will be used as the dot clock. This signal 
is then divided by nine to form the character clock output needed by the 
CRT Controller. The HS-3819 then converts character data into a video 
output signal, through use of an internal (ROM) character table. Stored in 
this ROM are the standard 96 ASCn characters, 32 pseudo-graphic charac
ters and 10 overlay patterns used to modify characters. Additional charac
ters, if needed, can easily be decoded from an external memory field. 

Standard Character Set Overlay'Panerns 
o 234567 CRISS CROSS X# CROSS HATCH 

o NUll £ SP 0 4t P ... P 
UNDERLINE - HORIZONTAL STRIKE 

CRISS CROSS X 
THROUGH 

A Q a q DIAGONAL STRIKE / 
DIAGONAL STRIKE / 
DIAGONAL STRIKE / 

DASHED UNDERLINE 

2 2 B R b 
~~~--+--+--+-~--~~ 

=#= 3 esc 
DASHED UNDERLINE 
DASHED UNDERLINE 

$ 4 0 T d 

5 % 5E U e u OPEN BOX 0 
OPEN BOX 0 

UNDERDOT 

~~~--~-+--+--+--r-~ 
6 & 6 F V y 

7 G W 9 w UNDERDOT 

REVERSE DIAGONAL "-
REVERSE DIAGONAL "-( 8 H X h x 

) 9 Y Y DOUBLE UNDERLINE 

* Z 
+ K [ k 

< L " 
= M ] m 
> NI\ n--. 

/ ? 0 0 ¢ 

Copyright © Harris Corporation 1982 
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Pinout 
Wii VCC 
CI GRAPHE 
AD Ei 
S1 E7 
S2 K 
S3 E5 

LC3 ~ 
LC2 E3 
LC1 E2 
LCO E1 

EX EN EO 
ROMDIS DOTCLK 

CC6 RERT 
CC5 CCLK 
CC4 VSP 

CC3 LTEN 
CC2 RW 
CC1 iilK 
ceo VID2 

GND VID1 

L~3 - LINE COUNT 
CC0-6 - CHARACTER CODE 
ffOMDIS - ROM DISABLE 
L TEN - LIGHT ENABLE 
RVV - REVERSE VIDEO 
VSP - VIDEO SUPPRESS 
BLK- BLANK 
S1-3 - SPECIAL f,UNCTION 
EXEN - EXPANSION ENABLE 

E0-8 - EXPANSION INPUTS 
GRAPHE - GRAPHICS ENABLE 
WR-WRITE 
CS ...;. CHIP SELECT 
Afj - ADDRESS 0 
V101-2 - VIDEO OUTPUTS 
RESET - RESET 
DOTCLK - DOT CLOCK 
CCLK - CHARACTER CLOCK 

Dot Matrix 

- - --"-

) 

) 
) 

) 
) 
) 

~ ) 
) 

---------- _..J 

NOTES: 

1_ EACH ROW MAY HAVE DOTS 
IN SET A OR SET B ONLY_ 

2. EACH CHARACTER MAY HAVE 
DOTS IN NORMAL SET OR 
DESCENDER SET ONLY. 

2 

4 

@ Ie MASTER 1984 



HS-3819 Block Diagram System Application 

FROM PROCESSOR 

9 X 12 X 32 + CCO-6 

i..CO-l 

ROMOls 

EXEN 

OOTCLK 

CCLK 

m 
VSP 
RW 

LTEN 

Sales Offices 

UNITED STATES 

EASTERN REGION 

2600 Virginia Avenue 
Suite 800 
Washington, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Q(Sncord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747-6776 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TVVX: 910-595-1533 

625 Ellis, Suite 300 
Mt. View, CA 94043 
(415) 964-6443 
TVVX: 910-379-6431 

7X9X9& 
ROM 

CHARACTER 
GENERATOR 

+- VCC 

+- GNO 

... RESET 

VIDEO 

2 
1 

DATA IN 

CRT CONTROllER 

CHAR 
VIDEO LINE CHAR 
MODIFIERS COUNT CODE 

.. ~ 
~ en 

8 en 
PROM 6 1 4 8 w 

a: 
~ 0 (EXTERNAL CHARSI 

0 ... ... « 
4 I~ OUTPUTS 

~ 1 1 f !9 
VIDEO CHAR LINE CHAR EXPANSION EXPANSION 

CONTROL ClK COUNT CODE ENABLE INPUTS 

HARRIS CHARACTER GENERATOR 

VIDEO 

OUTPUT 

t2 

HRTC VID1 
VRTC VID2 

TO VIDEO MONITOR 

VIOl 

ViOl 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne. FL 32901 
(305) 724":7045 
TWX: 510-959-6259 

EUROPEAN 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL 1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

m 
HARRIS 

SEMICONDUCTOR CUSTOM INTEGRATED CIRCUITS DIVISION 
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Features 

• SUPPORT OF MIL-STD-1553 

• 1.0 MEGABIT/SEC DATA RATE 

• SYNC IDENTIFICATION AND LOCK-IN 

• CLOCK RECOVERY 

• MANCHESTER II ENCODE, DECODE 

• SEPARATE ENCODE AND DECODE 

• LOW OPERATING POWER: 50mW AT 5 VOL TS 

• FULL MILITARY TEMPERATURE RANGE 

• FUNCTIONAL TOTAL DOSE ... 1 x 104 RAD(Si) 

HS-15530RH 
Radiation Resistant

CMOS Manchester Encoder-Decoder 

Pinout 

VALID WORD 

ENCODER SHIFT CLOCK 

TAKE DATA 

SERIAL DATA OUT 

DECODER CLOCK 

BIPOLAR ZERO IN 

BIPOLAR ONE IN 

UNIPOLAR DATA IN 

DECODER SHIFT CLOCK 

COMMAND/DATA SYNC 

DECODER RESET 

GND 

VCC 

ENCODER CLOCK 

SEND CLOCK IN 

SEND DATA 

SYNC SELECT 

ENCODER ENABLE 

SERIAL DATA IN 

BIPOLAR ONE 6U'i' 
6U"i'PUT INHIBIT 

BIPOLAR ZERO OUT 

+60UT 

MASTER RESET 

• LATCH-UP FREE TO ......... 5 x 1011 RAD (Si)/sec 

Description 

The Harris HS-15530RH is a high performance, radia
tion resistant, CMOS device intended to service the 
requirements of MIL-STD-1553 and similar Manches
ter II encoded, time division multiplexed serial data 
protocals. This LSI chip is divided into two sections, 
an Encoder and a Decoder. These sections operate 
completely independent of each other, except for the 
Master ReSet function. 

This circuit provides many of the requirements of 
MI L-STD-1553. The Encoder produces the sync 

Block Diagrams 

ENCODER 

12~ GND 

13 MASTER RESET 

u~~~~~~~ __________ ~ 
14 +-...::..::..:;..;......., 

19 20 

SEND SERIAL SYNC 
DATA DATA IN A SELECT 

ENCODER ENCODER 
SHIFT ENABLE 

CLOCK 

Copyright ® Harris Corporation 1982 
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VCC (24 

0uTi>uT 
iNiiiiiiT 16 

. BIPOLAR 
ONE OuT 
BIPOLAR 
ZERO OUT 

pulse and the parity bit as well as the encoding of the 
data bits. The Decoder recognizes the sync pulse and 
identifies it as well as decoding the data bits and 
checking parity. 

This integrated circuit is fully guaranteed to support 
the 1MHz data rate of MIL- STD-1553 over both 
temperature and voltage \,AJhife residing in a radiation 

environment. It interfaces wi.th CMOS, TTL or N 
channel support circu itry, and uses a standard 5 volt 
supply. 

UNIPOLAR 
DATA IN 

BIPOLAR 7 
ONE IN 

BIPOLAR 
ZERO IN 

DECODER 5 
CLOCK 

DECODER 

TAKE DATA 

COMMANDIDAT,A 
SYNC 

4 SERIAL 
DATA OUT 

1 VALID 
WORD 

M~~~~~~~ ______________ -J ...-_----'1--......;9 ... :~DER 
,..---'---., CLOCK 

@ Ie MASTER 1984 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Input or Output Voltage Applied 

Storage Temperature Range 

.Operating Temperature Range 

Specifications HS-15530RH 

+7.0V 

GND -O.3V to Vee +O.3V 

-650 e to + 1500 e 

-550 e to + 1250 e 

ELECTRICAL CHARACTERISTICS vee = 5.0V ±5% TA::: Operating Temperature Range 

SYMBOL PARAMETER MINIMUM TYPICAL MAXIMUM UNITS 

VIH Logical "1" I nput Voltage 70% VCC V 

VIL Logical "0" InputVoltage 20% VCC V 

VIHC Logical "1" Input Voltage (Clock) VCC -0.5 V 

VILC Logical "0" Input Voltage (Clock) GND +0.5 V 

ilL Input Leakage -1.0 +1.0 J.lA 

D.C. VOH Logical "1" Output Voltage 2.4 V 

VOL Logical "0" Output Voltage 0.4 V 

I ICCSB 

I 
Supply Current Standby 

I I 0.5 

I 
2 

I 
mAo 

iCeOp Suppiy Current Operating;; 
I 

8.0 W.O mA I 

I 
CIN Input Capacitance* 5.0 7.0 pF 

Co Output Capacitance* 8.0 10.0 pF 

*Guaranteed and sampled but not 100% tested. 

ENCODER TIMING Vee = 5.0V ±5% T A::: Operating Temperature Range 

I 
FEC Encoder Clock Frequency 13 MHz 

FESC Send Clock Frequency 2.16 MHz 

TECR Encoder Clock Rise Time 8 ns 

I 
TECF Encoder Clock Fall Time 8 ns 

FED Data Rate 1.08 MHz 

TMR Master Reset Pulse Width 150 ns 
A.C. TEl Shift Clock Delay 125 ns 

TE2 Serial Data Setup 75 ns 

TE3 Serial Data Hold 75 ns 

TE4 Enable Setup 90 ns 

TE5 Enable Pulse Width 80 ns 

TE6 Sync Setup 55 ns 
TE7 Sync Pulse Width 150 ns 
TE8 Send Data Delay -10 50 ns 
TE9 Bipolar Output Delay 130 ns 

DECODER TIMING Vee = 5.0V ±5% T A ::: pper~ting Temperature Range 

FDC Decoder Clock Frequency 13 MHz 

TDCR Decoder Clock Rise Time 8 ns 
TDCF Decoder Clock Fall Time 8 ns 
FDD Data Rate 1.08 MHz 
TOR Decoder Reset Pulse Width 150 ns 

TORS Decoder Reset Setup Time 75 ns 
TMR Master Reset Pulse Width 150 ns 
TD1 Bipolar Data Pulse Width TDC +10 ns 

A.C. 
TD2 Sync Transition Span 18TDC ns 
T",,, One Zero OVeilap Toe -10 ·u.) ns 
TD4 Short Data Transition Span 6TDC ns 
TD5 Long Data Transition Span 12TDC ns 
TD6 Sync Delay (ON) 40 110 ns 
TD7 Take Data Delay (ON) 50 110 ns 
TD8 Serial Data Out Delay 80 80 ns 
TD9 Sync Delay (OF F) 90 110 ns 
TOlD Take Data Delay (OFF) 110 110 ns 
TOll Valid Word Delay 90 110 ns 

TEST CONDITIONS 

OV ~ VIN ~ VCC 
IOH = -3mA 

l'OL'LsmA 
VIN = Vee= 5.25V 

I I Outputs Open 
VCC = 5.25V, 
f = 1 MHz 

CL = 50pF 

I 
I 

I 

CL = 50pF 

CD 
CD 
<D I CD 
CD 

I 

NOTE (j) : 15TDC + 1 0 = [15 !Decoder Clock Period)) + lDns TDC = Decoder Clock Period = _1_ 

...... These parameters are guaranteed but not 100% tested. FDC -

@ Ie MASTER 1984 4661 
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PIN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

SECTION 

Decoder 

Encoder 

Decoder 

Decoder 

Decoder 

Decoder 

Decoder 

Decoder 

Decoder 

Decoder 

Decoder 

Both 

Both 

Encoder 

I Encoder 

I Encoder 

Encoder 

Encoder 

Encoder 

Encoder 

Encoder 

Encoder 

Encoder 

Both 

Pin Assignments 

NAME ..... DESCRJPTION --_ .... 

VALID WORD Output high indicates receipt of a valid word. 

ENCODER SHIFT CLOCK Output for shifting data into the Encoder. This 
clock shifts data on a low-to-high transition. 

TAKE DATA Output is high during receipt of data after ident-
ification of a sync pulse. 

SERIAL DATA OUT Delivers received data in·correct NRZ format. 

DECODER CLOCK Input drives the transition finder, and the synchron-
izer which in turn supplies the clock to the balance 
of the Decoder. 

BIPOLAR ZERO IN A high input should be applied when the bus is in its 
negative state. This pin must be held high when 
the Unipolar input is used. 

BIPOLAR ONE IN A high input should be applied when the bus is in 
its positive state, this pin must be held low when 
the Unipolar input is used. 

UNIPOLAR DATA IN With pin 6 high and pin 7 low, this pin enters unipolar 
data into the transition finder circuit. If not used this 
input must be held low. 

DECODER SHIFT CLOCK Output which delivers a frequency (Decoder Clock 
-+- 121. synchronized by the recov.ered serial data 
stream . 

COMMAND SYNC Output of a high from this pin occurs during output 
of decoded data which was preceded by a Command 

. (or Status) synchronizing character. A low output 
indicates a Data synchronizing character. 

DECODER RESET A high input to this pin during a rising edge of 
DECODER SHIFT CLOCK resets the decoder bit 
counting logic to a condition ready for a new word. 

GROUND Ground supply pin. 

MASTER RESET A high on this pin clears 2: 1 counters in both the 
Encoder and Decoder. 

~ 60UT Output from 6: 1 divider which is driven by the 
ENCODER CLOCK. 

I BIPOLAR ZERO OUT An active low output designed to drive the zero or 
negative sense of a bipolar line driver. 

OUTPUT INHIBIT A Iowan this input forces pin 15 and pin 17 high, 
the inactive states. 

BIPOLAR ONE OUT An active low output designed to drive the one or 
positive sense of a bipolar line driver. 

I 
SERIAL DATA IN Accepts a serial data stream at a data rate equal to 

ENCODER SHIFT CLOCK. 

ENCODER ENABLE A high on this input initiates the encode cycle. 
(Subject to the preceding cycle being complete.) 

SYNC SELECT Actuates command sync for an input high and data 
sync for an input low. 

SEND DATA Is an active high output which enables the external 
source of serial data. 

SEND CLOCK IN Clock input at a frequency equal to the data rate X'2. 

ENCODER CLOCK. I nput to the 6: 1 divider. 

VCC Positive supply pin. 

@ Ie MASTER 1984 



II 

Operational Description 

Encoder Operation 

The Encoder requires a single clock with a frequency of 
twice the desired data rate applied at the SEND CLOCK 
input. An auxiliary divide by six counter is provided on 
chip which can be utilized to produce the SEND CLOCK 
by dividing the DECODER CLOCK. 

The Encoder's cycle begins when ENCODER ENABLE is 
high during a falling edge of ENCODER SHIFT CLOCK CD. 
This cycle lasts for one word length or twenty ENCODER 
SHIFT CLOCK periods. At the next low-to-high transition 
of the ENCODER SHIFT CLOCK, a high at SYNC SEL
ECT input actuates a command sync or a low will produce 
a data sync for that word (i). When the Encoder is ready 
to accept data, the SEND DATA output will go high and 
remain high for sixteen ENCODE R SH I FT CLOCK per
iods ®. During these sixteen periods the data should be 

TIMING 

clocked into the SERIAL DATA input with every low
to-high transition of the ENCODER SHIFT CLOCK ® -
@ . After the sync and the Manchester II coded data are 
transmitted through the BIPOLAR ONE and BIPOLAR 
ZERO outputs, the Encoder adds on an additional bit 
which is the parity for that word @. At any time a low on 
OUTPUT INHIBIT "input will force both bipolar outputs to 
a high state but will not affect the Encoder in any other 
way. 

To abort the Encoder transmission a positive pulse must 
be applied at MASTER RESET. Anytime after or during 
this pulse, a low to high transition on SEND CLOCK 
clears the i~ternal counters and initializes the Encoder 
for a"new word. 

I 15 I 16 I 17 I 18 I 19 I 
I I I I I I 

SEND CLOCK 

ENCODER 
SHIFT CLOCK 

ENCODER ENABLE 

{Ulf1I1Ilf1.nIU 

~ 
-.J f\\\\\\\\\\\\\\~!&fl;tFjI~~&\\\",,\\\\\\\~ ~\\\\\\\\\\\\'\\\\\\~ 

SYNC SELECT ~%\\~AlIDf.\\\\\\\\\\\\\\\ DONi CARE M\\\\\\\\\~ }%\\\\\\\\\\\\\\\\\,\\\\\\\\\\\\\\\W 
SEND DATA ______ ....:------------41 r-f -------,~ ____ _ 

SERIAL DATA IN 1 15 14 1 13 1 12 1 11 110 ~ ~ 3 I 2 I 1 I 0 I 

~-~][;-[1JJ-~]["-G 

L!!~~~_~_IJ!_[J!_I~!_[}!_G 

Decoder Operation 
The Decoder requires a single clock with a frequency of 
12 times the desired data rate applied at the DECODER 
CLOCK input. The Manchester II coded data can be pre
sented to the Decoder in one of two ways. The BIPOLAR 
ONE and BIPOLAR ZERO inputs will accept data from a 
comparator sensed transformer coupled bus as specified 
in Military Spec 1553. The UNIPOLAR DATA input can 
only accept non-inverted Manchester II coded data. (e.g. 
from BIPOLAR ZERO OUT of an Encoder.~ 

The Decoder is free running and continuously monitors its 
data input lines for a valid sync character and two valid 
ManchE!ster data bits to start an output cycle. When a 
valid sync is recognized G) , the type of sync is indicated on 
COMMAND/DATA SYNC output. If the sync character 
was a command sync, this output will go high (i) and re
main high for sixteen DECODER SHIFT CLOCK periods 
® ' otherwise it will remain low. The TAKE DATA 

output will go high and remain high Q) - ® while the 

Decoder is transmitting the decoded data through SERIAL 
DATA OUT. The decoded data available at SERIAL 
DATA OUT is in a NRZ format. The DECODER SHIFT 
CLOCK is provided so that the decoded bits can get shifted 
into an external register on every low-to-high transition 
of this clock ® -@. 

After all sixteen decoded bits have been transmitted @ the 
data is checked for odd parity. A high on VALID WORD 
output ® indicates a successful reception of a vvord vvith-
out any Manchester or parity errors. At this time the 
Decoder is looking for a new sync character to start another 
output sequence. 

At any time in the above sequence a high input on DE
CODER RESET during a low-to-high transition of DE
CODER SHIFT CLOCK will abort transmission and initial
ize the Decoder to start looking for a new sync character. 

@ Ie MASTER 1984 4663 
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Operational Description (continued) 

Oecoder Operation (continued) 
TIMING 1 10Il[21 3 1 4 1 5 16:71 8 ! I 16 ! 17 I 18 I 19 I I 1 I 

OECOOER 

~ 
BIPOLAR ONE IN 

BIPOLAR ZERO 1111 

TAKE DATA 

COMMANOIOATA SYNC ____________________ ~I ______ -------~ ~-----------------~I------

SERIAL DATA OUT ~~\\\\\\\UNO(HN~D&\\\\\\\\\.\}l 15 I 14 13 12 I!: 4 I 3 I 2' I 1 I 0 ~\\\\'\\\\\.~ 

VALID WORD (FROM PREVIOUS RECEPTION) ~I __________________ ---'r-

Encoder Timing 

ENCODER SHIFT CLOCK 

---.J I L 
~~~--T~El~-------~1 I ~I--------

----lQE4 I 
ENCODER ENABLE ----------!i---TE5 ~TE6 

SYNC SELECT &\\\\\\\\.\\\\\.\\\,\\\\\~\\\\\\ VALID A\\\'\'\~\1 
T£7=j 

SEND CLOCK 

ENCODER SHIFT CLOCK ----' TEad F----------SEND DATA 

SEND CLOCK ~"--____ ~l F 
---iTES 

BIPOLAR ONE OUT 0' ==:):~--------''-. _-=-----,x 
B!POlAR HRO OUT '---------' '-________ -1 '-------

Oecoder Timing 

NOTE: UNIPOLAR IN' 0, FOR NEXT DIAGRAMS 

t- -.. -.. BIT PERlor; --:------1-- lilT PERIOD ----+----. BIT PERIOD ---------j 
.FTol4\%\~\\\\\\\\\\\\\\\\\\\WI; r-
I TD2 t.,t.- T03 ~ I-- T03 

BIPOLAR ZERO IN -t'": ________ ; ___ ~p:;r:.o1:k~~~~~~~~~~~~~~'\~~~~~~~~'\~~~~'\~~=$\~~=s.'\~$=~'\~~=~'\~$~&.:I.I--
I T02 --t 

BIPOLAR ONE IN 

COMMAND SYNC 

BIPOLAR ONE IN ; : ft:0I4\\\.\\\*W\\\\'\\'\\''%\\\.~~ 
I. TD2 I--T03; I- T03 

BIPOLAR ZERO IN J'OTD1~\\\\\\\\%\\\\\\\\\§.\"\\\\\\\'i; ,-

: 'I • : - T02 --- I 
DATA SYNC 

ONE ZERO ONE 

NOTE BIPOLAR ONE IN • 0; BIPOLAR ZERO IN • 1. FOR NEXT DIAGRAMS 

UNIPOLAR IN :Jj::. =====TT;;02;-=:::;:===:::::b:===~=!!TD~2-=====:::!.dl\:~$~~~$~~~$~~~~'\~~L 
COMMAND SYNC 

UNIPOLARIN:Ji:~·==========2T~02L=~======~·FI'~====~==~T0l22~=======~~~~~~~~~,\~~~~,\~~~~~N 
OATASVNC 

UNIPOLAR IN -f== T04 -==i--l:::::=====-T~05!L==:::::==' fl :. ===-TiT05;;:===:'=lI='=-T!!04!!..:=+-~ 1-04 ==L 
I ONE lERO ONE ONE 
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II 

Operational Description (continued) 

Decoder Timing (continued) -

Applications 

DECODER SHIFT CLOCK --., r-
T~~ ~~ ______________________ _ 

~AND/OAiAsyNC --L.J _______________________________ _ 
TD71 I---

TAKE DATA -..!...Jr;....--------------~-------

DECODER SHIfT CLOCK -----.~-.-_ ... «'__ __ ~ ~ _____ __I._ 
~~------------~~------------IERIALDATAOUT ~ DATA81T x'-_________ _ 

DECODER SHIFT CLOCK ---,!-..,.... _____ -'" 
T09_ I----

"--____ ....1,-
~AND~SyNC::::Jl,_+_-------~---------------------

TDlo=1 t--
TAKE DATA -.L. ______ ~------------------

VALID WORD TD11-l F== 

DECODER SHIFT CLOCK --, ~ ~ ________ ~r---
T~S~L.;.... ________________________ __ 

DECODER RESET 

-How to Make Our MTU Look Like a Manchester Encoded UART 

( ~~~g )t---------------------------. ..------------i( Vee ) 

24 
23 

22 

21~~~~--+_~~ 
20 

~f___----_+~ ~ HS-l563ORH~: I--t--t----, ~ ____ -{ INHIBIT ) 

- O(ffiiijf -
~~------~~8 17~r-r---r_~--_r--~ 

161-~~--1_+--_+_~-...1 

~~------_+--------~--------~~10 15~1_1_~f___4_--~----------------_; 

-...;....-- " 14 -......;;.---
12 13 

PARALLEL OUT PARALLEL IN • 

Typical Timing Diagrams for a Manchester Encoded UART 

ENCODER TIMING 

ENCODER ENABLE 

SYNC SELECT 

PARALLEL IN 

DECODER TIMING 

BIPOLAR ONE IN 

IIII'OLAR ZERO IN 

~DSYNC -------~I----_______________________ L.I ____________________ _ 
PARALLEL OUT VALID V 7777V777770V2Z7J VALID 

VAlIDWORD "':~ RECEPTION ... 1 __________________ --' 
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MIL-STD-1553 Summary 

'-o ..... 
() 
::J 
'0 
C 
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E 
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en 

The 1553' standard defines a time division multiplexed 
data bus for application within aircraft. The bus is defined 
to be bipolar, and encoded in a Manchester II format, so 
no DC component appears on· the bus.· This allows trans
former coupling and excellent isolation among systems and 
their environment. 

.The HS-15530RH supports the full bipolar configuration, 
assuming a bus driver configuration similar to that in 
Figure 1. Bipolar inputs from the bus, like Figure 2, 
are also accommodated. 

The signaling format in MIL-STO-1553 is specified on 
the assumption that the network of 32 or fewer terminals 
are controlled by a central control unit by means of Com
mand Words, and Data. Terminals respond with Status 
Words, and Data. Each word is preceded by a synchron
izing pulse, and followed by parity bit, occupying a tota.1 
of 20 psec. The word formats are shown in Figure 4. 
The special abbreviations are as follows: 

P 

RfT 

ME 

TF 

Parity, which is defined to be odd, taken 
across all 17 bits. 

Receive on logical zero, transmit on ONE. 

Message Error if logical 1. 

Terminal Flag, if set, calls for controller 
to request self-test data. 

en The paragraphs above are intended only to suggest the 
."E content of M I L-STD-1553, and do not completely 

ctS describe its bus requirements, timing or protocols. 
J: 

COMMAND 
SYNC 

DATA 
SYNC 

I-------t-------

I -------f-------

~E~~ot.E~~D I p£~~~ 
LOGICAL ONE DATA --~- -

LOGICAL ZERO DATA I 
FIGURE 3 - MIL-STD-1553 Character Formats 

FIGURE 1 - Simplified MI L-STD-l.553 Driver 

"1" 

"0" 

FIGURE 2 - Simplified MIL-STD-1553 Receiver 

COMMAND WORD (FROM CONTROLLER TO TERMINAL) 

q 5 111 5 

SYNC I TERMINAL , I SUBADDRESS I 
ADDRESS RfT /MODE 

DATA WORD (SENT EITHER DIRECTION) 

d 16 

SYNC I DATA WORD 

5 

DATA WORD 
COUNT 

STATUS WORD (FROM TERMINAL TO CONTROLLER) 

BUS 

1 9 1 1 

I CODE FOR FAILURE MODES ITFI P ,. 
ME 

FIGURE 4 - MIL-STO-1553 Word Formats 

NOTE: This page is a summary of MI L-STD-1553 and is not intended to describe the operation of the HS-15530RH 
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Radiation Screening Procedure 

(1) Two (2) probed good samples per wafer will be selected from 
220% of the wafers in a run. (All wafers in a "run" will have 
been processed together through all high temperature pro
cessing steps and through met"lIization.) 

(2) The sample die shall be assembled and tested for functional ity. 

(3) The sample devices shall be subjected to a Total Dose Radia
tion level of 1 x 104 Rad(Si +10% from a Gamma Cell 220 
Cobalt 60 source or equivalent. The samples shall be biased 
at 5 volts with all inputs high. The dose rate shall be between 
50 rads/sec and 200rads/sec. 

(4) ICCSB at VCC = 5 volts will be measured and recorded for 
each device within one hour (±15 minutes) after irradiation. 
The lot will be accepted only if the average of these measure 
values is~5mA. 

24 LEAD DIP 

Radiation Effects 

The HS--15530RH is processed with the same mask set 
as is used for HARRIS' equivaient commercial part. Latchup 
free operation, achieved by the use of special starting material 
and improved total dose hardness, is obtained with special 
high temperature processing cycles. These process techniques 
can, in principal, be applied to any standard HARRIS CMOS 
product. 

The primary failure mode under exposure to ionizing radia
tion isan increase in static leakage current (ICCSBl. Function
al failure due to the increased leakage currents will typically 
occur for dose levels in excess of 5 x 104 RAD-5i. ACand DC 
parameters other than ICC will change less than 10% for 
total dose levels under 5 x 104 RAD-Si. The excess leakage 
currents will anneal at room temperature and are typically 
reduced by a factor of 3-10 within 24 hours after irradiation. 

On a production basis, HARRIS is able to perform screens. 
only for a total dose hardness. Transident radiation tests, 
however, have sho~n the following'results: 

Latchup free dosesL5 x 1011 rads/sec. Upset (loss of stored 
data) typically 21 OS rads/sec. 

HS 1 -15530RH - 2 

DEJICE ITEMPERATURE: HARRlsJ, 
NUMBER 2 - -550 C to + 1250 C 

1. All dimensions in inches; millimeters are shown in parentheses. 

2. All dimensions ±.OlO (±0.25mm) unless otherwise shown. 

Sales Offices 
UNITED STATES 

EASTERN REGION 

2600 Virginia Avenue 
Suite 800 
\'JashingtOIi, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747...fJ776 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa rV1esd, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

625 Ellis, Suite 300 
Mt. View. CA 94043 
(415) 964-6443 
l)VX: 910-379-6431 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(6i2) 854-3224 
l)VX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 724-7045 
l)VX: 510-959-6259 

PACKAGE 
1 - Cerdip 

EUROPEAN 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL 1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

m 
HARRIS 

CUSTOM INTEGRATED CIRCUITS DIVISION 
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:II HARRIS HS-6504RH 
4096 x 1 CMOS RAM 

Preliminary 
Features 

• LOW POWER STANDBY 

• LOW POWER OPERATION ..•••••.•.• 

• EXTREMELY LOW SPEED POWER PRODUCT 

. 100/lWMAX. 

25mW/MHz MAX. 

• FUNCTIONAL TOTAL DOSE. • • • • • • • • . . . •• .1 x 105 RAD Si 
8 . 

.. DATA UPSET ••••••....••.••..•.••. >10 RAD Si/SEC 

• LATCH - UP FREE TO .•.....•••.•••• >5 x 10
11 

RAD Si/SEC 

• TTL COMPATIBLE INPUT/OUTPUT 

.THREE -STATE OUTPUT 

• STANDARD JEDEC PINOUT 

• FAST ACCESS TIME ...••.•.•....•..••.•.. 200nsec TYP 

• MILITARY TEMPERATURE RANGE 

• 18 PIN PACKAGE FOR HIGH DENSITY 

• ON CHIP ADDRESS REGISTER 

Description 
The HS-6504RH is a 4096 x 1 static CMOS RAM fabricated ~sing the 
Harris Custom Integrated Circuits Division radiation hardened self-aligned 
silicon gate technology. The device utilizes synchronous circuitry to achieve 
high performance and low power operation. 

On-chip latches are provided for addresses, data input and data output 
allowing efficient interfacing "·v'ith microprocessor systems. The data out
put can be forced to a high impedance for use in expanded memory arrays. 

The HS-6504RH is a fully static RAM and may be maintained in' any state 
for an indefinite period of time .. 

Functional Diagram 
AS 0----1 
A70----I 
A6 LATCHED 

A 

A1 ADDRESS 
A2 REGISTER I-A_~_-t 

A30----I 

D 

84 

64x84 
MATRIX 

!b 
iN E AOA4,.5,.",.'OA9 

AD 
Al 
A2 
AJ 
A4 
A5 
A6 
A7 
AS 
A9 . 

AID 
All 

Pinout 
TOPVIEW 

AO vee 
A1 A6 

A2 A7 

A3 AS 

A4 A9 

AS A10 

Q A11 

ijJ 0 

GND E 

logic Symbol 
vee Vii 

~--oo 

ALL LINES ACTIVE HIGH - POSITIVE LOGIC 

THREE STATE BUFFERS: 
C HIGH -+ OUTPUT ACTIVE 

LATCHES: 
CLow-.a .. o 
a LATCHES ON RISING EDGE OF C 

o 

a 

Information on this device Is preliminary. Data Is subject to change unless otherwise specifically agreed. No obligations are assumed for notice of 
change or future manufacture of this device. 
CAUTION: These devices are st'nsitive to electrostatic discharge. 

Copyright © Harris Corporation 1982 
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Symbols and Abbreviations 

This data sheet utilizes a new set of specification nomenclature. This new format is an IEEE and JEDEC supported standard 
for semiconductor memories. It is intended to clarify the symbols, abbreviations and definitions, and to make all memory 
data sheets consistent. We believe that, once acclimated, you will find this standardized format easy to read and use. 

ELECTRICAL PARAMETER ABBREVIATIONS 

All abbreviations use upper case letters with no subscripts. 
The initial symbol is one of these four characters: 

V (Voltage) 
I (Current) 
P (Power) 
C (Capacitance) 

The second letter specifies input (I) or output (O), and the, 
third letter indicates the high (H), low (L) or off (Z) state' 
of the pin during measurements. Examples: 

VI L - Input Low Voltage 
10Z - Output Leakage Current 

TIMING PARAMETER ABBREVIATIONS 

All timing abbreviations use upper case characters with no 
subscripts. The initiol character is always T and is followed 
by four descriptors. These characters specify two signal 
points arranged in a "from-to" sequence that define a 
timing interval. The two descriptors for each signal point 
specify the signal name and the signal transitions. Thus 
the format is: 

T X X X X 

Signal name from WhiC. h interval is defined ~ t f I 
Transition direction for first signal . 

Signal name to which interval is defined 
Transition direction for second signal 

Signal Definitions: 

A = Address 
D = Data In 
Q = Data Out 
W = Write Enable 
E = Chip Enable 
S = Chip Select 
G = Output Enable 

Transition Definitions: 

H = Transition to High 
L = Transition to Low 
V = Transition to Valid 
X = Transition to Invalid or Don't Care 
Z = Transition to Off (High Impedance) 

@ Ie MASTER 1984 

EXAMPLE: 

CHIP 
ENABLE 

WRITE 
ENABLE 

The example shows Write pulse setup time defined as· 
TWLEH-Time from Write enable Low to chip Enable High. 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements 
are specified from the external system point of view. 
Thus, address set-up time is shown as a minimum since 
the system must supply at least that much time (even 
though most devices do not require it). On the other hand, 
responses from the memory are specified from the device 
point of view. Thus, the access time is shown as a maxi
mum since the device never provides data later than that 
time. 

WAVEFORMS 

WAVEFORM INPUT OUTPUT 
SYMBOL 

--- MUST BE Will BE 
VALID VALID 

~. CHANGE Will CHANGE 
FROM H TO l FROM H TO l 

/& CHANGE Will CHANGE 
FROM l TO H FROM l TO H 

~ 
DON'T CARE: CHANGING: ANY CHANGE STATE UNKNOWN PERMITTED 

=>- HIGH 
IMPEDANCE 
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Specifications HS-6504RH 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage - (vee - GND) 

Input or Output Voltage Applied 

-O.3V to + 7.0V 

(GND -O.3V) 

to (Vee +O.3V) 

OPERATING RANGE 

Operating Supply Voltage 4.5V to 5.5V 

Storage Temperature -650 e to + 1500 e Operating Temperature -550 e to + 1250 e 

CAUTION: To prevent permanent damage to this device, care should be exercised to insure that the 
absolute maximum ratings for supply voltages, temperature and voltage or current at any 
pin is not exceeded during both static and dynamic operation. 

ELECTRICAL CHARACTERISTICS ® 
TEMP.S. vcc = TEMP=25OC <D 

OPERATING vcc"S.ov 
RANGE TYPICAL 

I 
TEST 

PRE POST 
SYMBOL PARAMETER MIN MAX UNITS CONDITIONS 

RAD RAD 

ICCSB Standby Supply Current 100 5 5 JjA 10 =0 
VI = VCC or GND 

ICCOP Operating Supply Current @ 7 4.5 mA f = 1 MHz. 10 = 0 
VI = VCC or GND 

ICCDR Data Retention Current 50 3 3 JjA 10 = 0, VCC = 3.0 
VI = VCC or GND 

VCCDR Data Retention Voltage 3 2.6 1.8 V 

D.C. II Input leakage Current -1 +1 0 0 uA GND~VI :5.VCC 
10Z Output leakage Current -10 +10 ±0.5 ±0.5 JjA GND<VI <VCC 

Vil Input low Voltage -0.3 0.8 1.5 1.3 V 

VIH Input High Voltage VCC VCC 2.7 2.3 V 

All inputs except E R/Vii -2.0 +0.3 

VIH Input High Voltage VCC VCC 2.9 1.9 V 

for E R/W -1.5 +0.3 

VOL Output low Voltage 0.4 0.2 0.15 V 10 = 2.0mA 

VOH Output High Voltage 2.4 4,6 4;0 V 10 = -LOrnA 

CI Input Capacitance @ 8.0 5.0 5.0 pF f = lMHz 
VI = VCC or GND 

CO 

I 
Output Capacitance @ 

I 1

10
.
0 

II 
6.0 

I 
6.0 

I 
pF 

I 
f = lMHz 
VI = VCC or GND 

TElOV Chip Enable Access Time 300 150 180 ns @) 
TAVOV Address Access Time 320 140 180 ns @. 
TElOX Chip Enable Output Enable 100 50 60 ns @ 

Time 

I 
TEHOZ Chip Enable Output Disable 100 50 60 ns @ 

Time 

TELEH Chip Enable Pulse Negative 300 150 180 ns ® 
Width 

TEHEl Chip Enable Pulse Positive 120 40 80 ns @) 
Width 

TAVEL Address Setup Time 20 -10 0 I ns @ 
TELAX Address Hold Time 50 30 35 ns @ 

A.C. 

TWlWH Write Enable Pulse Width 80 20 30 ns @ 
TWlEH Write Enable Pulse Setup Time 200 140 140 ns @ 
TWlEl Early Write Pulse Setup Time 0 -15 -10 ns @ 
TWHEl Write Enable Read Mode 0 -15 -10 ns @ 

Setup Time 

TElWH Early Write Pulse Hold Time 80 40 50 ns @ 
TDVWl Data Setup Time 0 -15 -10 ns @ 
TDVEl Early Write Data Setup Time 0 -15 -10 ns @) 
TWlDX Data Hold Time 80 50 60 ns @) 
TElDX Early Write Data Hold Time 80 50 60 ns @) 
TElWl Early Write Output Hi-Z Time 0 -10 -10 " ns @) 
TOVWl Data Valid to Write Time 0 0 0 ns @ 
TElEl Read or Write Cycle Time 420 190 260 ns @) 

NOTES: 1. All devices guaranteed at worst case limits. Room temp., 5 volt data provided for information and not guaranteed. 
2. Operating Supply Current (ICCOP) is proportional to Operating Frequency. Post Rad Data @I TO = 1 x105. 
3. Capacitance sampled and guaranteed - not 100% tested. 
4. AC test Conditions: Inputs: TR ISE = "TFALL < 20nsec; Outputs: 1 TTL Load and 50 pF. All timing measurements 

at 1/2 vec. -
5. Pre-Radiation and Post-Radiation limits. 
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m 
Read Cycle 

A 
TELEL 

TELEH 

l 

TEHQZ 

Q VALID DATA OUTPUT 

Vi HIGH 

TIME t t t t t REFERENCE 
-1 0 3 4 5 

TRUTH TABLE 
TiME INPUTS OUTPUT FUNCTION 

REFERENCE E W A a 

-1 H X X Z MEMORY DISABLED 

0 '- H V Z CYCLE BEGINS. ADDRESSES ARE LATCHED 

1 L H X X OUTPUT ENABLED 

2 L H X V OUTPUT VALID 

3 ..r H x V READ ACCOMPLISHED 

4 H X X Z PREPARE FOR NEXT CYC!..E (SAME AS -1) 

5 '- H V Z CYCLE ENDS. NEXT CYCLE BEGINS (SAME AS OJ 

The address information is iatched in the on chip registers 
on the falling edge of E (T = 0). Minimum address set up 
and hold time requirements must be met. After the requir-

. ed hold time, the addresses may change state without 
affecting device operation. During time (T = 1) the output 

becomes enabied but data is not valla untii during time 
(T = 2). W must remain high until after time (T = 2). 
After the output data has been read, E may return high 
(T = 3). This will disable the output buffer and ready the 
RAM for the next memory cycle (T = 4). 

Early Write Cycle 

---ITDVEL TELDX~ .. ~_~ TDVEL o388888S>K DATAVAlIO~N-E-XT"';'D-A-TA-
Q __ H_IG_H_-_Z _______________________________________________________________ H_I_GH_-_Z_ 

t t t TIME 
- REFERENCE 

-1 o 2 3 4 

TRUTH TABLE 
TIME INPUTS OUTPUT 

REFERENCE £ W A 0 a 

-1 H X X X Z 
0 '- L V V Z 
1 L X X X Z 
2 ..r x x x Z 
J M X X X Z 
4 '- L V V Z 

The early write cycle is the only cycle where the output is 
guaranteed not to become active. On the falling edge of 
~ (T = 0)' the addresses; the write signal, and the data 
input are latched in on chip registers. The logic value of W 
at the time E falls determines the state of the output buffer 
for that cycle. Since W is low when ~ falls, the out
put buffer is latched into the high impedance state and 

@ Ie MASTER 1984 

FUNCTION 

MEMORY DISABLED 

CYCLE BEGINS. ADDRESSES ARE LATCHED 

WRITE IN PROGRESS lNTERNALL Y 

WRITE COMPLETED 

;:REPARE FOR NEXT CYCLE iSAiViE AS -li 

CYCLE ENDS. NEXT CYCLE BEGIN!! (SAME AS 01 

will remain in that state until r returns high (T = 2). For 
this cycle, the data input is latched by E going low; there
fore data set up and hold -times should be referenced to E. 
When E (T = 2) returns to the high state the output buffer 
disables and all signals are unlatched. The device is now 
ready for the next cycle. 
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Read Modify Write Cycle 

TIME t 
REFERENCE 

-I 

TRUTH TABLE 

TIME INPUTS OUTPUT 
REFERENCE £ Vi A 0 a 

-1 H X X X Z 
0 '- H V X Z 
1 L H X X X 
2 L H X X V 

3 L '- X V V 

4 L X X X V 
5 .r x x x V 

6 H X X X Z 
7 "'- H V X Z 

The read modify write cycle - begins as all other cycles 
on the falling edge of E (T= 0). The W line should be 
high at (T = 0) in order to latch the output buffers in the 
active state. During (T = 1 ) the output will be active but 
not valid until (T = 2). On the falling edge of the W (T = 3) 
the data present at the output and input are latched. The 

FUNCTION 

MEMORY DISABLEO 

CYCLE BEGINS, ADDRESS ARE LATCHED 

OUTPUT ENABLED 

OUTPUT VALID, READ AND MODIFY TIME 

WRITE BEGINS, DATA IS LATCHED 

WRITE IN PROGRESS INTERNALLY 

WRITE COMPLETED 

PREPARE FOR NEXT CYCLE (SAME AS-II 

CYCLE ENDS. NEXT CYCLE BEGINS (SAME AS 01 

W signal also latches itself on its low going edge. All input 
signals excluding E have been latched and have no further 
effect on the RAM. The rising edge of E (T = 5) completes 
the write portion of the cycle and unlatches all inputs and 
output. The output goes to a high impedance and the 
RAM is ready for the next cycle. 

NOTES: In the above descriptions the numbers in parenthesis (T = n I refer to the respective timing diagrams. 
The numbers are located on the time reference line below each diagram. The timing diagrams shown 
are only exampl~s and are not the only valid method of operation. 

Radiation Screening Procedure 
(1) Two (2) probed good samples per wafer will be select

ed from ~ 200k of the wafers in a run. (All wafers in 
a "run" will have been processed together through 
all high temperature processing steps and through 
metallization.) 

(2) The sample die shall be assembled and tested to the 
production test program for proper operation. 

(3) The sample devices shall be subjected to a Total 

Dose Radiation level of 1 x 105 Rad Si (± 10%) from 
a Gamma Cell 220 Cobalt 60 source or equivalent. 
The samples shal1 be biased at 5 volts with all inputs 
high. The dose rate shall be between 50 rads/sec and 
200 rads/sec. 

(4) The samples will be tested to the data sheet limits 
within one hour (±15 minutes) after irradiation. The lot 
will be accepted only if all units, exclusive of non
radiation failures, meet the data sheet limits. 

Radiation Effects 
The HS-6504RH is an RH memory designed to survive in 
a radiation environment and to meet the electrical charac
teristics and be pin compatible to the Harris equivalent 
commercial part. Latchup free operation, achieved by the 
use of special starting material and improved total dose 
hardness, is obtained with special high temperature proces
sing cycles. These process techniques can, in principle, be 
applied to any standard HARRIS CMOS product. 

4672 

On a production basis, HA R R IS only performs screens for 
total dose hardness to a level of 1 x 105 rad-Si. Transient 
radiation tests, however, have shown the following results: 

Latchup free to doses ~ 5 x 1011 rads/sec. 
Upset (loss of stored data) typically ~ 108 rads/sec. 
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Test Product Flow 
HARRIS SEMICONDUCTOR PRODUCT FLOW 

MIL-STD-B83, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN 

Internal Visual 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: A Fine 
B Gross _ 

Initial Electrical 

Burn-In Test 

Final Electrical 
100% go-no-go 

External Visual 

MIL-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

.2001 Condo E; '1'1 plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015,160 hrs. @ 1250C (or equiv
alent) (Burn-!n circuits enclosed) 

Tested at Worst Case Operating 
Conditions 

2009 Sample Inspection 

Notes: Traceability; All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

@ Ie MASTER 1984 

Branding: All devices are branded with the part number and EIA date code. 

Aged Products: Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. 

Additional 
Requirements: Sample Group A electrical tests are performed on a lot acceptance basis. 

Packaging 

18 LEAD CERAMIC DIP 

1. All dimensions in inches; millimeters are shown in parentheses. 

2. All dimensions ± .010 (± 0.2Smm) unless otherwise shown. 
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Ordering Information 

Example: HS 1 

HARRIS CUSTOM J] 
INTEGRATED CIRCUITS DIVISION 

PACKAGE 

PACKAGE 

FLAT PACK 9-

CERDIP 1-

- 6504RH 

T 
DEVICE 

NO TICE: Harris Semiconductor's products are sold by description only. Harris Semiconductor reserves 
the right to make changes in circuit design and/or specifications at any time without notice. Accordingly, 
the reader is cautioned to verify that data sheets are current before placing orders. 

Sales Offices 
UNITED STATES EUROPEAN 

4674 

EASTERN REGION 

2600 Virginia Avenue 
Suite 800 
Washington, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747-6776 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

625 Ellis, Suite 300 
Mt. View, CA 94043 
(415) 964-6443 
TWX: 910-379-6431 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854-3224 
TVVX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 724-7045 
TVVX: 510-959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 
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II HARRIS HS~6508RH 

1024 X 1 CMOS RAM 

II 

II 
II 

Features 

• 
• 
• 
• 
• 

FUNCTIONAL TOTAL DOSE ................... 2 x 104 RAD Si 

LATCH-UP FREE TO. • . . . . . . . . . . . . . . .. 5.0 x 1011 RAD Si/sec 
LOW STANDBY POWER. . . . . . .... 550,uW MAX 
LOW OPERATING POWER. . . . .. 25mW/MHz MAX 

FAST ACCESS TIME ...... . 300nsec MAX 

• TTL COMPATIBLE IN/OUT 
• HIGH OUTPUT DRIVE - 2 TTL LOADS 

• HIGH NOISE IMMUNITY 

• ON-CHIP ADDRESS REGISTER 

• MILITARY TEMPERATURE RANGE 

• THREE-STATE OUTPUTS 
• 16 PIN PACKAGE FOR HIGH DENSITY 

Description 

The HS-650BRH is a 1024 by 1 static CMOS RAM fabricated using the 
HAR R IS Programs Division radiation hardened self-aligned silicon gate 
technology. Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 

On-chip latches are provided for addresses allowing efficient interfacing with 

microprocessor systems. The data output buffers can be forced to a high 
impedance state for use in expanded memory arrays. 

The HS-6.50BRH is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 

Functional Diagram 

AS 
A6 
A7 
AS 
A9 

D 0--------4 

Copyright © Harris Corporation 1980 

32 

C 

C 

C 

32 x 32 
MATRIX 

GATED 
COLUMN 
DECODER 

AND DATA I/O 

LATCHED 
ADDRESS 
REGISTER 

AO A1A2A3A4 
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Pinout 

TOP VIEW 

E vee 

AO D 

Al W 

A2 A9 

A3 AS 

A4 A7 

0 A6 

GND AS 

A - Address Input D - Data Input 
E - Chip Enable Q - Data Output 
iN - Write Enable 

logic Symbol 

a 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

E +vee W 

-=- GND 

ALL LINES POSITIVE LOGIC - ACTIVE HIGH 

THREE STATE BUFFERS: 
C HIGH -- OUTPUT ACTIVE 

ADDRESS REGISTER AND D.ECODERS: 
LATCH AND GATE ON RISING EDGE OF C 

D 

o 
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Symbols and Abbreviations 

This data sheet utilizes a new set of specification nomenclature. This new format is an IEEE and JEDEC supported standard 
for semiconductor memories. It is intended to clarify the symbols, abbreviations and definitions, and to make all memory 

data sheets consistent. We believe ~hat, once acclimated, you will find this standardized format easy to read and use. 

ELECTRICAL PARAMETER ABBREVIATIONS 

All abbreviations use upper case letters with no subscripts. 
The initial symbol is one of these four characters: 

v (Voltage) 
I (Current) 
P (Power) 
C (Capacitance) 

The second letter specifies input (I) or output (0), and the 
third letter indicates the high (H), low (L) or off (Z) state 
of the pin during measurements. Examples: 

VI L - Input Low Voltage 
10Z - Output Leakage Current 

TIMING PARAMETER ABBREVIATIONS 

All timing abbreviations use upper case characters with no 
suQscripts. The initial character is always T and is followed 
by four descriptors. These characters specify two signal 
points arranged in a "from-to" sequence that define La 
timing interval. The two descriptors for each signal point 
specify the signal name and the signal transitions. Thus 
the format is: 

T X X X X 

Signal name from which interval is defined J t t t 
Transition direction for first signal ___ ~I I 

Signal name to which interval is defined . 
Transition direction for second signal ___ --J 

Signal Definitions: 

A::: Address 
D::: Data In 
Q::: Data Out 
W ::: Write Enable 
E ::: Chip Enable 
S::: Chip Select 
G ::: Output Enable 

Transition Definitions: 

4676 

H ::: Tra,nsition to High 
L::: Transition to Low 
V ::: Transition to Valid 
X ::: Transition to Invalid or Don't Care 
Z;:: Transition to Off (High Impedance) 

EXAMPLE: 

CHIP 
ENABLE 

WRITE 
ENABLE 

~-=TWLE~ 
The example shows Write pulse setup time defined as 
TWLEH-Time from Write enable Low to chip Enable High. 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements 
are specified from the external system point of view. 
Thus, address set-up 'time is shown as a minimum since 
the system must supply at least that much time (even 
though most devices do not require it). On the other hand, 
responses from the memory are specified from the device 
point of view. Thus, the access time is shown as a maxi

-mum since the device never provides data later than that 
time. 

WAVEFORMS 

WAVEFORM INPUT OUTPUT 
SYMBOL 

--- MUST BE WILL BE 
VALID VALID 

~ 
CHANGE WILL CHANGE 

FROM H TO L FROM H TO L 

~ 
CHANGE WILL CHANGE 

FROM L TO H FROM L TO H 

m DON'T CARE: CHANGING: 
ANY CHANGE STATE UNKNOWN 
PERMITTED 

=>- HIGH 
IMPEDANCE 

© Ie MASTER 1984 



Specifications HS-650BRH 

ABSOLUTE MAXIMUM RATINGS OPERATING RANGE 

Supply Voltage -vee 7.0V Operating Supply Voltage -vee 4.5V to 5.5V 

Input or Output Voltage Applied GND -O.3V 

to vee +O.3V 
Operat~ng Temperature -550 C to + 1250C 

Storage Temperature :-650 e to + 1500 e 
CAUTION: To prevent permanent damage to this device, care should be exercised to insure that the 

absolute maximum ratings for supply voltages, temperature and voltage or current at any 
pin is not exceeded during both static and dynamic operation. 

ELECTRICAL CHARACTERISTICS ® 

D.C. 

A.C. 

SYMBOL 

ICCSS 

ICCOP 

II 

10Z 

VIL 

VIH 

VOL 

VOH 

CI 

CO 

TELQV 

TAVQV 

TELQX 

TWLQZ 

TEHQZ 

TELEH 

TEHEL 

TAVEL 

TELAX 

TDVWH 

TWHDX 

TWLEH 

TELWH 

TWLWH 

TELEL 

PARAMETER 

Standby Supply Current 

r.::... 
Operating Supply Current ~ 

I nput Leakage Current 

Output Leakage Current 

Input Low Voltage 

Input High Voltage 

I
, Output Low Voltage 

Output High Voltage 

Input Capacitance @ 

Output Capacitance @ 

Chip Enable Access Time 

Address Access Time 

Chip Enable Output Enable Time 

Write Enable Output Disable Time 

Chip Ena~le Output Disable Time 

Chip Enable Pulse Negative Width 

Chip Enable Pulse Positive Width 

Addr'ess Setup Time 

I

I ~:~~::J.:~m' 
Chip Enable Write Pulse Setup Time 

Chip Enable Write Pulse Hold Time 

Write Enable Pulse Width 

I Read or Write Cycle Time 

TEMP. & VCC = 
OPERATING 

RANGE 

MIN MAX 

I 
100 /1 

'1 

I I 

4 

TEMP. ~ 250 C CD 
VCC = 5.0V 

MIN TYP MAX UNITS 

10 1100 /. jJ.A 

15

1

25

1 

mA 
I 

I 
+1.0 11-0.5 

+1.0 \1-0.5 

0.0 +0.5\ jJ.A\ I -1.0 

I -1.0 

I -0.3 

1 VCC -2.0 

1 

2.4 

300 

150 

10 

70 
130 

o 
160 

160 

160 

450 

0.8 11-0.3 

VCC +0.311 2.5 

1 0

6

4 11 3 .0 

10 

300 

310 

200 
200 
200 

250 

130 

10 

50 
100 

o 
130 

130 

130 

380 

0.0 +0.5\ 

I
I 1.5 I 

5.3 I 
0.21 0.

35
1 

4.5 
4 6 

6 10 

160 

160 

60 

60 
60 

160 

90 
o 

40 
80 

o 
100 

100 

100 

250 

250 

260 

170 
170 

170 

V 

V 

V 

V 

pF 

pF 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

1 

I 

I 

TEST 
CONDITIONS 

10 = 0 
VI = Vce or GND 

f = 1 MHz, iO = 0 
VI = VCC or GND 

GND ~ VI ~ VCC 

GND ~ VI ~ VCC 

10L = 3.2mA 

IOH = -3mA 

VI =VCC or GND 
f = lMHz 

VO = VCC or GND 
f = 1 MHz 

@) 
@) 
@ 
® 
@ 
@ 
@ 
@ 
@) 
@) 
@) 
@) 
@) 
@ 
@) 

NOTES: 1. All devices guaranteed at worst case limits. Room temp., 5 volt data provided for information and not guaranteed. 

2. Operating Supply Current (lCCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz. 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE "" TFALL = 20nsec; Outputs -1 TTL load and 50pF. All timing measurements 
at 1/2 VCC. 

5. Pre-Radiation characteristics. See Radiation effects section for Post-Radiation characteristics. 
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Read Cycle 

tl--:=~T~E~HE~L==::j_------TELEH-----_-+---TEHEL-

w __ -r~H~IG~H ________ ~ __________________ 4-______________ _ 

o V Xx ~ ~~~.,;x)(. )( xx xxx 

o~ -"'=g _TEHot -TELOX 

VALIa OUTPUT • -

TIME f r t f f 1 1 REFERENCE 

-1 0 1 2 3 4 5 

TRUTH TABLE 

TIME INPUTS OUTPUTS 
REFERENCE E VIi A 0 Q FUNCTION 

-1 H X X X Z MEMORY DISABLED 

0 ~ H V X Z CYCLE BEGINS, ADDRESSES ARE LATCHED 
1 L H X X X OUTPUT ENABLED 
2 L H X X V OUTPUT VALID 
3 J H X X V READ ACCOMPLISHED '. 

4 H X X X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 
5 ~ H V X Z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0) 

In the HS -650SRH Read Cycle, the address information is 
latched into the on-chip registers on the falling edge of 
E (T = 0). Minimum adqress setup and hold time require
ments must be met. After the required hold time, the 
addresses may change state without affecting device opera
tion. During time (T = 1) the data output becomes en
abled; however, the data is not valid until during time 

(T = 2). W must remain high for the read cycle. After the 
output data has been read, E may return high (T = 3). 
This will disable the chip and force the output buffer to 
a high impedance state. After the required E high time 
(TEHEL) the RAM is ready for the next memory cycle 
(T = 4). 

I 

I 

Write Cycle 

"'<"7'V"<:n::r","",...TO"'A"",VE;:";~"":"'1 ~~ TAVE~ ,. 

A ;;<.;!- x.;«J<x ~ I VALID x: X x x x )( x x x x x x )( )( x x x Xx~ NEXT 1 'I' TELEl----------., 

E J==_T_EH_E_L --........ ~ TELEH------IT ... I-·--TEHEL~ 

~ r--TWLEH --I 

w 0//7~~~ TELWH

TWLWH 

y/7/7~ 

o~:==J~ a __ ~H~IG~H~Z ____________________________________________________ _ 

TIME 
REFERENCE f f 

-1 2 3 

TRUTH TABLE 

TIME INPUTS OUTPUTS 
REFERENCE E W A 0 Q FUNCTION 

-1 H 
X I X 

X Z MEMORY DISABLED 

0 ...... X V X Z CYCLE BEGINS, ADDRESSES ARE LATCHED 

1 I L \.. I X xl Z WRITE PERIOD BEGINS 

2 

k 
...r X V Z DATA IS WRITTEN 

3 H X X Z WR ITE COMPLETED 

4 X X X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 

5 X V X Z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0) 

.... 

... 
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-

The write cycle is initiated by the falling edge of E which 
latches the address information into the on-chip registers. 
The write portion of the cycle is defined as both E _andW 
being low simultaneously. W may go low anytime during 
the cycle ,provided that the write enable pulse setup time 
(TWLEH) is met. The write' portion of the cycle is term
inated by the first rising edge of either E or W. Data 
setup and hold times must' be referenced to the terminating 
signal. 

If a series of consecutive write cycles are to be performed, 
the W line may remain low until all desired locations have 
been written. When this method is used, data setup and 
hold times must be referenced to the rising edge of E. By 

positioning the W pulse at different times within the E 
low time (TELEH), various types of write cycles may be 
performed, 

It" the E low time (TELEH) is greater than the W pulse 
(TWLWH) plus an output enable time (rELOX), a comb
ination read write cycle is executed. Data may be modified 
an indefinite number of times during any write cycle 
(TELEH), The data input and data output pins may be tied 
together for use with a common 1/0 data bus structure. 
When using the RAM in this method allow a minimum of 
one output disable time (TWLOZ) after W goes low before 
applying input data to the bus. This will insure that the 
output buffers are not active. 

Radiation Screening Procedure 

(1) Two (2) probed good samples per wafer will be select

ed from ~ 20% of the wafers ina run. (A!! waf~rs in 

a ."run" will have been processed together through 

ail high temperature piocessing steps and through 
metallization.) 

(2) The sample die shall be assembled and tested for' 

functionality. 

(3) The sample devices shall be subjected to a Total 

Dose Radiation level of 2 x 104 Rad Si(±10%)from 

a Gamma Cell 220 Cobalt 60 source or 'equivalent. 

The samples shall be biased at 5 volts with all inputs 

high. The dose rate shall be between 50 radslsec 
and 200 rads/sec. 

(4) ICCSB at VCC = 5 volts will be measured and recorded 

for each device within one hour (2:.15 minutes) after 

irradiation. The lot will be accepted only if the average 

of these measured values is ~ 1 OmA. 

Radiation Effects 

The HS-650SRH is a radiation hardened memory 

processed with the same mask set as is used for 

HAR R IS' equivalent commercial part. Latchup free 

operation, achieved by the use of special starting 

material and improved total dose hardness, is ob
tained with special high temperature processing 

cycles. These process techniques can, in principal, 

be applied to any standard HARRIS CMOS product. 

The primary failure mode under exposure to ionizing 

radiation is an increase in static leakage current 

(lCCSB). Functional failure due to the increased 

leakage currents will typically occur' for dose levels 

in excess of 5 x 104 RAD-SI. AC and DC pa

rameters other than ICC will change less than 10% 

for total dose levels under 5 x 104 RAD-SI. The 

excess leakage currents will anneal at room tempera

ture and are typically reduced by a factor of 3-10 

within 24 hours after irradiation. 

On a production basis, HAR R is is able to perform 

screens only for total dose hardness. Transient radia

tion tests, however, have. shown the following results: 

Latchup free to doses ~ 5 x 1011 rads/sec. 

Upset (loss of stored data) typically ~ 10S rads/sec. 

@ IC MASTER 1984 4679 
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Note: 

Test Product Flow 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
MIL-M-38510/MIL-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN 

I nternal Visual 

Stabi I ization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: ® Fine 
@ Gross 

Initial Electrical 

Burn-I n Test 

Final Electrical 
100% go-no-go 

External Visual 

MI L-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

2001 Condo E; Yl plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015, 160 hrs. @ 1250C (or equiv
alent) (Burn-I n circu its enclosed) 

Tested at Worst Case Operating 
Conditions 

2009 Sample Inspection 

Traceability: All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

Branding: All devices are branded with the part number and EIA date code. 

Aged Products: Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. 

Additional 
Requirements: Sample Group A electrical tests are performed on a lot acceptance basis. 
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Packaging 

~\Z A A A A A A '?I 
.015!. .005 

(o.38!. 0.13) 
- __ II_PIN ONE INOEX 

SEATING PLANE----, 

I 1 8 I 
Et'de'd'D'''v''tjB 

7BO! 010- 015 (41~~) .295:!: 010 ~
'310 (7 87)~ 

r- (19.81:!: 0 25-0 38) --1 MAX (7.49:!: .254) 

r 'l~Fi 1;~mMYm~ li 
lJl. lJ ~ ~ 50B) --J Jl 
.018!.003 .060 .IOOTYP 00 -150 .01O±.003 
W.46t.OB) (1.52) (2.54) (O.25!.081 

.050 1 16 

(~;:.ll ~======:::J 

t 

1 
8 9 

t I 1- d~~) -1-- (:~~l -I 
(~!: ~ ~~!) MAX. MIN. 

_---- .950.!..020 ----
(24.13.!. 0.51) 

.005.!. .001 
10.13 ! 0.03) 

.• ===.....{===J.:=~====::"~+ .025 0= I I (064) 

f • TYP. 

1. All dimensions in inchps; millimeters are shown in parentheses. 
2. All dimensions ±'.OlO (± O.25inm) unless otherwise shown. 

Ordering Information 

Example: HS 1 

HARRIS PROGRAMS DIVISIONJJ 

PACKAGE 

- 6508 RH 

TlvERS'ON 
DEVICE 

\ 

I~ 
I I 

(i~9:3) I 

MAX. a 

I : ...!. 
.070 __ I \~ 

(1.78) 
MAX. 

~ 

o 
() 
::J 
"0 
c 
o 
() 

E 
Q) 

CJ) 

U) 

"L: 
~ 

«S 
PACKAGE :c 

FLAT PACK 9-

CERDIP 1-

NOTICE: Harris Semiconductor's products are sold by description only. Harris Semiconductor reserves 
the right to make changes in circuit design and/or specifications at any time without notice. Accordingly, 
the reader i$ cautioned to verify that data sheets are current before placing orders. 
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;m HARRIS 
HS-6514RH 

Preliminary 1024 x 4 CMOS RAM 

Features 
• LOW POWER STANDBY 100JlW MAX. 

• LOW. POWER OPERATION 2SmW/MHz MAX. 

• FUNCTIONAL TOTAL DOSE 1 x 10S RAD Si 

• DATA UPSET )108 RADS Si/sec 

• LATCH - UP FREE TO >S x 10
11 

RAD Si/sec 

• TTL COMPATIBLE INPUT/OUTPUT 

• COMMON DATA IN/OUT 

• THREE - STATE OUTPUTS 

• STANDARD JEDEC PINOUT 

• FAST ACCESS TIME 200 nsec TYP. 

• MILITARY TEMPERATURE RANGE 

• 18 PIN PACKAGE FOR HIGH DENSITY 

• ON - CHIP ADDRESS REGISTER 

Description 
The HS-6514RH is a 1024 x 4 static CMOS RAM fabricated using the 
Harris Custom Integrated Circuits Division radiation hardened self-aligned 
silicon gate technology. The device utilizes synchronous circuitry to achieve 
high performance and low power operation. 
On-chip latches are provided for the addresses allowing efficient interfacing 
with microprocessor systems. The data output can be forced to a high 
impedance state for use in expanded memory systems. 
The HS-6514RH is a fully static RAM and may be maintained in any state 
for an indefinite period of time. 

Functional Diagram AS 

AS 

A7 

AS 

All 

A3 

DQO 0---+----:-< 

DOt o---+--+:-< 

002 o---...... --+:< 

D03 o---+--+-:-< 

ALL LINES ACTIVE HIGH -
POSITIVE LOGIC 

THREE STATE BUFFERS: 
A HIGH- OUTPUT ACTIVE 

ADDRESS REGISTERS: 
LATCH ON RISING EDGE OF L 

GATED DECODERS: 
GATE ON RISING EDGE OF G 

GATED 
ROW 

DECODER 
64 

Pinout 
TOPVIEW 

A6 vee 

A7 

AS 

A9 

000 

At DOt 

A2 OQ2 

E 

l'ogic Symbol 

AO 
At 

E vcc W 

A2 Doa 
A3 
A4 Oat 
A5 
A6 002 

A7 003 
AS 
A9 

A - Address Input T 
£ _ Chip Enable ~NO 
W - Write Enable 

DO - Data In/Out 

64x64 
MATRIX 

GATED COLUMN 
DECODER 

AND 
DATA 

INPUT/oUTPUT 

i i AS M ~ ~ 

Information on thl. device I. preliminary. Dafa Is subject to change unless otherwise specifically agreed. No obligations are assumed tor notice of 
change or future manufacture of thl. device. 

CAUTION: These devices are sensitive to electrostatic discharge. 
Copyright © Harris Corporation 1982 
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Symbols and Abbreviations 

This data sheet utilizes a neVii set of specification nomenclature. This new format is an I EEE and JEDEC supporte~ standard 
for semiconductor memories. It is intended to clarify the symbols, abbreviations and definitions, and to make all memory 
data sheets consistent. We believe that, once acclimated, you will find this standardized format easy to read and use. 

ELECTRICAL PARAMETER ABBREVIATIONS 

All abbreviations use upper case letters with no subscripts. 
The initial symbol is one of these four characters: 

v (Voltage) 
I (Current) 
P (Power) 
C (Capacitance) 

The second letter specifies inpUt (I) or output (0), and the 
third letter indicates the high (H), low (l) or off (Z) state 
of the pin during measurements. Examples: 

Vll- Input Low Voltage 
iOZ - Output Leakage Current 

TIMltJG PARAMETER ABBREVIATIONS 

All timing abbreviations use upper case characters with no 
subscripts. The initial character is always T and is followed 
by four descriptors. these characters specify two signal 
points arranged in a "from-to" sequence that define a 
timing interval. The two descriptors for each signal point 
specify the signal name al}d the signal transitions. Thus 
the format is: 

T X X X X 

Signal name fr.om. w. hiC.h .interval is defined J t 1) 
Transition direction for first signal 

Signal name to which interval is defined 
Transition direction for second signal 

Signal Definitions: 

A = Address 
D = Data hi 
Q = Data Out 
W = Write Enable 
E = Chip Enable 
S = Chip Select 
G = Output Enable 

Transition Definitions: 

H = Transition to High 
L = Transition to Low 
V = transition to Vaiid 
X = Transition to Invalid or Don't Care 
Z = Transition to Off (High Impedance) 

@ Ie MASTER 1984 

EXAMPLE: 

CHIP 
ENABLE 

WRITE 
ENABLE 

The example shows Write. pulse setup time defined as 
TWLEH-Time from Write enable Low to chip Enable High. 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. !nput requirements 
are specified from the external system point of view. 
Thus, address set-up time is shown as a minimum since 
the system must supply at least that much time (even 
though most devices do not require it). On the other hand, 
responses from the memory are specified from the device 
point of view. Thus, the access time is shown as a maxi
mum since the device never provides data later than that 
time. 

WAVEFORMS 

WAVEFORM INPUT OUTPUT 
SYMBOL 

MUST BE WILL BE 
VALID VALID 

~ 
CHANGE WILL CHANGE 

FROM H TO L FROM H TO L 

~ CHANGE WILL CHANGE 
FROM L TO H FROM L TO H 

m DON'T CARE: 
CHANGING: ANY CHANGE 

STATE UNKNOWN PERMITTED 

==>-- HIGH 
IMPEDANCE 
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m Specifications HS-6514RH 

4684 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage - (Vee -GND) 

Input or Output Voltage Applied 

Storage Temperature 

-O.3V to +7 .OV 

(GND -O.3Vl 
to (Vee + O.3V) 

-650 e to + 1500 e 

OPERATING RANGE 
Operating Supply Voltage 

Operating Temperature 

CAUTION: To prevent permanent damage to this device, care should be exercised to insure 
that the absolute maximum ratings for supply voltages, temperature and voltage 
or current at any pin is not exceeded during both static and dynamic operation. 

ELECTRICAL CHARACTERISTICS @ 

TEMP. & VCC= TEMP = 2SoC <D 
OPERATING VCC= S.OV 

RANGE TYPICAL 

PARAMETER 
PRE POST TEST 

SYMBOL MIN MAX UNITS 
RAD RAD CONDITIONS 

ICCSS Standby Supply Current 250 6 6 JJA 10 =0 
VI = VCC or GND 

ICCOP Operating Supply Current @ 7 4.5 mA t = 1 MHz, 10 = 0 
VI = VCC or GND 

ICCDR Data Retenetion Current 50 4 4 J.lA 10=0 VI=VCC or 
GND VCC=3.0V 

VCCDR Data Retention Voltage 3.0 2.6 1.8 V 

D.C. II Input Leakage Current -1 +1 0 0 /J.A GND~VI:::;'VCC 
IIOZ Input/Output Leakage Current -10 +10 :to.5 :to.5 J.lA GND.:s.. VIO ~ VCC 
VIL Input Low Voltage -0.3 0.8 1.5 1.3 V 

VIH Input High Voltage VCC VCC 2.7 2.3 V 
-2.0 +0.3 

VOL Output Low Voltage OAO 02 0.15 V 10 = 2.0mA 

VOH Output High Voltage 2.4 4.7 4.1 V 10 = -1.0mA 

CI I nput Capacitance @ 8.0 5.0 5.0 pF VI = VCC or GND 
f =1MHz 

4.5V to 5.5V 

CIO I Input/Output Capacitance @ I I 10.0 I 6.0 I 6.0 pF VIO = VCC or GND 

II f = l~."Hz 

TELOV Chip"Enable Access Time 300 170 200 ns @ 
TAVOV Address Access Time 320 170 200 ns @ 
TELOX Chip Enable Output Enable 100 40 50 ns @ 

Time 

TWLOZ Write Enable Output Disable 20 100 40 50 ns @ 
Time 

TEHOZ Chip Enable Output Disable 100 40 50 ns @ 
Time 

A.e. 
TELEH Chip Enable Pulse Negative 300 170 200 ns @ 

Width 

TEHEL Chip Enable Pulse Positive 120 40 80 ns @ 
Width 

TAVEL Address Setup Time 20 -10 0 ns @ 
TELAX Address Hold Time 100 50 60 ns @ 
TWLWH Write Enable Pulse Width 300 150 150 ns @ 
TWLEH Write Enable Pulse Setup Time 300 150 150 ns @ 
TELWH Write Enable Pulse Hold Time 300 150 150 ns @ 
TDVWH Data Setup Time 200 100 120 ns @ 
TWHDZ Data Hold Time 30 10 15 ns @ 
TWLDV Write Data Delay Time 100 50 60 ns @ 
TWLEL Early Output High-Z Time 0 -20 -15 ns @ 
TEHWH Late Output High-Z Time 0 -20 -15 ns @ 
TELEL Read or Write Cycle Time 420 210 280 ns @ 

NOTES: 1. AU devices guaranteed at worst case ::mits. Acorn temp., 5 volt data provideo for information and not guaranteed. 
2. Operating Supply Current (ICCOP) is proportional to Operating Frequency. Post Rad data at TO = 1 X 105 . 
3. Capacltancesampled and guar1!nteed - not 100% rested. 
4. AC test Conditions: Inputs: TRISE = TFALL< 20nsec; Outputs: 1 TTL Load and 50pF. All timing measurements 

at 1/2 VCC. -
5. Pre-Radiation and Post-Radiation limits. 
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Read Cycle 
TElEl 

TAVEL 

A 

• I 
TELEH 

e-

00 VALID DATA OUT 

Vi 
HIGH 

'riME t t 
REFERENCE -1 

TRUTH TABLE 

TIME INPUTS DATA I/O 

REFERENCE E W A DO FUNCTION 

1 H X , ~ Z MEMORY DISABLED 

a ""\.. H Z CYCLE BEGINS, ADDRESSES ARE LATCHED 

1 L H X OUTPUT ENABLED 

I 
2 L' H 

I ~.I v I OUTPUT VALID I 
3 ..r H V READ ACCOMPLISHED 
4 H X I )( I z I ~~~~~f?~~~~~~~~~TC~~~~EB!:~~~ ~:A~~ AS Oil 5 '- H V i z 

The address information is latched in the on chip registers 
on the falling edge of E (T = 0). Minimum address setup 
and hold time requirements must be met. After the requir
ed hold time the addresses may change ~tate without 
affecting device operation. During time (T = 1) the outputs 
become ena'bled but data is not vaiid until time (T == 2). 

W must remain high throughout the read cycle. After the 
data has been read E may return high (T = 3). This will 
force the output buffers into a high impedance mode 
at time (T = 4). The memory is now ready for the next 
cycle. 

Write Cycle 

t----------'---TElEL-------------..-j 
-~~---~-~---~TElEH--------___ ~~-

t--------TWLEH---------'t~ 

J----TOVWH 

r---------TElWH--------<-t 

TIME ~---I------i------lt____f.-tf----It 
REFERENCE -1 2 3 4 5 

I TIME 
REFERENCE 

-1 

0 
1 

2 

3 
4 

5 

TRUTH TABLE 

INPUTS I 
E Vi A DO' FUNCTION 

H X X Z MEMORY DISABLED 

'- x V Z CYCLE BEGINS, ADDRESSES ARE LATCHED 

L L X Z WRITE PERIOD BEGINS 

L J X V DATA IN IS WRITTEN 

J H X Z WRITE COMPLETED 
H X X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 

'- X. v Z CYCLE ENDS. NEXT CYCLE BEGINS (SAME AS 0) 

The write cycle IS initiated by the falling edg~ of E (T = 0), 
which latches the address information in the on chip regist-

ers. There are two basic types of write cycles, which differ 
in the control of the common data-in/data-out bus. 
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Case 1: E falls before W falls 

The output buffers may become enabled (reading) if E 
falls before W falls. Wis used to disable (three-state) the 
outputs so input data can be applied. TWLDV must be met 
to allow the W signal time to disable the outputs before 
applying input data. Also, at the end of the cycle the out
puts may become active if W rises before E. The RAM out
puts will disable (three-state) after E rises (TEHOZ). In this 
type of write cycle TWLEL and TEHWH may be ignored. 

Case 2: E falls equal to or after W falls, and E rises 

before or equal to W rises. 

This E and W control timing will guarantee that the data 
outputs will stay disabled throughout the cycle, thus simp-

TIME INPUTS DATAI/O 

REFERENCE E W A DO 

-1 H )( 

I ~ 
Z 

0 ""\.. H Z 

1 L H X 

2 L H V 

3 L L Z 

4 L f X V 

5 f H X Z 

6 H X X Z 

7 ""\.. H V Z 

If the pulse width of IN is relatively short in relation to that 
of E a combination read-write cycle may be performed. If 
W remains high for the first part of the cycle, the outputs 
will become active during time (T = 1). Data out will be 
valid during time (T = 2). After the data is read, W can go 
low. After minumum TWLWH, W may return high. The 

NOTES: 

lifying the data input timing. TWLEL and TEHWH must be 
met but TWLDV becomes meaningless and can be ignored. 
In this cycle TDVWH and TWHDZ become TDVEH and 
TEHDZ. In other words, reference data setup and hold 
times to the E rising edge. 

IF OBSERVE IGNORE 

Case 1 E falls before W TWLDV TWLEL 

Case 2 E falls after W & TWLEL TWLDV 
E rises before W TEHWH TWHDV 

.!!. a series of consecutive write cycles are to be performed, 
W may be held low until all desired locations have been 
written (an extension of Case 2). 

FUNCTION 

MEMORY DISABLED 

CYCLE BEGINS. ADDRESSES ARE LATCHED 

READ MODE. OUTPUT ENABLED 

READ MODE. OUTPUT VALID 

WRITE MODE. OUTPUT HIGH Z 
WRITE MODE. DATA IS WRITTEN 

WRITE COMPLETED 
PREPARE FOR NEXT CYCLE (SAME AS -1} 

CYCLE ENDS. NEXT CYCLE BEGINS (SAME AS O} 

information just written may now be read or E may return 
high, disabling the output buffers and preparing the device 
for the next cycle. Any number or sequence of read
write operations may be performed while E is low providing 
all timing requirements are met. 

I n the above descriptions the numbers in parenthesis (T = n) refer to the respective timing diagrams. 
The numbers are located on the time reference line below each diagram. The timing diagrams shown 
are only examples and are not the only valid method of operation. 

II 
I 
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Radiation Screening Procedure 
(1) Two (2) probed good samples per wafer will be select

ed from ~ 20% of the wafers in a run. (All wafers in 
a "run" will have been processed together through 
all high temperature processing steps and through 
metallization.) 

(2) The sample die shail be assembled and tested to the 

production test program for proper operation. 

(3) The sample devices shall be subjected to a Total 

Dose Radiation level of 1 x 105 Rad Si (± 10%) from 
a Gamma Cell 220 Cobalt 60 source or equivalent. 
The samples shall be biased at 5 volts with all 'inputs 
high. The dose rate shall be between 50 rads/sec and 
200 rads/sec. 

(4) The samples will be tested to the data sheet limits 

within one hour (±15 minutes) after irradiation. The lot 

will be accepted only if all units, exclusive of non

radiation failures, meet the data sheet limits. 

Radiation Effects 
The HS-6514RH IS an RH memory designed to survive in 
a radiation environment and to meet the electrical charac
teristics and be pin compatible to the Harris equivalent 
commercial part. Latchup free operation, achieved by the 
use of special -starting material and improved total dose 
hardness, is obtained with special high t,emperature proces
sing cycles. These process techniques can, in principle, be 
applied to any standard HAR R!S CMOS product. 

On a production basis, HAR R is only performs screens for 
total dose hardness to a level of 1 x 105 rad-Si. Transient 
radiation tests, however, have shown the following results: 

1 

I 
2 

3 

4 

5 

6 

7 

8 

9 

Notes: Traceability: 

Branding: 

Aged Products: 

Additional 

Latchup free to doses ~ 5 x 1011 rads/sec. 
Upset (loss of stored data) typically ~ 108 rads/sec. 

Test Product Flow 
HARRIS SEMICONDUCTOR PRODUCT FLOW 

MI L-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN MI L-STD-883 METHOD/COND. 

lriternal Visual 2010 Condo B. 

Stabilization Bake 1008 Condo C (24 hrs. minimum) 

Temperature Cycling 1010Cond. C 

Constant Acceleration 2001 Condo E; Y1 plane 

Seal: A Fine 1014 Condo A or B 
B Gtoss 1014 Condo C2 

Initial Electrical Harris Specifications 

Burn-In Test 1015, 160 hrs. @ 1250 C (or equiv-
alent) (Burn-In circuits enclosed) 

Final Electrical Tested at Worst Case Operating 
100% go-no-go Conditions 

External Visual 2009 Sample Inspection 

All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

All devices are branded with the part number and E IA date code. 

Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. 

Requirements: Sample Group A electrical tests are performed on a lot acceptance basis. 
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Packaging 18 LEAD CERPACK 
18 LEAD CERAMIC DIP 

TOP VIEW PONE IDENT r- ,IN 

- 1 18 

.510 t .010 0 
m.9S %.254) 0 

.050 
11.27) 

I 
.018:!:.002 
0.46! O.O~ 

I 0 
o 
o 
o 

.185 
MAX. I .9oo:!:.015 I 14.701 

122.9:t.381) . ~ 

T· 

19.78%.254) (1.24±.381)~ I U~ .... "+m.'" 
o L 

i-~-1-L...-..It-

.950:t .020 
124.13 :to.51) "':~~J l ! I h 1.381-1.521 

UL _ 
.018:!:.003 .060 TYP. .100 TYP. 

1.457 ± .0761 0.52) (2.541 

.047 
.005 ± .002 11.19) 

1O.13:t 0.05) REF. 

~====~~----~F=====JL 
T t 

1. All dimensions in inches; millimeters are shown in parentheses. 
2. All dimensions ±..OlD (± O.25mm) unless otherwise shown. 

Ordering Information 

Example: HS 1 

HARRIS CUSTOM INTEGRATED CIRCUITS DIVISION3J 

PACKAGE 

PACKAGE 

FLAT PACK 9-

CERDIP 1-

- 6514RH 

TlVERSION 
DEVICE 

.090 MAX. 
(2.29) 

NO TICE: Harris Semiconductor's products· are sold by description only. Harris Semiconductor reserves 
the right to make changes in circuit design and/or specifications at any time without notice. Accordingly 
the reader is cautioned to verify that data sheets are current before placing orders. 

Sales Offices 
UNITED STATES 

EASTERN REGION 

2600 Virginia Avenue 
Suite 800 
Washington, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747-6776 

4688 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

625 Ellis, Suite 300 
Mt. View, CA 94043 
(415) 964-6443 
TWX: 910-379-6431 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 724-7045 
TWX: 510-959-6259 

EUROPEAN 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

m 
HARRIS 

CUSTOM INTEGRATED CIRCUITS DIVISION 
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Features 

• FUNCTIONAL TOTAL DOSE 

• LATCH-UP FREE TO 

• LOW STANDBY POWER 

• LOW OPERATING POWER 

• FAST ACCESS TIME 

• TTL COMPATIBLE IN/OUT 

• HIGH OUTPUT DRIVE - 1TTL LOAD 

• HIGH NOISE IMMUNITY 

• ON CHIP ADDRESS REGISTER 

• MILITARY TEMPERATURE RANGE 

• THREE-STATE OUTPUTS 

• 22 PIN PACKAGE FOR HIGH DENSITY 

HS-6551RH 
256 x 4 CMOS RAM 

2x104 RADSi 

5.0x 1011 RADSi/sec 

550J,lWMAX 

25mW/MHz MAX 

300nsMAX 

AJ 

Al 

Q1 

02 

Pinout 
TOP VIEW 

vee 
A4 

W 

51 

E 
52 
04 

04 

OJ 

DJ 

02 

A - Address Input 
E - Chip Enable 

IN - Write Enable 
o - Data Input 

S - Chip Select Q - Data Output 

Description 

The HS-6551 RH is a 256 by 4 static CMOS RAM fabricated using the 
Harris Programs Division radiation hardened self-al igned sil icon gate 
technology. Synchronous circuit design techniques are employed to 
achieve high performance and low power operation. 

logic Symbol 

On-chip latches are provided for addresses, allowing efficient inter
facing with microprocessor systems. The data output buffers can be 
forced to a high impedance state for use in expanded memory arrays. 

The HS-6551 RH is a fully static RAM and may be maintained in any 
state for an indefinite period of time. 

Functional Diagram 

jz 

JI J(" 
.. .,T.UX 

GATED 

.. NO DATA 

INrUT/OUTPUT 

AO 
A1 
A2 
A3 

A6 
.A7 

A.lL UNII POI.TlVE LOGIC - ACTIVE HIOH 

TN'tEE ITATE .u" ..... ; 
C HIGH ----"'OUTPUT ACTIVE 

DATA LATCHES 
CH'QH ~Q-D 
Q LATCHE' ON 'ALLING EDOE 0' C 

DATA 
OutPUT 
LATCHE. 

-001 

-Q02 

-Qa> 

IE LEeT LATCH 

ii 

Ii 

Copyright © Harris Corporation 1980 
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C LO ....... O ... O 

o LATCHES ON fI.I.NG EDGE Of C 

ADOAEI. LATCHE. AND DECODERS 
LATCH .... 0 GATE 011 fI'I ... a EDGE OF C 

01 
01 
02 
02 
DJ 

03 
04 
04 

51 GNO 52 
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Symbols and Abbreviations 

This data sheet utilizes a new set of specification nomenclature. This new format is an IEEE and JEDEC supported standard 
for semiconductor memories. It is intended to clarify the symbols, abbreviations and definitions, and to make all memory 
data sheets consistent. We believe that, once acclimated, you will find this standardized format easy to read and use. 

ElECTR1CAl PARAMETER ABBREVIATIONS 

All abbreviations use upper case letters with no subscripts. 
The initial symbol is one of these four characters: 

v (Voltage) 
I (Current) 
P (Power) 
C (Capacitance) 

The second letter specifies input (I) or output (0), and the 
third letter indicates the high (H), low (L) or off (Z) state 
of the pin during measurements. Examples: 

VI L - Input Low Voltage 
10Z - Output Leakage Current 

TIMING PAR,AMETER ABBREVIATIONS 

All timing abbreviations use upper case characters with no 
subscripts. The initiol character is always T and is followed 

. by four descriptors. These characters specify two signal 
points arranged in a "from-to" sequence that define a 
timing interval. The two descriptors for each signal point 
specify the signal name and the signal transitions. Thus 
the format is: 

T X XX X 

Signal nam. e fro.m .Wh. ich interva.1 is. defin.e. d. ~ tt 1 
Transition direction for first signal I 

Signal name to which interval is defined 
Transition direction for second signal ____ ...J 

Signal Definitions: 

A = Address 
D =: Data In 
Q = Data Out 
W = Write Enable 
E = Chip Enable 
S = Chip Select 
G = Output Enable 

Transition Definitions: 

4690 

H = Transition to High 
L = Transition to Low 
V = Transition to Valid 
X = Transition to Invalid or Don't Care 
Z = Transition to Off (High Impedance) 

EXAMPLE: 

CHIP 
ENABLE 

WRITE 
ENABLE 

The example' shows Write pulse setup time defined as 
TWLEH-Time from Write enable Low to chip Enable High. 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements 
are specified from the external system point of view. 
Thus, address set-up time is shown as a minimum since 
the system must supply at least that much time (even 
though ~ost devices do not require it). On the other hand, 
responses from the memory are specified from the device 
point of view. Thus, the access time is shown as a maxi
mum· since the device never provides data later than that 
time, 

WAVEFORMS 

WAVEFORM INPUT OUTPUT 
SYMBOL 

--- MUST BE WILL BE 
VALID VALID 

~ 
CHANGE WILL CHANGE 

FROM H TO L FROM H TO L 

~ 
CHANGE WILL CHANGE 

FROM L TO H FROM L TO H 

m DON'T CARE: 
CHANGING: ANY CHANGE 

STATE UNKNOWN PERMITTED 

=>- HIGH 
IMPEDANCE 
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II 

Specilications HS-6551RH 

ABSOLUTE MAXiMUM RATINGS 
Supply Voltage -vee 

Applied Input or Output Voltage 

+7V 

GND -O.3V 
vee +O.3V 

OPERATING RANGE 
Opeiating Supply Voltage -vee 4.5V to 5.5V 

Operating Temperature -550 C to + 1250 C 
Storage Temperature -650 e to +1500 e 

CAUTION: To prevent permanent damage to this device, care should be exercised to insure -that the 
absolute maximum ratings lor supply voltages, temperature and voltage or current at any 
pin is not exceeded during both static and dynamic operation. 

ELECTRICAL CHARACTERISTICS ® 

D.C. 

A.C. 

SYMBOL 

ICCSS 

II 

IOZ 

VIL 

VIH 

VOL 

VOH 

CI 

CO 

TELOV 

TAVOV 

TS1 LOX 

TWLOZ' 

TS1HQZ 

TELEH 

TEHEL 

TAVEL 

TS2LEL 

TELAX 

TELS2X 

TDVWH 

TWHDX 

TWLS1H 

TWLEH 

PARAMETe:R 

I riput Leakage Current 

Output Leakage Current 

1 

Input Low Voltage 

I 
Input High Voltage 

Output Low Voltage 

I 
Output High Voltage 

Input Capacitance @ 

IOUlpUI C,p,eit,nco (] 

Chip Enable Access Time 

Address Access Time 

Chip Select 1 Output Enable Time 

Write Enable Output Disable Time 

Chip Select 1 Output Disable Time 

Chip Enable Pulse Negative Width 

Chip Enable Pulse Positive Width 

Address Setup Time 

Chip Select 2 Setup Time 

Address Hold Time 

Chip Select 2 Hold Time 

Data Setup Time 

Data Hold Time 

Chip Select 1 Write Pulse Setup Time 

Chip Enable Write Pulse Setup Time 

Chip SeleCt 1 Write Pulse Hold Time 

Chip Enable Write Pulse Hold Time 
TS1 LWH I 
TELWH 

TT\lE.JLL'vEA"LH I V'v'rite Enable Pulse ~·~idth 
Read or Write Cycle Time 

I 
I 

I 

I 

TEMP. Be vcc = 
OPERATING 

RANGE 

MIN MAX 

100 

I <4 

TEMP. = 250 C CD 
vee = 5.0V 

MIN TYi' MAX UNITS 

II 1,'-: I :: I 
-1.0 +1.0 -0.5 0.0 +0.5 P.A 

-1.0 

-0.3 
VCC -2.0 

2.4 

300 
150 
15 
15 
70 
70 

150 
o 

180 
180 
180 
180 
180 

450 I 

+1.0 -0.5 0.0 +0.5 P.A 

0.8 1-0.31 ,- 1.5 
VCC +0:3 2.5 5.3 

v 
V 

V 0.4 I I 0.2 I 0.35 

6 

10 

300 
30b 
150 
150 
150 

11

3
.
0 

I 4~51 6 I pF 

V 

II I 6 1
10 

1 pF 1 

240 
70 
o 
o 
50 
50 

120 

o 
150 

150 

150 

150 

IOU 

270 

160 

150 

60 

60 

60 

160 
50 
-10 

-10 
40 
40 

100 

o 
120 

120 
120 
120 
120 
170 

240 ns 

240 liS 

120 ns 

120 ns 

120 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

lis 

ns 

ns 

ns 

I ~: 

TEST 
CONDITIONS 

10 = 0 
VI = VCC or GND 

f = 1 MHz, !O = 0 
VI = VCC or GND 

GND~ VI ~VCC 

GND~ VI ~ VCC 

IOL = 2.0mA 

IOH =-1.0mA 

VI = VCC or GND 
f = lMHz 

\/1 = VCC or GND 
f = 1 MHz 

@) 
@ 
@ 
@ 
® 
® 
@ 
@ 
@ 
@ 
@ 
® 
@ 
@ 
® 
@ 
@ 
@ 
@ 

NOTES: 1. All devices tested at worst case limits. Room temp., 5 volt data provided for information - not guaranteed. 

/.. Operating Supply Current (ICCOP) is proportional to Operating Frequency. Example: Typical ICCOP = 1.5mA/MHz_ 

3. Capacitance sampled and guaranteed - not 100% tested. 

4. AC Test Conditions: Inputs - TRISE = TFALL = 20nsec; Outputs - 1 TTL load and 50pF. All timing measurements 
at 112 VCC. 

Pre-radiation characteristics, see radiation effects for Post-Radiation characteristics. 
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Read Cycle 

TELEl 

r,::=~~==t~-------TELEH-----_+ ..... -_ -------1----..1 

VALID OUTPUT 

W __ ~H~IG~H~ _________________________________________ _ 

TIME 
REFERENCE 

TIME 

REFERENCE E 51 

-1 H H 

0 """,--x 

1 L L 

2 L L 

3 J"L 
4 H H 

5 """,--x 

INPUTS 

52 W 

X X 

L H 

X H 

X H 

X H 

X X 

L H 

A 0 

X X 

V X 

X X 

X X 

X X 

X X 

V X 

TRUTH TABLE 

OUTPUTS 
Q 

Z 

Z 

X 

V 

V 

Z 

Z 

FUNCTION 

MEMORY DISABLED 

ADDRESSES AND 51 ARE LATCHED, CYCLE BEGINS 

OUTPUT ENABLED BUT UNDEFINED 

DATA OUTPUT VALID 

OUTPUTS LATCHES, VALID DATA 

PREPARE FOR NE XT CYCLE (SAME AS -1) 

CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0) 

edge of E. The output data will be valid at access time 
(TELOV). 

The HS-6551 RH Read Cycle is initiated by the falling edge 
of E. This signal latches the input address word and S2 into 
on-chip registers providing that minimum setup and hold 
times are met. After the required hold time, these inputs 
may change state without affecting device operation. 
S2 acts as a higher order address and simplifies decoding. 
For the output to be read, E. S 1 must be low and W must 
be high. S2 must have been latched low on the falling 

The HS-6551 R H has output data latches that are controlled 

by E. On the rising edge of E the present data is latched 
and remains in that state until E falls. Either or both Sl 
or S2 may be used to force the output buffers into a 
high impedance state. 

4692 

Write Cycle 

r-----------TELEL--------~ 

r----t---TWLEH---~~ 

TOVWH --.-1 n'""T"'T7'""T"'T7'""X""'r"C"""t""'r" .... 

w ~~~~LL~~~~~~~-~-------~~~~~~~~~~~ 

t---+---TS1LWH ----~ 

51 VL'?/~~ I--!. ---TWlS1H---i-fv~~ 

t t t , TIME 
REFERENCE 

-1 4 5 
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TRUTH TABLE 

TIME INPUTS OUTPUTS 

REFERENCE E S1 S2 W A 0 Q FUNCTION 

-1 r H 

X X X X Z MEM.ORY DISABLED 

0 '-X L X V X Z CYCLE BEGINS. ADDRESSES AND S2 ARE LATCHED 

1 L L X --\..X X Z WRITE PERIOD BEGINS 

2 L L X J X V Z DATA IN IS WRITTEN 

3 Jx X H X X Z WRITE is COMPLETED 

4 H H X X X X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 

5 '-X L X V X t. .. CYCLE ENDS. NEXT CYCLE BEGINS (SAME AS 0) 

In the Write Cycle the failing edge of E latches t~e ad-: 
dresses and S2 into on-'chip registers. S2 must be latched 
in the low state to enable the device. The write portion of 
the cycle is defined as E, Vii.' 51 being low and 52 being 
latched low simultaneously. The IN line may go low at any 
time during the cycie providing that the write pulse setup 
times (TWLEH and TWLS1 H) are met. The write portion 
qf the cycle is terminated on the first rising edge of either 
E. W, or Sl. 

If a series of consecutive write cycles are to be executed, 
the W line may be held I()w until all desired locations 
have been written. if this method is used, data setup and 
hold times must be referenced to the first rising -edge 
of E or Sl. By positioning the write pulse at different 

times within the E and Sl low time (TELEH) various types 
of write cycles may be performed. If the 51 low time 
(TS 1 LS 1 H) is greater than the Vii pulse plus an output 
enable time (TS1 LOX). a combination read-write cycle 
is executed. Data may be modified an indefinite number 
of times during any write cycle (TElEH). 

The HS-6551 RH may be used on a common I/O bus struct

ure by tying the input and output pins together. The 
inultiplexing is accomplished internally by the W line. 
I n the write cycle, when W goes low, the output buffers 
are forced to a high impedance state. One output disable 
time deiay iTWLQZ) must be aiiowed before appiying 
input data to the bus. 

Radiation Screening Procedure 

(1) Two (2) probed good samples per wafer will be select

ed from ~ 20% of the wafers in a run. (All wafers in 

a "run" will have been processed together through 

all high temperature processing steps and through 

metallization.) 

(2) The sample die shall be assembled and tested for 
-functional ity. 

(3) The sample devices shall be subjected to a Total 

Dose Radiation level of 2 x 104 Rad Si (+10%) from 
a Gamma Cell 220 Cobalt 60 source or equivalent. 

The samples shall be biased at 5 volts with all inputs 

high. The dose rate shall be between 50 rads/sec 

and 200 rads/sec. 

(4) ICCSB at VCC = 5 volts will be measured and recorded 

for each device within one hour (±.15 minutes) after 

irradiation. The lot will be accepted only if the average 

of these measured values is ~ 1 OmA. 

Rlldiation Effects 

The HS-6551 RH is a' radiation hardened memory 

processed with the same mask set as is used for 

HAR R IS' equivalent commercial part. Latchup free 

'operation is achieved by the use of special starting 

material and improved total dose hardness .is ob-

tained \'-v'ith special high temperatUie processing 
cycles. These process techniques can, in principal, 

be applied to any standard HAR R IS CMOS product. 

The primary failure mode under exposure to ionizing 

radiation is an increase in static leakage current 

(lCCSB). Functional failure due to the increased 

leakage currents will typically occur for dose levels 

in excess of 5 x 104 RAD-Si. AC and DC pa

rameters other than ICC will change less than 10% 

for total dose levels under 5 x 104 RAD-Si. The 

excess leakage currents wili anneal at room tempera

ture and are typically reduced by a factor of 3-10 

within 24 hours after irradiation. 

On a production basis, HAR R IS is able to perform 

screens only for total dose hardness. Transient radia

tion tests, however. have shown the following results: 

Latchup free to doses 2: 5 x 1011 rads/sec. 

Upset (loss of stored data) typically ~ 108 rads/sec. 

II 
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Note: 

Test Product Flow 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
MIL-M-38510/MIL-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN 

Internal Visual 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: ® Fine 
® Gross 

Initial Electrical 

Burn-In Test 

Final Electrical 
100% go-no-go 

External Visual 

MI L-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

2001 Condo E; Y1 plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015, 160 hrs. @ 1250C (or equiv
alent) 

Tested at Worst Case Operating 
Conditions 

2009 Sample Inspection 

Traceability: All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

Branding: All devices are branded with the part number and EIA date code. 

Aged Products: Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. 

Additional 
Requirements: Sample Group A electrical tests are performed on a lot acceptance basis. 

4694 @ Ie MASTER 1984 



Packaging 

22 LEAD S,IDE BRAZE DIP 

TOP VIEW 

22 LEAD FLATPACK 

.010 -.J L PIN ONE IDENT 
10.251 II . 

D 22 T~a. 
.050 .315 ± .020 a 

L ""4 I9I~ fl I",,"," +"""" ,:;:i:"~, [ [ 

4 5 6 7 8 9 10 11 1 2 3 

.140± 

(i~260± ~ 1.0B±.011 1.04.0:' 
.5081 121.4 ± 0.281 .020 

(1.01 ! 
~ :i r:: .050 TVP (1.271 .5081 

~ .390±'.010 j 1_ (9 .90 ±. .2541 
r (9.53 ± 0.511 ! (1.24 ±. 0.381 (20~~1-1l--

.950 ± .020 .025 MAX. 

~~ T --II- .020! .OO~ ----r-
II. 1.508 ±. .0761 .115 ±. 

.010 
(4.44 :!: 
2.541 

.010 ±. .003 
1.254! .0161......:. ~ 

I 

I-- .410::..015

1
' 

I (10.4 ±..3811 

.005 ± .001 ----(24.13 ± 0.51) W.64) 

(0 ILl I~ 
r-. t 

i. All dimensions in inches; millimeters are sho\AJn"in parentheses~ 
2. All dimensions ± .010 (± 0.25mm) unless otherwise shown. 

Ordering Information 

Example: HS 1 

HARRIS PROGRAMS OIVISIONJ T 
PACKAGE-.J 

PACKAGE 

FLAT PACK 9-

CERDIP 1-

6551 RH 

TlvERSION 
DEVICE 

NOTICE: Harris Semiconductor's products are sold by description only. Harris Semiconductor reserves 
the right to make changes in circuit design and/or specifications at any time without notice. Accordingly, 
the reader is cautioned to verify that data sheets are current before placing orders. 
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m HARRIS HS-6564RH 

Preliminary 

Radiation Resistant 

8K x 8, 16K x 4 CMOS RAM 

Features 
• LOW POWER STANDBY 

• LOW POWER OPERAnON 

• DATA RETENnON 
• TTL COMPATIBLE IN/OUT' 
• THREE STATE OUTPUTS 

• FAST ACCESS TIME 
• MILITARY TEMPERATURE RANGE 

• ON CHIP ADDRESS REGISTERS 
• ORGANIZABLE 8Kx8 OR 16Kx4 
• 40 PIN DIP PINOUT 2.000" x 0.900" 

• FUNCTIONAL TOTAL DOSE 

• DATA UPSET 
• LATCH~UP FREE TO 

Description 

500J,lWMAX 
180mW/MHz MAX 

3.0 V MIN 

250 osee TV P. 
-55"C TO +125"C 

1x1()5 RAD Si 
:>10' RAD Si/SEC 

>5x10" RAD Si/SEC 

The HS-6564RH is a radiation resistant 64K bit, synchronous CMOS RAM. It 
consists of 16 HS-6504RH 4Kx1 radiation resistant CMOS RAMs, in lead less 
carriers, mounted on a ceramic substrate. The HS-6564RH is configured as an extra 
wide, standard length 40 pin DIP. The memory appears to the system as an array of 
16 4Kx1 static RAMs. The array is organized as two 8K by 4 blocks of RAM sharing 
only the address bus. The data inputs, data outputs, chip enables and write enables 
are separate for each block of RAM. This allows the user to organize the 
HS-6564RH RAM as either an 8K by8 or a 16K by 4 array. 

This 64K memory provides a unique blend of low power CMOS semiconductor 
technology and advanced packaging techniques. The HS-6564RH is intended for 
use in radiation environments where a large amount of RAM is needed, and where 
power consumption and board space are prime concerns. On-chip latches are 
provided for addresses, data input and data output allowing efficient interfacing with 
microprocessor systems. The data output can be forced to a high impedance for use 
in expanded memory arrays. The guaranteed low voltage data retention characteris
tics allow easy implementation of non-volatile read/write memory by using very 
small batteries mounted directly on the memory circuit board. 

Functional Diagram 
A~1~2~ __ -r ________ ~ ______ -'~ ______ ~ 

~====t4;14=====~~~=====;++======~ 

W2------+.~~------~~------~------_, 
E3----~~4-----~HH~----~t+------__, 

Pinout 
TOP VIEW 

*GNO 1 vee* 
Q4 2 QO 

04 3 DO 
05 4 01 
05 5 01 
AO 6 A6 
A1 7 A7 
A4 8 A8 
E3 9 E1 

"W2 10 W1 
W2 11 W1* 
E4 12 E2 

A11 13 A3 
A10 14 A2 

A9 15 AS 
06 16 02 
Q6 17 02 
07 18 03 
07 19 03 

*vee 20 GNO* 

* NOTES: 

Pins 20 and 40 (Vee) are internally connected. 
Similarly pins 1 and 21 (Ground) are connected. The 
user is advised to connect all four vec pins and 
Ground pins to his board busses. This will improve 
power distribution across the array and will enhance 
decoupling. 

Pin 10 is internally connected to pin 11, and pin 30 is 
connected to pin 31. For those users wishing to 
preserve board compatibility with possible future 
RAM arrays, we recommend connections to the write 
lines be made at pins 11 and 31, leaving pins 10 and 
30 free for future expansion. 

03Q3 

D4 Q4 05 Q5 D6 Q6 07 Q7 

4696 

Information on this device Is preliminary. Data Is subject to change unless otherwise specifically agreed. No obligations are assumed 'or notice of 
change or future manufacture of this device. 
CAUTION: These devices are sensitive to electronic diSGharge. Proper I.e. handling procedures should be followed. 

Copyright © Harris Corporation 1982. 

@ Ie MASTER 1984 



II 

Symbols and Abbreviations 

This data sheet utilizes a new set of specification nomenclature. This new format is an IEEE and JEDEC supported standard for 
semiconductor memories. It is intended to clarify the symbols, abbreviations and definitions, and to make all memory data sheets 
consistent. We believe that, once acclimated, you wili find this standardized format easy to read and use. 

ELECTRICAL PARAMETER ABBREVIATIONS 

All abbreviations use upper case letters with no subscripts. 
The initial symbol is one of these four characters: 

V (Voltage) 
I (Current) 
P (Power) 
C (Capacitance) 

The second letter specifies input (I) or output (0), and the third 
letter indicates the high (H), low (L) or off (Z) state of the pin 
during measurements. Examples: 

VIL -Input Low Voltage 
10Z - Output Leakage Current 

TIMING PARAMETER ABBREVIATIONS 

All timing abbreviations use upper case characters with no 
subscripts. The initial character is always T and is followed by 
four descriptors. These characters specify two signal points 
arranged in a "from-to" sequence that define a timing interval. 
The two descriptors for each signal point specify the signal 
name and the signal transitions. Thus the format is: 

TXXXX 

Signal name from which interval is defin~ t I r 
Transition direction for first signal 

Signal name to which interval is defined 
Transition direction for second signal 

Signal Definitions: 

A = Address 
D = Data In 
Q = Data Out 
W = Write Enable 
E = Chip Enable 
S = Chip Select 
G = Output Enable 

Transition Definitions: 

H = Transition to High 
L = Transition to Low 
V = Transition to Valid 
X = Transition to Invalid or Don't Care 
Z = Transition to Off (High Impedance) 

EXAMPLE: 

CHIP 
ENABLE 

WRITE 
ENABLE 

The example' shows Write pulse setup time defined as 
TWLEH-Time from Write enable Low to chip Enable High. 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each par.ameter. Input requirements are 
specified from the external system point of view. Thus, 
address set-up time is shown as a minimum since the system 
must supply at least that much time (even though most 
devices do not require it). On the other hand, responses from 
the memory are specified from the device point of view. Thus, 
the access time is shown as a maximum since the device 
never provides data later than that time. 

WAVEFORMS 

WAVEFORM 
SYMBOL 

INPUT 

MUST BE 
VALID 

CHANGE 
FROMHTOL 

CHANGE 
FROML TOH 

DON'T CARE: 
ANY CHANGE 
PERMIITED 

OUTPUT 

WILL BE 
VALID 

WILL CHANGE 
FROMHTOL 

WILL CHANGE 
FROML TOH 

CHANGING: 
STATE UNKNOWN 

HIGH 
IMPEDANCE 

@ Ie MASTER 1984 4697 
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ABSOLUTE MAXIMUM RATINGS* 

Supply Voltage - (vee - GND) 

Input or Output Voltage Applied 

Storage Temperature 

Specifications HS-6564RH 

-O.3V to + 7.0V 

(GND -O.3V) 
to (Vee +O.3V) 

-65°e to +150oe 

OPERATING RANGE 

Operating Supply Voltage 

Operating Temperature 

+4.5 to +5.5V 

* CAUTION: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. This is a stress only rating and fun.ctional operation of the device at these or at any 
other conditions above those indicated in the operational sections of this specification ;s not implied. 

ELECTRICAL CHARACTERISTICS 0 

TEMP. & VCC = TYPICAL 
OPERATING TEMP. = 25°C CD 

RANGE VCC = 5.0V 
TEST 

SYMBOL PARAMETER MIN MAX PRE RAD POSTRAD UNITS CONDITIONS 

ICCSB Standby Supply Current 800 80 80 /LA 10 = 0 
VI = VCC or ~ND 

ICCOP1 Operating Supply ® 56 36 mA f = 1MHz, 10 = 0 
Current (8K x 8) VI = VCC or GND 

ICCOP2 Operating Supply ® 28 18 mA f = 1 MHz, 10 = 0 
Current (16K x 4) VI = VCC or GND 

ICCDR Data Retention 600 48 48 /LA 10 = 0, VCC = 3.0 
Supply Current VI = vec or GND 

VCCDR Data Retention 3.0 2.6 1.8 V 
Supply Voltage 

IIA Address Input Leakage -20 +20 /LA GND".;VI".;VCC 
1101 Data Input Leakage -3 +3 /LA GND".;VI".;VCC 

(8K x 8) 
1102 Data Input Leakage -5 

(16K x 4) 
+5 !LA GND".;VI".;VCC 

IIE1 Enable Input Leakage -10 
(8K x 8) 

+10 /LA GNb".; VI".; VCC 

IIE2 Enable Input Leakage -5 +5 /LA GND".;VI".;VCC 
(16K x 4) 

D.C. IIW Write Enable Input -10 +10 /LA GND".;VI".;VCC 
Leakage (Each) 

IOZ1 Output Leakage (8K x 8) -20 +20 ±4 ±4 /LA GND".;VO".;VCC 
10Z2 Output Leakage (16K x 4) -40 +40 ±8 ±8 /LA GND".;VO".;VCC 

VIL Input Low Voltage -0.3 0.8 1.5 1.3 V 
VIH1 Input Hi9.h LevElL VCC -1.5 VCC +0.3 2.7 2.5 V 

(Except E and W) 

VIH2 I~ut H~ Level VCC -1.0 VCC +0.3 2.9 2.1 V 
( and 

VOL Output Low Voltage 0.4 0.2 0.15 V 10 = 2.0mA 
VOH Output High Voltage 2.4 4.6 4.0 V 10 = -1.0mA 
CIA Address Input ® 200 pF f = 1MHz, 

Capacitanc;e VI = VCC or GND 

CID1 Data Input ® 50 pF f = 1MHz, 
Capacitance (8K x 8) 3 VI = VCC or GND 

CID2 Data Input ® 
Capacitance (16K x 4) 3 

100 pF f = 1MHz, 
VI = VCC or GND 

CIE1 Enable Input 
Capacitance (8K x 8) ® 160 pF f = 1MHz, 

VI = VCC or GND 

CIE2 Enable Input 80 pF f = 1MH~, 
Capacitance (16K x 4) ® VI = VCC or GND 

CIW Write Enable Input ® 100 pF f = 1MHz, 
Capacitance (Each) 3 VI = VCC or GND 

C01 Output Capacitance ® 50 pF f = 1MHz, 
(8K x 8) VO = vee or GND 

CO2 Output Capacitance ® 100 pF f = 1MHz, 
(16K x 4) VO = VCC or GND 

NOTES: 

<D Each individual RAM in the lead less carrier is fully tested at worst case limits @ Operating supply current is proportional to operating frequency. ICCOP is 
" of temperature and voltage. The complete assembled HS-6564RH array is specified at an operating frequency of 1MHz, indicating repetive accesSing 

tested at room temperature only. The worst case parameters are at a 1 /Ls rate. Operation at slower rates will decrease !CCOP proportionally. 
guaranteed over the specified temperature and voltage ranges. Room @ Capacitance sampled and guaranteed - not 100% tested. 
temperature, 5 volt data is provided for information purposes and is not 

@ Pre Radiation and Post Radiation limits. guaranteed. ~ 
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Specifications HS-6564RH 

ELECTRICAL CHARACTERISTICS 

SYMBOL 

TElQV 
TAVQV 

TElQX 
TEHQZ 
TELEl 
TELEH 
TEHEL 
TAVEL 

A.C. TELAX 
TWlWH 
TWLEH 
TWlEl 

TWHEL 
TELWX 

TDVWL 

I 
TDVEl 
TWlDX 
TELDX 
TQVWl 

PARAMETER 

Chip Enable Access 

Address Access 
(TAVQV=TELQV+ TAVEL) 

Output Enable 
Output Disable 
Read or Write Cycle 
Chip Enable Low 
Chip Enable High 
Address Setup 
Address Hold 
Write Enable Low 
Write Enable Setup 
Early Write Setup 
(Write Mode) 
Write Enable Read Setup 

Early Write Hold 
(Write Mode) 
Data Setup 
Early Write Data Setup 
Data Hold 
Ear!y Write Data Ho!d 
Data Valid to Write 
(Read-Modify-Write) 

NOTES: 

I 

TEMP. & VCC = 
OPERATING 

RANGE 

MIN 

20 

480 
350 
130 
50 
50 
150 
250 
10 

10 

100 

10 
10 

100 
100 

0 

MAX 

350 
400 

120 
130 

TYPICAL 
TEMP. = 25°C 
VCC = S.OV 

PRE RAD POSTRAD 

200 230 

220 260 

70 80 

80 90 

250 320 

200 230 

50 90 
20 30 
30 35 
90 100 
190 190 
-5 0 

-5 0 

-5 20 

~ 
-5 

I 
20 

70 80 
70 80 
0 0 

® AC Test Conditions: 
Inputs - Trise = Tfall ~ 20ns. 
Outputs - ClOAD = 100pF. 
Timing measured at 1.5V reference leVf'~1. 

Read Cycle 

UNITS 

ns 
ns 

ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 

ns 

ns 

ns 
ns 
ns 
ns 
ns 

TEHEl......,--------- TElEH -------__ -TEHEl , / 
~----------------------------__1 

I 

- TElOV ---1 L-

O---~H~IG~H~-Z~--,--~TE:L~OX:-~~::::~~~~I==========~~~~~==TE~H~O~Z==---~==~~J---~H~IG~H~-Z~· __ _ _ VALID DATA OUTPUT 

W __ ~H~IG=H~ ________________ ~----------------------------------

REF~~:NcE--+f~l ---+-l---+-f ---+-1 -+-1 -+t-
-1 3 4 

TRUTH TABLE 
nME INPUTS OUTPUT FUNCnON 

REFERENCE E Vi A Q 

-1 H X X Z MEMORY DISABLED 
0 "'- H V Z CYCLE BEGINS, ADDRESSES ARE LATCHED 
1 L H X X OUTPUT ENABLED 
2 L H X V OUTPUT VALID 
3 .F H X V READ ACCOMPLISHED 
4 H X X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 
5 , H V Z CYCLE ENDS, NEXT CYCLE BEGINS (SAME AS 0) 

TEST 
CONDITIONS 

® 

I 
! 
® 

The address information is latched in the on chip registers on 
the falling edge of E (T = 0). Minimum address set up and hold 
time requirements must be met. After the required hold time, 
the addresses may change state without affecting device 
operation. During time (T = 1) the output becomes enabled 

but data is not valid until during time (T = 2). VI must remain 
high until after time (T = 2). After the output data has been 
read, E may return high (T = 3). This will disable the output 
buffer and ready the RAM for the next memory cycle (T = 4). 

II 
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Early Write ~ycle 

TELEL' 
TELEH 

TELDX -I '. , , ----j TOVEL 

-OA-TA-V.-"'L-IO-,-N-EX-T:""OA-TA-

Q __ ~HI~GH~-Z~ ____________________ ~~ ______ ~ __________ ~ __ ~~H~IG~H-~Z 

REF~~~NCE -----+----~--------~--------~'+r--~-------------4t~1~--~--
23 

TRUTH TABLE 
TIME INPUTS OUTPUT FUNCTION 

REFER!=NCE E W' A 0 Q 

-1 H X X X Z MEMORY DISABLED 

0 "'\. L V V Z CYCLE BEGINS, ADDRESSES ARE LATCHED 
1 L X X X Z WRITE IN PROGRI=SS INTERNALLY 

2 .F x x x Z WRITE COMPLETED 

3 H X X X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 

4 '- L V V Z ~YC~E ENDS, NEXT CYCLE BEGINS (SAME AS 0) 

The early write cycle is the only cycle where the oU!put is 
guaranteed not to become active. On the falling edge of E (T = 
0), the addresses, the write signal, and the data input are 
latched in on chip registers. The logic value of W at the time E 
falls determines the state of the output buffer for that cycle. 
Since ViI is low when E falls, the qutput buffer is latched into the 

high impedance state and will remain in that state until E 
~turns high (T= 2). For this cycle, the data input is iatched by 
E going low; therefore data set up and hold times should be 
referenced to 'E. When E (T = 2) returns to the high state, the 
output buffer disables' and all signals ar~ unlatched. The 
device is now r~ady for the next cycle. 

Rea~ Modify Write Cycle 

TAVEL 

HIGH-Z 
Q 

TIME ' + 
REFERENCE ---+----+------+--+t------+-----------+--+---+--+--

-1 

TRUTH TABLE 
TIME INPUTS OUTPUT FUNCTION 

REFER~NCE E W A 0 Q 

-1 H X X X Z MEMORY DISABLED 

0 ~ H V X Z CYCLE BEGINS. ADDRESSES ARE LATCHED 

1 L H X X X OuTPUT EN'AaLED 

2 L H X X V 04TPUT VALID. READ AND ~ODIFY TIME 

3 L 
, 

X V V WRITE BEGINS, DATA IS LATCHED 

4 L X X X V WRITE IN PROGRESS INTERNALLY 

5 f x X X V WRITE COMPLETED 

6 H X X X Z PREPARE FOR NEXT CYCLE (SAME AS -1) 

7 "" H V X Z CYCLE ENDS. NEXT CYCLE BEGINS (SAME AS 0) 

The reaq mod!!)' write cycle ~gins as all other cycles on the 
falling edge of E (T = 0). The W line should be high at (T = 0) in 
order to latch the output buffers in the active state. During (T = 
1) the output will b,.! active but not valid until (T = 2). On the 
falling edge of the W (T ~ 3) the data pres~nt at the output and 
input'are latched. The W si9,nal also latches itself on its low 

going edge. All input signals excluding E have been latched 
and have 110 further effect on the RAM. The rising edge of E (T 
= 5) complete~ the writ~ portion of the cycle and unlatches all 
inputs and output. The output goes to a high impedance and 
the RAM is ready for the next cycle. . 

4700 

NOTES: In the above descriptions the numbers in parenthesis (T = n) refer to t~e respective timing diagrams. The numbers are located on the time reference 
line below each diagram. The timing diagrams shown are only examples and are not the only valid method of operation. 
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Board Size Tradeoffs 
Printed circuit board real estate is a costly commodity. Actual 
board costs depend on layout tolerances, density, complexity, 
number of layers, choice of board material, and other factors. 

The following table compares board space for 16 standard DIP 
4K RAMs to the HS-6564RH RAM array. Both fine line, close 
tolerance layout and standard "easy" layout board sizes are 
shown in the comparison. 

64K ARRAY OF 16 4K RAMs ON A PC BOARD V.S. THE HS-6564RH 

PACKAGE CIRCUIT SUBSTRATE SIZE 

18 Pin DIP Standard 12 to 15 sq. in. 
Two Sided PCB 

18 Pin DIP Fine Line or 9 to 11 sq. in. 
Multilayer PCB 

18 Pin Multilayer 3 to 5 sq. in. 
Leadless Carrier Alumina Substrate 

HS-6564RH Two Sided Mounting 2 sq. in. 
Multilayer 

Alumina Substrate 

The cost of semiconductor circuits decline with time. If actual analysis. In your cost analysis, also consider the advantages of 
costs were included, they would be out of date in a very short a lighter, smaller overall package for your system. Consider 
time. We urge you to contact your local Harris office or sales how much more valuable your system will be when the 
representative for accurate pricing allowing cost tradeoff memory array size is decreased to about 1/6 of normal size. 

HS-6564RH - 64K BIT CMOS RAM 
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To Organize 8K x 8: 

Connect: E1 with E3 
E2with E4 
W1 withW2 

(Pin 
(Pin 
(Pin 

Concerns for Proper Operation of Chip 

The transition between blocks of RAM reQ! 
the chip enables as if there were only two, E 
between chip enables m~st be treated with 
high at least one chip enable high time (TEl 
deviges whose output~ are tied common e 

Printed Circuit Board Mounting: 
The lead less chip carrier packages used in i 
to VCC or GND. The designer should be aw 
pressed completely down against the surfa 
help prevent the lead less carriers from tou 

4702 

HARRIS CMOS RAMs are designe( 
guaranteed over t~mperature. The fa 

1. Chip Enable (E) must be he 

2. All other inputs should be h 

3. Inputs which are to be held ~ 
up and power down transiti( 

4. Th~ RAM can begin 

'-o 
+'" o 
::::J 
"0 
c 
o 
.2 
E 
Q) 

en 
Ul 

.1: 
"-as 

:::c 

1 

~I"-- :: TYP. 
.050 
_ TYP. 
.030 

Packaging 

.090 •. 015 

PIN 

.oos 

NOTES: 
1. ALL E 

BE G~ 
MIN.' 

2. FLAT 
3. D!E~ 

CONI 

NOTICE: Harris Semiconductor's products are sold by description only. Harris Semiconduc 

and/or specifications at any time without notice. Accordingly the reader is cautioned to veril 
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TWX: 710-332-1074 
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Board Size Tradeoffs 
Printed circuit board real estate is a costly commodity. Actual 
board costs depend on layout tolerances, density, complexity, 
number of layers, choice of board material, and other factors. 

The following table compares board space for 16 standard DIP 
4K RAMs to the HS-6564RH RAM array. Both fine line, close 
tolerance layout and standard "easy" layout board sizes are 
shown in the comparison. 

64K ARRAY OF 16 4K RAMs ON A PC BOARD V.S. THE HS-6564RH 

PACKAGE CIRCUIT SUBSTRATE SIZE 

18 Pin DIP Standard 12 to 15 sq. in. 
Two Sided PCB 

18 Pin DIP Fine Line or 9 to 11 sq. in. 
Multilayer PCB 

18 Pin Multilayer 3 to 5 sq. in. 
Leadless Carrier Alumina Substrate 

HS-6564RH Two Sided Mounting 2 sq. in. 
, Multilayer 

Alumina Substrate 

The cost of semiconductor circuits decline with ti me. If actual analysis. In your cost analysis, also consider the advantages of 
costs were included, they would be out of date in a very short a lighter, smaller overall package for your system. Consider 
time. We urge you to contact your local Harris office or sales how much more valuable your system will be when the 
representative for accurate pricing allowing cost tradeoff memory array size is decreased to about 1/6 of normal size. 

HS-6564RH - 64K BIT CMOS RAM 
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To Organize 8K x 8: 

Connect: E1 with E3 
E2with E4 
W1 with W2 

(Pins 9 + 32) 
(Pins 12 + 29) 
(Pins 11 + 31) 

Organi~ation Guide 

To Organize 16K x 4: 

Connect: QO with Q4 
00 with 04 
01 witl'1 05 
01 with 05 
02 with 06 
02 with 06 
03 with 07 
03 with 07 

Optional W1 may be common with W2 

(Pins 2 + 39) 
(Pins 3 + 38) 
(Pins 4 + 37) 
(Pins 5 + 36) 
(Pins 16 + 25) 
(Pins 17 + 24) 
(Pins 18 + 23) 
(Pins 19 + 22) 
(Pins 11 + 31) 

Concerns for Proper Operation of Chip Enables: 

The transition between blocks of RAM re~ires a ,2hange in the chip enable being used. When operating in the 8K x 8 mode, use 
the chip enables as if there were only two, E1 and E2. In the 16K x 4 mode, qll chip enables must be treated separately. Transitions 
between chip enables m~st be treated with the sa!'TIe timing constraints that apply to anyone chip enable. All chip enables must be 
high at least one chip enable high time (TEHEL) before any chip enable can fall. More than one chip enable low simultan~ously, for 
devi~es whose outp.ut~ are tied common either int~rnally or externally, ls an illegal input condition and ~ust be avoided. 

Printed Circuit Board M~unting: 
The leadless chip carrier packages used in the HS-6564RH have conductive lids. These lids are electrically floating, not connected 
to VCC or GND. The designer should be awarE! of the possibility that the carriers on the bottom side could short conductors below if 
pressed completely down against the surface of the circuit board. The pinson the package are designed with a standoff feature to 
help prevent the leadless carriers from touching the circuit board surface. ' , 

4702 

Low Voltage Data RetBntiop 

HARRIS CMOS RAMs are designed with battery backup in mind. Data retention voltage and supply curnmt are 
Quaranteed over t~mperature. The following rules insure data retention: 

1. Chip Enable (E) must be held tligh during data retention; within VCC + 0.3V to VCC - 0.3V. 

2. All other inputs should be held either high (at CMOS VCC) or at ground to minimize ICCDR. 

3. Inputs which are to be held high (e.g. E) must be kept between vce + O,~V and 70% Qf VCC during the power 
up and power down transitions. 

4. Th~ RAM can begin operation one TEHEL after VCC reaches the minimum operating voltage (4.~ volts). 

DATA RETENnONTIMING 

DATA RETENTION MODE 

VCC;;.3,OV 

VCC",O.3V 

@ Ie MASTER 1984 



Radiation Screening Procedure 

(1) Two (2) probed good samples per wafer will be selected 
from ,~20% of the wafers in a run. (All wafers in a 
"run" will have been processed together through aU 
high temperature processing steps and through metal
lization.) 

(2) The sample die shall be assembled and tested for 
functionality . 

(3) The sample devices shall be subjected toa Total Dose 

Radiation level of 1 x 105' Rad Si (± 10%) from a 
Gamma Cell 220 Cobalt 60 source or equivalent. The 
samples shall' be biased at 5 volts with all inputs high. 
The dose rate shall be between 50 rads/sec and 200 
rads/sec. 

(4) The samples will be tested to the data sheet limits 
within one hour (± 15 minutes) after inadiation. 
The lot will be accepted only if all units, exclusive of 
non-radiation failures, meet the data sheet limits. 

Radiation Effects ' , 

The HS-6564RH is a radiation resistant memory moduie 
designed to survive in a radiation environment and to 
meet the electrical characteristics and be pin compat
ible to the Harris' equivalent commercial part. Latchup 
free operation, achieved by the use of special ,starting 
material and improved total dose hardness, is obtained 
with special high temperature processing cycles. These 
process techniques can, in principle, be applied to any 
standard HARR!S C~.~OS product. 

On a production basis, HARRIS only performs screens 
for total dose 'hardness to a level of 1 x 105 rad-Si. 
Transient radiation tests, however, have shown the 
following results: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Latchup free to doses ~ 5 x 1011 rads/sec. 
Upset (loss of stored data) typical!y :::108 rads/sec. 

Test Product Flow 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
MIL-STD-883, METHOD 5094 CLASS B 

100% SCREENING PROCEDURE* 

SCREEN 

Internal Visual 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: Fine 
Gross 

Initial Electrical 

Burn-In Test 

Final Electrical 
100% go-no-go 

External Visual 

MIL-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

2001 Condo E; Y1 plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015, 160 hrs. @ 125°C (or eq~iv
alent) 

Tested at Worst Case Operating 
Conditions 

2009 Sample Inspection 

* All SCREENING IS PERFORMED AT lEADlESS CARRIER LEVEL EXCEPT FINAL ELECTRICAL 

NOTE: 

Traceability: 

Branding: 

Aged Products: 

Additional 

All devices are assigned date code identification that provides traceability back to the inspection lot. 

All devices are branded with the part number and EIA date code. 

Product that has been held for more than 24 months will be reinspected prior to shipment to group A 
inspection requirements. 

Requirements: 'Sample Group A electrical tests are performed on a lot acceptance basis. 
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.023 
~I"'-- .014 TYP. 

.050 

.030 TYP. 

Packaging 

.156 TYP. 

.090 •. 015 

NOTES: 

r .. 1501 
____ .,.;.r-,~~ ______ ~ 

.012 RTYP. 

.015 DlA. DOT 

PIN NO. 1 

.008 RTYP. 

1. ALL EXPOSED METALLIZED AREAS SHALL 
BE GOLD PLATED 50 MICRO INCHES 
MIN. THICKNESS OVER NICKEL PLATE. 

2. FLATNESS PERTAINS TO METALLIZED PADS ONLY. 
3. DIE ATTACH PAD TO BE ELECTR!CALLY 

CONNECTED TO PIN NO. 18. 

NOnCE: Harris Semiconductor's products are sold by description only. Harris Semiconductor reserves the right to make changes in circuit design 

and/or specifications at any time without notice. Accordingly the reader is cautioned to verify that data sheets are current before placing orders. 

Sales Offices 

UNITED STATES 

EASTERN REGION 

2600 Virginia Avenue 
Suite 800 . 
Washington, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747-6776 

4704 
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Costa Mesa, CA 92626 
(714) 957-6557 
1\NX: 910-595-1533 

625 Ellis, Suite 300 
Mt.'View, CA 94043 
(415) 964-6443 
1\NX: 910-379-6431 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854-3224 
1\NX: 910-576-3418 
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Melbourne, F L 32901 
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Harris Systems Ltd. 
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m HARRIS 
Preliminary 

Features 

• HIGH SLEW RATE. • .. 
• FAST SETTLING TIME • . 
• WIDE POWER BANDWIDTH. .. 
• LOW OFFSET VOLTAGE. . • • • 
• LOW POWER SUPPLY CURRENT. 
• SHORT CIRCUIT PROTECTION 
• RADIATION ENVIRONMENT 

. >±22V/us 

• 450ns 
• 12MHz 
• ±5mV 
• 6.5mA 

NEUTRON FLUENCE (4)) 5 x 1012n/cm2 (E>10KeV) 
GAMMA RATE ( .y) • • • • • 1 x 109 RADs Sils 
GAMMA DOSE ( ,..) . • • • . 1 x 106 RADs Si I 

Package 
TOP VIEW 

. II"a::~"j' 14 I~~rr 
J I 1- .250 f .l105 -l- .250%.015 .018 ~ .001 I I 

li.21l 16.35 i .1211 (6.35±.381) (0.46~O.03' .070--1 -
TYP. .750 ~ .020 119.05 ~ 0.511 11.781 MAX. 

! ==~~=-===:!:: 
.005 ~ .002 (0.13! 0.051 L.025 (0.64) REF. 

Schematic 

Copyright © Harris Corporation 1982 
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HS-3516RH 
High Slew Rate, Wideband, 

Radiation Resistant, 
Operational Amplifier 

Description 
The HS-3516RH is a monolithic, high slew rate, wideband, 
radiation resistant, operational amptifier. It provides a band
width (unity gain stable) of greater than 10MHz and a 
slew rate in excess of 22V /JJsec. Optional frequency com
pensation adjustment is provided. The HS-3516RH has an 
internal unity gain frequency compensation capacitor which 
is internally connected. A clamp node feature enables the 

. user to clamp the output voltage via pin 3 which can source 
or sink up to 3mA for high frequency clamped switching 
purposes. 

This device is designed to operate from -550 C to +1250 C 
and in strategic-level radiation environments. 

Pinout 
TOP VIEW 

NC BW2 
NC NC 

VCLAMP BW1 
-IN +V 
+IN OUTPUT 
-V NC 
NC NC 
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Specifications HS-3516RH 

ABSOLUTE MAXIMUM RATINGS 
Voltage Between +V and -V terminals 40V Internal Power Dissipation 625mW 
Differential Input Voltage ±15V Storage Temperature Range -650C to +1750C 
Output Short Circuit Duration Indefinite Operating Temperature Range -550C to +1250C 

CAUTION: To prevent permanent damage to this device, care should pe exercised to insure 
that the absolute maximum ratings for supply voltages, temperature and Voltage 
or current at any pin is not exceeded during both static and dynamic operation. 

ELECTRICAL CHARACTERISTICS +V = 15V, -V = -15V, TA = -550Cto +125PC 

PARAMETER TEMP MIN TYP MAX UNITS 

Offset Voltage 25°C 1 3 mV 
125°C 2 5' mV 
-55°C 3 6 mV 

Input Bias Current 25°C 35 100 nA 
125°C 50 100 nA 
-55°C 200 nA 

I nput Offset Current 25°C 30 100 nA 
125°C 150 nA 
-55°C 250 nA 

I nput Resistance 25°C >100 M,Q 

Large Signal 1 25°C 90 dB 
Voltage Gain Full 90 dB 

Common Mode 25°C 80 115 dB 
Rejection Ratio2 Full 80 90 dB 

Supply Current 25°C 5.0 6.5 rnA 
125°C 6.5 mA 

- -:-:550 C, 8.7 mA 

Power Supply 25°C 80 dB 
Rejection Ratio3 Full 80 dB 

Output Voltage 25°C +12.5 +13.0 V 
Swing -11.0 -12.0 V 

125°C +12.5 +13.0 V 
-11.0 -12.0 V 

-55°C +12.0 V 
-11.0 V 

Output Short 25°C 27 45 mA 
Circuit Current 125°C 45 mA 

-55°C 60 mA 

Gain Bandwidth Product 25°C 12.0 MHz 
Full 10.0 MHz 

Slew Rate3, 5 25°C 22 25 V/.us 

Rise Time4 25°C 30 35 ns 

Overshoot4 25°C 15 35 % 

Overdrive Recovery Time 25°C 2 5 .us 

Settling Time4 25°C 180 450 ns 
Full 450 ns NOTES: 

Output Clamp Voltage 25°C 0.4 V 

Input Clamp (+) Icn- 25°C -1.0 -3.3 mA 
Current (pin 3) 125°C -1.0 -3.3 mA 

-55°C -0.8 -3.5 mA 
I I I I 

I 
Input Clamp (-) Icn+ 

I 
25°C +0.5 

I I 
+3.0 mA 

Current (pin 3) 125°C +0.5 +3.0 mA 
-55°C +0.3 +3.2 mA 

3. I1V = ±5.0V 

4. AV=+1,VIN=lV,RL=2K,CL=100pf 

5. CBW = 0, Vo = ±10V, RL = 2K, CL = 100pf 

4706 @ Ie MASTER 1984 
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Test Circuits 
SLEW RATE CIRCUIT 

~=--+--..--o VOUT 

-v 

5 
1. SLEW RATE = Tt (PS) V/J1s 

5 
OR - n- Ws) V/J1S 

2. INPUT B'IAS CURRENT OF NON· 
INVERTING INPUT MAY INCREASE 
IF VIN APPLIED BEFORE + V AND 
-V. 

.., __ c=l __ r=l __ .c::J==~---.l 
'w "-=l---c::rT=r-c_-T"~ 

50 KHz ,1 KHz VIN RISE TIME 20 ns (20 TO 80%1 

RISE TIME/SETTLING TIME CIRCUIT 
+V __ --- 1.0V ±5% 

il% I 
[

OVERSHOOT (35% OF SETTLED TIME) 

I _ ___ ~ ±S% of SETTLED 
20% I -- /' VALUE 

V,N _____ -'. I 1-- - - -, ....... ------

+O.05V : I I 
-O.oov <; 20ns --, I 

I I 

: ' VOUT --------1'.1 I , 

1-1 I 

VIN 

>-.;.;:;10-+_ ........ _--C VOUT 

2KU 

I I 
t--- SETTLING TIME ----I 

-v II 
I--------------------------------------------------------------------------------------------------~ 

VOLTAGE CLAMP CIRCUIT 

+V 

l00l! 

>-..;.:10~~--o VOUT 

2Kn 

VClAMP~----....j 

-v 

IRRADIATION CIRCUIT 

'+15V 

-15V 

@ Ie MASTER 1984 

1. VIN "" +1.0 vee 
2. VCLAMP'" -3.0 vee 
3. MEASURE VOUT; VOUT SHALL BE WITHIN 

± 0.4 VDC OF VCLAMP. 
4. REPEAT STEPS 1,2,3 USING BOTH VOLTAGES 

OF OPPOSITE POLARITY. 
5. REPEAT STEPS 1 THRU 4 USING A VALUE OF 

6 vee IN STEP 2. 
MIN 

6. 1= -1.OmA 
+ 0.5mA 

MAX 
-3.3mA 
+ 3.0mA 

BURN·IN CI RCUIT 

+15V VIN = 50 KHz SQUARE 
WAVE 50% DUTY CYCLE 
-4.0V TO +4.0V 

>--+--0 VOUT 

510n ±5% 

-15V 
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(iadiation Screening Proc~dure 

(1) Two (2) probed good samples per wafer will be selected 
from ~ 20% of the wafers in C! run. (All wafers in a "run" 
will have been processed together through all high temper
ature processing steps and through metallization.) 

(2) The sample die shall be assembled and tested for function
ality. 

(3) The sample devices shall be subject~d to a Total Dose 
Radiation level of 1 x 10s' Rad (Si) ±10% from a gamma cell 
220 cobalt 60 source or equivalent. The devices will be 
powered in the configuration iI'lustrated with VSUPPLY = 
± 15V. The dose rate shall be between 50 rads/se~ and 
200 rads/sec. 

(4) AVOL VIO, and IBIAS, with VSUPPLY = ±15V, will be 
measured and recorded for each device within one hour 
after irradiation. The lot wi,! be accepted only if the sample, 
exclusive of non-radiation failures, meets the limits of 
AVOL ~ BOdB, VIO ~ ±5.0mVand IBIAS ~ ±400nA at 
room temperature. 

Test Product Flow 

Radiation Effects 

(1) Total Dose 

Little or no effect will be observed at 1 x 105 Rad (Si). 
IBIAS,IIO, and AVOL starts to degrade between 1 x 105 
and 1 x 106 Rad (Si). . 

(2) Dose Rate 

Devices are constructed in 01 and con~equently are latchup 
free. 

(3) Neutron Fluence 

Performance degradation is insignificant at 5 x 1012n/cm2. 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
!'!1IL-STD":883, MET.HOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN MI L-~TD-883 METHOD/COND. 

1 Internal Visual 2010 Condo B. 

2 Stabilization Bake 1008 Cond. C (24 hrs. minimum) 

. ~ 3 Temperature Cycling' - 1010Cond.C 

4 Constant Acceleration 2001 Condo E; Yl plane 

5 Seal: A Fine 

I 
1014 Condo A or B 

B Gross 1014 Condo C2 

6 Initial Electrical Harris Specificatic)ns 

7 Burn-In Test 1015, 160 hrs. @ 1250C (or equiv-
alent) (Burn-In circuits enclosed) 

8 Final Electrical Tested at Worst Case OperCiting 
100% go-no-go Conditions 

9 External Visual 2009 Sample Inspection 

Note: 
/ 

Traceability: All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

Branding: All devices are branded with the part number and EIA date code. 

Aged Products: Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. 

Additional 
Requirements: Sample Group A electrical tests are performed on a lot acceptance basis. 

Sales Offices EUROPEAN 
EASTERN REGION 

2600 Virginia Avenue 
Suite 800 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854'-3224 . 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 . 

Washington, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City! NY 11530 
(516) 747-6776 

TWX: 910-'595-1533 

625 Ellis, Suite 300 
Mt. View, CA 94043 
(415) 964-6443 
TWX: 910-379-6431 

TWX: 910-576-3418 

HOM!: OFFICE 

P.O. Box 883 
MelbOurne, FL 32901 
(305) 724-7045 
TWX: 510-959-6259 

CUSTOM INTEGRATED CIRCUITS DIVISION 

145 Farnham Road 
Slough SL1 4XD . 
United Kingdom 
Tel: 34666 
TWX: 848174 

m 
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HS-3530RH 
HARRIS 

Lovv Povver
Radiation Resistant 

Programmable Operational Amplifier 

Features 

• WIDE RANGE AC PROGRAMMING 

SLEW RATIii ..... . 

GAIN X BANDWIDTH ..... . 

• WIDE RANGE DC PROGRAMMING 

POWER SUPPLY RANGE 

SUPPLY CURRENT ..... . 

• SHORT CIRCUIT PROTECTION 

• 

..... 06 T03V/J.Ls 
100KHz TO 5.0MHz 

. ±'1.5V TO ±'18V 

'lOJ.LA TO 1.2mA 

RADIATION ENVIRONMENT 

NEUTRON FLUENCE( (/» 

GAMMA RATE( Y) 
GAMMA DOSE( Y) .... 

5 x 1012 n/cm 2 (E ~ 10KeV) 

1 x 109 RADS {Si)/s 

....... 1 x 106 RADS (Si) 

Package 

~110~ ,IQ21 .SOO MIN. -4 r-: [) .02SL64I ..... :12.71 I 
lfiO Tl r:::::::J 

191.1 I tz:::::::J 

1
326 

IB 2BI c::::::J 200 TYP. 
I ,SOBI 

LlJ__ ~ ,; ,I BO~~~~,~I;OO2 
SEATING 1.43 10 ! 11.1 !.OSI 
PLANE 

1. All dimensions in inches; millimeters are shown in parentheses. 
2. All dimensions:!; .010 (±0.25mm) unless otherwise shown. 

Schematic 

01 

Description 
The HS-3530 is a Low Power Operational Amplifier which is an 
internally compensated monolithic device offering a wide range 
of performance specifications. Parameters such· as power dissi
pation, slew rate, bandwidth, npise and input DC parameters are 
programmed by selecting an external re.sistor or cu rrent source. 
Supply voltages as low as ±3 volts may be used with I ittle degrada
tion of AC performance. The HS-3530 has been specifically de
signed to meet exposure to radiation environments. Operation 
from -55°C to +125

0
C is guaranteed. 

A major advantage of the HS-3530 is that operating characteris
tics remain virtually constant -over a wide supply range (+3V to 
+ 15V), allowing the amplifier to offer maximum performance in 
almost any system, including battery operated equipment .. A prh 
mary application for this device is in active filtering and condi
tioning for a wide variety of Signals that differ in frequency and 
amplitude. Also, by modulating the set current, 'it can be used 
for designs such as current controlled oscillators/modulators, 
sample and hold circuits and variable active filters: 

Pinout 
TOP VIEW 

NOTE: Case tied to V-

Rl 
2011 

ISET~~--~~~~t-------t-------+-~----~--~~~----~ 

~ 

~-j~~ ___________ ~~~~~~~~~~~~~ __ ~ __ -120n 

Copyright © Harris Corporation 1982 
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-m 
Specific~tions HS-J5JO 

,.. 

ABSOLUTE MAXI~UM RATINGS 
ISET (current at 'SET) 500pA 

Voltage between V+ and V- terminals 40V VSET (voltage to ground at 'SET) (V+ -2.0V)<VSET<V+ 
Differential Input Voltage ±20V Output Short Circuit Duration Indefinite 
Input Vqltage (Note 1) ±15V Storage Temperature Range -65OC to + 1500e 

NOTE: Operating Temperature Range -5SOC tp +125OC 

<D For supply voltage less than ±'lSV, the absolute maximum input voltage is equal to the supply voltage. 

PRE-RADIATION ELECTRICA~ CHARACTERISTICS 

VSUPPLY = ±15V 
ISET = 1.5J1A ISET = 15pA 
(RL = 75Kn) (RL =5Kfl) 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

Offset 2SoC 3 3 mV 
Voltage Full 5 S mV 

Input Bias 25°C 1.2 10 20 nA 
Current Full 2.S 22 40 nA 

input Offset 25°C 0.3 2 5 nA 
Current Full 10 nA 

Input 250~ >100 50 >100 Mn 
Resistance 

a... Large Signal 25°C 6SK 115K 80K 130K V!V 
0 Voltage Gain 1 Full 25K 60K 50K 79K V!V ... 
0 Common Mode 25°C 80 115 80 115 dB ::J 

Rejection Ratio2 Eull 80 110 dB "'0 
c: Supply 2_50C 13 15 125 150 pA 
0 Current Full 14 15 130 1~0 pA .2 
E Power Supply 25?C 80 130 80 130 dB 

Q) 
Rejection Ratio3 Full 80 120 dB 

en Output Voltage 250~ '±12.5 ±14.2 ±12.S ±14.2 V 
Swing2 Full ±10.5 ±14.0 '±10.5 ±14.0 V 

UJ 
.~ Output 25°C 1:.S ±S mA 
a... Current Full ±.4 ±4 mA as -- Output Short- 25°C 2 14 rnA .... 

Circuit Current 

Gai n-Bandwidth 250 C 85 '850 kHz 
Product Full 65 640 kHz 

Slew Rate5 25°C .05 .55 VipS 
Rise Time4 25°C 7.5 .7 pS 

Overshoot4 25°C 5 10 % 

Overdrive 25°C 2 pS 
Recovery Time 

ISET = 1.5pA ISET =- 15JlA 

VSUPPL Y = :!:3V (RL = 75Kn) (RL = 5Kn) 

PARAMETER TEMP. MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

Large Signal 2SoC 25K 60K 25K 75K v/V 
Voltage Gain 1 Full 15K 40K 25K 50K vtv 

Common Mode 25°C 80 100 80 95 dB 

Rejection Ratio2 Full 80 90 dB 

~upply 2Sot 12 15 115 150 pA 

Current Full lS 160 PA 
Power Supply 2SoC 80 105 80 lOS dB 

Rejection Ratio3 Full 80 100 dB 

Output Voltage 25°C ±2.0 ±2.0 V 

SWing1 Full -±2.0 ±2.0 V 

Gai n-Bandwidth 2SoC 72 730 kHz 
Product Full 60 600 kHz 

Slew RateS 25°C 04 .4 VIpS 

Offset 25°C 3 3 mV 

Voltage Full 1 5 5 
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NOTES: 

1. 

VSUPPLY = ±3.0V 

Vo = ±1.0V 

VCM = !1.5V 
V = '±1.5V 

VSUPPLY = .:t15.0V 

Vo = ±1O.0V 

VCM = :!:5.0V 
~V = ±5.0V 

'SET = 1.5f.lA 

RL = 75K 

'SET = 15f.lA 

RL = 5K +250C +1250C 
R L = 75K -550C 

2. 
3. 
4. 
5. 

- ....... ------ Av = + 1, V I N = 400mV , R L = 5K, CL = 100pF -------i __ 
Vo = .:!:2.0V Vo = !.10.0V RL = 20K 

Typical Biasing Circuits 

Typical Performance Curves 

l00r---~---------------------r--'-~ 

SUGGESTED 
OFFSET NULL 

2..~6 
2.. ~HS_3530~ 

1 5 

lOOK 

-v 

RL = 5K +250C +1250C 
R L = 75K -55°C 

80~--+-- INPUT BIAS CURRENT 
VS. 

PRERAD POSITIVE SUPPLY CURRENT ~ 

. /} 60~--+--

@ Ie MASTER 1984 

SET CURRENT 1~~--~--~4-~---~--~~~4/~/~ 

~Kr------r---------------~-------------r-~~ 
PRERAD LARGE SIGNAL VOLTAGE GAIN VS. ISET 

l00Kr-----~----~~~--+_~----~------~--~~~ 

~t===t===t:tj~~~==~~=B 
~b ___ ~~~~==-~~=-_+--+_4_--~-----~-~~~ 

1~r-----r----~~-4--+_4_----~------~-~~~ 
~ • VSUPPLY -± 15V 
~ 20K r-----+---~~_+--+_+ IJ. VSUPPL Y - ± 3V -~--+--I 
,.j 

o 
> « 

10K 1 2 4 10 20 40 100 
SET CURRENT (IoIA)-

7V 

• VSUPPL Y - ±15V 
IJ. VSUPPL Y - ±3V 

I I I I I 

100 

-

II 
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Transient Response/Slew Rate Circuit 

VOUT 

5Kn 

Typical Performance Curves 
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10 
f=. 
~ 
~ 

f--I 

t 
1 

1 I 

L 
P 

.0 1 
1 

SLEW RATE 
VS. / 

SET CURRENT / 
I :: : I 

! 'I! 
: i! I V~ 

f 
? 

SLEW RATE SR+ + SR-

,/ I 2 
I 

VSUPPL Y = + 15V 
VSUPPLY 

10 100 
SET CURRENT (IJA) 

:t3V 

I! 

,LpUT ~'AS CUIRREN~ J 
\ VS. 

TEMPERATURE 

~ ~ I I I 
~'5'A - PRERAD 

I I'-. VSUPPlY = :t15V 

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

TEMPERATURE(OC)~ 

I 
30 ~ 

6Ir--------------r-------------~ 
4~ GAIN BANDWIDTH PRODUCT 

t 
I VS. 

SET CURRENT 

I 
:I: 2 r----------------+------~_/_--___1 
! 
l
t.) t g 1 .----------~~~--------~ 

o .8f---------------r~~--------_4 ex: I 

~ .61f---------------¥~----------~ 
~ I 
- .4r-----------~~------------~ 
~ 
Z 
<I: 

• VSUPPLY = :t l5V 

: VSUPPLY = +3V 
~ .2r------~~----~------------~ 

~ .1L 
1 ---LL-------~1~0------------~100· 

SET CURRENT (IlA)-

OUTPUT VOLTAGE SWING 
VS .. 

LOAD RESISTANCE 
------------------~ 

25f----~L-----_+----~------~--------~ 

20~+_--------_+~----------~----------~ 

VSUPPLY =:t15V 

T=25OC -1 
PRERAD 

t 15 

> 101f-------------+------------·~----------~ 
~. I 
5 5~-------r------------+-----------~ 
~ I 

I I 
lK 10K lOOK 1M 

ALOAD{!2)--

200K 
OPEN lOOP VOLTAGE GAIN VS. TEMPERATURE 

VSU~Pl Y = ~I_ J:-_J I 
\ ! 

./ - - ....... lOOK 
~ ............. 

~ 70K 

:. 50K 

" ---......- ......--
~UPPlY=±3V 

~ -- ~ --- -b.. 
-......... r---... ..... o 

> ct 

20K 

10K 

1-0" 

-50 -25 o 

-f---
• ISET = 15IJA 
o ISET m 1.51JA 

I I 
-f---

25 50 75 100 125 

TEMPERATURE (OC) 
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Radiation Screening Procedure Radiation Effects 

(1) Two (2) probed good samples per wafer will be selected from 
220% of the wafers in a run. (All wafers in a "run" will have 
been processed together through all high temperature processing 
steps and through metallization.) 

(1) Total Dose: 
Very little degradation of any of the parameters will be seen up 
to y= 104 Rad (Si). Moderate degradation of open loop gain, bias 
current, and offset current begins at greater than 105 and less 
than 106 Rad (Si), 

(2) The sample die shall be assembled and tested for functionality. 

(3) 

(4) 

The sample devices shall be subjected to a Total Dose Radiation 
level of 1 x 106 Rad (Si) ±10% from a Gamma Cell 220 
Cobalt 60 source or equivalent. The devices will be powered in a 
voltage follower configuration, with 'SET = 15 11 A and 
VSUPPL Y = ±15V. The dose rate shall be between 50 rads/sec 
and 200 rads/sec. 

AVOL and V'O, with 'SET= 151lA , VSUPPL Y = +15V and 
RL = 25K, will be measured and recorded for each device within 
one hour after irradiation. The lot will be accepted only if the 
sample, exclusive on non-radiation failures, meets the limitslof 
AVOL 2 20K V/V and V'O~3.5 mV at room temperature. 

Test Product Flow 

(2) 

(3) 

Dose Rate: 
During transient iOnizing radiation at a level of 1 x 109 rad 
(Sil/s, the peak level of supply current will be about 150 to 
200 mAo After about 0.1 to 0.5 J!.S this current drops about 10%. 
Maximum recovery time will be about 6 to 8pS. 

Neutron Fluence: 
Large signal voltage gain degrades rapidly for low supply voltages 
and low set currents. For VSUPPLY = +15V and ISET >10pA, 
large signal voltage gain degrades by only about 50%. I nput bias 
Current doubles for tP= 5 x 1012n/cm2 . 

HARRIS SEMICONDUCTOR PRODUCT FLOW 

Note: Traceability : 

Branding: 

MIL - STD - 883, METHOD 5004 CLASS B 
100% SCREENING PROCEDURE 

SCREEN 

InternalNisual 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: A Fine 
B Gross 

Initial Electrical 

Burn-In Test 

Final Electrical 
100% go-no-go 

External Visual 

MIL-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

2001 Condo E; Y1 plane' 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015, 160hrs. 
(or equivalent) 

Tested at Worst Case Operation 
Conditions 

2009 Sample Inspection 

All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

Aged Products: 

All devices are branded with the part number and E 1 A date code. 

Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. 

Additional 
Requ irements: Sample Group A electrical tests are performed on a lot acceptance basis .. 

© Ie MASTER 1984 4713 
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mJ HARRIS 
Preliminary 

Features 
• LOW OFFSET VOLTAGE 0.3mV 

• HIGH SLEW RATE ±4V/j.Js 

• WIDE BANDWIDTH SMHz 

• LOW DRIFT 2J1V/OC 

• FAST SETTLING (0.01%, 10V STEP) 4.2ps 

• LOW POWER CONSUMPTION 35mW 

• SUPPL Y RANGE ±5VTO ±20V 

• RADIATION ENVIRONMENT 

NEUTRON FLUENCE ( ¢) . 5 x 1012 n/cm2 (E L 10KeV) 

GAMMA RATE ( j ) . • 1 x 109 RADS (SMs 

GAMMA DOSE ( i' ) . • • 1 x 106 RADS (Si) 

Package 
TOP VIEW 

'~~';"" 
.250±JI05 

(6.351'211 : 

010~ 1--
!1.78) MAX. 

L .025 (0.641 REF. 

HS-3546RH 
Radiation Resistant 

High Performance 
Operational Amplifier 

DeSCription 
The HS-3546RH is a radiation resistant, high performance di
electrically isolated monolithic operational amplifier with superior 
specifications. This amplifier offers excellent dynamic performance 
coupled with low values for offset voltage and drift, input noise 
voltage _and power consumption. 

A wide range of applications can be achieved by using the features 
madq available by the HS-3546RH. With wide bandwidth (SMHz), 
10V\. power (35mW) and internal compensation, these devicee 
'are ideally suited for precision ac!ive filter desiyns. fur audio 
applications these amplifiers offer low noise (SnV/JRZ) and excel
lent full power bandwidth (60 KHz). The HS-3546RH IS particiJlar
Iy useful in designs requiring low offset voltage (0.3mV) and drift 
(2J..IV/OC), such as instrumentation and signal conditioning circuits. 
The high slew rate (4V/JJ.s) and fast settling time (4.2 ps to 0.01%, 
10V step) makes this amplifier a useful component in fast, accurate 
data acquiSition systems. 

The HS-3546RH has been specifically designed to meet exposure 
to. radiation environments. It is available in a 14 Pin Ceramic Flat
pack package and is guaranteed operational from -550 C to +1250 C. 

Pinout 
r.::==::::::114 

2 c::==;--".a.-_-..I.L.~;::::=::::l13 

3C:::::::=:::: !==:::l12 

4 c:::=::::-...I 1.===:111 

5 C::::=:::-..J 4==::::110 
6C===~~==~~ __ !===:J9 
7 8 

Schematic r---------,------------------------·------------, 

I 
I 
I 
I 
I 
I 
I 

I 

i I 

"5 VOUT 

: I v· L __________ ~ _________________________________________ ~ 

Copyright @ Harris Corporation 19S2 
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Specifications HS-3546RH 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

TA = +25DC Unless Otherwise Stated 
Voltage Between V+ and V- Terminals 
Differentjallnput Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duration (Note 3) 

40.0V 
±7V 

±15.QV 
Indefinite 

Power Dissipation (Note 4) 
Operating Temperature Range 
~torage Temperature Range 

880mW 
-550C~TA~+1250C 
-650C~TA~+150oC 

CAUTION: To prevent permanent damage to this device, care should be exercised to insure 
that the absolute maximum ratings for supply voltages, temperature and voltage 
or current at any pin is not exceeded during both static and dymanic operation. 

ELECTRICAL CHARACTERISTICS V+ = 15V, V- = -15V TA = -550C to +1250C 

© Ie MA$TER 1984 

PARAMETER 

INPUT CHARACTERISTICS 

* Offset Voltage 

I A.v. Offset Voltage Drift 

* B,ias Current 

* Offset Current 

Common Mode Range 

Input Noise Voltage (f = 1kHz) 

Input Resistance 

I TRANSFER CHARACTERISTICS 

* Large 'Signal Voltage Gain (Note 5) 

* Common Mode Rejection Ratio (Note 8) 

Small Signal Bandwidth 

OUTPUT CHARACTERISTICS 

* Output Voltage Swing (Rl = 10K) 
(Rl = 2K) 

Full Power B,andwidth (Note 5) 

Output Current (Note 6) 

Output Resistance 

TRANSIENT RESPONSE (Note 7) 

Rise Time 

Overshoot 

Slew Rate 

Settling Time (Note 9) 

Dnwt:c ellDDI v rUII.DlI.rTt:DICTlrc 
'''' ...... IIUUII ... \.Illn .. nVI L..1I1\11 I"'''' 

* Supply Current 

* Power Supply Rejection Ratio (Note 8) 

* 1 00010 tested 

TEMP 

+250C 

Full 

+250C 
Full 

+250C 
Full 

Full 

+250C 

Full 

Full 

+250C 

Full 
Full 

+250C 

Full 

+250C 

+250C 

+250C 

+250C 

+250C 

Full 

MIN TYP MAX 

I 0.3 2.5 
3.0 

2 

130 200 
325 

30 75 
125 

i12 

8 

500 

50K 150K 

86 

8 

±12 ±13 
±1O ±12 

60 

± 18 ±. 25 

200 

I 

50 150 

30 45 

±1 ±4 

4.2 

4.6 5.5 

86 

UNITS 

mV 

I 
I V!V 

dB 

MHz 

V 
V 

kHz 

rnA 

n 

ns 

% 

V /J.l.S 

J.l.s 

I 
rnA I 
dB I 

I 
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NOTES: 
1. Absolute maximum ratings are limiting values, applied 

individually, beyond which the serviceability of the circuit 
may be impaired. Functional operability under any of 
these conditions is not necessarily implied. 

2. For supply voltages less than ±15V, the absolute maximum 
input voltage is equal to the supply voltage. 

3. Anyone amplifier may be shorted to ground indefinitely. 

4. Derate 5.8mW/oC above T A = +250 C. 

5. VOUT = ±10V; RL = 2K ohms. 

Test Circuits 

LARGE SIGNAL 
RESPONSE 
, CIRCUIT 

(Volts: 5V /0 iv., 
Time: 5ps/Oiv.) 

I 

I I I 
i 
I I 

2K 

:: 

I 

I 
I 

ov 

II I 

\ 

tit 11I11 ~ IIDV 
VERT.5V/OIV. 
HORZ.5IJs/OIV 

6. Output current is measured with VOUT = !5 volts. 

7. For transient response test circuits and measurement 
conditions refer to Test Circuits section of the data sheet. 

8. ~ V = !5.0 volts. 

9. Settling time is measured to 0.1% of final value for a 10 
volt input step, AV = -1. 

SMALL SIGNAL 
RESPONSE 

CIRCUIT 
(Volts: 10mV/Div., 
Time: 50ns/Div.) 

IN 0-----1 

ov 

>-___ --+---+--0 OUT 

OU~PUT r\ 

-
I \";" -

-INPUT I 
I 

'11 
III 

J) 

HORIZONTAL: 50 NSEC/OIV. 
VERTICAL: lOmVlDlV 

, I 

SETTLING TIME CI RCUIT 

2KH 

4716 

...... _-....... nTO 
OSCILLOSCOPE 

• AV = -1, 

• FftdbKk MId summing 
_iston; should be 0.1%. 

• Clipping diodes ... option •. 
HP5082-2810 r_mended. 
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Performance Curves 

V+ = +15V, V- = -15V, TA = +250 C Unles~ Otherwise Stated. 

OFFSET VOLTAGE INPUT BIAS AND OFFSET OPEN LOOP FREQUENCY RESPONSE 
CURRENT VS. TEMPERATURE 

0 

I I I 
18 1.8 

<[ 

'" c 
<[, 160 
0;0-
0- 2 
",'" 

~ ~ 1. 0 

12 0 

~~ 
-+100 

- 30 0 

_-400 
-80 

""'-....... BIAS CURRENT 

~"- -.... r---- ...... 

......... 
............. OFFSET CURRENT I I I 

""-r-- ,J./ 

I 
I 

-~ I 
1-- I ...... ITYPICALI 

Ivosl HA .. 600 i 1 
.. 0 <40 +80 +120 

TEMPERATURE -·c 

SMALL SIGNAL BANDWIDTH AND PHASE 
MARGIN VS. LOAD CAPACITANCE 

60° 

50° 

10° 

00 
10 

I I I:', --~H~SE MARGIN I 
't I 1 

i 

\ I I 

BANDWIDTH \i'- i 

1\ ~ 

-'" 
! 

: 

100 

I i 

RL "2Kn 

I 
I I T T 

! T 1 
~ I,!, I 

.-........, I 

"" l' 
~ I 

I---
I ............ :---

I 

'" 1000 
LOAO CAPACITANCE - pF 

INPUT NOISE VS. FREQUENCY 

50 

45 

~40 
> 
c: 35 

~ 30 

~ 25 

~ 20 o 
~ 15 

~ 10 

5 

o 

~CURRENT NOISE 
I II 

" ").. !I" 
"'}.. -till 

-VO~TAGi~ 
I I I II 

" "' 10 100 
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8 

4 

20 

16 

2 

B 

2 

1 

0 

o. 9 

o. 8 

o. 1 

NORMALIZED AC PARAMETERS 
VS. SUPPLY VOLTAGE 

BANDWID~ t;/'~ 

/, VSLEWRATE 

/ 

!8 !12 :!:16 
SUPPl Y VOL TAGE - VOLTS 

!20 

MAXIMUM OUTPUT VOLTAGE SWING VS. LOAD 
RESISTANCE AND SUPPLY VOLTAGE 

111I1 
Io-t- Vs = ,15V ~ ,...,. 

V 

- Vs = qOV 
"......... 

/ 
I v-

v. 
b 

4[/ 
Vs = ! 5V 

l- I I I " I 
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------0 
lOll lK 10K 

LOAD RESISTANCE - OHM, 

II I 
III 

lOOK 
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1.3 
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0.1 
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Performance Curves (continued) 

NORMALIZED AC PARAMETERS 
VS. TEMPERATURE 

rri: ;..... SLEW RATE 
...... 
~ ~ 

IBANov!l~r--

-40 +40 +80 +120 

TPIIPERATURE _.C 
+160 

POWER SUPPLY CURRENT VS. TEMPERATURE 
AND SUPPLY VOLTAGE 

!8 

!6 

Vs·! 15V 

---
J.--P"" Ys.! tOY - N--.. .. 

VS·!5V._ r--, I 

:!:21 I I I I I I I I I I I I 
.1 I I I I I I I 1 1 1 I 1 

-80 -40 , 0 +40 +80 +120 +160 

TEMPERATURE - DC 

SETTLING TIME VS. OUTPUT 
AMPLITUDE (AV = -1) 

SETTLING TIME VS. OUTPUT AMPLITUDE 
AND SIGNAL GAIN (AV = -5 AND AV = -10) 

COMMON MODE REJECTION 
RATIO VS. FREQUENCY 
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....... r--. 

VOUT -IOV r--

~ -+-+..u 
VOUT-SY -r-. 

I--
VOUT-fY 
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1. POWER SUPPLY DECOUPlING: Although not absolutely 
necessary. it is recommended that all power supply lines 
be decoupled with .01 J.L F ceramic capacitors to ground. 
Decoupling capacitors should be located as near to the 
amplifier terminals as possible. 

2. In high frequency applications where large value feed
back resistors are use~. a small capacitor (3pF) may be 
needed in parallel with the feedback resistor to neutralize 
the pole introduced by input capacitance. 

Irradiation Circuit Burn-in Circuit 

+15V 

NOTES: 
TA =+1250C 
0= IN40020R EQUIVALENT 

Radiation Screening Procedure 
(1) Two (2) probed good samples per wafer will be selected from 

L·20% of the wafers in a run (All wafers in a "run" will have 
been proceSsed together through all high temperature processing 
steps and through metallization.) 

(2) The sample die shall be assembled and tested for functionality. 

(3) The sample devices shall be subjected to a Total Dose Radiation 
level of 1 x 105 Rad (Si) ±10% from a gamma cell 220 cobalt 60 
source or equivalent. The devices will be powered in the configur
ation illustrated with VSUPPL Y = ±15V. The dose rate shall be 
between 50 rads/sec and 200 rads/sec. 

(4) AVOL. VIO. AND ISlAS. with VSUPPLY = ±15V, will be 
measured and recorded for each device within one hour after 
irradiation. The lot will be accepted only if the sample, exclusive 
of no·n-radiation failures, meets the limits of AVOL > 50K, 
VIO ~ ±2.5mV and ISlAS ~ 1.0 IJA at room temperature. 

Radiation Effects 
(1) Total Dose 

Little or no effect will be observed at 1 x 104 Rad (Si). ISlAS, 
110 and AVOL starts to degrade between 1 k 104 and 1 x 105 
Rad (Si). 

(2) Dose Rate 
Devices are constructed in 01 and consequently are latchup free. 

" 
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Test Product Flow 

HARRIS SEMICONDUCTOR PRODUCT FLOW 
MIL-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN 

Internal Visual 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: A Fine 
B Gross 

Initial Electrical 

Burn-In Test 

Final Electrical 
100% go-no-go 

External Visual 

MIL-STD-SS3 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

2001 Condo E; Yl plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015,160 hrs. @ 1250C (or equiv
alent) (Burn-In circuits enclosed) 

Tested at Worst Case Operating 
Conditions 

2009 Sample Inspection 

Notes: Traceability. All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

Branding: All devices are branded with the part number and EIA date code. 

Aged Products: Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. 

Additional 
Requirements: Sample Group A electrica! tests are performed on a lot acceptance basis. 

Sales Offices 
UNITED STATES 

EASTERN REGION 

2600 Virginia Avenue 
Suite 800 
Washington, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747-6716 

Ordering Information 
HS 9 3546RH 

HARRlsJ, T 
DEVICE 
NUMBER 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

625 Ellis, Suite 300 
Mt. View, CA 94043 
(415) 964-6443 
TWX: 910-379-6431 

PACKAGE 
9 - Cerpack 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 724-7045 
TWX: 510-959-6259 

EUROPEAN 

Harris Systems Ltd. 
Semiconductor Programs Division 
P.O. Box 27 
145 Farnham Road 
Slough SL 1 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

m 
HARRIS 

CUSTOM INTEGRATED CIRCUITS DIVISION 

... 
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m HARRIS 
HS-4602RH 
Radiation Resistant 

High Performance 
Quad Operational Amplifier 

Preliminary 

Features Description 

• LOW OFFSET VOLTAGE 

• HIGH SLEW RATE 

• WIDE BANDWIDTH 

• LOW DRIFT 

• FAST SETTLING (0.01%, 10V STEP) 

• LOW POWER CONSUMPTION 

• SUPPLY RANGE 

0.3mV 

±4V/ps 

SMHz 

2jJ.V/OC 

4.2ps 

35mW/AMP 

±5VTO±20V 

The HS-4S02 RH is a radiation resistant, high performance 
dielectrically isolated mon"olithic quad operational amplifier with 
superior specifications not previously available in a quad ampli
fier. This amplifier offers excellent dynamic performance coupled 
with low values for offset voltage and drift, input noise voltage 
and power consumption. 

• RADIATION ENVIRONMENT 

A wide range of applications can be achieved by using the 
features made available by the HS-4602RH. With wide band
width (SMHz), low power (35mW/amp), and internal compensa
tion, these devices are ideally suited for precision active filter 
designs. For audio applications these amplifiers offer low noise 
(SnV/V'FiZ) and excellent full power band-width (SOKHz). The 
HS-4S02RH is particularly usefl,ll in designs requiring low offset 
voltage (0.3mV) and drift (2/iVI,0C), such as instrumentation and 
~:gr:a! cond:t:oning circuits. T~a high slavv rats (4V /jJ.s)· and fast 
settling time (4.2jJ.s to 0.01%, 10V step) makes this amplifier a 
useful component· in fast, accurate data ecquisition systems. 

NEUTRON FLUENCE (~) .5 x 1012 nlcm2 (E ~ 10KeV) 

GAMMA, RATE ( Y ) • 
GAMMA DOSE ( i' ) . 

• 1 x 109 RADS (Si}!s 

• . 1 x 106 RADS (Si) 

The HS-4S02RH has been specifically designed to meet exposure 
to radiation environments. It is available in a 14 pin dual-in-line 
package and is guaranteed operational from -550C to +125 0 C. 

Package Pinout 

~ 
~ 

TOP VIEW OUT 
1 

INPUTS 

Schematic 

1 

v+ 

INPUTS 
2 

OUT 
2 

r------------,----------------------------------------------~-----I 
: v+ I 
1 I 
1 R7 I 
1 I 

i : 
1 I 
I I 
: I 
1 

! 
I 
I 
I 
I 
I 
1 
1 
I 
I 
1 
I 
I 
1 
I 

: 
: 
I 
I 
I 
I 
I RPe 
I 
I 
I 
I 
I 
I 
I 
I 
I 1 L ____________ --1- ________________________________________________ y.=_ 

Copyright @ Harris Corporation 1982 
(ONE FOURTH ONLY HS-4602-RHI 
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Specifications HS-4602RH 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

TA = +250 CUnless Otherwise Stated 
Voltage Between V+ and V- Terminals 
Differential Input Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duration (Note 3) 

40.0V 
±7V 

±15.0V 
Indefinite 

Power Dissipation (Note 4) 
Operating Temperature Range 
Storage Temperature Range 

880mW 
-550C~TA~+1250C 
-650C~TA~+150oC 

CAUTION: To prevent permanent damage to this device, care should be exercised to insure 
that the absolute maximum ratings for supply voltages, temperature and voltage 
or current at any pin is not exceeded during both static ,and dymanic operation. 

ELECTRICAL CHARACTERISTICS V+ = 15V, V- = -15V TA = -550C to +12SoC 

PARAMETER TEMP MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

* Offset Voltage +250C 0.3 2.5 mV 
Full 3.0 mV 

Av. Offset Voltage Drift Full 2 IJ-V JOC 

* Bias Current +250C 130 200 nA 
Full 325 nA 

* Offset Current +250C 30 75 nA 
Full 125 nA 

Common Mode Range Full ±12 V 

Input Noise Voltage (f = 1kHz) +250C 8 nVljHZ 

Input Resistance 500 kn 
TRANSFER CHARACTERISTICS 

* large Signal Voltage Gain (Note 5) Full 50K 150K V/V 

:I: Common Mode Rejection Ratio (Note 9) Full 86 dB 

Channel Separation (Note 6) +250C -108 dB 

Small Signal Bandwidth +250C 8 MHz 

OUTPUT CHARACTERISTICS 

* Output Voltage Swing (Rl = 10K) Full ±12 ±13 V 
(Rl = 2K) Ful! ±1O ill V 

Full Power Bandwidth (Note 5) +250C 60 kHz 

Output Current (Note 7) Full ilO i15 rnA 

Output Resistance +250C 200 n 
TRANSIENT RESPONSE (Note 8) 

Rise Time +250C 50 150 ns 

Overshoot +250C 30 45 % 

Slew Rate +250C ±1 ±4 V/JJ.s 

Settling Time (Note 10) 4.2 IlS 

POWER SUPPLY CHARACTERISTICS 

* Supply Current +25 0C 4.6 5.5 rnA 

* Power Supply Rejection Ratio (Note 9) Full 86 dB 

* 1 00% tested 

'r"" 

... 
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NOTES: 
1. ' Absolute maximum ratings are limiting values, applied 

individually, beyond which the serviceability of the circuit 
may be impaired. Functional operability under any of 
these conditions is not necessarily implied. 

2. For supply voltages less than ±lSV, the absolute maximum 
input voltage is equal to the supply voltage. 

3. Anyone amplifier may be shorted ~o ground indefinitely. 

4. Derate 5.8mW/oC above T A = +250 C. 

S. VDUT=±10V; RL=2Kohms. 

6. Channel separation value is referred to the input of the 

Test Circuits 

LARGE SIGNAL 
RESPONSE 
CIRCUIT 

(Volts: 5V/Div., 
Time: Sps/Div.) 

I 

I' " 

/ 
1/ 

I :i: I 

VERT.5VIOIV. 
HORZ. 5 j./sIOIV. 

OV 

i I ,\ 

'\ ! 

\Ito. 
OV 

m 
amplifier. Input test conditions are: f = 10kHz; VIN = 
200mV pe~k-to-peak; RS = 1 K ohms. (Refer to Channel 
Separation vs. Frequency Curve for test circuits.) 

7. Output current is measured with Vo UT = ±S volts. 

8. For transient response test circuits and measurement 
conditions refer to Test Circuits section of the data sheet. 

9. ~ V = :tS.O volts. 

10: Settling time is measured to 0.1% of final value for a 10 
volt input step, AV = -1. 

SMALL SIGNAL 
RESPONSE 
CIRCUIT 

(Volts: 10mV/Div., 
Time: 50ns/Div.) 

I\. _ 

\..V .... 
~I 

~INPUT I .I 

11 
III 

HORIZONTAL: 50 NSECIOIV 
VERTICAL: lOmVIOIV 

SETTLING TIME CIRCUIT 

rtr 
l. ."" 

;~n ... 
-""" 

+15V 

2N4416 -
-~&-._-_-n TO 
~ "V OSCILLOSCoPE 

2Kn~ 

'YVV 
2KH 

-:=-

I:VOUT 

::CPF 
• AV=-1. 

• Feedback and summil19 
resistors should be 0.1%. 

• Clippil19 diodes are optional. 
HP5082-2810 recommended. 
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V+ = +15V, V- = -15V, TA = +250C Unless Otherwise Stated. 

OFFSET VOLTAGE INPUT BIAS AND OFFSET 
CURRENT VS. TEMPERATURE 

... 
.. c 

lOG 

110 

~.:. 160 
... z 
"'~ 
~ ~ 1. 0 

0 12 

-·'00 

·300 

~ 

""-"" ~IAS C~RREN~ 
i'-. t"-..... 

.......... ----
........ i'-. OFFSET CURRENT 

r---I--. V 
~ ~--~ -~ " CTYPICALI 

Ivosl HA-4600 

2.0 

1.6 
> e' 

14 ~ 

1.2 ~ 

1.0 ~ 

0.8 ~ 

0.6 ~ 

o 
0.4 .a 

0.2 

_-4DO 

-80 -40 +40 +80 +120 +160 

TEMPERATURE _.C 

SMAll SIGNAL BANDWIDTH AND PHASE 
MARGIN VS. LOAD CAPACITANCE 

LOAO CAPACITANCE - pF 

INPUT NOISE VS. FREQUENCY 

SO~~~~~~~~~~~-r~~~~.-""nn 

45 

~ 20~~~~~~~~HH+W~-r~~~--~+4~~ 
is 

~ 15 ii' 
~ 10 - VOL fAGE NOISE :~::t:!~++==4=+::H:m++==+=+:.HM 

5 >---+--+-+' lllLlL -+--+-HiftH'f=:;==l==+=H=I+t+::==:==hH=+m 
01 I I Ill! II I I I LUU 0 

10 100 lK 10K lOOK 
FREOUENCY - Hz 
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Performance Curves 

OPEN lOOP FREQUENCY RESPONSE 

FREOUENCY -Hz 

OUTPUT VOLTAGE SWING 
VS. FREQUENCY AND SUPPLY VOLTAGE 

.. 
:r 

loo.~~ -+---i-T-t-I+ VS" :!: 1 SV . 

v = :!:IOV 

FREOUENCY - Hz 

CHANNEL SEPARATION VS. FREQUENCY 

-140 
11111111 I IIIIIILI 
11111111 II~ --120 
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i 1111111 
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IK 
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1, I 

'.1 
.11'-_ 
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I i 
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lDOVol 
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Performance Curves (continued) 

2 

1 

0 

9 

s 

7 

NORMALIZED AC PARAMETERS 
VS. SUPPLY VOLTAGE 

BANDWIDT~ ~~ 

i / /SLE~RA':E 

i 
/ 

i I 
I 

:t4 ±s :t12 ±16 
SUPPL Y VOL TAGE • VOL TS 

±20 

MAXiMUM OUTPUT VOLTAGE SWiNG VS. LOAD 
RESISTANCE AND SUPPLY VOLTAGE 

s 
II I I II I u 

I II .il L..--1--1- II I- VS' ,15V ~ 
4 

I I : :/ I 

0 
i I IA' i II 
'i 1" 

I 
I I 

XI I.,' : ! 
6 VS' 'lOV Y' 'i ~i I, 

i/ I • ; 1)1" I ! I] 
2 

, .Ii /f L 11" I 

I //., 
" i 8 

// ! Ii II I I 

J./' I ~ tIT I ; ty ti~ I 
----r- : i' i:[ i i I II 

! : 'I. ill : I II 0 
100 lK 10K lOOK 

LOAD RESISTANCE· OHMs 

NORMALIZED AC PARAMETERS 
VS. TEMPERATURE 

:: II I II I I II II I I 
i i 1.2 

11----

-

O,s 

0, 1 

06 
·SO 

I I 

r-Ft: 
~ 

I 

.40 

t--. SLEW RATE 

..-
~ 

~AND~I~r--

+40 +SO +120 

TE'IIPERATURE. DC 

POWER SUPPLY CURRENT VS. TEMPERATURE 
AND SUPPLY VOLTAGE 

I 

·40 .+40 +80 +120 
TEMI'ERATURE. DC 

I 
+IS0 

+160 

SETTLING TIME VS. OUTPUT 
AMPLITUDE (AV =-1) 

SETTLING TIME VS. OUTPUT AMPLITUDE 
AND SIGNAL GAIN (AV = -5 AND AV = -10) 

COMMON MODE REJECTION 

RATIO VS. FREQUENCY 

o 
to.l 

~' 

i YOUTaSY I 
f.- 11111 
I 

VOUT"2Vj 

I [JJII 
[ [JJII 

! 1.0 

I I 

- r-I-

OUTPUT ERROR VOL TAGf mV 
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Applying The HS-4602RH Quad Operational Amplifier 

1. POWER SUPPL Y OECOUPLlNG: Although not absolutely 
necessary, it is recommended that all power supply lines 
be decoupled with .01 J.l. F ceramic capacitors to ground. 
Decoupling capacitors should be located as near to the 
amplifier terminals as possible. 

2. UNUSED OP AMPS: Unused op amp sections should be 
connected in a non-inverting follower configuration with 

Applications 

the (+) input tied to ground in order to insure optimum 
performance of devices being used. 

3. In high frequency applications where large value feed
back resistors are used, a small capacitor (3pF) may be 
needed in parallel with the feedback resistor to neutralize 
the pole introduced by input capacitance. 

2ND ORDER STATE VARIABLE FILTER (1kHz, Q = 10) 

948K r-------------l 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

NOTES: 1. MAKE R1C1 ; R2C2 

2. Ie - 2n~lC1 
3 Q; %(1 +~) 

I -=- (OPTIONAL) : L ____________ ...J 

The state variable filter is relatively insensrtive to component 
changes (changes can be adjusted out with potentiometers) 
and also has low sensitivity to amplifier bandwidths. (Amplifier 
gain bandwidth product should be» Q x fcL 

This filter finds wide application because multiple filtering 
functions are available simultaneously (H igh pass, Lo pass, 
Band pass, Band reject). In this circuit the various RC products 
are matched with pot adjustments allowing for non-interactive 
adjustment of Q and fC. This allows capacitors (Cl, C2) with 

loose tolerances to be used. To tune for fe, apply a sine wave 
at fC to the input, adjust R 1 for equal amplitudes at the Hi pass 
and Band pass terminals (they will be phased 900 apart) then 
adjust R2 for equal amplitudes at the Band pass and Lo pass 
terminals. 

The state variable filter is often used as building blocks in 
multiple pole Butterworth of Chebyshev filters. Many references 
contain normalized tables indicating settings for Q and fC of 
each pole- pair section. 

SALLEN AND KEY 2ND ORDER LO PASS FILTER 

4726 

The advantage of using, the Sallen and Key filter is simplicity, 
but in any application this must be weighed against the state
variable type filter for accuracy, practicality, and cost. Amp
lifier bandwidth limitations are much more apparent at moderate 
frequencies and Q values with this filter design. (For accuracy, 
amplifier gain-bandwidth product should be »fC x Q2). The 
wide bandwidth of the HS-4602RH is particularly advan
tageous in this design even at audio frequencies. 

OUT 

NOTES; 

1. Make R1 = R2 

1 
2. fe = 21TR1JC1C2 

3 Q=% fC2 . JC1 

In this filter all component values affect both Q and fC. Pre
cision, temperature stable resistors and capacitors must be used. 

For economy, this filter could be used in the low Q stages 
of mUltiple-pole filter design, while the state variable type is 
used in the more critical stages. 

@) Ie MASTER 1984 



Applications (continued) 

INSTRUMENTATION AMPLIFIER 

r- --------, 
I I 
I ~--rl --~ 
I 
I 
I 
I I 

L _ J.O!T.!.?~~) __ J 

Instrumentation amplifiers (differential amplifiers) are specif
. ically designed to extract and amplify small differential signals 

from much larger common mode voltages. 

To serve as building blocks in instrumentation amplifiers, op 
amps must have very low offset voltage drift, high gain and wide 
bandwidth. The HS-4S02RH is ideally suited for this appli-

cation, delivering superior input and speed characteristics. 

The optional circuitry makes use of the fourth amplifier section 
as a shield driver which enhances the AC common mode re
jection by nullifying the effects of capacitance-to-ground 
mismatch between input conductors. 

Irradiation Circuit Burn-in Circuit 
+15V 

lMn lMn 

+15V 

NOTES: 

(1/4 OF HS- 4602RH DEPICTED) 

TA = +1250C 
01,02 = IN4002 

Radiation Screening Procedure 
(1) Two (2) probed good samples per wafer will be selected from 

L 20% of the wafers in a run (All wafers in a "run" will have 
been processed together through all high temperature processing 
steps and through metallization.) . 

(2) The sampie die shaii be assembied and tested for funetionaiity. 

(3) The sample devices shall be subjected to a Total Dose Radiation 
level of 1 x 105 Rad (Si) ±10% from a gamma cell 220 cobalt 60 
source or equivalent. The devices will be powered in the configur
ation illustrated with VSUPPL Y = ±15V. The dose rate shall be 
between 50 radslsec and 200 rads/sec. 

(4) AVOL. VIO, AND IBIAS, with VSUPPLY = ±15V, will be 
measured and recorded for each device within one hour after 
irradiation. The lot will be accepted only if the sample, exclusive 
of non-radiation failures, meets the limits of AVOL > 50K, 
VIO ~ ±2.5mV and IBIAS ~ 1.0 J.1.A at room temperature. 

@ Ie MASTER 1984 

Radiation Effects 
(1) Total Dose 

Little or no effect will be observed at 1 x 104 Rad (Si). IBIAS, 
110 and AVOL starts to degrade between 1 k 104 and 1 x 105 
Rad (Si). 

(2) Dose Rate 
Devices are constructed in 01 and consequently are latchup free. 
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Test Product Flow 
HARRIS SEMICONDUCTOR PRODUCT FLOW 

MIL-STD-883, METHOD 5004 CLASS B 

1000tb SCREENING PROCEDURE 

SCREEN 

I nternal Visual 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: A Fine 
B Gross 

Initial Electrical 

Burn-In Test 

Final Electrical 
100% go-no-go 

External Visual 

r~1 L-STD-883 METHOD/COND. 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

2001 Condo E; Y 1 plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015, 160 hrs. @ 1250C (or equiv
alent) (Burn-In circuits enclosed) 

Tested at Worst Case Operating 
Conditions 

2009 Sample Inspection 

Notes: Traceability: All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

Branding; All devices are branded with the part number and EIA date code. 

Aged Products: Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. 

Additional 
Requirements: Sample Group A electrical tests are performed on a lot acceptance basis. 

Sales Olliees 
UNITED STATES 

EASTERN REGION 

2600 Virginia Avenue 
Suite 800 
Washington, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747-6776 
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Ordering Information 
HS 1 4602RH 

HARRlsJ, T 
DEVICE 

NUMBER 

WESTERN REGION 

1503 South Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
(714) 957-6557 
TWX: 910-595-1533 

625 Ellis, Suite 300 
Mt. View, CA 94043 
(415) 964-6443 
TWX: 910-379-6431 

PACKAGE 
1 - Cerdip 

MIDWEST REGION 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854-3224 
TWX: 910-576-3418 

, HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 724-7045 
TWX: 510-959-6259 
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Preliminary 

Features 

• ANALOG/DIGITAL OVERVOLTAGE PROTECTION 
• FAil SAFE WITH POWER LOSS (NO LATCH UP) 
• BREAK-BEFORE-MAKE SWITCHING 

'. DTLITTl AND CMOS COMPATIBLE 
• ANALOG SIGNAL RANGE 
• AtCESS TIME (TYPJ 
• SUPPLY CURRENT AT lMHz 

ADO RESS TOGG LE (TYP.) 
• STANDBY POWER (TYP.) 
• RAD!ATION ENVI RONMENT 

±15V 
500ns 

4mA 
7.5mW 

NEUTRON FlUE~CE(<P) 1 x 109 n/cm2 (E ~ lOKeV) 
GAMMA RATE ( Y ) • • 1 x 108 RADs(Si)/s 
GAMMA DOSE ( y ) . 1 x 105 RADs(Si) 

Pinout 

TOPVIEW 

AO Al 

EN A2 

-Vsup GNO 

INl +Vsup 

IN2 INS 

IN3 IN6 

IN4 IN1 

OUT INS 

Package 

~: : : : : : : : I TO' VI~ 
~--l 
r .~~~ I 

1----.790 -----II .200 

~===============i --: 

.014 

.023 
.030 
Fa 

.100 
BSC 

Copyright ® Harris Corporation 1982 
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HS-50SARH 
Radiation' Resistant 

'8 Channel CMOS Analog Multiplexer 
With Overvoltage Protection 

Description 

The HS-50BARH is a dielectrically isolated, radiation re
sistant, CMOS analog multiplexer incorporating an important 
feature; it withstands analog input voltages much greater 
than the supplies. This is essential in any system where 
the analog inputs originate outside the equipment. They' 
can withstand a continuous input up to to volts greater 
than either supply, which eliminates the po.ssibilitY of damage 
when supplies are off, but input signals are present. Equally 
important, it can withstan-d brief input transient spikes of 
several hundred volts; which otherwise would require com
plax axterna! protection netwo rks. Necessarily, 0 N resistance 
is somewhat higher than similar unprotectei:t devices, but 
very low leakage current combine to produce low errors. 
Reference Application Notes 520 and 521, available from 
the Analog Products Division of Harris, for further infor-

-mation on the SOBA multiplexer in general. 

The HS-50SARH has been specifically designed to meet 
exposure to radiation environments. Operation from -559C 
to + 1250C is guaranteed. 

Functional Diagram 

j------, 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I I i: 
Ili'~ l ; I: I cB 
~"' ~j •• I 

f_~: __ ~:=~==:t::::I~L-..:· __ /~-I-:-O; 'V' : 
'- ____ J. L ____ J L ___ ' ___ J 

Aooaus ''''UT IUHf. Of COD US 
""0 lhEL SM,FTU 

.UlTlPlU 
SMTCMlS 

OUT 

CAUTION: These devices are sensitive to electrostatic discharge. 
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Specifications HS-50BARH 

ABSOLUTE MAXIMUM RAtiNGS 

4730 

Voltage between Supply Pins 

V+ to Ground 

VEN. VA. Digital Input Overvoltage: 

V A I VSujlply(+) +4V 
VSupply (-) -4V 

Analog Input Overvoltage: 

40V 

20V 

Total Power Dissipation· 

Operating Temperature 

Storage Temperature 

725 mW 

-55°C to + 125°C 

Vs I VSupply (+) +20V 
VSupply 1-) -20V ·Oerate BmW/oC above tA = 75°C 

ELECTRICAL CHARACTERISTICS (Unless Otherwise Specified) 
Supplies =. + ISV. -15V; V AH (Logic level High) = +4.0V; VAL (logic level low) = +0.8V 
For Test Con dltlons. consult Performance CharacteflSlICS section. 

-55°C /0 + 12SOC 

PARAMETER TEMP MIN TYP MAX. UNITS Truth Table 
ANALOG CHANNEL CHARACTERISTICS 

VS. Analog Signal Range Full -IS + 15 V 

RON. On Resistance INote 1) t2S0C 1.2 1.5 K ~! 
Full 1.5 L8 K !! 

IStOFF). Ofllnpu/leakage Current +2SoC 0.03 nA 
"ON" Full !SO nA A2 At AO EN CHANNel 

IO(oFF). Off Output Leakage Current +2-S°C 1.0 nA 
Full !250 nA X X X l NONE 

l l l H 1 
10(0 FF) With Input Overvoltage Applied INote 2) +250C 4.0 nA l l H H 2 

Full 2.0 IiA l H l H 3 
"'OWN)' On Chdnnel Leakage Current +-2SoC 0.1 nA l H -H H 4 

Full ~2S0 nA 
H l l H 5 

DIGITAL INPUT CHARACTERISTICS H l H H 6 

VAL. 'npur Low Threshold I Full H H l H 7 
INote 6) 

I 
0.8 

I 
V 

V AH. Input High Threshold Full 4.0 
I V H H H H 8 

"I A. Input Leakage Currenl i High or Low) Fu!! LO IiA 

SWITCHING CHARACTERISTICS 

IA. Access Time .. 2SoC 0.5 1.0 lis 
10PEN. Break - Before Make Delay t2S0C . 80 ns 

IONIENI' Enable Delay (ON) +250C 300 ns 

tOFF (EN). Enable Delay (OFF) +25 0 C 300 ns 

Settling rf'Yle !D. 1°0) .. 25°C I 1.2 liS 
(Q 02S%) ~2SoC 3.5 liS 

"OFF Isolation" INote 3) +250 C 

I 
65 dB 

Cs IOFF). Channel Input Capacitance t250 C S pF 

Co IQFF). Cnanne! Outpul Capacilance 
+2SoC 25 pF 

CA. Digital Input Capacitance +2SoC 5 pF 

COS (OFF). Input 10 Outout Capatllance +2SoC 0.1 pF 

POWER REQUIREMENTS 

PO. Power DISSipation Full 7.S mW 
"I +-. Current (Note 4) Full 0.5 2.0 mA 
"1-. Current (Nore 4) Full 0.02 1.0 mA 
"'+. Slandbv !Note 5) Full 0.5 2.0 mA 

"I·. Standby (Note 5i Full 0.02 1.0 mA 

NOTES: 1. VOUT: ~ 10V. lOUT: -100jJ.A 4. VEN: +4.0V 

2. Analog Overvoltage : ~ 33V 5. VEN = O.8V 

3. VEN '= o.av. R l : lK. C L ~ JpF. 

Vs '" 3V AMS. f : 500KHz 

6. To <Hille trom DTL/TTL CirCUIts. 1 Kn pull·uP 

resistors to +S.OV supply are recommended 

100% Tested for Dash 8 at "'2So C and ""2SoC Only. 

@ Ie MASTER 1984 



Performance Characteristics and Test Circuits 

UNLESS OTHERWISE SPECIFIED: TA = 250 C, VSUPPL Y = +15V, VAH·= +4V, VAL = O.8V 

14 

1.3 

::: 12 
:.:: 

II 

c: g 10 

~ 0.9 

o O.S 

TEST CIRCUIT 
NO.1 

ON RESISTANCE 
vs. ANALOG INPUT VOLTAGE 

T 
TA=+1250 C 

I 

T A = ~250C 

T A = -5SoC 

-10 -S -6 -4 -2 

V!fl - Analog Inout (VoltS! 

LEAKAGE CURRENTvs. TEMPERATURE. 

I~OnA 

I 
./ 

IOnA 

Off OUTPUT )" r- LEAKAGE CURRENT, V 10 {OFfI 

-' , 
./ ON LEAKAGE ./~ 

./ CURRENT //. 

InA V IOlONy' V 
f ~ 

./ , / 'OFF INPUT 

/" V LEAKAGE CURRENT 
IS ,OFFI 

100pA 

I 
,/ 

500 ~o 1000 
Temperature -°C . 

---
............ 

-

10 

V2 --.~ ON RESISTANCE vs. 
------. INPUT SIGNAL LEVEL, SUPPLY VOLTAGE 

3 I.S 
cs 
~ 1.4 

;; 1.3 .. 
::J 
;;; 1.2 
> 

~ II 

.§ 1.0 

~ 0.9 

O.s 

OUT 

NORMALIZED ON RESISTANCE 
VS. SUPPLY VOLTAGE 

I 1 
+ 12SoC ~T A ~ -~50C -1 
VIN=~5V . 

.....",.. 
"'- I I 
~ 1 

I J 

"- ........... .......... 

!5 !6 !7 !S !9 !10 ~11 !12 !13 !14 !IS 

Supplv Voltage - Volts 

TEST CIRCUIT OFF LEAKAGE CURRENT vs. TEMPERATURE 
NO.2 

TEST CI RCUIT 
NO.3 

ON LEAKAGE CURRENT vs. TEMPERATURE 

IN 

OUT 

.IOY -
-~ 

ANALOG INPUT OVERVOLTAGE CHARACTERISTICS 

!21 !24 t21 !30 !JJ !J6 
VIN - Analot Input OveNol!. {Voltsl 

TEST CIRCUIT 
NO.4 

II 
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Performance Characteristics and Test Circuits (continued) 

ON CHANNEL CURRENT vs. VOLTAGE TEST CIRCUIT 
t14 -550C NO.5 

« 
E 

1 t 12I----+---+--+--+--+---::;;,IF-~~+-:;-;25;n;:1C 

~ +10~~--+-~--~~~~T-~r-~ 
~ - +12SOC 
8 ~I----+----+--+--~~~~+---r-~ 
~ ~I----+---+--~~~---+---+---~~ 
i 
<I)!4~~-~~.q...--~---+--+---t----1 

~ t8 t10 t12 
V,N - Voltage Across Switch 

SUPPLY CURRENT vs. TOGGLE FREQUENCY 
8 

TEST CI RCUIT 
NO.6 

~. 6 
:; 
u 

i4~----~----~----~--~br--~ 
Q. 
~ <I) 
~I 21------~--~~----t_~~~~--~ 

Al 

AO 

50n EN 

HI-50SA 

ON CHANNEL CURRENT 
vs. VOLTAGE 

SUPPLY CURRENT vs. 
TOGGLE FREQUENCY 

IN2 o--~ _--. 

THRU'--........ o--_ 

OUT L---~l--___ ----. 

0E:;;~'~K====~leOK;=;;';OO~K~~~lMh-~-d'0M I
VAH=4V 

VA VAL = O.8V 

50"0 DUTY CYCLE 

Toggle Frequency. Hz 

TEST CIRCUIT 
ACCESS TIME vs. LOGIC LEVEL (HIGH) . NO.7 

nn" "uu 

.: 800 

E 700 .:: 
... 600 u 

< 
I 500 
~ 

400 

\ , 
"" ......... - -

5 6 8 9 10 11 12 13 14 15 

V AH -logic level (High/. Volts 

Switching Waveforms 

v = 40 ADDRESS 
AH DRIVE IVAI 

WAH ~ un'::l'::.8V 

~ --~ 
+~ OUTPUT A 

: ~-IOV 
I I 

--J tA 1_ 

4732 

A2 

Al 

AO 

EN 

+VAH 

ACCESS TIME vs. 
LOGIC LEVEL (HIGH) 

IN I 

IN2THRUIN7 

IN 8 

OUT 

!oIOV 

+lOV- PROBE ----...., 
IOMn I 

I 
I 
I 
I 

- I 
L- - - ---' 

ACCESS TIME 

I 
VA INPUT 

2V/OIV 

7 

\ 
OUTPUT A 

5V/OIV J 
I I 

'~ j 
200nSlO,v 
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VAH = 4.0 

0.8V" VAL I 
. OUTPUT 

.~~ . :Jlr'. V. au·'. 

--.I t+-
tOPEN 

ENABLE DRIVE 

VAH = 4.0 

Y2V~_ - - - t,,---
I i VAL = 0.8V 

III 90"tt : \ OUTPUT 

(I I ~ 
I I 

---+t tONtEN) t- .1 tOFF I 
I 1-+1 lEN) 1-

OvEAVOl rAGE 
PROTECT ION 

Switching Waveforms (continued) 

TEST CIRCUIT BREAK BEFORE MAKE DELAY (tOPEN) 
NO.8 

BREAK BEFORE MAKE DELAY (tOPEN) 

TEST CIRCUIT 
NO.9 

ENABLE DELAY (tON(EN), tOFF{EN)) 

;r~ 11 1"'\-tWV 
A] 

IN 2 

THRU 

IN 8 

OUT 
GNO 

11( 

"7 

Schematic Diagrams 

TTL REFERENC~ CIRCUIT ,..------- ---, 
I v+ I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 

I I L.. __ G,!!O ______ ....J 

LEvEL SHIFTER 

I .. 

VA INPUT 
2violv 

" 
!f 

OUTPUT \ I~ 

1\ I 5VI0IV , I 
V ~ ~ 
- . 

lOOns/O,v 

ENABLE DELAY (tON(EN), tOFF(EN)) 

ADDRESS INPUT BUFFER 
AND LEVEL SHIFTER 

I 

GNO I 

II 

L ___________________________________ .J 
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Schematic Diagrams (continued) 

ADDRESS DECODER 

·V 

V-

TO '·CHANNEL 
DEVICE OF 
THE SWITCH PAIR 

TO .·CHANNEL 
DEVICE OF 
THE SWITCH PAIR 

Radiati~n Screening Procedure 

(1) Two (2) probed good samples per wafer will be selected from 
?20% of the wafers in a run. (All wafers in a "run" will have 
been processed together through all high temperature process
ing steps and through metallization.) 

(2) The sample die shall be assembled and tested for functionality. 

(3) The sample devices shall be subjected to a Total Dose Radia
tion level of 1 x 105 Rad (Si) ±10% from a Gamma Cell 220 
Cobalt 60 source or equivalent. The devices will be powered 
in the configuration illustrated with VSUPPL Y = ±15V. The 
dose rate shall be between 50 rads/sec and 200 rads/sec. 

(4)On Current Leakage ID(ON) with VSUPPLY = ±15Vwill be 
measured and recorded for each device within one hour after 
irradiation. The lot will be accepted only if the sample meets 
the limit of IO(ON) S. 1JJA when tested at 25°C. 

Sales Offices 
UNITED STATES 

MULTIPLEX SWITCH 

DE~~g~ ~>---------.---------...----, 

I lK 

I 
I 
I 
j v-
I ~-r--------~~ 

I L _______________ ~ 

DE~~~~ >?---------__ ~-----.-J 

Radiation Effects 
(1) TOTAL DOSE: 

Very'little degradation of any of the parameters will be seen 
up to " = 1 x 105 Rad (Si). 

(2) DOSE RATE: 
The HS508A RH is manufactured in 01, consequently, it is 
latch up free. 

Irradiation Bias Circuit 
·15V 

t 

NC 

EUROPEAN 

16 

15 

14 

13 

;2 
11 

10 

9 

+15V 

EASTERN REGION WESTERN REGION 

1503 South Coast Drive 
Suite 320 

MIDWEST REGION 

Harris Systems Ltd. 
Semiconductor Programs Divisior 
P.O. Box 27 

2600 Virginia Avenue 
Suite 800 
Washington, DC 20037 
(202) 342-3900 
TWX: 710-822-9301 

Five Old Concord Road 
Burlington, MA 01803 
(617) 273-1020 
TWX: 710-332-1074 

106 Seventh Street 
Garden City, NY 11530 
(516) 747-6776 

Costa Mesa, CA 92626 
(714) 957-6557 
TVVX: 910-595-1533 

625 Ellis, Suite 300 
Mt. View, CA 94043 
(415) 964-6443 
TWX: 910-379-6431 

2850 Metro Dr., Suite 703 
Minneapolis, MN 55420 
(612) 854-3224 
TVVX: 910-576-3418 

HOME OFFICE 

P.O. Box 883 
Melbourne, FL 32901 
(305) 724-7045 
TWX: 510-959-6259 

145 Farnham Road 
Slough SLl 4XD 
United Kingdom 
Tel: 34666 
TWX: 848174 

CUSTOM INTEGRATED CIRCUITS DIVISION 

II 
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m HARRIS 

Preliminary 

Features 
• HIGH ANALOG INPUT IMPEDANCE 

DURING POWER LOSS (OPEN) 
• LOW POWER CONSUMPTION 

(STANDBY) 

500MH 

600pW 

• ACCESS TIME 500n$ 
• EXCELLENT IN HI-REL REDUNDANT SYSTEMS 
• BREAK-BEFORE-MAKE SWITCHING 
• NO LATCH-UP 
• RADIATION ENVIRONMENT 

NEUTRON FLUENCE (q, ). 1 x 109 n/cm2(E L 10KeV) 
GAMMA RATE ( Y ) . 1 x 108 RAOs (Sills 
GAMMA DOSE ( Y ) • • ••• 2 x 105 RAOs(Si) 

Package 
~2~8 ~27 ~26a...;25:l.J2;:t-4 ~23~22:l.J2;:t-l -e20U:19J..J1~8 ~1J ""'"16~15~ TOP VIEW 

-I 2 3 • 5 6 1 8 9 10 11 12 13 14 

Pinout 

+VSUPPLY 
NC 
NC 3 

IN 16 4 
IN 15 5 
IN 14 6 
IN 13 

IN 12 

TOP VIEW 

28 OUT 
27 -VSUPPl Y 
26 IN 8 
25 IN 7 
24 IN 6 
23 IN 5 
22 IN 4 
21 IN 3 

!N n 9 20 !N 2 

IN10l0U191Nl 
IN 9 11 18 'EN"A8IT 
GNO 12 17 ADDRESS AO 

(+5VSUPPLyl VREF 13 16 ADDRESS Al 
ADDRESS A3 14 15 ADDRESS A2 

CAUTION: These devices are sensitive to electronic discharge. 

Copyright ® Harris Corporation 1982 
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HS-1840RH 
Radiation Resistant 

16 Channel CMOS Analog 
Multiplexer with High-Z Analog 

Input Protection 

Description 

The HS-1840RH is a radiation resistant, monolithic 16 channel 
multiplexer constructed with the Harris linear Dielectric Iso
lation CMOS process. It is designed to provide a high input 
impedance to the analog source if device power fails (open) 
or the analog signal voltage inadvertently exceeds the supply 
rails during powe~ed operation. Excellent for use in redundant 
applications, since the secondary device can be operated in a 
standby unpowered mode affording no additional P0riSi drain. 
But more significantly, a very high impedance exists between the 
active and inactive devices preventing any interaction. One of 
sixteen channel selection is controlled by a 4-bit binary address 
plus an Enable-Inhibit input which conveniently controls. the 
ON/OFF operation of several multiplexers in a system. All digital 
inputs have electrostatic discharge protection. 

The HS-1840RH has been specifically designed to meet exposure 
to radiation environments. It is available in a 28 pin dual-in-line 
package and is' guaranteed operational from -550 C to +1250 C. 

Functional Diagram 

OIGITAL 
ADDRESS 

AO 

~3 

.----+--< IN 1 

OUT 

~~~~~,~cf"" 
ADDRESS INPUT BUffER 

AND LEVEl SHIFTER 
DECODERS 

L ______ J 

¥Ul TIPlEX 
SWITCHES 
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Specifications HS·1840RH 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage Between Pins 1 and 27 
VREF to Ground 
VEN, VA, Digital Input Overvoltage: 

VREF +4V 
Ground -4V 

Analog Input Overvoltage: 

Vs VSupply (+) +20V 
VSupply (-) -20V 

ELECTRICAL CHARACTERISTICS 

Unless Otherwise Specified: 

+40V 
+20V 

Total Power Dissipation* 
Operating Temperature 

Storage Temperature 

*Derate BmW/oC above TA = +250C . 

1200mW 
-550C to + 1250C 

-650C to +150oC 

Supplies = +15V, -15V: VREF(Pin 13) = +5V; VAH(logic level High) = 4.0V; VAl(logic level low) = +O.BV 
For Test Conditions, consult Performance Characteristics section. 

-550 C to + 1250 C 

PARAMETER TEMP. MIN. TYP. 

ANALOG CHANNel CHARACTERISTICS 

°VS. Analog Signal R.nge Full -5 

°RON, On Resistance (Note 11 VIN = +15V Full 0.5 

VIN" -5V Full 2.5 

o'SIO F Fl. Off Input leakage Current +2SOC 0.03 

Full 

°IS(OFFI, with Power Off (Note 8) Full 

°IO(uFf), Off Output lukage Curnlnt +250 C 1.0 

Full 

° 10lOFFI, or ISIOFFI with Input Overvaltage 

Applted (Note 2) +250C 50 

Full 

O'OION), On Channel Lukage Curnlnt +250 C 1.0 

Full 

OIGITAllNPUT CHARACTERISTICS 

VAL, Input low Threshold 

I TTl Drive Full 

VAH, Input High Threshold (Note 71 Full 4.0 

VAL 

I 
+250C I MOS Drive (Note 3) 

VAH +250C 6.0 

°IA. Input leakage Current (High or low) I Full 

SWITCHING CHARACTERISTICS 

tA. Accm Time +2SOC 

I 

SOD 
IOPEIli. Break-Belore-Make Delay +250C 20 80 
ION(EN), Enable Oel.y (ON) +250C 300 

tOFF(E~I, En.ble Oel.y !OFF) +250C 300 

Settling Time W. 1%) '250 C 1.2 
(0.025%1 '250 C 4.1 

"Off lsol.tion" (Nole 4) +250 C 65 

CslOFFl, Channel Input Capacitance +250C 5 

COlO HI. Channel Output Capacitance '250 C 50 

CA, Digital Input Capaclt.nce t250C 5 

COS(OFF), Input ot Output Capacllance +250 C 0.15 

POWER REQUIREMENTS 

PO, Power DiSSipation (Nole 51 +250 C 0.6 
(Note 6) '250 C 0.6 

·1+, Currenl PIR 1 (Nole 5) Full 0.02 

·1-, Currenl Pin 21 (Nole 5) full 0.02 

·1+, Slandby (Nole 6) Full 0.02 

·1-. Standby (Nole 6) Full 0.02 

NOTES: 

1. lOUT = 1mA 
2. Analog Overvoltage = ~OV 

3. VREF - +lOV 
4. VEN = 4.0V, RL = 1K, CL '" 7pF, Vs = 3VRMS, f = 500kHz 
5. VEN = O.8V 

4736 

MAX. UNITS 

+15 V 

1.0 KH 
5.0 Kn 

nA 

1100 nA 

:!:100 nA Truth Table 
nA 

11000 nA 

nA "ON" 
11000 nA A3 A2 Al AO EN CHANNEl 

nA 

±1000 nA 
x x x X H NONE 
l l l L L 1 
l L L H l 2 
l L H l l 3 

0.8 V l l H H l 4 . 

V l H l l l 5 
0.8 V l H l H l 6 

V l H H l l 7 

1.0 I1A 
I H H H l 8 
H l l l l 9 
H l l H l 10 
H l H L l 11 

1000 ns H l H H l 12 
ns H H l L l 13 

1000 AS 

1000 ns 

115 I 
H 

I 
H 

I 
L 

I 
H 

I 
L 

I 
14 

H H H l l 15 
H H H H l 16 

115 

dB 

pF 

pF 

pF 

pf 

15.0 mW 

15.0 mW 

0.5 mA 

0.5 mA 

0.5 mA 

0.5 mA 

6. VEN '" 4.0V 
7. To drive from DTUTTL circuits 1 K pull-up resistors to 

+5,OV supply are recommended 
8. All supplies (V+, V-, +5V) and digital inputs (AO' A1, A2, A3, 

EN) opened. Analog input :lOV. 
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Performance Characteristics and Test Circuits 

Unless Otherwise Specified: TA::;: 250 C, VSUPPlY::;: ±15V, VAH:': +4V, VAL::;: O.8V and VREF::;: 5V. 

ON RESISTANCE VS. ANALOG INPUT VOLTAGE 

'I 
ON RESISTANCE vs 

I I ! I I I I I I I I I 
INPUT SIGNAL LEVEL 

I lmA 
TA = +12SOC +--

~ 2 ~ 
:..: " RON: :2. I 

~ ~ 4 V2 ~ ., 
lmA c 

., '" f"'... t'...... r----o a: ""'"'- IN ,.., c: 1 
0 

TA=+~~ 
........ r-- - - OUT 

............. --.... - ~ ~ ~ --- VIN , 

0 -
-8 -4 0 +4 +8 +12 +16 

Analog Input Voltage -'Volts 

LEAKAGE CURRENT VS. TEMPERATURE OFF LEAKAGE CURRENT 

lO~A' I I r 1 vs TEMPERATURE 

~OF" I ~ 

" I ~"T""'''' • .J ,- ~ OUT A 

~ UUlrUI L.L""nu~ .,,, 1 f I; v 0 9 I "" 1 . CURRENT ~ 
10nA I- lolOFFI 

./ 
V ./ 

~ 
./ ./ 

V / ON LEAKAGE CURRENT (.,) 

11nA VI TEMPERATURE 

, III 
~ 

....oI!fI""OFF INPUT 
....,. 

OUT 

--0 --7/ . lEAKAGEe"RRENT 
..., 

100pA 
' IS(OFFI --0

0 

.I 
L '.". 9 IL 
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Schematic Diagrams 

ADDRESS AND ENABLE INPUT BUFFER AND LEVER SHIFTER 
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Radiation Screening Procedure Radiation Effects 

(1) TOTAL DOSE: (1) Two (2) probed good die per wafer will be selected from 
~20% of the wafers in a run. (AU wafers in a "run" will have been 
processed together through all high temperature processing steps 
and through metallization.) 

Very little degradation of any of the parameters will be seen up 
to Y =2 x 105 Rad (Si). 

(2) DOSE RATE: 
(2) The sample die shall be assembled and tested for functionality. The HS-1840RH is manufactured in 01, consequently, it is latch up 

free. 
(3) The sample devices shall be subjected to a Total Dose Radiation 

level of 2 x 105 Rad (Si) ± 10% from a Gamma Cell 220 Cobalt 60 
source or equivalent. The devices will be powered in the configura

tion illustrated with VSUPPLY = ±15V. The dose rate shall be 
between 50 rads/sec and 200 rads/sec. 

(4) On Current Leakage 10(ON) with VSUPPLY = ±15V will be 
measured and recorded for each device within one hour after 
irradiation. The lot will be accepted only if the sample meets the 

limit of 10(ON~1 p.A when tested at 250 C. 

Product Test Flow 
HARRiS SEMICONDUCTOR PRODUCT FLOW 

MIL-STD-883, METHOD 5004 CLASS B 

100% SCREENING PROCEDURE 

SCREEN 

Internal Visual 

Stabilization Bake 

Temperature Cycling 

Constant Acceleration 

Seal: A Fine 
B Gross 

Initial Electrical 

Burn-tn Test 

Final Electrical 
100% go-no-go 

External Visual 

MIL-STD-883 METHOD/CONDo' 

2010 Condo B. 

1008 Condo C (24 hrs. minimum) 

1010 Condo C 

2001 Condo E; Y1 plane 

1014 Condo A or B 
1014 Condo C2 

Harris Specifications 

1015,160 hrs. 1250C (or equiv-
alent) 

Tested at Worst Case Operating 
Conditions 

2009 Sample Inspection 

Note: 

@) Ie MASTER 1984 

Traceability: All devices are assigned date code identification that provides traceability 
back to the inspection lot. 

Branding: All devices are branded with the part number and EIA date code. 

Aged Products: Product that has been held for more than 24 months will be reinspected 
prior to shipment to group A inspection requirements. 

Additional 
Requirements: Sample Group A electrical tests are performed on a lot acceptance basis. 
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II HARRIS 

Features 

• 3 M~~NCM~T~~O~GY 

• 600,1200, AND 2500 GATE ARRAYS 

• 3"1 TYPICAL GATE DELAY 

• 50 MHz TOGGLE FREQUENCY 

• 74LS-SSI,MSI LIBRARY IMPLEMENTED 

.• ADVANCED CAD TELEDESIGNTM 
SO-=TWARE SUPPORT 

• COMPATIBLE WITHDIAL-A-CHIPSM 
DESIGN AUTOMATION SYSTEM 

• INDIVIDUALLY Pi:tOGRAMMABLE I/O BUFFERS 

• BI-DIRECTIONAL AND THREE STATE I/O 

• TTL AND CMOS COMPATIBILITY 

• COMMERCIAL TEMPERATURE RANGE 

• MILITARY TEMPERATURE RANGE 

• MULTIPLE PACKAGE OPTIONS 

Description 

HGA~C00600 
HGA-C01200 
HGA-C02500 

CMOS Gate Array 

CMOS Gate Array Family 

PART TRAN- GATE DIE I/O ROWS/ 

NO. SISTOR EQUIV. SIZE PINS CELLS 
(MILS) 

HGA-C00600 2592 648 198 X 165 54 6 X 36 

HGA-C01200 5184 1296 257 X 198 78 12 X 36 

HGA-C02500 10,080 2520 272 X 287 100 14 X 60 

* One gate equivalent is equal to one 2-input nand. 

TWO-INPUT NAND 
1 GATE EQUIVALENT 

+v +v 

BASIC CELL 

~~ 
T TTTTT 

Harris Custom Integrated Circuits Division offers a complete family of custom and semicustom logic. The 
HGA-C00600, HGA-C01200 and HGA-C02S00 are three CMOS gate arrays manufactured using the HARRIS 
state-of-the-art SAJI IV process. This local oxidation process offers 3 m channel lengths and 2 minimum 
features. Typical propagation gate delay is 3ns with 50MHz toggle frequencies possible. Personalization is 
accomplished by patterning two levels of interconnection on three mask layers: polysilicon, contacts and metal. 

The entire process is fully supported by advanced CAD Teledesign TM* software. With the HAR R IS Dial-A
Chip SM" design automation system a customer chooses the amount of his participation in the design and 
development of his circuit. Using the HAR R IS Teledesign TM timeshare system, logic description, simulation, 
and artwork editing can all be performed by the customer in his own office via a digital data communications 
link or if he so chooses, he may use the Customer Design Center in Melbourne. 

The HARRIS system minimizes the amount of design and logic coding by offering a library of 74LS equivalent 
SSI and MSI function designs. There is no need to implement large MSI functions with prilllative gates. Each 
fun.ction has a complete data sheet specifying propagation delays and A. C. parameters. A final software program 
verifies that the original logic description matches the finished artwork. 

Each input-output buffer can be individually specified to be input, output, three-state, or bi-directional. CMOS 
or TTL compatiblity can also be specified. The large number of I/O buffers keeps the input/output to gate ratio 

high insuring that the design is not pin limited. 

Transition from gate arrays to standard cell circuits is very simple. The same logic description files are used as 
input to the Dial-A-ChipSM software. Both utilize the same SSI, MSI 74LS library. 

*Trademark of Harris Corporation 
**Servicemark of Harris Corporation 
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m HARRIS HGA-B01500 
HGA-B02500 

Advance ASTL Gate Array 

Features 

• 3MICRON TECHNOLOGY 

• 1500, AND 2500 GATE ARRAYS 

• 1.0n5 TYPICAL GATE DELAY 

• 150MHzTOGGLEFREQUENCY 

• 74LS-SSI, MSI LIBRARY 

• ADVANCED CAD TELEDESIGNTM 
SOFTWARE SUPPORT 

• COMPATIBLE WITH DIAL-A-CHIPSM 
DESIGN AUTOMATION SYSTEM 

• INDIVIDUALLY PROGRAMMABLE I/O BUFFERS 

• BI-DIRECTIONAL AND THREE STATE I/O 

• TTL COMPATIBILITY 

• COMMERCiAL TEMPERATURE RANGE 

• MILITARY TEMPERATURE RANGE 

• MULTIPLE PACKAGE OPTIONS 

• 265MICROWATTS PER GATE TYPICAL 

Description 

Vss 

1 

2 

--.Mr--

Notes 1. Ohmic contact for Common Base con!;lections. 
2. Collecto. Resistor Option for high Fan-OlOt. 

Refer to appropriate HBAXXX Data Sheets. 

Harris Custom Jntegrated Circuits Division offers a complete family of custom and semi-custom logic. The HGA-
801500 andHGA-802500 are ASTL gate arrays manufactured using the HARRIS state of the art advanced 
schottky transistor logic process" The process offers 10pm metal pitch and 3J.lm minimum features. Typical propa
gation gate delay is 1.0ns with 150MHz toggle frequencies possible. Personalization is accomplished by patterning 
two levels of aluminum interconnection on four mask layers. 

The entire process is fully supported by advanced CAD TeledesignTM* software. With the HARRIS Dial-A
ChipSM** design automation system a customer chooses the amount of his participation in the design and deve{op
ment of his circuit. Using the HARRIS Teledesign TM software, logic description, simulation, and artwork editing 
can a/l be performed by the customer in his own office via a digital data communications link or if he so chooses, 
he may use the Customer Design Center in Melbourne. . 

The HARRIS system minimizes the amount of design and logic coding by offering a library of 74LS equivalent 
SSI and MSI function designs. There is no need to design large MS! functions with primitive gates. Each function 
has a complete data sheet specifying propagation delays and A.C. parameters. A final software program verifies 
that the original logic description matches the finished artwork. 

Each input-output buffer can be individually specified to be input, output, three-state, or bi-directional. The 
large number of I/O buffers keeps the gate to input/output ratio low insuring that the design is not pin limited. 

Transition from gate arrays to a standard cell design is very simple. The same logic description files are used as 
input to the TeledesignTM software. Both utilize the same SSI, MSI 74LS library, functions. 

*Trademark of Harris Corporation 
**Servicemark of Harris Corporation 

Copyright © Harris Corporation 1983 

@ Ie MASTER 1984 4741 

s-
o ....... 
(.) 
:::l 
"0 
c: 
o 
(,) 

E 
Q) 

en 
t/) 
.~ 

s-
tU 
J: 



:10-

0 
+-' 
0 
::J 
"'0 
c 
0 
0 

E 
Q) 

en 
CJ) .;: 
:Io-

m 
J: 

4742 

m .. \&J 

Semicustom Capabilities 

HCA SSI/MSI LIBRARY 
For use with HARRIS CMOS Gate Array 

and Standard Cell Family 

HCAOQOXB 
HCAOOOIB 
HCAOO2XB 
HCAOO21B 
HCAOO4xa 
HCAOO7XB 
HCAOO8XB 
HCA010XB 
HCAOllXB 
HCA020XB 
HCA021XB 
HCA027XB 
HCA029XB 
HCA030XB 
HCA032XB 
HCA051XB 
HCA073XB 
HCA074RB 
HCA074SB 
HCA074XB 
HCAN74RB 
HCAH74SB 
HCAN74XB 

HCA075XB 
HCA083SB 
HCA085XB 
HCA086XB 
HCA138XB 
HCA139XB 
HCA152XB 
HCA157XB 
HCA161XB 

HCA163XB 

HCA164XB 
HCA165XB 
HCA173XB 
HCA175XB 
HCA180XB 
HCA192XB 
HCA193XB 
HCA194XB 
HCA225XB 
HCA240XB 
HCA244XB 
HCA257XB 
HCA273XB 
HCA283XB 
HCA352XB 
HCA377XB 
HCA393XB 
HCA645XB 
HCA1000B 

DUAL 2 INPUT NAND 
DUAL 2 INPUT NAND WITH INVERTER 
DUAL 2 INPUT NOR 
DUAL 2 INPUT NOR WITH INVERTER 
TRIPLE INVERTER . 
HIGH FANOUT BUFFER (5 pF DRIVE) 
2 INPUT AND 
3 INPUT NAND 
3 INPUT AND 
4 INPUT NAND 
4 INPUT AND 
3 INPUT NOR 
6 INPUT NAND 
8 INPUT NAND 
2 INPUT OR 
4 INPUT AND-OR-INVERT GATE 
JK FLIP FLOP WITH RESET 
o FLIP FLOP WITH RESET 
o FLIP FLOP WITH SET , 
o FLIP FLOP WITH SET AND RESET 
o FLIP FLOP WITH RESET-NEGATIVE EDGE TRIGGERED 
o FLIP FLOP WITH SET-NEGATIVE EDGE TRIGGERED 
o FLIP FLOP WITH SET AND RESET-NEGATIVE EDGE 
TRIGGERED 
QUAD 0 TYPE LATCH WITH INDIVIDUAL RESETS 
BCD FULL ADDER 
4-BIT MAGNITUDE COMPARATOR 
2 INPUT EXCLUSIVE OR 
3 TO 8 LINE DECODER 
2 TO 4 LINE DECODER 
8 TO 1 DATA SELECTOR 
QUAD 2 TO 1 DATA SELECTOR 
4-BIT SYNCHRONOUS BINARY COUNTER WITH ASYNCHRONOUS 
RESET 
4-BIT SYNCHRONOUS BINARY COUNTER WITH SYNCHRONOUS 
RESET . 
8-BIT PARALLEL OUTPUT SHIFT REGISTER 
8-BIT PARALLEL LOAD SHIFT REGISTER 
4-BIT 0 REGISTER WITH THREE STATE OUTPUTS 
QUAD 0 FLIP FLOP WITH RESET 
9-BIT PARITY GENERATOR 
4-BIT SYNCHRONOUS UP DOWN DECADE COUNTER 
4-BIT SYNCHRONOUS UP DOWN t!INARY COUNTER 
4-BIT SYNCHRONOUS LOAD BI-DIRECTIONAL SHIFT REGISTER 
EXPANDABLE 4 WORD BY 1 BIT FIFO 
OCTAL INVERTING THREE STATE BUFFER 
OCTAL NON-INVERTING THREE STATE BUFFER 
QUAD 2 TO 1 LINE DATA SELECTOR 
OCTAL 0 FLIP FLOP WITH COMMON CLOCK 
4-BIT BINARY FULL ADDER WITH FAST CARRY 
DUAL 4 TO 1 LINE DATA SELECTOR 
OCTAL 0 FLIP FLOP WITH ENABLE 
4-BIT BINARY RIPPLE COUNTER 
OCTAL BUS TRANSCEIVER 
15:1 RATIO PULL UP RESISTOR WITH ENABLE 
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II 
Semicustom Capabilities 

HCA SSI/MSI LIBRARY 
For use with HARRIS CMOS Gate Array 

and Standard Cell Family 

HCA900XB 
HCA901XB 
HCA910XB 
HCA911XB 
HCA950XB 
HCA951XB 
HCA952XB 
HCA960XB 
HCA970XB 
HCA971XB 
HCA980XB 
HCA981XB 

HCAVSSXB 
HCAVIA 

HCC900XB 
HCC901XB 
HCC905XB 
HCC906XB 
HCC908XB 
HCC910XB 
HCC911XB 
HCC915XB 
HCC950XB 
HCC951XB 
HCC952XB 
HCC955XB 
HCC960XB 
HCC965XB 
HCC970XB 
HCC971XB 
HCC975XB 
HCC976XB 
HCC980XB 
HCC981XB 

GATE ARRAY I/O BUFFERS 

CMOS INPUT BUFFER 
CMOS INPUT BUFFER WITH 18K PULL UP RESISTOR 
TTL INPUT BUFFER 
TTL INPUT BUFFER WITH 18K PULL UP RESISTOR 
3.2 MA OUTPUT BUFFER 
3.2 MA OUTPUT BUFFER-OPEN DRAIN P-CHANNEL 
3.2 MA OUTPUT BUFFER-OPEN DRAIN N-CHANNEL 
3.2 MA OUTPUT BUFFER-THREE STATE , 
3.2 MA BI-DIRECTIONAL BUFFER-CMOS INPUT 
3.2 MA BI-DIRECTIONAL BUFFER-CMOS INPUT WITH 18K PULL UP 
3.2 MA BI-DIRECTIONAL BUFFER-TTL INPUT 
3.2 MA BI-DIRECTIONAL BUFFER-TTL INPUT WITH 18K PULL UP 
RESISTOR 
PLACEABLE VSS 1/0 PAD 
VIA CELL 

STANDARD CELL I/O BUFFERS 

CMOS INPUT BUFFER 
CMOS INPUT BUFFER WITH 18K PULL UP 
CMOS INPUT BUFFER-INVERTING 
CMOS INPUT BUFFER-INVERTING WITH PULL UP 
SCHMITT TRIGGER INPUT BUFFER 
TTL INPUT BUFFER 
TTL INPUT BUFFER WITH 18K PULL UP 
TTL INPUT BUFFER WITH 18K PULL UP INVERTING 
3.2 MA OUTPUT BUFFER 
3.2 MA OUTPUT BUFFER WITH OPEN DRAIN P-CHANNEL 
3.2 MA OUTPUT BUFFER WITH OPEN DRAIN N-CHANNEL 
8.0 MA OUTPUT BUFFER 
3.2 MA OUTPUT BUFFER THREE STATE 
8.0MA OUTPUT BUFFER THREE STATE 
3.2 MA BI-DIRECTIONAL WITH CMOS INPUT 
3.2 MA BI-DIRECTIONAL CMOS INPUT AND 18K PULL UP 
8.0 MA BI-DIRECTIONAL WITH CMOS INPUT 
8.0 MA BI-DIRECTIONAL CMOS INPUT AND 18K PULL UP 
3.2 MA BI-DIRECTIONAL TTL INPUT 
3.2 MA BI-DIRECTIONAL TLL INPUT AND 18K PULL UP 

HCC985XB 8.0 MA B!-DIRECT!ONAL TTL INPUT 
HCC986XB 8.0 MA BI-DIRECTIONAL TTL INPUT AND 18K PULL UP 
HCC990XB UNBUFFERED INPUT WITH STATIC PROTECTION 
HCCVDDYB VDD SUPPLY PAD 
HCCVSSYB vss SUPPLY PAD 
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m HARRIS 
HSC-CXXXXX 

Standard· Cell 

Features 

• 3 MICRON CMOS TECHNOLOGY • / 
INDIVIDUALLY PROGRAMMABLE I/O BUFFERS 

• VARIABLE DIE SIZE • COMPATIBLE WITH DIAL-A-CHIPSM** DESIGN 

AUTOMATION SYSTEM 

• 3ns TYPICAL GATE DELAY 

• BI-DIRECTIONAL AND THREE STATE I/O 

• 50MHzTOGGLEFREQUENCY 

• TTL AND CMOS COMPATIBILITY 

• 74LS":SSI, MSI LIBRARY IMPLEMENTED 

• COMMERCIAL TEMPERATURE RANGE 

• ADVANCED CAD TElEDESIGNTM* 

SOFTWARE SUPPORT • MILITARY TEMPERATURE RANGE 

• VARIABLE DIE SIZE • MUL TIPLE PACKAGE OPTIONS 

Description 

Harris Custom Integrated Circuits Division offers a complete famity of custom and semicustom products. The 

HARRIS Standard Cell product is a very cost effective alternative to gate arrays or full custom. The standard 

cell circuit is manufactured using the HAR R IS state-of-the-art SAJI I V local oxidation process. The process 

offers 3 f.1 m channel lengths with typical gate delays of 3m and toggle frequencies of 50MHz. Each input-out
put buffer can be individually programmed as input, output, three-state or bi-directional. CMOS and TTL com

patibility can be specified. The same SSI MSI 74LS functions used to design the gate array are used for the 

standard cell circuits. 

The logic description and simulator functions are identical for both standard cell circuits and gate arrays. How

ever, the standard ceil circuit dimem:ons can change dynamically for each individual circuit. Where the gate array 

is a fixed number of gates and fixed chip size, the standard cell uses only enough silicon to fully implement the 

desired logic function. Typically a standard cell chip is 30% smaller than a fully utilized gate array offering a 
cost savings benefit to those customers with medium to high volumes. 

The standard cell chip does require a complete set of masks rather than the three required by the gate array. The 
standard cell circuit is fully supported by the HARRIS TeledesignTM software and the HARRIS Dial-A-ChipSM 

timeshare service. This allows the customer to perform as'much of the design and development as he desires 

from his own office with a data terminal. 

* Trademark of Harris Corporation 

* * Servicemark of Harris Corporation 
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YOU DON'T IEED TO 
GO BACK TO JUST 

TO BUY 1Cs. 
If you're more interested 
in ~tting an IC solution than 
an IC eaucation, Holt may 
have what you're looking for. 

We figure that you have 
enough 'problems designing 
and testing your own pnxl
nets. That you have better 
things to do than trying to 
cope with the latest Ie soft
ware models, or thumbing 
through reams of computer 
printout. 

Use Holt, and tend to 
your own business. Let us 
be your IC experts for design 
and production. 

@ IC MASTER 1984 

Just give us a schematic 
or your functional specs. We'll 
take it from there. 

As we proceed from chip 
definition to final integration, 
we'll be maintaining a dialog 
with you, at whatever tech
nicallevel you prefer. 

Eariy on, your engineers 
will receive a breadboard of 
the proposed chip, built with 
standard logic and propri
etary silicon analog aids. The 
~esign review is condu?:ed 
m a language your engmeers 
will understand-hardware. 

To get all the details of 
our low-risk approach to the 
inte~tion of your circuit, 
call Mark Ellsberry. We prom
ise, he won't try to send 
you back to school. Holt Inc., 
8 Chrysler Avenue, Irvine, 
CA 92714. Telephone (714) 
859-8800. Telex 182704. 

HOLl; 
INTEGRATED CIRCUITS 

MAIONG CMOS WORK FOR YOU. 
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33 MONOCHIPS FROM 
A FERRANTI COMPANY TH-E LEADER IN SEMI-CUSTOM ICs 

Interdesign offers the most complete line of linear 
Monochips and digital gate arrays in the semiconductor 
industry. Regardless of your requirement. chances are 
that one of the 33 currently available Monochips can 

enable you to convert your existing discrete or SSIIMSI 
circuitry to a cost-effective. compact. custom I.e. The 
tables below list the Monochips you can choose from. 

LINEAR MONOCHIPS 
Designation Technology Size-Mils Components Voltage_ Pads Integration Fee 

MOA Bipolar 71 x 81 260 20Vmax 16max $3700 
MOB .. 81 x 81 300 20Vmax 24 max $3700 
MOC .. 51 x 56 110 20V max 14max $2800 
MOD .. SOx 80 194 36Vmax 16max $3700, 
MOE .. 70x 70 187 20Vmax 18 max $3100 
MOF .. 91 x 110 437 20Vmax 

y 

24 max $4500 
MOG .. 75x 78 310 20Vmax 18max $3400 
MOH .. 77x 88 382 20V max 18max $3400 
MOJ .. 61 x 65 170 20Vmax 18max $2800 
MOL .. 81 x 1.00 416 20Vmax 24 max $3900 
MOM .. 101 x 151 812 20Vmax 28 max $7000 
MON .. 123 x 157 1070 20Vmax 40 max $9000 
MOP .. 90 x 121 623 20V max 24 max $5000 
MOQ .. 73x 76 304 20V max 18max $3400 
MLA CMOS 136 x 185 1695 3 to 15V 42 max $8500 

DIGITAL MONOCHIPS 
Logic Gate Gate Integration 

Designation Technology Size-Mils Gates Voltage Pads Cells Delay Power Fee 

MUA Bipolar 13f x131 225- 450 25ns 2.OmW * f to -1.5V -40 'max $6500 
MUB 200ns 0:2mW 
MUC 10ns 2.5mW 
MSA 157 x 157 8ns I 1mW I 5V!:'ax $7000 
MSB 200 x 186 440 880 52 max "$10000 
MSC 191 x 205 990 1980 <5Jl~* * 13 t~~15V 

,64 max $15000 
MCA CMOS 112 x 124 112 140 13ns 32 max $5500 
MCB 136 x 136 162 200 38 max $5500 
MCC 136x 174 216 270 44 max $6500 
MCD 174x 174 224 440 .. 52 max $7000 
MCE 136x 174 160 340 

., 44 max $6500 
MCF 195 x 197 504 630 60 max $8000 
MCG 219x216 640 800 68 max $9000 
MPA Si-CMOS 135 x 156 408 510 3.5ns .14mW*** 7Vmax 60 max $7000 
MPB 166 x 207 800 1000 78 max $11000 
MPC 196 x 239- 1200 1500 ~5max $13000 
MPD 234 x 251 1600 2000 109 max $15000 
MPE 90 x 112 120 150 36 max $5500 

* 1 volt requires close work with Interdesign. • * Frequency dependent. gate power at low frequency. 
* * * Bipolar power at max frequency. CMOS at- max frequency; 

You Can Design Your Own I.C. 
Designing you own custom I.e. is a lot easier than you 

might think. In fact. more than 1400 engineers have 
already designed their own Monochip'. Each Monochip 
Design Kit or Manual contains all of the information you 
need to start and complete your design. ORDER TODAY! 

MOK Design Kit (Linear) ................ $ 59 
Metal Gate CMOS Design Manual ......... $ 25 
Silicon Gate CMOS Design Manual ........ $ 25 
Analog CMOS Design Kit ............... $ 59 
ULA Design-Kit ....................... $59 
CML Design Manual ................... $ 25 

Production - After your integration has been, com
pleted and you've approved prototypes. your produc
tion parts can be delivered. in large volt.Jmes. at unit 
prices starting at less than $1 depending on chip size. 
technology. circuit complexity. etc. 

Product Literature - Each type Qf· Monochip is 
described in detail in a separate. full-color brochure. This 
information is available from stock at no charge. WRITE 
OR CALL TODAY! 

Interdesign, Inc., 1500 Green Hills Road, Scotts Valley, CA 95066, Phone: (40e> 438·2900 
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NATIONAL 
'CIRCUITS 
DELIVERS 

.' EXPERIENCE YOU CAN DEPEND ON 
• CMOS Gate Arrays since 1914 
• 2 micron Si Gate technology 
• FUll in-bouse wafer tab, packaging & test 
• Mil. Std. 8838 capability 
• Fast turnaround 

• FASTACCESS mTHELA.aT ' 
CAtOS TECHNOLOGY 
• HighSpeecl>40MHz 
• High densilysingle & double /8yermetaiization 

for low cost PAL rep/acernem, Tn & CMOS 
integration to 40 MHz 

• Metal gate CMOS Arrays lip to 15 IbIts 
• Unique CMOS muitiplielS & bit slice pr-oees$OlS 

• POWERFUL SOFTWARE 'FOR FAST, 
ACCURATE INTEGRATIONS 
• Behatliora/sma/aoon over temperafute&tIo/tage 
• C01rijJUtenzed layout verihcat/oo 
• Automatic testprogcam development 
• MaGro inputs to MEO's ltutoroulerPlOfllBm 

• FLEXIBILITY TO ItEET YOUR NEEDS 

Send your schematic or call Allan Tregidga, Director 
of Marketing and Sales, at (408) 727-2280 

INTERNATIONAL 
MICROCIRCUITS 
INCORPORATED 
The Logical Choice for Gate Arrays 

TELEPHONE: 408 727 2280 • TWX: 9103382032 
3350 SCOTT BLVD • BUILDING 37· SANTA CLARA· CA 95051 
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If you u~e IC MASTER frequently, you can obtain your own copy by ordering 
now. Use the order cards contained in this publication, or order by 
telephone as described below. 

IC MASTER is a two-volume set of technical data carefully organized to 
direct the engineer to the integrated circuits and related products that are 
closest to his specific needs. It is the surest way to find the optimum 
device to answer an engineering design requirement. By ordering now, you 
won't have to borrow or search for IC MASTER the next time you need it. 

Typical Use of Ie MASTER 

Can an engineer find out who makes a 64K dynamic RAM with an access 
time of 120 nanoseconds or faster in less tha.n 30 seconds? 
He can if he turns to the Memory section of 'Ie MASTER and looks for the 
64K organization (words and bits per word) th"at he needs. 
Because each device is listed in order of access time, he can easily 
determine the devices that satisfy his speed requirements. 

In the United States only: 
You can order Ie MASTER simply by charging it to your VISA or Master 
Card credit card. To place your order, call now: (516) 222-2500. 
Ask for Extension,314. 

ORDER YOUR COpy 
liiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii NOWiiiiiiiiiiiiiii' iiiiiiiiiiiiiiiiiiiiiiiiiiiiii 



A3-micron CMOS custom circuit 
is better than what you've got now, 

and we can have working parts on your 
desk in just 14 weeks. We've already 
done it 5 million times this year. 

Even better, we'll do it with your 
tooling, our tooling or standard cells 
(hand drawn takes a little longer). 

You ought to talk to us about custom 
VLSI MOS before you cast Plan A 
in concrete. 

INTERNATIONAL MICROELECTRONIC PRODUCTS. 2830 North First Street, San Jose,CA 95134. (408) 262-9100 
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FEATURES 

• Complexity from 408 to 1500 
Equivalent 2-input Gates 

• Mature Silicon Gate CMOS Technology 
- Low development cost 
-3.3 to 9V nominal power supply range 

±10% 
-Full CMOS temperature range: ..., 55°C to 

+125°C 
- Resistance to latch-up 

and electrostatic discharge 

• Extensive Macro Cell library 
-Numerous combinational and sequential 

macros 
-Facilitates 7400 and 4OOO-based 

designs 
- TTL or CMOS compatible 1/0 
-Analog capability 

• Fully Integrated CAD Software Support 
- Highly efficient .uto-routing capability 
- Layout fully verified against input logic 
-Accurate post-layout simulation with 

calculated RC del.ys 
-Automatic test code conversion 

ThelGC10000 
Series 

CMOS Gate Arrays 

GENERAL DESCRIPTION 
An IGC10000 Gate Array is a matrix of identical cells, 
each containing 3 uncommitted N-P transistor pairs. 
Large numbers of identical arrays are prefabricated 
and stockpiled. A particular circuit is constructed from 
a prefabricated array by specifying the interconnec
tions among the transistors within and between cells 
on the final metal layer. Because all except the final 
metal layer are prefabricated, the cost advantages of 
mass production can be realized even for low-volume 
applications. In addition, prefabrication provides a sav
ing in both design and manufacturing time; in some 
cases customers can receive prototype chips in as few 
as 6 weeks after initiation of the project. 

In most cases IGC10000 gate arrays are processed 
with one mask step (a customized metal mask along 
with a standardized contact maSk). For some analog 
applications or where more routing flexibility is need
ed, users have the option of programming the contact 
mask in addition to the metal mask. 

THE IGC10000 FAMILY OF GATE ARRAYS 
Figure 1 shows a structural representation of an 
IGC10000 Gate Array. Each rectangle in the body of 
the matrix represents an array cell; the rectangles 

Figu .. 1. Gate Array Configuration 
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along each of the four sides of the chip represent I/O 
cells. Table 1 lists the members of the IGC10000 Gate 
Array family with their capacities and cell counts. 

Table 1. The IGC10000 Gate Array Family 

Part No. Equivalent Number of Bonding Pads 
2·lnput Gates Array Cells and I/O Cells 

IGC10408 408 272 34 

IGC10756 756 504 44 

IGC11500 1500 1000 62 

TECHNOLOGY 
IGC10000 gate arrays are fabricated using Intersil's 
high performance selectively oxidized 4-micron 
silicon gate CMOS process with single-layer metal in~ 
terconnect. Wafers are processed using state-of-the
art processing technology with these features: 

• Positive photoresist 
• 1-1 scanning projection lithography 
• Polysilicon, nitride and silicon dioxide plasma 

etching 
• Ion implantation for source/drain doping and 

threshold adjustment 
• Sputter metal deposition 
• Industry standard oxidation and diffusion 

techniques 
• Nitride and polysilicon Low Pressure 

Chemical Vapor Deposition (LPCVD) 

ARRAY CELLS 
An array ceil, shown in topographicai form in Figure 
2, consists of three compleme-ntary transistor pairs 
and five strips of polysilicon (called crossunder 
strips) for making horizontal interconnections among 
array cells. Power (Voo) and ground (Vss) buses run 
vertically as shown. Metal strips (not shown) on top 

·IID~DlL 

of the crossunder strips make the vertical intercon
nections within the array. The top and bottom 
polysilicon strips (called feed-throughs) are used for 
feeding horizontal connections through the array cell 
beneath the power and ground buses. 

Figure 3 shows the circuit diagram for the array cetl. 
Small hollow circles represent possible connection 
points; VSS and Voo metal strips are shown as dotted 
lines. 

Vss Voo 

2~~r-----------~~ 

3 ~~----------~~~ 

o . 
n-Channel p-Channel 

Figure 3. Schematic Oiagram of the Array Cell 

1 

==-jPolVlilicon 

Figure 2. Topography of the Array Cell 
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110 CELLS 
110 cells are used to interface the array with external 
circuitry. EachIJO cell consists of an array of tran
sistors of varying sizes, and allows construction of 
normal digital I/O interface circuits as well as analog 
circuitry of simple to moderate complexity. 

1/0 cells have these features: 

• Protection against electrostatic discharge (ESO) 

• logic level translation (CMOS-to-TTl and TTl-to
CMOS) 

• Bonding pad for connecting the cell to its cor
responding package pin 

• Ratioed transistors for analog implementation 

The output drive capability of a single output buffer is 
one TTL load. Applications that require additional 
drive capability can be handled by using multiple 110 
cells in parallel. (In a typical application, not all 
available 110 cells are needed for external connec
tions; unused cells will thus usually be available to 
provide added drive capability where needed.) 

MACROS 
A macro is a physical implementation of a functional 
block and is realized by interconnections among tran
sistors in one or more array cells. For example, the 
NOR function is constructed by connecting two 
p-channel transistors in series to VOD and two 
n-channel transistors in parallel to Vss, as shown in 
the topographical and schematic diagrams, Figures 4 
and 5. 

Designers implement their circuits by selecting and 
interconnecting the r:nacros in the Macro library, 
listed in Table 2. 

Vss 
y 

B __ ""*"---!'---

2 ...... · · 
· · · · · · · 

VOD 

....... 

AO-H-~------------~~ro 

3 · 4 •• : 

· · · 

Figure 5. Schematic Diagram for the 2-lnput NOR 

A~ 
B~Y 

A 

B 

Figure 4 •. Interconnect Pattern for the 2-/nput NOR 
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Table 2. IGC10000 MACRO Library 

IGC10000 Combina~ional Macros 

Type Description 

NOR/NAND 2-input NAND 
3-input NAND 
4-input NAND 
2-input NOR 
3-input NOR 
4-input NOR 

XOR/XNOR 2-input XOR 
2-input XNOR 

Adder One-bit full adder 

Buffers and Inverters 1X inverter 
2X inverter 
3X inverter 
4X inverter 

Multifunction 2-1 AND-OR invert 
2-2-2 AND-OR invert 
3-2 AND·OR invert 
2-1 OR-AND invert 

Multiplexer 2 to 1 multiplexer 

Schmitt Trigger Schmitt Trigger 

Transmission Gate Buffered transmissjon gate 
Unbuffered transmission gate 

Tristate· Control Tristate control 

IGC10000 Sequential Macros 

D Flip-Flops 

JK Flip-Flops 

T Flip-FI('\I""" 

D flip-flop with reset 
D flip-flop with set 
D flip-flop with set and reset 
Divide by 2 flip-flop w/jam load. and 

reset 
Divide by 2 flip-flop w/reset 
D flip-flop w/jam load and reset 
o flip-flop shift register with reset 

JK flip-flop with reset 
JK flip-flon \II: .... 

. _ .... , ... Iler w/jam load and reset 
Up/down counter with reset 
Up/down counter w/jam load and reset 

Set 

-
Yes 
Yes 

-
--
-

Reset 

Yes 
-

Yes 

Yes 
Yes 
Yes 
v 

tes 
Yes 
Yes 
Yes 
Yes 
Yes 

~ -

Jam Load 

--
-

Yes 
-

Yo'" 

Yes 

Yes 

Yes 

I 

\ 

\ 
\ , 
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110 CELLS 
I/O cells are used to interface the array with external 
circuitry. Each 110 cell consists of an array of tran
sistors of varying sizes, and allows construction of 
normal digital 110 interface circuits as well-as analog 
circuitry of simple to moderate complexity. 

I/O cells have these features: 

• Protection against electrostatic discharge (ESD) 

• Logic level translation (CMOS-to-TIL and TIL-to
CMOS) 

• Bonding pad for connecting the cell to its cor
responding package pin 

• Ratioed transistors for analog implementation 

The output drive capability of a single output buffer is 
one TIL load. Applications that require additional 
drive capability can be handled by using multiple 110 
cells in parallel. (In a typical application, not all 
available 110 cells are needed for external connec-
ticns; unused cells will thus usuaUy be available to 
provide added drive capability where needed.) 

MACROS 
A macro is a physical implementation of a functional 
block and is realized by interconnections among tran
sistors in one or more array cells. For example, the 
NOR function is constructed by connecting two 
p-channel transistors in series to VDD and two 
n-channel transistors in parallel to Vss, as shown in 
the topographical and schematic diagrams, Figures 4 
and 5. 

Designers implement their circuits by selecting and 
interconnecting the macros in the Macro Library, 
listed in Table 2. 

Vss Voo 
Y 2 

B_-++-~---

Ao-~~---------r-~ 

Figure 5. Schematic Diagram for the 2-lnput NOR 

A~ 
B~Y 

A 

B 

Figure 4. Interconnect Pattern for the 2·lnput NOR 
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Table 2. IGC10000 MACRO Library 

IGC10000 Combinational Macros 

Type Description 

NOR/NAND 2-input NAND 
3-input NAND 
4-input NAND 
2-input NOR 
3-input NOR 
4-input NOR 

XOR/XNOR 2-input XOR 
2-input XNOR 

Adder One-bit full adder 

Buffers and Inverters 1X inverter 
2X inverter 
3X inverter 
4X inverter 

Multifunction 2-1 AND-OR invert 
2-2-2 AND-OR invert 
3-2 AND-OR invert 
2-1 OR-AND invert 

Multiplexer 2 to 1 multiplexer 

Schmitt Trigger Schmitt Trigger 

Transmission Gate Buffered transmission gate 
Unbuffered transmission gate 

"iii Tristate Control Tristate control ... 
Q) ..... 
s:: IGC10000 Sequential Macros Set Reset Jam Load 

D Flip-Flops D flip-flop with reset - Yes -
o flip-flop with set Yes ~ -
D flip-flop with set and reset Yes Yes -
Divide by 2 flip-flop w/jam load and 

reset - Yes Yes 
Divide by 2 flip-flop w/reset - Yes -
D flip-flop w/jam load and reset - Yes Yes 
D flip-flop shift register with reset - Yes -

JK Flip-Flops JK flip-flop with reset - Yes -
JK flip-flop with set Yes - -

T Flip-Flops T flip-flop with reset - Yes -
Latches D latch - - -

D latch w/single input control - - -
D latch with reset - Yes -

, D latch w/reset and single input 
control - Yes -

D latch w/transmission gate on output - - -
Counters Down counter with reset - Yes -

Down counter w/jam load and reset - Yes Yes 
Up counter with reset - Yes -
Up counter w/jam load and reset - Yes Yes 
Up/down counter with reset' - Yes -
Up/down counter w/jam load and reset - Yes Yes 
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Table 2. IGC10000 MACRO Library (continued) 

IGC10000 Digital 110 Cell Macros 

Type Description 

Bidirectional Tristate output/unbuffered input 
Tristate output/inverting TTL input buffer 

Feedthrough 

Internal Buffer 

Input feedthrough 

Inverting internal buffer 
Internal tristate buffer 

Input Buffer Non·inverting TIL input buffer 
Non-inverting CMOS input buffer with pull-up options 

Output Buffer Open drain output buffer 

I 
Non-invertina TTL output buffer 
Inverting TIC output buffer 
Tristate output buffe.r 
Symmetricai drive output buffei 

IGC10000 Analog 110 Cell Macros 

The list below represents a sample of custom macros developed for specific analog applications. Con· 
'sult your Intersil Representative for suitability to your design. 

Analog Transmission Gate 
Auto Null Comparator 
Comparator 
Compensated Op Amp 
Crystal Oscillator 
Current Multiplier 
Current Reference
OpAmp 
Pow~r-on Reset 
RC Oscillator 
Schmitt Trigger 

COMPUTER AIDED DESIGN SOFTWARE 
TOOLS 
The IGC10000 family is supported by a proprietary 
computer aided design (CAD) system developed at 
the General Electric Microelectronics Center. The 
system provides CAD tools for logic simulation, ac
curate prediction of circuit speed performance, 
automated design of interconnect circuitry, electrical 
and design rule checking, post-layout simulation us
ing RC delays extracted from the layout, and 
automatic conversion of sirtluiation test pattern fiies 
into tester format. 

The CAD tools are integrated under a supervisory pro
gram called the CADEXEC (for CAD Executive) that 
runs on a Digital Equipment Corporation VAX com-

@ Ie MASTER 1984 

puter. Once the user has entered the circuit's intercon
nect information into the-computer, this information is 
converted into a common database accessed by all 
other parts of the software through the CADEXEC. 

Logic Simulation: Users have access to. the TEGAS 
logic simulator. For pre-layout logic (functional) 
verification, customers may perform TEGAS simula· 
tion using our Unit Delay Macro Library database; for 
design verification (pre-layout timing analysis), 
calculated delays based on fanout are used in con· 
junction with Best, Typical, and Worst Case libraries, 
whose parameters are described in Table 3. 
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Table 3. Best, Typical, and Worst Case Parameters 

Parameter Best Typical Worst 

Voltage (V) 5.5 5.0 4.5 

Temperature (0C) 0 27 70 

Process Best 'Typical Worst 

Routing: The SI LlCA layout system uses a proprietary 
automatic router developed at" the General Electric 
Microelectronics Center. The SILICA router has con
sistently performed with higher completion rate and 
lower CPU time than other commercially available 
routers; in addition, the router improves the overall 
performance of the circuit by selecting paths that 
produce the smallest delay. Like many routers, the 
SILICA router has a Critical Net feature that 
minimizes polysilicon and total net length by routing 
the critical net first. Unique to the SILICA router is 
the Super Critical Net feature, which prohibits the 
use of polysilicon gates in a specified net. 

Electrical and Design Rule Checking: SILICA DRC 
(Design Rule Checker) performs electrical and design 
rule checking in minutes instead of hours and ex· 
tracts geometric data from the layout for input into 
the RC delay extraction software. 

Manual editing: In rare instances manual layout 
editing may be done on one of our CALMA worksta
tions. CALMA output is fed into SILICA ORe for con
venient verification of electrical integrity. 

Post-layout simulation: A specialized circuit 
simulator has been developed at the General Electric 
Microelectronics Center to compute the delays of the 
RC-interconnect nets from the topology of the net
work after performing layout. The RC Delay extrac
tion software uses a full transient analysis for each 
net; delays are based on resistance as well as 
capacitance of the interconnection nets. The soft
ware calculates delays as a function both of load 
switching voltage and driver output impedance and 
handles loops, bidirectional drivers, and multiple 
drivers on the net. 

After the RC delay information is extracted, the 
CADEXEC system inserts the delays into the network 
database for post-layout TEGAS simulation and 
critical path analysis, thus providing an additional op
portunity for refining the layout prior to PG tape 
generation. 

Tester Tape Generation: Test program conversion 
software automatically translates the customer's 
final TEGAS simulation output file into a test vector 
pattern file t~ be used in testing the finished device. 

PACKAGING 
Five types of packages are available for the IGC10000 
gate arrays. Dual inline packages are available in 
plastic (Plastic DIP), ceramic (CerDIP) and multilayer 
ceramic (Side Brazed DIP); leadless chip carriers and 
pin grid arrays are provided in multilayer ceramic. 
Table 4 presents recnmmended package types for 
each pin count and array size. 

Table 4. Recommended Package Types 

Number , 
I I Side I Leadless I Pin I of Plastic Brazed Chip Grid 

Pins DIP CerDIP DIP Carrier Array 

8 408 408. 
14 408 408 408 
16 408 408 408 
18 408 408 408 
20 408 408 

408 408 408 
24 756 756 756 

1500 1500 1500 
408 408 408 

28 756 756 756 
1500 1500 1500 
408 408 408 

40 756 756 756 
1500 1500 1500 

44 756 
1500 

48 756 
1500 

52 1500 
68 1500 1500 
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DEVELOPMENT 
An overview of the gate array development process is 
shown in the flow chart of Figure 6. During Phase 1 
(Design Translation), most of the. responsibility lies 
with the customer; during Phase 3 (Fabrication), with 
Intersi!. In Phase 2 (Design Implementation), most of 
the activities are performed by Intersil, but require 

customer interaction and· approval. Figure 6 
delineates the responsibilities of the customer and of 
Intersi!. For more information, contact either your 
local Intersil representative, or Semicustom 
Marketing at the General Electric Microelectronics 
Center, Research Triangle Park, NC, telephone 
919-549-3607. 

PHASE 1 
DESIGN 
TRANSLATION 

r 
CUSTOMER 

CREATE SCHEMATIC DIAGRAM; 
DEFINE PRELIMINARY TEST VECTORS; 

VERIFY CORRECT FUNCTIONALITY 

CUSTOMERnNTERSIL 

TRANSLATE TO IGC10000 CMOS MACROS; 
ENCODE IN TEGAS; 

PERFORM PRE·LAYOUT SIMULATION 

INTERSIL 

PERFORM PRELIMINARY PLACEMENT ON ARRAY; 
RECOMMEND SCHEMATIC CHANGES 

WHERE REQUIRED 

CALCULATE INTERCONNECTION·RELATED DELAYS; a.--.,j 
PHASE 2 PERFORM POST·LAYOUT TEGAS SIMULATION 

DESIGN IMPLEMENTAnON 

CUSTOMER 

PROVIDE COMPLETE TEST V.ECTORS 

INTEASIL 

CREATE PATTERN GENERATOR TAPE 

INTERSIL 

PHASE 3 {FABRICATE MASKS AND WAFERS; PERFORM WAFER PROBE; 
FABRICAnON ASSEMBLE PACKAGES; TEST; SHIP PROTOTYPES 

Figure 6. Simplified Flowchart for Gate Array Development 
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OPERATING CHARACTERISTICS
1 

Absolute Maximum Ratings
2 

(Referenced to VsS> 

Parameter 

DC Supply Voltage 

Input Voltage 

DC Input Current 

Operating Ambient Temperature Range 

Storage Temperature Range (Ceramic) 

Storage Temperature Range (Plastic) 

Symbol 

Voo 

VI 

II 

TA 

TSTG 

TSTG 

Limits Units 

- 0.5 to + 10.0 V 

- 0.5 to Voo + 0.5 V 

±10 mA 

- 55 to + 125 °C 

-65 to + 150 °C 

- 40 to + 125 °C 

NOTE 1: Stress ratings only. Functional operation of the device at these or any conditions beyond those indicated as Recom
mended Operating Conditions is not implied. 

NOTE 2: Stresses above those listed here may cause permanent damage to the device. ExposLire to absolute maximum rating 
conditions for extended periods may affect device reliability. 

Recommended Operating Conditions 

Parameter Symbol Limits 

DC Supply Voltage Voo 3.3 ± 0.3V to 9.0 ± 0.9V 

Typical Operating Frequency fCK 8.0 

Operating Ambi'ent Temperature Range 
1 

TA ..,.55 to + 125 

NOTE 1: IGC10000 gate array macros are currently characterized between a and 70°C. 

AC CHARACTERiSTiCS 

Specified for nominal processing = 5V,27°C. 
Calculated for a fanout of 1. 

Array Cell Macros 

2-input NAND 
2-input NOR 
4-input NAND 
4-input NOR 
1X inverter 
4X inverter 
2-1 AND-OR invert 
D flip-flop with reset 
Schmitt trigger 
Up counter with reset 

I/O Cell Macros 

Input feedthrough 
Non-inverting Input Buffer 
Non-inverting Output Buffer 

Parameter 

D to Output 
D to Output 
D to Output 
D to Output 
D to Output 
D to Output 
D to Output 
CK to Output 
Input to Output 
CK to Output 

Pad to Output 
Pad to Output 
D to Pad 

Typical Delay (ns) 

6 
6 
8 
18 
5 
4 
9 
9 
18 
11 

1 
9 

10 (15 pF) 
19 (50 pF) 

Units 

V 

MHz 

°C 
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DC CHARACTERISTICS 
voo = 5V ±10% 

Symbol Parameter 

100 
2 Quiescent Device 

Current 

VOL Low Level Output 
Voltage 

VOH High Level Output 
Voltage 

VIL Low Level Input 
Voltage 

VIH High Level Input 
Voltage 

VIL Low Level Input 
Voltage 

VIH High Level Input . 

I Voltage 

I 3 Output Low4 

I 
10L I 

I (Sink Current) 

I I 

10H 
3 Output High 

(Source Current) 

liN Input Leakage 
Current 

loz Tristate Output 
Leakage Current 

CIN Input Capacitance 

NOTES: 

Condition 

VI= Voo or 
VSS 

1101s1p.A 

1101s1p.A 

CMOS 
I/O Macro 

CMOS 
I/O Macro 

TIL 
I/O Macro 

TIL 
I/O Macro 

VO=0.4V 

VO=2.5V 

VO=4.6V 

Vo=2.5V 

VIN='O or 
Voo 

VO=O or 
Voo 

Any Input 

Limits
1 

O°C 25°C 70°C 

Min. Max. Min. Typ. Max. Min. Max. Units 

0.3 100 p.A 

0.05 0.05 0.05 V 

Voo Voo Voo V 
-0.05 -0.05 -0.05 

1.5 1.5 1.5 V 

3.5 3.5 3.5 V 

0.8 0.8 0.8 V 

2.0 2.0 2.0 V 

1.8 1.8 3.6 1.6 
1 

rnA 
I 

3.8 3.8 7.6 3.4 rnA 

0.3 0.3 0.6 0.25 rnA 

1.8 1.8 3.6 1.6 rnA 

±0.1 ± .001 ±0.1 ± 1.0 p.A 

± 1.0 ±:001 ± 1.0 ± 10 p.A 

5.0 pF 

1. IGC10000 gate arrays are designed to perform under conditions up to 125°C. Limits reflect temperature range at which the 
macro libtary is characterized. 

2. Any internal oscillators disabled. 
3. Results depend on spec1fic output macro use~. 
4. There may be iimitations on maximum current when many outputs are simultaneously low. 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohio Sci Ohio Scientic 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY Panasonic Panasonic 
Pico DeSign Pico Design 
Polycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic Design Inc. 
Pro-Log Pro-Log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 
Action Instruments GI General Instrument RCA RCA Solid State Division Action Ins RCI Data RCI Data AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems ADT Advanced Digital Technology Reticon Reticon Advent Advent Products, Inc. 

Harris Harris SemiconduCtor RIFA RIFA Alphatron Alphatron Rockwell Rockwell Microelectronic Devices AMA American Automation Heurikon Heurikon Corp. 
RTC Riehl Time Corporation AMD Advanced Micro Devices Hilevel Hilevel Technology, Inc. 

AMI American Microsystems, Inc. Hitachi Hitachi America, Ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. San,o Sanyo 
Analogic Analogic HP Hewlett-Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp . HyComp Si·Fab Si-Fab 
Appl Sys Applied Systems Corp. Signetics Signetics 
APT Applied Microtechnology 

International Cybernetics 
SGS SGS Semiconductor 

Aptek Aptek Microsystems ICC Sharp Sharp 
Array Tech Array Technology IDT Integrated Device Technology Silicon G Silicon General 
AWl AWl Electronics IMI International Microcircuits, Inc. Siiiconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Siltronics Siltronics Baryon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. Bedford Bedford Computer Systems Inc; Infosphere Infosphere S MOS S MOS Systems Burr-Brown Burr-Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solitron Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE, IntCompSys Integrated Computer Systems SSM Solid State Micro Technology Cal Devices California Devices Int Tech Integrated Technology Corp. for Music Cermetek Cermetek Intech Intech Microcircuits Div. SSS Solid State Scientific CGRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cherry Cherry Semiconductor Interdesign Interdesign STC Storage Technology Corp. CIC Custom Integrated Circuits Intersil Intersil STD STD Microsystems CirTech Circuit Technology Intronies Intronics Struc Des Structured Design Inc. Citei Citel In ITT Semiconductors Stynetic Stynetic Systems Comlinear Comtinear Corporation Sunrise Sunrise Electronics CMA Custom MOS Arrays Sunshine Sunshine Semiconductor Comark Comark Corp. Kinetic Sys Kinetic Systems Supertex Supertex Inc. Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. Comp Auto Computer Automation Synertek Synertek Compas Com pas Microsystems Sys Innoy Systems Innovations Cont Logic Control logic Inc. Lambda Lambda Semiconductor 
Control S,s Control Systems Microsystems Div. Linear Tech Linear Technology 

Tau Zero Tau Zero Inc. .f:reMicro Creative Micro Systems LSI Comp lSI Computer Systems 
Cromemco Cromemco, Inc. LSI Logic LSI logic Corporation Technitrol Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master Logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics TI Texas Instruments 
Data 110 Data I/O Micrel Micrel Third Domain Third Domain 
Data Trans Data Translation Micro Innov Micro Innovators Thomson·CSF Thomson-CSF Components Corp. 
Datel Datel Micropae Micropac Industries Toshiba Toshiba America 
Datricon Datricon Corporation Micro Net Micro Networks Trans·Data Trans-Data 

.• :DDC Data Devices 'Corporation Micro Pwr Micro Power Systems TRW TRW LS I Products 
. DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. ;;·"'Die-Tech Die-Tech Micro Tech Microcircuits Technology Unitrod, Unitrode :"' :'Jligelec Digelec Corp. Micro-Link Micro-Link Corporation Universal Universal Semiconductor, Inc. . ; Digitek Digitek, Inc. Micron Micron Technology Dionics Dionics Inc. MilerTron MilerTronics Dist Comp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Mitel Mitel Semiconductor VLSI Design VLSI Design ASsociates 

Mitsubishi Mitsubishi Electronics VTI VLSI Technology, Inc. 
E·HI E·H International, Inc. MMI Monolithic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. Mostek" MonOlithic Systems Corp. Elind Elind Elettronica Industriale Motorola Mostek WeitH Weitek Corporation 
EMM·SESCO EEM-SESCO MRC Motorola Semiconductor western Western Digital 
Emulogic Emulogic Inc. Murray MRC Systems Wintek Wintek Corp, 
ETI Micro Ell Micro Monosil Murray Consulting Exar Exar Integrated Systems 
Exel Exel Microelectronics Xicor Xicor, Inc. 

National National Semiconductor 
Xycom Xycom 

Fairchild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex Zendex Corp. 

Division Zil Zilog Force Force Computers Zy~S Futitsu A Fujitsu America NEC NEC Electronics ZyMOS Corporation 
FUjitsu Fujitsu Microelectronics, Inc. Nitron Nitron Zytrex Zytrex Corp. 



WHEN PICKING A CUSTOM LSI MANUFACTURER, THE FIRST THING TO LOOK 
AT IS HOW GOOD THEY ARE. THE SECOND IS WHERE THEY'RE LOCATED. 

If you're even thinking about a 
custom circuit, you're aware of the 
benefits it will give you: it will, over 
the long run,-cost less to produce 
than any form of semi-custom;' by 
incorporating the maximum 
number of fl.!nctions, it will give you 

- the most savings in board space, 
shipping, inventory control, 
inspection, manufacturing 
operations, and reliability. A 
properly designed custom chip will 
greatly increase your product's 
versatility, and give you an 
enormous marketing advantage. 

But how can you be sure you'll 
actually get all these benefits? 

ARE THEY CUSTOM 
SPECIAUSTS? 

Even with all the 
computerized assistance 
available today, it takes 
a trained specialist to 

. give you a custom chip 
that lives up to your expectations. 
It takes years of experience to 
design the chip that will work most 
effectively with your system; to 
know how many functions can 
safely be included, i.e., how much 
can be included without risk of the 
chip's not working. LSI Computer 

Systems, Inc., has been creating 
custom MOS/LSI circuits for over 
14 years. That's a long, long time, 
in this business. '. 

ARE THEY EASY TO 
WORK WITH? 

The second way to 
make sure you get the. 
most out of your 
custom chip is to work 

very closely with the manufacturer's 
engineers. The more active the 
interplay between you (or your 
engineers) and the manufacturer's 
designers, the more your chip will 
do for you (and, we might add, the 
faster the design will be completed). 

And it's a lot easier to work 
closely with somebody when you 
can siep in your car and be ai his 
place in ar. hour or so. Or vice 
versa. 

Well, if you're anywhere within 
50 miles of New York, we - LSI 
Computer Systems, Inc. - are 
just such an easy drive away. 
We're right smack in the middle of 
Long Island. 

Please see IC Master, DIGITAL SECTION, page 803 for our line of Standard micro-circuits. 

@ IC MASTER 1984 . 

Of course, being "easy to work 
with" is not solely a function of 
geographical location. It's also a 
function of accessibiliJy, and that's 
largely a function of size. Many of 
our customers who have also 
worked with big LSI manufacturers 
tell us that our engineers are far 
more accessible than the big 

. outfits' engineers are. We'd like to 
be big someday, too, but 
accessible is one thing we'll always 
be. It's one of the things that made 
us as big as we are. 

Call Ron Colino. He's our VP/ 
Marketing, and he can tefl you a lot 
more reasons why you should 
come with us if you're thinking of 
custom. He can also tell you a lot 
of reasons why you should be 
thinking of custom if you're not. 

8eyoodtbe 
Microprocessor LSI 

IDIRJ1ERI-
SYS I ElVIS II 1969 

INC. Manufacturers of Custom 
and Standard LSI circuits. 

1235 Walt Whitman Rd., Melville, NY 11747 
(516) 271-0400. 1WX: 510 226-7833. 
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LSI LOGIC 
CORPORATION LL3000 Series 

Silicon-Gate HCMOS logic Arrays 

Features 

• Silicon-gate 3.5-micron (drawn) HCMOS 
technology 

• Single-layer metal interconnection 

• HTTL and LSTTL speeds-5 ns through ~ 2-input 
NAND gate and interconnection, T A = 25 degrees 
C, fanout = 2, Voo = 5V 

• Optimal block ~tructure of 2N and 2P transistors 

• Complexities ranging from 272 to 2550 blocks 

• Pin counts ranging up to 104 

• Fully supported by LOST .. (LSI Design System) 

Preliminary 

• Extensive macrocell and macrofunction 
libraries 

• All non-power pads configurable as inputs, 
outputs or bidirectional 

• TTL/CMOS I/O compatibility 
• Configurable output drive up to 4.8mA 
• All inputs and outputs protected from over-

voltage and latch-up 
4t Full Military capability 
• Ceramic and plastic packages 
• LL31100 evaluation device available 

-.51 LOGIC 
CORPORATION 

LL 5000 Series 
Silicon-Gate HCMOS Logic Arrays 

Features 

• Silicon-gate 3-micron (drawn) HCMOS 
technology 

• Schottky TTL speeds - 2.5ns through 2-input 
NAND gate and interconnection, TA = 25° C, 
fanout = 2, Voo = 5V 

• Optimal block structure of 2N and 2P 
transistors 

• Complexities rlmging from 880 to 6000 blocks 
• Pin counts ranging up to 180 
• Fully supported by LOST .. (LSI Design System) 
• Extensive macrocell and macrofunction 

libraries 

• All non-power pads configurable as inputs, 
outputs or bidirectional 

• TTL/CMOS I/O compatibility 
• Configurable output drive up to 6.0mA 

• All inputs and outputs protected from over .. 
voltage and latch-Up 

• Full military capability 

• Ceramic and plastic packages 

• Alternately-sourced 

• LL52200 evaluation device available 

LSI LOGIC CORPORA nON, 1601 McCarthy Boulevard, Milpitas, CA 95035 408/263-9494 Telex-172 153 
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LSI LOGIC 
CORPORATION 

LL7000 Series 
Silicon-Gate HCMOS Logic Arrays 

Features 
• Silicon-gate 2.0-micron (drawn) HCMOS 

technology . 
• Faster than Schottky TTL speeds - 1.4ns through 

2-input NAND gate and interconnection, TA = 25° C, 
fanout = 2, VDD = 5V 

• Optimal block structure of 2N and 2P transistors 
• Complexities ranging from 968 to 10,013 blocks 
• Pin counts ranging up to 180 
• Fully supported by LOS™ (LSI Design System) 
• Extensive macrocell and macrofunction libraries 

LOGIC 
SIMULATION 

AUTO 
PLACEMENT 

AND 
ROUTING 

TEST 

Advance Information 

• All non-power pads configurable as inputs, outputs 
or bidirectional 

• TTL/CMOS 110 compatibility 
• Configurable output drive up to 6.0mA 
• All inputs and outputs protected from over-voltage 

and latch-up 
• Full military capability 
• Ceramic and plastic packages 
• Alternately-sourced 
• LL7220Q evaluation device available 

LSI Development Syste~ 
LDS I ™ 

PG TAPE 
GENERATION 

METAL 
MASK AND 

PROTOTYPE 
PRODUCTION 

FINISHED 
PARTS 

DESIGN 
ENTRY 

GENERATION t---------------

Development Support and Interface 
The LOS I ™ (LSI Development System I) is used 
for logic Simulation, design verification, test pattern 
generation, layout and mask design. The system may be 
accessed using a variety of remote terminals, including 
the Tektronix 4014 and 4112 vector-display terminals. The 
desired logic function may be entered alpha numerically 
or schematically into the system and the design 
electronically breadboarded using the LOS I. ™ logic 
simulator. The simulated input patterns may be checked 
for completeness, and other tests added (automatically if 
desired) until the final test pattern is completed. The 
personality masks may then be designed remotely by the 
customer using the LOS I TM interactive/automatic 
placement and routing program. Alternately, LSI LOGIC 
CORPORATION will complete the metal mask design. 
For more details see the LOS I ™ Product Description 
available from LSI LOGIC CORPORATION. 

For new designs, the LOS I TM Development System may 
be used to verify the design, generate test patterns and 
(optionally) design the metal masks. Four possible 
interfaces to LOS I ™ are offered. 

1. Use the complete LSI LOGIC CORPORATION system 
in Milpitas, Cali!ornia. 

@) Ie MASTER 1984 

2. Install a remote terminal in your facility connected to 
LSI LOGIC CORPORATION mainframe. The Tektronix 
4014 and 4112 are both supported, with the 4112 
providing significantly higher performance. In either 
case a Tektronix 4662 11-inch x rl-inch plotter may be 
used for graphics hard copy. 

3. Install a turnkey LOS pM system in your facility. 

4. LSI Logic can specify design rules and provide macro 
layouts so that a customer's own CAD system may be 
used. 

The following material is required by LSI LOGIC 
CORPORATION to alternate source an existing CDI-HC 
or AMI-UA array part. 

• Caima data base or PG tape of the metal mask 

• Sentry test tape 

• AC test specifications 

• Package and marking specifications 

• Bonding diagram 

• Four devices meeting all required specifications 
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tHlCMASTER 
INTERNATIONAL DISTRIBUTORS 

ARGENTINA, COLUMBIA, 
ECUADOR, VENEZUELA, 
MEXICO, PERU 

Intectra 
2629 Terminal Blvd. 
Mt. View, CA 94043 
Tel. (415) Q67-8818 

AUSTRALIA 
A J Distnbutors pty Lid. 
P.O. Box 71 
Prospect, S. Australia 5082 
Tel. 269-1244 
Telex (790) 82635 

AUSTRIA 
Becos Electronic Ges. 
M.G.H. 
Gablenzgasse 52 
A-1160 Vienna, Austria 
Tel. 0222/959145 
Telex (847) 134606 

BELGIUM 
J. P. LeMaire S.A. 
Limberg, Stirum 243 
1810 Wemmel, Belgium 
Tel. 02/4784847 
Telex (846) 24610 

BRAZil 
Filcres Importacao 
Rua Aurora 
CEP 01209 
Caixa Postal 18767 . 
Sao Paulo, Brazil 
Tel. (011) 223 7388 
Telex (391) 113298 

CANADA 
Futa.ue E!ectronlcs 
237 Hymus Blvd. 
Pointe Claire 
Quebec H9R 5C7 
Canada ' 
Tel. 514-694-7710 
TWX: 610-421-3251 
Telex 05-823554 

DENMARK 
Advanced Electronlk 
55, Mariendalsvej 
DK2000, Copenhagen F, 
Denmark 
Tel. 01 194433 
Telex (855) 22431 

I:NGLAND 
Paterson/Steadman & 
Partner Lid. 
The Hub 
Emson Close 
Saffron Walden, Essex 
CB10 1HL, England 
Tel. 27067 
Telex (851) 81653 
J. B. Tratsart Lid. 
Dogmersfield Nr. 
Baskingstroke 
Hampshire RG27 asu, 
England 
Tel. 025143334 
Telex (851) 916196 

FINLAND 
ITT Multlkomponenl 
Tyopajakatu 5 
PL 107,00501 
Helsinki 50, Finland 
Tel. 739100 
Telex (857) 121450 

FRANCE 
Conseilet Promotion 
28 Rue de la Procession 
92150 Suresnes, France 
Tel. 5064275 
Telex (842) 614596F 

HOLLAND 
Manudax-Nederland B.V. 
54732G Heeswijk (N.B.) 
Meerstraat 7, Holland 
Tel. 04139 2901 
Telex (844) 50175 

HONG KONG 
Conm08 Products, Lid. 
Haynein Bldg., 11th Floor 

. 1 Tal Vip Street, 
Keun Tong, Kowloon, 
Hong Kong 
Tel. 3-684572 
Telex (780) 85448 

INDIA, MALAYSIA, 
SINGAPORE, ,...AILAND 
Radio a Craft PubHcatfonl 
4794/23 Bharat Ram Road 
Daryanganj, New Delhi 2, 
India 
Tel. 277147 

ISRAEL 
STG Intematlonal Ltd. 
10 Humberman Street 
P. O. Box 1276 
61012 Tel Aviv, Israel 
Tel. 248231 
Telex (922) 342229 

ITALY 
Gruppo Edltoriale Jackson 
S.R.l. . 
Via Rosellini 12 
20124 Milan, Italy 
Tel. 68 80951 
Telex (843) 315366 

'JAPAN 
Asahl Glass Company, Llct. 
Electronic Components 
Group 
1-2 Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, 
Japan 
Tel. (03) 218-5813 
Telex (781) TK4616 

Overseas Data Service Co. 
Lid. 
Shugetsu Building No. 12-7 
Kita-Aoyama 3-chome 
Minato-ku, Tokyo 107, Japan 
Tel. (03) 400-7090 
Telex (781) J26487 

I I HEARST BUSINESS COMMUNICATIONS, INC.lUTP DIVISION 
Heast 645 Stewart Avenue, Garden City, NY 11530 (516) 222-2500 TWX: 510-222-1673 

Tokyo International 
Communications Inc. 
Miyajima Bldg. 
28 Voyogi 1-chome, 
Shibuya-ku 
Tokyo 151, Japan 
Tel. 379-2561 
Telex (781) 33106 

NORWAY 
Fagbokservlce A.S. 
Ekebergn, 130B 
Box 94 
Bekkelagshogda, Oslo 2, 
Norway 
Tel. (02) 282237 

SOUTH AFRICA 
Suntronlka 
Dargene House, 
10 Station Street 
Braamfonteln, Johannesburg 
South Africa 
Tel. 725-1210 
Telex (960) 4-24143 

SPAIN 
Sagitron 
Castello 25. 2, 0 

Madrid 1, Spain 
Tel. 402 6085 
Telex (831) 43819 

SWEDEN 
Fertronlc AS 
Snormakarvagen 35 
Box 56, 
16126 Bromma, Sweden 
Tel. 08/252610 
Telex (854) 11181, 

SWITZERLAND 
W. Stolz AG 
Taefemstrasse 15 
CH-5404 Baden-Daettwil 
Switzerland 
Tel. 056 840151 
Telex (845) 54070Z 

TAIWAN 
Helm Engineering a 
Trading Co. 
49 No. 143 Section 4 
Hsin Vi Rd. 
Taipei, Taiwan, ROC 
Tel. 709-1888 
Telex (785) 28204 

TURKEY 
EMPA Elektronik 
(Mainullerl Pazarlama AS) 
Tersane Cad. Kuthan 36/408 
Tr-Kara Koy - Istanbul, 
Turkey 
Tel. (11) 496249 
Telex 24429 

WEST GERMANY 
Astronic GmbH 
Winzererstrasse 47d 
8000 Munich 40, 
West Germany 
Tel. {089} 309031 
Telex (841) 5216187 



I_I.... I~~':iconductor Test Laboratories 

11111 ~~IC:::~t.o.m.s.e.m .. ico .. nd.u.ct.o.r.,.pr.o.c.es.s.m.g ........................ .. 

MICREL 
SEMICONDUCTOR 
SERVICES • Alternatel Discontinued 

Device Source 
• Custom ICs 
• Wafer Processing 
• Wafer/Packaged Ie Testing 

ALTERNATE/DISCONTINUED DEVICE SOURCE* 
SY2827 
SY2825 
SY1404 

MIC2827 
MIC2825 
••• ,... ... "1"\" 
IVII"" I~U~ , 

2048 Dynamic Shift Register' 
Dual 1024 Bit Dynamic Shift Register 
1024 Bit Dynamic Shift Register 

.. Call Micrel if you need help in Device Sourcing. 

WAFER PROCESSING 
Technology: PMOS, CMOS, NMOS Silicon or Metal Gate, Bipolar 
Linear. Minimum feature size is 4 micron and Isoplaner type processing 
is available for Silicon Gate MOS. Epi thickness 6-12 micron with 
Arsenicl antimony buried layer. 3 or 4 inch wafers. 

Clean Room: 5000 ft2 of class 100 clean room. 

Engineering Run: 25 wafer starts with 10 guaranteed to meet your 
Process parameters. Delivery is 5 weeks with plates. 

Production Run: 25 wafer minimum with no minimum annual volume. 
10,000 wafer starts per month capacity. Delivery is 4 weeks, expedited 
to 10 days. 

Customer Supplies: Tooling, design criteria and test software. We'll honor 
non-disclosure agreements. 

Ion Implant: Varian DF4U/Veeco 2100 

WAFER/PACKAGED IC TESTING: 
W~fAr TAllt· M~n ~nti tc~t tn nrnl"OQQ n~r'!:uno+QrQ •• .......... ., ............. ~r' ........... • ..... v. 110" t'l ...,"''''''"''''' fJ":" UIII\Jlovl Ji;I. 

Packaged IC Test: Mil STD 883 B Group A, using highllow temperature 
handlers. 

Wafer Probing/Packaged IC: 3 Sentry VIIs or Series 20 VLSI Testers 
with handlers. 

SEM Analysis: Mil STD 8838 using lSI 5 x 30, 5-30KEV. 

~creening: Mil STD 883B class 8 or customer requirement. 

1235 MIDAS WAY • SUNNYVALE, CA 94086 • (408) 245-2500 • TWX (910) 379-0007 

@ Ie MASTER 1984 4765 



(jATE ARRAQ mQTHS us. 

mllTHS ............. vs ....... · · .. · · .lW4lClVTOf\ 
mlJTH 1.- User Friendlq 
"ffi-y logic diagram wHl alwa-ys work when 

put in a gclte arra-y. A m-yth 1" 

mlJTH 2.- no Sqstem Timing Problems 
"Circuit will never have an-y race 

conditions. A m-ythl" 

mlJTli 8.- Development Times Are 
never Extended 

"Chip will alwa-ys work the first time, and 
never use more than one mask. A m-ythl" 

mlJTH 4.- no Cp.stomer Risk 
"Development cost is low. A m-ythl" (Actuall-y 

-you pa-y double if chip doesn't work the 
first time.) 

mlJTH 5.- Testing Is Simple 
"Am-ythl" (Actuall-y testing is more difficult 

than the design.) 

mlJTH 6 .-lJou're never Switched from 
Ciate Arraq to Full Custom 

"The biggest m-yth of all:' 

4766 

MPS Real Custom Chip (*HALLMOS circuit) 
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'.: . ". ". ~ :., .... : .. ~. : .. '". ".~ .. ". : ... : " ........... ~ .. " .. ' 

rij~~~'m:'~lhlijieffiertt<art~~'v4t>ur~f~~~~e" 
lYgi~rjtjifyp!Q.'t1n¢j~;~ar~.un~:i··.·:·a~t.\VhY .• rout' ' 

eatl~ aJrra~rpI70jc::ct.lttas gone'th~"~yeral·.t~ .. 
:\\1~ythescll~~~has$lipPed ...... You·d· , 

:.·:;;;'·:.':,·.:·::·ocmeTclnecx. outwnaf,thenew,projected .prOduc .. 

1 

. :tiOtl.cO$ts(pit<:eptice)are :goingto be. It may no 
•• ," .••.. 0., .•. '· ••.•• :.,·.'. J()nger fit,intQ yoUt'nmrketing plan. 

,Look1at ... '. ........ . '. . ' 
tnu1tiple gatear~ysand one. Real CustomlC in a. 
digi~/ analog subsysteIn .. (seechart~.pOJl'~.J()~ .• 
to add in your multiplegate~u:rayc()$tsat\~fc()$tS 
for system definition, interconnectiontandtesting~ 
':With arrays, extensive interCQnnections' remain at '. 
"the system/board leve1:utd system testin~ becomes 
very difficult Implet:nentation of precision analog 
circuits are not .even considered practical Otl.arrays
Real Custom has' inherently. lower', system develop-
.ment costs and lower production costs over '. ' .. '. 
solutions requiring multiple gate arrays., 

'·MYm.pERSISTS 
We caJl't stop the gate array myth, but if you're 
serlousabout your company's future and being 
,second best is'llot acceptable, then send for()ur. 
MPS Reai CUstom Plc&n,or caUBobsaho (ext. 2tO)~ 
'Agate array shakeout is happening now. Dovou 

'wantto deal in mythS or facts? . 

Micro Power~,ste~ ist"e~~,,-~~ !ri.R¢fractO'l'yGat~~9STechnology 
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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 I. C.S now perform functions that formerly required 
complete circuit cards. While LSI offers many advan
tages, advances have been made at the expense of 
device flexibility. Most LSI 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. 

Th? designer is confronted with af]other problem when a 
low to medium complexity product is designed. Often the 
function is well defined and could derive significant ben
efits from fabrication as an integrated circuit. However, 
the design cycle for a custom circuit is long and the costs 
can be very high. This makes the risk significant enough 
to deter most users. The technology to support maximum 
flexibility combined with fast turn around on custom logic 
has simply not been available. Monolithic Memories 
offers the programmable solution. 

The PAL family offers a fresh approach to using fuse 
programmable logic. PAL circuits are a conceptually 
unified group of devices which combine programmable 
flexibility with high speed and an extensive selection of 
interface options. PAL devices can lower inventory, cut 
design cycles and provide high complexity with maxi
mum flexibility. These features, combined with lower 
package count and high reliability, truly make the PAL a 
circuit designer's best friend. 

PAL® is a registered trademark of Monoiithic Memories. 

Tl¥X: 91~2376 
2175·MIaIon College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 II:::::!'.t!: m 
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PAL Introduction 

The PAL-Teaching Old PROMs 
New Tricks 

/ 
f 

(I 

MMI developed the modern PROM and introduced many of the 
architectures and techniques now regarded as industry 
standards. As the world's largest PROM manufacturer, MMI has 
the. proven technology and high volume production capability 
required to manufacture and support the PAL. 

The PAL is an extension of the fusible link technology pioneered 
by Monolithic Memories for use in bi-polar PROMs. The fusible 
link PROM first gave the digital systems designer the power to 
"write on silicon." In a few seconds he was able to transform a 
blank PROM from a general purpose device into one containing 
a custom algorithm, microprogram, or Boolean transfer function. 
This opened up new horizons for the use of PROMs in computer 
control stores, character generators, data storage tables and 
many other applications. The wide acceptance of this 
technology is clearly demonstrated by today's multi-million 
dollar PROM market. 

The key to the PROM's success is that it 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 PAL circuits the designer can quickly and effec
tively implement custom logic varying in complexity from ran
dom gates to complex arithmetic functions. 

ANDs and OAs 

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 circuit uses are only limited by the 
number of terms available in the AND - OR arrays. PAL devices 
come in different 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 = (11 +f1)(11 +12)(12+13)(12+14) + 

(11+f5)("f1+f6)(12+f7) (12+f8) 

where the ''f'' terms represent the state of the fusible links in the 
PAL AND array_ An unblown link represents a~ogic 1. Thus, 

fuse blown, f = 0 

fuse intact, f = 1 

An unprogrammed PAL has. all fuses intact. 

(,) 

.c:: 
~ 

OUTPUT '0 

Figure 1 

PAL Notation 

Logic equations, while convenient for small functions, rapidly 
become· cumbersome in large, systems. To reduce possible 
confusion, complex logic networks are generatly defined by logiC 
diagrams and truth tables. Figure 2 shows the logic convention 
C\dopted to keep PAL logic easy to understand and use. In the 
figure, an "x" represents an intact luse used to perform the iogic 
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 circu 
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 PAL circuits. The two input - one out
put example from Figure 1 redrawn using the new logic con
vention is shown in Figure 3. 

C 
o 

::2E 

TWX: 910-338-2376 
2175 MIssion College BouIeYn, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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PAL Introduction 

ABC 

)~--A.B.C -+t+-o-A ••• C 

Figure 2 

OUTPUT 

Figure 3 

As a simple PAL example, consider the implementation of the 
transfer function: 

Output = 11i2 + ~12 

The normal combinatorial logic diagram for this function is 
shown in figure 4. with the PAl logic equivalent shown in fig
ure 5. 

Figure 4 

Figure 5 

Using this logic convention it is now possible to compare the 
PAL structure to the structure of the more familiar PROM and 
PLA. The basic logic structure of a PROM consists of a fixed 
AND array whose outputs feed a programmable OR array 
(figure 6). PROMs are low-cost, easy to program, and available 
in a variety of sizes and organizations. They are most commonly 

used to store computer programs and data. In these ap
plications the fixed input is a computer memory address; 'the 
output is the contents of that memory location. 
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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 a" 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 PLAs expensive, 
quite formidable to understand, and costly to program (they 
r~uire special programmers). 

The basic logiC structure _of the PAL, as mentioned earlier, 
consists of a programm~bie 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 ch(lracteristics of the 
PROM, PLA, and PAL logic families. 
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PAL Introduction 

PAL Input/Output/Function/Performance Chart 

PART INPUT OUTPUT PROGRAMMABLE FEEDBACK OUTPUT 
NO. 1I0'S REGISTER POLARITY FUNCTIONS 

10H8 

12H6 

14H4 

16H2 

16C1 

2OC1 

10L8 
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4 
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8 
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4 
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6 
4 

iO 
8 

4 

4 

4 

AND-OR AND-OR Gate Array 

AND-OR AND-OR Gate Array 

AND-QR AND-OR Gate Array 

AND-OR AND-OR Gate Array 

BOTH 1 AND-OR Gate Array 

BOTH 1 AND-OR Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-'NOR AND-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-NOR ANQ-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array 

AND-NOR AND-OR Invert Gate Array w/Reg's 

AND-NOR AND-OR Invert Array w/Reg's 

AND-NOR AND-OR Invert Array w/Reg's 

AND-NOR AND-QR Invert-w/Reg's 

AND-NOR AND-OR Invert w/Reg's 

I AND-NOR AND-OR Invert w/Reg's 

AND-NOR AND-OR-XqR invert w/Reg's 

AND-NOR AND-OR-XOR Invert w/Reg's 

AND-NOR AND-OR-XOR Invert w/Reg's 

I AND-NOR AND-OR-XOR Invert w/Reg's 

i AND-NOR AND-CARRY-OR-XOR Invert w/Reg's 

PERFORMANCE 

STD A -2 -4 

x 
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X 

X 

X 
X 

X 
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X 

X 

X 

X 

X 

x 
X 

X 

X 
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X 

X 

X X X X 

X 

X 

X X X X 

X X X X 

x X X 
X 

X 

I x Ix I I 
X 

X 

X 

X 

X 

Table 2 1 Simultaneous AND-OR and AND-NOR outputs 

PAL Circuits For Every Task Gate Arrays 
The members of the PAL family and their characteristics are 
summarized in Table 2. They are designed to cover the spectrum 
of logic functions at reduced cost and lower package count. 
This allows the designer to select the PAL that best fits his 
application. PAL units come in the following basic configurations: 

PAL gate arrays are available in sizes from 12x 10 (12 input terms, 
10 output terms) to 2Ox2, with both active high and active low 
output configurations available (figure 9). This wide variety of 
input/output formats allows the PAL to replace many different 
sized blocks of combinatorial logic with single packages. 

INPUTS AND OUTPUTS 
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PAL Introduction 

Programmable 1/0 
A feature of the high-end members of the PAL family is 
programmable input/output. This allows the product terms to 
directly control the outputs of the PAL (Figure 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 liD 
pin when the three-state gate is enabled; the liD 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 liD functions or 
to provide bi-directional output pins for operations such as 
shifting and rotating serial data. 

INPUTS, FEEDBACK AND I/O 
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~~. 
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Figure 10 

Registered Outputs with Feedback 
Another feature of the high end members of the PAL family is 
registered data outputs with registered feedback. Each product 
term is stored into a D-typeoutput flip-flop on the riSing edge of 
the system clock (Figure 11). The Q output of the flip-flop can 
then be gated to the output pin by enabling the active low three
state buffer. 

INPUTS, FEEDBACK AND I/O 

...... 
~ 

... - I I I 

In addition to being available for transmission, the a output is 

(/) 
Q) 

·Oi:E , 
fed back into the PAL array as an input term. This feedback 
allows the PAL to "remember" the previous state, and it can Q) 

aiter its function based upon that state. This allows the designer ~ 
to configure the PAL as a state sequencer which can be ·.2 
programmed to execute such elementary functions as count up, .s:::. 

:t:! 
count down, skip, shift, and branch. These functions can be '0 
executed by the registered PAL at rates of up to 25 MHz. c: 

o 
:2: 

CLOCK OC 
-,......--
-I---

~ -r-1~ --I--- D Q!--
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-~1 ~I---..... ~ 
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-~ 

Figure 11 

XOR PALs 
These PAL devices feature an exciusive OR function. The sum of 
products is segmented into two sums which are then exclusive 
ORed (XOR) at the input of the D-type flip-flop (Figure 12). All 

INPUTS. FEEDBACK AND I/O 

of the features of the Registered PAls are included in the XOR 
PAL unit. The XOR function provides an easy implementation of 
the HOLD operation used in counters and other state sequencers. 

,~IIIIIIIIIIIIIIIIIIIIIII!lllllllllllll~Q 
Figure 12 

TWX: 910-338-2376 I6onollthlc l!1!n 
- "·' __ 1_ I'~ Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 •• ",orles arun.u 

477: 



---------_.-

U) 

CD 
.~ 

0 
E 
CD 
~ 

.2-

..r::. 
== 
0 
c 
0 
:: 

PAL Introduction 

Arithmetic Gated Feedback 
The arithmetic functions (add, subtract, greater than, and less 
than) are implemented by addition of gated feedback to the 
features of the XOR PAL device. The XOR at the input of the 
D-type flip-flop allows carrys from previous operations to be 
XORed with two variable sums generated by the PAL array. The 
flip-flop Q output is fed back to. be gated with input terms A 

INPUTS, FEED8ACK -AND 1/0 

B 

~ 

(Figure 13). This gated feedback provides anyone of the 
possible Boolean combinations which are mapped in the Ka 
naugh map (Figure 15). Figure 14 shows how the PAL array ca 
be programmed to perform these 16 operations. These feature 
provide for versatile operations on two variables and facilitatl 
the parallel generation of carrys necessary for fast arithmeti< 
operations. 
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PAL Introduction 

Programmable 1/0 
A feature of the high-end members of the PAL family is 
programmable input/output. This allows the product terms to 
directly control the outputs of the PAL (Figure 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 aiso fed 

back into the PAL array as an input. Thus the PAL drives the I/O 
pin when the three-state gate is enabled; the I/O pin is an input 
to the PAL array when the three-state gate is disabled. This' 
feature can be used to allocate available pins for I/O functions or 
to provide bi-directional output pins for operations such as 
shifting and rotating serial data. 

INPUTS, FEEDBACK AND 1/0 
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Figure 10 

Registered Outputs with Feedback 
Another feature of the high end members of the PAL family is 
registered data outputs with registered feedback. Each product 
term is stored into a D-type output flip-flop on the rising edge of 
the system clock (Figure 11). TheQ output of the flip-flop can 
then be gated to the output pin by enabling the active low three
state buffer. 

INPUTS, FEEDBACK AND I/O 
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1 ~ I 

u? 
Q) 
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In addition to being ava;table for transmission, the Q output is 0 
fed back into the PAL array as an input term. This feedback E 
allows the PAL to "remember" the previous state, and it- ~an Q) 

aiter its function based upon that state. This allows the deSigner :?! 
to configure the PAL as a state sequencer which can be .2 
programmed to execute such elementary functions as count up, .c. 

;::: 
.count down, skip, shift, and branch. These functions can be 
executed by the registered PAL at rates of up to 25 MHz. g 
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XOR PALs 
These PAL devices feature an exclusive OR function. The sum of 
products is segmented into two sums which are then exclusive 
ORed (XOR) at the input of the D-type flip-flop (Figure 12). All 

of the features of the Registered PAls are included in the XOR 
PAL unit. The XOR function provides an easy implementation of 
the HOLD operation used in counters and other state sequanceiS. 

INPUTS, FEEDBACK AND 1/0 
" 
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Figure 12 
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PAL Introduction 

Arithmetic Gated Feedback 
The arithmetic functions (add, subtract, greater than, and less 
than) are implemented by addition of gated feedback to the 
features of the XOR PAL device. The XOR at the input of the 
D-type flip~flop allows carrys from previous operations to be 
XORed with two variable sums generated by the PAL array. The 
flip-flop Q output is fed back to be gated with input terms A 

INPUTS, FEEDBACK· AND I/O 

B 

~ 

(Figure 13). This gated feedback provides anyone of the 16 
possible Boolean combinations which are mapped in the Kar
naugh map (Figure 15). Figure 14 shows how the PAL array can 
be programmed to perform these 16 operations. These features 
provide for versatile operations on two variables and facilitate 
the parallel generation of carrys necessary for fast arithmetic 
operations. 
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PAL Introduction 

It should now be clear that the PAL family can replace most 
Small-Scale Integrated Logic (SSI) logic in use today, thereby 
lowering product cost and giving the designer even greater 
flexibility in implementing logic functions. 

. PAL Programming 
PAL devices cao be programmed in moststandard PROM pro
grammers with the addition of a PAL personality c,ard. The PAL 
appears to the programmer as a PROM. During programming 
half of the PAL outputs are selected for programming while 
the other outputs and the inputs are used for addressing. The 
outputs are then switched to program the other locations. 
Verification uses the same procedure with the programming 
lines hetd in a low state. 

PALASM (PAL Assembler) 
PALASM isthe software used to define, simulate, build, and test 
PAL units. PALASM accepts the PAL Design Specification as an 
input file. It verifies the design against an optional function table 
and generates the fuse plot which is used to program the PAL 
devices. PALA.SM is available upon request for many computers 
and is documented in the PAL Design Concepts section. 

HAL (Hard Array Logic) 
The HAL family is the mask programmed version of a PAL. The 
HAL is to a PAL just as a ROM is to a PROM. A standard wafer is 
fabricated to the 6th mask. Then a custom metal mask is used to 
fabricate Aluminum links for a HAL instead of the programmable 
Ti-W fuse array used in a PAL. 

The HAL is a cost-effective solution for large quantities and is 
unique in that it is a gate array with a programmable prototype. 

HMSI (HAL Medium Scale Integration)" 
The HMSI family is derived from the PAL using HAL technology. 
These devices perform predetermined functions which are not 
available in the existing TTL family. Because they are produced 
in volume, the user receives the benefit of volume pricing. HMSI 
PAL designs are given in the Applications section with their 
industry standard 74LS part number in line 2 of the PAL Design 
Specification. 

PMSI (PAL Medium Scale Integration) 
The PMSI family is derived in a similar fashion to HMSI except 
thiS product is produced entirely from a PAL circuit. A HAL 
circuit mask is not generated and an industry standard 74LS 
part number is not assigned unless sales warrant it. 

PAL Technology 
PAL circuits are manufactured using the proven TTL Schottky 
bipolar Ti-W fuse process to make fusible-link PROMs. An NPN 
emitter follower array forms the programmable AND aiiay. PNP 
inputs provide high-impedance inputs (0.25 rnA max) to the ar-
ray. AI! outputs are standard TTL drivers \lw'ith internal active 
pull-up transistors. Typical PAL propagation delay time is 25 ns, 
and all PALs are packaged in space saving 2O-pin and 24-pin 
SKINNYDIP® packages. 

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 signifi
cant deterrent to potential copiers, and it can be used to 
effectively protect proprietary designs. 

TWX: 910-338-2376 "'nollthlc ~1In 
2175 M~~ion College Boulevard. Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 _.",orle. In.U1U 

@ Ie .... ASTER ,1984 4775 

(J) 
Q) 
";:: 
o 
E 
Q) 

~ 
o 
..c 
~ 

o 
c: 
o 
~ 



UJ 
Q) 
"C 
o 
E 
Q) 

~ 

o 
c: 
o 
~ 

PAL®.Programmable Array Logic 
HA~Hard Array Logic 

Features/Benefits 
• Reduces SSIIMSI chip count greater than 5 to 1 

• Saves space with SKINNYDIP@ packages 

• Reduces Ie inventories substantially 

• Expedites and simplifies prototyping and board layout 

• PALASMTII silicon compiler provides auto routing and test 
vectors 

• Security fuse reduces possibility of copying by competiton 

Description 
The PAL family utilizes an advanced Schottky TTL process and 
the Bipolar PROM fusible link technology to provide user pro
grammable logic for replacing conventional SSI/MSI gates and 
flip-flops at reduced chip count. 

The HAL family utilizes standard Low-Power Schottky TTL 
process and automated mask pattern generation directly from 
logiC equations to provide a semi-custom gate array for 
replacing conventional SSI/MSI gates and flip-flops at reduced 
chip count. 

There are four different speed/power families offered. Choose 
from either the standard, high speed, half power, or quarter 
power family to maximize design performance. 

The PAUHAL lets the systems engineer "design his own chip" 
by blowing fusible links to configure AND and OR gates to 
perform his desired logic function. Complex interconnections 
which previously required time-consuming layout are thus 
"lifted" from PC board etch and placed on siiicon 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 pro
grammable OR array). 

The HAL transfer function is the familiar sum of products. Like 
the ROM, the HAL has a single array of selectable gates. Unlike 
the ROM, the HAL is a selectable AND array driving a fixed OR 
array (the ROM is a fixed AND array driving a selectable OR 
array). 

In addition the PAUHAL provides these options: 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

• Arithmetic capability 

• Exclusive-OR gates 

PAL®, (Programmable Array Logic), PALASM@, HAL@, and SKINNYDIP@ 
are registered trademarks and PMSI, and HMSI are trademarks of 
Monolithic Memories Inc. 

Unused inputs are tied directly to VCC or GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms connected to both true and complement of any single 
input assume the logical low state. Registers consist of D type 
flip-flops which are loaded on the low-to-high tran'sition of the . 
clock. PAUHAL Logic Diagrams are shown with all fuses blown, 
enabling the designer to use the diagrams as coding sheets. 

The entire PAL family is programmed using 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. 

To design a HAL, the user first programs and debugs a PAL 
using PALASM and the "PAL DESIGN SPECIFICATION" 
standard format. This specification is submitted to Monolithic 
Memories where it is computer processed and assigned a bit 
pattern number, e.g., P01234. 

Monolithic Memories will provide a PAL sample for customer 
qualification. The user then submits a purchase order for a HAL 
of the specified bit pattern number, e.g., HAL 18L4 P01?34. See 
Ordering Information below. 

Ordering Information 
PAL = PROGRAMMABLE FAMILY 

I
"" ----------HAL=HARD ARRAY FAMILY 

. .--.-------- NUMBER' OF ARRAY INPUTS 

I 
OUTPUT TYPE 

I
, I H = ACTIVE HIGH 

L = ACTIVE LOW 
C = COMPLEMENTARY 
R = REGISTERED 

X = EXCLUSIVE-OR REGISTERED 
A = ARITHMETIC REGISTERED 

,.-------- NUMBER OF OUTPUTS 

,.------- SPEED/POWER 
A = HIGH SPEED 

-2 = 1/2 POWER 
-4 = 1/4 POWER 

A-2 = HIGH SPEED AND 1/2 POWER 
A-4 = HIGH SPEED AND 1/4 POWER 

,.------- JEMPERATURE RANGE 
C= OC TO +75C 
M = -55C TO +12SC 
(CASE TEMPERATURE) 

r------ PACKAGE 
N = PLASTIC DIP, 20 PIN 
J = CERAMIC DIP, 20 PIN 
F=FLAT PACK 
L = LEADLESS CHIP CARRER 
NS = MOLDED SKINNYDIP, 24 PIN 
JS = CERAMIC SKlNNYDIP, 24 PIN 

.---- OPTIONAL HI-REL PROCESSING 
883B.>= MIL-STD-883, 

METHOD SOO4 & 5005 LEVEL B 
883C = MIL-STD-883, 

METHOD 5004 & 5005 LEVEL C 
B = MIL-STD;.a83, 

METHOD 5004 EQUIVALENT 
C = MIL-STD-883, 

METHOD SOO4 EQUIVALENT f BIT PATTERN NUMBER 

PAL 16L8' -2MJ 8838 P01234 

TWX: 910-338-2376 

2175 Mission COllege Boulevard, Sansa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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20/24·Pin PAL/HAL 

PART NUMBER 
GENERIC PINS PACKAGE DESCRIPTION 

LOGIC STANDARD HIGH SPEED 112 POWER 114 POWER 

10H8 20 N, J, F, L Octal 10 Input And-Or PAL10H8 PAL10H8-2 
Gate Array HAL10H8 HAL10H8-2 

-

12H6 20 N, J, F, L Hex 12 Input And-Or PAL12H6 PAL12H6-2 
Gate Array HAL12H6 HAL12H6-2 

20 N, J, F, L 
Quad 14 Input And-Or 

I 
PAL14H4 PAL14H4-2 

14H4 Gate Array HAL14H4 HAL14H4-2 

16H2 20 N, J, F, L Dual 16 Input And-Or PAL16H2 PAL16H2-2 
Gate Array HAL16H2 HAL16H2-2 

16C1 20 N, J, F, L 
16 Input And-Or/And;..Or- PAL16Cl PAL 16Cl-2 
I nvert Gate Array HAL16Cl PAL16Cl-~ 

10L8 20 N, J, F, L Octal 10 Input And-Or- PAL10L8 PAL10L8-2 
I nvert Gate Array HAL10L8 HAL10L8-2 I 

12L6 20 N, J, F, L Hex 12 Input And-Dr-Invert PAL12L6 PAL 12L6-2 
Gate Array HAL12L6 HAl-12L6-2 

14L4 20 N, J, F, L Quad 14 Input And-Dr-Invert PAL14L4 
.\ 

PAL 14L4-2 

I Gate Array HAL14L4 HAL14L4-2 

16L2 20 N, J, F, L Dual 16 Input And-Dr-Invert PAL16L2 PAL16L2-2 
Gate Array HAL16L2 HAL16L2-2 

I 16L8 I 20 N, J, F, L I Octal 16 Input And-Dr-Invert PAL16L8 PAL16L8A PAl-16LBA-2 PAL16LBA-4 
I Gate Array ,* HAL16LB I I IAI ..f;L"1 n A HAl .oft!&1 OA 1"\ I LJII. I -tt:!l 011. A I ! nl"\I..IOL.OI"\ 1"\1.. IOl..Ot"\-' I nl"\L IULOt"\-~ 

N, J, F, L Octal 16 Input Registered PAL16R8 I PAL16R8A PAL16RBA-2 PAL16RBA-4 16R8 20 And-Or Gate Array * HAL16R8 
. 1 

HAL16R8A HAL16RBA-2 HAL16RBA-4 

16R6 20 N, J, F, L Hex 16 Input Registered i PAL16R6 PAL16R6A PAL16RSA-2 PAL16RSA-4 
I And-Or Gate Array *HAL16R6 HAL16R6A HAL16RSA-2 HAL16R6A-4 

16R4 20 N J F L I Quad 16 Input Registered PAL16R4 PAL16R4A PAL16R4A-2 PAL 16R4A-4 
, " I And-Or Gate Array *HAL16R4 HAL16R4A HAL16R4A-2 HAL16R4A-4 

I N J F L I Quad 16 Input Registered I PAL16X4 I 

I 
16X4 20 

j , " I And-Or-Xor Gate Array I HAL16X4 I 
I I L . Quad 16 Input Registered I PAL 16A4 

I 16A4 20 N, J, F, I And-Carry-Dr-Xor Gate Array HAL16A4 
. NS JS F (L) i Deca 12 Input And-Dr-Invert I PAL12L10 1 

12L10 '24 (28) ! 
" i Gate Array HAL12L10 

14L8 24 (28) NS JS F (L) I Octal 14 Input And-Dr-Invert . PAL14L8 
" Gate Array HAL14L8 

I 16L6 24 (28) NS,JS,F (L) Hex 16 Input And-Dr-Invert PAL16L6 
I Gate Array I HAL16L6 

18L4 24 (28) NS,JS,F (L) Quad 18 input And-Dr-Invert PAL18l-4 
1 Gate Array HAL18L4 

2OL2 24 (28) NS,JS,F (L) Dual 20 Input And-Dr-Invert PAL2OL2 , 
, Gate Array HAL20L2 

20Cl 24 (28) NS JS F (L) I 20 ..'Input And-Or/ And-Or PAL20C1 
" I Invert Gate Array HAL20C1 

2OL10 24 (28) NS JS F (L) I Deca 20 Input And-Dr-Invert PAL20L10 
/ " .1 .Gate Array I HAL20L10 

2OX10 24 (28), NS,JS,F (L) Deca 20 Input Registered 
1 

PAL2OX10 I And-Or-Xor Gate Array I HAL20X10 

20XB 24 (28) NS,JS,F (L) Octal 20 Inpl.Jt Registered 
i 

PAL2OX8 
And-Dr-Xor Gate Array HAL20X8 

2OX4 
. I ("\t I~n ?n Innut Coni."torOl'i ! PAL20X4 124 (28)' NS JS F (L) : .............. _v ... ..., • I n;>~'",,,,,,,,,,,, I 

I I I " I And-Or-Xor Gate Array I HAL20X4 I 
2OL8 124 (28)1 NS,JS,F (L) Octal 20 Input And-Dr-Invert I T PAL2OL8A I I 

Gate Array I HAL20L8A I 
i Octal 20 Input Registered PAL2OR8A 2OR8 '24 (28) NS,JS,F (L) 

And-Dr Gate Array HAL20RBA 

2OA6 24 (28) NS,JS,F (L) Hex 20 Input Registered 
! 

PAL2OR6A 
And-Or Gate Array HAL20R6A 

2OR4 ,24 (28) NS,JS,F (L) 
Quad 20 Input Registered PAL2OR4A 
And-Or Gate Array HAL20R4A 

• HAL available in 'W' package. ( ) = Military Product Standard, 

TWX: 910-338-2376 
2175 M~ College Boulevard, santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 91()"338-2374 
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20·Pin PAL/HAL 

1OH8 12H6 14H4 

10L8 l2L6 14L4 ..---... ,,--.... 

16R6 16R4 

TWX: 910-338-2376 
2175 Mtssion College BouleVard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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16H2 16C1 

16L2 16L8 

16X4 16A4 
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24·Pin PAL/HAL 

12L10 14L8 161..6 

2OC1 20L10 20X10 

TVVX: 91~2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408)970-9700 TVVX: 910-338-2374 
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PAL/HAL 
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PAL/HAL 

Absolute Maximum Ratings OperatinQ Programming 
Supply Voltage. Vee ......... 00 .. 00 .. 00 .... 00 00 .............. 00 .. 00 .. 00-0.5 to 7.0V ... 00 .. 00 ...... 00 ....... -0.5 to 12.0V 
Input Voltage .......................................................... -1.5 to 5.5V ........... ". . . . . . . . . . . . -1.0 to 22.V E9 
Off-state output Voltage ................................................. 5.5V ....... ~ ........ ; .............. 12.0V 
Storage temperature .............................. " ...... ' ....................... : ........................ -65° to +150°C 

Schematic of Inputs and Outputs 

EQUIVALENT INPUT 

INPUT 

TYPICAL OUTPlJT 
----------.--UVCC 

40!lNOM 

OUTPUT 

6) Pins 1 and 11 may be raised to 20V 

Test Load 
5V 

OUTPUT 0- ----.---- TEST POINT 

Other loads may be used. 

Typical notes for all the following specifications 

Notes: Apply to electrical and switching characteristics 

t 1/0 pin leakage is the worst case of 10ZX or IIX e.g., IlL and IOZH-

* These are absolute voltages with respect to the ground pin on the device and includes all overshoots due to system andlor 
tester noise. Do not.attempt to test these values without suitable equipment. 

* * Only one output shorted at a time. 

TWX: 910-338-2376 I6onollthlc ~~n 
2175 MIssion College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 "'e",orles InJn.LI 
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Standard PAL/HAL Series 20 
10H8, 12H8, 14H4, 18H2, 18C1, 10LB,12L8, 14L4,18L2 

I Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNJT 
MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

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

Te Operating case temperature 125 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL* Low-level input voltage 0.8 V 

VIH * High-level input voltage 2 V 

VIC Input clamp voltage Vee = MIN II = -18mA - -0.8 -1.5 V 

U) 
IlL Low-level input current t Vee = MAX VI = O.4V -Q.02 -0.25 mA 

CD IIH High-level input current t VCC = MAX VI = 2.4V 25 /lA .~ 

0 II Maximum input current Vce = MAX VI = 5.5V 1 mA E 
CD 
~ MIL IOL = 8mA 

VOL Low-level output voltage Vec = MIN 0.3 0.5 V 
(.) 

-C COM IOL = 8mA 

== 
0 MIL IOH = -2mA c: 
0 VOH I High-level output voltage Vee = MIN 2.4 2.8 V 
:2 

I I COM IOH = ,..3.2mA I I I 

I lOS Output short-circuit current * * VCC = 5V Va = OV ~ -70 -130 mA 

ICC Supply current Vee = MAX 55 90 mA 

~ • ~ Switching Characteristics Over Operating ConclUons 

ti TEST MILITARY COMMERCIAL ~ SYMBOL PARAMETER 

~ CONDITIONS MIN TYP MAX MIN TYP MAX 
UNIT 

tr; 
Input or feed- Except 16C1 R1 = 5600 25 45 25 35 

tpD R2 = 1.1kO 
ns 

back to output 16C1 25 45 25 40 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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Standard PAL/HAL Series 24 
12L10, 14L8,16L6, 18L4,20L2,20C1 

Operating Conditions 

PARAMETER 
MILITARY 

SYMBOL MIN TYP MAX 

Vee I $upply voltage 4.5 5 5.5 

TA Operating free-air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating CondtlOl1l 

SYMBOL PARAMETER TEST CONDITIONS 

VIL * low-level input voltage 

VIH * High-level input voltage 

Vie Input clamp voltage Vee = MIN . 'I = -18mA 

III low-level input current t Vee = MAX VI = O.4V 

IIH High-level input current t Vee = MAX VI = 2.4V 

II Maximum input current Vee = MAX VI = 5.5\1 

MIL 10l = BmA· 
VOL low-level output voltage 

Vee = MIN 
eOM 'Ol = BmA 

I 
I Mil 10H = -2mA I, 

VOH High-level output voltage 
I 

Vee = MIN 
eOM 

COMMERCIAL 
UNIT 

MIN TVP MAX 

4.75 5 5.25 V 

0 75 °e -

°e 

MIN TVP MAX . UNIT 

0.8 V 

2 V 

-0.8 -1.5 V 

-0.02 -0.25 mA 

I . 25 I JlA 
r 1 mA 

I 
I 0.3 0;5 I V 

I 
: 

I I' 
I 2.4 2.B 

I 
V 

I I 
• 

10H = -3.2mA I 
~ 

I lOS Output short-circuit current * * i Vee = 5V Vo = OV I -30 ~70 
I 

-130 I mA 

lee Supply current Vee = MAX 60 100 mA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST MILITARY COMMERCIAL 

UNIT 
CONDITIONS MIN TYP MAX MIN TVP MAX 

R1 = 5600 
tpD Input or feedback to output R2 = 1.1k!l 

~: 910~2376 

2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 'fVIX: 910-338-2374 
@ Ie MASTER 1984 
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Standard PAL/HAL Serl .. 20 
18L8,18R8,18R8,18R4,18X4,18A4 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY 

MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 

Low 25 10 
tw Width of clock 

High 25 10 

Set up time from 16R8 16R6 16R4 45 25 
tsu ~----

input or feedback to clock _ 16X416A4 55 30 

th Hold time 0 -15 

TA Operating free-air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

VIL * 
~ 

Low-level input voltage 

VIH * High-level input voltage 

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

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

IIH High-level input current t Vee = MAX VI = 2.4V 

II Maximum input current Vee = MAX VI = 5.5V 

MIL 10l = 12mA 
VOL Low-level output voltage 

Vee = MIN 
COM 10l = 24mA 

MIL 10H = -2mA 

VOH High-level output voltage Vee = MIN 
eOM 'OH = -3.2mA I 

IOZL I va = 0.4V 

Off-state output current t Vee = MAX 

IOZH Va = 2.4V 

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

16R4 16R6 16R8 16L8 

ICC Supply current Vee = MAX 16X4 

16A4 

Switching Characteristics OYer Operating Conditions 

SYMBOL PARAMETER 
TEST MILITARY 

CONDITIONS MIN TVP MAX 

tpD 
Input or feed- 16R6 16R4 16L8 25 45 
back to output 16X4 16A4 30 45 

teLK elock to output or feedback 15 25 

tpzx Pin 11 to output enable except 1618 15 25 

tpxz Pin 11 to output disable except 1618 R1 = 2000 
15 25 

Input to 16R6 16R4 16L8 R2 = 3900 25 45 
tpzx output enable 16X4 16A4 30 45 

I I input to i 16R6 16R4 16L8 I 25 45 
tpxz output disable - 16X4 16A4 30 45 

fMAX 
Maximum 16R8 16R6 16R4 14 25 
frequency 16X4 16A4 12 22 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

25 10 
ns 

25 10 

35 25 
ns 

45 30 

0 -15 ns 

0 75 °e 

°e 

MIN TYP MAX UNIT 

0.8 V 

2 V 
-0.8 -1.5 V 

-0.02 -0.25 mA 

25 pA 

1 mA 

0.3 0.5 V 

2.4 2.8 V 

-100 I pA 

100 pA 

-30 -70 -130 mA 

120 180 

160 225 mA 

170 240 

- COMMERCIAL 
UNIT 

MIN TYP MAX 

25 35 ns 
30 40 ns 
15 25 ns 

15 25 ns 
15 25 ns 

25 35 ns 

30 40 ns 

25 35 ns 

30 40 ns 

16 25 
MHz 

14 22 

TWX: 910-338-2376 IIIIonollthlc m 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 ."",orle. 
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Operating Conditions 

Standard PAL/HAL Seri .. 24 
20X10,20X8,20X4,20L10 

MILITARY 
SYMBOL PARAMETER 

MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 

\ 

low 40 20 
tw Width of clock 

30 10 High 

tsu 
Set up time from I 60 38 
input or feedback to clock 

th Hold time 0 -15 

TA Operating free-air temperature -55 

Te Operating case temperature 125 

Electrical Characteristics Over Operating Concltions 

SYMBOL PARAMETER TEST CONDITIONS 

Vil * low-level input voltage 

VIH * High-level input voltage 

VIC Input clamp voltage 
I 

Vee = MIN I, = -18mA 

III low-level input current t Vee = MAX VI = O.4V 

IIH High-level input current t Vee =: MAX VI = 2.4V 

II Maximum input current Vee = MAX VI = 5.5V 

I Mil lOl = 12mA i 

Val low-level output voltage i 
Vee = MIN ! 

! 

i COM lOl = 24mA 

I High-level output voltage I Mil lOH = -2mA 

VOH Vee = MIN 
COM 10H = -3.2mA 

lOll Va = 0.4V 

Off-state output current t Vee = MAX 

10ZH Va = 2.4V 

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

ICC Supply current Vee = MAX. 20Xl0 20X8 20X4 

ICC Supply current Vee = MAX 20L10 

Switching Characteristics O~er Operating Conditions 

SYMBOL PARAMETER 
TEST MILITARY 

CONDITIONS MIN TYP MAX 

tpD 
Input or feed-

35 60 "" __ l" +'" " •• + ...... 1+ 
1.10"'"' ~v vu~ ... u~ I 

tCLK Clock to output or feedback 20 35 

tpXZlZX Pin 13 to output disable/enable except 20L 10 . R1 = 2000 
20 45 

tpzx Input to output enable except 2OX10 R2 = 3900 35 55 

tpxz Input to output disable except 2OX10 35 55 

fMAX 
Maximum 

I frequency 
10.5 16 

COM"'ERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

35 20 
25 10 

ns 

50 38 ns 

0 -15 ns 

0 75 °e 

°e 

MIN TYP MAX UNIT 

0.8 V 

2 V 

-0.8 ·-1.5 V 

-{).02 -0.25 I rnA 

25 J.iA 

1 rnA 

0.3 0.5 I V 
! I 
I 

I I 

I I 
2.4 2.8 I V 

-100 p.A 

100 p.A 

-30 -70 -130 mA 

120 180 mA 

90 165 mA 

COMMERCIAL 
MIN TYP MAX 

UNIT 

35 50 ns 

20 30 ns 

20 35 ns 

35 45 ns 

35 45 ns I 

12.5 16 MHz I 

TWX: 910-338-2376 
2175 Million College BouleVard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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Operating Conditions 

Fast PAL/HAL Series 20A 
16L8A,16R8A,16R6A,16R4A 

SYMBOL PARAMETER IIJILITARY 
MIN TYP ,MAX 

Vcc Supply voltage 4.5 5 5.5 

tw Width of clock 
Low 20 10 

High 20 10 

tsu 
Set up time from 

16RBA 16R6A 16R4A 30 
input or feedback to clock 

.15 

th Hold time 0 -10 

TA Operating free-air temperature -55 

TC Operating case temperature . 125 

COMMERCIAL 
UNIT 

MIN TYP MAX 

4.75 5 5.25 V 

15 10 

15 10 
ns 

25 t 15 ns 

0 -10 ns 

0 75 °c 

°c 

Electrical Characteristics Over Operating Conditions 
tCan select 20ns upon customer request. 

SYMBOL PARAMETER I TEST CONDITIONS MIN TYP MAX I UNIT. 

VIL * Low-level input voltage O.B V 

VIH * High-level input voltage 2 V 

VIC Input clamp voltage VCC = MIN II = -lBmA -O.B -1.5 V 

IlL Low-level input current t VCC = MAX VI = O.4V -0.02 -0.25 mA 

IIH High-level input current t VCC = MAX VI = 2.4V 25 pA 

II Maximum input current VCC = MAX VI = 5.5V . 1 mA 

I I 
MIL IOL = 12mA 

VOL Low-level output voltage 
Vec = MIN 0.3 0.5 V 

COM IOl = 24mA 

MIL IOH = -2mA 

I VOH 

I 
High-level output voltage I VCC = MIN 2.4 2.B I V 

COM iOH '" -3.2mA 

! 
lOlL Vo '" 0.4V +-100 pA 

Off-state o~tput current t VCC = MAX 

IOlH Va = 2.4V 100 pA 

iOS Output short-circuit current * * VCC = 5V Vo = OV -30 -70 -130 mA 

ICC Supply current Vec = MAX 120 180 rnA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
TEST MILITARY COMMERCIAL 

UNIT 
CONDITIONS MIN TYP MAX MIN TYP MAX 

tpD 
Input or feed-
back to output 

16R6A 16R4A 16LBA 15 30 15 25 ns 

tCLK Clock to output or feedback 10 20 10 15 ns 

tpzx Pin 11 to output enable except . 16LBA 10 25 10 20 ns 

tpxz Pin 11 to output disable except 16LBA R1 = 2000 
11 25 11 20 ns 

tpzx 
Input to 

16R6A 16R4A 16LBA R2 = 3900 10 30 10 25 ns 
output enable 

tpxz 
Input to 

16R6A 16R4A 16LBA 13 30 13 25 ns 
output disable I I I 

fMAX 
Maximum 20 40 2B.5 40 MHz 
frequency 

16RBA 16R6A 16R4A 

TWX: 910-338-2376 "'nollthlc m'T!1I 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 _e",orles U1Jn.U 
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Fast Series 24A 
20L8A,20R8A,2OR6A,20R4A 

Operating Conditions 

I 

l 

I 

SYMBOL PARAMETER 
MILITARY COMMEftCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

Low 20 7 15 7 
t . Width of clock ns w High 20 7 15 7 

tsu 
Set up time from 

20RBA 20R6A 20R4A 30 15 25 15 
input or feedback to clock 

ns 

th Hold time 0 ~10 0 -10 ns 

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

Te Operating case temperature 125 °e 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL * Low-level input voltage O.B V 

VIH * High-level input voltage 2 V 

v,,,, Input clamp voltage Vee = MIN II = -18mA -O.~ -1.5 V 'Iv 

III Low-level input current t Vee = MAX VI = O.4V -0.02 -0.25 mA 

IIH High-level input current t Vee = MAX VI = 2.4V 25 pA 

II Maximum input current 

" 
Vee = MAX VI = 5.5V 1 mA 

MIL IOL = 12mA I 
VOL Low-level output voltage Vee = MIN I 0.3 0.5 V 

I 
COM lOL = . 24mA I 

I 

! MIL lOH = -2mA I 
I 

I VOH I High-level output voltage Vee = MIN 2.4 2.S V 
COM lOH = -3.2mA 

lOll 
I i Vo = 0.4V -100 pA I I Off-state output current t Vee = MAX 

lOlH Vo = 2.4V 100 pA 

lOS Output short-circuit current * * Vee = 5V Vo = OV -30 -90 -130 mA 

ICC Supply current Vee = MAX 160 210 mA 

Switching Characteristics Over Operating CondItIons 

TEST MILITARY COMMERCIAL 
UNIT SYMBOL PARAMETER 

CONDITIONS MIN TYP MAX MIN TYP MAX 

tpD 
Input or feed-

20R6A 2OR4A 20LSA 15 
back to output 

·30 15 25 ns 

I 
+_ ..• r"1"",,1, +,., ,.,.o+n •• t nr feedh~,..1t 10 20 10 15 ns LGLK 

I ;;1~;: :;~; :~::-~t 2OL8A I 
I 

I 
tpzx 10 25 10 20 ns 

I tpxz Pin 13 to output disable except 2OL8A i R1 = 200n 
11 25 11 20 ns 

tpzx 
Input to 

2OR6A 20R4A 20LSA R2 = 390n - 10 30 10 25 ns 
output enable 

tpxz 
Input to 

2OR6A 2OR4A 2OL8A 13 30 13 25 ns 
output disable 

Maximum 
20 40 MHz fMAX frequency 2OR8A 2OR6A 2OR4A 40 28.5 

TWX: 910-338-2376 ""ollthlc I!T!II 
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Half Power Series 20-2 
10H8-2, 12H8-2, 14H4-2, 18H2-2, 18C1-2, 10L8-2, 12L8-2, 14L4-2, 18L2-2 

Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

UNIT 
MIN TYP MAX MIN TYP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

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

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

VIL * Low-level input voltage 0.8 V 

VIH * High-level input voltage 2 V 

VIC Input clamp voltage Vee = MIN II = -18mA ~O.8 -1.5 V 

IlL Low-level input current t Vee = MAX VI = O.4V -0.02 -0.25 rnA 

IIH High-level input current t \tee = MAX VI = 2.4V 25 pA 

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

I 
Mil IOl = 4mA 

VOL Low-level output voltage 
Vee = MIN 0.3 0.5 V 

COM IOl = 4mA 

MIL IOH = -1mA 

VOH High-level output voltage Vee = MIN 2.4 2.8 V 
COM 'OH = -1mA 

• I Output shor1-circuit current" ,. I Vee "- 5V Va = OV -30 -70 
- - I 

-130 .. Supply current Vee = MAX 30 45 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER 
MILITARY COMMERCIAL 

TEST 
MIN 

UNIT 
TYP MAX MIN TYP MAX 

R1 = 1.12kH 
tpD Input or feedback to output 

R2 = 2.2k!l 
45 80 45 60 ns 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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Half Power Series 20A-2 
16L8A-2, 16R8A-2, 16R6A-2,16R4A.2 

Operating Conditions 
! 

I MILITARY 
SYMt10a. I PARAMETER 

MIN TYP MAX 

I Vee Supply volt~ge 45 5 5.5 

low 25 10 
tw Width of clock 

High 25 10 

Set up time from 
16R6A-2 16R4A-2 16RBA-2 

! 
50 25 

tsu input or feedback to clock 
I 

th Hold time 0 -15 

TA Operating free-air temperature -55 125 

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS 

Vil * low-level input voltage 

VIH * 1 High-level input voltage I 
\1.- . I Input clamp voltage i Vee = MIN I, ::: -1BmA VIC ! I . -

III low-level input current t I Vee = MAX VI = O.4V 

IIH High-level input current t Vee = MAX VI = 2.4V 

II Maximum input current Vee = MAX VI = 5.5V J 
I 

12mA ! I Mil 10l = 
VOL low-level output voltage I Vee = MIN i I 

I I 
I COM 10l = 24mA I 
I 

I Mil 10H = -2mA I 
! 

VOH High-level output voltage Vee = MIN 
COM 10H = -3.2mA 

IOZl Va = 0.4V 

Off-state output current t 
I 

Vee = MAX 

10ZH Va = 2.4V 

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

ICC Supply current VCC = MAX 

Switching Characteristics Over Operating Conditions 

PARAMETER 
TEST MILITARY 

SYMBOL 
CONDITIONS MIN TVP MAX 

tnn 
Input or feed-

16lSA-2 16R6A-2 16R4A-2 25 50 -ru back to output 

tClK Clock to output or feedback 15 ·25 

tpXZlZX Pin 11 tooutputdisable/enableexcept 16L8A-2 R1 = 2000 15 25 

tpzx 
Input to 

16lSA-2 16R6A-2 16R4A-2 R2 = 3900 25 45 
output enable 

tpxz 
Input to 

16RSA-2 16R6A-2 16R4A-2 25 45 
output disable 

fMAX 
Maximum 

16RaA-2 16R6A-2 16R4A-2 14 25 
frequency 

COMMERCIAL 
MIN TYP MAX 

UNIT 

4.75 5 5.25 V 

25 10 

25 
ns 

10 

35 25 ns 

0 -15 ns 

0 75 °C 

MIN TYP MAX UNIT 

O.B V 

2 V 

-O.B -1.5 V 

-0.02 -0.25 rnA 

25 p.A 

1 I rnA 

·1 
0.3 0.5 I V 

! 

i 

I 
2.4 2.B I V 

-100 p.A 

100 p.A 

-30 -70 -130 rnA 

60 90 rnA 

COMMERCIAL 
UNIT 

MIN TYP MAX 

25 35 ns 

15 25 ns 

15 25 ns 

25 35 ns 

25 35 ns 

16 25 MHz 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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Operating Conditions 

SYMBOL PARAMETER MILITARY COMMERCIAL 
UNIT 

MIN TVP MAX MIN TVP MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

tw Width of clock 
I Low 40 20 30 20 

16RBA-4 16RSA-4 16R4A-4, High ns 
40 20 30 20 

tsu 
Set up time from 

16R8A-4 16R6A-4 16R4A-4 90 45 60 45 
input or feedback to clock ns 

th Hold time a -15 a -15 ns 

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

Electrical Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST CONDITIONS MIN TVP MAX UNIT 

VIL * Low-level input voltage O.B V 

VIH * High-level input voltage 2 V 

VIC Input clamp voltage Vee = MIN II = -1BmA -O.B -1.5 V 

IlL Low-level input current t Vee = MAX VI = O.4V -0.02 -0.25 rnA 

IIH High-level input current t Vee = MAX VI = 2.4V 25 pA 

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

I MIL 10L = 4mA 
VOL Low-level output voltage 

Vee = MIN 0.3 0.5 V 

eOM 10L = SmA 

MIL 10H = -1mA 

VOH High-level output voltage Vee = MIN 2.4 2.B V 
eOM 10H :::-1 rnA 

I 
'all 

I I 

Va = 0.4V -100 pA 

Output short-circuit current** Vee = MAX 

10lH Va =·2.4V 100 pA 

lOS Output short-circuit current Vee = 5V Va = OV -30 -70 -130 rnA 

ICC Supply current VCC = MAX 16R4A-4 16R6A-4 16RBA-4 16LBA-4 30 50 rnA 

Switching Characteristics Over Operating Conditions 

SYMBOL PARAMETER TEST 
MILITARY 

MIN TVP MAX 

COMMERCIAL 

MIN TVP MAX 
UNIT 

tpD 
I Input or feed-

16R6A-4 16R4A-4 16LBA-4 35 75 35 55 ns 
back to output 

tCLK Clock to output or feedback 20 45 20 35 ns 

tpXZlZX Pin 11 tooutputdisable/enable-except16LBA-4 R1 = BOOn 15 40 15 30 ns 

tpzx 
Input to 

output enable 
16R6A-4 16R4A-4 16LBA-4 R2 = 1.56kH 30 65 30 50 ns 

tpxz 
Input to 

16R6A-4 16R4~-4 16L8A-4· 30 65 30 50 ns 
output disable 

Maximum 
B 1B 11 1B fMAX 16R8A-4 16R6A-4 16R4A-4 MHz 

frequency 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 97~9700 TWX: 910-338-2374 
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PAL Programming 

Programming/Verifying Procedure 
, NOTES: For programming purposes many PAL pins have double functions. 

For The PAL 20: 

As iong as Pin 1 is at HH, pin 11 is at ground, and Pin 12 is 
either at HH or Z (as defined in Table 1) - Pins 16,17,18, and 
19 are outputs. The other pin functions ~re: 10 (Pin 2) through 
17 (Pin 9) plus Pin 12 address the proper row; AO (Pin 15), Ai 
(Pin 14), and A2 (Pin 13) address the proper product lines. 

When Pin 11 is at HH, Pin 1 is at ground and Pin 19 is either at 
HH or Z - Pins 12, 13, 14, and 15 are outputs. The other pin 
functions are: 10 (Pin 2) through 17 (Pin 9) plus Pin 19 address 
the proper row; AO (now Pin 18), Ai (now Pin 17), and A2 (now 
Pin 16) address the proper product lines. 

For The PAL 24: 

As long as Pin 1 is at HH, Pin 13 is at ground and Pin 14 is either 
at HH or Z (as defined in Table 1) - Pins 19, 20, 21, 22, and 23 
are outputs. The other pin functions are: 10 (Pin 2) through 19 
(Pin 11) plus Pin 14 address the proper row; AO (Pin 15), Ai 
(Pin 16), and A2 (Pin 17) address the proper product lines. 

As long as Pin 13 is at HH, Pin 1 is at ground, and Pin 23 is 
either at HH or Z (as defined in Table 1) - Pins 14, 15, 16, 17, 
and 18 are outputs. The other pin functions are: 10 (Pin 2) 
through 19 (Pin 11) plus Pin 23 address the proper row; AO (Pin 
22), A1 (Pin 21), and A2 (Pin 20) address the proper product 
lines. 

For The PAL 24A: 

As long as Pin 1 is at HH, Pin 13 is at ground, and Pin 14 is 
either at HH or Z (as defined in Table 1) - Pins 19, 20, 21, and 
22 are outputs. The other pin functions are: 10 (Pin 2) through 
19 (Pin 11) plus Pin 14 address the proper row; AO (Pin 15), A 1 
(Pin 16), and A2 (Pin 17) address the proper product lines. 

As long as Pin 13 is at HH, Pin 1 is at ground,and Pin 23 is 
either at HH or Z (as defined in Table 1) - pins 15, 16, 17, and 
18 are outputs. The other Pin functions are: 10 (Pin 2) through 
19 (Pin 11) plus Pin 23 address the proper row; AO (Pin 22), Ai 
(Pin 21), and A2 (Pin 20) address the proper product lines. 

Pre-Verification 
5.1.1 Raise V CC to 5.0 volts. 

5.1.2 Raise Output Disable pin, 00, to VIHH. 

5.1.3 Select an input line by specifying· Inputs and 
UR as shown in Table 1 or Table 2. 

5.1.4 Select a product line by specifying AO, Ai, 
and A2 one-of-eight select as shown in Table 
3, Table 4 or Table 5. 

5. i.5 Pulse the CLOCK pin and verify (\'&/ith CLOCK 
at VIL) that the output pin, 0, is in the state 
corresponding to an unblown fuse. 

- For verified unblown condition, continue 
procedure from 5.1.3 through 5.1.5. 

- For verified blown condition, stop procedure 
and reject part. 

Programming Algorithm 

5.2.1 Raise Output Disable pin, 00, to VIHH 

5.2.2 Programming pass. For all fuses to be blown: 

5.2.2.1 Lower CLOCK pin to ground. 

5.2.2.2 Select an input line by specifying Inputs and 
UR as shown in Table 1 or Table 2. 

5.2.2.3 Select a product line by specifying AO, Ai, and 
A2 one-of-eight select as shown in Table 3, 
Table 4 or Table 5. 

5.2.2.4 Raise VCC to VIHH. 

~.2.2.5 Program the fuse by pulSing the output pins of 
the selected product group -one at a time- to 
VIHH (as shown in the Programming Waveforms, 
Section 5.5). 

5.2.2.6 Lower VCC to 5.0 volts. 

5.2.2.7 Repeat this procedure from 5.2.2.2 until pattern 
is complete. 

5.2.3 First verification pass. For all fuse locations: 

5.2.3. i Seiect an input iine by specifying inputs and 
lIR as shown in Table 1 or Table 2. 

5.2.3.2 Select a product line by specifying AO, Ai, and 
A2 one-of-eight select as shown in Table 3, 
Table 4 or Table 5. 

5.2.3.3 Pulse the CLOCK pin and verify (with CLOCK 
at VIL) that the output pin, 0, is in the correct 
state. 

- For verified output state, continue procedure 

-:- For overblow condition, stop procedure and 
reject part. 

- For underblow condition, reexecute steps 
5.2.2.4 through 5.2.2.6 and 5.2.2.3. If success
ful, continue procedure. After three attempts 
to blow fuse without success, reject part but 
continue procedure. 

5.2.3.4 Repeat this procedure from 5.2.3.1 until the 
entire array is exercised. 

5.2.4 High Voltage Verify. For all fuse locations: 

5.2.4.1 Raise V CC to 5.5 volts. 

5.2.4.2 Select an input line by specifying Inputs and 
lIR as shown in Table 1 or Table 2. 

5.2.4.3 Select a product line by specifying AO, Ai, and 
A2 one-of-eight select as shown in Table 3, 
Table 4 or Table 5. 

5.2.4.4 Pulse the CLOCK pin and verify (with CLOCK 
at VIL) that the output pin, 0, is in the correct 
state. 

- For verified output state, continue procedure 

- For invalid output state, stop procedure and 
reject part. 

5.2.4.5 Repeat this procedure from 5.2.4.1 until the 
entire array is exercised. 

TlVX: 91~2376 
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PAL Programming 

5.2.5 Low Voltage Verify. For all fuse locations: 

5.2.5.1 Lower VCC to 4.5 volts. 

5.2.5.2 Select an input line by specifying Inputs and 
LlR as shown in Table 1 or Table 2. 

5.2.~.3 Select a product line by specifying AO, A1, and 
A2, one-of-eight select as shown in Table 3, 
Table 4 or Table 5. 

5.2.5.4 Pulse the CLOCK pin and verify (with CLOCK 
at VIL) that the output pin, A, is in the correct 
state. 

- For verified output state, continue procedure. 

- For invalid output state, continue procedure 
and reject part. 

5.4 Programming Parameters 

SYMBOL PARAMETER 

VIHH Program-level input voltage 

I 

Programming the Security Fuses 
5.3.1 Verify per Section 5.2.4 and 5.2.5. 

5.3.2 Raise VCC to 6 volts. 

5.3.3 For PAL 20: 

- Program the first fuse by pulSing Pin 1 to VP. 
(From 1 to 5 pulses is acceptable.) 

- Program the second fuse by pulSing Pin 11 to VP. 
(From 1 to 5.pulses is acceptable.) 

5.3.4 For PAL 24 and PAL 24A: 

- Program the first fuse by pulsing Pin 1 to VP. 
(From 1 to 5 pulses is acceptable.) 

- Program the second fuse by putsing Pin 13 to VP. 
(From 1 to 5 pulses is acceptable.) 

5.3.5 Verify per Section 5.2.4 and 5.2.5: 

- A device is "secure" if either half fails to verify. 

LIMITS 
UNIT 

MIN TYP MAx 

11.5 11.75 12 V 

Output Program Pulse 50 

IIHH Program-level input current AD, LlR 50 mA 

I All other inputs 10 

ICCH I Program Supply Current 900 mA 

tvccp 
! 

Pulse Width of VCC@VIHH I 60 IJ.S 

Tp Program Pulse Width 10 20 50 IJ.S 

to I Delay Time 100 ns 

Delay Time after LlR Pin 10 IJ.S 
t02 

I V CCP Duty Cycle 20 % 

Vp I Security Fuse Programming Voltage 18 18.5 19 V i 
Ip ! Security Fuse Programming Supply Current 400 rnA 

Security Fuse Programming Pulse Width 10 40 70 IJ.S 
Tpp 

Security Fuse Programming Duty Cycle 50 % 

tRP Rise time of output programming and address pulses 1 1.5 10 V/p.S 

tRP Rise Time of security fuse programming pulses 1 1.5 10 V/IJ.S 

V CC value during security fuse programming 5.75 6.0 6.25 

VCCvalue for first verify 4.75 5.0 5.25 
VCCPP V 

V CC value for High V CO verify I 5.4 5.5 5.6 

VCC value for Low VCC verify 4.4 4.5 4.6 

TWX: 910-338-2376 ."'nol'thlc m1!n 
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PAL Programming 

VIHH 

j OD 

VIL 

VCC 

~tD 

VIHH 

VIH 

VIL 

VIHH 

A,LIR 

Z REPEAT UNTIL 
ARRAY IS 
VERIFIED 

0 
VOH 

VOL 

~ l~tD 
--. l~tD 

CLOCK VIH ------nL--___ _ 
VIL -----------'. -

NOTE:' VCC (Low Voltage Verify) = 4.5 volts 
vee (High Voltage Verify) = 5.5 .oIts 
VCC (RBt Verify) = 5.0 volts 
A Delav ttD2) must alWavs precede the Positive 
ClOck T~tion. (e.g," section 5.2.3.3 for underblow condition) 

OD 

CLOCK 

A,LlR 

vce 

o 

5.5 ARRAY PROGRAMMING 

VI::J1, 

_ l.-tD 

VIL-----, 

0. _~,-------------------------.-tD 

VIHH ---t-r--------_ 
VIH---++ 

VIL---f 

VIHH---+-l--------.. 

z---r 

~HH-~~-+~-----~ 

5.0V --------f 

Y!HH -----++;.-----

VOH----.....; 

VOL-----

REPEAT UNTIL 
PATTERN IS 
PROGRAMMED 

5.6 SECURITY FUSE PROGRAMMING 

vecpp 

t vcc 0 

VP --. 
PIN 1 

0 

VP------------~~r----~ 
PIN 11 

O-------------~ 

Programmer I Development Systems 

Data I/O 

Structured Design 

STAG 

DIGELEC 

PROLOG 

KONTRON 

*Means that this version is being qualified. 

- LogicPak (Rev-01O) 
- 1427 Card Set 

-so 20/24 
- PAL Burner * 

- PM202 (Rev 3) 
-PM2200* 

- UP803 (FAM51) 
or (FAM52) 

-M980 
PM9068 

.-MPPSOS 
MOO 21 

LogicPak (Rev-010) 

- SO 20/24 
- PAL Burner * 

- PM202 (Rev 3) 

- PM2200* 

- UP803 (FAM51) 
or (FAM52) 

TWX: 91~2376 
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PAL Series 20, 20A, 20·2, 20.4 

Programming Pin Configurations 

PRODucts 0 THRU 31 PRODUCTS 32 THRU 63 

~ Voltage Legend 
'i: 

L = Low-level input voltage, VIL 
H = High-level input voltage, V IH 

HH = High-level program voltage, V IHH 
Z = High impedance (e.g., 10k!} to 5.0V) o 

E 
Q) 

~ 

.2 

.c 
~ 

o 
c: 
o 
~ 

I 

I 

INPUT PIN IDENTIFICATION 
LINE 

NUMBER 17 16 15 14 13 12 11 10 L/R 

0 HH HH HH HH HH HH HH L Z 
1 HH HH HH HH HH HH HH H Z 
2 HH HH HH HH HH HH HH L HH 
3 HH HH HH HH HH HH HH H HH 
4 HH HH HH HH HH HH L HH Z 
5 I~~I~~ HH I HH HH HH H HHI Z 
6 HH HH HH HH L HH HH 
7 HH HH HH HH HH HH H HH HH 
8 HH HH HH HH HH L HH HH Z 
9 HH HH HH HH HH H HH HH Z 

10 HH HH HH HH HH L HH HH HH 
11 HH HH HH HH HH H HH HH HH 
12 ' HH HH HH HH L HH HH HH Z 
13 HH HH HH HH H HH HH HH Z 
14 HH HH HH HH L HH HH HH HH 
15 HH HH HH HH H HH HH HH HH 
16 HH HH HH L HH HH HH HH Z 
17 HH HH HH H HH HH HH HH Z 
18 HH HH HH L HH HH HH HH HH 
19 HH HH HH H HH HH HH HH HH 
20 HH HH L HH HH HH HH HH Z· 
21 HH HH H HH HH HH HH HH Z 
22 HH HH L HH HH HH HH HH HH 
23 HH HH H HH HH HH HH HH HH 
24 HH L HH HH HH HH HH HH Z 
25 HH H HH HH HH HH HH HH Z 
26 HH L HH HH HH HH HH HH HH 
27 HH H HH HH HH HH HH' HH HH 
28 L HH HH HH HH HH HH HH Z 
29 H HH HH HH HH HH HH HH Z 
30 L IHH HH HH HH HH I HH HH IHH 
31 H HH HH HH HH HH HH HH HH 

Table 1 Input Line Select 

I 

I 

PRODUCT 
LINE 

NUMBER 

0, 32 
1,33 
2, 34 
3, 35 
4. 36 
5, 37 
~ 'l8 v, v 

7, 39 
8, 40 
9,41 

10, 42 
11,43 
12, 44 
13, 45 
14, 46 
15,47 
16, 48 
17,49 
18, 50 
19,51 
20, 52 
21,53 
22, 54 
23, 55 
24, 56 
25, 57 
26, 58 
27, 59 
28, 60 
29,61 
30, 62 
31,63 

PIN IDENTIFICATION 

03 02 01 00 A2 A1 AO 

Z Z Z HH Z Z Z 
Z Z Z HH Z Z HH 
Z Z Z HH Z I·· HH Z 
Z Z Z HH Z HH HH 
Z Z Z HH HH Z Z 

I Z I Z I Z I HH I HH I HZ I ~H I 
Z Z Z HH HH H 
Z Z Z HH HH HH HH 
Z Z HH Z Z Z Z 
Z Z HH Z Z Z HH 
Z Z HH Z Z HH Z 
Z Z HH Z Z HH HH 
Z Z HH Z HH Z Z 
Z Z HH Z HH Z HH 
Z Z HH Z HH HH Z 
Z Z HH Z HH HH HH 
Z HH Z Z Z Z Z-

Z HH Z Z Z Z HH 
Z HH Z Z Z HH Z 
Z HH Z 1. Z HH HH 
Z HH Z Z HH Z Z 
Z HH Z Z HH Z HH 
Z HH Z Z HH HH Z 
Z HH Z Z HH HH HH 

HH Z Z Z Z Z Z 
HH Z Z Z Z Z HH 
HH Z Z Z Z HH Z 
HH Z Z Z Z HH HH 
HH Z Z Z HH Z Z 
HH Z Z Z HH Z HH I HH Z Z Z HH HH Z 
HH Z Z Z HH HH HH 

Table 2 Product Line Select 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 
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PAL series 24, 24A 

Programming Pin Configurations 

PRODUCTS 0 THRU 39 . PRODUCTS 40 THRU 79 

Voltage Legend L = Low-level input voltage, VIL 
H = High-level input voltage, VIH 

INPUT PIN IDENTIFICATION IPRODUCTl 
LINE LINE 

NUMBER 19 18 17 16 15 14 13 12 11 10 L/R NUMBER 

0 HH HH HH HH HH HH HH HH HH L Z 0, 40 

\ 

1 HH HH HH HH HH HH HH HH HH H Z 
2 HH HH HH HH HH HH HH HH HH L HH 
3 HH HH HHIHH HH HH HH HH HH H HH 

I 4 HH HH HH HH HH HH HH HH L HH Z 

I 
5 HH HH HHIHH HH HH HH HH H HH Z 
6 'HH HH HH HH HH HH HH HH L HHIHH 

I 
7 I HH HTTTH 

HHIHH HH H HHIHH 
8 HH HH HH HH HH HH HH L HH HH Z 
9 HH HH HH HH HH HH HH H HH HH Z 

10 HH HH HH HH HH HH HH L HH HH HH 

1,41 
2,42 

I 
3, 43 
4,44 

I 5,45 

I 
I 

6, 46 I 

I 

7, 47 

I 
8,48 
9,49 

10,50 
11 HH HH HH HH HH HH HH H HH HH HH 11, 51 
12 HH HH HH HH HH HH L HH HH HH Z 12,52 
13 HH HH HH HH HH HH H HH HH HH Z 13,53 
14 HH HH HH HH HH HH L HH HH' HH HH 14,54 
15 HH HH HH HH HH HH H HH HH HH HH 15,55 
16 HH HH HH ~H HH L HH HH HH HH Z 16,56 
17 HH HH HH HH HH H HH HH HH HH Z 17,57 
18 HH HH HH HH HH L HH HH HH HH HH 18, 58 
19 HH HH HH HH HH H HH HH HH HH HH 19, 59 
20 HH HH HH HH L HH HH HH HH HH Z 20, 60 
21 HH HH HH HH H HH HH HH HH HH Z 21,61 
22 HH HH HH HH L HH HH .HH HH HH HH 22,62 
23 HH HH HH HH H HH HH HH HH HH HH 23,63 . 
24 HH HH HH L HH HH HH HHIHH HH Z 
25 HH HH HH H HH HH HH HH HH HH Z 
26 HH HH HH ,L HH HH HH HH HH HH HH 
27 

I ~~ 
HH HH H HH HH HH HH HH HH HH 

28 HH L HH HH HH HH HHIHH HH Z 
29 HH HH H HH HH HH HH HH HH HH Z 
30 HH HH L HH HH HH HH HH HH HH HH 

I 31 I HH HH H HH HH HH HH HH HH HH HH 

I 
32 I HH L HH HH HH HH HH HH HH HH Z 
33 I HH H HH HH HH HH HH HH HH HH Z 
34 HH L HH HH HH HH HH HH·HH HH HH 

24,64 
25,65 
26,66 
27, 67 
28, 68 
29, 69 
30, 70 
31,71 
32, 72 
33, 73 
34, 74 

35 HH H HH HH HH HH HH HH HH HH HH 35,75. 
36 L HH HH HH HH HH HH HH HH HH Z 36, 76 
37 H HH HH HH HH HH HH HH HH HH Z 37, 77 
38 L HH HH HH HH HH HH HH HH HH HH 38, 78 
39 H HH HH HH HH HH HH HH HH HH HH 39, 79 

Table 1 Input Line Select 

HH High-level program voltage, VIHH 
Z High impedance (e.g. 10K n to 5.0V) 

PIN IDENTIFICATION 

04 03 02 01 00 A2 A1 Ao 

Z 'Z Z Z HH Z Z Z 
Z Z Z Z HH Z Z HH 
Z Z Z Z HH Z HH Z 
Z Z Z Z HH Z HH HH 
Z Z Z Z HH HH Z Z 
Z 

I ~ 
Z Z HH I HH 

Z HH 
Z Z Z HH HH HH Z 
Z 

I ~ I 
Z 

Z I HH HH HH I HH Z Z HH Z Z Z Z 
Z Z HH Z Z Z HH 
Z 

~ I 
Z HH Z Z HH Z 

Z Z HH Z Z HH HH 
Z Z Z HH Z HH Z Z 
Z Z Z HH Z HH Z HH 
Z Z Z HH Z HH HH Z 
Z Z Z HH Z HH HH HH 
Z Z· HH Z Z Z Z Z. 
il Z HH Z Z Z Z HH 
Z Z HH Z Z Z HH Z 
Z Z HH Z Z Z HH HH 
Z Z HH Z Z HH Z Z 
Z Z HH Z Z HH Z HH 
Z Z HH Z Z HH HH Z 
Z Z HH Z Z HH HH HH 
Z HH Z Z Z Z Z Z 
Z HH Z Z Z Z Z HH 
Z HH Z Z Z Z HH Z 
Z HH Z Z Z Z HH HH 
Z HH Z Z Z HH Z Z 
Z HH Z Z Z HH Z HH 
Z HH Z Z Z HH HH Z 
Z 

II 
Z Z Z HH HH HH 

HH Z Z Z Z Z Z 
HH Z Z Z Z Z HH 
HH I Z Z Z Z Z HH Z 
HH Z Z Z Z Z HH HH 
HH Z· Z Z Z HH Z Z 
HH Z Z Z Z HH Z HH 
HH Z Z Z Z HH HH Z 
HH Z Z Z Z HH HH HH 

Table 2 Product Line Select 

TWX: 910-338-2376 
2175 Mission College Boulevard, Santa Clara, CA 95050 Tel: (408) 970-9700 TWX: 910-338-2374 

Monolithic l!T!n 
.elflorles InJlW 
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® MOTOROLA 

FOR CUSTOM LSI/VLSI BIPOLAR CIRCUITS 
High Performance 
ALS-TTL-Compatible 
Macrocell Arrays 

In addition to standard logic lines, Motorola also offers 
a variety of TTL-compatible Macrocell Arrays. These 
products provide a means for developing economical 
custom lSINlSI logic circuits. Performance is achieved 
by the combination of an advanced MOSAIC I (Motorola 
Oxide-Isolated Self-Aligned Implanted Circuit) oxide iso
lated bipolar integrated circuit process and a series gated 
emitter-coupled logic (ECl) macrocell circuit technology. 
Input and output circuits provide level translation to and 
from the internal array logic for standard TTUMOS 
interface. 

Each cell within the arrays contains a number of un
connected transistors and resistors. Stored within a com
puter are the specifications to automatically interconnect 
these elements forming SSI/MSI logic cells (rather than 
simple gates) called macrocells. These macro~ells take 
the form of standard logic blocks such as dual type 0 
flip-flops, dual full adders, quad latches and many other 
pre-defined "library" functions. Presently, the macrocell 
library for the AlS-TTL arrays contains more than 80 logic 
functions. 

Generating an lSINlSI design is simply a matter of 
selecting the appropriate macrocells and describing the 
proper interconnection network to implement the design. 
Motorola's CAD (Computer-Aided-Design) interface pro
vides automatic placement and routing of the cells (in
traconnection of the cell itself is automatically accom-

MCA500ALS 
MCA1300ALS 
MCA2800ALS 

plished when placed), full logic and fault-testing 
capabilities, AC delay simulations, generation of test 
tapes and custom metallization to complete the Ie pro
cessing sequence. 

The ability to stockpile fully diffused wafers provides 
a very fast turnaround time (the time from customer no
tification of a completed design to delivery of finished 
parts) of currently nine weeks. 

ALS-TTL MeA Selection Chart 
NlCA r.tCA MCA MCA 

SOOALS 1300ALS 2800ALS 2400ETL 

Configuration 
Max Gate Equivalent 533 1280 2720 2958 
Major Macroeells 24 60 30 130 
I/O Ports 57 76 120 120 
Input/Interface Cells 26 40 120 I/O 70TTL I/O 
Output Marcocells 24 40 72ECL 

Performance 
Max Gate Delay (M Cell) 4.0 ns 3.0 ns 1.1 ns 1.1 ns 
Max Toggle Frequency 80 MHz 80 MHz 125 MHz 125 MHz 

Maximum Power Dissipation 1.0W 1.4 W 2.5W 4.0W 

Packages 
Dual-in-Une 28,40,48 40,48 -
Chip Carrier, Pin Grid .Array 68 68,84 84 j 149PG 149PG 

Temperature Range 0-70"C 0-70°C 0-70"C 0-70"C 

Supply Voltage 5.0 V 5.0 V 5.0 V +5.0, 
:t5% :t5% :t5% -5.2V 

Availability Now Now Now 4083 

MCA2800ALS MACROCELL ARRAY LAYOUT 

~~~~~~~~~~~~~UUQQooooooaaaaaaODOOOOOL7L7L7L7L7~ 

~ @]F~1111111111111111111111111111 ~ ~ c:a 
~~g[!] M M vo 

~ [!J 
~ 

168 Bonding Pads 

4796 

~ - Major (Internal) Cells 
Divisible to Four % Cells 
130 Total 

02QJ - Input/Output' Cells 
120 Total 

@] - Master Bias Generators 

@ Ie MASTER 1984 



® MOTOROLA 

MECL 10,000 Macrocell Array Family 
The Macrocell Array Concept combines a pre-diffused 

array of components with computer-aided design tech
niques to offer system designers a rapid, cost-effective 
means for implementing semi-custom, high-speed digital 
logic systems with VlSI circuitry. 

Compared with equivalent systems developed with dis
crete logic (separately packed SSIIMSllogic functions) the 
high packing density of the Macrocell array chip offers up to 
100-to-1 reduction in system component count, with a 
power dissipation improvement (reduction) of as much as 
12 to 1. 

THE MCA600ECL 
Total of 67 cell locations-24 Major, 25 Interface 
and 18 Output cell locations. 

Parameter MCA2500ECL 

Maximum Equivalent Gates 2472 
Major Macrocells 110 
Interface/Input Macrocells -
Output Macrocells . 68 
Maximum Gate Delay 0.5 ns 
Power Dissipation 6.0 Watts 
Package 149 Pin 

Grid Array 
Temperature Range 0':"'70°C 
I/O Interface 1 OKl1 OKH/1 OOK 
Design Interface CAD 

M 1 0900 Family 
The M 1 0900 family is a series of very high performance 

bipolar lSI products designed off the MECL Macrocell Array 
offering. While the Macrocell Array is normally used for 

,(;,c;·;1:{~i'.·'O.;" ;; 
MC10900Z 8-Bit ALU with Parity Slice 

MC1()901Z ,8 x 8-Bit Array MuJtiplier 

MC10902Z 8-Bit Binary/BCD ALU Slice 

MC10904Z 8-Bit Micro Code Sequencer Slice 

MC10905Z Error Detect and Correct Circuit 

@ Ie MASTER 1984 

Compared with the conventional approach to custom lSI 
circuits, the Macrocell approach offers a tremendous reduc
tion in delivery time. With a stockpile of fully diffused 
wafers, turnaround time (from the time the customer gives. 
the go-ahead signal for generating masks until he receives 
finished parts) is seven weeks. 

MECl Macrocell Array family members presently consist 
of the MCA 1200ECl (68 PinlArray, ~he MCA600ECl (28, 
40 and 68 Pin) Array, and the MCA2500ECl (149 Pin) 
Array. 

o 0 0 0 0 a a 0 000 0 0 0 a a 000 a 0 
o 

THE MCA 1200ECL 
Total of 106 celllocations-48 Major, 32 Inter
face and 26 Output cell locations. 

MCA1200ECL MCA600ECL 

1192 652 
48 24 
32 25 
26 1'8 

1.2 ns 1.2 ns 
4 Watts 2.5 Watts 

68 Leadless 28,40 Oil 
72 Pin Grid 68 Leadless 

0-70°C 0-70°C 
MECL 10Kl10KH MECL 1 OKl1 OKH 

CAD CAD 

custom circuits which require option development time and 
costs, the Ml 0900familyisa standard product ordered Jike 
any other MECL 10K circuit. 

c; Pi 

17.8 ns Max Addition of 2 a-Bit Words. 
Introduced 
Expandable to 32 x 32. 
24.3 ns Max Delay for 8 x 8 Multiply. 
Introduced 
Expandable to 32-Bits. 
17.9 ns Max Add Delay. 
Introduced 
Expandable to 24-Bits. 
14.0 ns Max Clock to Output. 
16-Bit Check and Correct with 1 Chip. 
Expandable to 64-Bits. 
16-Bit Check and Correct in 19.7 ns Max. 

.q 
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~~IC MASTER~!!!!!!!!!!!!! 
BELONGS ON YOUR 

BOOKSHELF 
If you use IC MASTER frequently, you can obtain your own copy by ordering 
now. Use the order cards contained in this publication, or order by 
telephone as described below. 

IC MASTER is a two-volume set of technical data carefully organized to 
direct the engineer to the integrated circuits and related products that are 
closest to his specific needs. It is the surest way to find the optimum 
device to answer an engineering design requirement. By ordering now, you 
won't have to borrow or search for Ie MASTER the next time you need it. 

Typical Use of Ie MASTER 

Can an engineer find out who makes a 64K dynamic RAM with an access 
time of 1'20 nanoseconds or faster in less than 30 seconds? 
He can if he turns to the Memory section of IC MASTER and looks for the 
64K organization (words and bits per word) that he needs. 
Because each device is listed in order of access time, he can easily 
determine the devices that satisfy his speed requirements. 

In the United States only: 
You can order IC MASTER simply by charging it to your VISA or Master 
Card credit card. To place your order, call now: (516) 222-2500. 
Ask for Extension 314. 

ORDER YOUR COpy 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii NOW.~iiiiiiiiiiiiiii 



NEe 
NEC Electronics 

JLPB6300 SERIES 
HIGH SPEED EeL 

GATE ARRAYS 

Description Features 

The IlPB6300 series consists of threehigh speed ECl gate 
arrays manufactured using advanced bipoiar technoiogy. 
The IlPB6301, IlPB6310, and IlPB6320 have 300, 1200, and 
2000 equivalent gates, respectively. Specific lSI designs 
are builtby i~nterconnecting cells (2.5 gates) by means of 
advanced CAD tools such as logic simulation, automatic 
placement al1d routing, delay simulation, and test program 
generation. Customers can use the GE MARK III@tinie 
sharing system through their own terminals for logic 
simulation. 

o High speed: IZl 0.5ns/gate (fan-in (=) fan-out (=) 2.5, 
L=2.0mm) 

o ECl 100K compatible 
o Shallow junction dielectric isolation 
o 68 available macros in function block library 
o Fully supported by advanced CAD with direct 

customer access o Quick Turn Around Time IZI available 8-10 weeks after 
logic validation 

Customers can choose from a wide range of package 
types. Tre IlPB6300 gate arrays are available in 72 = to 
132 = pin grid arrays (PGA) packages and a 68-pin leadless 
dip carrier (lCC) package. 

CONSTITUTION 

AUTOMATIC ROUTING REGION 

-------------------------------• I 

• • I I 

INPUT 
BUFFER 

1 1 
I INTERNAL OUTPUT ...... -1--__ -.41 OUTPUT 

EF CIRCUIT 

INPUT 
PIN 

BLOCK 

J~ 

Input, Output Pin 

Input Buffer 

Internal Block 

Output Buffer 

Output Special Ci rcuit 

Constant Voltage 

Generation Reference 
Voltage Generation 
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BLOCK BUFFER 
1 
1 
1 
I 
1 
1 

I, 

~~ ~~ 1 
1 . ------- --------------~ 

----_ .. 
I 

CONSTANT VOLTAGE 
GENERATION CIRCUIT 

REFERENCE VOLTAGE 
GENERATION CIRCUIT 

CONSTITUTION FUNCTION 

ECl -100 K level interface 

EF output, CMl internal level shift ECl -100 K to CMl 

EF Output, CMl internal Shown in blOCk library 

ECl -100 K Basic Circuit level shift CMl to ECl - 100 K 
(W/O output EF) (With simple logic function) 

only EF for Output For ECl -100 k level output 

Constant voltage 1) C.S. constant current 
control 

Generation Circuit 2) Generation of reference 
with Temperature voltage 
compensation 

j~ 

OUTPUT 
PIN 

BLOCK HEADING 

M 

C, J, V 

G 

B 
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NEe J,tPB6300 SERIES 
NEe Electronics 

4800 

IJPB6301 SPECIFICATION 

ITEM SPECIFICATION COMMENT 
Part Number 

Integration (Gate) - 300 1 cell = 2.25 gate 
Input Output Interface ECl - 100 K output: 50 n to -2 V 
Power Supply Voltage VEE = -4.5 V ± 100/0 max = -5.7 V 
Ambient Temperature Ta = Q - +70°C 4 m/sec air cooling 

Internal Gate 0.5 nS/5.4 mW FII :::: FlO = 2.5, l = 2 mm 
tpd/Po Input Butter 

Output Buffer 

Power Dissipation 

0.5 nS/5.4 mW 

0.8 nS/22.5 mW 

3.1 W (typ) Ta, VEE = Typical 

4.6 W (max) .Ta, VEE = Worst 

Package 72 PIP 68 lCe e = 5.6° C/W, 

Pin Count _'n_p_u_t _________ 5_6 ____ 5_6 ______ 0 = 10° C/W, 1 m/sec. 
(Max.) Output 28 28 Input + Output ~ 56 

Power Supply 8 8 
Cell Internal cell 16 x 8 = 128 

Count Peripheral 14 x 2 = 28 

Assembly Method Wire bonding 

Number of Macros 68 

Circuit Form EF Output, CMl Internal with wired logic 

IJP88310 SPECIFICATION 

ITEM SPECIFICATION COMMENT 

Part Number 

Integration (Gate) - 1200 1 cell = 2.25 gate 

Input Output ECl - 100 K outputs: 50 n to -2 V 

Power Supply Voltage VEE = -4.5 V ± 10% max = -5.7 V 

Ambient Temperature Ta = 0 - +70°C 4 m/sec air cooling 

Internal 0.7 nS/1.9 mW F/I = Flo = 2.5, L = 3 mm 

tpd/Po Input Buffer 0.6 nS/1.9 mW 

Output Buffer 1.0 nS/22.5 mW 

Power Dissipation 
3.7 W (typ) Ta, VEE = Typical 

5.6 W (max) Ta, VEE = Worst 

Package 72 PIP 132 PIP 68 lCC (-) = 5.6° C/W, 

Pin Count _In.-.:p_u_t _________ 64 ____ 8_8 ___ 6_0 ___ Input + Output :5 

(Max.) Output 32 48 32 Package Pin - Power Pin 
Power Supply 8 16 8 

Cell Internal 32 x 16 = 512 ---------------------------------------------------------------
Count Peripheral 24 x 2 ~ 48 

Assembly Method Wire bonding 

Number of MacrOs 50 
Circuit Form EF Qutput, CMl Internal with wired logic 

@ Ie MASTER 1984 



NEe J,LPB6300 SERIES 

NEe Electronics 

ITEM 

Part Number 

Integration (Gate) 

Input Output Interface 

Power Supply Voltage 

Ambient Temperature 

Internal Gate 

tpd/Po Input Buffer 

Output Buffer 

Power Dissipation 

J.LPB6320 SPECIFICATION. 

SPECIFICATION 

J.LPB6320 

--: 2000 

ECl - 100 K 

VEE = -4.5 V ± 10% 

Ta = 0 - +70°C 

0.7 nS/1.9 mW 

0.6 nS/1.9 mW 

1.0 nS/22.5 mW 

COMMENT 

1 cell = 2.25 gate 

output: 50 n to -2.0 V 

max = -5.7 V 

4 m/sec air cooling 

6.1 W (typ) Ta, VEE = Typical 

9.S W (max) Ta. VEE = Worst 

Package 72 PIP 132 PIP 68 lCC (-) = 5.6° C/W, 

Pin Count _In_p_u_t _________ 5_6 ___ 1_0_8 ____ 56 ___ Used Input + Used 

(Max.) Output 28 48 28 Output:S Max Input 

Power Supply 16 24 16 

Cell Internal cell 32 x 26 ~ 832 

Count Peripheral 24 x 2 = 4ts 

Assembly Method Wire bonding 

Number of Macros 50 
Circuit Form EF Output, CMl Internal with wired logic 

@ Ie MASTER 1984 4801 
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ttlEC 
NEG Electronics 
~PB6301. ~PB6310. ~PB6320 

Function Block Llbrary/ List 

INPUT BUFFER 

Block 
Name Function 

M201 1-IN-AND 

M210 1-IN-NAND 

M211 1-IN-AND dow power I 

M212 1-IN-NAND dow power, 

INTERNAL BLOCK 

Block 
Name Function 

JWI 2-IN-WIRED-AND 

JWI3 3-IN-WIRED-AND 

JWI4 4-IN-WIRED-AND 

VOOl CLAMP-VOL TAGE-
GENERATOR 

C027 1-IN 2-0UTPUT 
AND/NAND 

C028 2-IN 2-0UTPUT 
AND/NAND 

C029 3-IN 2-0UTPUT 
AND/NAND . 

C030 4-IN 2-0UTPUT 
AND/NAND 

C031 5-IN 2-0UTPUT 
AND/NAND 

C004 DUAL 
1-IN-AND/NAND 

COOS DUAL 
E,02 . , 

6301 
Typical 
Power (mW) 

11.5 

11.5 

8.6 

8.6 

6301 
Typical 
Power (mW) 

-5.9 

-13.2 

-17.7 

35.8 

29.2 

29.2 

29.2 

29.2 

29.2 

34.6 

631016320 C038 
Cell Typical Cell 

Count Power (mW) Count C039 
1 3.7 1 

1 3.7 1 C040 

1 1.9 1 

1 1.9 1 C041 

C042 

6310/6320 C043 
Cell Typical Cell 

Count Power (mW) Count 

0 -1.8 0 C044 
0 -2.'7 0 

0 -5.6 0 C045 

1 9.8 1 C046 

1 9.1 1 C047 

1 9.1 1 C048 

1 9.1 1 C049 

1 9.1 1 
COSO 

1 9.1 1 

C051 
1 11.0 1 

C052 
2-.N-AND/NAND 34.6 11.0 I 

-C-0~----1---IN--3--0-U-T-P-U-T-A-N-D----29--2----------~----Q-1--------~ CO~ 
1-0UTPUT '-

NAND BUFFER 
C054 

C033 
1-IN 1-0UTPUT AND 

29.2 1 9.1 1 3-0UTPUT NAND 
BUFFER C055 

C034 
2-IN 3-0UTPUT AND 29.2 1 9.1 1 1-0UTPUT C056 

NAND BUFFER 

C035 
2-IN 1-0UTPUT AND 29.2 1 9.1 1 3-0UTPUT NAND 

C057 

BUFFER 

C036 
3-IN 3-0UTPUT AND 29.2 1 9.1 1 
1-0UTPUT NAND 

C058 

BUFFER 
C059 

C037 3-IN 1-0UTPUT AND 
29.2 3-0UTPUT NAND 1 9.1 1 C060 

BUFFER C061 

C062 

C063 

4802 

1-IN-AND-SIN-
BUFFER 

1-IN-NAND-
DELAY-BUFFER 

DUAL-l-IN-
DELAY-BUFFER 

2-WIDE 
2 • 2-IN-AND-OR 

3-WIDE 
3 . 2 • 2-IN-AND-OR 

4-WIDE 
3· 3· 3 . 3-IN-

AND-OR 

2-WIDE 
3 . 3-IN-AND-OR 

2-WIDE 
1 . HN-AND-OR 

2-WIDE 
1 . 1-IN-AND-OR 

2-WIDE 
1 . 2-IN-AND-OR 

3-WIDE 
1 ·2· 3-IN-AND-OR 

4-WIDE 
1 . 2 . 3 . 4~IN-

AND-OR 

5-WIDE 
1 . 2 . 3 • 4 . 4-IN-

AND-OR 

2-WIDE 
2 . 2-IN-AND-OR 

2-WIDE 
- -2 2 IN AND OR 

2~.wIDE 
3 • 3-iN-ANO-OR 

2-WIDE' 
4 • 4-IN-AND-OR 

3-WIDE 
2 • 2 • 2-IN-AND-OR 

3-WIDE 
3 . 3 • 3-IN-AND-OR 

4-WIDE 
2 . 2 • 2 • 2-IN-

AND-OR 

4-WIDE 
2 . 2 • 2 • 2-IN-

AND-OR 

1 • 1-IN-EOR 

1 • 1-IN-ENOR 

2· 1-IN-AND-EOR 

2 • HN-AND-EOR 

2· l-IN-AND-EOR 

~PB6300 SERIES 

16.7 3 - -

28.1 4 - -

16.7 1 - -

34.6 1 - -

63.7 3 - -

81.0 3 - -

46.4 2 - -

34.6 1 11.0 1 

34.6 1 11.0 1 

34.6 1 11.0 1 

45.9 2 . 14.7 2 

57.2 3 18.4 3 

68.6 3 - -

28.6 1 9.2 1 

46.4 2 14.6 2 

464 2 242 2 

46.4 2 24.2 2 

63.7 3 33.3 3 

45.9 2 24.2 2 

51.3 2 27.1 2 

39.4 2 . 13.0 2 

34.6 1 11.0 1 

34.6 1 11.0 1 

22.7 1 - -

22.7 1 - -

34.6 2 11.0 1 

© Ie MASTER 1984 



NEe .4-1J' J-LPB6300 SERIES 

NEe Electronics 

C064 1 . 1 • 1-IN-EOR 79.9 3 25.7 3 

C065 1 . 1 . 1-IN-ENOR 79.9 3 25.7 3 

C066 2· 1-iN-AND-EOR 34.6 2 11.0 1 

C067 1 • 2 . 2 . 2 • 2-IN-
EXOR - - 13.1 3 

Cl16 1 ·2· 2-IN-
AND-OFF 105.0 5 27.8 5 

Cl17 2 . 3 . 3 • 2-IN-
AND-OFF 110.4 5 - -

C118 1·· 2 . 2-IN-
AND-OFF 96.7 4 - -. -

Cll9 2 ·3 ·3· 2-IN-AND-DFF 107.5 5 - -
C137 MASTER-SLAVE-'DFF 34.6 3 11.0 3 E131 

OUTPUT BUFFER 
6301 6310/6320 

Block Typical Cell Typical Cell 
Name Function Power (mW) Count Power (mW) Count 

GO 17 1-IN-AND 31.5 1 31.5 1 

GAOO l-IN-NAND 31.5 1 31.5 1 

GAOl 2-IN-AND 36.0 1 36.0 1 

GA02 2-IN-NAND 36.0 1 36.0 1 

GA03 3-IN-AND 40.5 1 - -

GA04· 3-tN-NAND 40.5 1 - '--

GA05 4-IN-AND 45.0 1 - -

·GA06, 4-IN':'NAND • 45.0 1 - -
GA07 1-IN-AND/NAND 31.5 2 31.5 2 

GA08 2-IN-AND/NAND 36.0 2 36.0 2 

GOO6 3-IN-AND/NAND 40.5 2 - -

OUTPUT E.F. CIRCUIT -------------.r--------

@ IC MASTER 1984 

Block 
Name 

·8230 

Function 

OUTPUT LEVEL 
TRANSRATOR 

6301 
Typical 
Power (mW) 

18.2 

6310/6320 
Cell Typical Cell 

Count Power (mW) Count 

18.2 

4803 
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NEe 
NEe Electronics 

Description 
The jLPB6101/61 02/61 03 are high-speed, low-power TTL 
compatible gate arrays using an advanced NEC bipolar 
technology. They consist of an uncommitted configurable 
logic array and TTL compatible input/output (1/0) buffers. 

NEC's comprehensive CAD support system and master 
slice system significantly reduce the time and expense 
normally associated with semi-custom devices. 

Normal turnaround time, after logic validation, is only 8-10 
weeks. Advanced CAD tools, such as: logic simulation, 
automatic placement and routing, delay simulation, and 
test program generation are used to insure accurate error
free designs of all NEC gate arrays. 

The Series consists of three (3) devices: 

Part 
Number 

'jLPB6101 

jLPB6102 

JLPB6103 

Gates 

256 

598 

918 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Po_r Supply Voltage Vee 

Input Voltage VI 

Output Voltage Vo 

4804 

Output 
Buffers 

32 

52 

69 

RATING 

+7.0 

-0.5 to +7.0 

-0.5 to +5.5 

Input 
Buffers 

38 

64 

69 

UNIT 

V 

V 

V 

~PB6101/~PB6102/~PB6103 
BIPOLAR GATE AR'RA YS 

Features 
DO Choice of three (3) Array Sizes 

O 
High Speed 2.5nS/gate 
Low Power 1.4 mW Igate 

D
o Comprehensive CAD for Rapid, Error-Free Designs 

Remote CAD Access on the GE Mark III Time Share 
Network Using Customer Terminal for Logic 
Simulation 

o Four Output Buffer Types Available (Totem Pole, 
Open Collector, Three-State, Bidirectional) 

o Package Options Dual-in-Line packages, Flat-
Packages, Pin-Grid Arrays 

o 8-10 Week Delivery After Logic Simulation 

Packaging 
The package type (dual-in-line, flat package, or pin-gride 
array) is generally determined by the customer, while the 
number of pins is a function (sum) of the utilized 1/0 and 
power pins. The JLPB61OX Series can be packaged in a 16-
pin DIP (JLPB6101) (minimum) through 72-pin (JLPB6103) 
(maximum) PGA 

Package Pin Counts 

Part Package Pins 

Number Minimum Maximum 

JLPB6101 16 40 

jLPB102 20 72 

JLPB6103 20 72 

RECOMMENDED OPERATING CONDITION 

ITEM SYMBOL CONDITION UNIT 

P~rSupply Vee 5:1: 10" V 

()perating Temperature Top Oto 85 ·e 
"H" Level OutpUt Current IOH 100 MAX. ~A 

"L" Level OutpUt Current IOL 1.2 MAX. mA 
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ELECTRICAL CHARACTERISTICS 

D.C. CHARACTERISTICS (Ta=2S °C) 

ITEM 

Low Level Input Voltage 

High Level Input Voltage 

Input Clamp Voltage 

Low Level Output Voltage 

High Level Output Voltage 

Short Circuit Output Current 

Low Level Input Cu~rent 

High Level Input Current 

High Level Output Current 

Off State Output Current 

Off State Output Current 

SYMBOL 

VIL 

VIH 

VIC 

VOL 

VOH 

lOS 

IlL 

IIH 

10H 

10Z 

10Z 

Note 1: Does not apply to Open-Collector Outputs 

A.C. CHARACTERISTICS (Ta= 2S0C) 

ITEM SYMBOL 

Delay Time/Gate 
tpHL 

tPLH 

Delay Time/Input Buffer 
tPHL 

tPLH 

Delay Time/Output Buffer 1 
tPHL 

tPLH 

OUTPUT LOAD CONDITION 

Vee 

TEST CONDITIONS 

VCC=4.5 V, IIL=-18 mA 

VCC=4.5 V, IOL=12 rnA 

VCC=4.5 V, IOH=1 mA 
Note 1 

VCC=5.5 V, VO=O V 

VCC=5.5 V, VI= 0.4 V 

VCC=5.5 V, VI=2.7 V 

VCC=5 V, VO=5.5 V 

VCC=4.5 V, VO=0.4 V/2.4 V' 
(3 State Output) 

(Bidirectional) I 

TEST CONDITIONS 

F/0=1 1=2mm 

F/0=1 1=2mm 

CL =15 pF 

CL =15 pF 

i) for ordinary output 

EXAMPLE OF POWER DISSIPATION 

ITEM SYMBOL POWER DISSIPATION 

Internal Gate F010 1.4 

Input Buffer MOO 1 1.9 

Output Buffer (Totem-Pole) B001 2.4 

Output Buffer (Open Collector) B002 2.4 

OutpUt Buffer (Three State) 8003 2.5 

Output Buffer (Bidirectional) BOO4 4.4 

Output Buffer (Bidirectional D.C') t B007 i 4.4 

@ Ie MASTER 1984 

MIN. 

2.0 

-1.5 

2.5 

-100 

-200 

-20 

-200 

MIN. 

1.0 

1.4 

1.0 

1.3 

2.8 

3.2 

TYP. MAX. UNIT 

0.8 V 

V 

V 

0.3 0.5 V 

3.0 V 

-25 mA 

p,A 

20 p,A 

100 p,A 

20 p,A 

40 p,A 

TYP. MAX. UNIT 

1.8 2.7 ns 

2.5 3.7 ns 

1.8 2.7 ns 

2.3 3.5 ns 

4.7 7.1 ns 

5.4 8.1 ns 

ii) for Three state output 

UNIT 

mW 

mW 

mW 

mW 

mW 

mW 

mW 

4805 

tJ) 

.E 
c: 
o 
~ 

+"" 
() 

.92 
w 
() 
uJ 
Z 



UJ 
.2 
c 
o 
"..... 
(.) 
CD 
W 

l) 
W 
Z 

fttIEC 
NEC Electronics 

Chip "Architecture 

The arrays are divided into three basic areas. The 1/0 
buffers are placed uniformly on the periphery of each 
device so that there are an equal number on each die edge. 
At each signal pad location, the pin function can be one of 
several possible 1/0 function configurations. 

The area between the cells and the bonding pads contains 
all of the peripheral circuitry which convert from 1/0 levels 
to the internal logic, and a voltage generating for the inter
nal power supply. 

The center of the die contains rows of continuous gates 
separated by horizontal routing channels. The density of 
the array is a factor of the total cell count (row x line). Each 
cell is made up of two transistors and four resistors. 

4806 

JLPB6101 / JLPB61 02/ JLPB6103 

J.LPB6101 

Wire Bond Area 

256 Cells 
16x 16 

I nternal Logic 
Circuitry 

J.LPB6102 

J.LPB6103 

598 Cells 
26X23 

918 Cells 
34x27 
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Fig. 1 F unction block I ibrary list 

I 

I 
I 

BLOCK NAME FUNCTION CELL NO. Po (mW) 

FOO4 INVERTER 1 1.4 

FOOO 2-INPUT NAND 1 1.4 

F010 3-INPUT NAND 1 1.4 

C020 6-INPUT NAND 2 1.4 

C030 9-INPUT NAND 3 1.4 

FOll 3-INPUT AND 2 2.3 

C021 6-INPUT AND i 2 2.3 

C51A 2-WIDE 3-INPUT AND OR INVERTER I 2 2.8 

C054 4-WIDE 3-INPUT AND OR INVERTER i 4 5.6 

F086 EXCLUSIVE OR ! 6 8.4 

F074 D-F/F 6 8.4 

Cl09 J-K F/F 7 9.8 

C075 D-LATCH I 4 5.6 

I 
i 

1 I 1.4 CC10 3-STATE CONTROL I 

MOO1 I !NPUT BUFFER 
! I 1,9 I -

BOOl i OUTPUT BUFFER (TOTEM-POLE) 
i i 2.4 -

B002 OUTPUT BUFFER (OPEN COLLECTOR) i - I 2.4 

B003 OUTPUT BUFFER (3-STATE) 1 -
i 

2.5 i 

BOO4 OUTPUT BUFFER (BIDIRECTIONAL) f' - I 

4.4 I 

B007 
I OUTPUT BUFFER (BIDIRECTIONA) 4.4 I -
I (OPEN COLLECTOR) j 

V 000 I o LEVEL GENERATOR 1 1.4 

JWI WIRED AND 

COO 5 DELAY GATE 4 3.7 

CS10 OUTPUT LEVEL SHIFT 2.5 

DEVELO~ENTPROCEDURE 

Chart 1 illustrates the development step of both customer and NEe. The following two types of interfaces are available for 

customers. 

1) CAD interface (Interface A) ..... most common method. 

In this method ,the customer will begin at the logic design stage and proceed through to the logic simulation stage. NEe 

will then carryon from automatic placement and routing through sample delivery to final shipment of product. 

The major benefit of this method is that the customer can perform the logic simulation on their own premises by using 

the NEC CAD facilities through the GE MARK ill time share system, thus reducing the time needed for design. 

Document 

(1) contact and non-disdosure agreement 

(2) circuit drawing based on NEC's functional block 

(3) interconnection data file (LOGINC) 

(4j test data pattern fiie (LOGPATj 

(5) Pin-assignment (if required) 

(6) Critical path assignm~nt (if required) 

2) Circuit drawing interface (interface B) 

(1) logic drawing ........... Here the customer will prepare the logic drawing according to the block library 

shown in Fig. 1 and the design manual. 

(a typical example is shown in Fig. 2) 

(2) test pattern sheet. _ ....... The test pattern sheet also needs to be prepared 

(a typical example is shown in Fig. 3) 

The remaining stages from logic simulation to shipment are performed by NEC. Design rule check and logic simulation 

results are reported to the customers. 

NEC will furnish evaluation samples within 10 weeks of logic validation. 
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NEe 
NEe Electronics 

Flow Chart of Development and Interface 

SUPPORT 

Design Manual 
& Block Library 

SMART PC 
Program 

LOGOS Program 
& User's Manual 

" Interface B 
CIRCUIT DIAGRAM INTERFACE 

.. Interface A 
SIMULATION DATA INTERFACE 

4808 

CUSTOMER 

LOGINC 
(interconnect 

Data) 

!-ogic Simulation 

Interconnect & 
Test Pattern Data 

Test Pattern 
Sheets 

LOG PAT 
(Test Pattern 

Data) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I. 

t 
1--____ ... 1 

t , , , 
1 

r---------J 
I 
I 
1 
1 
I 
I 
I 

Test Prog. 
Generation 

L ___ _ 
----1 

I 
I 
I 
I 
I 
I 
I 
1 
I 
1 

Verification & 

Products 

NEC 

Interface B" 

Simulation Input Data 

Logic Simulation 

Interface A" 

Circuit Check by 
LOGINC & LOG PAT 

Automatic 
Placement & Routing 

Mass Production 
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Description 
The tlRD 65000 Series is a family of low power, high-speed 
gate arrays manufactured using advanced Silicon gate 
CMOS technology. The series consists of from 427 to 
11,250 gate devices that are available in a variety of pack
age types. 

The semi-custom approach of using Gate Arrays offers a 
unique and effective method of manufacturing I.C.'s with 
greatly reduced cost and development time. NEC makes 
this possible by stocking wafers which are completely fab
ricated except for the final step of interconnection of com
ponents to make up the required circuit configuration. 
This enables a designer the freedom of interconnecting 
the uncommitted components to achieve his unique circuit 
configuration. 

The semi-custom approach is intended for customers 
seeking cost effective altematives. By using Gate Arrays, 
customers can reduce component count and board size so 
that they can be more competitive in the markets which 
they serve. NEC's Gate Array program allows a customized 
I.C. to be developed with a short turn around time and at a 
small fraction of the cost of a fuJI custom development 
program. 

An advanced Computer-Aided Design (CAD) system is 
provided by NEC to achieve high quality, low cost and fast 
semi-custom I.C. development. Two kinds of interface are 
availableforthe customer. Interface "A" requires the cus
tomer to do the logic simulation either at one of the NEC's 
design centers or at his own facility through a terminal 
linked to G.E. Mark III time-sharing system. Interface "8" 
only requires the customer to provide the logic diagram 
and timing chart and NEC will do the rest. 

So, contact us now and let NEC's Gate Array help you to 
succeed in your business. ' 

Part Number 

3-Micron Geometry 

~PD65002 
~PD65003 
~PD65010 
~PD65020 

2-Micron Geometry 

",PD65040 
",PD65060 
iAPD65100 

Notes: 

Number 
of Gat .. 

858 
427 
1368 
2112 

4104 
6528 

11,250 

Configuration Input Output 
Buffers Buff .... 

66x 13 50 50 
61 X7 38 - 36 
76x 18 64 64 
96x22 80 80 

152 x 27 120 116 
192 x34 148 138 
250 x45 196 176 

1. A gate Consists of 2 P-ch and 2 N-ch transistors. 
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JLPD65000 SERIES 
ADVANCE SILICON CMOS 

CMOS GATE ARRAYS 

Features 3-micron 2-micron 
o High Speed 3ns/gate 2ns/gate 
o Low Power 30J.LW/gate 20/-LW/gate 
o Comprehensive CAD for rapid, error-free designs 
o Remote CAD access on the GE Mark III time share 

network using customer terminal for logic 
simulation. 

o Four output buffer types availabre (normal, open 
drain, three state, bidirectional). 

o Quick turnaround time (10-12 weeks) 
o Fully supported by advanced CAD 
o 20K gate automatic placement and routing 

capability 
o LogiC simulation 
o Test program generation 
o Delay simulation 

ABSOLUTE MAXIMUM RATINGS 

(TA = 25°C) 

ITEM SYMBOL RATING UNIT 
Power Supply Voltage VDO -0,5 - 7 V 

Input Voltage VI -0,5 -
V Voo + 0,5 

Output Current 10 10 rnA 

Operating Temperature TOPT -40 - +85 °C 
Storage Temperature TSTG -65 - +150 °C 
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NEe 
NEe Electronics 
Chip Structure 
The LSI chip consists of two areas; an internal cell area 
and a peripheral area. 

Input/Output Buffer 
All I/O buffers can be configured as input, schmit trigger, 
input, normal output, open drain output, three state output 
or bidirectional. 

All I/O buffers are fully CMOSITTL compatible. 

All assigned outputs are capable of driving 8 LS-TTL 
loads. Additional driving capability can be obtained by 
connecting output buffers in parallel. 

Internal Cell 
One cell has 2 p-channel transistors and 2 n-channel tran
sistors, which are arranged in an array surrounded by rout
ing channels 

One cell can be used as 2 input NAND gate so the number 
of cells is equal to the number of gates. 

Function Block 
LSI logic function can be realized using the internal cell 
area. SSIIMSllogic functions are configured in units of 
circuit assemblage called "block" or "macro" which can be 
placed in any location of the internal cell area. NEC has 
over 140 kinds o(macro's. This enables flexible LSI design 
and reduces design TAT. 

Package Availability 
Plastic and ceramic DIP packages range from 40 pins to 64 
pins, flat packages from 64 pins to 100 pins, and Pin Gride 
Arrays (PGA) packages from 72 pins to 208 pins. 

A customer can select a specific package type according 
to design and I/O pin requirement. 

RECOMMENDED OPERATING CONDITION 
(TA = 25°C) 

ITEM TEST 
SYMBOL CONDITION MIN TYP MAX UNIT 

Power Supply 
Voo 

CMOS 4.5 5 5.5 V Voltage Level 

Input 
VI 0 Voo V 

Voltage 

Low Level 
Vil 

CMOS 
0 

0.3 V 
Input Voltage Level Voo 

High Level 
VIH 

CMOS 0.7 
Voo V 

Input Voltage level Voo 

Low Level 
Vil TTL Level* 0 0.8 V 

Input Voltage 

High Level 
VIH TTL Level* 2.0 Voo V 

Input Voltage 

Input Rise, 
TAT 0 10 ~S 

Fall Time 

*T A = 0 - 70° C, Voo = 5 V ±5% 

4810 

JLPD65000 SERIES 

ELECTRICAL CHARACTERISTICS 
(VOO = 5 V ± 10%. TA = -40 - +85° C) 

ITEM SYMBOL CONDITION MIN TYP MAX UNIT 

Static Current Il 
VI = VOO 

0.1 200 ~A ORGNO 

Dynamic 
100 1 mHz/ceil 4 ~A Current 

Input Current Il 
VI = Voo 10-5 10 ~A oAGND 

Low Level 
Output 10l Val = 0.4 V 3.2 6 mA 
Current 

High Level VOH = 
Output 10H Voo -0.4 V 2 mA 
Current 

Low Level 
Output Val 10 = 0 0.1 V 
Voltage 

High Level 
Output VOH 10= 0 Voo V 
Voltage -0.1 

AC CHARACTERISTICS 
(VDD = 5 V ±10%. TA = -40 -85° C) 

ITEM SYMBOL CONDITION 

Max 
Operating FMAX 

. Frequency 

Delay Time* Tpo GATE 

Tpo I/O Buffer 

Output Rise 
TA Cl = 15 pF 

Time 

Output Fall 
TF Cl = 15 pF Time 

* With fan out of 3 and 3 mm wiring. 

**With 15pF 

MIN TYP MAX UNIT 

20 50 MHz 

2 ns 

12** ns 

10 ns 

7 ns 
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Description 
The j.LRD 65000 Series is a family of low power, high-speed 
gate arrays manufactuied using advanced Silicon gate 
CMOS technology. The series consists of from 427 to 
11,250 gate devices that are available in a variety of pack
age types. 

The semi-custom approach of using Gate Arrays offers a 
unique and effective method of manufacturing I.C.'s with 
greatly reduced cost and development time. NEC makes 
this possible by stocking wafers which are completely fab
ricated except for the final step of interconnection of com
ponents to make up the required circuit configuration. 
This enables a designer the freedom of interconnecting 
the uncommitted components to achieve his unique circuit 
configuration. 

The semi-custom approach is intended for customers 
seeking cost effective alternatives. 8y using Gate Arrays, 
customers can reduce component count and board size so 
that they can be more competitive in the markets which 
they serve. NEC's Gate Array program aiiows a customized 
I.C. to be developed with a short turn around time and at a 
small fraction of the cost of a full custom development 
program. 

An advanced Computer-Aided Design (CAD) system is 
provided by NEC to achieve high quality, low cost and fast 
semi-custom I.C. development. Two kinds of interface are 
available for the customer. Interface "A" requires the cus
tomer to do the logic simulation either at one of the NEC's 
design centers or at his own facility through a terminal 
linked to G.E. Mark III time-sharing system. Interface "8" 
only requires the customer to provide the logic diagram 
and timing chart and NEC will do the rest. 

So, con,tact us now and let NEC's Gate Array help you to 
succeed in your business. 

Pert Number Number Configuration Input Output 
of Gete. Buffers Buffer. 

3-Micron Geometry 

",PD65002 858 66X13 50 50 
",PD65003 427 61 X7 38 ' 36 
",PD65010 1368 76x 18 64 64 
",PD65020 2112 96x22 80 80 

2-Micron Geometry 

",PD65040 4104 152 x 27 120 116 
",PD65060 6528 192 x34 148 138 
I'PD65100 11,250 250x45 196 176 

Notes: 

1. A gate consists of 2 P-ch and 2 N-ch transistors. 
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JLPD65000 SERIES 
ADVANCE SILICON CMOS 

CMOS GATE ARRAYS 

Features 3·micron 2-micron 
o High Speed 3ns/gate 2ns/gate 
o Low Power 30j.LW Igate 20p.W /gate 
o Comprehensive CAD for rapid, error-free designs 
o Remote CAD access on the GE Mark III time share 

network using customer terminal for logic 
simulation. . 

o Four output buffer types availabre (normal, open 
drain, three state, bidirectional). . 

o Quick turnaround time (10-12 weeks) 
o Fully supported by advanced CAD 
o 20K gate automatic placement and routing 

capability 
o Logic simulation 
o Test program generation 
o Delay simulation 

ABSOLUTE MAXIMUM RATINGS 

(TA = 25° C) 

ITEM SYMBOL RATING UNIT 

Power Supply Voltage VDD -0.5 - 7 V 

Input Voltage VI -0.5 -
V VDD + 0.5 

Output Current 10 10 rnA 

Operating Temperature TOPT -40 - +85 °C 

Storage Temperature TSTG -65 - +150 °C 
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NEe Electronics 
Chip Structure 
The LSI chip consists of two areas; an internal cell area 
and a peripheral area. 

Input/Output Buffer 
All 1/0 buffers can be configured as input, schmit trigger. 
input, normal output, open drain output, three state output 
or bidirectional. 

All 1/0 buffers are fully CMOSITTL compatible. 

All assigned outputs are capable of driving 8 LS-TTL 
loads. Additional driving capability can be obtained by 
connecting output buffers in parallel. 

Internal Cell 
One cell has 2 p-channel transistors and 2 n-channel tran
sistors, which are arranged in an array surrounded by rout
ing channels 

One cell can be used as 2 input NAND gate so the number 
of cells is equal to the number of gates. 

Function Block . 

LSI logic function can be realized using the internal cell 
area. SSI/MSIIogic functions are configured in units of 
circuit assemblage called "block" or "macro" which can be 
placed in any location of the internal cell area. NEC has 
over 140 kinds o(macro's. This enables flexible LSI design 
and reduces design TAT. 

Package Availability 
Plastic and ceramic DIP packages range from 40 pins to 64 
pins, flat packages from 64 pins to 100 pins, and Pin Gride 
Arrays (PGA) packages from 72 pins to 208 pins. 

A customer can select a specific package type according 
to design and liD pin requirement. 

RECOMMENDED OPERATING CONDITION 
(TA = 25°C) 

ITEM TEST 
SYMBOL CONDITION MIN TYP MAX UNIT 

Power Supply 
Voo 

CMOS 4.5 5 5.5 V 
Voltage Level 

Input 
VI 0 Voo V 

Voltage 

Low Level 
VIL 

CMOS 
0 0.3 V Input Voltage Level Voo 

High Level 
VIH 

CMOS 0.7 
Voo V Input Voltage Level Voo 

Low Level 
VIL TTL Level" 0 0.8 V 

Input Voltage 

High Level 
VIH TTL Level" 2.0 Voo V 

Input Voltage 

Input Rise, 
TRT 0 10 IJS Fall Time 

*T A = 0 - 70° C, Voo = 5 V ±5% 

4810 

IlPD65000 SERIES 

ELECTRICAL CHARACTERISTICS 
(VOO = 5 V ± 10%. TA = -40 - +85° C) 

ITEM SYMBOL CONDITION MIN TYP MAX UNIT 

Static Current IL VI = VOO 0.1 200 IJA ORGNO 

Oynamic 
100 1 mHz/ceil 4 IJA Current 

Input Current IL VI = Voo 10-5 10 IJA oR.GNO 

Low Level 
Output 10L VOL = 0.4 V 3.2 6 mA 
Current 

High Level VOH = 
Output 10H Voo -0.4 V 2 mA 
Current 

Low Level 
Output VOL 10 = 0 0.1 V 
Voltage 

High Level 
Output VOH 10 = 0 Voo V 
Voltage -0.1 

AC CHARACTERISTICS 
(VOO = 5 V ±10%. TA = -40 -85°C) 

ITEM SYMBOL CON.DITION 

Max 
Operating FMAX 

. Frequency 

Delay Time* Tpo GATE 

Tpo I/O Buffer 

Output Rise 
TR CL = 15 pF 

Time 

Output Fall 
TF CL = 15 pF 

Time 

• With fan out of 3 and 3 mm wiring. 

··With 15pF 

MIN TYP MAX UNIT 

20 50 MHz 

2 ns 

12*· ns 

10 ns 

7 ns 
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Chart 1. Flowchart of Development and Interface 
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NEe 
NEe Bectronics 

Figure 1. ~D65002, ~PD65010, ~PD65020 Block List 

4812 

INTERFACE BLOCK ____ _ 
Block 
Typ4I Function 

FIOI Input Buffer 
(CMOS Level) 

FI02 Input Buffer 
(TTL Level) 

FOOl Output Buffer 
(Normal) 

EXTI Output Buffer 
(Nch Open 
Drain) 

EXT2 Output Buffer 
(Pch Open 
Drain) 

B003 110 Buffer 
(3 state 
CMOS Level) 

B004 1/0 Buffer 
(3 state 
TTL Level) 

FUNCTION BLOCK ____ _ 
Block Function 
Type Cell. 

F102 

Fl03 

F104 

BUFFER FIll 

F112 

F113 

FH4 

NOR F202 

F203 

F204 

OR .F212 

NAND 

AND 

AND
NOR 

OR
NAND 

F213 

F214 

F302 

F303 

F304 

F305 

F306 

F312 

F313 

F314 

F421 

F422 

F423 

F424 

F431 

F432 

I-Input 
(F.O. = 5) 

I-Input 
(F.O. = 10) 

Hnput 
(FO = 15) 

I-Input 
(F.O. = 20) 

I-Input 
(F.O. = 5) 

I-Input 
(F.O. = 10) 

I-Input 
(F.O. ~ 15) 

I-Input 
(F.O. = 20) 

2-lnput 
NOR Gate 

3-lnput 
NOR Gate 

4-lnput 
NOR Gate 

2-lnput 
OR Gate 

3-lnput 
OR Gate 

4-lnput 
OR Gate 

2-lnput 
NAND Gate 

3-lnput 
NAND Gate 

4-lnput 
NAND Gate 

5-lnput 
NAND Gate 

6-lnput 
NAND Gate 

2-lnput 
AND Gate 

3-lnput 
AND Gate 

4-lnput 
AND Gate 

2 + 1 Input 
AND-NOR Gate 

2 + 2 Input 
AND-NOR Gate 

3 ... 1 Input 
AND-NOR Gate 

2 AND. 
2-NOR 

2 + 1 
OR-NAND Gate 

2+2 
OR-NAND Gate 

FUNCTION BLOCK ____ _ 
Block Function 
Type Cell. 

3 + 1 
F433 

OR-NAND Gate 

F434 
20R. 
2 NAND 

DRIVER F501 Clock Driver 

F502 

F503 

F504 

F505 

Clock Driver 
(Dual) 

Clock Driver 
(Parallel) 

Oock Driver 
(Pala-Dual) 

OSC Control 

2-lnput 
EX-OR F511 Exclusive 

OR Gate 

2-lnput 
EX-NOR F512 Exclusive 

NOR Gate 

LATCH F601 D-Latch 

FliP
FLOP 

F602 

F603 

D-Latch 
with Reset 

D-Latch 

with Reset 

F604' D-Latch C 

F611 D-Type 

F612 

F613 

F614 

D-Type 
with Reset 

D-Type 
with Set 

D-Type with 
Set-Reset 

F615' ~:J;~set 
F616' D-Type 

WIth Set 

F617' D-Type wIth 
Set-Reset 

F631' D-Type C 

F635' D-Type C 
with Reset 

F636' D-Type C 
with Set 

F637" D-Type C 
with 5e"t-Reset 

F641 , fB~r.~ed Out) 

D-Type 
F642' (Buffered Out) 

WIth Reset. 

D-Type 
F643' (Buffered Out) 

with Set 

D-Type 
F644 , (Buffered Oul) 

with Set-Reset 

D-Type 
F645' (Buffered Out) 

with Reset 

D-Type 
F646' (Buffered Out) 

with Set 

D-Type 
F647" (Buffered Out; 

wlth$el-Aeset 

D-Type 
F661 , (Buffered Out) 

withC 

('Under Designing) 

6 

8 

8· 

JLPD65000 SERIES 

FUNCTION BL~K ____ _ 

FliP
FLOP 

Block Function 
Type 

D-Type 
F665' (Buffered Out) 

with Reset 

D-Type 
F666' (Buffered Out) 

with Set 

D-Type 
F667" (Buffered Out) 

F691 

F712 

F713 

F714 

with Set-Reset 

Serial/Parallel 
Shift Registre 

Toggle 
with Reset 

Toggle 
with Set 

Toggle 
with Set-Reset 

F715' Toggle 
with Reset 

F716' Toggle 
with Set 

F717' Toggle 
with Set-Reset 

F735' Toggle (T) 
with Reset 

F736' Toggle (T) 

with Set 

F737" Toggle (T) 
with Set-Reset 

Toggle 
F742' (Buffered Out) 

with Reset 

Toggle 
F743' (Buffered Out) 

with Set 

Toggle 
F744' (Buffered Out) 

with Set-Reset 

Toggle 
F745' (Buffered Out) 

with Reset 

Toggle 
F746' (Buffered Out) 

with Set 

Toggle 
F747' (Buffered Out) 

with Set-Reset 

Toggle 

Cell. 

8 

8 

8 

8 

8 

F766' (Buffered Out) 8 

(T) with Set 

Toggle 
F767" (Buffered Out) 

(T) w&t-Reset 

F771' J-K F/F 

F775' J-K F/F 
with R.iSei 

F776' J-K I'/F 
with Set 

F777" J-K F/F 

with set-Reset 

F781' J-K F/F C 

F785' J-K F/F C 
with Reset 

F786' J-K F/F C 
with Set 

F787" J-K F/F C 

with set-Reset 

11 

11 

11 

11 

11 

11 

11 

11 

11 

(' Under Designing) 
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NEe Electronics 

Chip Layout of CMOS Gate Array 
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----------
CELL CONFIGURATION 

(1 CELL) 
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EXAMPLE OF 
GATE CONFIGURATION 

(2-IN NAND GATE) 
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Ofo.~~~EY 
ADVANCE INFORMATION 

SCD400Q 600 Gate ECl Array 
General Description 
The Plessey SCD4000 is part of a family of semi-custom gate 
arrays using emitter coupled logic (ECl) circuits fabricated on a 
hi'gh performance bipolar process to give very fast switching 
speeds. ECl technology offers the fastest possible gate arrays. 
SCD4000 achieves basic gate delaysof 400ps and D-type flip
flop clock rates of 400MHz typical. The array can be used as an 
economical replacement for several ECl 10K and 100K 
standard SSI and MSI parts even at low volumes. The design 
procedure consists of customising two metallisation layers 
which are then applied to pre-processed slices held in stock to 
manufacture Quickly a new circuit or follow-on order from the 
customer. 

Features 
• Approx. 600 logic gate complexity. 
• Compound (OR-AND-OR) gate delays typically 500ps. 
• Basic gate delays typically 400ps. 
• Series gated (or stacked) ECl logic uses reduced internal 

voitage swings (500rnVl. 
• ECl 1 OK compatibility. 
• Fully automated design procedure. 
• Extensive library of standard cells. 
• Two layer metallisation allows up to 100 per cent utilisation. 
• 56 input/output pins. 10 power connection pins. 

Figure 1 SCD4000 Chip Photograph 

• Maximum power dissipation typically 3.5 watts ( 100 per 
cent utilisation). 

(chip size 170 x 170 mil) 

Figure 2 SCD4000 Cell Components 

256 n Collector load Resistors 

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

2K n Pulldown Resistors 256 n Tail Resistors 

@ Ie MASTER 1984 4815 

(1) 
~ 

o ... 
o 
::J 
"C 
C 
o 
.2 
E 
(J) 

en 
~ 
tJ) 
tJ) 
(J) 

0:: 



UJ 
'-o .. 
o 
::l 
"C 
C 
o 
.2 
E 
Q) 

UJ 
~ 
(J) 
UJ 
UJ 
Q) 

a.. 

Array Organisation 
The array is configured into 8 x 8 cells each of which contains 
20 transistors and 1 8 resistors as shown in figure 2. Each pair of 
cells sha res a common voltage bias which provides all the 
reference levels required for internal ECL circuits and also for 
interfacing ECl 1 OK logic levels. Three of the reference levelsare 
used for series gating. This enables complex functions to be 
implemented with a single cell. 
The cell components have no predefined interconnect pattern. 
Consequently logic functions can be implemented using any 
required component configuration. Furthermore, additional 
logic is available by using the wired-AND and wired-OR functions. 
The result of using these powerful techniques is a 64 cell array 
which provides a conservative 600 logic gate complexity. (In' 
fact, were the array to be implemented with high efficiency 
functions such as parity gates, a gate count of 960 would be 
achieved even before using the wired function). 
The array has 64 edge pads of which 10 are reserved for power 
connections. The remaining 54 edge pads are freely available for 
either input or output functions as each pad site contains high 
current output transistors and input interface components. 

Power Dissipation 
Clearly power disSipation is dependent both upon the complexity 
and implementation of a given design. A completely full array will 
have a power dissipation of about 3.5 watts. The use of series gated 
logic greatly reduces the power necessary to perform a logical 
function as complex functions (e.g. 4 to 1 multiplexer) can be 
implemented on a single current source. 

Cell Library Coding 
The contents of the cell library are shown in Table 1 . Each cell may 
contain more than one logic element and each element may have 
a number of options. For each cell there is a functional description 
showing logic levels, truth table and other circuit elements such 
as level shifters. A particular code is required to define the function 
of a specific element used within a cell. The format is as follows. 

Where 
GE 
WW 
X 
y 
Z 

GE WW X Y Z 

is the library cell. 
defines the cell. 
selects gate or circuit element. 
defines variant option. 
input reference level. 

SCD4000 Design Procedure 
SCD4000 is supported by a fuliy automated software package 
including CLASSIC (an event driven logic simulator) and SCARP 
(an autoroute program) together with comprehensive electrical and 
rule violation checks. The flow diagram in figure 3 indicates the 
typical design procedure. 
The design route outlined here will enable customers to success
fully produce an ECl gate array in typically 10-16 weeks. The 
customer does not need to acquire specialised integrated circuit 
knowledge to be able to design devices. A number of customerl 
Plessey interfaces are possible during the course of a given design, 
ranging from simple logic specification at one extreme to magnetic 
tape (containing all the information necessary to drive the 
maskmaking pattern generator) at the other. 

For further information please contact: The I. C. Marketing Manager 

Figure 3 Typical Design now Chart 

Table 1 

Cel/Name 

GEAA 
GEAB 
GEAC 
GEAN 
GEAP 
GEAT 
GEBC 
GECA 
GECB 
GECC 
GEDF 
GEEB 
GEFA 
GEMA 
GEMB 
GEMF 
GEPA 
GESA 
GESB 
GETF 
GETV 

From Customer 

ReslmulaliOn of logIC 
Wllh !raCk loadings 

To Cuslomer 

GE Cell Library 

Logic Function 

3 input buffer gate + 2 input OR 
Triple 2 input ORINOR 
Dual 5 input ORINOR 
Hex 1 input buffer (true and inverse) 
Quad 1 input buffer (true and inverse) 
Triple 3 input ORINOR 
Dual comparator 
Dual 2 input ORI3 input OR·AND 
Dual 2 input OR/2 input OR-AND 
4 input OR/3 input/3 input OR-AND 
2 to 4 decoder with force high 
Dual Equivalence/Not Equivalence 
Full Adder 
4 to 1 multiplexer inverter 
Dual multiplexer (true and inverse) 
Dual multiplexer with force high or low 
4 input parity 
Dual D-Iatch + inverter 
Dual O-Iatch (true and inverse) 
3 to 1 multiplexer with force high or low 
2 to 1 multiplexer master-slave latch 

Input lOut put 
Buffer Compatible 

Input OutfJUt 

Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
Yes Yes 
No No 
Yes No 
No Yes 
Yes No 
Yes No 
No Yes 
No No 
No No 
No Yes 
No No 
No No 
No No 
No No 
No No 
No No 

This publication is issued to provide outline information only and (unless specifically agreed to the contrary by the Company, in writing) is not to form part of any order Or contract or be regarded 
as a representation relating to the products or service concerned. We reserve the right to alter without notice the specification, design, price or conditions of supply of any product or service. 
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ADVANCE INFORMATION 

Design release fourth quarter, 1983 
Production release second quarter, 1984 

2.5 MICRON 
CMOS GATE ARRAYS 

This range of CMOS Gate Arrays adds an increased maximum size and speed capability to Plesseys 
exisiting Five and Four micron geometry products. They use the same well proven proprietary Plessey CAD 
system ensuring trouble free designs. 

CLA5100 CLA5200 CLA5300 CLA5400 CLA5500 CLA5600 CLA5700 CLA5800 CLA5900 

Technology Silicon Silicon Silicon Silicon Silicon Silicon Silicon Silicon Silicon 

Gate Gate Gate Gate Gate Gate Gate Gate Gate 

Process Geometry (p. m) 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 

User-defined metal 
interconnection levels 2 2 2 2 2 2 2 2 2 

Bonding Pads 
Uncommitted 36 48 64 80 96 112 128 144 160 

Power 4 8 8 8 16 16 i6 'i6 16 

-Total 40 56 72 88 112 128 144 160 176 

No. of equivalent 
2 input NAND gates 640 1232 2016 3060 4404 5984 7104 8856 10,440 

Typical gate 
utilization % 87 87 87 87 87 87 87 87 87 

Gate delay (typ) 
(nS) Inverter F.O.1 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 0.9 

3 liP NAND F.O.3 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 

System clock (MHz) 25 25 25 25 25 25 25 25 25 

Toggle Freq. 50 50 50 50 50 50 50 50 50 

Power consumption 
per gate (average) 1p.W/MHz 1p.W/MHz 1p.W/MHz 1p.W/MHz 1p.W/MHz 1p.W/MHz 1p.W/MHz 1p.W/MHz 1p.W/MH 

Power supply range (V) 3 to 7 3 to 7 3 to 7 3 to 7 3 to 7 3 to 7 3 to 7 3 to 7 3 to 7 

Ambient operating -55 -55 -55 -55 -55 -55 -55 -55 -55 

Temperature (OC) to +125 to +125 to +125 to +125 to +125 to +125 to +125 to +125 to +125 

I/O Compatibility A=CMOS 
B=TTL,C=LSTTL ABC ABC ABC ABC ABC ABC ABC ABC ABC 

Die size (mils) 111x111 138x138 166x166 194x194 235x235 269x268 291x291 319x324 

Automatic Placement YES YES YES YES YES YES YES 
_CC 

Automatic Routing YES YES YES YES YES YES YES YES YES 

Masks needed for 
customization 3 3 3 3 3 3 3 3 3 

AVAILABILITY 

Plessey IS now accepting deSigns for prototYPlng with full production capacity available second quarter 
1984. 
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.rl~!!»EY 
A Division of Plessey Trading Corporation 

3 Whatney. Irvine. California 92714 
Telephone (714) 951-5212 TWX 910-595·1930 
Telex: 701464 ANSBCK PLESSEY 

Plessey offers high density cell-based and Gate 
Array Semi-Custom devices fabricated on the 
best Bipolar, CMOS and NMOS technologies 
currently available. A full custom design and 
custom processing facility is also available. 

The selection of the best approach for a par-

Semi-Custom Design 

ticular problem depends upon a number of fac
tors such as circuit size, development time and 
cost, and unit production cost amongst others. 

Plessey will be pleased to assist in the selec
tion of an optimal solution on receipt of com
plete information. 

PLESSEY SEMICONDUCTORS 
CMOS GATE ARRAYS 

DESIGN RESPONSIBILITIES 
PLESSEY PLESSEY ICUSTOMER CUSTOMER 

4818 © Ie MASTER 1984 



": 

.fob~~EY 
This series of CMOS Gate Arrays offer a 
quick and convenient method of produc
ing low cost and high density cus
tomized integrated circuits. 

This family of devices features very 
low power consumption using the latest 
silicon gate CMOS technology. 

CLA1000 CLA1200 

TECHNOLOGY SILICON SILICON 
GATE GATE 

PROCESS GEOMETRY 
Ipml 5 5 

User-defined Metal 
Interconnection Levels 1(1) leD 
Bonding Pads - Uncommitted 38 50 

- Power 2 2 
- Total 40 52 

No. of Equivalent 
2-input NAND gates 560 960 

Typical Gate 
Utilization 70 70 

Gate Delays - Typical 6 6 
I nSI Maximum 9 9 

Toggle Frequency 
!MHz! 20 20 

Power Dissipation 
@ gate 12pW/MHz 12pW/MHz 

Typical Array Power 
Dissipation I mW J 30.6 52.4 

Power Supply Range (V J 3 to 7 3 to 7 

Ambient Operating 
Temperature! 0 C J -55 to 125 -55 to 125 

1/0 Compatibility 
A=CMOS,B=TTL,C=LSTTL A,B,C A,B,C 

Die Size I milsl 191 x 131 211 x 177 

Density I gates/mm2 60 60 

Automatic Placement NO NO 

Automatic Routing NO NO 

Masks Needed for 
Customization 1 1 

CD Piessey performs layout 

® Auto-placement to be implemented 3083 

@ Ie MASTER 1984 

CMOS LSI Gate Arrays 

Two customizing layers of metallization 
give maximum design flexibility, speed 
and efficient use of chip area. 

A sophisticated CAD system facilitates 
design and makes fully functional parts 
first time a certainty. 

CLA1500 CLA21 00 CLA2300 CLA2500 CLA3700 

SILICON SILICON SILICON SILICON SILICON 
GATE GATE GATE GATE GATE 

5 5 5 5 4 

lCD 2 2 2 2 

62 40 52 64 80 I 2 4 4 4 4 
64 44 56 68 84 

1440 840 1440 2400 4200 

70 87 87 87 87 

6 4 4 4 3 
9 6 6 6 5 

20 I 30 30 30 50 

12pW/MHz 10~W/MHz 1O~W/MHz 10~W/MHz 8pW/MHz 

78.6 47.5 81.5 135.7 190.0 

3 to 7 3 to 7 3 to 7 3 to 7 3 to 7 

-55 to 125 -55 to 125 -55 to 125 -55 to 125 -55 to 125 

A,B,C A,B,C A,B,C A,B,C A,B,C 

223 x 233 196 x 132 243 x 156 243 x 230 233 x 244 

60 100 100 100 120 

NO YE~ YESCID YESCID YE~ 

NO YES YES YES YES 

1 3 3 3 3 
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.eb~!:;EY ADVANCE INFORMATION 
Design Release fourth 1/4 83 

Production Release 2 nd 1/4 84 
A Division of Plessey Trading Corporation 

3 Whatney. Irvine. California 92714 
Telephone (714) 951-5212 TWX 910-595-1930 
Telex: 701464 ANSBCK PLESSEY 

CMOS MICROCELL 
MV2000 Series 

2.5 MICRON DOUBLE LAYER METAL 

Introduction 

Microcell is a powerful blend of more conventional standard cell, distributed gates, and generated 
logic approaches to LSI circuit design. It uses Plessey's well established CMOS process and ver
satile double layer metal interconnect. Very high circuit speeds are possible with the 2 1/2 micron 
geometry used. 

This approach allows circuit costs to approach those of full custom ICs without the time and cost 
penalties normally associated wtih full custom. 

Design Process 

The design process is arranged to allow the fullest possible checking to ensure first time success. 
The Microcell approach itself reduces the amount of checking to be done as all standard cells are pro
ven and, hence, only the interconnections require checking in the simulation. Design is done using 
the same comprehensive and versatile CAD system developed over many years for Plessey' s existing 
range of microcell and gate array products. . 

Specification 25°C 

Gate delay (typ) (output falling) 
2 input NAND FO 1 0.8nS 
2 input NAND FO 3 1.2nS 

Maximum system clock 25MHz 

Maximum toggle frequency 50MHz 
Power consumption/gate (average) 1 W/MHz 

Power supply 3 to 7 v (5 V preferred) 

Operating temperature -55 to +125°C 

I/O Compatibility CMOS, TTL, LSTTL 

Store Temperature -65 to +150°C 

Packaging 

4820 

Standard packages are as follows: 

24, 28, 40, 48 pin 011 68, 84 pin LCC, 68, 84, 108, 132 PGA 

Supply of devices in other packages is subject to negotiation. Below 24 pins standard 01 L packages 
are standard. 

© Ie MASTER 1984 



Cell Library 

CTINV1 
CTINV4 
CTNAND2 
TNAND3 
CTNAND4 
CTNOR2 
CTNOR3 
CTNOR4 
CTAOI 
CTOAI 
CT2ANOR 
CT20NAND 
CT4ANOR 
CT40NAND 
CT42ANOR 
CT420NAN 
CTEXOR 
CTEXNOR 
CTHADD 
CTFADD 
CTCK1 
CTCK2 
CTCK3 
CTDL 
CTDLRS 
CTMSD 
CTMSDRS 
CTSR 
CTSRRS 
CTIRA 
CT2TRA 
CTPAD 
CTIP 
CTIPBN 
CTIPBL 
CTPRO 
CTRH+ 
CTRH
CTRL+ 
CTRL
CTSCHMIT 
CTOPD 
CTOPL 
CTOPQ 
CTOPTRD 
CTOPTRL 
CTOPTRQ 
CTIRID 
CTFILL 1 
CTFILL2 
CTFILL3 
CTCKF 
CTCKDS 
CTCKFIL1 
CTCKFIL2 
CTSRFIL 

Small Inverter 
Large Inverter 
Two Input Nand Gate 
Three input Nand Gate 
Four Input Nand Gate 
Two Input Nor Gate 
Three Input Nor Gate 
Four Input Nor Gate 
And Or Inverter Cell 
Or And Inverter Cell 
Two Input And Nor Gate 
Two Input Or Nand Gate 
Four Input And Nor Gate 
Four Input Or Nand Gate 
Four and Two Input And Nor Cells 
4 + 2 Input Or Nand Gate 
Two Input Exclusive Or 
Two Input Exclusive Nor 
Half Adder 
Full Adder 
Small Clock Generator 
Medium Clock Generator 
Large Clock Generator 
Latch. 
Latch with Set and Reset 
Master-slave D-type 
Master-slave D-type with Set and Reset 
Shift Register Cell 
Shift Register Cell with Set and Reset 
Line Driver 
Two into One Multiplexer 
Pad cell used for supply connection etc. 
Input Pad 
Normal TIL Input Buffer 
Large TIL Input Buffer 
1/ P Protection Cell 
High Value pull up +V 
High Value pull down-V 
Low Value pull up +V 
Low Value pull down -V 
Schmitt Trigger 
Output Pad 
Large Output Driver 
Quad Output Driver 
Output Pad with separate P and N devices 
Large Tristate Driver 
Quad Tristate Output Driver 
Tristate Driver 
Filler cell for spacing Inverter and similar height cells 
Filler cell for spacing CTEXOR and similar height cells 
Filler cell for spacing CTFADD and similar height cells 
Clock Filler Cell 
Clock Filler Cell 
Clock Filler Cell 
Clock Filler Cell 
Filler Cell for CTSR and CTSRRS 

/ 

Other cells including PLA, ROM, RAM and a Microprocessor will be introduced in due course. 

Qualification 

Parts are normally supplied to Plessey's stringent commercial release standards. Screening to 
MIL883B and equivalent standards is available on request at additional cost. 
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Your reason for considering semicustom 
gate arrays is for the time and cost 
effective superior product solutions they 
provide. Raytheon achieves those goals 
for you, recognizing and avoiding the 
many potentially risk inducing pitfalls 
that could affect your objectives. 
Employing service intensive customer 
applications support and proven auto
mated design techniques, Raytheon 
strives for error-free gate array 
implementation the first time. 

Experience 

Raytheon was among the very first to 
design and manufacture gate arrays. 
Our long standing dedication to hard-to
do, high-performance, high-reliability 
design and production requirements 
carries over to all aspects of our gate 
array programs. 
We began with a 60-gate device in 1974, 
followed by a 300-gate device in 1978 
and a bipolar ISL 1620-gate density 
array in 1981. Over 70 circuit designs 
have been successfully developed, and 
are now in volume production. We now 
have five members of our ISL eGA 
family, ranging from 800 to 2400-gates. 

4822 

ate Gate 

With Raytheon's 
Full Service 
Approach to 
Advanced Bipolar 
ISL Configurable 
Gate Array 
Problem Solving. 

Personalized Development Support 

Raytheon's cost effective approach to 
semicustom circuit implementation 
makes it fast and easy to develop your 
prototypes. Working parts can be in 
your system within 8 weeks. 
Raytheon can start with your logic 
diagram and truth tables or divide the 
design tasks with you to optimize cost, 
minimize the turnaround time, and 
ensure design control. 

Regardless of the design entry point 
that you choose, the Raytheon design 
engineering team will work closely with 
your designers to help assure optimum 
product performance, cost-effective 
partitioning, accurate logic translation, 
and required testability. 
A comprehensive design source manual 
and an intensive 3-day tutorial are 
available to those customers who will 
be performaing the circuit design 
portions of development. 

© Ie MASTER 1984 
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Design Automation 

Raytheon's CAD facility offers a com
prehensive assortment of analysis and 
design software, in a common data base 
environment, to quickly produce error
free prototype devices: 

• Schematic Capture 
• Logic Simulation 
• Fault Grading 
• Auto-Placement and Routing 

(Auto-Layout) 
• Performance Verification 

Performance Characteristics 

Raytheon ISL CGAs are all designed for' 
radiation tolerance and to operate over 
the -550 C to + 1250 C temperature range. 
Full MIL-STD-883, Class 8 or S pro
cessing, program management, and 
other custom or special requirments 
can be satisfied. 

Bipolar ISL Technology 

Raytheon's highly manufacturable 3 
micron bipolar ISL process produces 
high density, superior performance, and 
efficient power consumption on all 
configurable gate arrays~ 
Interdensity compatibility exists between 
all arrays. Topological uniformity per
mits universal macrofunction and I/O 
designs. 
All Raytheon CGA's are fully TTL com
patible. You can choose the desired 
function from a list of 35 I/O config
urations and situate it at any signal pad 
location. 

Package Options 

Everything will be done to put your 
array in the package you need. Choose 
from ceramic DIPs, lead less chip car
riers, flatpaks, pin grid arrays, or name 
the custom package you require. 

Dedicated Service 

Raytheon's high level of applications 
support begins before an order is 
received. Call us today. Let's examine 
your needs, and explore a thoroughly 
analyzed and properly executed con
figurable gate array development. 
Raytheon means service and dedication. 
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Part Numbers 

::'<::'.> CGASl48 CGA12l60 I CGAl6168I CGA20l76 CGA24l84 

Number of Array ISL Gates I 836 1196 I 1620 I 1984 2376 
-···--··---------------------------------------------i--------------- -------------------1--·--------------+------------------ -----------------

_~r.~~~~;do~~~~::(~~f:-:J~::-;j--j_J-jj:---::J~::::- :3:; 
_;~i.:ij~~~::~~~r~~·--:_::+-~~~__3~_:J:-:3~~-J::~0:--::_:~0_- c 

o 
Operating Power Supply ,I 5/1.8 511.8 5/1.8 II 5/1.8 5/1.8 I Q) 

(VCC/VBB) i ! ~ 
*A Raytheon proprietary feature that is available on alllSL gates. ~ 

The following MSI functions are a partial listing of those available in. our 
Macrofuilction Library for convenient implementation of customer circuit design. 

Function 

D-Type Flip-Flop with Clear and Preset 

540017400 
Series 10.* 

74 ._----------------_ .. _-.-----_ ... ,._._._--------_ ... _-.... __ ... __ ... _-_ ........ _-----_._-_._-_._---_ ............ __ ... __ ......................................................... . 

Two Input Exclusive-OR Gate 86 
...................................................................................................................................................................................... 

J-K Type Flip-Flop 109 

3-to-8 line Decoder 138 

8-to-3 line Priority Encoder 148 

l-of-8 Data Selectors/Multiplexers with Strobed Outputs 151 
............ _ ..... _ .. _ ................ _ ......... _ ............................................................. _ .............................................. - .. __ .. _ .......... __ ._ .. . 

4-10-1 Data Selector /Multiplexer 153 

4-to-16 line Decoder /Demultiplexer 154 
............................................... _-_ .........•.......... _ ............................................................... _ .... _ ............ _ .. _._._ ..... _ ..... -... _ ..... . 

Sychronous Decade Counter 162A 
............. -... _ .............. _ ............................... --................................... -............... _ ... _ ..... _ ... _ .. _ .. _._ .... __ ._ .. _-- .. _._ .... _ ....... . 

4-Bit Bidirectional Universal Shift Register 194 

C~:~~::~~!~~:::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::.:::::.::::::::::::::::::::::::::::::::.::.-::~!~:::::::::::::::::::::::: 
~ 9-Bit Odd/Even Parity Generator/Checker 280 

::~i~:~i~~:~~:~~~~:~~~~~:~~~:~::~~~~:~~~~:~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::i~:~::::::::::·:.::::::::::: 
8-Bit Universal Shift/Storage Register 299 

.............................................................. -... _ ......... _ .............. _._._ .... _ .. _ ..... _._ ..... _ .. _ .... -............ -.. _ ....... _._ ..... _-._._ .. _ ..... _ ... _-_ .. _. 

Octal Transparent latches 373 
.. ---...... -.. ----.... -.---~ ........... _ .... _._ ..... _ ......... -.. _ ... _ ..... _._ ... _ ..... -.......... -....... _ ............. _ ....... _ ............ _. _ ...... __ ........... _ ........ _ ....... _ .. ' 

Octal D-Type Edge-Triggered Flip~Flops 374 
.-.. -............... _._ ....... -.......... _ ........ _._ .... _-_._ .. _._--_._. __ ... _ .... _ ... __ .......... _._ .............. ---_ .. _ ............ -...... -_ ........ _ .. _._._ .... __ ........ _ ...... . 

4-Bit AlU 381 

'The ISllogic format functions are pin polarity and function equivalents of the corresponding 5400/7400 LS Series functions. 

Raytheon reserves the right to change the circuitry and other data at any time without notice. 

FcR, AYTH EONj'4 Raytheon Company. Semiconductor Division 
~ ~ 350 Ellis Street. Mountain View. CA 94043 

14151966-7716 
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Custom and Semicustom LSI 

RCA Semicustom LSI Capabilities 

Automated GAs 
Features 

• Easy to Design and Change 
• Fast Turnaround • CMOS Performance 
• Wafer Stockpiling • CAD Compatible 
• Library of Logic Macros 
As gate counts and design complexities increase, 
manual layout of GAs becomes costly and time 

.. consuming. Therefore, RCA has developed automated 
placement and routing techniques. 
The Automated GA System requires only one unique 

, metal mask level. Artwork for this level is generated 
automatically from RCA's extensive library of logic 
cells. 
The metal mask describes the required logic functions 
on the array and then defines a unique interconnect 
pattern. Artwork for the mask is generated automati
cally from RCA's extensive library of logic macros 
(predefined logic structures or cells). 
Automated GA software has proved to be very effective, 
providing 100% connectivity and gate utilization up to 
98% for complex random logic applications. 

PaCMOS 
(Programmabl,e Automated Cell· CMOS) 
Standard Cells 
PaCMOS is an RCA computer-automated design ap
proach to LSI. It is based on a group of circuit building 
blocks, called standard cells, that can be automatically 
chosen, placed, and interconnected by a computer . 
program. 
RCA has a large and expanding library of previously 
designed, verified, and life-tested standard cells -
available in C2L (closed-geometry silicon-gate CMOS
bulk), bulk CMOS (5J..l and 3J..l), and silicon-gate CMOS 
on sapphire substrate. 
As a design aid in selecting appropriate cells, a 
standard cell notebook is available. In it, all of the logic 
cells are fully characterized and documented in the 
form of data sheets. 
It provides the name and function of the cell, the circuit 
and logic configuration, the Boolean equation, the truth 
table, and the dynamic performance data. 
By using the standard cell notebook, the designer can 
match his particular circuit configuration with the 
avaiiable standard cells and generate an input net list. 
I n addition to the standard cells, PaCMOS can also 
accommodate subchip options. Regular structures such 
as RAMs, ROMs, PLAs, PROMS, EPROMs. and register 
stacks, which have been remotely designed by conven
tional handcrafted techniques, can be automatically 
connected while the re·mainder of the host chip is 
computer generated. 
PaCMOS VERSUS GA 
A PaCMOS semicustom LSI offers attractive tradeoffs 
between development time, die size, and cost for many 
IC designs. Although its development time is slightly 
longer than a gate array, its die size is smaller. And in 
volume production PaCMOS can provide significant 
cost advances over GA designs. 
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Design Automated Tools 
MIMIC 

92CS-35972 

A powerful software simulation program, called MIMIC, 
allows designers of GAs, as well as other RCA 
semicustom and custom LSI devices, to model the 
logical operation of digital circuits before device 
fabrication. Through the program, designers can dis
cover logical flaws, race, hazard, or spike conditions, 
and timing and criticai path uncertainties. 
CRITIC (Computer Recognition of Illegal Tech
nology in Integrated Circuits) 
Another software tool· available in the design of GAs, as 
well as other RCA semicustom and custom LSI devices, 
is the CRITIC program. CRITIC checks mask artwork 
by describing the mask as a series of polygons in terms 
of the vertices that define them. The program then 
automatically searches for and reports on minimum 
tolerance violations (width, spacing, and enclosure) 
and illegal topology relations (overlap, abut, cross, 
contain, and disjoint). 
AFTER 
The AFTER program (Automatic Functional Test En
coding Routine) aids the IC designer in generating 
functional test patterns required for the testing of 
digital IC's on Automatic Test Equipment (ATE). 
Input/output truth tables, representing these tests, can 
be created by the designer using the MIMIC logic 
simulation program by specifying the IC's inputs to 
MIMIC; its outputs are calculated by MIMIC. ATEs 
currently supported are the Fairchild Sentry/Sentinel! 
Series 20, the Teradyne J283, and the Datatron test 
systems. 
CONCERT 
(CONnectivity CERTification) is a layout analysis 
program which aids the verification of the logical and 
electrical correctness of the mask artwork produced by 
the APAR automatic layout programs. The layout 
generated by RCA's APAR programs (MP2D and GA) 
consists of standard cell placements and wire 
interconnects. 
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Custom and Semicustom LSI 

Features 

• Full Range of Cost-Effective Design Capabilities 
Gate Arrays - automatically placed and routed 
CMOS I (5p) - CMOS II (3p) 
PaCMOS - standard cells 
Full Custom LSI 

• Fully Suported Design Automation 
MIMIC - logic simulation 
CRITIC - design rule vertification 
AFTER - test program generation 
CONCERT - connectivity check 

• Long Experience 
More than 15 years of custom/semicustom service to 
demanding customers. 

Comparison of Custom/Semicustom .LSI Options· 
Semicustom Full Custom 

Gate Array PaCMOS Std. Cell 

Development Cost 
Development Time 
Risk (1st time success) 
Final Die Size 
Production Die Cost 
Efficiency of Chip Utilization 

0.2 0.3 
0.17 
1 

1.5-2.0 
3-4 
0.8 

0.23 
1.05 

1.1-1.4 
1.5-2.0 

1 

1 

1 
2 
1 
1 
1 

"All comparisons normalized to a full custom basis assuming a 1000 gate complexity function. 

RCA Design Automation System 

GATE 

I 
.. ARRAY 

l ~ 
LOGIC AUTOMATIC 

DESIGN ~ PROTOTYPES I LOGIC SIMULATION ---. PLACE a ~t----+ VERIFICATION 
DESIGN MIMIC CRITIC 

ROUTE A~ . CONCERT 

'" 

I .. PaCMOS 
~ STANDARD 

~ .. CELL 

AUTOTEST 

~------------------------------~~ G~~;~~N 

RCA presently offers a variety of Gate Arrays classified 
according to: 

Gate complexity: 250 to 6000 gates 

RCA offers 17 Automated Universal Arrays (AUAs). The 
interconnect mask patterns for AUAs are generated 
solely by user-accessible software via the techniques of 
design automation (DA). AU As are classified according 
to: . 

Process technology: 
CMOS I - 5p silicon gate 
CMOS II - 3p silicon gate 
CMOS/SOS - 4p silicon on sapphire 
CMOS II - Double level metal .,- 3p silicon gate 

@ IC MASTER 1984 
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RCA presently offers a variety of PaCMOS cell libraries 
as follows: 

Gate complexity: User defined 

Process technology: 
CMOS silicon gate (C2L) 
CMOS silicon on sapphire (CMOS/SOS) 
CMOS I - 5p bulk CMOS 
CMOS II - 3p bulk CMOS 

RCA will soon offer additional APAR cell libraries. They 
are classified by: 

Process technology: 
CMOS/SOS - 2p 
CMOS II - Double level metal 

All of the above will be offered in plastic, ceramic, side
brazed ceramic, and leadless and leaded chip carrier 
packages .. 
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SPI 
SP7GOO SERIES CMOS GATE ARRAYS 

FEATURES 
• Utilizes SPI's Selective Oxidation, Silicon-Gate 

CMOS Process. . 
• Operates Over 3 to 7 Volt Supply Range 
• Prototypes 8-10 Weeks 

• High Speed 3.5nS Gate Delay • TTUCMOS Compatible Inputs 
• Low Cost 

SP7000 SERIES SPECIFICATIONS 

Typical Typical 
Part Number Number Number of Die Output Current Output Current 

Number of Gates of Pads Output Drivers Size IOL@VOL = O.4V IoL@VOH=4.2V 
SP7000 48 16 14 76 x.73 6mA 6mA 
SP7001 80 20 16 86 x93 10mA 8mA 
SP7002 147 24 16 103 x 107 12mA 8mA 
SP7003 300 40 22 118 x 104 6mA 1.5mA 
SP7004 300 40 36 127 x 158 10mA 8mA 
SP7005 544 56 32 132 x 150 6mA 1.5mA 
SP7010 1000 76 40 185 x 185 6mA 1.5mA 
SP7210 1200 84 72 186 x 251 6mA 4mA 

Note: Some device specifications can be altered to meet customer requirements. 

SPI's gate array in HCMOS will provide the key to reducing board space, lowering power requirements and improving cost 
effectiveness. 

Whatever your gate array needs, SPI can tailor an interface program to match them. If you have a specific circuit you would like to 
implement in HCMOS, SPI will be glad to review your application and provide a detailed quotation on cost, delivery and technical 
parameters. . 

en CHLA CMOS LOGIC ARRAY FAMILY 
FEATURES 
• Utilizes SPI's Selective -Oxidation Silicon Gate 
• CMOS Process 
• Low static power dissipation - 1.0 p. W 
• High speed 

DESCRIPTION 
The CHLA is a logic array with uncommitted logic 
ceUs driving output structures that may be con
figured as normal output buffers, 3-state buffers, or 
as D type edge triggered latches. To design with 
these devices the designer needs only to supply the 

Part Description 
Number Inputs Outputs 1/0 

SP810H8 10 8 
SP812H6 12 6 
SP814H4 14 4 
SP818H2 16 2 
SP816C1 16 2 
SP810L8 10 8 
SP812L6 12 6 
SP814L4 14 4 
SP816L2 16 2 
SP816L8 10 8 6* 
SP816R8 8 8 8** 
SP816R6 8 6 8** 
SP816R4 8 4 8** 
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• 3 to 6 volt power supply range 
• Full TTL interface compatibility 
• High noise immunity 
• Low cost semi·custom· 

necessary logiC equations. Depending on the logic 
equations up to 64 product terms may be im
plemented. Since all logic gates are CMOS the static 
power supply current is independent of the number 
of product terms and is less than 2.0 p.A. 

* = 3-State 
* * = Latched 3-State 

ESSESINe. 
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C-MOS HAt'mARRAY LOGIC 
SI-HAL SERIES 20 &24 

DESCRIPTION 
The Si-HAl family provides a rapid economical way of 

customizing several SSI or MSI integrated circuits into one 
device. Si-HAls can be used to replace bipolar PAls and 
HAls or they can be developed from a unique logic sche
matic. Unlike bipolar HAls, C-MOS Si-HAls are not limited 
to fixed logic functions. You have a totally uncommited 
logic format to work with in developing your semi··custom 
circuit. You may choose from a wide range of logic functions 
including, but not limited to, AND, NOR, OR, NAND gates 
and various flip flops. 

All of the Monolithic Memories HAL Series 20 & 24 can be 
pin for pin replaced with a Si-HAl Series 20 & 24. 

The C-MOS Si-HAl family features an advanced silicon
gate process which gives ail the advantages of C-MOS, and 
still is a direct replacement for many bipolar PAls and HAls. 

Si-fab ii is a unique process, which goes beyond the per
formance characteristics of conventional silicon-gate 
C-MOS. It has the same low power characteristics, but in 
addition demonstrates improved speed. On-chip gate 
delays are comparable to silicon-gate (1-3ns), but the data 
entry speeds are improved 50-75%. This speed enhancement 
is made possible through our unique 'Si-Fab II output 
drivers. Also, output drive is improved to handle up to 
20 lSTTlloads. . 

HAL DEVELOPMENT 
The following procedures can be followed in developing 

a Si-HAl semi-custom circuit. 
1. Purchase a bipolar PAL and debug it to your circuit 

requirement. 
2. Send Si-Fab two of your PAL circuits with either 

a. copy of circuit logic equations 
or 

b. a schematic drawing (checked for revisions and 
accuracy) 

NOTE: If you are not interested in developing a circuit using 
a PAL first, a Si-HAl can be directly developed from your 
arroit schematic diagram. 

call SI-Fab with any questions you may have regardIng 
SI-HALs or seml-custom circuit development 

MAIN BENEFITS 
• Semi-custom solution to random logic 
• Direct C-MOS replacement of bipolar HALs 

and PAls -
•. Easy, economical implementation from logic 

schematics 
• Si-Fab II C-MOS provides low power, high speeds, 

high output drive -
• Variety of packages available 

PART NO. 
Si-HAl10H8 
Si-HAl12H6 
Si-HAl14H4 
Si-HAl16H2 
Si-HAL i6Ci 
Si-HAl 1018 
Si-HAl 1216 
Si-HAl 1414 
Si-HAl 1612 
Si-HAl 1618 
Si-HAl16R8 
Si-HAl16R6 
Si-HAl16R4 
Si-HAL 16X4 
Si-HAl 16A4 

DESCRIPTION 
Octal10input And-Qr Gate Array 
Hex 12input And-Qr Gate Array 
Quad 14input And-Qr Gate Array 
Dual 16input And-Or Gate Array 
i6input Ano,.()ri Ano-or-invert Gate Array 
Octal10input And-Or-Invert Gate Array 
Hex 12input And-Or-Invert Gate Array 
Quad 14input And-Or-Invert Gate Array 
Dual 16input And-Or-Invert Gate Array 
Octal 16input And-Qr-Invert Gate Array 
Octal 16input Registered And-Qr Gate Array 
Hex 16input Registered And-Or Gate Array 
Quad 16input Registered And-Qr Gate Array 
Quad 16input Registered And-Qr-Xor Gate Array 
Quad 16input Reg And-Carry-Or-Xor Gate 

PACKAGING 
Si-HAls can be shipped in chip or package form. A variety 

of packages are available. Request of quote for your package 
requirements. 

Series 20 has 20 lead maximum. 
Series,24 has 24 lead maximum. 

PRICING 
Prices will vary depending on circuit complexity, quan

tity, and package required. A onetime development charge 
will be assessed on all orders, but this will be partially rebated 
on production orders according to quantity on all orders 
exceeding 1000 pieces. 

Price List available on request. 

(951-Fah Si-Fab Corporation • 27 Janis Way • Scotts Valley, CA 95066 • 1408J438-68OQ 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
OEI ()ptical Electronics Inc. 
Ohio Sci Ohio Scientic 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY Panasonic Panasonic 
PieD Design Pico Design 
Polycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic Design Inc. 
PrO-Log Pro-Log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 
Action Instruments al General Instrument RCA RCA Solid State Division Action Ins RCI Data RCI Data AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems ADT Advanced Digital Technology Reticon Reticon Advent Advent Products, Inc. 

Harris Harris Semiconductor RIFA RIFA Alphatron Alphatron Rockwell Rockwell, Microelectronic Devices AMA American Automation Heurikon Heurikon Corp. 
RTC Riehl Time Corporation AMD Advanced Micro Devices Hilevel Hilevel Technology, Inc. 

AMI American Microsystems, Inc. Hitachi Hitachi America, Ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Analogic Analogic HP Hewlett-Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEa Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si-Fab Si-Fab 
A~PI Sys Applied Systems Corp. Signetics Signetics 
A T Applied Microtechnology 

International Cybernetics sas SGS Semiconductor 
Aptek Aptek Microsystems ICC Sharp Sharp 
Array Tech Array Technology lOT Integrated Device Technology Silicon a Silicon General 
AWl AWl Electronics IMI International Microcircuits, Inc. . Silicon ix Siliconix 

IMP International . Silicon Sys Silicon Systems Inc . 
Microelectronic Products Siltronics Siltronics Barvon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. Bedford Bedford Computer Systems Inc. Infosphere Infosphere SMOS S MOS Systems Burr·Brown Burr-Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solitron Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE lotCompSys Integrated Computer Systems SSM . Solid State Micro Technology Cal Devices California Devices " tnt Tech Integrated Technology Corp. for Music Cermetek Cermetek Intech Intech Microcircuits Div. SSS Solid State Scientific CaRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cherry Cherry Semiconductor Interdesign Interdesign STC Storage Technology Corp. CIC Custom Integrated Circuits Intersil Intersil STD STD Microsystems CirTech Circuit Technology Intronics Intronics Struc Des Structured Design lne. Cite! Citel ITT ITT Semiconductors Stynetic Stynetic Systems Comlinear Com linear Corporation Sunrise Sunrise Electronics CMA Custom MOS Arrays Sunshine Sunshine Semiconductor Comark Com ark Corp. Kinetic Sys Kinetic Systems Supertax Supertex Inc. Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. Comp Auto Computer Automation Synertek Synertek Compas Compas Microsystems Sys InloY Systems Innovations Cont Logic Control Logic Inc. Lambda Lambda Semiconductor 
Control Sys Control Systems Microsystems Div. Linear Tech Linear Technology 

Tau Zero Inc. CreMicro Creative Micro Systems LSI Comp LSI Computer Systems Tau Zero 
Cromemco Cromemco, Inc. LSI Logic LSI Logic Corporation Technitrol Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master Logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S . Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
lice Micro-Computer Control Teltone Teltone Corporation 

Data General Data General liCE MCE Electronics n Texas Instruments 
Data 1/0 Data 1/0 lIicrei Micrel Third Domain Third Domain 
Data Trans Data Translation Micro Innoy Micro Innovators Thomson-CSF Thomson-CSF Components Corp. 
Datel Datel Micropac Micropac Industries Toshiba Toshiba America 
Datricon Datricon Corporation Micro Net Micro Networks Trans·Data Trans·Data 
DOC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW-LSI Products 
DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. Die-Tech Die-Tech Micro Tech Microcircuits Technology Unitrode Unitrode Digelec Digelec Corp. Micro-Link Micro-link CorporatiQn Universal Universal Semiconductor, Inc. Digitek Digitek, tnc. Micron Micron Technology Dionics Dionics Inc: MilerTron MilerTronics Dist Comp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Div.,rs Tech Diversified Technology lIitei Mitel Semiconductor VLSI Design VLSI Design Associates 

Mitsubishi Mitsubishi Electronics VTI VLSI Technology, Inc. 
E·HI E-H International. Inc. MMI Monolithic Memories, Inc. Votrax Votrax 
EDI Electronic Designs Inc. Mostek Monolithic Systems Corp. Elind Elind Elettronica Industriale Motorola Mostek Weitek Weitek Corporation EMM·SESCO EEM·SESCO MRC Motorola Semiconductor Western Western Digital Emulogic Emulogic Inc. Murray MRC Systems Wintek Wintek Corp. ETI Micro ETI Micro Monosil Murray Consulting Exar Exar Integrated Systems 
Exel Exel Microelectronics Xicor Xicor. Inc. 

National National SemicondUctor 
Xycom Xycom 

Fairchild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex Zendex Corp. 
Force Force Computers Division Zilog Zilog 
Fujitsu A Fujitsu America NEe NEC Electronics ZyMOS ZyMOS Corporation 
Fujitsu Fujitsu Microelectronics, Inc. Nitron Nitron Zytrex Zytrex Corp. 
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BIPOLAR LSI DIVISION 

SEMICUSTOM LSI 

THE COMPLETE SEMICUSTOM SOLUTION 
To meet your semi~ustom needs Signetics has developed 
a comprehensive semicustom service that offers one-stop 
shopping with state-of-the-art technology. This service gives 
you a choice of silicon systems ranging from CMOS to T2l 
and ECl, the widest range of semicustom products in the 
industry, with performance capable of meeting all your 
semicustom logic needs. All are supported with complete in
house capability for processing and fabrication, will full ser
vice CAD, which simplifies your design task and guarantees 
first-pass success for your semicustom program. 

STATE-OF-THE-ART CAD 
Signetics' CAD system encompasses the complete 
semicustom design process, from schematic input through 
auto place and route, design rule checking and test genera
tion. This fully automated procedure speeds design and 
makes your job easy and guarantees that your semicustom 
chip is developed without error and on schedule. With 
Signetics' CAD you are using the most up-to-date semicustom 
design system available. 

SCHEMATIC INPUT - FAST AND EASY 
In designing a semicustom chip the first step is to enter your 
circuit into the computer. The most advanced method of cir
cuit entry is Signetics schematic input system. This system 
only requires you to enter your schematic by use of a 
keyboard and mouse, which is fast and easy. The computer 
then automatically converts your schematic to a net list which 
is used for simulation and auto place and route. 

For circuit entry Signetics gives you a choice of two schematic 
input systems, one with software originally developed by 
Future Net and one by Mentor. The Future Net system 
operates on a low cost IBM Personal Computer which you 
can use in your own shop or in a Signetics' sales office. The 
Mentor schematic input system operates on an Apollo com
puter which is available in one of Signetics' design centers. 
With either input system you will find the schematic entry step 
fast and easy. 

COMPUTER SIMULATION - EASY AND SURE 
Once your schematic has been entered, the next and final 
step is to simulate the logic using our TEGAS 5 Program. 
To do this you enter your test vectors then submit the job 
from your IBM PC to Signetics' computer via telephone link. 
If you are using one of our design centers the simulation can 
be performed on-site with the Apollo computer. Upon com
pletion of simulation the computer returns to you the resulting 
output vectors to allow you to check your design. Computer 
simulation ensures that your circuit is functioning properly 
before Signetics manufactures your semicustom chip. 

WHAT SIGNETICS DOES - MORE CAD 
After completion of simulation your job is finished. Signetics 
takes over and completes the manufacture of your 
semicustom device, which involves the use of additional 
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SEMICUSTOM SERVICE 

Signetics CAD. The effects of wire delay, if any, are compen
sated using our WIDGET program. Using your net list which 
was produced by the schematic input system, Signetics per
forms a comprehensive design rule check, then routes the 
chip automatically. Usi~ your test vectors Signetics 
automatically produces a test tape for final testing using our 
SENGEN program. The routed chip is then masked and pro
cessed using our advanced semiconductor methodology. 

In performing Signetics part of the task, a key step is auto 
place and route, and Signetics has placed a high emphasis 
on developing these programs. The MEDS program 
automatically routes at the gate level and is used for gate 
arrays and creation of macros. The CAlMP program is used 
for more advanced structures, such as Signetics FLEXXTM 
Array. CAlMP assembles macros and gates with automatical
ly variable routing space for optimal packing of the chip. 
These and other similar programs allow Signetics to offer 
comprehensive use of auto-routing in all our semicustom 
products. 

FULL IN-HOUSE CAPABILITY 
As a full capability semiconductor supplier and in semicustom 
since 1975, Signetics has all the in-house support necessary 
for producing your semicustom Chip. In addition to a full ser
vice CAD facitity, Signetics has complete masking, wafer 
fabrication and processing, including military processing, for 
Source Control Drawing or Mil STD 883B parts production. 
This full capability ensures availability of parts and that your 
semicustom device wiii be processed according to your needs 
and on schedule. 

A FULL CHOICE OF SILICON 
With Signetics you can implement your semicustom require
ment with silicon that is advanced in technology and architec
ture. In technology you have a choice of three levels of CMOS 
and five kinds of bipolar arrays with gate speed ranging from 
8 nsec to 0.5 nsec and various output drive levels. In architec
ture these products are structured as gate arrays, masterslice, 
composite cell, and FlEXXTM arrays, with up to 5000 gates 
and 128 1I0s. These devices have been configured to encom
pass the complete range of semicustom applications to allow 
Signetics to meet your own specific needs. 

CMOS GATE ARRAYS 
Signetics CMOS gate arrays are oxide-isolated, silicon gate 
devices built on an epi substrate which virtually eliminates 
latch-up. Input/Output is compatible with CMOS or LSTIL 
logic. These are highly advanced CMOS gate arrays with a 
full selection of technology and architecture. 

M-Series CMOS Gate Arrays Single layer metal, 330 to 1100 
gates, up to 68 1I0s, with 8 nsec gate delay typical for a 2 
output gate with 5V Voo· 
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SEMICUSTOM LSI 

H-5eries CMOS Gate Arrays Single layer metal, 330 to 1100 
gates, up to 68 liDs, with 4 nsec gate delay typical for a 2 
output gate with SV V DO. 

SH-Series CMOS Gate Arrays Dual layer metal, 1250 to 5000 
gates, up to 128 liDs, with 2 nsec gate delay typical for a 
2 output gate with SV Voo. 

BIPOLAR SEMICUSTOM DEVICES 
Signetics bipolar semicustom devices are available with both 
junction isolation and oxide isolation. for T2L and ECl ap
plications. They are designed for high speed and high out
put drive. 

8AXXXX Series ISL Gate Arrays Dual layer metal junction 
isolated Integrated Schottky Logic for T2L applic~tions, 1200 
to 2100 gates, up to 76 liDs, with 4 nsec gate speed typical. 
Fuii miiitary" criteria. 

VAX 
COMPUTER 

IBM 
PERSONAL 

\ 1 COMPUTER 

~ IBM 
CUSTOMER 3081 

COMPUTER 

I APOLLO 
SIGNETICS COMPUTER 

SjgllliCS 

SEMICUSTOM SERVICE 

Composite ~II Logic Three standard cell dual-layer metal 
libraries ranging from 3.S nsec to S nsec typical gate delay. 
Up to 1000 actual gates, I/Os limited by package. Up to 80 mA 
output drive for T2l applications. Full military criteria. 

8HXXXX Series ISL Gate Arrays Dual layer metal, oxide 
isolated Integrated Schottky logic for T2l applications, 1600 
to 3200 gates, up to 120 liDs, with 1.5 nsec gate speed 
typical. Full military criteria. 

FLEXXTM Array User-created or standard cells, dual-layer 
metal, variable routing space for optimal chip size, up to 2000 
gates, liDs limited by package. Oxide-isolated Integrated 
Schottky logic for T2l applications, 1.5 nsec gate delay 
typical. Full military criteria. 

ACE Masterslice Array Oxide isolated CMl for ECl 10 K, 
ECl 100 K and T2~ applications, 600 to 2200 gates, optional 
RAM on chip, up to 128 liDs, 0.5 nsec gate delay, air cooled. 

AUTOMATED r-- PRODUCTION - SEMICUSTOM 
DEVICE 

Signetics Computer Aided Design Facility used for design of 
semicustom devices. Provides remote access for schematic 
input and simulation. Signetics completes the design with 
design rule checking, automatic place and route, and 
automatic test tape generation before producing the 
semicustom device. 

@ Ie MASTER 1984 4831 

(f) 
o 
:;:: 
Q) 
c: 
.2> 
en 



rn 
.2 ..... 
(I) 
c 
0') 

en 

BIPOLAR LSI DIVISION 

SEMICUSTOM LSI 

FEATURES 
• 1.5 nsec typical gate delay 
• Up to 2000 actual gates 
• II0s limited by package 
• 250uW per gate 
• Up to 48 mA output drive 
• TTL Compatible 
• Full CAD support 
• Automatic schematic input 
• Circuit simulation 
• Automatic place and route 
• Automatic macro generation 
• Hard and soft macros 
• Variable die size 
• Plastic and ceramic chip carriers 
• Standard DIPs 

PRODUCT DESCRIPTION 
The FLEXxTM array represents a major advance in 
semicustom technology which combines. a new concept in 
architecture with the most advanced CAD available. With 'it 
you can create your proprietary semicustom LSI device quick
ly and easily, much like gate array or standard cell 
methodology, but with silicon utilization as efficient as stan
dard LSI products designed by traditional hand packing 
methods. As a result of its superior design and silicon utiliza
tion efficiency the FLEXX TM Array is being used by Signetics 
to develop standard LSI products. The FLEXXTM Array is 
now available to Signetics customers as a semicustom 
development tool. 

FLEXXTM Array Architecture 
As shown in the figure, the FLEXXTM Array is composed of 
macros, which are rectangular assemblies of gates, with ad
ditional random gates included as required. The macros are 
variable in length and width for optimum routing efficiency, 
and the routing channel width is variable to accommodate 
only those traces required to route the chip. No unused gates 
are included. As a result of this architecture, the FLEXXTM 
Array is much more efficient in silicon utilization than a gate 
array or standard cell array, which means that the end device 
will have a smaller die and therefore a lower cost. 

Multi-Level Software 
To assembly the FLEXXTM Array Signetics uses multi-level 
automatic place and route software. The first level auto
matically generates the macros; it establishes the macro width 
and interconnects the gates within the macro. The second 
level places and interconnects the macros as well as in
dividual gates; it varies the spacing between macros to ac
commodate the required interconnecting traces. This process 
is fully automatic and can be done quickly which speeds the 
development of your FLEXXTM Array. 
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FLEXX™ ARRAY 

BENEFITS 
• Fast, easy design 
• Efficient use of silicon 
• Proprietary LSI device 

• High speed 
• Replaces up to 100 SSIIMSI parts 
• Reduces' PCB area 
• Saves manufacturing costs 
• Reduces size, weight and power 
• Improves system reliability 

Fully Automatic Design 
To design a FLEXXTM Array the user enters the schematic 
and test vectors with a remote terminal then reviews the com
puter simulation of the circuit. In this procedure the user has 
the choice of using established ("hard") macros from 
Signetics computer library, modifying these macros or 
creating new ("soft") macros as required. Once the simula
tion is completed, Signetics takes over and routes the chip 
and procedures prototypes within ten weeks. 

Silicon Technology - Performance 
The FLEXXTM Array is a methodology for assembling a logic 
design on silicon; it is therefore largely independent of the 
particular silicon technology and can be used with CMOS and 
varieties of bipolar technology. 

The first technology used to implement the FLEXXTM Array 
is oxide isolated ISL or Integrated Schottky Logic. ISL pro
vides a superior speed power. product with the speed of 
LSTIL at one-tenth the power. With oxide isolation, both the 
speed-power product and the gate delay of ISL are reduced 
by a factor of three, giving the FLEXXTM Array speed ap
proaching EeL and power efficiency that allows large scale 
integration in a plastic package without special cooling. 

With oxide-isolated ISL the gate used in the FLEXX™ Array 
has a typical delay time of 1.5 nsec. Output buffers are 
capable of driving up to 48 rnA. The number of actual gates 
which can be placed on the FLEXXTM Array is limited to 
about 2000 by thermal constraints. The number of 1I0s is 
limited only by package pin-out. Available packages currently 
include standard plastic and ceramic DIPs and a variety of 
chip carriers. 
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BIPOLAR LSI DIVISION 

ISL GATE ARRAY 

PRODUCT DESCRIPTION 
The 8A 1200 Gate Array (Figure 1) is an uncommitted array of ISL 
gates (Figure 2), Schottky buffers (Figure 3) and LSTIL
compatible 110 cells (Figure 4). Thus, up to 1200 gates can be 
custom interconnected to provide the advantages of both Large 
Scale Integration (LSI) and proprietary design. The 8A 1200 array 
is based on a technological subset of LSI called ISL (Integrated 
Schottky Logic). ISL combines the best features of low-power 
Schottky and 12L Bipolar technologies. 

Designing with the 8A 1200 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array- refer to Table 1 for a comparison of ISl and 
74LS logic functions. The design techniques and the implemen
tation processes are analogous to the design of a Printed Circuit 
Board. 

Logic functions are defined by the user and are implemented by 
interconnecting 1144 ISL NAND gates, using two layers of metal 
routing. Fifty-two Schottky buffers are provided to drive multi-load 
internal clock or enable signals. For external interface, up to 36 
LSTIL 110 buffers can be specified. As shown in Figure 4, each I/O 
can be configured to implement anyone of 11 different functions: 
inputs, input/output, totem-pole, open collector, and three-state. 

4834 

36 110 BUFFERS 
BUffERS II BONDING PADS 
OCCUpy DEVICE PERIMETER 

1144 ISL GATES 
26 ROWS X 22 COLUMNS (X21 

GLOBAL POWER 
BUS (VBB' 

52 SCHOTTKY BUFFERS 
TWO VERTICAL COLUMNS 

Figure 1_ Internal Configuration of 8A1200 ISL Gate Array 

FEATURES 

• Customer programmable LSI 
• 1144 ISL (NAND) gates 
• Two-layer metal interconnection 
• 52 Schottky buffers 
• 36 1/0 buffers 
• LSTTL compatible 
• Standard PNP inputs 
• 8mA output current sink 
• - 55°C to + 125°C ambient temperature 
• 4ns gate speed (typical) 
• Speed-power product-O.7 plcojoules 
• 22,28, 40, or 44·pin package 

VBS 

RE~~ORdJ4 INPUT 
DIRECT 

INPUT -::-

Note: Any four of the five outputs 
can be used but not all five 
at the same time 

8A1200 

Figure 2. ISL Gate- Schematic Diagram 

VBB 

RESISTOR * OUTPUT 
INPUT 

DIRECT o-----J 
INPUT -::-

Figure 3. Schottky Buffer-Schematic Diagram 
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BIPOLAR LSI DIVISION 

ISL GATE ARRAY 

PRODUCT DESCRIPTION 
The 8A1200 Gate Array (Figure 1) is an uncommitted array of ISL 
gates (Figure 2), Schottky buffers (Figure 3) and LSTIL
compatible I/O cells (Figure 4). Thus, up to 1200 gates can be 
custom interconnected to provide the advantages of both Large 
Scale Integration (LSI) and proprietary design. The 8A1200 array 
is based on a technological subset of LSI called ISL (Integrated 
Schottky Logic). ISL combines the best features of low-power 
Schottky and 12L Bipolar technologies. 

Designing with the 8A1200 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array- refer to Table 1 for a comparison of ISl and 
74LS logic functions. The design techniques and the implemen
tation processes are analogous to the design of a Printed Circuit 
Board. 

Logic functions are defined by the user and are implemented by 
interconnecting 1144 ISL NAND gates, using two layers of metal 
routing. Fifty-two Schottky buffers are provided to drive multi-load 
internal clock or enable signals. For external interface, up to 36 
LSTIL I/O buffers can be specified. As shown in Figure 4, each I/O 
can be configured to implement anyone of 11 different functions: 
inputs, input/output, totem-pole, open collector, and three-state. 

36110 BUFFERS 1144 ISl GATES 52 SCHOTIKY BUFFERS 
BUFFERS 8r BONOING PAOS 26 ROWS X 22 COLUMNS (X21 TWO VERTICAL COLUMNS 

Figure 1. Internal Configuration of SA 1200 ISL Gate Array 

4834 

FEATURES 
• Customer programmable LSI 
• 1144 ISL (NAND) gates 
• Two-layer metal Interconnection 
• 52 Schottky buffers 
• 36 1/0 buffers 
• LSTTL compatible 
• Standard PNP inputs 
• SmA output current sink 
• - 55°C to + 125°C ambient temperature 
• 4ns gate speed (typical) 
• Speed·power product-D.7 picojoules 
• 22, 2S, 40, or 44·pin package 

RES:~~~~ O-JV\,..".......,E--J 

D:=~3~ 0-----' 

Note: Any four of the five outputs 
can be used but not all five 
at the same time 

lii!llUliCI 

8A1200 

Figure 2. ISL Gate-Schematic Diagram 

RESISTOR 
INPUT 

DIRECT :=k
vaB 

OUTPUT 

INPUT -=-

Figure 3. Schottky Buffer- Schematic Diagram 
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ISL GATE ARRAY 8A1200 

Table 1. Comparison of ISL with 74LS Functions 

LOGIC FUNCTION PARAMETERS3 ISL1 74LS LOGIC FUNCTION PARAMETERS3 ISL1 74LS 

NAND (7400) Power (in mW) 0.30 2.00 D FLIP-FLOP (7474) Power (in mW) 1.50 20.00 
TON (in ns) 2.00 15.00 C-a TON (in ns) 28.00 40.00 
TOFF (in ns) 10.00 15.00 TOFF (in ns) 28.00 40.00 

AND (7408) Power (in mW) 0 11.00 D LATCH (7475) Power (in mW) 1.20 30.00 
TON (in ns) 0 20.00 DATA~Q TON (in ns) 5.00 17.00 
TOFF (in ns) 22 15.00 TOFF (in ns) 12.00 17.00 

EXCLUSIVE OR (7486) Power (in mW) 1.20 12.50 4-INPUT MUX (74153) Power (in mW) 1.50 25.00 
TON (in ns) 18.00 22.00 DATA-Q TON (in ns) 7.00 26.00 
TOFF (in ns) 24.00 30.00 TOFF (in ns) 16.00 26.00 

EXCLUSIVE NOR (74266) Power (in mW) 0.90 18.00 Notes: 

TON (in ns) 15.00 30.00 1. Power and delay times are given for 150°C MAX. 

TOFF (in ns) 16.00 30.00 
2. T OFF is 2ns for each input; T OFF can be reduced to Ons with a pullup cell which 

uses 0.3 mW. 
3. LS power dissipation is based on VCCx IMAX. 

ACAND DC ELECTRICAL CHARACTERISTICS 
Conditions: Commerciai

Vcc =5.0V (±5%) 
Vaa= 1.5V (± 10%) 
TA

1=0°C to 70°C 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER DESCRIPTION 

VCC 

Vee 

E'N" 

'iN 

tpdAV 

tpdHL2 

LH2 

Supply voltage 

ISL gate supply voltage 

Input voltage, continuous 

Input current, continuous 

PARAMETER 

tpdLH + tpdHL 
tpdAV= 2 

High-to-Iow propagation delay 

Low-to-high propagation delay 

Average gate propagation 
delay 

t tpdLH + tpdHL 
pdAV= 2 

H igh-to-Iow propagation delay 

Low-to-high propagation delay 

@ IC MASTER 1984 

Military-
Vcc= 5.0V (± 10%) 
Vaa= 1.5V (± 10%) 
TA1 = - 55°C to 125°C 

RATING UNIT PARAMETER 

+7.0 V 

+7.0 V 

-0.5 to+5.5 V 

-30 to + 1.0 mA 

TEST CONDITIONS 

Fan-in = one (1) ISL gate or 
Schottky buffer 

Vo 

TA 

TSTG 

Fan-out = one (1) ISL gate or 
Schottky buffer 

Fan-in = one (1) ISL gate or 
Schottky buffer 

Fan-out = one (1) ISL gate or 
Schottky buffer 

Delay is inferred from 
circuit simulation. 

DESCRIPTION RATING UNIT 

Voltage applied to open- -0.5 to+ 7.0 V 
coJlector output in off-state 

Ambient temperature, -55 to+125 °C 
operating 

Storage temperature -65 to+15O °C 

4 4 

2 2 ns 

4 6 4 6 ns 

1 2 2 ns 

7 10 7 10 ns 
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ISL GATE ARRAY 8A1200 

PARAMETER TEST CONDITIONS 

From array = high 

VIN = 3V, from array = high 2.53 2.75 

To T.S. (1/0 only) (drives 3·state inputs only) 16 16 

To Array (1/0 only) (drives internal gates) 10 10 

tpdAV Average propagation delay Fan in = one (1) ISL gate or 10 14 10 14 
Schottky buffer 

tpdAV = tpdLH + tpdHL Fan out = one (1) from 

2 3·state input of 
an output buffer 

ICC TOC, supply current VIN = 3V, from Array = L 1.76 1.90 rnA 

INB, EOCO, supply current VIN=3V 1.15 1.25 rnA 

100, supply current VIN = 3V, from Array = H 2.53 2.75 rnA 

TEOC, supply current VIN = 3V, from TS = H, from 3.11 3.35 rnA 

en 
Array = L 

(,) nS,supply current From Array = L, from TS = H 3.11 3.35 rnA 
+"" VIN = 3V Q) 
c 

.521 en 

INB & 100 "to array" outputs 10 10 Unit load 

EOCO & 100 "to 3·state" 16 16 Inputs 
outputs 

tpdLH Propagation delay, low·to-high 5 8 5 8 ns 
F.O. = one (1) ISL load 

tpdHL Propagation delay, high·to·low 2 4 2 4 ns 
F.O. = one (1) ISL load 

See Figure 5a 
tpdLH Propagation delay, low·to·high 3 4 3 4 ns 

F.O. = ten (10) ISL loads 

4 5 4 5 ns 

tpdLH Propagation delay, low to high 4 8 4 8 ns 
output 

tpdHL Propagation delay, high to low 
See Figure 5b 

4 8 4 8 ns 
output 
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ISL GATE ARRAY 8A1200 

PARAMETER TEST CONDITIONS 

ICC oe power supply current From array = high 1.38 1.50 mA 

TOe power supply current From array = low 1.76 1.90 mA 

EOe power supply current From array = low, 1.96 2.10 mA 
from T.S. = high 

TEOe power supply current From array = low, 3.11 3.35 mA 
from T.S. = high 

ILF Input load factor "from array" 3 3 Unit load 

Input load factor "from T.S." 3 3 Unit load 

VOL Output iow voltage iOl = 8mA comm 500 mV 

'Ol=4mA 400 mV 

9 TSD 9 TBD ns 

8 TBD 8 TBD ns 

0) 
0 
...... 
(J) 
c: 

From array = low 3.11 .2l 
V,N = 3V, from T.S. = high (J) 

'Ol=8mA 500 

400 

10ZH Three-state off current, output VOUT= 2.4V 20 20 J.LA 
high 

tpdlH Propagation delay, low to high 4 9 4 9 ns 
output 

tpdHl Propagation delay, high to 6 10 6 10 ns 
low output 

tpdZl Propagation delay, HI Z to low 11 14 11 14 ns 
output 

See Figure 5d 
tftri7U Propagation delay, H! Z to ~n .. ~ 10 ~n 

t'U .... , I IV 1.:1 1.:1 ns 
high output 

tpdLZ Propagation delay, low to 6 12 6 12 ns 
HI Z output 

tpdHZ Propagation delay, high to 7 7 7 7 ns 
HI Z output 

Notes: 
1. Maximum power dissipation limit of circuit is determined by package selection. 
2. Guaranteed value is tpdAV' 
3. For all input parameters on TEOC and TIS, the "from Three-State" input should 

be high. 
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8A1200 EVALUATION CIRCUIT 

PRODUCT DESCRIPTION 
The SA1200/CG1001 Evaluation Circuit is a committed array of 
ISL gates, Schottky buffers, and LSTIL I/O cells, providing the 
user with several logic functions that can be easily and econ
omically implemented by the use of semi-custom LSI. Basically, 
the CG1001 provides a demonstration vehicle for characterizing 
design functions of the 8A1200 ISL Gate Array; the demonstra
tion part contains logic functions that are representative of, and 
can be compared with, those of standard 7400-series parts. 

Also, the CG1001 contains several test configurations that can be 
used in evaluating circuit performance under various logical, 
topological, and environmental conditions. A block diagram of 
the Gate Array Evaluation Circuit is shown in Figure 2 and logic 
representations of each discrete function are shown in Figures 3 
through 6. 

8A1200/CG1001 EVALUATION CIRCUIT 

4838 

lil!llotiCI 

CG1001 

FEATURES 

REPRESENTATIVE LOGIC FUNCTIONS: 

• 8 to 1 Multiplexer (Figure 3)-similar to 74152. 
• 4-Bit Adder (Figure 4)-similar to 7483. 
• 4-Bit Universal Shift Register (Figure 5)-similar t9 74194 

SPECIAL TEST CIRCUITS 

• D-flip flop wired as a toggle flip flop 

• Demonstration of fanout effects on ISL gates 

• Test of fanin and pattern sensitivity effects on ISL gates 

• Ring oscillators which show the basic gate delays of ISL 
gates and Schottky buffers under various layout and 
logical conditions 
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8A1200 EVALUATION CIRCUIT 

GND t=VBB 
S2 39 CINISB TEST 

Sl ArVWATEST 

~ 
!:: 

B0iFO TEST 

1/0 CONTROL Al/OSC NC4 

YM :::» Bl/OSC NC5 

10/00 
,..0 

A2/0SCSBl Oa: 
11/01 0- B2/0SC NC3 

12/0 2 "'0 A3/0SC FC3 CJ z 13/0 3 ~O B3/0SC SB2 

14/Y0 0_ DSLIOSC NC2 

151Y1 O~ DSR/OSC NCl <'ICC 
IsfY2 ,..:::» SC1/0SC FCl 

171Y3 CC .... SC0iDiv In/Discharge 

COUT COcc CP/Div Out 

03 > MR/OSC FC2 W 
D2 Test Input 

01 OSC Enable 

Figure 1. Package Configuration and Pin Designators of 
8A1200/CG1001 Evaluation Circuit 

DC ELECTRICAL CHARACTERISTICS 

LIMITS (COMMERCIAL) 

PARAMETER DESCRIPTION TEST CONDITIONS MIN TYP MAX 

ICC Supply current at V CC Pins 5 and 22 = L 56 87 
(OUTPUT ENABLES) 

'BB Supply current at V BB 62 85 

IjgDOli!:1 

CG1001 

LIMITS (MILITARY) 

MIN TYP MAX UNITS 

59 93 rnA 

62 93 rnA 

Note. All other DC CHARACTERISTICS are specific to the I/O cells and can be found in the Data Sheet pertaining to the 8A1200 ISL Gate 
Array. 
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8A1200 EVALUATION CIRCUIT 

AC ELECTRICAL CHARACTERISTICS 

REFERENCES LIMITS (COMMERCIAL) 

PARAMETERS (Note 1) FROM TO TEST CONDITIONS MIN TVP MAX 

Propagation delay of 

a-to-l Multiplexer: 

tpdHL 

tpdLH 

PINS 7-14 PIN 6 See test setup 

PINS 7-14 PIN 6 below 

40 

55 

li(gnllliCIi 

CG1001 

LIMITS (MILITARV 

MIN TVP MAX UNITS 

ns 

ns 

~ ~~ ~ f;; ~~W" ~~~~/. ;/~~~~~t.~ ~~~_ }~<i>Jj %~~~ ; ~~<" '< '.' ~~~:~ L! J ~ i ~ dp ~~ > ~W~f~i ~"'~ lw;~ ,I¥~~:i¥~ t'l'~,~ft~ ; ~ ~»' ~»~ ~:r~ t~~~~N~~«::%~ $ , ~ lWo ; "'~ ~dl},~ VI' 

r:~tf::j'~;:~,'~~>:': t;~" ji' '~"', • j" <"': ',': ' , ,'"" , " ;,;-:'" 'ii, '<)'; '';,''(In, ,~j"'l~~: :' 'n ""H',," > 

FUNCTION~ B3 A3 B2 A2 B1 A1 B, A, CIN V3 V2 Y1 V. COUT 

PIN NO. ~ 31 32 33 34 35 36 37 38 39 14 13 12 11 15 

STATES -E L H L H L H L H In X 'X X X Out 

L L L L L L L l In X 

I 
X X Out X 

H In L H L H L H L X X X X Out 
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8A1200 EVALUATION CIRCUIT CG1001 

AC ELECTRICAL CHARACTERISTICS (cont'd) 

REFERENCES LIMITS (COMMERCIAL) LIMITS (MILITARY) 

PARAMETERS (Note 1) FROM TO TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Propagation delay of 
Fan-ln/Fan-Out tests: 

tpdHL PIN 24 PIN 37 See test setup 37 ns 

tpdLH "r" below 36 ns 

tpdHL See test setups 38 ns 

~dLH "s" and "t" below 35 ns 

~dHL See test setups 37 ns 

LH "v" and "w" below 33 ns 

tpdHL PIN 24 PIN 38 test setup 744 ns 

tpdLH "p" below 737 ns 

tpdHL See test setup 39 ns 

tpdLH "r" below 40 ns 

tpdHL See test setups 40 ns 

tpdLH 
"s" ·"t". and "u' 

40 ns below 

~dHL See test setups 51 ns 

tpdLH 
"v", "w",and "x" 

40 ns below 

tpdHL PIN 24 PIN 39 See test setup 35 ns 

tpdLH "r" below 35 ns 

~dHL See test setup 34 ns t/) 
0 

tpdLH "5" below 36 ns -·CD 
~HL See test setup 28 ns C 

"v" below 38 ns .2l en 

TEST LOAD INPUT TEST BUFFER TEST 
SETUP S1 S. 

PIN3 PIN4 PIN 27 PIN 2 PIN 24 PIN 37 PIN 38 PIN 39 

P L L L L In Out 

L H L L In Out Out Out 

H L L L In Out Out Out 

H L ~ H In Out Out 

u H L ~ L In Out 

v H H L L In Out Out Out 

\rAJ H H ~ r H !n Out Out '----J 

x H H ~ L In Out 
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BIPOLAR LSI DIVISION 

8A1200 EVALUATION CIRCUIT 

AC ELECTRICAL CHARACTERISTICS (cont'd) 

REFERENCES 

PARAMETERS (Note 1) TEST CONDITIONS 

Propagation delay of 

4-Bit Shift Register: 

tpdHL 

tpdLH 

tpdHL 

tpdLH 

tpdHL 

tpdLH 

FUNCTION 
(NOTES 3. 4. & 5) ~ 
PINNa. --.. 

STATES l ~ 

4842 

See test setup 

PIN 26 PINS7.8 below 

PIN 26 PIN 9 

PIN 26 PIN 10 

CP MR SC, SC1 DST 

26 25 27 28 29 

In(t) H H H X 

In(t) H H H X 

In(t) H H H X 

x In X X X 

LIMITS (COMMERCIAL) 

DSL 

30 

X 

X 

X 

X 

34 

34 

37 

34 

33 

33 

D. 

19 

DIN 

X 

X 

X 

D1 D2 

18 17 

X X 

X DIN 

X X 

X X 

1ii!JIOliCIi 

CG1001 

LIMITS (MILITARY) 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

D3 a, °1 °2 °3 

16 7 8 9 10 

X Out X X X 

X X X Out X 

DIN X X X Out 

X Out Out Out Out 
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8A1200 EVALUATION CIRCUIT 

AC ELECTRICAL CHARACTERISTICS (cont'd) 

PARAMETERS (Note 1) 

Propagation delay for 
Divider: 

tpdHL 

1>dLH 

Period of Ring Oseillator: 

tose 

tose 

tose 

tose 

tose 

tose 

tose 

tose 

tose 

tose 

REFERENCES 

FROM TO 

PIN 27 PIN 26 

PIN 25 

PIN 28 

PIN 29 

PIN 30 

PIN 31 

PIN 32 

PIN 33 

PIN 34 

PiN 35 

PIN 36 

Oseillator Calculations: 

TEST CONDITIONS 

See test setup 

below 

See test setup 
below 

9jgllliC9 

CG1001 

LIMITS (COMMERCIAL) LIMITS (MILITARY) 

MIN TYP MAX MIN TYP MAX UNITS 

44 ns 

39 ns 

108 ns 

109 ns 

107 ns 

106 ns 

101 . ns 

107 ns 

86 ns 

91 ns 

i47 ns 

82 ns 

Out 
The ten ll-gate rings oseillate with a period hose) equal to 22 gate delays. 
Average gate delay (tavg = half pair delay) can be calculated as follows: 

Notes: 

tose tpdLH + tpdHL 
tavg = -22- = ":""---2-':"---

1. Measure tpdLH and tpdHL from "In" to "Out" for each path. 

2. Diseharge input (pin 27) must meet both MIN and MAX times for 
setup and hold- see WAVEFORM 1. 

3. For Q0 and Q 1 outputs (pins 7 and 8), propagation delay is 
representative of the delay through an input buffer, a three-state 
output buffer with a fan-in of 1, and a standard ISL "0" flip-flop. 

4. For the Q 2 output (pin 9), the propagation delay will differ from 
that of Q0 and Q

1 
by the !J. time delay caused by the additional 

fan-in of 4 on the three-state output buffer. 

5. For the 03 output (pin 10), the propagation delay will differ 
from that of Q0 and Q 1 by the A time delay caused by the 
additional fan-in of 2 on the three-state output buffer. 

WAVEFORM 1: Discharge Input Timing 
IN ,..----

10-30 "' ~'-____ --J~ 20", (m;") 

DISCHARGE" : ! 1 
OUT------~I~~ ~~~ 

tpdHL~ ~ 
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D,ELAY COMPARISONS 

COMPARISON 
(Note 1) 

(r) - (s) 

(r) - (u) 

(s) - Iv) 

(u) - (x) 

(r) - (v) 

(r) - (x) 

(t) - (u) 

(w) - (x) 

(s) - (u) 

(v) - (x) 

(p) I 

DESCRIPTION 

Effect of !J. fan-in of 4 on ISL gate delay, load 
capacitors precharged 

Effect of A fan-in of 4 on ISL gate delay, load 
capacitors diseharged 

Effect of A fan-in of 5 on ISL gate delay, load 
capacitors precharged 

Effect of !J. fan-in of 5 onlSL gate delay, load 
capacitors diseharged 

Effect of !J. fan-in of 9 on ISL gate delay, load 
capacitors precharged 

Effect of !J. fan-in of 9 on ISL gate delay, load 
capacitors diseharged 

Effect of dummy loads, fan-in = 5 

Effect of dummy loads, fan-in = 10 

Effect of worst case pattern sensitivity , 
fan-in = 5 

Effect of worst case pattern sensitivity , 
fan-in = 10 

Delay of 142 ISL gates + input buffer + T.S. 
output buffer 
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BIPOLAR LSI DIVISION 

ISL GATE ARRAY 

PRODUCT DESCRIPTION 
The 8A1260 Gate Array "(Figure 1) is an uncommitted array of 
ISL gates (Figure 2), S9hottky buffers (Figure 3) ~nd LSTTL
compatible 1/0 cells (Figure 4). Thus, up to 1200 gates can be 
custom interconnected to provide the advantages of both 
Large Scale Integration (LSI) and proprietary design. The 
8A1260 array is based on a technological subset of LSI called 
ISL (Integrated Schottky Logic). ISL combines the features of 
Schottky and the density of 12L Bipolar technologies. 

Designing with the 8A1260 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed rogic 
gates on the array. Refer to Table 1 for a comparison of ISL 
and 74LS logic functions. The design techniques and the imple
mentation processes are analogous to the design of a Printed 
Circuit Board. 

Logic functions are defined by the user and are implemented 
by interconnecting 1144 ISL NAND gates, using two layers of 
metal routing. Fifty-two Schottky buffers are provided to drive 
mUlti-load internal clock or enable signals. For external inter
face, up to 60 LSTTL I/O buffers can be specified. Each I/O can 

1144 ISL GATES 
26 ~OW5 X COLUMNS (X21 

52 SCHOTTKY BUFFERS 
TWO COLUMNS 

Figure 1. Internal Configuration of 8A1260 

4844 

Smnotics 
8A1260 

be configured as 1-of-4 input buffers, 1-of-4 output buffers, or 
as a combination of one input buffer and one output buffer for 
a transceiver. 

FEATURES 
• Customer programmable LSI 

• 1144 ISL (NAND) gates 
• Two·layer metal interconnection 

• 52 Schottky buffers 

• 60 110 buffers 
• LSTTL compatible 

• Standard PNP input~ 

• 8mA output current sink 
• -55°C to +125°C ambient temperature 

• 4ns gate speed (typical) 
• Speed· power product-0.7 picojoules 

68 pin package 

RES:~~~~ o-.A,/\fv-+-E----' 

D:=~3f 0-----' 

Note: Any four of the five outputs 
can be used but not all five 
at the same time 

Figure 2. ISL Gate-Schematic Diagram 

ves 

RESISTOR * OUTPUT 
INPUT 

DIRECT 
INPUT .-=-

Figure 3. Schottky Buffer-Schematic Diagram 
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BIPOLAR LSI DIVISION 

ISL GATE ARRAY 

AC AND DC ELECTRICAL CHARACTERISTICS 

Conditions: 

Commercial-

Vee = 5.0V (± 5%) 
Vee = 1.5V (± 10%) 
TA =O°C to 70°C 

Military-

Vee = 5.0V (± 10%) 
Vee= 1.5V (± 10%) 
TA = -55°C to 125°C 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER DESCRIPTION RATING UNIT pARAMETER 

Vee Supply voltage +7.0 V Va 

Vee ISL gate supply voltage +7.0 V 

EIN Input voltage, continuous -0.5 to +5.5 V TA 

liN Input current, continuous -30 to +1.0 rnA TSTG 

PARAMETER TEST CONDITIONS 

tpdAV Average gate propagation Fan-in = one (1) ISL gate 
delay or Schottky buffer 

t tpdlH + tpdHl 
pdAV 2 Fan-out = one (1) ISL gate 

or Schottky buffer 

'tpdHl High-to-Iow propagation 
delay Delay is inferred from 

tpdlH Low-to-high propagation circuit simulation 

delay 

@ IC MASTER 1984 
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8A1260 

DESCRIPTION RATING UNIT 

Voltage applied to open- -0.5 to +7.0 V 
collector output in 
off-state 

Ambient temperature, -55 to +125 °C 
operating 

Storage temperature -65 to +150 °C 

fI) 
0 
+:: 
Q) 
c: 

4 .~ 
en 

2 2 

7 10 7 10 ns 
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ISL GATE ARRAY 8A1260 

PARAMETER TEST CON OITIONS 

tpdAV Average gate propagation Fan-in =one (1) ISL gate 4 6 4 6 ns 
delay or Schottky buffer 

t tpdlH + tpdHl 
pdAV 2 Fan-out = one (1) ISL gate 

or Schottky buffer 

tpdHl High-to-Iow propagation 2 2 ns 
delay Delay is inferred from 

tpdlH Low-to-high propagation circuit simulation 7 10 7 10 ns 
delay 

en 
0 
:;:: 
Cl) 
c 
.Q> FO IN B & 100 "to array" 10 10 Unit load 
rn outputs 

EOCO & 100 "to three- 16 16 Unii load 
state" outputs 

tpdlH Propagation delay, low-to- 5 8 5 8 ns 
high F.O. = one (1) ISL load 

tpdHl Propagation delay, high-to- 2 4 2 4 ns 
low F.O. =one (1) ISLload 

tpdlH Propagation delay, low-to- (See Fig. 5a) 3 4 3 4 ns 
high F.O. =ten (10) 
ISL loads 

tpdHl Propagation delay, high-to- 4 5 4 5 ns 

low F.O. =ten (10) . 
ISL loads 

500 
400 mV 

-15 -100 -15 -100 mA 
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BIPOLAR LSI DIVISION 1i!!llOliGIi 

ISL GATE ARRAY 8A1260' 

PARAMETER TEST CONDITIONS UNITS 

4 8 4 8 ns 

4 8 4. 8 ns 

ICC OC power supply current From array = high 1.38 1.50 mA 
EOC power supply From array = low, 1.98 2.10 mA 
current From T.S. = high 

ILF Input load factor 3 3 Unit load 
"from array" 

Input load factor 3 3 Unit load 
"from T.S." 

VOL Output low voltage 500 mV 
400 mV 

t/J 
0 

+=i 
(1). 
c: 

I .2> 
ILF Input load factor, Unit loadl en 

either input I 
VOL Output low voltage mV 

400 mV 

-15 -100 -15 -100 rnA 

-20 -20 JJA 

tpdLH Propagation delay, low-
RL=2K 4 9 4 9 ns 

,to-high output (Note) 

tpdHL Propagation delay, high-
CL = 15pf 6 10 6 10 ns 

to-low output (Note) 

tpdZL Propagation delay, HI-Z 11 14 11 14 ns 
to low output 

~ 
n .. _____ .a.: __ -1.-1_._ 111-' ~n 13 .. n 13 riS LpdZH rlUlJdyauulI Ut::'ldY, n'-L IV IV 

to high output 

tpdLZ Propagation delay, LOW (See Fig. ScI) 6 12 6 12 ns 
to HI-Z output 

tpdHZ Propagation delay, high 7 7 7 7 ns 
to HI-Z output 

Note: Guaranteed value is tpd(Ave) 
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BIPOLAR LSI DIVISION 

ISL GATE ARRAY 

PRODUCT DESCRIPTION 
The 8A1542 Gate Array (Figure 1) is an uncommitted array of ISL 
gates (Figure 2), Schottky buffers (Figure 3) and LSTTL
compatible I/O cells (Figure 4). Thus, up to 1400 gates can 
be custom interconnected to provide the advantages of both 
Large Scale I ntegration (LSI) and proprietary design. The 8A 1542 
array is based on a technological subset of LSI called ISL (In
tegrated Schottky Logic). ISL combines the best features of low
power Schottky and 12L Bipolar technologies. 

Designing with the8A 1542 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array- refer to Table 1 for a comparison of ISL and 
74LS logic functions. The design techniques and the implemen
tation processes are analogous to t-he design of a Printed Circuit 
Board. 

Logic functions are defined by the user and are implemented by 
interconnecting 1408 ISL NAND gates, using two layers of metal 
routing. Sixty-four Schottky buffers are provided to drive multi· 
load internal clock or enable signals. For external interface, up 
to 42 LSTTL 110 buffers can be specified. As shown in Figure 4, 
each 110 can be configured to implement anyone of 11 different 
functions: inputs, input/output, totem-pole, open collector, and 
three-state. 

42 I/O BUFFERS 

litgnoticli 

8A1542 

FEATURES 

• Customer programmable LSI 
• 140S ISL (NAND) gates 
• Two-layer metal interconnection 
• 64 Schottky buffers -
• 42 110 buffers 
• LSTTL compatible 
• Standard PNP inputs 
• SmA output current sink 
• - 55°C to+ 125°C ambient temperature 
• 4ns gate speed (typical) 
• Speed-power product - 0.7 picojoules 
• 2S, 40, or 44-pin package 

BUFFERS & BONDING PADS 1408 ISL GATES 64 SCHOTTKY BUFFERS 
OCCUPY DEVICE PERIMETER 26 ROWS )( 22 COLUMNS (X2) TWO VERTICAL COLUMNS VBB ~I 

4848 

GLOBAL POWER 
BUS (VB B) 

GLOBAL GROUND 

Figure 1. Internal Configuration of SA1542 ISL Gate Array 

1 r---+--. • --+---1~ lOUTPUTS 

RESISTOR~ b:J INPUT r - I 

DIRECT 
INPUT -::-

Note: Any four of the five outputs 
can be used but not all five 
at the same time 

Figure 2. ISL Gate-Schematic Diagram 

~VBB OUTPUT 

RESISTOR 
INPUT I 
DIRECT~ ..L 

INPUT -=-

Figure 3_ Schottky Buffer- Schematic Diagram 
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BIPOLAR LSI DIVISION 

ISL GATE ARRAY 

AC AND DC ELECTRICAL CHARACTERISTICS 
Conditions: Commercial-

Vee= 5.0V (± 5%) 
Vaa= 1.5V (± 10%) 
TA 1 = oDe to 70De 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER DESCRIPTION 

Vee Supply voltage 

Vee ISl gate supply voltage 

EIN Input voltage, continuous 

liN Input current, continuous 

PARAMETER 

_ tpdLH + tpdHL 
tpdAV - 2 

High-to-Iow propagation delay 

t tpdLH + tpdHL 
pdAV= 2 

tpdHL2 High-to-Iow propagation delay 

low-to-high propagation delay 

@ Ie MASTER 1984 

Military-
Vee= 5.0V (± 10%) 
Vaa= 1.5V (± 10%) 
TA1= -55°e to 125°e 

RATING UNIT PARAMETER 

+ 7.0 V 

+ 7.0 V 

-0.5 to+5.5 V 

-30 to + 1.0 mA 

TEST CON DtTtONS 

Fan-in = one (1) ISl gate or 
Schottky buffer 

Vo 

TA 

TSTG 

I 

Fan-out = one (1) ISl gate or j 

Schottky buffer ! 

Fan-in = one (1) ISl gate or 
Schottky buffer 

Fan-out = one (1) ISl gate or 
Schottky buffer 

Delay is inferred from 
circuit simulation 

DESCRIPTION 

Voltage applied to open-
collector output in off-state 

Ambient temperature, 
operating 

Storage temperature 

4 

4 

7 

9RDOtiC9 

8A1542 

RATING UNIT 

-0.5 to+ 7.0 V 

-55 to + 125 °C 

-65 to + 150 °C 

ns 

2 ns 

10 ns 
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BIPOLAR LSI DIVISION Si!lDOliCS 

ISL GATE ARRAY 8A1542 

PARAMETER TEST CONDITIONS 

From array = high 

V,N = av, from array = high 2.53 2.75 

To T.S. (110 only) (drives 3-state inputs only) 16 16 

To Array (110 only) (drives internal gates) 10 10 

tpdAV Average propagation delay Fan in = one (1) ISL gate or 10 14 10 14 ns 
Schottky buffer 

t dAV - tpdLH + tpdHL Fan out = one (1) from 
p 2 3-state input of 

an output buffer 

ICC TOC, supply current VIN = 3V, from Array = L 1.76 1.90 mA 

INB, EOCO, supply current VIN=3V 1.15 1.25 mA 

100, supply current VIN = 3V, from Array = H 2.53 2.75 mA 

TEOC, supply current V,N = 3V, from TS = H, from 3.11 3.35 mA 

UJ Array = L 
() TTS, supply current From Array = L, from TS = H 3.11 3.35 mA := 
Q) VtN=3V 
c: 
0) 

en 

FO INB & 100 "to array" outputs 10 10 Unit load 

EOCO & 100 "to 3-state" 16 16 Inputs 
outputs 

tpdLH Propagation delay, low·to·high 
F.O. = one (1) ISL load 

5 8 5 8 ns 

tpdHL Propagation delay, high-to-Iow 2 4 2 4 ns 
F.O. = one (1) ISL load 

tpdLH Propagation delay, low-to-high 
F.O. = ten (10) ISL loads 

3 4 3 4 ns 

tpdHL Propagation delay, high-to-Iow 4 5 4 5 ns 
F.O. = ten (10) ISL loads 

tpdLH Propagation delay, low to high 4 ns 
output 

tpdHL Propagation delay, high to low 4 8 4 8 ns 
output 
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BIPOLAR LSI DIVISION 9i!110liC9 

ISL GATE ARRAY 8A1542 

PARAMETER TEST CONDITIONS UNITS 

ICC oe power supply current From array = high 1.38 1.50 rnA 

TOe power supply current From array = low 1.76 1.90 'mA 

EOe power supply current From array = low, 1.96 2.10 rnA 
from T.S. = high 

TEOe power supply current From array = low, 3.11 3.35 rnA 
from T.S. = high 

ILF Input load factor "from array" 3 3 Unit load 

Input load factor "from T.S." 3 3 Unit load 

VOL Output low voltage IOl= SmA 500 mV 

IOL= 4mA 400 mV 

9 TSO 9 TSO ns 

8 TSO S TSO ns 

U) 
0 

+:: 
Q) 
.C: 

From array = low 3.35 .2> 
VIN = 3V, from T.S. = high en 

IOL= SmA 500 

400 mV 

lOlL Three-state off current, output VOUT= 0.4V -20 -20 IJA 
low 

10lH Three-state off current, output VOUT= 2.4V 20 20 IJA 
high 

tpdLH Propagation delay, low to high 4 9 4 9 ns 
output 

tpdHL Propagation delay, high to 6 10 6 10 ns 
low output 

tpdZL Propagation delay, HI Z to low 11 14 11 14 ns 
output 

tpdlH Propagation delay, HI Z to 10 13 10 13 ns 
high output 

tpdLZ Propagation delay, low to 6 12 6 12 ns 
HI Z output 

tpdHZ Propagation delay, high to 7 7 7 7 ns 
HI Z output 

Notes: 
1. Maximum power dissipation limit of circuit is determined by package selection. 
2. Guaranteed value istpdAV' 
3. For all input parameters on TEOC and TIS. Ihe "from Three·SIale" input should 

be high. 
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BIPOLAR LSI DIVISION 

ISL GATE ARRAY 

PRODUCT DESCRIPTION 
The 8A 1664 Gate Array (Figure 1) is an uncommitted array 
of ISL gates (Figure 2), Schottky Buffers (Figure 3), and the 
LSTTL compatible 110 cells. Thus, up to 1600 gates can be 
custom interconnected to provide the advantages of both 
Large Scale Integration (LSI) and proprietary design. The 
8A 1664 array is based on a technological subset of LSI 
called ISL (Integrated Schottky Logic). ISL combines the 
features of Schottky' and the density of 12L Bipolar 
technologies. 

Designing with the 8A 1664 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array. The design techniques and the implemen
tation processes are analogous to the design of a Printed 
Circuit Board. 

Logic functions are defined by the user and are implemented 
by interconnecting 1560 ISL NAND gates, using two layers 
of metal routing. Sixty Schottky buffers are provided to drive 
multi-load internal clock or enable signals. For external 
interface, up to 64 LS TTL 110 buffers can be specified. Each 

64 110 BUFFERS 

60 SCHOTTKY BUFFERS 

Figure 1. Internal Configuration of SA 1664 

4852 

limlDliCIi 

8A1664 

8-milliampere 110 site can be configured as 1-of-6 input/ 
internal buffers or as 1-of-8 output buffers; each 
24-milliampere 110 site can also be configured as 1-of-6 
input/internal buffers but the output buffer configuration can 
be 1-of-12. For a transceiver, either 110 site can be connected 
in combinations of one input and one output buffer. 

FEATURES 
• Customer programmable LSI 
• 1560 ISL (NAND) gates 
• TWO-layer metal interconnection 
• 60 Schottky buffers 
• 64 I/O buffers 
• LS TTL compatible 
• Standard PNP inputs 
• 8-, or 24-milliamperes output current sink 
• -55°C to +125°C ambient temperature 
• 4-nanosecond gate speed (typical) 
• Speed-power product - 0.7 picojoules 
• 68 pin package 

I VBB ~t V~1 I 

d ~ hEJOUTPUTS 
RESISTOR 

INPUT r - ~ 

DIRECT 
INPUT I I 

-=- LN~te.J 

Note: Any four of the five outputs 
can be used but not all five 
at the same time 

Figure 2. ISL Gate - Schematic Diagram 

Vee 

:J;oUTPUT 
RESISTOR . 

INPUT 
DIRECT 

INPUT -= 

Figure 3. Schottky Buffer - Schematic Diagram 
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BIPOlAR LSI DIVISION 

ISL GATE ARRAY 

PRODUCT DESCRIPTION 

The 8A 1864 Gate Array (Figure 1) is an uncommitted ariay 
of ISL gates (Figure 2). Schottky buffers (Figure 3) and LSTTL
compatible I/O cells. Thus, up to 1740 gates and 60 buffers 
can be interconnected to provide the advantages of both 
Large Scale Integration (LSI) and proprietary design. The 
8A 1864 array is based on a technological subset of LSI 
called ISL (integrated Schottky Logic). ISL combines the 
features of Schottky and the density of 12L Bipolar 
technologies. 

Designing with the 8A 1864 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and coding 
of metal interconnections between preprocessed logic gates 
on the array. The design techniques and the implementation 
processes are analogous to the design of a Printed Circuit 
Board. 

Logic functions are defined by the user and are implemented 
by interconnecting up to 1740 ISL NAND gates, and up to 
60 buffers, using two layers of metal routing. Sixty Schottky ~ 

buffers are provided to drive multi-load internal clock or 
enable signals. For external interface, up to 64 LS TTL I/O 
buffers can be specified. Each 8-milliampere I/O site can be 

72 1/0 BUFFERS 1740 ISL NAND GATES 

60 SCHOTTKY BUFFERS 

Figure 1. Internal Configuration of 8A 1864 
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8A1864 

configured as 1-of-6 input/internal buffers or as 1-of-8 out
put buffers; each 24-milliampere. I/O site can also be con
figured as 1-of-6 input/internal buffers but the output buffer 
configuration can be 1-of-12. For a transceiver, either I/O site 
can be connected in combinations of one input and one out
put- buffer. 

FEATURES 

• Customer programmable LSI 
• 1740 ISL (NAND) gates 

• Two-layer metal interconnection 

• 60 Schottky buffers 
• 72 1/0 buffers 
• LS TTL compatible 
• Standard PNP inputs 
• 8-, or 24-milliamperes output current sink 

• - 55°C to + 125°C ambient temperature 
• 4-nanosecond gate speed (typical) 
• Speed-power product - 0.7 picojoules 
• 40-, 44-, 50- or 68-pin packages 

v = 0.524 V 

RESISTOR O---""",........-F-~~..---4~IC1--o10UTPUTS 
INPUT 

D:=~3~ 0---.... 

Note: Any four of the five outputs 
can be used but not all five 
at the same time 

Figure 2. ISL Gate - Schematic Diagram 

VBe 

RESISTOR:=k OUTPUT 
INPUT 

DIRECT 
INPUT ~ 

Figure 3. Schottky Buffer - Schematic Diagram 

4853 

en 
.2 -<D 
C 
.2> en 



en 
(.) 

+"' 
Q) 
c: 
0) 

(jj 

BIPOLAR LSI DIVISION 

ISL GATE ARRAY 

PRODUCT DESCRIPTION 
The 8A2176 Gate Array (Figure 1) is an uncommitted array 
of ISL gates (Figure 2), Schottky buffers (Figure 3) and LSTTL~ 
compatible I/O cells. Thus, up to 2016 gates can be custom 
interconnected to provide the advantages of both Large Scale 
Integration (LSI) and proprietary design. The 8A2176 76 ar
ray is based on a technological subset of LSI called ISL (In
tegrated Schottky Logic). ISL combines the features of 
Schottky and the density of 12L Bipolar technologies. 

Designing with the 8A2176 is easy and fast, requiring no more 
than conventional logic design, logic simulation, and custom 
coding of metal interconnections among preprocessed logic 
gates on the array. The design techniques and the implemen~ 
tation processes are analogous to the design of a Printed 
Circuit Board. 

Logic functions are defined by the user and are implemented 
by intercon·necting 2016 ISL NAND gates, using two layers 
of metal routing. Seventy-two Schottky buffers are provided 
to drive multi-load internal clock or enable signals. For ex
ternal interface, up to 76 LSTTL I/O buffers can be specified. 

2016 ISL (NAND) GATES 

2016 ISL (NAND) GATES 

Figure 1. Internal Configuration of 8A 1276 

4854 

Si!lAOlies 

8A2176 

Each 8-milliampere I/O site can be configured as 1-of-6 
inpuUinternal buffers or as 1-of-8 output buffers; each 
24-milliampere I/O site can also be configured as 1-of-6 
inpuUinternal buffers but the output buffer configuration can 
be 1-of-12. For a transceiver, either I/O site can be connected 
in combinations of one input and one output buffer. 

FEATURES 
• Customer programmable LSI 
• 2016 ISL (NAND) gates 
• 72 Schottky buffers 
• 76 1/0 buffers 
• LS TTL compatible 
• Standard PNP inputs 
• 8 mA and 24 mA output current sink 
• -55°C to +125°C ambient temperature 
• 4 ns gate speed (typical) 
• . Speed power product -0.7 picojoules 
• 28, 40, 68, or 84 pin package 

VBa ~l 
~ ~lOUTPUTS 

RESISTOR~ t±J INPUT r - ., 
DIRECT 

INPUT I I 

-= LN~te.J 

Note: Any lour of the five outputs 
can be used but not all five 
at the same time 

Figure 2. ISL Gate - Schematic Diagram 

VBa 

RESISTOR.:=k OUTPUT 
INPUT 

DIRECT 
INPUT -=-

Figure 3. SchoHky Buffer - Schematic Diagram 
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BIPOlAR LSI DIVISION 

COMPOSITE CELL LOGIC (CCL) 

PRODUCT DESCRIPTION 
Composite Cel! logic (CCl) provides a standard-cell approach 
to semi-custom bipolar logic. Besides the inherent advantages 
,of lSI and proprietary design, CCl offers the designer a fast 
turnaround time, a high probability of first-pass success, and a 
die size that exactly meets all functional requirements of the 
logic. The CCl approach is particularly well suited to design 
applications where circuit complexities fall within a range of 
100-to-1000 gates. 

Figure 1 shows the CCl device together with two standard cells 
that might be used in the design process. At present, the avail
able cells form two libraries-the Extended Performance 
Library (EPl) and the Integrated Schottky Library (ISl). Typi
cally, the EPl cell (Figure 2) is used where speed is a critical 
factor-the speed of EPl cells is comparable to that of 
Schottky T2l logic. Note. Refer to table elsewhere in this data 
sheet for nominal figures pertaining to circuit propagation 
speeds of Schottky, Low-Power Schottky, T2L, and Low-Power 
T2L. All EPl cells are input-expandable with no added delay, are 
highly. immune to internal/external noise, and use active 
pull ups to reduce sensitivity to lead capacitance and the 
effects of wire-ANDing. 

The packing density of an ISl cell (Figure 3) is two to three times' 
greater than that for EPl and the power required is only one
tenth (1/10) to one-twentieth (1/20) as great. The speed of ISl is 
slightly faster than that of low-Power Schottky logic. For some 
circuits, the propagation speeds for ISl and EPl are nearly the 
same; for other circuits, there are appreciable differences. The 
speed-comparison table shown later in this data sheet provides 
a worthwhile guide for overall circuit design. 

Output cells of both libraries can sink up to SO-milliamperes of 
current and both EPl and ISl cells use a 16-micron grid for easy 
conversion to "Automatic Place and Route" techniques-:-see 
Table 1 for a technical summary of both libraries. 

DeSigning with CCl requires a cooperative effort between 
Signetics and the Customer. The contribution of each party and 
the overall development sequence are shown in Figure 4. 

V 
B 
B 

rps~_-b 

~ .14CMA (N~l 
u 

Note: A layout aid (250X) 
is available for each cell 
structure; each aid is 
transparent and adhesive
backed to make circuit 
design on mylar layout 
easy, quick, and accurate. 

II 

IRIOlil1 

SEMI-CUSTOM FAMILY 

DESIGN FEATURES 
• Customer designed LSI 
• Two celilibraries-EPL and ISL 
• TTL compatible-each cell is functionally similar to 

the equivalent 7400 Logic Device 
• Two-layer metal interconnects 
• PNP or diode inputs 
• Open-collector, active pull up, or three-state outputs 
• 80-milliampere sink-current capability for output cells 
• Accommodate custom cell design 
• Most standard packages available 
• - 55°C to +150°C junction temperature 
• + 5V ( ± 1 0%) supply voltage; conditions permitthig, 

on-chip derivation of VBB (+1.5V) 

Table 1. Technical Summary of EPL and ISL Libraries 

I DAAAMI=TI=A I I=PI I I~l 
-~-

I 

I 

.......... .-"" ... _._ .. -- -
Output structure Active pullup I Open collector 
Input structure Schottky diode Schottky diode 
Worst-case noise margin 300mV (F.O. = 15) 70mV (F.O. = 15) 
Junction temperature range -55° to +155°C - 55° to + 155°C 
Power supply +5V (±10%) +1.5V (±10%) 

MEDIUM LOW 
POWER POWER 

Max average speed (in ns) I I 
I 

I 
F.O. = 1 (TJ = 150°C) I 4.5 5.5 6 

I F.O. = 6 (TJ = 150°C) 5.5 7.5 6 or 9* 
Max average power (in mW): I I TJ = 150°C I 5.6 2.6 0.3 

I 
Packing density gates/mm * * I 14 to 42 

! 
26 to 78 

*Average speed of 6ns reqljires the use of a resistor pullup cell 
(optional). 

* *See Note 5 in Selection Guide regarding derivation of maximum 
values. 

I 

I 
I 

I 

Figure 1. CompOSite Cell Logic Showing Typical Cell Placement with the Use of Layout Aids. 
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BIPOlAR LSI DIVISION lii!llotiC9 

COMPOSITE CEll lOGIC (CCl) SEMI-CUSTOM FAMilY 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VCC 
VBB 
EIN 
liN 
Va 

AC AN D DC ELECTRICAL CHARACTERISTICS 

Conditions1: Vcc = 5.0V (± 10%) 

VBB = 1.5V (± 10%) 

TJ = O°C to + 150°C 

PARAMETER 

EPL GATE (INTERNAL) 

ICC/G Power supply current per gate 

ILF Input load factor 

Fa Fan-Out 

tpdAV Average g~te propagation 
delay = tpdLH +tpdHL 

2 

tpdLH Propagation delay from low-to-
high state 

tpdHL Propagation delay from high-to-
low state 

ISL GATE (INTERNAL) 

IBB/G Power supply current per gate 

ILF input ioad factor 

Fa Fan-out 

tpdAV Average gate propagation 
delay =tpdLH +tpdHL 

2 

tpdLH Propagation delay from low-to-
high state 

tpdHL I propagation delay from high-to-
low state 

EPLIISL INPUT CELLS 

VTH Input threshold voltage 

Vco Input clamp diode voltage 

IlL Input low current 

IIH Input high current 

II Maximum input high current 

Fan-out (ISL library) 

Fa 
Fan-out (EPL library) 

4856 

TA 

TSTG 

TEST CONDITIONS2 

Fan-in = 1 EPL gate; 
Fan-out = 1 EPL gate 

Fan-in = 1 EPL gate; 
Fan-out = 1 EPL gate 

Fan-in = 1 ISL gate; 
Fan-out = 1 ISL gate 

Fan-in = 1 ISL gate; 
Fan-out = 1 ISL gate 

IIN= -18mA 

I PNP input 
VIN=0.4V I Diode input 

VIN=2.7V 

VIN=5.5V 

Standard cell 

Clock buffer cell 

Standard cell 

Clock buffer cell 

Clock buffer cell 

DESCRIPTION RATING UNIT 

Supply voltage +7.0 V 
ISL gate supply voltage +7.0 V 
Input voltage, continuous -0.5to +5.5 V 
Input current, continuous -30 to +1.0 mA 
Voltage applied to open- -0.5to +7.0 V 
collector output in 
off-state 
Ambient temperature, -55to +125 °C 
operating 
Storage temperature -65to+150 °C 

DESIGN LlMITS3 

MIN TYP MAX UNIT 

0.18 0.29 0.47 mA 

1 UL 

15 

3 5.5 ns 

4 7 ns 

2 4 ns 

110 150 190 J.l.A 

1 UL 

6 UL 

3 6 ns 

5 10 ns 

1 2 ns 

0.8 2.0 V 

-1.2 V 

-20 
mA 

-400 

20 

100 
J.l.A 

6 

64 

15 UL 

55 

100 
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BIPOLAR LSI DIVISION lijgnOliCIi. 

COMPOSITE CELL LOGIC (CCL) SEMI-CUSTOM FAMILY 

AC AND DC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER TEST CONDITIONS2 
MIN 

DESIGN LlMITS3 

TYP MAX 

EPLIISL THREE·STATE OUTPUT BUFFERS 

EPL 1 or 9 
IlF Input load factor 

ISL 2 or 4 

Military: 4mA 400 

Commercial: SmA 500 
VOL Output low voltage 

Military: 12 rnA 400 

Commercial: 24 rnA 500 

Military: 10H = - 400 /AA 2.5 
VOH Output high voltage 

Commercial: 10H = - 400 /AA 2.7 

los Output short circuit current VOUT=OV -15 -100 

lOll 
Three-state off current I VOUT=O.4V I I -20 
(output low) 

Three-state off current I I I I 10HZ (output high) . I VOUT= 2.4V I 20 
I I. I I 

EPLIISL OPEN·COLLECTOR OUTPUT BUFFERS 

8 rnA output 1 

IlF Input load factor EPL 20 rnA output 3 

80 rnA output 5 

ISL 2 or 4 

8 rnA output I 500 

20 rnA 500 
VOL Output low voltage 10l 70mA I I I 500 

80 rnA 800 

80 rnA I 2.75 ! 60 
Cells I 5.5V 250 

10H Output leakage current VOUT 
8/20 rnA 5.5V 100 
Cells 

ACTIVE PULLUP OUTPUT BUFFER 

IlF 

VOL 

VOH 

los 

EPL 1 or 3 
Input load factor 

ISL 20r 4 

Output low voltage 10l = 8 rnA or 20 rnA 500 

Military 10H= -400/AAor 2.5 -1.0mA 
Output high voltage 

10H = - 400 /AA or Commercial 2.7 -1.0mA 

8 rnA output -15 -100 
Output short circuit current VOUT=OV 

20 rnA output I -100 -40 

Notes: 
1. Maximum power dissipation is determined from individua! cel! data sheets; the figures are then summed to 

calculate total power for the chip. The total power must be less than the Maximum Power Dissipation 
(Pd) calculated earlier in this data sheet. 

2. For test circuits and timing waveforms, refer to individual cell data sheets in the CCL Design Guide. 
3. Design limits are based on standard modeling with similar circuits used in Signetics standard bipolar LSI 

products. Actual simulation limits are maintained to be consistent with characterization updates for the 
CCL libraries. 

ORDERING INFORMATION 

UNIT 

UL 

mV 

mV 

V 

rnA 

/JA 

I /AA 
I 

UL 

I mV 

/JA 

UL 

mV 

V 

rnA 

For additional information pertaining to Composite Cell Logic, Gate Arrays, and other Semicustom Products, contact the nearest 
Signetics Sales Office. 

I 

I 
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ACE 600 & ACE 900 ADVANCED CUSTOMIZED ECl (ACE) 

PRODUCT DESCRIPTION 

The Signetics Advanced Customized ECl (ACE) family of pro
ducts provides the user with a cost-effective technology, 
futuristic speeds, and other high-performance alternatives for 
the design of lSI-based systems. Basic cell designs are im
plemented with Emitter Coupled and Common Mode logic 
(ECUCMl) to guarantee the very best compromise between 
speed, power, and interface capabilities-see Figure 1 and 
TECHNICAL SUMMARY that follows. 

MASTER SLICE LOGIC ARRAYS 

temperatures. The ACE family and MACRO library is alter
nately sourced by a major supplier of semicustom devices. 

To summarize, the designer, using ACE, is limited only by 
innovation and imagination: 

• ECUCMl Technology for SPEED and EFFICIENCY 

• Mature process for PRODUCT CERTAINTY 

• Computer aided design for QUICK DELIVERY 

• Pin grid packages (socket insertion) for RELIABILITY 

• Signetics for QUALITY 

FEATURES 

• 3-micron geometry (first metal) 
• Internal gate delays as low as 300 picoseconds 

(average gate delay of 450 picoseconds) 

At present, the ACE product line is available with gate com
plements of 600,900,1320,1400, and 2200; the 1320 array 
actually contains 1000 gates with an on-board 320-bit RAM. 
The 600/900-gate arrays, described in this data sheet, are 
well-suited for low-cost applications and for use in systems 
that do not require 25-0hm terminations. To meet the flexibility 
requirements, the rise-and-fall times for I/O celfs of these 
arrays are mask-selectable and bidirectional and TTL inter
faces are standard. 

• Expandable SO-cell MACRO library 

All ACE arrays are I/O compatible with the 1 0K/1 OOK ECl 
logic family and all are fabricated with a very mature process; 
thus, even with 3-micron first-metal geometry, first pass suc
cess is a virtual certainty. The speed-power product for 
devices in the ACE family is in the neighborhood of 1 to 3 
picojoules, permitting heat-sink COOling at ambient air 

LOGIC CELLS INPUT/OUTPUT CELLS 

Typical ACE Array Showing Cell Locations 

• Mask-selectable riselfall times for 1/0 interface cells 
• Bidirectional and TTL interfaces 
• 1 OKl1 OOK ECl compatibility 
• Computer aided design (CAD) for layout, simulation, 

and testing 
• Mature process (SUBllO P) 
• Pin grid array packages for easy socket insertion 
• 25 and 50 ohm drive capability 

~--------~-----+-----v_ 

Typical ACE Cell 

Figure 1. Chip Architecture and Typical Circuit 
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BIPOLAR lSi DIVISION !i!lotiC!i 

ADVANCED CUSTOMIZED ECl (ACE) ACE 600 & ACE 900 

MASTER SLICE lOGIC ARRAYS 

TECHNICAL SUMMARY OF ACE FAMILY 

PARAMETER ACE 600 ACE 900 ACE 1320 ACE 1400 ACE 2200 

Major cells 24 36 48 60 100 

Input/output cells 28 28 96 96 128 

Input cells 30 42 - - -

Worst case noise margin 24 - 45 mV 24 - 45 mV ; 

Junction temperature range 30 - 125°C 
I 

30 - 125°C 

Average prop delay (internal gate) 0.3 - 0.5 ns 0.3 - 0.5 ns 

10K LEVEL 100K LEVEL 10K LEVEL 100K LEVEL 

Power supply -S.2SV ± 5% -4.5V ± 5% -5.25V ± 5% -4.5V ± 5% 

Power consumption 2.1 - 2.7 mW 1.8 - 2.3 mW 4.6 - 6.3 mW 4 - 5.5 mW 

ACE PACKAGE TYPE AND THERMAL RESISTIVITY SELECTION 

PACKAGE 
THERMAL RESISTIVITY (OCIW) 

I HEAT SINK NO AIR FLOW 5· m/s AIR FLOW 

I Yes 25 13 
ACE 600 & ACE 900 64 Pin 

No 50 25 

ACE 1320, ACE 1400 & ACE 2200 
Yes 12 6 

144 Pin 
No 24 12 
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BIPOLAR LSI DIVISION 

ADVANCED CUSTOMIZED ECl (ACE) 

PRODUCT DESCRIPTION 

The Signetics Advanced Customized ECl (ACE) family of pro
ducts provides the user with a cost-effective technology, 
futuristic speeds, and other high-performance alternatives for 
the design of lSI-based systems. Basic cell designs are im
plemented with Emitter Coupled and Common Mode logic 
(ECUCMl) to guarantee the very best compromise between 
speed, power, and interface capabilities-see Figure 1 and 
TECHNICAL SUMMARY that follows. 

At present, the ACE product line is available with gate com
plements of 600, 900, 1320, 1400, and 2200; the 1320 array 
actually contains 1000 gates with an on-board 320-bit RAM. 
The 1320/1400/2200 gate arrays, described in this data sheet, 
are particularly well suited for complex applications requir
ing relatively high gate counts and considerable design flex
ibility. To meet the flexibility requirements, the rise-and-fall 
times for IIC cells of these arrays are mask-selectable and 
bidirectional and TIL interfaces are standard. 

All ACE arrays are 1/0 compatible with the 10K/lOOK ECl 
logic family and all are fabricated with a very mature process; 

tn thus, even with 3-micron first-metal geometry, first pass suc-
~ cess is a virtual certainty. The speed-power product for 
(]) devices in the ACE family is in the neighborhood of 1 to 3 
6, picojoules, permitting heat-sink cooling at ambient air 

W 

Typical ACE Array Showing Cell Locations 

9agDOliCS· 

ACE 1320, ACE 1400 Be ACE 2200 

MASTER SLICE LOGIC ARRAYS 

temperatures. The ACE family and MACRO library is alter
nately sourced by a major supplier of semicustom devices. 

To summarize, the designer, using ACE, is limited only by 
innovation and imagination: 

• ECUCMl Technology for SPEED and EFFICIENCY 

• ftviIature process for PRODUCT CERTAINTY 

• Computer aided design for QUICK DELIVERY 
• Pin grid packages (socket insertion) for RELIABILITY 

• Signetics for QUALITY 

FEATURES 

• 3-micron geometry (first metal) 
• Internal gate delays as low· as 300 picoseconds 

(average gate delay of 450 picoseconds) 
• Expandable SO-cell MACRO library 
• Mask-selectable rise/fall times for 1/0 interface cells 
• Bidirectional and TTL interfaces 
• 1 OKl1 OOK ECl compatibility 
• Computer aided design (CAD) for layout, simulation, 

and testing 
• Mature process (SUBILO P) 
• Pin grid array packages for easy socket insertion 
• 25-ohm and 50-ohm load drive capability 

~---------------------+----------~~----v_ 

Typical ACE Cell 

Figure 1. Chip Architecture and Typical Circuit 
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ADVANCED CUSTOMIZED ECl (ACE) ACE 1320, ACE 1400 Be ACE 2200 

MASTER SLICE LOGIC ARRAYS 

TECHNICAL SUMMARY OF ACE FAMILY 

PARAMETER ACE 600 ACE 900 ACE 1320 ACE 1400 T ACE 2200 

Major cells '-
24 36 48 60 

I 
100 

Input/output cells 28 28 96 96 

I 
128 

Input cells 30 42 - - -

Worst case noise margin 24 - 45 mV 24 - 45 mV 

Junction temperature range 30 - 125°C 30 - 125°C 

Average prop delay (internal gate) 0.3 - 0.5 ns 0.3 - 0.5 ns 

10K LEVEL 100K LEVEL 10K LEVEL 100K LEVEL 

Power supply -5.25V ± 5% -4.5V ± 5% -5.25V ± 5% -4.5V ± 5% 

Power consumption 2.1 - 2.7 mW 1.8 - 2.3 mW 4.6 - 6.3 mW 4 - 5.5 mW 

ACE PACKAGE TYPE AND THERMAL RESISTIVITY SELECTION 

I 
PACKAGE 

THERMAL RESISTIVITY (OC/W) 

HEAT SINK NO AIR FLOW 5 m/s AIR FLOW 

I Yes ,..r= ~'l 
tt:.o:J Iv 

ACE 600 & ACE 900 64 Pin 
No 50 25 

Yes 12 6 
ACE 1320. ACE 1400 & ACE 2200 144 Pin 

No 24 12 
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BIPOLAR LSI DIVISION 

CMOS GATE ARRAYS (M-Series) 

PRODUCT DESCRIPTION 
The SCCXXXX gate array family offers the circuit designer 
the facility to create a semi-custom circuit with a unique set of 
CAD (Computer-Aided Design) tools in a well-established 
CMOS process. 

Signetics M-Series CMOS Gate Arrays are single chip pro
·grammable devices that allow customization of I..!ser log,ic. 
Only metalization and contact are programmed in these 
mature CMOS devices. Thus, fast turnaround from logic to 
completed silicon is achieved. 

Each device in this family of low power gate arrays contains 
numerous identical, uncommitted unit cells (Figure 1) which 
are interconnected by two custom masks (metal and contact). 
Each unit cell contains four pairs of Nand P transistors. 
Access to the transistors is from both the top and bottom of 
the cells and, additionally, there are two poly feed-throughs at 
each side of the cell. This homogenous cell design allows for 
excellent routing flexibility, and many designs result in better 
than 80% utilization of the gates available. 

The M-Series Gate Arrays are built on a mature, state-of-the
art 4-micron Si-gate CMOS process incorporating an epi
substrate, which significantly reduces the potential for latch 

CJ) as compared with other bulk CMOS processes. 
o 
+-' 
Q) 
c 
.2> 
00 

a. SCC0700 CMOS Gate Array 

!ii!lIOliC!i 
SCC0330-M, SCC045O-M, 
SCC0700-M, SCC1100-M 

Computer Aided Design (CAD) is used throughout the design 
process to ensure accurate implementation of customer logic 
(see Figure 14 for typical process flow). 

FEATURES 
• Customer programmable LSI 
• 330 to 1100 gate complexity 
• Mature silicon gate technology with local oxidation 
• Library of 60 pre-designed, fully characterized 

macrocells available 
• Full CAD, including auto-place and auto-route, for 

quick error-free design 
• Very low power consumption (e.g. standby power for 

SCC 0700 is 0.25mW) 
• Excellent noise immunity 
• Power supply range 3 to 15V 
• Over 80% utilization typical 
• Fully programmable 1/0 pins, each having a wide range 

of functions 
• Input protection by series resistor and diode clamp 

to Vss 
• TTL outputs (buffers) drive up to four LSTTL loads 
• -55°C to + 125°C operating temperature 
• Plastic and ceramic DIP, ceramic leadless chip carriers, 

and plastic leaded chip carriers available 

Voo BUS 

GATES -

GATES - N--==::::#:~+==""'I+-

Vss BUS 

ROUTING 

b. Uncommitted Unit Cell 

S~30 SCC0450 SCC0700 SCC1100 

Gate equivalents (2·input) 330 448 704 1116 

Unit cells 165 224 352 558 

Rows 11 14 16 18 

Unit cells per row 15 16 22 31 

Pins (max.) 40 28 40 68 

1/0 stages (max.) 38 26 38 66 

1/0 options: 
3-state 1/0 (max.) 34 26 38 66 

Direct or inverted inputs (max.) 38 26 38 66 

Drivers (max.) 38 14 22 66 

Bulfers (max.) 34 12 16 66 

Schmitt Triggers (max.) 34 8 10 66 

Pin pull·up/pull·down resistors (max.) 34 26 34 66 

c. Product Matrix 

Figure 1. Internal Configuration and Functional Characteristics of M·Series CMOS Gate Arrays 
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BIPOLAR LSI DIVISION 

CMOS GATE ARRAYS (M-Series) 

IiRIOliel 
SCC0330-M, ,SCC0450-M, 
SCC0700-M, SCC1100-M 

DC ,ELECTRICAL CHARACTERISTICS (Continued) vss=ov; for all devices unless otherwise specified. 

Temperature Range 1 

Parameter 
Operating Supply 

Conditions Tamb=Low Tamb =25°C Tamb=High Unit 
Temp (Tamb)1 Voltage 

Min Max Min Max Min Max 

5 1.1 - 0.9 - 0.7 -
Standard 10 4.0 - 3.3 - 2.6 -

IOl Output (sink) 15 12.0 - 10.0 - 8.0 -
current Low 

1.2 0.9 0.6 driver outputs 5 VI=OVor 5V; - - -
Extended 10 VO=O.4V 4.2 - 3.3 - 2.2 -

15 VI = OV or 10V; 13.0 - 10.0 - 6.7 -
5 Vo=0.5V 2.2 - 1.8 - 1.4 -

Standard 10 VI = OV or 15V; 8.0 - 6.6 - 5.6 -

I'O' 
Output (sink) 15 Vo =1.5V 24.0 - 20.0 - 16.0 -
current Low rnA 
buffer outputs 5 2.4 - 1.8 - 1.2 -

Extended I 10 SA - I 6.6 - 4.4 -

15 26.0 - 20.0 - 13.4 -

5 VI=OVor 5V; 1.1 - 0.9 - 0.7 -
Standard 10 Vo =4.6V 3.1 - 2.6 - 2.0 -

-loH Output 15 VI=OV or 10V; 12.0 - 10.0 - 8.0 -
(source) 

5 Vo =9.5V 1.2 - 0.9 - 0.6 -current High 
Extended 10 VI=OV or 15V; 3.5 2.6 1.7 

15 Vo= 13.5V 13.0 - , 10.0 - 6.7 -

10 - 0.3 - 0.3 - 1/~0 

±IIN Input 
Standard V,=OV or 10V 

1.5 - 0.3 - 0.3 - 1.0 
leakage 

10 - 0.1.· - 0.1 - 1.0 current Extended VI=OV or 15V 
15 - 0.1 - 0.1 - 1.0 

IOZH Three-state 10 - 1.6 - 1.6 - 12.0 

output and Standard 
15 Output returned - 1.6 - 1.6 - 12.0 

open N-channel p.A 
output leakage 10 to Voo - 0.4 - 0.4 - 5.0 

Extended 
current High 15 - 0.4 - 0.4 - 5.0 

-IOZl Three-state 10 - 1.6 - 1.6 - 12.0 
Standard output and 15 Output returned - 1.6 - 1.6 - 12.0 

open P-channel 
output leakage 10 to Vss - 0.4 - 0.4 - 5.0 

Extended 
current Low 15 - 0.4 - 0.4 - 5.0 

VTH Upper 
5 - - 3.4 } - -

threshold 10 - - 6.8 . Typical - -
voltage values 

15 Internal Schmitt - ~ 10.2, - -
Standard 

trigger VTl Lower 5 - - 2.2 - -
threshold 10 - - 3.0 

Typical - - V 
voltage values 

15 - - 3.8 - -

VH Hysteresis 5 - - O.2} - -
voltage - 10 - - - 0.6. Typical - -
input: INPS 

values 
15 - - 0.8 - -

NOTES: 
1. Tamb low: -40°C for standard temperature range Tamb High: +85°C for standard temperature range 

-55°C for extended temperature range. + 125°C for extended temperature range 
2. Pin-connected pull-up and pull-down resistors are typically 7 to 78 K-ohms - see PERIPHERY. 
3. When pull-up or pull-down resistors are used. current limits for 100 must be extrapolated. 

@ IC MASTER 1984 4863 



UJ 
o 
+= 
Q) 
c: 
.2> 
en 

BIPOLAR LSI DIVISION 

CMOS GATE ARRAYS (M-Series) 

DC CHARACTERISTICS (Continued) 
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Figure 2. Minimum Output Current LOW as a Function of 
the Output Voltage LOW; Buffer and·Driver Outputs 

9!!11111iC9 
SCC0330-M, SCC0450-M, 
SCC0700-M, SCC1100-M 

O~==~==~~~~d-~ 
o 2 4 6 8 10 

VOO-VOH (V) 

Figure 3. Minimum Output Current HIGH as a Function of 
the Supply Voltage Minus the Output Voltage HIGH 

AC ELECTRICAL CHARACTERISTICS Vss=OV; Tamb =25°C 

Parameter 
Pwr 

Min Typ Max 
Sup (Voo) 

fmax Maximum toggle frequency 5 6 12 -
flip-flop GTOO 10 12 24 -
(no set/reset) 15 15 30 -

I fs Maximum system frequency 5 3 6 -
(may depend on number 10 6 12 -
of gates'in sequence) 15 9 18 -

tp Propagatk>n delays 5 - 8 16 

for 2-input NAND gate 10 - 3.2 6.4 
with fanout of 2 15 - 2 4 

GATE DELAYS 

Nominal Propagation Delay 
In Figures 6 through 12, examples are given of the nominal 
propagation delay times of several library cells, these being 
calculated from the delay figures given in the individual 
macro descriptions. These· graphs are intended to provide 
quick-reference data to enable the designer to make an esti-

4864 

Unit Paramter 
Pwr 

Min Typ Max Unit 
Sup (Voo) 

MHz OUTPUT STAGE TAANSITtON TIMES: 
MHz Input transitio" s 20ns, CL = SOpF; Vss = OV, Tamb = 25°C 

MHz 5 1 60 120 ns 

MHz I tTHL Driver outputs 10 I 30 60 ns 
High.to-Low 15 20 40 ns 

MHz 
MHz 

Buffer outputs 
5 30 60 ns 

tTHL 10 15 30 ns 
ns High-ta-Low 15 10 20 ns 
ns 
ns 

Buffer outputs 
5 40 80 ns 

tTLH 10 18 36 ns 
Low-ta-H,igh 

15 12 24 ns 

mate of critical a.c. path without having built or simulated a 
network. 

Accurate delay figures can only be obtained after incorporat
ing the wiring length load automatically calculated by INGATE 
(Le., the result of the automatic routing program). A maximum 
delay is obtained by multiplying the nominal value by 2.2. 
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BIPOLAR lSI DIVISION 

CMOS GATE ARRAYS (M-Series) 

!itgIOliC!i 
SCC0330-M, SCC0450-M, 
SCC0700-M, SCC1100-M 

ABSOLUTE MAXIMUM RATINGS Limiting values in accordance with the Absolute Maximum System (lEe 134) 

Supply voltage range Voo -0.5 to + 1BV 

Voltage on any input when pin pull up/down resistors are: 
Used VI - 0.5 to Voo + 0.5V 
Not used VI - 0.5 to + 1BV 

DC current into any input or output ±1 Max.10mA 

Power dis'sipation per output P Max.100mW 

Power dissipation per package 
For standard temperature range: - 40°C to + B5°e (plastic and ceramic DIP) 

For Tamb = - 40°C to + 60°C Ptot Max.400mW 
For Tamb = + 60°C to + 85°C Ptot Derate linearly by BmW/K to 200mW 

For extended temperature range: - 55°C to + 125°C (ceramic DIP) 
For Tamb = - 55°C to + 100°C Ptot Max,. 400mW 
For Tamb = + 100°C to + 125°C Ptot Derate linearly by BmW/K to 200mW 

Storage temperature range Tstg -65°eto +150 oe 

DC ELECTRICAL CHARACTERISTICS Vss = OV; for all devices unless otherwise specified. 

, Temperature Range 1 

Parameter 
Operating Supply 

Conditions lamb = Low lamb = 25°C lamb = High Unit 
Temp (lamb)1 Voltage 

Min Max Min Max Min Max 

5 - 90 - 50 - 375 

Standard 10 - 100 - 100 - 750 

100 Quiescent 15 All valid input - 200 - 200 - 1500 

device current combinations; /lA 
5 Vi= Vss or Voo - 15 - 15 - 375 

Extended 10 \ - 25 - 25 - 750 

15 - 50 - 50 - 1500 

5 - 0.05 - 0.05 - 0.05 
VOL Output 10 - 0.05 - 0.05 - 0.05 

voltage Low Both standard 15 Vi= Vss or Voo; - 0.05 - 0.05 - 0.05 
and extended 
ranges 5 10 < 1.0p.A 4.95 - 4.95 - 4.95 -

VOH Output 10 9.95 - 9.95 - 9.95 -
voltage High 

15 14.95 - 14.95 - 14.95 -

V1L Input 
5 Vo=0.5V or 4.5V; - 1.5 - 1.5 - 1.5 

voltage Low: 10 10 < 1.0p.A - 3.0 - 3.0 - 3.0 
INPIIINPB Both standard 15 Vo = 1.0V or 9.0V; - 4.0 - 4.0 4.0 V and' extended -

VIH Input ranges 5 10 < 1.0p.A 3.5 - 3.5 - 3.5 -
voitage High: 

I 
10 Vo= I.SV or 13.5V; 7.0 - ... n - '7n -[ .V I.V 

INPIIINPB 15 10 < 1.0p.A 11.0 11.0 11.0 - - -

V1L Input I 
5 

Vo = 0.5V or 4.5V; 
1.0 1.0 1.0 

10 < 1.0p.A - - -
voltage Low: 
INPA,INPD, 10 - 2.0 - 2.0 - 2.0 
INPS Both standard 

15 Vo= 1.0V or 9.0V; 
and extended - 2.5 - 2.5 - 2.5 

Input voltage ranges 5 10 < 1.0p.A 4.0 - 4.0 - 4.0 -VIH 
High: INPA, 10 Vo = 1.5V or 13.5V; B.O - 8.0 - 8.0 -
INPD,INPS 15 10 < 1.0p.A 

I 12.5 - 12.5 - 12.5 -
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BIPOLAR LSI DIVISION 

CMOS GATE ARRAYS (H-Series) 

PRODUCT DESCRIPTION 
The SCCXXXX gate array family offers the circuit designer 
the facility to create a semi-custom circuit with a unique set of 
CAD (Computer-Aided Design) tools in a well-established 
CMOS process. 

Signetics H-Series CMOS Gate Arrays are single chip pro
grammable devices that allow customization of user logic. 
Only metalization and contact are programmed in these 
mature CMOS devices. Thus, fast turnaround from logic to 
completed silicon is achieved. 

Each device in this family of low' power gate arrays contains 
numerous identical, uncommitted unit cells (Figure 1) which 
are interconnected by two custom masks (metal and contact). 
Each unit cell contains four pairs of Nand P transistors. 
Access to the transistors is from both the top and bottom of 
the cells and, additionally, there are two poly feed-throughsat 
each side of the cell. This homogenous cell deSign allows for 
excellent routing flexibility, and many designs result in better 
than 80% utilization of the gates available. 

The H-Series Gate Arrays are built on a mature, state-of-the
art 3-micron Si-gate CMOS process incorporating an epi
substrate, which significantly reduces the potential for latch 
as compared with other bulk CMOS processes. 

a. SCC0705 CMOS Gate Array 

9!DOliCS 
SCC0335-H, SCC0455-H 
SCC0705-H. SCC1105-H 

Computer Aided Design (CAD) is used throughout the deSign 
process to ensure accurate implementation of customer logic 
(see Figure 14 for typical process flow). 

FEATURES 
• Customer programmable LSI 
• 330 .to 1100 gate complexity 
• Mature silicon gate technology with local oxidation 
• Library of 60 pre-designed, fully characterized 

macrocells available 
• Full CAD, Including auto-place and auto-route, for 

quick error-free design 
• Very low power consumption (e.g. standby power for 

SCC 0705 is 0.25mW) 
• Excellent noise Immunity 
• Power supply range 3 t06V 
• - Over 80% utilization typical , 
• Fully programmable 110 pins, each having a wide range 

of functions 
• Input protection by series resistor and diode clamp 

to Vss 
• TTL outputs (buffers) drive up to four LSTTL loads 
• -55°C to + 125°C operating temperature 
• Plastic and ceramic DIP, ceramic leadless chip carriers, 

and plastiC leaded chip carriers available 

U UULROUTINO 
CHANNELS I 
Vee BUS 

OATES -

OATES - N--="==W~~E9r9 

N + DIFFIUSION"-
Vss BUS 

ROUTINO 

b. Uncommitted Unit Cen 

SCC0335 SCC0455 SCC0705 SCC1105 -- -----
Gate equivalents (2-input) 33 448 704 1116 

Unit cells 165 224 352 558 

Rows 11 14 16 18 

Unit cells per row 15 16 22 31 

Pins (max.) 40 28 40 68 

110 Itages (max.) 38 26 38 66 

110 options: 

Joltate 110 (max.) 34 26 38 66 

Direct or inverted inputs (max.) 38 26 38 66 

Drivers (max.) 38 14 22 66 

Buffers (max.) 34 12 16 66 

Schmitt Triggers (max) 34 8 10 66 

Pin pull·uplpull-down resistors (max.) 34 26 34 66 

c. Product Matrix 

Figure 1. Internal Configuration and Functional Characteristics of H-Series CMOS Gate Arrays 
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BIPOLAR lSI DIVISION 

CMOS GATE ARRAYS (H-Series) 

'am " """-'i" 

!i!!lDOliC!i 
SCC0335-H, SCC0455-H 
SCC0705-H, SCC1105-H 

ABSOLUTE MAXIMUM RATINGS Limiting values in accordance with the Absolute Maximum System (lEe 134) 

Supply voltage range Voo - 0.5 to + 7V 

Voltage on any input when pin pull up/down resistors are: 
Used VI - 0.5 to Voo + 0:5V 
Not used VI -0.5 to + 7V 

DC current into any input or output ±1 Max.10mA 

Power dissipation per output P Max.100mW 

Power dissipation per package 
For standard temperature range: - 40°C to + 85°C (plastic and ceramic DIP) 

For Tamb = - 40°C to + 60°C Ptot Max.400mW 
For Tamb = + saoe to + 85°C Ptot Derate linearly by 8mW/K to 200mW 

~or extended temperature range: - 55°C to + 125°C (ceramic DIP) 
For Tamb = - 55°C to + 100°C Ptot Max.400mW 
For Tamb = + 100°C to +125°e Ptot Derate linearly by 8mW/K to 200mW 

Storage temperature range Tstg - 65°C to + 150°C 

DC ELECTRICAL CHARACTERISTICS Vss = OV; for all devices unless otherwise specified. 

TEMPERATURE RANGE1 

SYMBOL OPERATING SUPPLY TEST 
Tanib= LOW Tamb =25°C Tamb=HIGH UNIT 

AND PARAMETER TEMP (Tamb)1 VOLTAGE CONDITIONS 
MIN MAX MIN MAX MIN MAX 

5 - 50 - 50 - 375 

Standard - - - - - - -

'DD Quiescent -
10=0 - - - - - -

;;.A device current 5 Vee or GND - 15 15 - 375 

Extended - - - - - - -
\ - - - - - - -

2.0 - 0.1 - 0.1 - 0.1 
VOL Output 

4.5 - 0.1 - 0.1 - 0.1 
voltage Low Both standard , 6.0 - 0.1 - 0.1 - 0.1 

and extended VIH or VIL 
ranges 2.0 10 = 20pA 1.9 - 1.9 - 1.9 -

VOH Output 4.5 4.4 - 4.4 - 4.4 -
voitage'High 

6.0 5.9 - 5.9 - 5.9 -
2.0 - 0.4 - 0.4 - 0.4 

V1l Input 
voltage Low: 4.5 - 0.9 - 0.9 - 0.9 
INPIIINPB Both standard 6.0 1.2 1.2 1.2 V - - -

and extended -
V1H Input ranges 2.0 1.4 - 1.4 - 1.4 -

voltage High: 4.5 S.15 - 3.15 - 3.15 -
INPIIINPB 6.0 4.2 4.2 4.2 -- -

V1L Input 2.0 - 0.3 - 0.3 - 0.3 

voltage Low: 4.5 - 0.7 - 0.7 - 0.7 
INPA,INPD,INPS Both standard 6.0 0.9 0 .. 9 0.9 

and extended 
- - -

-
V~H Input voltage ranges 2.0 1.7 - 1.7 - 1.7 -

High: INPA, 4.5 3.6 - 3.6 - 3.6 -
INPD,INPS 

6.0 4.8 4.8 - 4.8 --

@ Ie MASTER 1984 4867 



U) 
o 
+:: 
Q) 
c 
.2> 
(/) 

BIPOLAR LSI DIVISION 

CMOS GATE ARRAYS (H-Series) 

'm" .. ""·'i., 

9i!1DOliG9 
SCC0335-H,SCC0455-H 
SCC0705-H,SCC1105-H 

DC ELECTRICAL CHARACTERISTICS (Continued) vss=ov; for all devices unless otherwise specified. 

TEMPERATURE RANGEl 
SYMBOL OPERATING SUPPLY TEST 

Tamb = LOW Tamb =25°C Tamb = HIGH UNIT 
AND PARAMETER TEMP (Tamb) 1 

VOLTAGE CONDITIONS 
MIN MAX MIN MAX MIN MAX 

4.5 1.6 - 1.6 - 1.6 -

Standard 6.0 2.1 - 2.1 - 2.1 -
IOl Output (sink) - - - - - - -

current Low 
driver outputs 4.5 1.6 - 1.6 - 1.6 -

Extended 6.0 
VI=O or 5V 

2.1 - 2.1 - 2.1 -

- VOL = 0.26V (Std.) - - - - - -
4.S VOL =0.33V (Std.) 3.2 - 3.2 - 3.2 -

Standard 6.0 
VOL =O.4V (Ext.) 

4.2 4.2 4.2 - - -
IOl Output (sink) - - - - - - -

current Low rnA 
buffer outputs 4.5 3.2 - 3.2 - 3.2 -

Extended 6.0 4.2 - 4.2 - 4.2 -
- - - - - - -
4.5 VI=OV or 5V 2.5 - 2.S - 2.5 -

Standard 6.0 VoH =3.24V 3.1 - 3.1 - 3.1 -
-loH Output - VoH =S.34V - - - - - -

(source) 
4.5 2.5 2.5 2.5 current High - - -

VoH =3.7V 
Extended 6.0 VoH ""S.2V 3.1 - 3.1 3.1 -.. 

- - - - - - -
6.0 - - - 0.1 - 1.0 

I I ±IIN Input 
Standard 

- - - - - - -

I 
leakage 

6.0 
Vee Oi GND 

0.1 1.0 current Extended 
- - - -

- - - - - -
± loz Three-state 5.S 5.0 

p.A 
- - - 0.5 -

output and Standard 
- - - - - -

open N-channel Vo=Vee or GND 
output leakage 5.5 - - - 0.5 - 10.0 

Extended 
current High - - - - - - -

VTH Upper 
2.0 - - TBD} - -

threshold 4.5 - - TBD Typical - -
voltage 

values 
6.0 Internal Schmitt - - TBD - -

Standard 
trigger 

VTL Lower 2.0 - - TBD} - -
threshold 4.5 - - TBD Typical - - V 
voltage values 

6.0 - - TBD - -

VH Hysteresis 
2.0 - - TBD} - -

voltage - 4.S - - - TBD Typical - -values 
input: INPS 6.0 - - TBD - -

NOTES: 
1. Tamb Low' -40°C for standard temperature range Tamb High: +85°e for standard temperature range 

-55°e for extended temperature range + 125°C for extended temperature range 
2. Pin·connected pull·up and pull-down resistors are typically 7 to 78 K·ohms - see PERIPHERY. 
3. When pull·up or pull-down resistors are used, current limits lor 100 must be extrapolated. 
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BIPOlAR LSI DIVISION 

CMOS GATE ARRAYS (H-Series) 
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SCC0335-H,SCC0455-H 
SCC0705-H, SCC1105-H 

AC ELECTRICAL CHARACTERISTICS vss=ov; Tamb =25°C 

SYMBOL AND PWR SYMBOL AND PWR 
PARAMETER SUP (Voo) 

MIN TYP MAX UNIT 
PARAMETER SUP (Voo) MIN TYP MAX UNIT 

fmax Maximum toggle frequency 

f s 

tp 

flip·flop GTOO 
(no set/reset) 

Maximum system frequency 
(may depend on number 
of gates in sequence) 

Propagation delays 
for 2-input NAND gate 
with fanout of 2 

1.5 

/ 
i I )1' I 

7 

0.5 
-50 

i 

V 
V 

I V 
i '/' i 
V 

! 

I 

I 

I 
I 
i 

150 

Figure 2. Normalized propagation delay 
(tpnomJ as a function of the 
ambient temperature. 
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OUTPUT STAGE TRANSITION TIMES: 
- MHz Input transition :s 20ns, CL = 50pF; Vss = OV, Tamb = 25°C. 

2.0 - 130 260 ns 
tTHL Driver outputs 4.5 - 26 52 ns 

High·to·Low 6.0 - 22 44 ns 
- MHz 

Buffer outputs 2.0 - 65 130 ns 
tTHL 4.5 - 13 26 ns High·to-Low 

6.0 - 11 22 ns 

- ns 2.0 - 125 250 ns 
tTLH Buffer outputs 

4.5 - 25 50 ns Low·to·High 
6.0 - 21 43 ns 

I 

\ I 
I 

\ I I 
I 

I I I 

I \~ I 
I 

I I 
1 ,"'! : '-I 
l' l"-I 

I 
I 
I 

2 3 4 V 5 6 50 100 150 200 

(V) CL (pF) 

Figure 3. Normalized propagation delay 
(tpnorm) as a function of the 

Fig. 4 Output transition time 
(LOW·to-HIGH) as a function of the load 
capacitance for driver and buffer 
outputs. 

supply voltage. 
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BIPOLAR LSI DIVISION 

CMOS GATE ARRAYS (H-Series) 

'W""""·!" 
PERIPHERY 
To provide a versatile interface, H-Series CMOS arrays have 
numerous I/O pads-see Figure 1 a. These peripheral ele
ments can be configured to match the input or output require
ments of a wide variety of logic families. Accordingly, a 
bonding pad may have one of the following functions 
assigned to it: 

• INPUT STAGE which includes an input protection circuit 
(series resistor and single diode clamp to Vss). The recom
mended maximum load is 260 array gates, or 100 array 
gates for optimum speed performance. Because the input 
voltage is not clamped to Voo, input voltages greater than 
the supply voltage is possible, thus allowing voltage level 
shifting. 

• SCHMITI TRIGGER input stage for noise reduction, pulse 
shaping, or suppression of oscillation spikes associated 
with slow input clock transitions. The recommended maxi
mum load is 10 array gates, or 5 for optimum speed 
performance. 

• TRANSCEIVER input/output stage 

• THREE-STATE output with driver or buffer performance 
capability for bussing applications 

• COMPLEMENTARY OUTPUT with driver or buffer perform
ance capability. 

• OPEN DRAIN N- or P-tr~nsistor output 

• PULL-UP/PULL-DOWN resistors (see Figure 2 for avail
ability) may be added at various I/O stages. The values 
available are 5, 10, 15, 30, 60, 65, 70 and 75 Kohms. 

4870 

!iijDotiCS 
SCC0335-H, SCC0455-H 
SCC0705-H, SCC1105-H 

TCBI TCDS 
TCDI o--bZ1ld1~~f~EE~iiilli-() TPXI TPXS 
m~ m~ 
TNBI 

OUTPUTS 

INPAO-+;,;,;,;,;,;,;~ ~~4-<>gg~~ 
INPI 
INPD o--r.">a~ 
INPB 

~~+-og~~~ 

OPDS 
~t~4-00NDR 

ONBU 

0" BONDING PAD 

~t~tg~'I~j~"t'tm)ijj~'¥.t.~~ij@tt{rmrrmrrr)/}}:( 
TCDI complementary driver output 
TCBI complementary buffer output 
TPXI open drain p-channel driver output· 
TNDI open drain n-channel driver output 
TNBI open drain n-channel buffer output 

JtttM~"¢$Vq}j~t~:~!9~'~rt:rMlq'~o~mtt)):~:~H):::(::Y::I 
TCDS complementary driver output 
TPXS open drain p-channel driver output 
TNDS open drain n-channel driver output 

:::rt.~@~H::::)t::\:):/:::r::::::r:/:::::::rH?:::>::::)::::::::H:::::::)????}«(H)<:/)) 
INPA direct access to array 
INPI inverter 
INPD driver 
INPB buffer 
INPS Schmitt trigger 

OCDR complementary driver 
OCBU complementary buffer 
OTDR 3-state driver 
OTBU 3-state buffer 
OPDS open drain p-channel driver 
ONDR open drain n-channel driver 
ONSU open drain n-channel buffer 

XTOD crystal oscillator with driver stage 
XTOB crystal oscillator with buffer stage 
RCOD RC oscillator with driver stage 
RCOB RC oscillator with buffer stage 

RD pull-down resistors 
RU pull-up resistors 

Figure 13. The SCCXXXX 1/0 Cell Library 
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SALES OFFICES 

SIGNETICS ARIZONA Culver City FLORIOA NEW JERSEY Dabs INDIA 

HEADQUARTERS 
Thom luke Sales. Inc. HamiHon/Avnet Electronics fl UuderdaIe Cllerryllil Arrow Electronics Pllilipslndia& Elect. Lid. 
Phone: (602) 94H901 Phone: (213) 558·2121 Arrow Electronics HamiHonIAvnet Electronics Phone: (214) 386·7500 Bombay 

~~. ~! rors Awnue 
CAUFORIfIA HamiHonJAvnet Electronics Phone: (305) 776·7790 Phone: (609) 42«1100 HamiftOlllAvnel Electronics Phone: 91-22·295144 
tosGatos Ph:~~13) 558·2901 

HamiHonIAvnel Electronics fairfield Phone: 1214! 659-411! INDONESIA 
Sunnyvale. California 94086 Sieml Technology 'Phone: (lOS) 971-2900 Arrow Electronics Quality Components P.T. PhiIips·Rain Electronics 
Phone: (408) 739-7700 Phone: 1714) 354:1626 EI Sepndo 1'1=rElectronics 

Phone: (201) 575·5300 Phone: (214) 387-4949 Jakarta 
. SaIl Dieao Wyle Distribution Group HamiHon/Avnet Electronics Schweber Electronics Phone: 716 131 

ARIZONA ~neEI!~r~~1.8021 Phone: (213) 322·8100 Phone: (lOS) 927.(J511 ri~:;: ~~i~~390 Phone: (2141661·5010 IRELAND 
PhoeniI !nine 

PahaBa, 
Houston I'hiIipsEIectriciI.lId. 

Arrow Electronics Phone: (201) 227·7960 Phone: (602) 265-4444 CAllADA Schweber ElectroniCS Phone: (305) 725·1480 Arrow Electronics Dublin 
E!oIIieoh Phone: (714) 556·3880 Schweber Electronics Phone: 35H69·3355 

CAlIFORNIA Tech-Trek. ltd. SI. PetenlMq Phone: (201) 227 -7880 Phone: (713) 530-4700 ISRAEl CaaopPark Phone: (416) 626-6676 
Wyle Distribulion Group HamillonlAvnet Electronics lIooreslOtlll Hamillon/Avnet Electronics 

~ Electronics, ltd. Phone: (213) 340-1431 PoiDIeCiaire 
Phone: 014) 863-9953 Phone: (813) 576·3930 Arrow Electronics Phone: (713) 180-1771 eI Aviv 

~ (408) 725-8100 
Tech·Trek. ltd. IIewport Beach GEORGIA Phone: (609) 235-1900 Quality Components Phone: 972-3-411115 
Phone: (514) 691·3385 Arrow Electronics Allanli NEW MEXICO Phone: (113) 172-1100 

ITAlY Phone: (714) 851·8961 Schweber Electronics 
~=Aynet Electronics 

Schweber Electronics 

"t.'='(213) 610·1101 
CONNECTICUT Sacr_to Phone: (404) 449·9170 Phone: 013) 184-3600 ~S.p.A. 
Yalesville Milano 

Kanan Associates Hamilton/Avnel Electronics Norcross Phone: (505) 165-1500 UTAH Phone: 39-2-6994 
Inine Phone: 12031265-2404 Phone: (916) 920·3150 Arrow Electronics Arrow Electronics 

~!::o~lvnet Electronics 
JAPAH 

Phone: t714) 833-8980 UIfIOIS San Dieao Phone: (404) 449·8252 Phone: (5051243-4566 Signetics Japan. lid 
(213) 588·3281 ScUilllbur. Anthem Electronics HamiHon/Avnet Electronics NEW YOII Phone: (801) 972-4300 Tokyo 

Micro·Tex. Inc. Phone: (619) 453-4811 Phone: (404) 447-1500 Buffalo Wyle Distribution Group Phone: 813-230-1521 San Dieao Schweber Electronics Summrt Distributors 
Phone: (SI9} 560-0242 Phone: (3121 885·1131 Arrow Electronics Phone: 1(04) 449·9110 Phone: !7l6) 88J.2800 . Phone: (801) 974-9953 Osaka 

Phone 1619) 565-4800 Phone: 816·30H17I 
COlORADO IOWA HamiftonJAvnet Electronics IWIIOIS East Syracuse WASHINGTON KOREA Marion I:II~Tlndustries Aurora 

~~0e~~3f9:~h~8mi 
Phone: (6191 51J.7510 . Arrow Electronics IleIIewe Pllilips Elect. Korea Lid. 

Phone: (303) 151-5011 Wyle Distribution Group Phone: (312) 982·9210 
Phone: (3151652·1000 Arrow Electronics Seoul 

Phone: (619) 565-9111 HamiHon/Avnet Electronics -Phone: (206) 643-4800 Phone: 194-4202 CONNECTICUT tIANSAS Elli Grove Phone: (315) 437·2642 
Danbury KJnsas City San Jose Schweber Electronics HamiHonIAvnet Electronics MAlAYSIA 

P~one: (203) 148-3122 B_ C_ ElectroniC Sales Anthem Electronics Inc Phone: (312) 364·3150 ~~onics Phone: (206) 453-5844 Philips IIabysia Sdn. Berlud 
Phone: (913) 342·1211 Phone: (408) 946-8000 ScUiIllburt Wyle Distribution Group Kuala lumpur 

flORIDA MASSACHUSETTS SlnIiClara Arrow Electronics 
Phone: (516) 23HOOO Phone: (206) 453-8300 Phone: 77 44 11 

Clearwater Readinc Schweber Electronics Phone: 13121397·3440 
lionex Corp. MEXICO 

Pho!le: (813) 795-7086 Phone: (516) 273-1660 WISCONSIN Kanan Associaies Phone: (408) 148·4700 6eAseMiIIe liIerpooI NelrBerlin EIeclrGllic; U. de C.V. 
Ft Uuderdale Phone: (617) 944-8484 Wyle Distribution Group Hamilton/Avnet Electronics Arrow ElectroniCS Hamilton/Avnet Electronics Mexico OJ. 

Phone: (3051486·6300 IIICHIGAN Phone: 14081121·2500 Phone: (312) 860-1100 Phone: (3151652-1000 Phone: 1(14) 184-4510 Phone: 52·121·61300 

GEORGIA BlootIIIieId Hils ~!ectrtnIC5 
INDIANA IIehiIIe NETHERlANDS 

Aliallia Em:!! M2r~.et!ng IndianaooIis 
~~~;~r;~f1~~~~~"iCS 

OiIICree!! PhilipsIlederIandU 
Pho.le: (313) 642.(J203 Phone: 1(08) 745-6600 Pioneer Electrontcs Arrow Electronics Eindhoven 

Phone: 14041953-0061 MINNESOTA Hamillon/Avnet Electronics Phone: (317)849·7300 RodIester Phone: 14141 764-6600 Phone: 3J.40·19-3333 
IllIIfOIS Minneapolis Phone: 14081 743-3366 Arrow Electronics Arrow Electronics NEWZEAlAIID 
ScIIauIlllMq ~hg:n!ec;:ffill\~t Tustin Phone: (311) 243-9353 Phone: (116) 215.(J300 WauIleslla Philips Electrical Ind. Lid. 

Phone: (312) 843-7805 HamiHon/Avnet Electronics Bell Industries Auckland Anthem ElectroniCS Phone: (317J 844-9333 HamlHon/Avnet Electronics Phone: (414) 784.(J235 Phone: 64·9-605914 INDIANA MISSOURI Phone: t714) 130·8000 PhoDe: (716) 475-9130 
iloilo. Bridaelon WlSAS Schweber Electronics NORWAY 

Woodland Hills Overland Park NorsII A/S Philips Phone: (317) 453-6462 B. C Electronic Sales Avnet Electronics Phone: (116) 424-2222 FOR SIGNETICS Phone: (3141291-1101 Hamilton/Avnet Electronics Westbwy,lI. Oslo 
KANSAS Phone: 1213)883-0000 Phone: (9131 888-8900 PRODUCTS Phone: 41·2·680200 
Overland Park 

NEW JERSEY 
CANADA MARYLAND Schweber Electronics 

PERU East"- Phone: (516) 334-7474 WORLDWIDE: Phone: (913) 341-8181 Emtec Sales. Inc_ CaIpry, AIIerta IIaItiare NORTH CAROLINA Cadesa t/) 
MARYLAND Phone: (201) 428.(J600 HamiHon/AYneI Electronics Arrow ElectrOniCS CharIoHe ARGENTINA lima 
Glenlwnie NEW MEXItO Phone: (403)230-3586 Phone: 1301) 241-5200 Pioneer Electronics Philips Araenlina s.A. Phone: 326010 0 

Phone: (301) 78H)220 ~T:.'terpnses 
Zentronics Columbia Phone: (7041521·8188 Buenos Aires PHILIPPINES +: Phone: 1(03) 272-1021 Hamilton/Avnet Electronics 

IIMiIb Phone: 54H141 Philips IIIdustriaI Dev., IIC. 
IlASSACHUSETTS Phone: (505)298-1918 Downswiew, Ontario Phone: (301) 995·3500 

Arrow Electronics IIalIaIi·Rizal Q) 
Woburn IlEWYORK Cesco Electronics ~:"tshi n Electronics Phone: (919) 816-3132 AUSTRALIA Phone: 868951 c: Pflone: (611) 938-1000 Ithaca Phone: 1416) 661.(J220 

Phone: 1301) ~1l0 HamiHonJAvnet Electronics Philips lndustries Holdings ltd PORTUGAL 0') 
MICHIGAN Bob Dean. Inc lIississqa, Onlario Phone: (919) 878-0819 lane.cove. N_S.W. Philips Port~ SARl 
Farlllinlton NiHs Phone: (601) 2SJ.illl Hamiiton/Avnet Electronics 

Schweber Electronics 
Schweber Electronics Phone: 61·2-427-0888 lisboa (J) Phone: (313) 476-1610 IIeIviIIe Phone: 1(16)611.1432 M=~~Ws0-59OO Phone: (919) 816-0000 AUSTRIA 

Phone: 35),)9-68·3121 

IIlNNESOTA Emtec Sales. Inc Zenlronics Bedlord Winsion-S*tI Oslerrichische Philips B ..... tt 
SIIIGAPORE 

Edina Phone: 15161752-1630 Phone: (4161451-9600 Schweber Electronics Arrow Electronics Wien ~:a~~1 Dev. PIt., Ltd. 
Phone: (612) 835-1455 OREGON 1IonIreaI, Quibec Phone: 16l7J 275·5100 Phone: (9191 725-8711 Phone: 43-222-93-26·2 

llilslMro Cesco Electronics hrIiIIIIoo OHIO Phone: 65·253-8811 
NEW JERSEY Western Technical Sales Phone: (514) 135·5511 

~~=: ~gJfi 272-9400 
Beedlwood BElGIUM SOUTH AFRICA 

Parsippany Phone: (5031640-4621 Zenlronics Schweber Electronics II. V. Philips & I18LE E.D.A.C. (PlY), Ltd. 
Phone: (201) 334-4405 PENNSYLVANIA Phone: (5141 735·5361 WoIun Phone: (216) 464·2910 Bruxelles Johannesburg 

IlEWYORI PittsINqh Ottawa. Onbrio Arrow Electronics Cleveland Phone: 32'()2·242·1400 Phone: 21-11·614-2362 
liverpeoI Covert & Newman Cesco Electronics Phone: 16171933-8130 HamiHonlAvnet Electronics SPAIN 

Phone: 1315) 451·5410 Phone: (4121531·2002 Phone: (613) 226-6903 HamiHon/Avnel Electronics Phone: (216) 831·3500 BIWIl IliniwaltS.A. 
UTAH Phone: (6171273·1500 Pioneer Electronics Ulrape Barcelona 

Melville SaltLaeCity 
HamiHon/Avnet Electronics Phone: (2161 587 -3600 Sao 'Paulo Phone: 301 63 12 Phone: (613)226-1100 MlCHIGAfI Phone: (516) 752.(J130 Electrodyne Zeolronics Ann Arbor CeIIIeniIIe Phone: 55'()1l·2I1-26OO SWEDEN 

To:rM:S297.4014 . 
Phone: (801) 486·3801 Phone: (613) 238-6411 Arrow Electronics Arrow Electronics A.B.Ek:OIIa 

WASHINGTON Phone: (313) 911·8220 Phone: (513) 435·5563 CHILE Stockholm 
BeIIewe Quebec City GriIIICI Rapids Dayton Philips ChileuS.A. Phone: 46-08-61·9180 

NORTH CAROUfIA Western Technical Sales Cesco ElectroniCS HamiHon/Avnet Electronics HamiHon/Avnet Electronics Santiago SWITZERlAND R*iIh Phone: (206) 641-3900 Phone: 1418) 524-4641 Phone: (616) 243·8805 Phone: (513) 433.(J610 Phone: 56-2·39-4001 Philips A.&. Phone: (919) 851·2013 
Spobne v.:_ liIonia Pioneer Standard Electronics COLOII8IA Zurich 

OHIO Western Technical Sales Zentronics HamiHon/Avnet Electronics Phone: (513) 236-9900 Sadapes.A. Phone: 41-01-988·2211 
WorthinIIon Phone: (509) 922-7600 Phone: (604) 688-2533 Phone: (3131522-4100 Solon Bogoli D.E. TAIWAN 

Phone: (614) 888-7143 WISCONSIN ~!iHt:,:~~~onics Pioneer Electronics Arrow Electronics Phone: 600 600 Philips Taiwan, Ltd. 

PENNSYlVANIA Wauliesha Phone: (313) 525·1800 Phone: (216) 248·3990 Taipei 

Horshatl Micro-Tex. Inc_ Phone: 15141331-6443 Schweber Electronics 0IlAII0IIA DE.MIII Phone: 886-2'56H717 
Phone: (215) 443-5500 Phone: (414( 542·5352 Waterloo Phone: (313) 525·8100 Tulsa II_all A/S THAIlAND 

Zentronics MINNESOTA ~~:: fsfs~n~12 Kobenhavn N. V_ :I1t Electra Co. 
TENNESSEE DISTRIBUTORS Phone: (519) 884·5700 £deA Prairie Phone: 45.(J1-69·1622 ofT aiIand lid. 
Greenewille 

AlAIlAIIA Winnipee Schweber Electronics OIEGOII Banglloll 
Phone: (615) 639.(J251 Phone: (612) 941·5280 llillsMro FIIIWID Phone: 233-6330-9 

Halswille Ze~tro",cs Edina Wyle Distribution Group OyPllilipsAb TUIIIfY TEXAS HamiHonIAvnet Electronics Phone: (204) 775·8661 
Austin Arrow Electronics Phone: 1503) 64'0-6000 Helsinki }~"'tr Phone: 1512) 458-2591 

~hone: (205; 837·1210 COlORADO Phone: 1612) 830·1800 UkeOsINIO Phone: 358+7271 
Pioneer ElectroniCS Aurora Minneapolis Hamilton/Avnet Electronics Istanbul 

Riclwdsoe Phone: (lOS) 837·9300 Arrow Electronics Arrow Electronics Phone: (503) 635·8831 FRANCE Phone: 43 59 10 
Phone: (2141644·3500 ARIZONA Phone (303) 696.Jll1 Phone: (612) 830·1800 PEICIISlYVAIIIA R. Tp~ La Radiolechniqae-Compelec UNITED KINGDOM 

CAllADA 
Phoenix Denver HamiHonlAvnet Electronics HorsIIaII IluJlard, Lid. 

SlGNETICS CANADA, LTD. 
HanHHon/Avnet Electronics Wyle Distribution Group Phone: (612) 932-0600 Schweber Electronics Phone: 3J.1.355-4499 london 

E!oIIie.e,OMrit 
Phone: (602) 231·5100 Phone: (303) 451·9953 IIiMeI8nb Phone: (215) 441.(J600 

GERIIANY Phone: 44'()1'580-6633 
Phone: (4161622·9314 

WyIe Distribution Group 
E~ Hamilion/Avnet Electronics PitIsbIqh UNITED STATES Pbone: (6021249·2232 

HamIRonlAvnet Electronics ~{S12) 932-066& ~~u:e:E(711)o;~$7ooo 
... 

Sipeiics iIIienIaIieAaI CGrp. Ottawa. 0Dtari0 CAUFOIlIIIA ~~~~rf9'40.3296-19 Tech·Trek. lid Chatsworth Phone: (303) 140-1000 
EartIlCily 

Sunnyvale. CatiIorIlta 
Phone: (613) 230-3921 Anthem ElectronICS COIIIECTICUT ~:o,::~;tg%~~300 PIIone: (408) 139-7700 

HamlHon/Avnet Electronics GREECE UllllGUAY Phone: 12131100-1000 ~OnJA¥neJ Electronics 5/(:: (314) 344·1200 Arrow Electronics JEW Phi~~sA.HeIIenique l.IaIectronS.A. 
Phone: (203) 197·2800 Austin Monle¥ideo 

REPRESENTATIVES Phone: (213) 701-7500 
Schweber Electronics 

Arrow Electronics Arraw Electronics Phone: 9215111 Phone: 91 43 21 
Cosli MesI 

Phone: 1203) 792·3500 
Phone: (3141567-6888 Phone: 1512) 835-4180 VENEZUELA AlABAMA AvneIElectronics NEW IlAllPSHIRE HamillonlAvnet Electronics IIOIIG KOIIG 1ndIIsIrias ....... HIIIIIs1iIIe Phone: (714) 154-6111 IIaIIiaeIord Manchester Phone: (512) 831·8911 PIIiIips Ilona ...... ltd. Pllilipss.A. Electronic Sales. Inc. Hamilton Electro Sales Arrow Electronics Arrow Electronics Quality Components ~:::~'().245121 caracas Phone: (lOS) 533-1135 Phone: (714) 641-4100 Phone: (203) 265·1141 Phone: (603) 668-6968 Phone: (512) 835·0220 Phone: 58·2·36.()511 
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%i Custom and Semlcustom Circuit capabilities 

Full custom or COT/Foundry - SSi offers it all. 

SSi is committed to providing cost-effective, quality 
custom solutions to your most specialized applications. 
We offer it all: Bipolar, as well as MOS; Analog, Digital, 
and combinations of both. 

Advanced CAD development tools enable our exper
ienced staff of IC designers to create the optimal solution 
for you efficiently and accurately. 

Our state-of-the-art manufacturing facility allows us 
to provide you with the highest quality product when you 
need it. If you already have your own design or tooling, 
SSi can provide very fast turnaround on just those foundry 
and full production services you require. 

For low cost, quick turn around semicustom require
ments, ask us about our new standard cell program. 
Remember, we have a program to meet all of your 
"application specific" integrated circuit needs . 

Semicustom Arrays 

COT 

FULL 

Specification 
Approval 

Design & 
Layout 

Mask 
Fabrication 

CUSTOM 1--------
SEMI

CUSTOM 
ARRAYS 

Wafer 
Fabrication 

TANOAR~------
CELLS 

Wafer 
Testing 

Production 
Assembly 

Final 
Test 

SCA·6 AND SCA·12 SWITCHED CAPACITOR CUSTOM ARRAYS 
The SCA-6 and SCA-12 are CMOS, switched-capacitor 
filter semicustom arrays, which can be configured to 
implement up to six or twelve biquadratic filter sec
tions, other switched capaCitor filter (SCF) architec
tures, and general analog functions. Intended primarity 

Quality Assurance 

SSi Quality Assurance Capabilities Include: 
• Environmental testing • Burn-in 
• Hi-Rei screening 

STANDARD PRODUCT 
a.A. FLOW CHART 

for analog signal processing applications, the SCA-6 
and SCA-12 are efficient replacements for many active 
RC and discrete implementations, providing precision 
high-order filtering on a single chip. 

Hi-Rei Screening Options 
• Reliability Screening (Method 5004) 
• Qualification and Quality Conformance 

Procedure (Method 5005) 
• Pre-Seal Visual Inspection 

(Method 2010) 
• Stabilization Bake (Method 1008) 
• Temperature Cycle (Method 1010) 
• Thermal Shock 
• Constant Acceleration 
• Fine Leak (Method 1014) 
• Gross Leak (Method 1014) 
• Burn-in 
• SEM Analysis of Wafer Lots 

(Metallization) 

Q.A. CAPABILITIES 
The quality assurance program at Silicon Systems 
specifies and implements standards and controls on all 
SSi products during all phases of deSign, manufacture, 
and assembly. Product quality is carefully monitored at 
each critical point. For those clients whose applications 
require extraordinary reliability, SSi offers special Hi-Rei 
screening procedures and burn-in. All Hi-Rei process
ing steps are in accordance with MIL Standard 883, and 
SSi quality assurance procedures can include any of 
those shown above. 

Silicon Systems ,.OJ 
14351 Myford Road, Tustin, California 92680 (714) 731-7110, TWX 910-595-2809 

incorporated 
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Why Go Custom and 
Why Use Synertek? 
Your decision to use a Custom circuit _rests basically on the 
requirements of your system. You'll want to consider the alterna
tives available to you: 

• Standard circuits arE} off-the-shelf products designed for gen
eral product applications. If your yearly system volume will be 
less than 10,000, SSI I small scale integration I and MSI 
I medium scale integration I circuits may be your best solution. 

• Microprocessors may fill your need if your application requires 
great flexibility and cost is not an overriding factor. They are 
most practical when total circuit volume does not exceed 
50,000. 

Advantages of Custom Circuits 

A Custom circuit is an exclusive proprietary design built specifi
caiiy to meet your product requirements. Its advantages are: 

• Reduced system cost - Through circuit integration the total 
number of discrete and integrated components can be cut by 
75-90%. This dramatically reduces component inventory, PC 
board assembly, and' power supply costs. 

• Increased reliability - As circuit device count and total system 
size is reduced, system reliability increases. For you, the more 
reliable a system you sell to your customers, the less you will 
have to expend on warranty costs. 

• Features - Special features not available in standard circuits 
or microprocessors can be cost-effectively designed into a 
Custom circuit. 

• Market Leadership - CUSTOM MOS/LSI technology can 
revolutionize a product. It enables new features to be built 
which would otherwise be unavailable or' too expensive to 
implement. When your product is manufactured with a prop
rietary deSign, competitors have a more difficult time copying 
it. As a result, you can enjoy longer periods of market leader
ship and penetration. 

Why Use Synertek? 

Our ability to develop sophisticated technologies insures our 
market leadership position in custom integrated circuits. We cur
rently offer silicon gate HMOS, NMOS, and HCMOS technologies. 
Our advanced computer-aided deSign facilities, projection align
ment equipment, 4-inch wafer fabrication lines, and VLSI testing 
equipment further demonstrate Synertek's commitment to state
of-the-art technology. Synertek Offers the following services: 

• Classic Custom DeSigns - We will design your circuit from 
concept. You may initially provide us with a written explana
tion of the function you want, or with a logic diagram of the 
circuit, or ~ith just a specification. 

• Customer Design Teams (C.D.T.) - We will train your engi
neers to do their own custom design. The full spectrum of 
design capability can be approached: classic custom hand
drawn circuits, deSigns using the Cell LibraryTl., or seminars 
for C.O.T.T" customers. Your systems knowledge is combined 
with our IC design capability for optimum circuits. 

• C.O.T.T" - Synertek will become the manufacturing arm of 
your in-house design group or your consulting design house. 
By providing you with process design rules, parameters, com
puter simulation programs and, most of all, our total coopera
tion, we can assure you the manufacturing capability you 
want. 

© IC MASTER 1984 

Svnertek. 
w 

Classic Custom Design 
A masterpiece is never developed overnight. An artist needs time 
to think, plan, and create. At Synertek, the average length of time 
needed to bring a circuit from the concept stage to prototype 
production is 6-9 months. Depending on the complexity of the 
devjce, this may be longer or shorter. Simple circuits can be com
pleted within 3-4 months. All circuits, however, are subjected to 
the same stringent testing, quality control, and verification 
checks. 

Keeping with our philosophy of partnership, our engineers will 
confer with you often throughout the design and' development 
phases. 

The Custom Design and Development Process 

• System definition - Synertek and the customer establish 
block diagrams, flow charts, and mechanical and electrical 
specifications 

• Logic design and computer simulation - Our design eng i-
nS6iS convert system functions to ~ ... 40S logic. Computer 
simulations of critical logic design characteristics are done in 
our DA (design automation) center. SCEPr" (Synertek Circuit 
Emulation Program and Test) is a conventionally designed 
breadboard which duplicates MOS logic. Once approved by 
you, SCEPr" is used to write and debug a test program. From 
this point, SCEPr" is the functional reference for the remain
ing design steps. 1-10 weeks. 

• Circuit design and analysis - Individual transistors are laid 
out to implement the SCEPr" logic. Particular attention is 
paid to critical speed paths. Additional computer-aided circuit 
simulation information is analyzed and incorporated into the 
actual circuit design. 1-4 weeks. 

• Composite layout design - A layout of the circuit· design, 
called a composite, is hand drawn to minimize final chip size. 

• Digitizing- The composite drawing is converted in our CAD 
(Computer Aided DeSign) center to a database tape using a 
Calma interactive graphic system. The digitized information is 
used to generate plots of each circuit layer. The plots are 
compared to the original composite and editing changes are 
made. Editing and checking continues until the database tape 
is approved for the entire composite.1-14 weeks. 

• Mask generation - Once the database tape is approved a PG 
(pattern generation) tape is produced. This tape is used to 
create each mask level. 

We use three methods in mask making - photolithography, 
E-beam and a combination of both. 

• Prototype wafer fabrication - During prototype fabrication, 
numerous quality and electrical inspections are performed to 
assure that every wafer lot meets our specifications. 

• First samples - These are untested devices commonly 
referred to as "Cut & Go's." They are placed in ceramic pack
ages, assembled, and sent to you for initial evaluation. 
2-3 weeks. 

• Test generation - The Cut & Go's play an essential role in the 
completion of the test program, which was initiated during the 
circuit design stage. The test program must be verified with 
the Cut & Go's before it is finalized. 

• Prototype production - After fully tested samples are ap
proved, prototype production begins. 

• Full production - Scheduled delivery commences after proto
type qualification and test verification are completed. 
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Customer Design Teams 
(C.D.T.) 
C.D.T. is a program by which customers can be trained to do 
their own IC designs. It encompasses the full spectrum of cus
tom design from the classical, hand-drawn approach, with 
Synertek's engineers dOing the full design, to the customer 
owned toolirig program. COT's are designed to take advantage of 
the customer'S system knowledge and Synertek's IC design and 
production capabilities. The customer has access to our facili
ties, design courses, the Cell LibraryTl', advanced CAD tools, 
processes, design expertise, and on-going support. 

The COT design course is approximately ten weeks long and is 
based upon the structured design methodology. The major por
tion of the course demonstrates how to use the Cell Library", 
with hands-on experience using our CAD tools to complete a 
simple design. Very little time is spent on design physics. As an 
on-going project we are continually developing additional short 
courses as updates as well as video tapes on specific topics. 

Our CAD tools revolve around our mainframe computer, a VAX 
111780, to enable our customers to use commercially available 
software written for the VAX. NCA corporation's software is used 
for layout verification, including Design Rule Check, Electrical 
Rule Check and Network Continuity Check. The Network Conti
nuity Check compares the layout data to the Netlist derived from 
schematic entry. Other services, such as sizing and PG tape gen
eration, can also be performed on the VAX. 

Silvar-Lisco's SOS package including CASS and CAL-MP is 
installed on the VAX. CASS is used for schematic entry via a 
Genisco 1000 or other graphics terminals. Once the schematic 
has been entered, a design data base is created from which sev
eral output data formats can be generated. The following outputs 
are presently available: Netlist, TEGAS for !oglc generation and 
test verification, SPICE for circuit simulation, Network Continuity 
Checker and CAL-MP. 

CAL-MP is used for automatic placement and routing of the cells 
in the Cell Library". All cells are designed to take advantage of 
the CAL-MP program capability. The program can handle up to 
1800 cells (not gates) with 3600 cell capability to be installed 
soon. Chips of larger size can be created by assemblying parti
tioned sections of up to 3600 cells each. 

We are constantly updating and improving our software. Any 
improvements in the NCA or Silvar-Lisco software will be 
installed so that design capability and turn-around times can 
constantly be improved. Dial-up facilities to the VAX are available 
enabling our COT customers to access the above software via 
remote terminals. 

As an important part of the COT program Synertek provides 
support in the form of helping with the design, instruction in the 
use of our CAD equipment, providing updates in the course, and 
providing advancements in our process capabilities. Synertek's 
COT team is organized to assist the customer in all the crucial 
steps of the design. Once the customer reaches design profi
ciency, we have a separate Customer Owned Tooling (C.O.T.T") 
team to move designs quickly into production. As a customer's 
needs or designs change, COT's are flexible enough to tailor on
going support to the specific requirements of the customer. 
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The Cell UbraryTM 
The Cell LibraryT .. evolves around our n-well, single poly, Single 
metal 3 micron HCMOS process. The cells developed are the 
basic cells required to do random logic design. We will continue 
to design increasingly complex cells, such as multi-stage coun
ters, voltage comparators, microprocessor cores, ALU's, etc. 
Customers have the option of designing and using any additional 
cells required in their system. These cells should conform to our 
format requirements, and the-customer has the option of includ
ing them in the Cell LibraryT .. user group. 

Designs can be done on any graphics system with the interface 
preferably using GDS II formatted tapes. All cells are fully char
acterized over the -550 C to +1250 C range. Each cell has its own 
data sheet, with all the electrical and topological parameters. The 
Cell Library'" manual is a TTL type book containing all the 
information on the cells. 

Almost all cells are of constant height and variable width, how
ever some cells are of different height to improve layout 
efficiency. For example, there is a tall and narrow flip-flop that 
will be used for long chains of ripple counters. Some of the basic 
cells, such as inverters, NOR gates, NAND gates, are of two dif
ferent heights to optimize the auto-router. 

Each cell has inputs at both the top and the bottom with two 
power lines running horizontally through the cell. The cells are 
self-contained, so that no external connections will be required 
to complete them. For most of the cells, connections are made 
by either poly or metal. Production type cells, such as alignment 
marks, CD's, etc. are also available as part of the Cell LibraryT". 

The Cell Library'" is available to our classic custom, COT and 
C.O.T,''' customers. Synertek's engineers will deSign a circuit for 
you or teach your engineers to do their own deSigns using the 
Cell Library"'. C.O.T.'" customers may purchase the Cell LibraryTil 
with or without a production commitment. 

Training for C.O.T.TII customers is also available for a nominal 
fee. 
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C.O.T.™ 
Perhaps you have your own MOS design group, or have chosen 
to have your circuit designed by a consulting firm. Or maybe 
another MOS supplier designed the chip and you want to tool-up 
a second-source supplier. Whatever your design source, we can 
produce your circuit on a customer owned tooling (C.O.T.TI

') 

basis. 

Because of our extensive experience with MOS/LSI technology, 
we understand your reasons for going C.O.T."'. You want to min
imize design cost and production time while maximizing proprie
tary design control. We guarantee that your Custom circuit will 
receive the same confidential, proprietary treatment as our own 
in-house designed circuits. 

You may enter the production cycle at a number of various 
stages. We'll accept your design o~ a database tape, a pattern 
generator tape, or working plate. You'll be given an initial docu
mentation package that includes an overview of design rules and 
parameters for our MOS processes. 

C.O.T."· customers provide Synertek's Product Engineering with 
their chosen form of tooling along with the test tape and specifi
cations for testing the customer's circuit. 

Synertek maintains a policy of requiring characterization data for 
all circuits prior to transfer to production. This measure enables 
Synertek to do further studies on yield enhancements and corre
lation. Synertek strives to maximize yields at final test and 

Svnertek. 
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ultimately redu'ce circuit costs to the customer. We view C.O.T!" 
as a jOint effort on the part of vendor and customer. Our goal is 
to work with the customer's design' group, to lend the necessary 
technical support and to build a su~cessful working relationship. 

Again, we will meet with you as early in the program as possible 
to establish a close working relationship. If you wish to design 
your own proprietary circuit, our engineering staff is available for' 
design aid and generalprogram guidance. We take measures to 
enhance a smooth product flow. Our program managers monitor 
your circuit from our CAD center through production. We also 
have a back-log control system that continually updates you on 
product schedules and shipments. 

As a C.O.T!" customer, you have access to our extensive manu
facturing and assembly facilities in addition to our advanced 
processes. 

A Process for Every Masterpiece 

Selecting the right process for your Custom circuit is one of your 
most important decisions in the design cycle. 

Synertek's offering of fully proven manufacturing processes has 
the right answer for you. It includes state-of-the-art HMOS, 
HCMOS and EEPROM in addition to the industry standard 
NMOS silicon gate technology. Electrical and Topological Design 
Rules are available under a non-disclosure agreement. 

A Sample of Synertek's MOS Processes 
SILICON GATE NMOS 

Topological Pitch 

Channel Poly DIff AI-AI 
Volts Beta Gamma COA pH pP Length w/s wls w/s 

Process FLDl2 EHHI2 OEPl2 VSB YTEO YTOO YTFO YVOSS A/y2 Y 112 F/cm2x 1~ OlD OlD XI P. P. P. P. CommentS 

NDK4 Yes Yes Yes 0 +0.2 -3.0 16 10 11 0.25 0.7 15 60 1.5 6 6/6 6/6 6/6 Planox, 2 poly process, 
switched capacitor 
techniques for analog 
circuits 

NPM5 Yes Yes Yes 0 +0.5 -3.0 15 7 19 0.26 0.7 27 30 0.45 3(E& D) 4/5 5/5 5/5 HMOS!. Dual implants for 
-0.2 -1.3 4 (I) each ENH and DEP 

transistor (optional)" 

NPM6 Yes Yes Yes 0 +0.5 -3.0 15 7 (1.61') 29 0.25 0.8 24 27 0.35 2(0) 3/3 3.5/3.5 3.5/3 Planox; single poly. 
-0.0 -1.3 3.5(1) Stepper technology and 

all dry etch process 

NFN5 Yes Yes Yes 0 +0.8 -2.8 27 11 17 0.75 0.7 15 65 1.2 5 5/4 5/5 5/5 Planox; E2pROM process 

"Also avall~ble with dry etch processing at contact. 

SILICON GATE CMOS 

fopoioglcal Pitch 

Channel 
Beta pHopP pPoly Length Poly n-Well IIff. AI-AI 

Prliceu Channel VTFO YTO UAIV2 ByOSS Gamma HID OlD jJ wls wls wls wls Comments 

CPN5 P -16 -0.9 5.5 -19 0.7 50 20 3 3/3.5 3.5/14 3/5 4/5 Single poly, n-well process 

N +10 +0.9 17 +17 0.5 25 15 3v 3/3.5 3/5 4/5 Available up to 12 V" 

CA72 P -16 -0.9 5.5 -19 0.7 50 1)20 2 2/2.5 2.5/10 2/3.5 3/3.5 Double poly, high voltage 
I 15 

2/25 2/3.5 3/3.5 

N +10 +0.9 17 +17 0.5 25 2)<100 2 

I <100 

Also available uSing stepper technology. 

© Ie MASTER 1984 4875 

~ 
(l) 

1::: 
(l) 
c: 
~ en 



iElCMASTER 
INTERNATIONAL DISTRIBUTORS 

ARGENTINA, COLUMBIA, 
ECUADOR, VENEZUELA, 
MEXICO, PERU 
Intectra 
2629 Terminal Blvd. 
Mt. View, CA 94043 
Tel. (415) 967-8818 

AUSTRALIA 
A J Distributors Pty Ltd. 
P.O. Box 71 
Prospect, S. Australia 5082 
Tel. 269-1244 
Telex (790) 82635 

AUSTRIA 
Becos Electronic Ges. 
M.G.H. 
Gablenzgasse 52 
A-1160 Vienna, Austria 
Tel. 0222/959145 
Telex (847) 134606 

BELGIUM 
J. P. LeMaire S.A. 
Limberg. Stirum 243 
1810 Wemmel, Belgium 
Tel. 02/4784847 
Telex (846) 24610 

BRAZIL 
Fllcre. Importacao 
Rua Aurora 
CEP 01209 
Caixa Postal 18767 
Sao Paulo. Brazil 
Tel. (011) 223 7388 
Telex (391) 113298 

CANADA 
Future Electronics 
237 Hymus Blvd. 
Pointe Claire 
Quebec H9R 5C7 
Canada 
Tel. 514-694-7710 
TWX: 610-421-3251 
Telex 05-82~54 

DENMARK 
Advanced Electronik 
55, Mariendalsvej 
DK2000. Copenhagen. F, 
Denmark 
Tel. 01 194433 
Telex (855) 22431 

ENGLAND 
Paterson/Steadman " 
Partner Ltd. 
The Hub 
Emson Close 
Saffron Walden, Essex 
CB10 1 HL, England 
Tel. 27067 
Telex (851) ~1653 
J. B. Tratsart Ltd. 
Dogmersfleld Nr. 
Baskingstroke 
Hampshire RG27 8SU, 
England· 
Tel. 02514 3334 
Telex (851) 916196 

FINLAND 
ITT Multikomponent 
Tyopajakatu 5 
PL 107,00501 
Helsinki 50, Finland 
Tel. 739100 
Telex (857)121450 

FRANCE 
Consellet Promotion 
28 Rue de la Procession 
92150 Suresnes, France 
Tel. 5064275 
Telex (842) 614596F 

HOLLAND 
Manudax-Nederland B.V. 
54732G Heeswijk (N.B.) 
Meerstraat 7, Holland 
Tel. 04139 2901 
Telex (844) 50175 

HONG KONG 
Conmos Products, Ltd. 
Haynein Bldg., 11th Floor 
1 Tal Vip Street 
Keun Tong, Kowloon, 
Hong Kong 
Tel. 3-684572 
Telex (780) 85448 

INDIA, MALAYSIA, 
SINGAPORE. THAILAND 
Radio " Craft Publicatiolll 
4794/23 Sharat Ram Road' 
Daryanganj, New Delhi 2, 
India 
Tel. 277147 

ISRAEL 
STG International Ltd. 
10 Humberman Street 
P. O. Box 1276 
61012 Tel Aviv, Israel 
Tel. 248231 . 
Telex (922) 342229 

ITALY 
Gruppo Edltoriale Jackson 
S.R.L. 
Via Rosellini 12 
20124 Milan, Italy 
Tel. 68 80951 
Telex (843) 315366 

JAPAN 
Asahl Glasa Company, Ltd. 
Electronic Components 
Group -
1-2 Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, 
Japan 
Tel. (03) 218-5813 
Telex (781) TK4616 

Overseas Data Service Co. 
Ltd. 
Shugetsu Building No. 12-7 
Kita-Aoyama 3-chome 
Minato-ku, Tokyo 107, Japan 
Tel. (03) 400-7090 
Telex (781) J26487 

I HEARST BUSINESS COMMUNICATIONS, INC./UTP DIVISION 
tIearst I 645 Stewart Avenue, Garden City, NY 11530 (516) 222·2500 TWX: 516-222-1873 

Tokyo International 
Communications Inc. 
Miyajima Bldg. 
28 Yoyogi 1-chome, 
Shibuya-ku 
Tokyo 151, Japan 
Tel. 379-2561 
Telex (781) 33106 

NORWAY 
Fagbokservice A.S. 
Ekebergn, 130B 
Box 94 
Bekkelagshogda, Oslo 2, 
Norway 
Tel. (02) 282237 

SOUTH AFRICA 
Suntronlka 
Dargene House, 
10 Station Street 
Braamfontein, Johannesburg 
South Africa 
Tel. 725-1210 
Telex (960) 4-24143 

SPAIN 
Sagllron 
Castello 25, 2, 0 

Madrid 1, Spain 
Tel. 402 6085 
Telex (831) 43819 

SWEDEN 
Fertronic AB 
Snormakarvagen35 
Box 56, 
16126 Bromma, Sweden 
Tel. 08/252610 
Telex (854) 11181 

SWITZERLAND 
W. Stolz AG 
Taefernstrasse 15 
CH-5404 Baden-Daettwil 
Switzerland 
Tel. 056 840151 
Telex (845) 54070Z 

TAIWAN 
Helm Engineering " 
Trading Co. 
49 No. 143 Section 4 
Hsin Vi Rd. 
Taipei, Taiwan, ROC 
Tel. 709-1888 
Telex (785) 28204 

TURKEY 
EMPA Elektronik 
(Mamullerl Pazarlama AS) 
Tersane Cad. Kuthan 38/408 
Tr-Kara Koy - Istanbul, 
Turkey 
Tel. (11) 496249 
Telex 24429 

WEST GERMANY 
Astronic GmbH 
Winzererstrasse 47d 
8000 Munich 40, 
West Germany 
Tel. (089) 309031 

, Telex (841) 5216187 



Were you told to go full custom because no one could get close ,to your 
precision analog specs? Get the facts abOut the world's first silicon gate 

CMOS precision analog and analog-digital ULA-the Telmos TM 6000. 

PRECISION ANALOG SPECS BUILD THESE SUBSYSTEMS·ANO MORE ... 
Compare the TM 6000 specs-they are 5 to 

20 times more precise than a metal gate ULA. 
• Op amps «5 mV offset) • Switched capacitor filters 
• AID converters • DC/DC converters 
• D/ A converters • V /F converters 
• Crystal or voltage • Flash A/D converters 

controlled oscillators • Analog multiplexers 
• Phase locked loops • Zener/bandgap volt ref. 

• 90nV/.jHZ 
• 5 MHz gain bandwidth product 
• 0.1% capacitance matching 
• 80 ppm/oC internal bandgap reference 
• 5.7 V buried zener (w/200 n internal R) 
.' Switch cap. filter (50 KHz corner frequency) 
• Plus other key analog specs 

AND IF ANALOG ISN'T YOUR BAG 
For all digital subsystems use Telmos' high speed 

TM 4000 CMOS silicon gate arrays or the low cost 
TM 3000 metal gate arrays. For applications re
quiring up to 300 volt output transistors, inquire 
about the TM 5000 High Voltage CMOS gate arrays. 
Send for Design Manuals. 

DESIGNER FLEXIBILITY 
VS. PREDETERMINED CELLS 

Forget about rigid design rules and predetermined 
cells. The TM 6000 allows engineers the full use of 
their design creativity and imagination. It provides 
complete circuit flexibility and choice of designs. 
Send for the TM 6000 Design Manual and designers 
kits that consist of selected cell library config
urations. All designer aids are immediately available 
and more are added each ,month. 

Call AI Kadis, Manager of Marketing at (408) 732-4882. 

Send for Information / Manuals: 

Model TM 6000 AID Array 
o Manual - $70 
o Kit Information (1-21 below) 

1. Voltage Splitter for DC-DC converter use. 

2. Medium performance (12 micron gate) 
operational amplifier. 

3. High performance (24 micron gate) 
operational amplifier. 

4. 12 micron N-channel devices with P-well 
contact to determine MOS characteristics. 
12 micron N-channel Current mirror. 

5. 24 micron N-channel devices with P-well 
contact to determine MOS characteristics. 
24 micron N-channel Current mirror. 

6. Second-order low-pass switched 
capacitor filter. 
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EUROPEAN OPERATIONS AND DESIGN CENTER: West Germany; 
Telmos GmbH, Ellingerweg 98, 8000 Munchen 8.0, Tel: (089) 432004. 

7. High speed comparator. 

8. Sandgap reference. 

9. Eight bit monotonic DAC. 

10. High impedance N-channel and 
P-channel devices. 

11. High speed differential amplifier with 
fixed gate. 

12. Four bit flash converter. 

13. 12 micron P-channel devices with 
substrate contact to determine 
MOS characteristics. 12 micron 
P-channel current mirror. 

14. 24 micron P-channel devices with 
substrate contact to determine 
MOS characteristics. 24 micron 
P-channel current mirror. 

Telmos Inc. 
740 Kifer Road 
Sunnyvale, CA 94086 

15. Voltage controlled oscillator (VCO). 
16. Triple P-channel Op-amp. 
17. Quad P-channel Op amp. 
18. Triple N-channel Op amp. 
19. Quad N-channel Op amp. 
20. Quad comparator. 
21. Second-order high-pass switched 

capacitor filter. 

Model TM 5000 High Voltage Gate 
o Information 

Model TM 4000 Silicon Gate 
o Manual - $35 
o Information 

Model TM 3000 Metal Gate 
o Manual - $35 
o Information 
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TI Standard-cell 1echnology: 

PRODUCT PREVIEW 

This page contains information on a product under 
deveiopment. Texas Instruments reserves the right to 
change or discontinue this product without notice. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

Now, you can achieve better perfonnance 
by matching logic more closely to your 
design requirements. Tl's new 3~fJ.m 
CMOS standard~cell technology is the 
fast, simple means by which you can gain 
the advantages of VLSI custom chips at 
a price you can afford. TI CMOS 
standard~cell technology lets you design 
your own semicustom ICs. Quickly. 
Economically. And best of all, using 
familiar design rules and techniques that 

. let you focus on your logic design, 
rat~er than on IC design. 

Semicustom logic 
made affordable 
A single semicustom chip created with 
Tl's standard~cell technology lets you 
replace hundreds of discrete TTL compo~ 
nents' Allowing you to dramatically 
reduce your system parts count. Improve 
reliability. Lower power dissipation. 
Develop a lighter, more compact prod~ 
uct. And decrease assembly costs 
because of fewer parts and fewer inter~ 
package connections. 

What's more, system cost with Tl's 
standard~celliogic is often much less 
than with discrete logic. 

Easy does it 
TI's standard~cell system makes develop~ 
ing semicustom logic as easy as arranging 
packaged logic chips on a PC board. All 
you do is develop your design using familiar 
TTL logic functions as your building blocks. 

Your schematic can be in the fonn of a 
discrete IC breadboard. Or you can 
draw your schematic on paper, or set it 
up using an engineering work station. 
Then, you create a simulation model for 
your schematic and exercise it to verify 
performance and define the tests that 
your chips must pass in production. 

~ Simple yet advanced, TI standard~cell 
technology lets you develop one~chip logic 
systems using traditional TTL design 
techniques. Extensive support from TI 
includes advanced engineering work stations 
now located at all TI Regional Technology 
Centers. The reduced cost, size, 
weight, and power consumption of TI 
standard~cell chips can benefit products 
ranging from simple electronic games to 
logic-intensive systems for advanced 
computers. 
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Semicustom CMOS logic you 
design using your TTL knowhow. 

TYPICAL STANDARD-CELL DESIGN 
Standard,cell functions are also packed 

much more densely than logic;array 
functions. That's because the functions 
are separately selected and placed on chip 
for each design. In contrast, logic arrays 
must implement the desired function~ 
using a preset collection of logic elements, 
such as NOR gates. 

APPUCATION 
• FLOPPY-DISK LOGIC DISPLACEMENT-a-BIT MICROPROCESSOR DESIGN WITH ROM AND DRAM INTERFACES 
• PRESENT DESIGN-48 LPS AND SCHOTTKY DEVICES 
• THIS DESIGN-1-40 PIN 1.550-GATE STANDARD CELL 

PERFORMANCE ANALYSIS 
IMPACT AREA 
PERFORMANCE 
POWER DISSIPATION 
PC BOARD AREA 
NO. OF SOLDER JOINTS 
COMPONENT COST 

DESIGN DELIVERY TIMING 
ACTIVITY 
DESIGN IDENTIFIED 
DESIGN SUBMIITED TO RTC 
RTC SUBMISSION TO FACTORY 
FACTORY SUPPLIES PROTOTYPES 
FIRST PRODUCTION DELIVERY 

LPS DESIGN 
~ 
1.35 W 
40 SQ. INCHES 
720 
X 

WEEKS 
-0-

4 
6 
7 
6 

CUM. 
-0-

4 
10 
17 
23 

STANDARD CELL 
LPS EQUIVALENT OR BEITER 
SOmW 
3 SQ. INCHES 
40 
0.3X 

COMMENTS 
QUOTE. TERMS. AND CONDITIONS 
LPS SCHEMATICS AND TEST DATA 
COMPUTER-GENERATED DATA BASE AND LAYOUT 
20 UNITS TO SPECIFICATION 
HIGH-VOLUME MANUFACTURE 

TI standard,cell ICs let you avoid the 
. problem of "unused" gates. They also 
minimize silicon,consuming routing areas 
needed to interconnect logic arrays. 

Low logic costs per installed gate combine with quick turnaround times to help bring your system 
cost down the learning curve faster. 

The result is cost,effective, compact 
ICs that pack much more functionality 
in less chip space. 

After that, your responsibilities are 
over. TI handles all the time,consuming 
details of chip layout, testing, and -
verification. Turnaround time and costs 
are kept to a minimum by Tl's automated 
design system. 

This approach gives you tWo key 
advantages. First, it lets you capitalize 
on the expertise you've developed over 
years of using standard logic families like 
SN54174LS Low,power Schottky TTl,. 
Second, it gives you the benefit of Tl's 
decades of experience in IC design. 

If you prefer, you can do the chip 
layout yourself In this case, TI supplies 
the specifications you need to layout 
your design using standard cells. 

Wide choice of functions 
eases design task 
Many popular functions equivalent to 
SN54174 devices are already available in 
TI's new SN 5417 4SC family of standard, 
cell logic functions. The current family 
members are 3'l-Lm twin,well CMOS 
parts based on TI's SN54174HC family of 
high,speed CMOS logic functions. The 
new SN 5417 4SC family meets or exceeds 
SN54174HC specifications and offers 
the same advantages of low power con, 
sumption, high noise immunity, flexible 
power,supply requirements, and switch, 
ing speeds comparable to Low,power 
Schottky performance .. 

With a -Z'picofarad load, the typical 
propagation delay is 3 ns per gate, with a 
typical power dissipation of 60 I-L W per 
gate at 1 MHz. Electrostatic discharge 
protection on input and output buffers 
exceeds ZCXX) volts. Latchup protection 
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on outputs has been shown to exceed 
± 300 rnA. at room temperature, 

Many new standard,cell functions are 
coming soon. Plans include unique "pro, 
cedural cells" that let you partially 
define your own on,chip RAM, ROM, 
ALU, counters, and other functions. 
Also upcoming is a series of advanced 
standard,cell functions offering 
Advanced Low,power Schottky perfor, 
mance levels. 

Depending on your design needs, TI 
standard,cell ICs can be packaged in 
anything from 8'pin DIPs to multipin 
_chip carriers. And MIL versions will also 
be available. t 

Sized to fit 
What's more, standard,cell ICs are sized 
to meet your specific design require' 
ments. You aren't tied to a specific chip 
size, as in the case of gate or logic arrays. 
tCheck field sales office for availability. 

. This translates into substantial savings 
in IC production costs. Savings that 
make TI standard,ceU solutions an 
attractive choice for iow, as weB as 
high,volume products. 

Versatile loiic ICs 
You can plit standard,cell ICs from TI 
to work in just about al).y system requir, 
ing digital logic. Like printers and 
terminals. Dedicated .controllers. Instru, 
mentation. Automotive controls. Video 
games, personal computers, and other 
consumer electronic products. 

Standard,cell ICs from TI provide 
the affordable logic you need to build 
better man, to' machine and machine,to, 
machine interfaces into your products. 
For "friendlier" computers and "smarter" 
office systems. 

The modest power, size, and weight 
requirements of Tl's CMOS standard,cell 
chips are also ideal for battery,poweretl 
and portable equipment. 

MINIMUM SIZE 
LOW DRIVE 

TYPICAL CELLS 

MEDIUM SIZE 
MODERATE DRIVE 

MAXIMUM SIZE 
HIGH DRIVE 

Each function in the SN54174SC family has a number of physical implementations, allowing 
TI to better optimize your circuit design. , 

TEXAS 
INSTRUMENTS 
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Simple design, system with quick 
Texas Instruments step--by--step approach 

speeds development of SN54/74SC semicustom logic~ 

TI's standard~cell integration system 
offers two basic routes for developing 
standard~cell ICs. With one, you design 
the logic system you need and leave the 
chip layout and verification to TI. Or you 
can do the layout yourself, using standard~ 
'cell specifications. Here's the typical 
design sequence you'll follow if TI does 
the layout: 

1 You develop a schematic or dis
crete IC breadboard of the required 
logic system using SN54174SC func
tions (your schematic can be drawn 
on paper or via an engineering work 
station). 

TI runs a post-layout sim
ulation to validate the 
performance from the 
layout, including the 
extJaCtion of the .nter~ 

TI develops a computer
aided layout of your design. 

TI runs a simulation, 
test"bility analysis, test
pattern grading, and tech
nology check to double-

4880 

6 connect delays. 

TI runs a schematiC
verification program to 
check the chip layout 
against the TIDAL-

7 encoded logic diagram. 

TI runs a final simulation 
step to demonstrate the 
AC performance of the 
logic design. Results are 
submitted to you prior to 
prototype fabrication and 
become, on your approval, 
the final conformance 
specification of your 

8 standard-celllC design. 

5 

11 inputs the layout data 
base to pattern-generation! 

9 slice-writing equipment. 

4 check your logic design. 

Prototypes are fabri
cated, assembled, and 
tested against prefabrica
tion test specifications. 
Testing is performed using 
your simuiation model 
as a "known good unit." 

11 Prototypes are shipped to you 
for in-system evaluation and the deci
sion to go to production. 

TEXAS 
INSTRUMENTS 
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2 You create a TIDAL' data base 
for your design using a schematic
capture program. This can be done 
either at your plant site using an 
engineering work station or at your 
local TI Regional Technology Center. 

3 You input your TIDAL data 
base to various design tools to perform 
simulation, testability analysis, test 
generation, and test-pattern grading. 
All these tools are available through 
your local TI Technology Center, 
along with computers to run them. 
Some of the tools can be run on your 
own computer or accessed via a 
remote-job-entry connection 
(depending on the type of computer 
you have). 

'TI's high-level hardware description language. 
Trademark of Texas Instruments. 
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turnaround. 
All the support you need ... 
nearby 
The support you need to create your 
standard,cell deSign is conveniently avail, 
able at your nearest TI Regional Tech, 
nology Center. 

Each Technology Center is staffed 
with a team of standard,cell specialists 
who will work closely with you to 
coordinate Tl's layout, testing, and 
fabrication efforts with your design goals 
and product schedule. 

automation. Many of the tools----:-such as 
Tl's proprietary layout,verification soft, 
ware-have provided major productivity 
improvements on scores of TI designs 
for ICs. This sophisticated design system 
gives your standard,cell design a very high 
probability of first,pass prototypes which 
are not only functional but producible. 

Fast turnaround 
Tl's design system cuts manual inter' 
vention in the design process to a mini, 
mum, resulting in very short design, 
cycle times. 

To speed things up still further,TI's 
Customized Components Division (the 
division responsible for TI's standard,ceil 
product area) has its own dedicated 
wafei .. fabrication facility a..n..d assembly 

Important Notice: Texas Instruments reserves the right to make 
changes at any time in order to improve designs and to supply 
the best possible product. 

Texas Instruments provides customer assistance in varied 
technical areas. Since TI does not possess full access to data 
concerning all of the uses and applications of customers' 
products. responsibility is assumed by TI neither for customer 
product design nor for any infringements of patents or rights of 
others which may result from TI assistance. 

and teSt facility for prototype and low, 
volume IC production. . 

In most cases, you'll have prototypes 
in your hands within six to eight weeks 
after joint approval of design data base.:\: 
Our objective is to be fast- our com' -
mitment is to provide on, time delivery of 
ICs that fully meet your specifications. 
Providing the crucial edge you need in 
getting a product to market ahead of your 
competition. 

For more information 
To find out more about the TI standard, 
cell integration system, please contact 
your nearest TI field sales office as 
listed on the back cover. 

:j:Cycle time from initial design to prototype shipments is 
t)'p!ca!!y 10 to 12 weeks, . 

Support services include a telephone 
hot line for getting fast answers to tech, 
nical questions. In,depth training courses 
on standard,cell technology. Assistance 
in design optimization and test develop, 
ment. Access to hardware and software 
design tools. Even complete turnkey 
design services. With the all, important 
personal contact that ensures a quick 
response to your needs. Texas Instruments SN54/74SC Functions 

Streamlined design system 
Tl's standard,cell integration system 
features a set of state,of,the,art, fully 
integrated design,automation tools. 
These range from schematic,capture and 
design,simulation programs to design, 
verification software and automated 
tooling equipment. 

All the tools can share design infor, 
mation via TI's TIDAL Transportable 
Integrated Design Automation Language. 
This save.s valuable engineering time by 
eliminating the need to recode 
incompatible programs. 

Many of the design tools can run on 
your own system (depending on the level 
of the tool). Systems like the IBM 
personal computer, IBM 4341, 
VAX 111780 ™ systems, and a wide vari, 
ety of engineering work stations. . 

Some of the software tools are also 
available for licensing. Dial,up access to 
the more complex design software is 
available through the Regional Technol, 
ogy Centers. In addition, engineering 
work stationS are located at each of the 
Technology Centers for designers who 
wish to come in and use them. 

Tl's design system is the outcome of 
two decades of involvement in design 

T. Digital Equipment Corporation 
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GATES 
74SCOO 2.·INPUT NAND 
74SC02 2-INPUTNOR 
74SC04 INVERTER 
74SC08 2·INPUT AND 
74SCIO 3·INPUT NAND 

• 74SCII 3·INPUT NAND 
74SC20 4-INPUT NAND 

• 74SC21 4-INPUT AND 
.74SCZ2 5-INPUT NAND 

74SC27 3-INPUTNOR 
• 74SC30 8-INPUT NAND 

74SC32 2-INPUTOR 
• 74SC86 2-INPUTXOR 
• 74SC260 5-INPUTNOR 
.74SC266 2-INPUTXOR 
.74SC425 3·STATE BUFFER. LOW ENABLE 
.74SC426 3-STATE BUFFER. HIGH ENABLE 
• 74SC2000 6-INPUT NAND 
• 74SC2001 ' 7-INPUT NAND 
• 74SC2002 6-INPUTOR 
.74SC2003 7-INPUTOR 
• 74SC2004 5-INPUTAND 
.74SC2005 6-INPUT AND 
• 74SC2006 7-INPUT AND 
.74SC2007 8-INPUT AND 
• 74SC2008 5~INPUTOR 
• 74SC2009 6-INPUTOR 
• 74SC2010 7-INPUTOR 
.74SC2011 8-INPUTOR 

74SC4002 4-INPUTNOR 
74SC407Z 4-INPUTOR 
74SC4075 3-INPUTOR 

.74SC4078 8-INPUTNOR 
FLIP-FLOPS, REGISTERS, LATCHES 

74SC74 D-TYPE FF 
• 74SC75 TRANSPARENT LATCH 
• 74SCI09 J-K BAR FF. PE'f 
.74SCl12 J-K FF. NET 
e 74SC373 OCTAL TRANSPARENT LA.TCH 
.74SC374 OCTAL D-TYPE REGISTER 
.74SC2I01 D-TYPE FF WITH PARALLEL LOAD 
.74SC2I02 T-TYPE FF 
• 74SC2I03 T-TYPE FF WITH PARALLEL LOAD 
• i4SC2104 GATED T-TYPE FF 
• 74SC2105 GATED T· TYPE FF WITH PARALLEL LOAD 
• 74SC2l06 GATED T-BAR FF 
• 74SC2107 GATED T-BAR FF WITH PARALLEL LOAD 

TEXAS 
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CO~RS,~RS 
.74SC192 UNIVERSAL 4-BIT DECADE COUNTER 
• 74SCl93 UNIVERSAL 4-BIT BINARY COUNTER 
.74SC194 UNIVERSAL 4·BIT SHIFT REGISTER 
• 74SCl98 UNIVERSAL 8-BIT SHIFT REGISTER 
.74SC2200 UNIVERSAL 8-BIT BINARY COUNTER -
.74SC2201 UNIVERSAL 8-BIT DECADE COUNTER 

DECODERS, MULTIPLEXERS 
• 74SC138 3:8 DECODER 
• 74SC139 2:4 DECODER 
• 74SCl50 16:1 MUX 
• 74SCl54 4:16 DECODER 
• 74SC25 I 8:1 MUX 
.74SC253 4:1 MUX 
.74SC258 2:1 MUX 

COMPARA1ORS, PARITY GENERA10RS 
• 74SC85 4-BIT COMPARATOR 
• 74SC280 PARITY GENERATOR 
.74SC348 PRIORITY ENCODER 
.74SC688 8-BIT COMPARATOR 

ADDERS, ALUs, SUPPORT FUNCfIONS 
• 74SC83 4-BIT ADDER 
.74SC181 ALU 
.74SC182 CARRY GENERATOR 

74SC482 CONTROL ELEMENT 
• 74SC2300 RC CRYST~L OSCILLATOR 

ROM, RAM 
.74SC189 16x4 RAM 
• 74SC371 256x8 ROM 

INPUT BUFFERS 
74SC5000 CMOS INPUT BUFFER 
74SC5001 TTL INPUT BUFFER 

.74SC5002 2 rnA BIDIRECTIONAL 1/0 BUFFER 

.74SC5003 SCHMITT INPUT BUFFER 
• 74SC5004 4 mA BIDIRECTIONAL 1/0 BUFFER 

OUTPUT BUFFERS 
74SC5100 2 rnA OUTPUT BUFFER 
74SC5IOl 2 rnA OUTPUT BUFFER. 3·STATE 
74SCSI02 2 rnA OUTPUT BUFFER. OPEN DRAIN 

• 74SCSI03 4 mA OUTPUT BUFFER 
• 74SC5104 4 mA OUTPUT BUFFER. 3·STATE 

• Planned availability 4Q83 • Planned availahility IH84 
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TEXASINSTR~ENTS 
SN54/74SC STANDARD CELL 

PRODUCT SUMMARY 
FUNCTION DESCRIPTION 

Ci 
(pF) 

Internal Cell Functions: 

Inverters 

SN54/74SC04 
IVIIO 
IVI20 
IVI40 
IVI60 
IV180 

NAND Gates 

SN54/74SCOO 
NA210 
NA220 
NA230 
NA240 
NA260 

SN54174SCI0 
NA310 
NA320 
NA330 
NA340 

SN54174SC20 
NA410 
NA420 
NA430 

NOR Gates 

SN54174SC02 
N0210 
N0220 
N0230 
N0240 

SN54174SC27 
N0310 
N0320 
N0330 

SN54174SC4002 
N0410 
N0420 

Always Active 
I X (Minimum Drive Capability .... "" .. ",." " 

2X .. " '"""" .. "" .... ",." .... "" .... ,. ........................ 

4X ............ " .................. " .................. e· ........... 

6X ...................... " ............................ " ............ 

8X .................................... " ........................ ,. .. 

2-Input NAND 
IX .................................. " .............................. 

2X .............. a ................................... , ....... " .... 

3X .................................................................. 

4X .................................................................. 

6X .................................................................. 

3-Input NAND 
IX .......................................... " .......... " .......... 

2X .................................................................. 

3X .................................................... " ............ 

4X .. .. .. " .. .. .. .. .. . . " . ~ . " ~ ~ ;. " " . .. . .. . .. .. .. .. .. .. .. 

4-Input NAND 
IX .................................................................. 

2X .................................................................. 

3X ................................................................. 

2-Input NOR 
IX ................................................................. 

2X .................................................................. 

3X .................................................................. 

4X .................................... e e ........................ e 

3-Input NOR 
IX .......... e .... e .. e .......................... e ................ 

2X ...................... e .... e ...................... e .. e ........ 

3X ...................................... e .......................... 

4-Input NOR 
IX 
2X 

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

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

TEXAS \ 
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0.15 
0.32 
0.67 
1.01 
1.34 

0.15" 
0.33 
0.50 
0.68 
1.07 

0.12 
0.31 
0.48 
0.65 

0.14 
0.32 
0.48 

0.12 
0.29 
0.43 
0.58 

0.10 
0.27 
0.41 

0.13 
0.24 
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DELAY 
tpD 
(ns) t 

2.8 
1.8 
1.2 
1.0 
0.9 

3.3 
2.0 
1.8 
1.5 
1.4 

4.2 
2.5 
2~2 

2.0 

5.0 
3.2 
2.8 

4.3 
2.5 
2.1 
1.8 

5.9 
3.7 
3.0 

7.5 
4.9 

dDELAY 
d (tpD) 
(ns/pF) t 

1.5 
0.8 
0.5 
0.4 
0.3 

1.9 
0.9 
0.6 
0.5 
0.4 

2.5 
1.1 
0.7 
0.5 

3.0 
1.2 
0.8 

2.6 
1.3 
0.8 
0.6 

3.8 
1.9 
1.2 

4.3 
2.3 
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FUNCTION 

AND Gates 
SN54174SC08 

AN210 
AN220 
AN240 
AN260 

SN54174SC 11 
AN310 
AN320 
AN340 
AN360 

OR Gates 
SN54/74SC32 

OR2IO-
0R220 
OR240 
0R260 

SN54174SC4075 
OR3iO 
OR320 
OR340 
OR360 

SN54174SC4072 
OR410 
OR420 
OR440 
OR460 

FLIP-FLOPS 
SN54174SC74 

DFB20 
DFP20 
DFC20 

DESCRIPTION 

2-Input AND 

Ci 
(pF) 

IX ................................. 0.15 
2X ................................. 0.15 
4X ..... ' .......... '.' ................ _ 0.15 
6X ......................... , ........ 0.33 

3-Input AND 
IX .................................. 0.14 
2X ................................. 0.14 
4X ................................. 0.·14 
6X ................................. 0.32 

2-Input OR 
IX ................................ . 
2X ................................ . 
4X ................................ . 
6X 

3-Input OR 
IX ................................ . 
2X ......................... , ...... . 
4X ................................ . 
6X 

4-Input OR 
IX ................................ . 
2X ................................ . 
4X ................................ . 
6X 

D-Type FLIP-FLOPS 

0.17 
0.17 
0.29 
0.29 

0.14 
0.14 
0.24 
0.24 

0.12 
0.12 
0.23 
0.23 

Preset & Clear . . . . . . . . . . . . . . . . . . . . . . .. 0.13 
Preset .............................. , 0.13 
Clear ............................... 0.13 

DFN20 No Preset or Clear .................... 0.16 
DFY20 D Low, Preset ....................... 0.29 
DFZ20 D Low, Preset & Clear ................ 0.29 

External Input and Output (I/O) Cell Functions: 

Input Cells 
SN54174SC5000 

IPAOO 
IPB()() 
IPCOO 

SN54174SC500 1 
Tn.&.n,., 
lrf\.V..J 

IPB03 
IPC03 

@ Ie MASTER 1984 

CMOS Level Input, Inverting 
Minimum Height Cell .................. 1.0 
Corner Cell ........................... 1.0 
Minimum Width Cell ................... 1.0 

TTL Level Input, Inverting 
Minimum Height Cell .................. 1.7 
Corner Cell ........................... 1.7 
Minimum Width Cell ................... 1.7 

PRODUCT PREVIeW 

This page contains information on a product ~ 
devalopment. Taxes Instruments reserves the right to 
change or discontinue this product without notice. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

DELAY 
tpD 
(ns)t 

3.8 
3.5 
3.1 
2.8 

4.5 
4.1 
4.6 
3.5 

4.3 
4.0 
3.3 
3.7 

c: .., 
..J.~ 

5.0 
4.3 
5.1 

6~5 
6.2 
5.5 
5.8 

8.8 
7.9 
7.9 
7.0 
7.3 
7.9 

1.6 
1.6 
1.6 

1 £. 
1.V 

1.6 
1.6 

dDELAY 
d(tpD) 
(ns/pF)t 

1.0 
0.5 
0.3 
0.2 

1.2 
0.7 
0.5 
0.3 

1.4 
0.8 
0.4 
0.3 

1 A 
~ .'T 

0.9 
0.5 
0.4 

1.5 
0.9 
0.5 
0.4 

0.7 
0.7 
0.7 
0.7 
0.7 
0.7 

0.7 
0.7 
0.7 

{\A v . .,. 

0.4 
0.4 
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Ci 
DELAY 

FUNCTION DESCRIPTION 
(pF) tpD 

(os) t 

Output Cells 

SN54174SC5100 Push-Pull, 2 rnA, Non-Inverting 
OPA20 Minimum Height Cell .................................. 0.53 8.6 
OPB20 Comer Cell .................................................... 0.53 8.6 
OPC20 Minimum Width Cell .................................... 0.53 8.6 

SN174SC5101 3-State, 2 rnA, Non-Inverting 
OPA22 Minimum Height Cell .................................. 0.53 12.0 
OPB22 Corner Cell .................... " ...... " ...................... 0.53 12.0 
OPC22 Minimum Wdith Cell .............. e .................... 053 12.0 

SN54174SC5102 Open-Drain, 2 rnA, Non-Inverting 
OPA21 Minimum Height Cell .................................. 0.56 8.4 
OPB21 Corner Cell .................................................... 0.56 8.4-
OPC21 Minimum Width Cell .................................... 0.56 8.4 

t Delays are nominal values at room temperature and 5.0 volts. Internal cell delays are at 1.0 pF load. Output cell 
delays are at 15 pF. Gate delays and delta delays are average of tpHL and tpLH. Flip-flop delays are average of 
clock to "Q" and clock to "Q-BAR". These delays are presented to illustrate the typical capability ofthe SN54174SC 

dDELAY 
d (tpD) 
(os/pF)t 

,!g CMOS standard cell family. Please consult the appropriate data sheet before starting design. 
C 
Q) 

E 
:J 
'..... 
rn 
c 
CI) 
as 
X 

~ 
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FUNCTION 

Internal Gates 

• 54174SC425 
• 54174SC426 
... 54174SC240 
... 54174SC231 
• 54174SCII 

• 54174SC21 
... 5417 4SC2004 
... 5417 4SC2005 
... 5417 4SC2006 
... 5417 4SC2007 

• 54174SC22 
... 54174SC2000 
... 54174SC2001 
.54174SC30 
... 54174SC2008 
... 5417 4SC2009 
... 5417 4SC20 I 0 
... 5417 4SC20 I I 

• 5417 4SC260 
... 54174SC2002 
... 5417 4SC2003 

• 54174SC4078 
·54174SC86 

• 54174SC266 

TEXAS INSTRUMENTS 
SN54/74SC STANDARD CELL 

PLANNED PRODUCTS 

DESCRIPTION FUNCTION DESCRIPTION . 

Bistable Latches 

Buffer, 3-State, Active Low .54174SC75 Active High Enable, or Set/Reset 
Buffer. 3-State, Active High • 54t74SC373 D-Type Latch. 3-State 
Inverter, 3-State, Acti>le Low 
Inverter, 3-State. Active High Flip-Flops 
3-Input AND 
4-Input AND • 5417 4SC 109 J-K, Positive Edge Triggered 
5-Input AND • 54174SC 112 J-K. Negative Edge Triggered 
6-Input AND ... 54174SC374 D-FF. 3-State 
7-Input AND • 54174SC2101 D-FF, ASYNC Load 
8-input AND • 5417 4SC2 102 Togg!e-FF 
5-Input NAND • 5417 4SC21 03 Toggle-FF, ASYNC Load 
6-Input NAND ... 54174SC21 04 T -FF, Active High 
7-Input NAND ... 54174SC2105 T-FF, Active High, ASYNC Load 
8-Input NAND ... 5417 4SC2 106 T -FF, Active Low 
5-Input OR ... 5417 4SC21 07 T-FF, Active Low, ASYNC Load 
6-Input OR 
7-Input OR Input, Output & I/O Cells 
8-Input OR 
5-Input NOR • 54174SC5003 Input Buffers with Hysteresis 
6-Input NOR • 54174SC5002 Bidirectional Buffers. 2 rnA OUT 
7-Input NOR ... 54174SC5004 Bidirectional Buffers. 4 rnA OUT 
8-Input NOR ... 54174SC5005 Bidirectional Buffers. 6 rnA OUT 
Exclusive OR ... 54174SC5103 Output Buffers. 4 rnA OUT 
Exclusive NOR ... 5417 4SC5 i 05 Output Buffers. 6 rnA OUT 

... 54174SC5104 3-State Output Buffers. 4 rnA OUT 
Decoders/Demultiplexers ... 54174SC5106 3-State Output Buffers. 6 rnA OUT 

• 5417 4SC 139 2:4 Decoder/Demultiplexer Counters & Shift Registers 
• 54174SC 138 3:8 Decoder/Demultiplexer 

• 5417 4SC 154 4:16 Decoder/Demultiplexer ... 5417 4SC 192 Universal 4-Bit Decade Counter 
... 54174SC193 Universal 4-Bit Binary Counter 

Multiplexers ... 54174SC2200 Universal 8-Bit Binary Counter 
... 54174SC2201 Universal 8-Bit Decade Counter 

• 54174SC258 2: 1 MUX. 3-State. Enable ... 5417 4SC 194 Universal 4-Bit Shift Register 

• 54174SC 153 4:1 MUX. With or Without Enable ... 54174SCI98 Universal 8-Bit Shift Register 
.54174SC253 4:1 MUX. 3-State. Enable 
• 54174SC!52 8: ! MUX, With or Without Enable 

• 54174SC251 8: I MUX. 3-State. Enable 
... 5417 4SC 150 16: 1 MUX. Enable 

Planned Release Dates . 
• 4Q83 ... I H84 Ll 2H84 

,. TEXAS 
NSTRUMENTS 
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U) .... 
C 
Q) 

E 

FUNCTION DESCRIPTION 

Comparators, Parity Generators 

.. 54174SC85 

.. 54174SC688 ' 

.. 54174SC280 

.. 54174SC348 

4-Bit Comparator 
8-Bit Comparator 
Parity Generator 
8:3 Priority Encoder, 3-State 

Adders, Alus, Support Functions 

.. 54174SC83 

.. 54174SC] 8] 

.. 5417 4SC ] 82 
.54174SC2300 

4-Bit Adder 
ALU 
Carry Generator 
Crystal Oscillator 

RAM, ROM, PLA 

• 54174SC] 89 
.. 54174SC37] 
.54174SC2500 

]6 x 4 RAM 
256 x 8 ROM 
PLA 

::J Planned Release Dates 
~ 

Ci) • 4Q83 ..] H84 A 2H84 
c 
U) 
«S 
X 

~ 

FUNCTION DESCRIPTION 

Procedural Cells 

• 54174SC3000 
A 54174SC30]2 
A 54174SC3013 
.. 54174SC300] 

• 54174SC3002 
.. 54174SC3003 
.. 54174SC3004 
.. 54174SC3005 
.. 54174SC3006 
454174SC3014 
A 54174SC3015 

• 54174SC3007 
• 54174SC3008 
.. 54174SC3009 
.. 54174SC3010 
A 54174SC3016 
A 54174SC30] 7 
.. 54174SC30] ] 

TEXAS 
INSTRUMENTS 

RAM, IK, 2-256 Words x 4-32 Bits 
RAM, Dual Port 
RAM. Serial Access 
ROM 
PLA 
Universal Shift Register 
Synchronous Binary Counter 
Synchronous Decimal Counter 
Register File 
Register File with Stack 
Register File, Dual Port 
Arithmetic Logic Unit 
Synchronous Full Adder 

'Comparator, Magnitude 
Comparator, Equals 
Multiplier 
Barrell Shifter 
LCD Driver 
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FUNCTION 

Internal Gates 

• 54174SC425 
• 54174SC426 
.... 5417 4SC240 
.... 254174SC23I 
• 54174SCII 
• 54174SC21 
.... 54174SC2004 
.... 54174SC2005 
.... 54174SC2006 
.... 5417 4SC2007 

• 54174SC22 
.. 54174SC2000 
.... 54174SC2001 
.54174SC30 
.... 5417 4SC2008 
.... 54174SC2009 
.... 54174SC2010 
.... 54174SC2011 

• 5417 4SC260 
.... 54174SC2002 
.... 5417 4SC2003 

• 54174SC4078 
• 54174SC86 
• 54174SC266 

TEXAS INSTRUMENTS 
SN54/74SC STANDARD CELL 

PLANNED PRODUCTS 

DESCRIPTION FUNCTION DESCRIPTION 

Bistable Latches 

Buffer, 3-State, Active Low .54174SC75 Active High Enable, or Set/Reset 
Buffer, 3-State, Active High • 54t74SC373 b-Type Latch, 3-State 
Inverter, 3-State, Acti>le Low 
Inverter, 3-State, Active High Flip-Flops 
3-Input AND 
4-Input AND • 54174SC 109 J-K, Positive Edge Triggered 
5-Input· AND • 54174SC 112 J-K, Negative Edge Triggered 
6-Input AND .... 54.174SC374 D-FF, 3-State 
7-Input AND .. 54174SC2101 D-FF, ASYNC Load 
8-Input AND • 54174SC2102 Toggie-FF 
5-Input NAND • 5417 4SC2 103 Toggle-FF, ASYNC Load 
6-Input NAND .... 54174SC2104 T -FF, Active High 
7-Input NAND .... 54174SC2105 T-FF, Active High, ASYNC Load 
8-Input NAND .... 5417 4SC21 06 T -FF, Active Low 
5-Input OR .... 5417 4SC21 07 T-FF, Active Low, ASYNC Load 
6-Input OR 
7 -Input OR Input, Output & I/O Cells 
8-Input OR 
5-Input NOR • 54174SC5003 Input Buffers with Hysteresis 
6-Input NOR • 54174SC5002 Bidirectional Buffers, 2 rnA OUT 
7-Input NOR .... 54174SC5004 Bidirectional Buffers, 4 rnA OUT 
8-Input NOR .... 54174SC5005 Bidirectional Buffers, 6 rnA OUT 
Exclusive OR .... 54174SC51 03 Output Buffers, 4 rnA OUT 
Exclusive NOR .... 54174SC5 i 05 Output Buffers. 6 rnA OUT 

.. 5417 4SC5 104 3-State Output Buffers, 4 rnA OUT 
Decoders/Demultiplexers .... 54174SC51 06 3-State Output Buffers. 6 rnA OUT 

• 54174SC 139 2:4 
• 54174SC 138 

Decoder/Demultiplexer Counters & Shift Registers 
3:8 Decoder/Demultiplexer 

• 54174SC 154 4:16 Decoder/Demultiplexer .. 54174SC 192 
.... 54174SC 193 

Multiplexers .... 54174SC2200 
.... 54174SC2201 

• 54174SC258 2: I MUX. 3-State. Enable .. 5417 4SC 194 
• 54174SCl53 4:1 MUX, With or Without Enable .... 5417 4SC 198 
• 54174SC253 4:1 MUX. 3-State, Enable 
• 54174SC 152 8: I MUX, With or Without Enable 
• 54174SC251 8: I MUX. 3-State. Enable 
.... 5417 4SC 150 16: I MUX. Enable 

Planned Release Dates . 
• 4Q83 .... I H84 .!l 2H84 

© Ie MASTER 1984 
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Universal 4-Bit Decade Counter 
Universal 4-Bit Binary Counter 
Universal 8-Bit Binary Counter 
Universal 8-Bit Decade Counter 
Universal 4-Bit Shift Register 
Universal 8-Bit Shift Register 
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FUNCTION DESCRIPTION 

Comparators, Parity Generators 

.. 54174SC85 

.. 54174SC688 ' 

.. 54174SC280 

.. 54174SC348 

4-Bit Comparator 
8-Bit Comparator 
Parity Generator 
8:3 Priority Encoder, 3-State 

Adders, Alus, Support Functions 

.. 54174SC83 

.. 54174SCI81 

.. 54174SCI82 
.54174SC2300 

4-Bit Adder 
ALU 
Carry Generator 
Crystal Oscillator 

RAM, ROM, PLA 

• 54174SCI89 
.. 54174SC37 I 
• 54174SC2500 

16 x 4 RAM 
256 x 8 ROM 
PLA 

2 Planned Release Dates 
Ui • 4Q83 .. I H84 A 2H84 
c 
UJ 
as 
X 

~ 

FUNCTION DESCRIPTION 

Procedural Cells 

• 54174SC3000 
A 54174SC3012 
A 54174SC3013 
.. 54174SC3001 
• 54174SC3002 
.. 54174SC3003 
.. 54174SC3004 
.. 54174SC3005 
.. 54174SC3006 
A 54174SC3014 
A 54174SC3015 
• 54174SC3007 
• 54174SC3008 
.. 54174SC3009 
.. 5417 4SC30 I 0 
A 54174SC3016 
A 54174SC3017 
.. 54174SC3011 

TEXAS 
INSTRUMENTS 

RAM, IK. 2-256 Words x 4-32 Bits 
RAM, Dual Port 
RAM, Serial Access 
ROM 
PLA 
Universal Shift Register 
Synchronous Binary Counter 
Synchronous Decimal Counter 
Register File 
Register File with Stack 
Register File, Dual Port 
Arithmetic Logic Unit 
Synchronous Full Adder 
Comparator, Magnitude 
Comparator, Equals 
Multiplier 
Barrell Shifter 
LCD Driver 
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LOW COST ARRAYS 
FOR TTL REPLACEMENT 

Family 

TWO INTERNAL 
ARRAYS GATES 
TAL-002 320 
TAL-004 500 

I/O 
BUFFERS 

28 
36 

TAL-002, TAL-004 
LOW POWER SCHOTTKY 

LOGIC ARRAYS 
JUNE 1983 - REVISED OCTOBER 1983 

.. Technology 

Established Double Level Metal Low Power 
Schottky 

• Layout 

Designed for the user at His Own location 
or by TI Regional Technology Centers 

• Internal Gates 

Single 5-V Power Supply 
5 ns Maximum Gate Delay at 1.25 mW 
Gate Dissipation . 
Toggle Rate 25 MHz 
Twenty-Two Standard Macros currently 
available 

• 1/0 Buffers 

Standard True and Complement Input 
NAND Output 
Three-State Output 
Standard 1/0 
Open-Collector NAND Output 
Schmitt Trigger Input 
Power-Up Reset Circuit 

description 

• Design Verification 

Closed Loop Logic to Layout Check 
Test Pattern and Design Rule Check 
Logic, Timing and Fault Simulation 
Easy Access by User to TI Software 

The TAL family of devices are Low Power- Schottky master slices which are held in stock at TI. The master slices 
are converted into LSI slices by the deposition of two layers of metal according to an interconnection pattern drawn 
by the user on a TI supplied translucent grid. The resulting devices are tested according to input-output logic patterns 
devised by the user, and become the user's proprietary LSI parts . 

. A comprehensive design manual sets out the logic and layout rules for the process and also explains a simple short
hand method of describing the circuit so that a detailed check of layout and test patterns can be carried out at TI. 
This computer aided check comprehends logic, layout, and test patterns and results. in a dialogue in which the user 
and TI work together to eliminate errors prior to mask fabrication. 

The layout task is considerably eased by the availability of standard overlays for commonly used logic functions and 
standard buffers are provided for inputs and outputs. The user is also able to specify his own blocks of logic incases 
where a number of identical pieces of circuit occur in the design. 

As can be seen from Figure 1, the array consists of blocks of five input NAND gates of which any four are useable 
in anyone cell. The gates consist of output transistor TI and multi-emitter transistor T2. The emitter of T1 is normally 
connected to ground and its collector can feed up to eight subsequent multi-emitter inputs within the array . The logic 
design rules for the interconnection of gates are explained in detail in the design manual. 

© Ie MASTER 1984 

Copyright © 1983 by Texas Instruments Incorporated 
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TAL-002, TAL-004 
LOW POWER SCHOTTKY 
LOGIC ARRAYS 

TAL-004 TAL-002 

• • 
• • • • 
• • • • 
• ODD 0 D • • • 
• 

DDD D D 

• ROUND 

• • • 
GROUND; 

ODD D D ,GROUND • 
• 

DDO 0 0 • • 
• • • 
• 

ODD 0 0 • 
• • DBLOCK OF 20 

NAND GATES 
• • o BLOCK OF 10 

NAND GATES 

G INPUT-
,. OUTPUT CELL 

FOUR-INPUT NAND GATE 

-""--+5 V 
FOUR-INPUT NAND GATE 

T1 BASE BASE 
T1 COLLECTOR CONTACT RESISTOR 

CONTACT T2 COLLECTOR CONTACT 0 
~ 1[1 = J~iftl 0 iftl Ifi1 'RI c1: 
II l,~-r I~L: 1--11-11-11 I 

-I I~ ~ 1----1 ~I 1-1 I 
I I I h. "I I I I I I 1 I I ; I : T1 EMITTER I I I I I I I I T2 BASE I I 
I I I CONNECTION GATE INPUTS CONTACT - 5 V 

FIGURE 1 - ARRAY STRUCTURE 

The TAl-004 has 500 internal four-input NAND gates and the TAl-002 has 320. A single 5-V power supply is needed 
for the arrays and both device types are available in 28- and 40-pin Oil plastic packages, with the option also, of 
a 20-pin package for the TAl-002. 

manual layout 

4888 

A reproduction of the translucent user layout grid is shown in Figure 2. The lower level of metal interconnect on the 
finished device is called Metal 1 and is specified on the grid by marking the vertical lines and the upper level, Metal 
2, is similarly designated by marking the horizontal lines. Electrical connection between the two layers is made by 
so called "vias" and to underlying gates by "contacts." layout design rules govern the location of interconnections, 
vias, and contacts and these are clearly explained in the design manual. 

Standard logic functions and 1/0 buffers are specified by attaching cut outs to the user grid. Symbols for the logic 
function overlays (macros) and 1/0's are supplied on a sheet similar to the user grid. 
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TAL-002, TAL·004 
LOW POWER SCHOTTKY 

LOGIC ARRAYS 

o 

o 

o 

o 

I 01 
I , ... 

I -
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I ABeD is a 
I I 

block of 20 , p 

! 
NAND gates 
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I ~~~~~~~:o 
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I I / ~ 
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FIGURE 2 - CUSTOMER LAYOUT GRID, 
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TAL-002, TAL-004 
LOW POWER SCHOTTKY 
LOGIC ARRAYS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee ............................................................... 7 V 
Input voltage ..................................................................... 7 V 
Operating junction temperature ..................................................... 1 50°C 
Operating free-air temperature range ............................................ O°C to 70°C 
Storage temperature range ................................................ - 65°C to 1 50°C 

recommended operating conditions 

PARAMETER MIN NOM MAX UNIT 

Supply voltage, VCC 4.75 5 5.25 V 

High-level output current, IOH -400 p.A 

low-level output current, IOl 8 mA 

Input rise time, tr(IN) 2.4 30 ns 

Operating free-air temperature 0 70 °c 

2 INTERNAL FOUR-INPUT NAND GATES 
c: 
CI) 
E recommended operating conditions 
::l 
~ 
+-' 
til 
c: 

PARAMETER 

Fan-in 

Fan-out 

MIN TYP MAX UNIT 

8 Gate loads 

8 Gate loads til as 
X 
~ switching characteristics over full range of recommended operating conditions 

PARAMETER MIN TYP MAX UNIT 

1-input NAND gate 3.5 4.5 5 

2-input NAND gate 4 5.3 5.8 
tp Propagation delay time 

3-input NAND gate 6.1 p.6 
ns 

4.5 

4-input NAND gate 5 6.9 7.4 

L>tp 
increased propagation delay time per inch 

0.075 ns 
of interconnection track on the user layout grid 

TABLE 1 - INTERNAL GATE MACROS t 

SYMBOL DESCRIPTION SYMBOL DESCRIPTION 

OFF DEC8 Decoder 3- to 8-line demultiplexer/decoder 

DFFA Standard Three layouts MUX4 4- to l-line multiplexer 

WDFF MUX8 
Multiplexers 

8- to l-iine multipl~xer 
DFFC 

o Flip-Flops 
With CLEAR ADDl ·l-bit full j3dder 

DPCl Wi~h PRESET and EXOR Exclusive-OR gate 
Two layouts Arithmetic 

WDPC CLEAR EXNOR Exclusive-NOR gate 

JKPC With PRESET and CLEAR 
Functions 

8-bit parity generator J-K Flip-Flop PAR8 

EFF Standard MAG4 4-bit magnitude comparator 

DEFF Enable Flip-Flops Driver 2-bit latch SYCT 4-bit synchronous up counter 

SEFF Stacking 2-bit latch UDCT Counters 4-bit synchronous up/down COunter 

DEC4 Decoder 2- to 4-line demultiplexer/decoder BCD 4-bit synchronous de~imal up counter 

t For detailed descriptions of the internal gate macros, please refer to the "Low Power Schottky Logic Array Design Manual. " 
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TABLE 2 - INPUT/OUTPUT BUFFERS 

SYMBOL DESCRIPTION SYMBOL 

BF1A BF5A 

BF1B 
True and Complement Inputs 

BF5B 
BF2A Two-Input NAND Output BF6A 

BF3A Standard Input/Output 

BF4A Inverting Three-State Output 
BF7A 

TAL-002, TAL-004 
LOW POWER SCHOTTKY 

LOGIC ARRAYS 

DESCRIPTION 

Two-Input Open-Collector 

Inverting Outputs 

Inverting Schmitt Trigger Input 

Power-Up Reset Circuit 

electrical characteristics over full ranges of recommended operating conditions 

PARAMETER 
TEST 

CONDITIONS 
MIN TYP MAX UNIT 

BF1A 1.38 1.95 

BF2A, 
1.38 1.95 

BF5A 

4.51 
1 I 

Output 

I I 3.18 
enabled 

BF3A 
VCC = 4.75 V to 5.25 V, Output 

3.3 4.8 
disabled . TA = ooC to 70°C, 

ICC Supply current mA 
Output See note 1 

2.93 4.15 
enabled 

BF4A 
Output 

3.15 4.45 
disabled 

BF6A 1.46 2.1 

BF7A 0.68 1 

NOTE 1: Values given assume that the buffer spends equal time in each of its logic states; please refer to the "Low Pqwer Schottky Logic Array Design 
Manua/" for more information. 

electrical characteristics over recommended operating temperature range (unless otherwise noted) 

PARAMETER 

VOH High-level· output voltage 

VOL Low-level output voltage 

10L 
Low-Ievei output current, 

open-collector, internal pullup 

lOS Short-circuit output current 

10ZH 
Off-state output current, 

high-level voltage applied 

10ZL 
Off-state output current, 

low-level voltage applied 

TEST 

CONDITIONS 

10H = - 400 /LA, 

VCC = 4.75 V 

10L = 8 mA, 

VCC = 4.75 V 

BF5B Vo = 0.4 V 

VCC = 5.25 V 

BF4A 
,vCC = 5.25 V, 

Vo =2.7 V 

BF4A 
VCC = 5.25 V, 

Vo = 0.4 V 

TEXAS 
INSTRUMENTS 
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MIN TYP MAX 

2.7 3.35 

0.35 0.5 

0.35 0.8 

-20 -60 -100 

20 

-20 

UNIT 

V 

V 

mA 

mA 

/LA 

/LA 

I 
I 
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TAL·002, TAL·004 
LOW POWER SCHOTTKY 
LOGIC ARRAYS 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

en ..... 
C 
Q) 

E 
:::J ... 

VIH 

VIL 

VIK 

VT+ 

VT-

'IH 

IlL 

II 

PARAMETER 

High-level input voltage 

Low-level input voltage 

Input clamp voltage 

Positive-going 

threshold voltage 

Negative-going 

threshold voltage 

High-level input current 

Low-level input current 

Input current 

TEST 

CONDITIONS 

IK = -18 mA 

BF6A 

BF6A 

BF1A, BF6A VCC = 5.25 V, 

BF3A VI = 2.7 V 

BF1B 
VCC = 5.25 V, 

VI = 2.7 V 

BF1A, BF3A, 
VCC = 5.25 V, 

BF6A 

BF1B VI = 0.4 V 

BF1B 
VCC = 5.25 V, 

VI = 5.5 V 

All VCC = 5.25 V, 

others VI = 7 V 

U) switching characteristics over full ranges of recommended operating conditions 
c 
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tU 
>< 
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tPLH 

tpHL 

tpZH 

tpZL 

tpHZ 

tPLZ 

PARAMETER 

BF1A 

BF2A 

Propagation delay, 
BF3A 

low-to-high level 

BF4A 

BF5A 

BF6A 

BF1A 

BF2A 

Propagation delay, 

high-to-Iow level 
BF3A 

BF4A 

~F5A 

BF6A 

Output enable time 'BF3A 

to high level BF4A 

Output enable time BF3A 

to low level BF4A 

Output disable time BF3A 

to high level BF4A 

Output disable time BF3A 

to low level BF4A 

TEST 

CONDITIONS 

True 

Complement 

Output port 

Input I True VCC = 4.75 V to 5.25 V, 

mode I Complement TA = ooC to 70°C, 

Output port See Figure 3 

Output port 

Output port 

Complement array input 

True 

Complement 

Output port 

Input I True VCC == 4.75 V to 5.25 V, 

mode I Complement T A = O°C to 70°C, 

Output port See Figure 3 
Output port 

Output port 

Complement array input 

Output port 

Output port 

Output port 

Output port 
VCC = 4.75 V to 5.25 V, 

Qutput port 
T A = O°C to 70°C, 

Output port 
See Figure 3 

Output port 

Output port 
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MIN TYP MAX UNIT 

2 V 

0.8 V 

-1.5 V 

1.4 1.68 1.9 V 

0.5 0.84 1 V 

20 

40 
IlA 

-400 

-200 

-850 
IlA 

100 

IlA 

100 

MIN TYP MAX UNIT 

5 10 15 

4 7 10 

I 9 11 13 

5 10 15 

4 7 10 ns 

8 11 14 

8 11 14 

10 15 25 I 

9 12 15 

5 9 12 

3 5 7 

5 '7 9 

5 9 12 

3 5 7 ns 

7 10 13 

7 10 13 

5 7 9 

8 10 12 

10 14 18 

10 14 18 
ns 

10 14 18 

10 14 18 
ns 

12 17 22 

12 17 22 
ns 

12 17 22 
12 17 22 

ns 
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TAL-002, TAL-004 
LOW POWER SCHOTTKY 

LOGIC ARRAYS 

FROM OUTPUT 

TEST 
POINT Vee 

PARAMETER MEASUREMENT INFORMATION t 

Vee 

TEST 
POINT 

FROM OUTPUTtL . TEST 
UNDER TEST POINT UNDE R TEST - .......... (S N I 

ee ote 2 

FROM OUTPUT 
UNDER TEST - .... ---e-....... 

T
eL 

':" (See Note 1) 

LOAD CIRCUIT FOR 
BI·STATE 

TOTEM·POLE OUTPUTS 

LOAD CIRCUIT FOR 
OPEN-COLLECTOR OUTPUTS 

LOAD CIRCUIT FOR 
THREE·STATE OUTPUTS 

t I/O cells only. 
NOTES: 1. CL includes probe and jig capacitance. 

2. AI! diodes are 1 N916 or 1 N3064. 

FIGURE 3 - LOAD CIRCUITS 

INPUTJ,1.3V ~:~- -:: 

~tPlH--I I __ VOH 

IN-PHASE 
OUTPUT 

OUT-OF-PHASE 
OUTPUT 

I I., 1.3 V I 'L '.3 V 

. l.-tPHl-t \:. VOL 

~tPHl..( I I 

• r-tPlH-1r:VOH 

I \ ..... '_.3_V ____ ,.,F '.3 V 

- - VOL 
VOLTAGE WAVEFORMS 

OUTPUT~ PROPAGATION DELAY T~IMES . 3 V 

CONTROL 1.3 V 1.3 V 
(Low· level I I 
enabling) I r---------- 0 V 

r-- tpZL---t I--tPLZ-ej 
J t I J S1 and --..... !-----~- ----:::::4.5V I 

WAVEFORM 1 I Sl closed, 1 3 V I I S2 closed 
J • I !r ___ l. :::::1.5V 
I S2 open 1'" . 
J I ,----VOL 
I I 
.--- tpz H ---i ,..tPH Z~ 0.5 V 0.5 V 

(See Note 3) 

I J ~-----VOO 
I ,,... "'=1.5V 

Sl and 

WAVEFORM 2 S1 open, 
(See Note 3) S2 closed _____ ~_J. 

VOLTAGE WAVEFORMS 
S2 closed 

ENABLE AND DISABLE TIMES. THREE· STATE OUTPUTS 

Sl 

(See Note 2) 

NOTES: 3. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 

4. In the examples above. the phase relationships between inputs and outputs have been chosen arbitrarily. 
5. Ail input pulses are supplied by generators having the following characteristics: tr S 15 ns. tf S 15 ns. PRR S 1 MHz. Zout == 50 n. 
6. When measuring propagation delay times of 3-state outputs, switches S 1 and S2 are closed. 

FIGURE 4 - SWITCHING TIMES 

Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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HIGH·PERFORMANCE 
AJI~AY PRODUCTS 

• H~gh-Performance Master Logic Arrays 

Designed for Automated Layout 
Mask Programmable 
Supported by TI Logic Array Design 
System (TILADS *) 

• Two Master Arrays 

TAT008 

TAT004 

Internal 
Gates 
1008 

540 

Typical Usable 
Internal Gates 

800 
430 

1/0 
Buffers 

104 
76 

TAT004, TATQOa 
STL LOGIC ARRAYS 

DECEMBER 1980 - REVISED OCTOBER 1983 

• High-Performance Schottky Transistor Logic 
(STl) Design 

2.5 ns Typical Gate Propagation Delay at 
600 p.W 
SO-MHz Toggle Rate 

• Low-Power Schottky TTL Compatible Input 
and Output Buffers 

Non-Inverting Inputs 
Choice of 3·State, Totem-Pole and Open
Collector Outputs 

description 

The TAT004 and TA T008 are a pair of high-performance logic arrays, using Schottky Transistor Logic (STL) technology. 
The arrays can be mask configured to fulfill unique logic requirements, allowing for efficient implementation of custom 
Ie functions, SSI or MSI logic replacement, and, in many cases, complete board replacement. 

The master array employs a cellular organization with channels dedicated to intercellular connections. The internal 
cells contain 18 high-performance STL gates, and the peripheral cells contain low-power Schottky TTL (TTL-LS) com
patible input and output buffers. 

All Texas Instruments TAT Series logic arrays are supported by a totally integrated software design utility, which 
allows the user t~ encode his logic design and test pattern set for simulation, analysis, and verification of the design 
prior to release to TI for layout and prototyping. The computer-automated layout system has a recommended 80% 
gate utilization level. 

package op~ions 

The T A T004 and the T A T008 are available in the packages indicated by check mar~s in the table be!ow. 

TAT004 

Dual-in-line plastic (N) packages 

TATOO8 

Dual-in-line plastic (N) packages 

Ceramic chip carriers 

Plastic chip carriers 

Pin grid arrays 

input/output buffer options 

40-PIN 

.J 

4O-PIN 

.J 

64-PIN 

.J 

58-PIN 84-PIN 108-PI~ 

The T A T004 and TA T008 are provided with a library of input/output circuits for maximum design flexibility. The buf
fers are arranged around the periphery of the array in cells, called buffer cells. Each buffer cell contains two bond 
pad lopations plus the basic components needed to mask program the cell into various TTL low-power Schottky
compatible buffers. A buffer cell can contain two input buffers, but if a cell contains one of the available output buffer 
types, then only one input buffer can share the buffer cell with it. Table 1 lists the available buffers along with their 
label as used by the TI Logic Array Design System. 

* Trademark of Texas Instruments 
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TAT004, TATOOa 
STL LOGIC ARRAYS 

TABLE 1 - TAT004 AND TATOO8 BUFFERS 

SYMBOL DESCRIPTION SYMBOL 

SN! Noninverting Input 
SOT 

SNI2 Dual Noninverting Inputs 

SAND AND Input 
SBD 

SAND2 Dual AND Inputs 

SO Inverting Totem-Pole Output 
SNIO 

SOC Inverting Open-Collector Output 

absolute maximum ratings over operating free-air temperature range 

DESCRIPTION 

inverting 3-State' Output with 

Active low Enable 

Bidirectional Buffer with InvertiRg 

3-State Output, Active low Enable 

Bidirectional Buffer with Inverting 

Open-Collector Output 

Supply voltage: Vee1 (see Note 1) ................. ,.................................. 7 V 
VCC2. ............................................................. 3 V 

Input voltage ................................................................ ,..... 7 V 
Output voltage .................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 V 
Operating free-air temperature range ............................................ OOC to 70°C 
Operating junction temperature ..................................................... 1 50°C 
Storage temperature range ..............;................................. 

NOTE 1: All voltages are with respect to network ground terminal. 

recommended operating conditions 

Supply voltage, VCC1 

Supply voltage, VCC2 
Fan-in (internal gate) 

Fan-out (internal gate) 

High-level output current, 10H 

low-level output current, IOl 

Transition time at any input, tT 
Operating free-air temperature range, T A 

@ Ie MASTER 1984 
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MIN 

4.5 

1.8 

2.4 

0 

NOM MAX UNIT 

5 5.5 V 

2 2.2 V 

8 

4 

-400 /LA 
8 rnA 

30 ns 
70 . °C 
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TAT004. TATooa 
STL LOGIC ARRAYS 

electrical characteristics over recommended ranges of supply voltages and operating free-air temperature 

PARAMETER TEST CONDITIONS MIN Typt MAX UNIT 

VIH High-level input voltage 2 V 

VIL Low-level input voltage 0.8 V 

VIK Input clamp voltage II = -18 mA -1.5 V 

VOH High-level output voltage (see Note 2) 10H = -400 p.A 2.5 3.4 V 

VOL Low-level output voltage 10L:::; 8 mA 0.5 V 

10ZH 
Off-state output current, high-level 

Va = 2.4 V 20 p.A 
voltage applied (see Note 3) 

10ZL 
Off-state output current, low-level 

Va = 0.4 V 
voltage applied (see Note 3) 

-20 p.A 

II Input current at maximum input voltage VI = 7 V 0.1 mA 

IIH High-level input current VI = 2.7 V 20 p.A 

IlL Low-level input current VI = 0.4 V 0.8 mA 

lOS Short-circuit output current (see Note 2 and 4) VCC1 = 5.5 V -20 -100 mA 

10H High-level output current (see Note 5) VOH = 5.5 V 250 p.A 

t All typical values are at T A = 25°C, VCCl = 5 V, VCC2 = 2 V. 
NOTES: 2. Does not apply to SOC or SNIO buffers. 

3. Applies only to SOT buffer. 
4. Not more than one output should be shorted at a time, and duration of the short circuit should not exceed one second . 
5. Applies only to SOC and SNIO buffers. 

switching characteristics of internal gate over full range of operating conditions 

PARAMETER MIN TYP MAX UNIT 

tpd . Propagation delay time per gate, fan-in = 1 1.5 2.5 3.5 ns 

6.tpLH Increased propagation delay time for each additional fan-in 0.27 0.40 ns 

6.tpHL Increased propagation delay time for each additional fan-in 0.13 0.20 ns 

6.tpLH(M 1) t 
Additional propagation delay time for each mil of metalized 

interconnect pattern 
0.017 0.040 ns 

6.tpLH(M2) t 
Additional propagation delay time for each mil of metalized 

0.015 0.035 ns 
interconnect pattern 

6.tPHL(M) t 
Additional propagation delay time for each mil of metalized 

0.003 ns 
interconnect pattern 

t Ml = first-level metal, M2 = second-level metal, and M = first- or second-level metal. 

switching characteristics of input buffer over full range of operating conditions 

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

tPLH Propagation delay time, low-to-high-Ievel output 
See Note 6 

1 2 4 ns 

tpHL Propagation delay time, high-to-Iow-Ievel output 2 3.5 6 ns 

switching characteristics of tristate and totem-pole output buffers over full range of operating conditions 

PARAMETER TEST CONDITIONS 

tpLH Propagation delay time, low-to-high-Ievel output CL = 50 pF, RL = 2 kO, 

tpHL Propagation delay time, high-to-Iow-Ievel output See Note 6 

tpHZ Disable time from high level 

tpLZ Disable time from low level CL = 15 pF, RL = 2 kO, 

tpZH Enable time to high level See Note 6 

tpZL Enable time to low level 

NOTE 6: Refer to the TAL-002, TAL-004 Data Sheet for load Circuits and switching times. 
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MIN TYP MAX UNIT 

4 7 11 ns 

6 12 19 ns 
8 14 <0 ns 
6 10 15 ns 
4 8 12 ns 
5 10 16 ns 
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TAT004, TATOOa 
STL LOGIC ARRAYS 

switching characteristics of open-collector output buffers over full range of operating conditions 

PARAMETER TEST CONDITIONS MIN TYP MAX 

tplH Propagation deiay, low-to-high-ievei output Cl = 50 pF, Rl = 2 kO, 11 20 31 

tpHl Propagation delay, high-to-Iow-Ievel output See Note 6 9 21 33 

NOTE 6: Refer to the TAL-002, TAL-004 Data Sheet for load circuits and switching times. 

power dissipation versus package, T A = 70 0 C (still air, no heat sinking, T J 150°Cmaximum) 

9J-A POWER DISSIPATION 
PACKAGE 

(OC/WATT) MAX (WATTS) 
40-pin plastic dual-in-line 65 1.23 

64-pin plastic dual-in-line 45 1.78 

68-pin plastic chip carrier 46 1.74 

84-pin ceramic chip carrier 39 2.05 

84-pin ceramic pin grid array 39 2.05 

10S-pin ceramic pin grid array 38 2.11 

power dissipation versus buffer type (see r.Jote 7) 

POWER DISSIPATION (mW) 

BUFFER TJ = 25°C TJ = 125°C 
Typt MAXt Typt MAXt 

SNI 3.60 5.94 3.00 4.94 

SAND 3.60 5.94 3.00 4.94 

SO 8.08 13.31 6.67 10.95 

SOC 5.83 9.63 4.81 7.91 

Output enabled 14.59 23.98 12.15 19.75 sao 
Output disabled 16.90 27.77 13.94 22.84 

SOT 
Output enabled 11.00 18.06 9.06 14.82 

output disabled 11.82 19.34 9.66 15.77 
SNIO· Output active 9.43 15.57 7.81 12.85 

Internal gate (VCC2) 0.668 1.12 0.574 0.959 

NOTE 7: All power dissipation values are with 50% duty cycle. 
t Typical values are with nominal resistors, VCC1 = 5 V. and VCC2 = 2 V. 
:j: Maximum values are with minimum resistors. VCC1 = 5.5 V. and VCC2 = 2.2 V. 

PARAMETER MEASUREMENT INFORMATION 

Refer to the TAL-002, T AL-004 Data Sheet for load circuits and switching times. 

Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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TI Sales Offices 
ALABAMA: Hunuville. 500 Wynn Driw. Suite 514, 
Huntsville. AL 35805. (205) 837-7530_ 

ARIZONA: Phoenix. P.o. Box 35160. 8102 N. 23rd Aw .• Suite 
A. Phoenix. AZ 85021. (602) 995-1007. 

CALIR>RNlA: E1 Squndo. 831 S. Douglas St., EI Segundo, 
CA 90245. (213) 973-2571; Irvine. 17891 Cartwright Rd .• Irvine, 
CA 92714, (714) 660-1200; Sacramento. 1900 Point West Way, 
Suite 171. Sacramento. CA 95815, (916) 929-1521; San Diqo, 
4333 View Ridge Ave .• Suite B., San Diego, CA 92123. (714) 
278-9600; Santa Clara. 5353 Betsy Ross Dr .• Santa Clara, CA 
95054, (408) 980-9000; Woodland Hills. 21220 Erwin St., 
Woodland Hills. CA 91367, (213) 704-7759. 

COWRADO: Denver, 9725 E. Hampden St., Suite 301. 
Denwr, CO 80231, (303) 695-2800. 

CONNECTICUT: Wallingford. 9 Barnes Industrial Park 
~t9:~~es Industrial Park. WallilJlIDrd. cr 06492, (203) 

FLORIDA: Clearwater. 2280 U.S. Hwy. 19 N .• Suite 232, 
Clearwater, FL 33515, (813) 796-1926; Ft. Lauderdale. 2765 
N.W. 62nd St .• Ft. Lauderdale, FL 33309, (305) 973-8502; 
Maitland, 2601 Maitland Center Parkway. Maitland, FL 32751. 
(305) 646-9600. 

GEORGIA: Atlanta, 3300 Northeast Expy., Building 9, 
Atlanta. GA 30341, (404) 452-4600. 

ILLINOIS: Arlington Heighrs. 515 W. Algonquin, Arlington 
Heights. IL 60005, (312) 640-2934. 

INDIANA: Ft.Wayoe, 2020 Inwood Dr., Ft. Wayne, IN 46805. 
(219) 424-5174; JndianapoIis. 2346 S. Lynhurst, Suite J-400. 
Indianapolis, IN 46241. (317) 248-8555. 

IOWA: Cedar Rapids, 373 Collins Rd. NE. Suite 200. Cedar 
Rapids. IA 52402. (319) 395-9550. 

MARYLAND: Baltimore. I Rutherford PI.. 7133 Rutherford 
Rd., Baltimore. MO 21207, (301) 944-8600. 

MASSACHUSETTS: Wakham. 504 Totten Pond Rd .• 
Wakham. MA 02154. (617) 890-7400. 

MICHIGAN: Farmington Hills, 33737 W. 12 Mile Rd .• 
Farmington Hills. MI 48018. (313) 553-1500. 

MlNNESOTA: Edina. 7625 Parklawn, Edina. MN 55435. (612) 
830-1600. 

MISSOURI: Kansa5 City. 8080 Ward Pkwy .• Kansas City. MO 
64114. (816) 523-2500; St. Louis, 11861 Westline Industrial 
Drive. St. Louis. MO 63141. (314) 569-7600. 

NEW JERSEY: Clark. 292 Tenninal Aw. West. Clark, NJ 
07066. (201) 574-9800. 

NEW MEXICO: Albuquerque, 5907 Alice NSE. Suite E" 
Albuquerque. NM 87110. (505) 265-8491. 
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NEW YORK: East Syracuse. 6700 Old Collamer Rd .• Ijast 
Syracuse. NY 13057. (315) 463-9291; Endicott. 112 Nandcoke 
Aw .• P.o. Box 618. Endicott, NY 13760. (607) 754-3900; 
Melville. I Hunti~on Quadrangle, Suite 3Cl0, P.O. Box 2936, 
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Ave., i\)ughkeepsie, NY 12601, (914) 473-2900; ~ 1210 
Jefferson Rd., Rochester, NY 14623, (716) 424-5400. 

NOR'IH CAROLINA: Charlotte. 8 Woodlawn Green, 
Woodlawn Rd., Charlotte, NC 28210, (704) 527-0930; JlaIeich. 
3000 Highwoods Blvd., Suite 118, Raleigh, NC 27625, (919) 
876-2725. 

OHIO: Beacbwood. 23408 Commerce Park Rd., Beachwood. 
OH 44122, (216) 464-6100; Dayton. Kingsley Bldg., 4124 Linden 
Ave .• Dayton, OH 45432, (513) 258-3877. 

OI<LAHOMA: Tulsa. 7615 East 63rd Place, 3 Memorial Place, 
Tulsa, OK 74133. (405) 250-0633-

OREGON: Beawrton. 6700 SW 105th St., Suite 110, 
Beawrton, OR 97005, (503) 643-6758. 

PENNSYLVANIA: Ft. WubiDgton. 575 Virginia Dr:, Ft. 
Washington, PA 19034, (215) 643-6450; Coraopolis, PA 
15\08,420 Rouser Rd., 3 Airport Office PK, (412) 771-8550. 

TEXAS: Austin. 12501 Research Blvd .• P.o. Box 2909, 
Austin, TX 78723, (512) 250-7655; Dallas, P. 0. Box 1087, 
Richardson, TX 75080; Houstoll. 9100 Southwest Frwy., Suite 
237, Houston. TX 77036, (713) 778-6592; San Antonio, 1000 
Central Park South, San Antonio, TX 78232, (512) 496-1779. 

UTAH: Salt Lake City. 3672 West 2100 South, Salt Lak., 
City, UT 84120, (801) 973-6310. 

VIRGINIA: Fairfa". 3001 Prosperity. Fairfax, VA 22031, 
(703) 849-1400; Midlothian. 13711 Sutter's Mill Circle, 
Midlothian. VA 231\3, (804) 744-1007. 

WISCONSIN: Brook6eld, 205 Bishops Way, Suite 214, 
Brookfield, WI 53005. (414) 784-3040. 
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ALS/AS, PLA PRODUCTS AND PLANS 

4900 

NUMERICAL INDEX 

FIELD PROGRAMMABLE LOGIC ARRAYS 

, 
DEVICE FUNCTION AVAILABILITY 

PL16L8 . NOW 

. PL16R4 
FPL Fixed-OR Arrays 

NOW 

PL16R6 NOW 

PL16R8 NOW 

PL20L8 • 
PL20R4 • FPL Fixed-OR Arrays 
PL20R6 • 
PL20R8 • 
PL839 14 X 32 X 6 Field Programmable Logic Arrays • 
PL840 14 X 32 X 6 Field Programmable Logic Arrays • 
PLR19L8 • 
PLR19R4 • 
PLR1gR6 

FPL Registered-Input Fixed-OR Arrays • 
PLR19R8 • 
PL T19L8 • 
PLT19R4 • 
PLT19R6 

FPL Latched-Input Fixed-OR Arrays • 
PLT19R8 • 

• Planned for future announcement. Contact TI field sales office or authorized TI 

distributor for status. 
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'PL16LB 
FIELD-PROGRAMMABl.:E 

LOGIC, FIXED-OR ARRAYS 

• Oetal16-input AND-OR-INVERT 

gate array 

pin assignments 

J, N PACKAGES 

1 I 11 I 

2 I 12 ,0 

3 I 13 'I/O 

4 I 14 110 

5 I 15 I/O 

6 I 16 I/O 

7 I 17 1/0 

S I 18 I/O 

I 9 i - 1
19 

Vee 

o 
10 GND 20 

SN54PL 1 6L8 (J) SN74PL16L8 (J,N) 

'PL16R4 
FIELD-PROGRAMMABLE 

LOGIC, FIXED-OR ARRAYS 

• Quad 16-input registered AND-OR 

gate array 

pin assignments 

J, N PACKAGES 

1 eLK 11 OE 

2 I 12 110 

3 I 13 I/O 

4 I 14 Q 

5 I 15 Q 

6 I 16 Q 

7 I 17 Q. 

8 I 18 I/O 

9 I 19 I/O 

10 GND 20 Vee 

SN54PL16R4 (J) SN74PL16R4 (J,N) 

functional block diagram 

t> 
10 16 

6 

.... denotes fused inputs 

functional block diagram 

& 

32X 64 

6 

PRODUCT GUIDE 

~-----O 

0-----0 

o-.... --...t..-- I/O 

o-.... HI--t ..... - 1/0 

o-... +----.-t ..... - I/O 

0... .... 1--4 ..... - I/O 

~ .... 1--4 ..... _ I/O 

O£----------------------------~----_<~ 
CLK----------------------------------l> 

-denotes fused inputs 

TEXAS 
INSTRUMENTS 

& 

32X 64 

4 , 

a 

a 

a 

a 

0-..... --........ -+--- I/O 

~~~~~-+----I/O 

n-.... ~ ......... -+---I/O 

Refer to data sheet in this section for additional 
information. 

See Application Note section for additional information 
on Texas Instruments Bipolar Programmable logic 
Arrays. 

Copyright © 1983 by Texas Instruments Incorporated. 
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PRODUCT GUIDE 

'PL16RP 
FIE LD-PROG RAMMABLE 

LOGIC, FIXED-OR ARRAYS 

• Hex 16-input registered AN D-OR 

gate array 

pin assignments 

J, N PACKAGES 

1 elK 11 OE 

2 I 12 1/0 

3 I 13 0' 
4 I 14 0 

5 I 15 0 

6 I 16 '0 

7 I 17 0 

8 . I 18 0 

9 I 19 I/O 

10 GND 20 Vee 

SN54PL 16R6 (Jl SN74PL16R6 (J,N) 

'P~16R8 

FIE LD-PROG RAMMABLE 

LOG!C, FIXED-OR ARRAYS 

• Octal 16-input registered AND-OR 

gate array 

pin assignments 

J, N PACKAGES 

1 elK 11 OE 

2 I 12 0 

3 I 13 0 

4 I 14 0 

5 I 15 0 

6 I 16 Q 

7 I 17 0 
8 I 18 0 

9 I 19 0 

10 GND 20 Vee 
SN54PL16R8 (J) SN74PL16R8 (J,N) 

Copyright © 1983 by Texas Instruments IncorpQrated. 

4902 

functional block diagram 

OE---------------------------<~~--, 
ClK ------------------------------------~ 

& 1---- 0 
32 X 64 

...... --+--0 

J..---+--- 0 

~--~-- 0 

.... --+-- 0 

o 

.....denotes fused inputs 

functional block diagram 

OE ----------------------------------~ 
ClK ----=-------------------------------~ 

..... denotes fused inputs 

TEXAS 
INSTRUMENlS 

& 
32 X 64 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

8 

1------- 0 

r----1-----L~~0 

r----1r----1--l--0 
r-----t---L---l-- 0 

r---t---L---l-- 0 

r----t-----,L--l-- 0 

I----+-- 0 

I---~- 0 

Refer to data sheet in this section for additional 
information, 

See Application Note section for additional information 
on Texas Instruments Bipolar Programmable Logic 
Arrays. 

@) Ie MASTER 1984 



'PL20LB 
FIE LD-PROG RAMMAB LE 

LOGIC, FIXED-OR ARRAYS 

~ Octal 20-input AND-DR-INVERT 

gate array 

pin assignments 

JT, NT PACKAGES 

1 13 

2 14 I/PRELOAD 

3 15 0 

4 16 I/O 

5 17 I/O 

6 18 I/O 

7 19 I/O 

8 20 I/O 

9 21 I/O 

10 22 0 

111 I 23 I 

112 GND 124 VCC 

PRODUCT GUIDE 

functional block diagram 

& EN ~1 
4OX64 7 2\J 0 

0 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

6 

-denotes fused inputs 

SN54PL20L8 (JT) SN74PL20LB (JT,NT) 

'PL20R4 
FIELD-PROGRAMMABLE 

LOGIC, FIXED-OR ARRAYS 

• Quad 20-input registered AND-OR 

gate array 

pin assignments 

JT, NT PACKAGES 

1 OUTCLK 13 nE 
2 I 14 I/PRELOAD 

3 I 15 1/0 

4 I 16 1/0 

5 I 17 Q 

6 I 18 Q 

7 I 19 Q 

8 I 20 Q 

9 I 21 1/0 

10 I 22 1/0 I 
11 I 23 I 

12 GND 24 Vce 

functional block diagram 

0£------------------------------------~EN2 

OUTClK--------------------------------------~ 

& 

40X64 

4 

4 
; ~ 

Q 

Q 

Q 

Q 

I/O 

I/O 

I/O 

I/O 

SN54PL20R4 (JT) SN74PL20R4 (JT,NT) -denotes fused inputs 

@ IC MASTER 1984 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

Refer to, data sheet in this section for additional 
information. 

See availability at front of this Product Guide. 

Copyright © 1983 by Texas Instruments Incorporated. 
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PRODUCT GUIDE 

'PL20R6 functional block diagram 

FIELD-PROGRAMMABLE 

lOGIC, FIXED-OR ARRAYS 

• Hex 20-input registered AND-OR 

gate array. 

pin assignments 

JT. NT PACKAGES 

1 OUT ClK 24 Vee 

2 I 23 I 

3 I 22 I/O 

4 I 21 Q 

q I 20 Q 

6 I 19 Q 

7 I 18 Q 

8 I 17 Q 

9 I 16 Q 

10 \ 15 I/O 

11 I 14 I/PRElOAD 

12 GND 13 OE 

OE 

OUTCLK 

SN54Pl20R6 (JT) SN74Pl20R6 (JT, NT) 

& 
40 X 64 

12 C> 20 
" ,.; , , 

~ 

~ 
20 .,.... 

,." , 

- denotes fused inputs. 

'PL20R8 functional block diagram 

FIELD-PROGRAMMABLE 

lOGIC, FIXED-OR ARRAYS 

• Octal 20-input registered AND-OR 

gate array. 

pin assignments 

JT NT PACKAGES 

1 OUT elK 24 Vee 

2 I 23 I 

3 \ 22 Q 

4 I 2i Q 

5 I 20 Q 

6 \ 19 Q 

7 \ 18 Q 

8 \ 17 Q 

9 I 16 Q 

10 \ 15 Q 

11 \ 14 \/PRElOAD 

12 GND 13 OE 

OE 

OUTCLK 

SN54Pl20R8 (JT) SN74Pl20R8.(JT,NT) 

Copyright © 1983 by Texas Instruments Incorporated. 

& 
40X 64 

12 [> 20 

--+- . .<Il -.. 

~ h.-!-i""" .. --

- denotes fused inputs. 

TEXAS 
INSTRUMENTS 

~ 

~ 

~ 

~ 

~ 

~ 
f---

r!r-
~ 

P-
2 

6~ .. 

" , 

8" 

8..-, 

8 , 

8 
..L , 

8 
.L .. 

8 
. ..-

r 

8 .. 
8 
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-ot:N2 

r, C1 

~1 J 1=0 2\l 
j )10 

~ 

Q 

Q 

i ~ 

? ~ 

Q 

~ 
T ~ 

Q 

~ Q 

~ 

() 
Q 

~ 
EN 

~1 

\l'" ..... .. 
'" .... ... I/O 

~ ..... .. 
..... "' -- ... I/O 

.... --.... 
--

-ctN2 

r, C1 

~1 \=0 2V 
)10 

r---"\ 

Q 

( ) 
r--"'\ 

Q 

t) 

~ 

Q 

Y ~ 

Q 

~ 1 ~ 

Q 

~ r 
~ 

Q 

Y ~ 

Q 

~ 1 ~ 

Q 

..... ..... 

Refer to data sheet in this section for additional 
information. 
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'PL839, PL840 
FIELD-PROGRAMMABLE 

LOGIC ARRAYS 

• 'PL839 - three-state outputs 

• 'PL840 - open-collector outputs 

• Programmable output polarity 

pin assignments 

J, JT, NT PACKAGES 

1 OEl 

2 I 

3 I 

4 I 

5 I 

6 I 

7 I 

8 I 

i 9 0 I 

! 10 0 

11 0 

12 GND 

SN54PL839 (J) 

SN54PL840 (J) 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

OE2 

0 

0 

0 

I 

I 

I 

I 

! 

I 

I 

Vee 

SN74PL839 (JT,NT) 

SN74PL840 (JT,NT) 

nc - no internal connection. 

@ Ie MASTER 1984 

functionai block diagram 

OE1 

OE2 

14 

[> 

14 

denotes fused inputs. 

& 
28 X 32 

32 

;;;'1 

32 X 6 

PRODUCT GUIDE 

o 

o 

o 

o 

o 

o 

• 'PL839 has 3-state (\7) outputs; 'PL84Q has open-collector (~) outputs. 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

Refer to data sheet in this section for additional 
information. 

See availability at front of this Product Guide. 

Copyright © 1983 by Texas Instruments Incorporated. 
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PRODUCT GUIDE 

'PLR19LB functional block diagram 

FIELD-PROGRAMMABLE 

LOGIC. FIXED-OR ARRAYS 
& 

• Octal 19-input registered ANO-OR-INVERT 38 X 64 

gate array 

pin assignments 

11.., INCLK OC2 JT. NT PACKAGES ,., ,. 
1 I 13 I - lC2 

11.., 
I/O 20 " 11..-2 lID 14 INCLK/PRELOAO 

,. ..., 
..... , 

3 I/O 15 0 11,,_ ,.. 
MO 

4 I/O 16 I/O {L Ml 

5 I/O 17 I/O 

6 I/O 18 I/O 

8" 7 I/O 19 I/O 2.., I> ,." 

I 
, 

8 I/O 20 I/O , 

9 I/O 21 I/O 

I 
...... 8 ... ..., 

I/O 
, 

10 22 0 

11 I/O 23 I/O 

12 GNO 24 'VCC 

SN54PLR19L8 (JT) SN74PLR19L8 (JT,NT) 

'PLR19R4 functionat block diagram 

FIELD-PROGRAMMABLE 

LOGIC, FIXED-OR ARRAYS CfE 

• Quad 19-input registered AND-OR OUTCLK 

gate array 
& 

pin assignments 38X64 + 
JT, NT PACKAGES 

1 OUTCLK 13 OE 

2 I/O 14 INCLK/PRELOAD 
""'" OC2 1~ 3 I/O 15 I/O INCLK -,. 

4 I/O 16 1/0 11 
-1-1C2 

110 
... 

20 1~ 5 110 17 Q ,. 
~ -." 
r- ,. 

6 110 18 Q 11", ,.. 
MO 

7 110 19 Q i'I-: M1 
8 110 20 Q 

9 I/O 21 I/O 

10 I/O 22 I/O 8 ... 
t> -,. 

11 110 23 I/O 

12 GND 24 VCC ...... 8" - , -
SN54P LR19R4. (JT) SN74PLR19R4 (JT,NT) r-

Copyright © 1983 by Texas Instruments Incorporated. 
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4 ... 

EN 
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~ 'V~ 0 

-
:4- " 0 .... 

I--- h _ .. .. 
:4- I/O 

~" 
." .. 

~ ........ ..... I/O 
~ ~~ ... .. 
~ h_ ..... I/O 
f--?L-- I'"'~ ... .. 
~ ....... .- .. .. I/O r-+- " - .. 
I--- .... .- .... I/O r+- ~ -.... ... .. 
I---

r+- '" -- ..... I/O 
~ ~ - -

6.., .... ,. .... 

J 
: EN2 

~ C1 ., _L 

;;;'1 1=0 
2'V Q 

() 110 1'\ 
Q 

0 ~ 
Q 

() 
r---'\ 

Q 

() 
~ 

EN 
;;;'1 

V:; .- ... .. I/O 

'"' 
... ... 

'" .. .. I/O - ~ 
.... .. 

.... .- ... .. 
~ ~ 

... .. I/O 

... .- ... .. I/O ~ , ... .. 
... .... 
... ... 

Refer to data sheet in this section for additional 
information. 
See Application Note section for addItioneIlnformation 
on Texa. In,truments Bipolar Programmable Logic 
Array •. 
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'PLR19R6 
FIELD-PROGRAMMABLE 

LOGIC, FIXED-OR ARRAYS 

• Hex 19-input registered AND-OR 

gate array 

pin assignments 

JT, NT PACKAGES 

1 OUTCLK 13 OE 

2 I/O 14 INC LK/PR E LOAD 

3 I/O 15 I/O 

4 lID 16 Q 

q I/O 17 Q 

6 I/O 18 Q 

7 I/O 19 Q 

110 20 Q 

I/O 21 Q 

lID 22 !/O 

I/O 23 I/O 

GND 24 VCC 

PRODUCT GUIDE 

functional block diagram 

OE~r-~--------~------------------~ 
OUTCLK----------------------------------~t> 

INCLK OC2 

1C2 
I/O 

11 
20 

MO 
M1 

-
r> 

11 

8 

& 
38X64 

t : ) 

1-----0 

t---~-O 

t---I---O 

t---I---O 

t---I---O 

~-+--O 

I/O 

I/O 

SN54PLR19R6 (JT) SN74PLR19R6 (JT,NT) 

'PLR19R8 functional block diagram 

FIE LD-PROG RAMMAB LE 

LOGIC, FIXED-OR ARRAYS 

• Octal 19-input registered AND-OR 

gate array 

pin assignments 

JT, NT PACKAGES 

1 OUTCLK 13 OE 

2 I/O 14 INCLK/PRELOAD 

3 I/O 15 Q 

4 I/O 16 Q 

5 I/O 17 Q 

6 I/O 18 Q 

7 I/O 19 Q 

8 I/O 20 Q 

9 I/O 21 Q 

10 I/O 22 Q 
--111 I/O 

12 GND 

OE--------------------------------~ 
OUTCLK----------------------------------~p> 

& 0 

38 X 64 

0 

0 
INCLK OC2 11 

11 
1C2 Q 

1/ 20 

0 
MO 

M1 0 

- 0 

2 [> 
8 

0 

8, 
; 

SN54PLR19R8 (JT) SN74PLR19R8 (JT,NT) 

@ Ie MASTER 1984 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

Refer to data sheet in this section for additional 
information. 

See availability at front of this Product Guide. 

Copyright © 1983 by Texas Instruments Incorporated. 
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PRODUCT GUIDE 

'PLT19L8 
FIELD·PROGRAMMABLE 

LOGIC, FIXED·OR ARRAYS 

• Octal 19·input latched AND·OR·INVERT 

gate array 

pin assignments 

JT, NT PACKAGES 

1 I 13 I 

2 I/O 14 j'j\j"[E/PRE LOAD 

3 I/O 15 0 

4 I/O 16 I/O 

5 I/O 17 I/O 

6 I/O 18 I/O 

7 I/O 19 I/O 

8 I/O 20 I/O 

9 I/O 21 I/O 

10 I/O 22 0 

11 I/O 23 I/O 

12 GND 24 Vec 

SN54PLT19L8 (JT) SN74PL T19L8 (JT,NT) 

'PLT19R4 
FIELD·PROGRAMMABLE 

LOGIC, FIXED·OR ARRAYS OE 

• Quad 19-input registered AND·OR 
OUTCLK 

gate array. 

pin assignments 

JT, NT PACKAGES 

1 OUTCLK 13 DE 

2 I/O 14 INLE/PRELOAD 
INLE 

3 I/O 15 I/O 

4 I/O 16 I/O I/O 

5 I/O 17 Q 

6 I/O 18 Q 

7 I/O 19 Q 

8 I/O 20 Q 

9 I/O 21 I/O 

10 I/O 22 I/O 

11 I/O 23 I/O 

12 GND 24 VCC 

SN54PL T19R4 (JT) SN74PLT19R4 (JT,NT) 

Copyright © 1983 by Texas Instruments Incorporated. 

functional block diagram 

INLE ~ OC2 

- -lC2 

I/O 
111' 

20 

11,,_ ,.. i'I-: MO 

M1 

2" [> I , 

I 

functional block diagram 

-GOC2 11" , - 1C2 
11" , 20 h. 11, 

I'"' ' 
11.... ,. 

MO {'L Ml 

8.., 
I> , 

I " 
8 ... ..., , 

TEXAS' 
INSTRUMENTS 

& 
38 X 64 

11~ ,.., , 

h. 11 ,.., 
1'"" 

81' -, 

h. 8L -, 

& 

~ 38 X 64 

~ 

~ 
,." 

~ 
..., 

r---

r+ 
r---

r+ 
r---

,., r+ 
r---- ~ 

4 , 
4 
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I--- h. 
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0 

r--- h ~ .. I/O r4-- I'" ...... .... .. 
I---

h _ ..... I/O r4-- 1"', - ... 
~ k--

_ .. 
I/O 

~ 1""" .... .. 
I--- h.- ... .. I/O r4-- '" 

.... ... 
I---

h. _ _ .. 
(/0 P- I'"'" .... .. 

r---

r+-
h.- ..... I/O 1'"'",\ .... ... 

6" .. , .... 

-<: EN2 

C1 , r 
;;;'1 1 1=0 2'\7 Q 

«I/O ~ 

~ Q 

~ y 

~ 
Q 

~ 
Q 

<) 
~ 

EN 
;;;'1 

'\7~ 
.- ... .. I/O 

"-
.... ... 

h. -- ~ .. 
~ 

"" 
- ... 110 

h. -- ... .. I/O 
I'"' 

"" - ... 

h .- .. .. 
"" 

.... ... 110 

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

Refer to data sheet in this section for additional 
information. 
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'PLT19R6 
FIELD-PROGRAMMABLE 

LOGIC, FIXED-OR ARRAYS 

• Hex 19-input latched AND-OR 

gate array 

pin assignments 

JT, NT PACKAGES 

1 OUTCLK' 13 DE 

2 I/O 14 INLE/PRELOAO 

3 I/O 15 I/O 

4 I/O 16 Q 

5 I/O 17 Q 

6 I/O 18 Q 

7 I/O 19 Q 

8 I/O 20 Q 

i/O . 
I/O 

110 

GNO 

PROQUCT ~U~DE 

functional block diagram 

INLE 

I/O 

OE----------------------------------~ 

OUTCLK--------------------------~~----~> 

De2 

1C2 
11 

20 

MO 

M1 

t> 

11 

8 

8 

& 

38X64 
t-----O 

J--I---O 

J--+---O 

J--I---O 

t--+---O 

I/O 

I/O 

SN54PLT19R6 (JT) SN74PLT19R6 (JT,NT) 

'PLT19RB functional block diagram 

FIELD-PROGRAMMABLE 

LOGIC, FIX~D-OR ARRAYS 

• Octal 19-input latched AND-OR 

gate array 

pin assignments 

JT, NT PACKAGES 

1 OUTCLK 13 DE 

2 I/O 14 INLE/PRELOAO 

3 I/O 15 Q 

4 I/O 16 Q 

5 I/O 17 Q 

6 I/O 18 Q 

7 I/O 19 Q 

8 I/O 20 Q 

9 I/O 21 Q 

10 I/O 22 Q 

11 I/O 23 I/O 

12 GNO 24 VCC 

OE-----------------------~------q 
OUTCLK---------------------------------~~ 

& Q 

38 X 64 

0 

0 
INLE OC2 11 

1C2 0 
I/O 

0 
MO 
M1 

Q 

0 -
8 

2 t> 
0 

R 
it 

SN54PLT19R8' (JT) SN74PLT19R8 (JT,NT) 

© Ie MASTER 1984 

TEXAS 
INSTRUMENlS 
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Refer to data sheet in this section for additional 
information. 

See availability at front of this Product Guide, 

Copyright © 1983 by Te)(aS Instruments Incorporated. 
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TYPES SN54PL 16L8, SN54PL 16R4, SN54PL 16R6, SN54PL 16R8, 
SN74PL16L8, SN74PL16R4, SN74PL16R6, SN74PL16R8 
FIXED·OR ARRAYS 
02705, DECEMBER 1982-REVISED SEPTEMBER 1983 

• Standard 20-Pin, 300-mil Packages • Plug-In 'Compatible with Part Numbers: 

• Choice of operating Speeds 
PAL16L8, PAL16R4, PAL16R6, PAL16R8 

-1 Parts . . . 35 MHz Max, Standard power 
-2 Parts ... 25 MHz Max, Half power 

DEVICE I INPUTS 
3-STATE REGISTERED 

o OUTPUTS QOUTPUTS 1/0 PORTS 

'PL 16L8 10 2 0 6 
'PL 16R4 8 0 4 (3-state) 4 

'PL 16R6 8 0 6 (3-state) 2 
'PL 16R8 8 0 8 (3-state) 0 

description. 

These fixed-OR arrays provide 3-state outputs for bus-oriented systems. They combine Advanced Low-Power Schottky 
technology with proven titanium-tungsten fuses for reliable, high-performance substitutes for conventional TTL logic. 

Standard arrays and programmability allow quick design of "custom" functions and more compact boards. The -1 
and ~ 2 parts offer a choice of operating frequency, switching times, and power dissipation. 

The SN54PL 16' is characterized for operation over the full military temperature range of - 55 °e to 125°e. The 

SN74PL16', is characterized for operation from ooe to 70 oe. 

pin assignments in operating mode (voltages at pins 1 and 11 less than VIHH) 

'PL 16L8 

I cJ1020tJ Vee 
Ig2 19bJ 0 
IW 3 18 1/0 

104 1/0 

I 5 I/O 

GND-,... __ ....r-

I/O 

I/O 
I/O 

o 

SN54PL' ... J PACKAGE 
SN74PL' ... N PACKAGE 

'PL 16R4 

Cli~ n. ~ O~~8~~c 
I 3 18 1/0 

I 4 17 Q 

I 5 16 Q 

1 Q 

Q 

1/0 

I 1/0 

GND OE 
~ __ -r-' 

(TOP VIEWS) 

'PL 16R6 

ClK rl1 020n Vee 
102 19Q 1/0 
I 3 18 Q 

Q 

Q 

Q 

Q 

Q 

I/O 

GND'-1-__ ~OE 

elK 

I 

'PL 16R8 

Vee 
Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

GND OE ---'-__ -r-

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

4910 

VCC----~~---VCC 

INPUT --+----i 

OE inputs: Req = 5 kO NOM 
Other inputs; Req = 10 kO NOM 

ADVANCE INFORMATION 

This document contains infonnation on a new product. 
Specifications a(e subject to change without notice. , TEXAS 

INSTRUMENlS 

VCC 

...... -..-..-OUTPUT 

Copyright © 1983 by Texas instruments Incorporated 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 
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TYPES SN54PL 16LB. SN54PL 16R4. SN54PL 16R6. SN54PL 16RB. 
SN7 4PL 16LB. SN7 4PL 16R4. S~14PL 16R6. SN7 4PL 16RB 

FIXED·OR ARRAYS 

functional block diagrams (positive logic) 

'PL 16L8 

& EN -'1 

32 X 64 

'PL 16R6 

DE 
elK 

- denotes fused inputs 

@ Ie MASTER 1984 

0 De 
elK 

0 

I/O 

I/O 

110 

I/O 

I/O 

I/O 

BE 
elK 

Q 

Q 

Q 

a 

a 

a 

I/O 

1/0 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

'PL 16R4 

& 

32 x 64 

4~ 

'PL 16R8 

See Application Note section for additinal information 
on Texas Instruments Bipolar Programmable Logic 
Arravs. 

Q 

Q 

Q 

a 

Q 

0 

0 

0 

a 

a 

Q 

a 

I/O 

I/O 

1/0 

1/0 
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TYPES SN54PL 16L8, SN54PL 16R4, SN54PL 16R6, SN54PL 16R8, 
SN7 4PL 16L8, SN7 4PL 16R4, SN7 4PL 16R6, SN7 4PL 16R8 
FIXED·OR ARRAYS 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ........................................................................ 7 V 
Input voltage (see Note 1) ......................... ' ..................................................... 5.5 V 
Voltage applied to a disabled output (see Note 1) ......................................................... 5.5 V 
Operating free-air temperature range: SN54PL' ............................................... -55.oe to 125°C 

SN74PL' ................................................... ooe to 700 e 
Storage temperature range ...................... ; ........................................... -65°Cto 1500 e 

NOTE 1: These ratings apply except for programming pins during a programming cycle. 

recommended operating conditions 

i SN54PL16' SN74PL16' 
, PARAMETER 

MIN NOM MAX MIN NOM MAX 
UNIT 

Vee Supply voltage 4.5 5 5.5 4.75 5 5.25 V 

VIH High-level input voltage 2 5.5 2 5.5 V 

! Vil low-level input voltage 0.8 0.8 V 

10H High-level output current -2 -3.2 mA 

10l low-level output current 12 24 mA 

TA Operating free-air temperature -55 125 0 70 °e 

~ electrical characteristics, over recommended free-operating temperature range 

CIJ 
ctS 
X 
Q) 

I-

TEST CONDITIONS t 
SN54PL16' SN74PL16' 

PARAMETER 
TYP+ TYP+ MIN MAX MIN MAX 

VIK Vee = MIN, 'I = -18 mA -1.5 -1.5 

I Vee = MIN, 10H = MAX 2.4 3.2 I 2.4 3.3 I VOH 
VOL Vee = MIN, 10l = MAX 0.25 0.4 0.35 0.5 

10ZH 
Outputs 20 20 

I/O ports 
Vee = MAX, Vo = 2.7 V 

100 100 

Outputs -20 -20 
10Zl 

I/O ports 
Vee = MAX, Vo = 0.4 V 

--250 -250 

II Vee = MAX, VI = 5.5 V 0.1 0.1 

IIH Vee = MAX, VI = 2.7 V 20 20 

OE Input -0.4 -0.4 
- 1 Parts 

-0.2 -0.2 All others Vee = MAX, 
III 

OE Input VI = 0.4 V -0.2 -0.2 
- 2 Parts 

-0.1 -0.1 All others 

10§ Vee = MAX, Vo = 2.25 V -30 -125 -30 -125 

Vee = MAX, 
-1 Parts 140 185 

ICC 
VI = 0 V, 

OE at 4.5 V, 
- 2 Parts 75 95 

Outputs open 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

:j: All typical values are at V CC = 5 V, T A = 25°C. 

140 180 

70 90 

§The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit output current. lOS. 
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UNIT 

V 

V 

V 

p.A 

p.A 

mA 

p.A 

mA 

mA 

rnA 
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TYPES SN54PL 16L8, SN54PL 16R4, SN54PL 16R6, SN54PL 16R8, 
SN74Pl16L8, SN74PL16R4, SN14PL16R6, SN74PL16R8 

FIXED·OR ARRAYS 

'Pl16R4, 'Pl16R6, 'Pl16R8 timing requirements 

-1 PARTS -2 PARTS 

MIN TYP MAX MIN TYP MAX 
UNIT 

fclock Clock frequency 0 35 MHz 

tw Pulse duration, clock high or low 12 ns 

tsu Setup time, input or feedback before CLK! 15 ns 

th Hold time, input or feedback after CLK! 0 ns 

switching characteristics over recommended supply voltage and operating free-air temperature ranges 
(unless otherwise noted) 

-1 PARTS 
PARAMETER I FROM TO TEST CONDITIONS 

MIN Typt 

fmax 35 45 

tpd I, 1/0 0,1/0 16 

tpd CLKt Q 7 10 

ten OEl Q 
RL = 500 0, 

18 
C = 50 f L p 

10 I ldis 
ten 

1- 18 

I ldis I, 1/0 ! 0, I/O 14 

tAli typical values are at Vcc = 5 V, TA = 25°C .. 

programming parameters, T A = 25°C 

Vee Verify-level supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

VIHH Program-pulse input voltage 

PO 

IIHH Program-pulse input current 
PBM ENABLE, L/R 

tw1 

tw2 

tsu 

th 

td1 

td2 -

PI, PA 

Vee 
Program-pulse duration at PO pins 

Pulse duration at PGM VERIFY 

Program-pulse duty cycle at PO pins 

Setup time 

Hold time 

Delay time from Vec to 5 V to PGM VERIFY t 

Delay time from PGM VERIFY 1 to valid output 

Input voltage at pins 1 and 11 to open verify-protect (security) fuse 

Input current to open verify-protect (security) fuse 

Pulse duration to open verify-protect (security) fuse 

TEXAS 
INSTRUMENTS 
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-2 PARTS 

MAX MIN Typt MAX 
UNIT 

35 MHz 

25 32 ns 

15 20 ns 

25 36 ns 

15 20 ns 

25 36 ns 

25 28 ns 

MIN NOM MAX UNIT 

4.5 5.0 5.5 V 

2 5.5 V 

0.8 V 

10.25 10.5 10.75 V 

20 50 

10 25 
mA 

1.5 5 

250 400 

10 50 ps 

100 ns 

25 % 

100 ns 

100 ns 

100 ps 

200 ns 

20 21 22 V 

400 mA 

20 50 ms 
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FIELD
PROGRAMMABLE 
LOGIC 

TVPESSN54PL20L8,SN54PL20R4,SN54PL20R6,SN54PL20R8 
SN74PL20L8,SN74PL20R4,SN74PL20R6,SN74PL20R8 

FIXED-OR ARRAYS 

Standard 24-Pin. 300-mil Packages 

• Output Registers Have Preload 
Capability 

• Output Registers Automatically Clear 
During Power-Up 

DEVICE I INPUTS 3-STATE 
o OUTPUTS 

'PL20L8 14 2 

'PL20R4 12 0 

'PL20R6 12 0 

'PL20R8 12 0 

description 

02706. DECEMBER 1982-REVISED SEPTEMBER 1983 

• Choice of Operating Speeds 
-1 Parts . . . 30 MHz Max. Standard power 
- 2 Parts . . . 20 MHz Max, Half power 

REGISTERED 1/0 PORTS 
QOUTPUTS 

0 6 

4 (3 -state buffers) 4 

6 (3-state buffers) 2 

8 (3-state buffers) 0 

These fixed-OR arrays provide3-state outputs for bus-oriented systems. The 'PL20L8, 'PL20R4, and 'PL20R6 have 
output registers that can be loaded from the I/O pins by a preload procedure. All the outputs are automatically set 
to a low level when power is applied. The -1 and - 2 parts offer a choice of operating frequency, switching times, 
and power dissipation. 

2 The SN54PL20' is characterized for operation over the full military temperature range of - 55°C to 125°C. The 
c: SN74PL20' is characterized for operation from ooe to 70°C. 
Q) 

E pin assignments in operating mode (voltages at pins 1 and 13 less than VIHH) 
::l 
~ .... 
en 
c: 

en 
CO 
X 
Q) 

f-

I 

GND 

'PL20L8 

Vcc 
I 

o 
110 

1/0 

1/0 

110 

1/0 

110 

o 
1* 

OUTCLK 

I 
GND 

'PL20R4 

SN54' ... JT PACKAGE 
SN74' ... NT PACKAGE 

(TOP VIEW) 

'PL20R6 

Vcc OUTCLK 

I 

110 

I/O 
Q 

Q 

Q 

Q 

1/0 

ilO 

1* 
OE GND 

*Pin 14 is also used for the preload procedure on the last page of this data sheet. 

schematics of inputs and outputs 

Vcc 
I 

110 
Q 

Q 

0 
Q 

Q 

Q 

1/0 

1* 
OE 

EaUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS 

VCC---+--- --+----+--- vCC 

REO 

INPUT 

OUTPUT 

PlN 13: REO' 5.110 
ALL OTHERS: REO' 10 kl! 

'Pl20R8 

OUTCLK Vec 

I 

GND 

I 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

Q 

1* 
OE 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 

ThIs document contains Infonnetion on a new product. 
Specifications are subject to chenga without notice. 
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TYPES SN54PL20L8, SN54PL20R4, SN54PL20R6, SN54PL20R8 
SN74PL20L8, SN74PL20R4, SN74PL20R6, SN74PL20R8 

FIXED-OR ARRAYS 

functional block diagr~ms (positive logic) 

'PL20l8 

[>----0 

[F----O 

[F-.......... -IIO 

D-4H--<"'- 110 

P-41H--""'-110 

~t+-o""-I/O 

~t+-<"-I/O 

1/0 

/ '4 I 

'PL20R6 

Oe----------------------~~n---, 
OUTCLK -------------------------i> 

0 

0 

Q 

0 

0 

Q 

1/0 

I/O 

'PL20R4 

OE------------------------~ 
OUTClK ---------------------~ 

Oe 
OUTCLK 

& 

40 X 64 

/ 

'PL20R8 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

0 

0 

0 

Q 

1/0 

110 

110 

1/0 

Q 

0 

Q 

Q 

Q 

Q 

Q 

0 

Supply voltage, Vee (see Note 1) ........................................................................ 7 V 
Input voltage (see Note 1 ) .............................................................................. 5.5 V 
Voitage appiied to a disabied output (see Note i) ......................................................... 5.5 V 
Operating free-air temperature range: SN54PL' .............................................. , -55°C to 125°e 

SN74PL' ................................................... O°C to 70°C 
Storage temperature range ................................................................. -65°C to 1500 e 

NOTE 1: These ratings apply except for programming pin~ during a programming cycle or during preload cycle. 

© Ie MASTER 1984 
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See Application Note section for additional information 
on Texas Instruments Bipolar Programmable Logic 
Arrays. 
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TYPES SN54PL20L8, SN54PL20R4, SN54PL20R6, SN54PL20R8, 
SN74PL20L8,SN74PL20R4,SN74PL20R6,SN74PL20R8 
FIXED-OR ARRAYS 

recommended operating conditions 

SN54PL19R' SN74PL19R' 

MIN NOM MAX MIN NOM MAX 

Vee Supply voltage 4.5 5 5.5 4.75 5 ' 5.25 

VIH High-level input voltage 2 5.5 2 5.5 

VIL Low-level input voltage 0.8 0.8 

10H High-level output current -2 -3.2 

10L Low-level output current 12 24 

TA Operating free-air temperature -55 125 0 70 

electrical characteristics over recommended free-air operating temperature range 

PARAMETER TEST CONDITIONSt 
SN54PL20' SN74PL20' 

MIN TYPi MAX MIN 

VIK Vce= MIN. II = -18 mA -1.5 

VOH Vee = MIN. 10H= MAX 2.4 3.2 2.4 

VOL Vee = MIN. 10L=MAX 0.25 0.4 

O. a outputs 
VIH = 2.7 V 

20 
10ZH 1/0 ports 

Vec=MAX. 
100 

O. a outputs 
Vec=MAX. VIH=0.4V 

-20 
10ZL 

1/0 ports -250 

OE Input 
Vee = MAX. 

0.2 
II 

All others 
VI=5.5V 

0.1 

OE Input 
VI=2.7V 

40 
IIH 

All others 
Vee = MAX. 

20 

OE Input 
VI=0.4V 

-0.4 
IlL 

All others 
Vee = MAX. 

-0.2 

IO§ Vee = MAX. Vo= 2.25 V -30 -'125 -30 
-1 Parts Vee = MAX. VI=OV. 150 200 

ICC - 2 Parts Outputs open. OE atVIH 75 100 

tFor conditions shown as MIN or MAX. use the appropriate value specified under recommended operating conditions. 

iAII typical values are Vee = 5 V. TA = 25°e. 

TYPi MAX 

-1.5 

3.3 

0.35 0.5 

20 

100 

-20 

-250 

0.2 

0.1 

40 
20 

-0.4 

-0.2 

-125 

150 200 

75 100 

§The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current. lOS' 

'PL20R4, 'PL20R6, 'Pl20R8 timing requirements 

I :-1 PARTS I -2 PARTS 
MIN MAX MIN MAX 

fclock Clock frequency 0 30 0 20 

tw Pulse duration, clock high or low 12 12 

tsu Setup time. input or feedback before OUTCLKf 15 15 

th Hold time. input or feedback before OUTeLK' 0 0 

UNIT 

V 

V 

V 

mA 

mA 

°e 

UNIT 

V 

V 

V 

pA 

pA 

mA 

pA 

mA 

mA 

mA 

UNIT 

MHz 

ns 
ns 

ns 

switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

PARAMETER FROM TO 

fmax 
tpd 1.1/0 0.1/0 

tpd OUTeLK f Q 

ten OE a 
tdis OE' a 
ten 1,1/0 0,1/0 

tdis 1.110 0.1/0 

tAli typical values are at Vee = 5 V, TA = 25°e. 

4916 

TEST CONDITIONS 
MIN 

30 

RL = 500 n. 
eL::: 50 pF 

TEXAS 
INSTRUMENTS 

-1 PARTS 

TYPi 

16 

12 

8 

6 

18 

13 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

MAX 

-2 PARTS 

MIN TYPi MAX 
UNIT 

20 MHz 
25 ns 
20 ns 
15 ns 
12 ns 
25 ns 
20 ns 
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TYPES SN54PL20L8, SN54PL20R4, SN54PL20R6, SN54PL20R8, 
SN74PL20L8,SN74PL20R4,SN74PL20R6,SN74PL20R8 

FIXED-QR ARRAYS 

PRELOAD PROCEDURES 

5V~ Vcc 
ov 

OUTPUTS DISABLED 
VIH 

VIL----...Jt \\..----.;.-----___ _ 

tdis -+t I+- -..j ~ ten 

I ENABLE PRELOAD I 
VIHH------- _1_-- - I 

: A .L 1200 ns' 

'I: II ~ ! MIN! 
VIL-------~--...J ~+i---~----------------

I I I+--tw1~ 
: : I APPLY 0' n I 

VIHH --- - - -- -+ - -----

PIN 14 

I 100 ns ! . II~ 
I ....J VERIFY NEW 

o V VERIFY STATE On I MIN -I I 1 STATE O'n VERIFY O'n + 1 
OH V\MMMN\J V\XXXXXXI\\. / 
VOL~~· ------~~~z~~~~~~-4,~~ ___ _ 

I 

-+I tpd ~ 
PIN 1 VIH n' 

(OUTCLK) VIL------------------------~ ~ _____ _ 

FIGURE 1-PRELOAD WAVEFORMS 

preload procedure for registered outputs 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 
Step 6 
Step 7 

© Ie MASTER 1984 

Pin 13 to VIH, Pin 1 to VIL, and Vee to 5 volts. 
Pin 14 to VIHH for 10 to 50 microseconds. 
Apply an open circuit for a low and VIHH for a high at the Q outputs. 

Pin 14 to VIL. 
Remove the voltages applied to the outputs. 

Pin 13 to VIL. 
Check the output states to verify preload. 

TEXAS 
INSTRUMENTS 
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FIELO
PROGRAMMABLE 
LOGIC· 

TYPES SN54PL839, SN54PL840, SN74PL839, SN74PL840 
14 X 32 X 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

02708, DECEMBER 1982 - REVISED SEPTEMBER 1983 

• Input-to-Output Propagation Delay . . . LOGIC FUNCTION 

10 ns Typical 
f(l) = PO + P1 ... P31 for polarity link intact 

• 24-Pin. 300-mil Slim Line Packages f(l) = PO * P1 * ... * P31 for polarity link open 

• Power Dissipation ... 650 mW Typical 
where PO through P31 are product terms 

• Programmable Output Polarity 

description 

The 'PL839 (3-state outputs and the 'PL840 (open-collector outputs) are TTL field-programmable logic arrays containing 
32 product terms (AND terms) and six sum terms (OR terms). Each of the six sum-of-products output functions can 
be programmed either high or low true. The true condition of each output function is activated by the programmed 
logical minterms of 14 input variables. The outputs are controlled by two chip-enable pins to allow output inhibit and 
expansion of terms. 

These devices provide high-speed data-path logic replacement where several conventional SSI functions can be designed 
into a single package. 

The SN54PL839 and SN54PL840 are characterized for operation over the full military temperature range of - 55 °e 
to 125°e. The NS74PL839 and SN74PL840 are characterized for operation from ooe to 70 oe. 

en 'E pin assignments in operating mode (pin 1 is less than VIHH) . 
(J) 

5 SN54PL' ... JT PACKAGE 

-= SN74PL' ... NT PACKAGE en 
c (TOP VIEW) 

en 
tU 
X 

{E. 

schematics of inputs and outputs 

EQUIVALENT OF EACH INPUT 

vcc ---....------
10H"l NOM 

INPUT 

ADVANCE INFORMATION 
This document contllina informetion on e new product. 
Specifications ere subject to change without notice. 

OEl Vee 
I 

I I 

o a 
a 0 
a a 

GND OE2 
--....--~ 

'PL839 

TYPICAL OF ALL OUTPUTS 
~.---+--- vce 

OUTPUT 

TEXAS 
INSTRUMENTS 

'PL840 

TYPICAL OF ALL OUTPUTS 

__ ~OUTPUT 

Copyright © 1983 by Texas Instruments IncCi)rporated 
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TYPES SN54PL839. SN54PL840. SN74PL839 •. SN74PL840 
14 X 32 X 6 FIELD·PROGRAMMABLE LOGIC:; ARRAYS 

functional block diagram (positive logic) 

OE1--....(]I 

OE2 ---011 

14 

absolute maximum ratings 

& 

14 
28 X32 

14 

,..,denotes fused inputs. 

32 

~1 

32X6 

4'PL839 has 3-state ('V) outputs; 'PL840 has open-collector (Q) outputs. 

o 

o 

o 

o 

o 

Supply Voltage, Vee. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . ................ 7 V 
Input Voltage ............................ '. . . . . . . . . . . . . . . . . . . . . .. .................. 5.5 V 
Off-State Output Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5.5 V 
Operating Free-air Temperature Range SN54PL839, SN54PL840 . . . . . . . . . . . . . . . . . . . .. - 55°C to 125°C 

SN74PL839, SN74PL840 ......................... ooe to 70°C 
Storage Temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 

TEXAS INSTRUMENTS 
INCORPORATED 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 

@ Ie MASTER 1984 

See Application Note section for additional Fifonnation 
on Texas Instruments Bipolar Programmable Logic 
Arrays. 
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TYPES SN54PL839, SN54PL840, SN74PL839, SN74PL840 
14 X 32 X 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

recommended operating conditions 

MIN 

Supply voltage, Vee 4.5 

High·level input voltage, VIH 2 

Low-level input voltage, VIL 

High-level output current, IOH 

Low-level output current, IOL 

Operating free-air temperature, T A - 55 

SN54Pl' 

NOM MAX 

5 5.5 

0.8 

-2 

12 

125 

SN74Pl' 
UNIT 

MIN NOM MAX 

4.75 5 5.25 V 

2 V 

0.8 V 

-3.2 mA 

24 mA 

0 70 °e 

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 

TEST CONDITIONS t 
SN54Pl' SN74PL' 

PARAMETER UNIT 
MIN TYP:I: MAX MIN TYP:I: MAX 

VIK Vee == MIN, II = -18 mA -1.5 -1.5 V 

VOH Vee = MIN, IOH = MAX 2.4 3.2 2.4 3 V 

VOL Vee = MIN, 10L = MAX 0.25 0.5 0.37 0.5 V 

II Vee = MAX, VI = 5.5 V 0.1 0.1 mA 

IIH Vee = MAX, VI = 2.7 V 20 20 p.A 

IlL Vee = MAX, VI = 0.4 V -0.4 -0.4 mA 

lo§ Vee = MAX, Vo = 2.25 V -30 -50 -112 -30 -50 -112 mA 

IOZH Vee = MAX, Vo = 2.7V 20 20 p.A 

IOZL Vee = MAX, Vo = 0.4 V -20 - 20 p.A 

lee 
Vee = MAX, VI = 0 V, 

130 200 130 190 mA 
OE inputs at VIH 

~ tFor conditions shown as MIN or MAX, use the appropriate value spcified under recommended operating conditions. 

>< tAli typical values are at Vee = 5 V, TA = 25°e. 
~ §The output conditions have been chosen to produce a current that closely approximates one half of the true short-circuit current, lOS' 

switching characteristics over recommended operating free-air temperature range (unless otherwise noted) 

SN54Pl' 
PARAMETER FROM TO TEST CONDITIONS 

MIN TYP:I: 
-

RL = 500 to GND, 
tpd Input Output 10 

eL = 50 pF to GND 

ten Pin 1 RL1 = 500 to 7 V, 
9 

or Output RL2 = 500 to GND, 

tdis Pin 13 eL = 50 pF to GND 8 

1 All typical values are at vee = 5 V, T A = 25°e. 

4920 
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SN74Pl' 
UNIT 

MAX MIN TYP:I: MAX 

25 10 20 ns 

16 9 13 
ns 

15 8 12 
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TYPES SN54PL839, SN54PL840, SN74PL839, SN74PL840 
14 X 32 X 6 FIELD·PROGRAMMABLE LOGIC ARRAYS 

pin assignment in programming mode (pin 1 ~ VIHH) top views 

OUTPUT POLARITY 

(PGM ENABLE = Vllll 

PGM ENABLE Vee l 
Pll PIO 
PI2 PI13 
PI3 PI12 
PI4 Pill 
PI5 Pll0 
PI6 PI9 
PI7 PIS 

P05 POO 
P04 POl 
P03 P02 
GND OE2 

~----

tVcc = VCC2 for program and VCC1 for verify 

programming parameters, T A = 25°C 

PARAMETER 

VIX Program-level input voltage 

IIX Program-level input current 

Program pulse duty cycle 

AND MATRIX 

(VCC3) 

PGM ENABLE Vee 
PI1 PIO 
PI2 PI13 
PI3 PI12 
PI4 Pill 
PI5 Pll0 
PI6 PI9 
PI7 PI8 
PO PAO 

PA4 PAl 
PA3 PA2 
GND PGM 
~ __ ....r-

OR MATRIX 

(Vce1. PA5 = Vll) 

PGM ENABLE 
PAl 
PA2 
PA3 
PA4 
PA5 
PI6 
PI7 

P05 
P04 
P03 
GND 

Vee 
PAO 
PI13 
PI12 
Pill 
Pll0 
PI9 
PI8 
POO 
POl 
P02 
PGM 

MEASURED AT 
PROGRAMMING 

MODE 
MIN TYP MAX UNIT 

TEXAS 
INSTRUMENTS 

16.5 

9.5 

17 17.5 V 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 
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FIELD
PROGRAMMABLE 
LOGIC 

TYPESSN54PLR19L8,SN54PLR19R4,SN54PLR19R6,SN54PlR19R8 
SN74PLR19L8,SN74PLR19R4,SN74PLR19R6,SN74PLR19R8 

REGISTERED-INPUT FIXED-OR ARRAYS 
02709, DECEMBER 1982 - REVISED SEPTEMBER 1983 

Standard 24-Pin, 300-mil Packages • Choice of Operating Speeds 

• Output Registers Have Preload 
Capability 

-1 Parts . . . 30 MHz Max, Standard power 
- 2 Parts . . . 20 MHz Max, Half power 

• Output Registers Automatically Clear 
During Power-Up 

DEVICE I/O INPUTS I INPUTS 

'PLR19L8 11 2 

'PLR19R4 11 0 
'PLR19R6 11 0 
'PLR19R4 11 0 

description 

3-STATE REGISTERED 

o OUTPUTS QOUTPUTS 
I/O PORTS 

2 0 6 

0 4 (3-state buffers) 4 

0 6 (3-state buffers) 2 

0 8 (3-state buffers) 0 

These fixed-OR arrays with eleven data inputs feature input registers that can be used as they are or be programmed 
into buffers. Some outputs of the 'PL 19R8, 'PL 19R6, and 'PL 19R4 have registers that can be loaded from the I/O 
pins by a preload procedure, while others are I/O ports and standard 3-state outputs. All the outputs are automatically 
set to a low level when power is applied. The -1 and - 2 parts offer a choice of operating frequency, switching 

times, and power dissipation. 

The SN54PLR19' is characterized for operation over the full military temperature range of - 55°C to 125°C. The 
SN74PLR19' is characterized for operation from OOC to 70°C. 

pin assignments in operating mode (voltages at pins 1 and 13 less than V,HH) 
SN54' ... JT PACKAGE 
SN74' ... NT PACKAGE 

(TOP VIEW) 
'PLR19L8 'PLR19R4 'PLR19R6 'PLR19R8 

VCC OUTCLK VCC ·OUTCLK Mvcc 
I/O liD liD liD 2 23 liD 
1/0 liD liD liD 
liD liD a liD 

110 a lib a liD 
110 1/0 a 110 a liD 
110 110 a 110 Q 110 
110 1/0 a 110 a 110 
110 110 liD Q liD 
liD 0 liD liD 110 
110 INCLK* INCLK* INCLK* liD 

GNO OE OE GNO 
* Pin 14 is also used for the preload procedure on the last page of this data sheet. 

schematics of inputs and outputs 
~----~--~-------r---------------r-----------------' 

EaUlvALENT OF EACH I/O INPUT 

VCC -4---..--------
15 k(l 10 kO NOM 

INPUT 

EaUIVALENT OF ALL 
OTHER INPUTS 

VCC--....... --

REO 

INPUT 

PIN 13: Rea 05 kO 
ALL OTHERS: REO = 10 kO 

TYPICAL OF ALL OUTPUTS 

--+---....--VCC 

OUTPUT 

3 22 a 
a 
a 
a 
a 
a 
a 
a 
INCLK* 

DE 
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TYPESSN54PLR19L8,SN54PLR19R4,SN54PLR19R6,SN54PLR19R8 
SN14PLR19LaSN74PLR19R4,SN74PLR19RLSN74PLR19R8 

REGISTERED-INPUT FIXED-OR ARRAYS 

functional block diagrams (positive logic) 

'PlR1S18 

6, 
4 > 

'PlR1SR6 

~----------------------~~--J 
OUTClK--------------f> 

80 
38X64 

0 

0 

10 

1'0 

1'0 

1'0 

I/O 

I/O 

Q 

Q 

Q 

Q 

a 

Q 

110 

1/0 

'PLR1SR4 

~----------------Q 
OUTClK---------------i> 

INCLK ------<> 
11 

110 --r---i 

'PLR1SR8 

DE 
OUTCLK 

80 

INClK 

11 
110 

11 

-= 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Q 

Q 

Q 

Q 

1/0 

1/0 

1/0 

1/0 

Supply voltage, Vee (see Note 1) ........................................................................ 7 V 
Input voltage (see Note 1) .............................................................................. 5.5 V 
Voltage applied to a disabled output (see Note 1) ............................................. ; ...... ' ..... 5.5 V 
Opeiating free-air temperature range: SN54PLR' ............................................. -55°C to 125°C 

SN74PLR' ............................... ' .................. ooe to 700 e 
Storage temperature range .......................................... .' ...................... -65°e to 1500 e 

NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle. 

TEXAS 
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See Application Note section for additional information 
on Texas Instruments Bipolar Programmable Logic 
Arrays. 
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TYPESSN54PLR19LB,SN54PLR19R4,SN54PLR19R6,SN54PLR19RB, 
SN74PLR19LB,SN74PLR19R4,SN74PLR19R6,SN74PLR19RB 
REGISTERED-INPUT FIXED-OR ARRAYS 

recommended operating conditions 

SN64PLR19' SN74PLR19' 

MIN NOM MAX MIN NOM MAX 

VCC Supply voltage 4.5 5 5.5 4.75 5 5.25 

VIH High-level input voltage 2 5.5 2 5.5 

Vil low-level input voltage 0.8 0.8 

IOH High-level output current -2 -3.2 

IOl low-level output current 12 24 

TA Operating free-air temperature -55 125 0 70 

electrical characteristics over recommended free-air operating temperature range 

PARAMETER TEST CONDITIONSt 
SN64PLR19' SN74PLR19' 

MIN TYp:J; MAX MIN 

VIK VCC= MIN, 11= -18 mA - t.5 

VOH VCC= MIN, 10H= MAX 2.4 3.2 2.4 

VOL VCC= MIN, 10l = MAX 0.25 0.4 

10ZH 
Outputs 

VCC= MAX, VIH= 2.7 V 
20 

1/0 ports 100 

10Zl 
Outputs 

VCC= MAX, VIH =0.4 V 
-20 

I/O ports -250 

OE Input 0.2 

II liD Inputs VCC= MAX, VI = 5.5 V 0.1 

All others 0.1 

OE Input 40 

IIH liD Inputs VCC= MAX, VI = 2.7 V 20 

All others 20 

OE Input -0.4 

I 
III liD Inputs VCC= MAX, VI=0.4V -0.6 

A!! others -0.2 
IO§ VCC= MAX, VO= 2.25 V -30 -125 -30 

ICC 
- 1 Parts VCC= MAX, VI=OV, 150 200 
- 2 Parts Outputs open 75 100 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

:tAli typical values are Vee = 5 V, TA = 25°e. 

TYp:J; MAX 

-1.5 

3.3 

0.35 0.5 

20 

100 

-20 

-250 

0.2 

0.1 

0.1 

40 

0.1 

0.1 

-0.4 

-0.6 

-0.2 
-125 

150 200 

75 100 

§The output conditiol1s have been chosen to produce a current that closely approximates one half the true short-circuit current, lOS-

input timing requirements 

fclock Cl,ock frequency 

tw Clock pulSe duration, clock high or low 

tsu Setup time, liD input before INClKt 

th Hold time, liD input before INClKt 

'PLR19R4, 'PLR19R6, 'PLR19RB timing requirements 

fclock 
tw 

tsu 

th 

Clock frequency 

Clock pulse duration, clock high or low 

Setup time, input or feedback before OUTClKt 

Hold time, input or feedback before OUTClKf 

TEXAS 
INSTRUMENTS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 7S26S 

MIN MAX 

0 40 
10 

12 

0 

MIN MAX 

0 30 

12 

15 

0 

UNIT 

V 

V 

V 

mA 

mA 

°c 

UNIT 

V 

V 

V 

pA 

pA 

mA 

pA 

mA 

mA 

mA 

UNIT 

MHz 

ns 

ns 

ns 

UNIT 

MHz 

ns 

ns 

ns 
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TYPES SN54PLR19LB,SN54PLR19R4,SN54PLR19R6, SN54PLR19RB, 
SN74PLR19LB,SN74PLR19R4,SN74PLR19R6,SN74PLR19RB 

REGISTERED-INPUT FIXED-OR ARRAYS 

switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) 

-, PARTS -2 PARTS INPUT TEST PARAMETER FROM TO 
MODE CONDITIONS MIN TYpt MAX MIN TYpt MAX 

UNIT 

fmax Either 30 20 MHz 

tod 1,1/0 1/0,0 Either 16 25 

tod OUTCLK T 0 Either 12 20 

ten Ofl 0 Either 8 15 

1dis OEt 0 Either 
RL = 5000, 

6 12 

tod INCLKf 110,0 Registered 23 32 

ten INCLKt i 1/0,0,0 Registered 
CL = 50 pF 

25 i 35 i 

1dis INCLKt ! 1/0.0.0 ' Registered 20 ! 30 

tpd liD 1/0,0 Buffered 20 30 

ten 110,110 1/0 Buffered 22 32 

1dis 1/0,1/0 110 Buffered 17 26 

tAli typical values are at VCC = 5 V, TA = 25°C. 

PRELOAD PROCEDURES 

Vee +::~ 
OUTPUTS DISABLED 

VIH 

t OE 
VIL \~---

tdis -.t j.- -.j r- ten 

I ENABLE PR ELOAD I 

PIN14 v:I:--------I----1! . 1\o.,I-+r_1_0M_O_I~_s .... i_. _________ _ 

. l: I+--tw1 ----+I 
I I I APPLY O'n I 

VIHH - - - - - - - -+ - - - - - - -ir-..-r"""tr--'i--..---i 
I I 
I 100 ns I 

a V VERIFY STATE an : MIN ~ 
OH I 

VERIFY O'n + 1 

>-----~~~~~--~--~-~ 
~~~~~,'-----

I 

-.j tpd I+-
PIN 1 

(OUTCLK) 
~:~ ----- - - - - - --- - - - - - - - - - -- - -hL.. _____ _ 

FIGURE 1-PRELOAD WAVEFORMS 

preload procedure for registered outputs 

Step' 
Step 2 
Step 3 
Step 4 
Step 5 
Step 6 
Step 7 

@ Ie MASTER 1984 

Pin 13 to VIH, Pin 1 to Vll, and VCC to 5 volts. 
Pin 14 to VIHH. 
Apply an open circuit for a low and VIHH for a high at the Q outputs. 
Pin 14 to Vil. 
Remove the voltages applied to the outputs. 
Pin 13 to Vil. 
Check the output states to verify preload. 
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FIELD
PROGRAMMABLE 
LOGIC 

TYPES SN54PL T19LB, SN54PLT19R4, SN54PLT19R6, SN54PLT19RB 
SN74PLT19LB,SN74PLT19R4,SN74PLT19R6,SN74PLT19RB 

LATCHED-INPUT FIXED-OR ARRAYS 
02710, DECEMBER 1982-REVISED SEPTEMBER 19.83 

• Standard 24-Pin, 300-mil Packages • Data Input Registers Programmable 
to Buffers 

• Output Registers Automatically Clear 
During Power-Up • Choice of Operating Speeds 

• Output Registers Have Preload 
Capability 

- 1 Parts . . . 30 MHz Max, Standard power 
- 2 Parts ... 20 MHz Max, Half power 

DEVICE liD INPUTS I INPUTS 
3-STATE REGISTERED 

o OUTPUTS QOUTPUTS 
1/0 PORTS 

'PLT19L8 11 2 2 0 6 

'PLT19R8 11 0 0 8 (3-state buffers) 0 

'PLT19R6 11 0 0 6 (3-state buffers) 2 

'PLT19R4 11 0 0 4 (3-state buffers) 4 

description 

These fixed-OR arrays with eleven data inputs provide input registers that can be used as they are or be programmed 
into buffers. Some outputs of the 'PL T19R8, 'PL T19R6, and 'PL T19R4 have registers that can be loaded from the 
1/0 pins by a preload procedure, while others are I/O ports and standard 3-state outputs. All the outputs are automatically 
set to a low level when power is applied. The -1 and -2 parts offer a choice of operating frequency, switching 
times, and power dissipation. 

The SN54PL T19' is characterized for operation over the full military temperature range of - 55°C to 125°C. The 
SN74PLT19' is characterized for operation from O°C to 70°C. 

pin assignments in operating mode (voltages at pins 1 and 13 less than VIHH) 

SN54' ... JT PACKAGE 
SN74' ... NT PACKAGE 

(TOP VIEW) 
'PLT19L8 'PLT19R4 'PLT19R6 

OUTCLKMvcc 
110 110 2 23 110 

I/O I/O 3 22 I/O 

110 110 Q 

110 110 110 110 Q 

110 1/0 110 Q 110 Q 

110 1/0 110 Q 110 0 
110 1/0 110 0 110 0 
110 1/0 I/O I/O liD Q 

110 0 110 110 liD 1/0 

110 INLE* 110 INLE* liD INLE* 

GNO I GNO OE GNO OE 

*Pin 14 is also used for the preload procedure on the last page of this data sheet. 

schematics of inputs and outputs 

OUTCLK 

110 

liD 

110 

110 

110 

110 

110 

110 

110 

liD 

GNO 

~--------------~-----------------, 
EaUIVALENT OF EACH I TYPICAL OF ALL OUTPUTS 

VCC--......... -- --+----+---VCC 

REO 

INPUT 

OUTPUT 

PIN 13: REO = 5 kO 
ALL OTHERS: REO = 10 kO 

'PLT19R8 

0 
Q 

0 

0 

0 
Q 

0 
INLE* 

OE 

ADVANCE INFORMATION Copyright © 1983 by Texas Instruments Incorporated 
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TYPESSN54PLT19LB,SN54PLT19R4,SN54PLT19R6,SN54PLT19RB 
SN74PLT19LB.SN74PLT19R4,SN74PLT19R6,SN74PLT19RB 

LATCHED-INPUT FIXED-OR ARRAYS 

functional block diagrams 

'PlT19L8 'PLT19R4 

0 5£ 

OUTClK 

0 
80 Q 

38'64 
iNLE---o 110 

a 
11 

I/O-~--t 
1/0 

a 
1/0 iNTI 11 

a 
110 If 0 

1/0 1/0 

1/0 I/O 

1/0 

110 

'PLT19R6 'PLT19R8 

~--------------------~~-, ~------------------~m--. 
OUTClK-------------Jt:> OUTClK------------1> 

a 

a 

Q 

Q 

lfo--':'iI#-' ~ 
a 

a 

K>-4l-t-.... -!--I/O 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vee (see Note 1) ........................................................................ 7 V 
Input voltage (see Note 1) .............................................................................. 5.5 V 
Voltage applied to a disabled output (see Note 1) ......................................................... 5.5 V 
Voltage at any programming pin ............................... ',' ....................................... 12 V 
Operating free-air temperature range: SN54PL T' .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. -55°C to 125°e 

SN74PLT' ................................................. ooe to 700 e 
Storage temperature range ................................................................. -65°e to 1500 e 

NOTE 1: These ratings apply except for programming pins during a programming cycle or during a preload cycle, 

TEXAS 
INSTRUMENlS 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 

See Application Note section for additional information 
on Texes Instruments Bipolar Programmable logic 
Arrays. 
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Q 

a 

a 

Q 

Q 
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TYPES SN54PLT19LB, SN54PLT19R4, SN54PLT19R6, SN54PLT19RB, 
SN74PLT19LB,SN74PLT19R4,SN74PLT19R6,SN74PLT19RB 
LATCHED-INPUT FIXED-OR ARRAYS 

recommended operating conditions 

SN64PLT19' 

MIN NOM MAX MIN 

VCC Supply voltage 4.5 5 5.5 4.75 

V,H High-level input voltage 2 5.5 2 

V,l low-level input voltage 0.8 

VOH High-level output voltage 5.5 

10H High-level output current -2 

IOl low-level output current 12 

TA Operating free-air temperature -55 125 0 

SN74PLT19' 

NOM MAX 

5 5.25 

5.5 

0.8 

5.5 
-3.2 

24 

70 

electrical characteristics over recommended free-air operating temperature range 

PARAMETER TEST CONDITIONS t 
SN64PLT19' SN74PLT19' 

MIN TVP+ MAX MIN 

V,K VCC= MIN, " = -18 mA -1.5 

VOH VCC= MIN, 10H= MAX 2.4 3.2 2.4 

VOL VCC= MIN, 'Ol= MAX 0.25 0.4 

10ZH 
Outputs 

VCC= MAX, VO= 2.7 V 
20 

1/0 ports 100 

10Zl 
Outputs 

VO=O.4V 
-20 

1/0 ports 
VCC= MAX, 

-250 

OE Input 
VCC= MAX, V,= 5.5 V 

0.2 

" 
All others 0.1 

OElnput 40 
"H All others 

VCC= MAX, V, = 2.7 V 
20 

',l 
OE Input 

VCC= MAX, VI=0.4V 
-0.4 

All others -0.2 

IO§ VCC= MAX, VO= 2.25 V -30 -125 -30 

ICC 
-1 Parts VCC= MAX, V,=OV, 150 200 

- 2 Parts Outputs open 75 100 

tFor conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 

:l:AII typical valu~s are Vee = 5 V, TA = 25°e. 

TVP+ MAX 
......; 1.5 

3.3 

0.35 0.5 

20 

100 

-20 

-250 

0.2 

0.1 

40 
0.1 

-0.4 

-0.2 

-125 

150 200 

75 100 

§The output conditions have been chosen to produce a current that closely approximates one half the true short-circuit current, lOS' 

'PLT19R8, 'PLT19R6, 'PLT19R4 timing requirements 

fclock 

tw 

tsu 

tsu 

th 

-1 PARTS 

MIN 

Clock frequency 0 
Clock pulse duration, clock high or low 12 

Setup time, D input before INlEf 

Setup time, input or feedback before OUTClKf 15 

Hold time, input or feedback before OUTClKf 0 

TEXAS 
INSTRUMENTS 

MAX 

30 

POST OFFice BOX 225012 • DALLAS. TeXAS 75265 

-2 PARTS 

MIN MAX 

0 30 

12 

15 

0 

UNIT 

V 

V 

V 

V 

mA 

mA 

°c 

UNIT 

V 

V 

V 

pA 

pA 

mA 

pA 

mA 

mA 

rnA 

UNIT 

MHz 

ns 

ns 

ns 

ns 
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TYPES SN54PLT19L8, SN54PLT19R4, SN54PLT19R6, SN54PLT19R8, 
SN74PLT19L8,SN74PLT19R4,SN74PLT19R6,SN74PLT19R8 

LATCHED-INPUT FIXED-OR ARRAYS 

switching characteristics over recommended operating free-air temperature range (unless otherwise 
noted) , 

I INPUT TEST -1 PARTS -2 PARTS 
PARAMETER FROM TO 

MODE CONDITIONS MIN Typt MAX MIN Typt MAX 
UNIT 

fmax Either 30 20 MHz 

ted 1,1/0 1/0,0 Either 16 25 ns 

ted OUTCLK t a Either 12 20 ns 

ten OEl a Either 8 15 ns 

tctis OEt a Either 6 12 ns 

tpd INLE 1/0,0 Latched 16 25 i ns 

ten IINLE 1/0,0,0 Latched I 25 I 35 I ns 

tctis IINLE I 1/0,0,0 Latched 20 30 I ns 

tpd liD 1/0,0 Buffered 20 30 ns 

ten 1/0,1/0 11O Buffered 22 32 ns 

tctis 110,1/0 11O Buffered 17 26 ns 

tAli typical values are Vee = 5 V, TA = 25°e. 

PRELOAD PROCEDURES 

5V

J Vec 
OV 

OUTPUTS DISABLED 
VIH 

V�L----Jt \"'-----_______ _ 

~is -.J \4- ~ t+- ten 
I ENABLE PRELOAD I 

PIN 14 v:: --------r --7 1\.,1 --+r_1_0_~_I~_s"_i __________ _ 

I I t+--tw1~ 
: : I APPLY Q'n I 

VIHH - - - - - - - -+ - - - - - - -~ ___ P-"'9'_"""" 
I I 
I 100nl I 

Q V VERIFY STATE Q n : MIN·:.t 
OH I 

~----~~-L~~~~~~-~ 

VERIFY Q'n + 1 

VOL~~'-M."""...K.l~ 
~~~~UVI __________ _ 

I 

~ tpd j.-
(OU:~~K~ ::~--- -- --------- ---- - --- -- -- ~-.-- -----hL. _____ _ 

FIGURE 1-PRELOAD VOLTAGE WAVEFORMS 

preload procedure for registered outputs 

Step 1 
Step 2 
Step 3 
Step 4 
Step 5 
Step 6 
Step 7 

~ Ie MASTER 1984 

Pin 13 to VIH, Pin 1 to VIL, and VCC to 5 volts. 
Pin 14 to VIHH. 
Apply an open circuit for a low and VIHH for a high at the Q outputs. 
Pin 14 to VIL. 
Remove the voltages applied to the outputs. 
Pin 13 to VIL. 
Check the output states to verify preload. 
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NEED A HIGH PERFORMANCE 
CMOS GATE ARRAY IN A 

HURRY? HOW ABOUT 
6 WEEKS*FROM TODAYI 

YOUR INPUTS 

E We specialize in fast turn
~ around. We have to. Most of 
ca our customers are in com
CIJ puters or peripherals. Fast-
~ 

are shipped to you-air ex
press, if necessary. 

From engineering draw
ings to silicon in 6 weeks. 
That's the kind of service 
that can help you beat your 
toughest competition into 
the marketplace. It's the dif-

(]) breaking markets with nar-
.::: row windows. Our 6-week 
:5 design cycle helpsthem hit 

these windoWS. Here's how 
we do it. 

~ YOUR SAMPLES 

Weeks 1 and 2-We computer-capture your sche
matic and create a net list. Next, we run complete logic 
and circuit simulations. Any problems are noted, dis
cussed with you, and fixed. Then, we start developing 
the test program. 

Week 3-Using computer assistance, we place and 
route your circuit. All functions are implemented with 
standard precharacterized macrocells. 

Week 4-We verify the circuit design. Engineering 
and design rules are checked. Any viol~tions are re
paired. Then, the IC layout is verified agaif"lst the n~t list. 
This guarantees the actual silicon will be error free. 

Week 5-We generate PG tapes and convert them 
to masks. Test program development is completed. 

Week 6-Your· wafers are personalized and die 
sorted. Good dice are packaged in our prototype shop 
and retested. Then, 10 functional engineering samples 

ference between winning 
and losing. First prize versus the booby prize. 

The Products-At Universal, you have a choice of 
two technologies. Choose our fast ISO-5 process for 
toggle rates to 25M Hz. If you need more speed, our ul
trafast ISO-3 process can take you to 40 MHz. Eighteen 
different arrays, ranging in size from 180 to 2400 gates, 
are available. Chances are, there's an array to fit your 
circuit perfectly. Also, we offer a complete assortment 
of packages including leaded plastic chip carriers. 

Our Philosophy-Service is our business. Your 
problems are our problems. You're more than a cus
tomer to us-you're a partner. Your success will be our 
success and we know it. 

Give U niversala try! Call us at (408) 279-2830 today. 
Or contact us at Universal Semiconductor Inc., 1925 
Zanker Road, San Jose, California 95112. 
TWX 910 338 ~617. 

UNIVERSAL SEMICONDUCTOR INC. 
The Fastest CMOS in the West!TM 

*500 gate complexity. 1925 Zanker Road, San Jose, CA 95112 (408) 279-2830 © 1983 Universal Semiconductor Inc. 
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TRAlLBWING THE VLSI FUTURE 
CUSTOM DESIGN, TOOLS AND 
FABRICATION SERVICES FROM VTI 
Vfl's custom IC design package features the most advanced CPf/CNJ tools, training 
and support in the industry. Whafs more, we offer the optimum in quick turn wafer 
fabrication services that will turn your design into silicon faster than ever before. With 
vn, you decide how you want us to assist you in designing a custom chip-so that you 
get your product out the door and to your customers quickly, effiCiently and 
economically. Our VLSI design services and capabilities include: 

USER-DESIGNED VLSI '. Our complete and integrated set of CAE/CNJ IC design tools provides you with· 
everything you need to design your own ICs. They're easy-to-Iearn. And they'll help you 
get your design into silicon today, way ahead of your competition. -

JOINT DEVELOPMENT VENTURES • With Vfl's joint development program, your engineers work with ours at one of our 
design centers. You provide your systems design expertise; we complement that with 
our CAE/CNJ tools, IC designer support and facilities. Together. we design ICs for your 
specific applications needs. ' 

DESIGN CONSUIJATION • Use Vfl's extensive capabilities as a consulting service. You take primary 
responsibility for your chip design; when you want or need speCialized Ie design 
experience, cal! on us and exploit our VLS! expertise, 

VTI DESIGN ED • Or call on VII's full-custom services. Tell our experienced and innovative design 
engineers your application requirements. We'!! analyze your !e needs, and provide the 
best design solution for you using our computer-aided deSign system, the most fully
integrated VLSI circuit CPf/CNJ system available. 

VTI'S SILICON FOUNDRY: WE CALL IT THE SILICON EXPRESS ™ 

So where do you go once you have your custom IC design? How do you turn it into 
silicon? Before, you had to deal with fabrication services that had high volume 
requirements. But Vfl has changed that for good. 
The vn Silicon Express, our silicon foundry service, accommodates all of your fabri
cation needs-from prototypes to full production runs. Regardless of your volume 
requirements, whether you use our design system or design your own Chip. And there's 
something else we give you that was unheard of until now: superfast turn times. 
We've invested enormously in our high technology, quick turn wafer fabrication facility. 
You'll find that our foundry offers you more options, more services and more benefits 
than any other silicon fabricator. 

QUICK TURNS • Usually 14 days from mask entry to wafers out, 21 days to packaged prototypes. 

ADVANCED PROCESSES • State-of-the-art CMOS, HMOS and NMOS in a variety of process options. 
TECHNOLOGY COMPATIBIUTY • Assured for custom ICs designed either with Vfl's integrated CAE/CAD system or your 

own CNJ tools. 

@ Ie MASTER 1984 

VTlnetTM • The electronic foundry network that links you directly with us. Send your CIF, pattern 
generator or data base files through Vflnet. Transmit your data base within hours 
through a system with built-in s<;lfeguards that enforce security and ensure our 
proprietary obligations to you. 

Bring us your designs or your tooling. Vfl's Silicon Express-just think of us as your silicon 
manufacturing arm. We do. 

AVAIlABLE PROCESSES 
Rule CMOS 

Tr-<ANSISTOR LENGTH (miCions) 3 

GATE OXIDE (angstroms) 850 650 400 500 

SELECTIVE ENHANCEMENT IMPLANT no yes yes -

N-WEll 
CMOS WEllS - - - TWIN-WEll 

CONTACT SIZES (microns) 4X4 3X3 2X2 3X3 

METAL PITCH 9.0 7.5 6.0 I 7.0 i 

DUAl METAl - 1Q84 j 1Q84 ! 1Q84 

VLSI Technology, Inc .. 1101 McKay Drive· San Jose, CA 95131 ; 408-942-1810 
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TRAlLBWING THE VLSI FUTURE 
VTI CUSTOMER INTER~CE-THE SILICON EXPRESS 

CUSTOMER FORMAT 
STEP MASTER INPUT 

~ 
CONVERSION k K f---i\ RETICLES. FILM TOOLING 

WAFER OR DataBase r--,; AND r--v CUSTOMER r-v FABRICATION r-v PG CUSTOMER 
CIF APPROVAL SUPPLIED MASK 

CUStOMER It- FINAL 

I- ;L-TEST ACCEPTANCE AND WAFER 
AND PACKAGED UNIT i'r CHARACTERIZATION \r SORT \r VERIFICATION YIELD DATA 

J\. 
VOLUME PRODUCTION 

r 

NEW APPROACHES, NEW IDEALS: VTI'S VLSI DESIGN SYSTEM 
Times change. 'We've entered the VLSI technology era. Here today for tomorrow's 
designs. Until recently, specialized IC design hardware simply didn't have all the 
capabilities you needed, and cost a fortune. Today, low cost advanced workstations 
do a better job at a fraction of that cost. VTI has exploited this technological 
breakthrough to develop a CMlCAD package which operates on general purpose 
computers, yet offers higher performance than ever before. And all in a familiar 
environment including multiple-windows and mouse-controlled entry: 

• Chip planning and schematic capture 

• Composition tools 
• Cell Compiler libraries 
• Logic and timing simulators 

'We've created a CAE/CAD VLSI design system that involves your specialized 
knowledge and unique requirements right from the inception of your custom chip. 
And without requiring MOSMSI design expertise. VTl's complete array of VLSI 
CPfJCAD tools are unparalleled in the industry. After all, we've based these tools on 
our extensive real-world experience in IC design and manufacture. 

So you get the best of all worlds: a set of CAEJCAD tools designed by the premier 
group ofVlSI CAEJCAD programmers in the semiconductor industry-refined and 
tested under real world conditions before they're released to you. With VTI. you get the 
high performance and efficiency, proprietary security and long-term economy 
associated with conventional full-custom design ... but with the convenience, ease of 
use and fast turnaround you'd normally expected only from gate arrays. 

'We offer a tri-Ievel design system. So you get a design system that suits your 
present needs along with the capability to add increasingly sophisticated features 
as you require them, when you want them. Flexible, user-friendly, powerful-VTI's 
state-of-the-art VlSI integrated design system. 
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T_~ __ L_B~ __ I_N_G_T_HE_V_~_I_F_U_TU_R_E------_______ ~_ 
VTI OFFERS A CHOICE OF DESIGN APPROACHES 

Design Approach 

LEVEL 1 
lOGICOMp™ 

lEVEL 2 
SYMCAD™ 

lEVEL 3 
GEOCAD™ 

User Benefits 

Logic and Systems • Easy to Learn 
Engineer • Very Rapid Design 

Systems and • Unique Cell Design 
ICDesigner • Higher Performance 

Experienced • Lowest Cost 
ICDesigner • Highest Performance 

LOGICOMP: DESIGN TOOLS THAT SPEAK YOUR LANGUAGE 
Vfl's LOGICOMP design system gives you, the systems designer, access to 
the most fully-integrated and sophisticated CAD tools in the industry. Whether 
or not you've ever designed an IC before, LOGICOMP serves as an accessible, 
high Iy -efficient package that includes all the C~ tools you need to: 

• Enter a system schematic 

• Construct a corresponding physical layout from predefined functional 
elements in Vfl's Cell Compiler library 

• Verify interconnection and function correctness of the physical layout 
as specified by your schematic representation 

• Automatically route all interconnects 

LOGICOMP LOGIC COMPILER™ SYSTEM 

VTlschematic™ 

"-
) 

v 

CEll 
\ COMPILERT .. 

LIBRARY -V 

@ Ie MASTER 1984 

r;=j 

J 
VTlsim™ 

~ 
-V 

~ VTlextract'M 

VTlcompose ™ 
-

>~ 
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TRAlLBWING THE VLSI FUTURE 
VTI'S COMPOSITION EDITOR 

SYMCAD: BmER CAD, LOWER COST 

VTI'S SCHEMATIC EDITOR 

CELL COMPILERS: BUILDING BLOCKS FOR YOUR SYSTEM 
vtl's unique Cell Compiler library-a concept that offers you ready-to-use functional 
elements to design your chip. Sounds like a standard cell library? Most people think so 
too, at first. Until they realize that VTl's Cell Compiler library offers the most advanced 
alterable set of cells available. Our Primaiy and Extended cell libraries compile 
physical layout databases for simple and complex IC building blocks. And we offer 
them in CMOS as well as HMOS. You specify the cell characteristics before compiling 
to physical layout. So you get a library with thousands of cell variations. Far more than 
the few hundred that conventiooo standard cell libraries offer. 
With VTl's Cell Compilers, you specify your ICs unique requirements such as circuit 
speed, drive capability, data path width and functional repetition, Whafs more, with 
automatic cell layout generation, you don't need first-hand knowledge of MOS design 
rules or specific process details, 

CELL COMPILER FUNCTIONS 
VTS810: Primary Ubrary 
AND/NAND Gates 
Clock Generators 
Exclusive ORINOR Gates 
Flip-Flops 
Input Buffers 
Inverting Buffers 
ORINOR Gates 
Quasi-Static Latches 
3-State Buffers 
ffi 110 Buffers 

VTS820: Extended Ubrary 
AddersiSubtractors 
ALUs 
Counters 
Data Demultiplexers 
Data Multiplexers 
Full Adders 
,Pad-Ring Generators 
PLA Generators 
RAM Generators 
ROM Generators 
Shift Registers 
UplDown Counters 

Your system design requires an IC made up of cells that Simply don't exist. You could 
settle for a chip thafs been glued together and works; but you'd like to design your 
own cells. You want a custom VLSI circuit that performs exactly the way you want it to, 
consumes the minimal power and takes only as much (or as little) room as necessary. 
Obviously, you wont access to a custom VLSI CAD system. Specifically, an interactive 
symbolic design package. And you'd prefer one without having to deal with awkward 
grids. \Nell, that system exists and is available to you. Irs called SYMCAD: VTrs SYMbolic 
CAD system. 

SYMCAD offers you: 
• Vllsticks rM editor 
• Vllextract ™ -Circuit function and 

evaluation tool 

• ERC-Electrical Rule Checker 
A variety of features, integrally connected. The ideal way to design your system's 
components. SYMCAD: heralding your VLSI design future. 
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TRAILBLAZING THE VLSI FUTURE 
SYMCAD SYMBOUC COMPUTER-AIDED DESIGN SYSTEM 

~ 
VTlsticks '\ 

SYMBOLIC DESIGN vi 

~ Ie MASTER 1984 

VTlnetcompare rIO 

'\ 
Clf ~ VTlextract j 

(CAl.TECH I' 
) CIRCUIT 

INTERMEDIATE EXTRACTION .... 
FORM) ~ vi SPICE 

CIRCUIT 
SIMULATION 

PROCESS PARAMETERS U 

DESIGN 
\ 

) FOUNDRY 

DATA WE If 

U ----

VTlsticks : THE KEY TO PRODUCTMTY THROUGH SYMBOUC DESIGN 
You've been locked out of the Ie design phase for your system. That is, up until today. 
Now, Vll$1icks opens the door thafs kept you from designing the chip you need. 
Vllsticks gives you total control over every facet of your system design. Thafs how it . 
should have been. Thafs how it can be now. VTl's cell design tool automatically 
generates your Ie Jayouis in compliance with user-specified design rules. Most 
importantly, the system is simple to use. You only have to specify the chip topology 
symbolically; then Vllsticks converts your Ie design to layout and compacts it to the 
minimal size. The benefit? Immediate custom MOSMSI circuit design capability 
without detailed knowledge of MOSMSI design techniques. And with assured 
results everytime. 
VTlsticks features: 

• Automatic conversion from Vllsticks 
to layout 

• Automatic compaction to the minimum 
size allowed by design rules 

• User-defined constraints on 
IC compaction 

• Automatic recognition and placement 
of contacts 

• Trnn~i~or size disolav and editina n_ ._. __ ._~ _______ .-- __ , _ _ _ _ ..., 
• Symbolic naming 

Vllsticks automatically recognizes and places contacts between layers and transistors. 
And Vllsticks' pop-up menus and mouse input provide you with an efficient way to 
enter your design. With Vllsticks, you virtually eliminate keyboard entry in the layout 
phase of IC design. 
With Vllsticks, you'll create new cells that are nearly as dense as those laid out by hand. 
Even with those industry-unique features, Vllsticks is easy-to-learn and easy-to-use. 
Your design will cost you less time, effort and money. 

VLSI Technology, Inc. ·1101 McKay Drive· San Jose, CA 95131 . 408-942-1810 
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TRAILBLAZING THE VLSI FUTURE 
GEOCAD PHYSICAL LAYOUT EDITOR: GETTING THE SMALLEST CELLS POSSIBLE 
VTl's Physical Layout Editor. GEOCAD, is the premier interactive graphics tool for 
developing the most compact custom cells while maximizing performance. VTI 
allows you to design with arbitrary geometries. Once you've completed your 
design, the design rules can be verified with VTldrc and the layout against the original 
logiC design using VTIextract and VTlcompare. 

Using GEOCAD is easy. You gain access through multiple windows whose sizes and 
positions you define. And then draw the graphics with a mouse. 

The Layout Editor features: 

• Any angle lines, any angle polygons 

• Predefined and user-defined macros 

• Edit-by-Iayer capability 
• Cut paste and edit commands, both within a window 

and between windows 

VTI DESIGN CENTERS: PROVIDING DESIGN FACILITIES 
AND CONSUIJING SERVICES 
\Ne're putting all our design tools in your neighborhood-so you can reap the benefits 
of custom design. Use one of VTI's Design Centers as your own. \Ne've staffed each of 
them with applications engineers, all of whom are ready to assist you in every way with 
chip design requirements and software support. 

Our design centers are located at: 

• 2235 Qume Drive 
San Jose. CA 95131 
408-943-0264 

• 83 Cambridge Street 
Burlington, MA 01803 
617-229·6555 

• 850 East Arapaho Road 
Richardson. TX 75081 
214-387-8350 

• Via G. Jervis. 77 
100151vera (To) 
Italy 
39-125-52-2010 

You can come to our training classes. In less than two weeks. our VLSI Design Training 
Program will teach you'the complexities and the simplicity ofVTI's CAE/CAD design 
tools, In fact by the end of your first week in Level 1, you'll be ready to design your 
own custom IC with VTl's unique Cell Compiler library. In Level 2, you'll learn the latest in 
MOSMSI design principles and the use of the VTlsticks graphics editor so you can 
design your own custom ICs. Our Level 3 course teaches you how to design your own 
Cell Compiler library as well as advanced layout editing techniques and advanced 
packaging and test considerations. 

VLSI TRAINING, TOOLS AND SERVICES FROM VTI. 
INTENSIVE. FAST. COMPREHENSIVE. 
VLSI technology. An idea thafs become a reality. With VTI, you'll take a step-by-step 
path to macrocell-based VLSI design nurtured by the experience and innovative 
prowess of a leading full-seNice VLSI semiconductor company. Whether you only 
need design training, our exciting design tools, or want the seNices of our designers 
or silicon foundry, you'll get the highest performance, the most effiCient design 
combined with the latest knowledge in the semiconductor state-of-the-art. 

After all, thafs how VLSI technology is defined. 

VLSI Technology. Inc. ·1101 McKay Drive· San Jose. CA 95131 . 408-942-1810 
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ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
Ohie Sci Ohio Scientic 

OF 
OKI OKI SemiconductQr 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY 
Panasonic Panasonic 
Pice Design Pi co Design 
PoIycIl'8 Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics. Inc. 
PragDes Pragmatic Design Inc. 
Pro-Log Pro· Log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 

GI General Instrument RCA RCA Solid State Division 
Action Ins Action Instruments RCI Data RCI Data 
AD Analog Devices GTE Micro GTE Microcircuits RELMS Relational Memory Systems 
ADT Advanced Digital Technology Reticon Reticon 
Advent Advent Products, Inc. 

Harris Harris Semiconductor RIFA RIFA 
Alphatron Alphatron Rockwell Rockwell, Microelectronic Devices 
AMA American Automation Heurikon Heurikon Corp. RTC Riehl Time Corporation 
AMD Advanced Micro Devices Hilevel Hilevel Technology, Inc. 
AMI American Microsystems, Inc,. Hitachi Hitachi America, Ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanye Sanyo 
Analogic Analogic HP Hewlett·Packard SSE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft, Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microtechnology Hybrid Sys Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si-Fab Si·Fab 
Appl Sys Applied Systems Corp. Signeties Signetics 
APT Applied Microtechnology 

international Cybernetics 
SGS SGS Semiconductor 

Aptek Aptek Microsystems iCC Sharp Shaijj 
Array Tech Array Technology lOT Integrated Device Technology Silicon G Silicon General 
AWl AWl Electronics IMI International Microcircuits, Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Siltrenies Siltronics 

Barvon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. 
Bedford Bedford Computer Systems Inc. Infosphere Infosphere S MOS S MOS Systems 
Burr·Brown Burr·Brown Inmos Inmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solitron Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE IntCompSys Integrated Computer Systems SSM Solid State Micro Technology 
Cal DeYices California Devices IntTech Integrated Technology Corp. for Music Cermetek Cermetek Intech Intech Microcircuits Div. SSS Solid State Scientific 
CGRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems 
Clrerry Cherry Semiconductor Interdesign Interdesign STC Storage Technology Corp. 
CIC Custom Integrated Circuits Intersil Intersil STD STD Microsystems CirTech Circuit Technology Intrenics Intronics Struc Des Structured Design Inc. 

titel Citel In ITT Semiconductors Stynetic Stynetic Systems 
om linear Com linear Corporation Sunrise Sunrise Electronics 

CMA Custom MOS Arrays Sunshine Sunshine Semiconductor 
Comark Comark Corp. Kinetic Sys Kinetic Systems Supertex Supertex Inc. 
Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. 
Comp Auto Computer Automation Synertek Synertek Compas Com pas Microsystems 

Lambda Semiconductor 
Sys Innoy Systems Innovations Cont Logic Control Logic Inc. . Lambda 

Control Sys Control Systems Microsystems Div. Linear Tech Linear Technology 
Tau Zero Inc. CreMicro Creative Micro Systems LSI Comp LSI Computer Systems Tau Zero 

Cromemce Cromemco, Inc. LSI Logic LSI Logic Corporation Technitrol Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master Logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone ' Teltone Corporation 

Data General Data General MCE MCE Electronics n Texas Instruments 
Data 110 Data 1/0 Micrel Micrel Third Domain Third Domain 
Data Trans Data Translation Micro Innoy Mic~o Innovators Thomsen·CSF Thomson·CSF Components Corp. 
Datel Datel Micropac Micropac Industries Toshiba Toshiba America 
Datricon Datricon Corporation Micro Net Micro Networks Trans·Data Trans-Data 
DDC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW lSI Products 
DEC Digital Equipment Corporation Micro Sci , Micro Sciences Corp. Die·Tech Die·Tech Micro Tech Microcircuits Technology Unitrode Unitrode iiigeiec Digeiec Corp. Micro·Link Micro·link Corporation Universal Universal Semiconductor, Inc. Digitek Digitek, Inc. Micron Micron Technology Dionics Dionies Inc. MilerTron MilerTronics Dist Comp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diyersified Technology Mitel Mitef Semiconductor YlSI Ittsign VlSI Design Associates 

Mitsubishi Mitsubishi Electronics YTI VlSI Technology, Inc. 
E·HI E-H International, Inc. MMI Monolithic Memories, Inc. Yotrax Votrax 
EDI Electronic Designs Inc. 

Mostek Monolithic Systems Corp. Elind Elind Elettronica Industriale Motorol. Mostek Weitek Weitek Corporation EMM-SESCO EEM·SESCO 
MRC Motorola Semiconductor Western , Western Digital Emulogic Emulogic Inc. 
Murray MRC Systems Wintek Wintek Corp. ETI Micro ETI Micro 

Exar Exar Integrated Systems Monosil Murray Consulting 
Exel Exel Microolectronics Xicor Xicor, Inc. 

National National Semiconductor 
Xycom Xycom 

Fa ircll ild Fairchild NCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics Zendex Zendex Corp. 
Force Force Computers Division ZiI~ Zilog 
Fujitsu A Fujitsu America NEC NEC Electronics ZyM S ZyMOS Corporation 
Fujitsu Fujitsu Microelectronics, Inc. Nitron Nitron Zytrlx Zytrex Corp. 
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I\MD\I\I ARROW ELECTRONICS, INC. 
ELECTRONICS DISTRIBUTION DIVISION 

The Arrow Lines 

Manufacturers alphabetically 
A Q 

Alco General Electric 
Alpha Capacitors 

AMD Relays 

Amphenol 
Semiconductors 

General Instrument 
Analog Devices Microelectronics 
Applied Digital Data Systems Optoelectronics 
Arrow-ACS/2200 Semiconductors 

Augat H 
AVX 

Hi-G 
8 I 
Beckman IBM 
Belden Inmos 
Bussmann Integral Data Systems 

C Intel 
Semiconductors 

Cambion Systems 
Cannon ITT International Rectifier 
Cornell Dubilier Intersil 
Centralab 
Chicago Miniature L 
C&K Littelfuse 
Clarostat Linear Technology Corporation 
CDC M 

Drives 
Media Magnecraft 

Corning Mallory 
Crydom Mepco/Electra 
,..Tt:' MicroPro \.II;:) 

D 
Microsemiconductor 
MMI 

Dataproducts Mostek 
Data Technology Corporation Murata/Erie 
Data Type 

N Dialight 
Dilog NEC 

Printers 

E 0 
Elec-trol 

OMTI 
F P 
Fairchild Prentice 

Power One 

NORTHWEST Minneapolis, Minnesota (612) 830-1800 
Denver, Colorado (303) 696-1111 St. Louis, Missouri (314) 567-6888 
Portland, Oregon (503) 684-1690 SOUTH CENTRAL 
Sacramento, California (916) 925-7456 Austin, Texas (512) 835-4180 
Salt Lake City, Utah (801) 539-1135 Dallas, Texas (214) 386-7500 
San Francisco, California (408) 745-6600 Houston, Texas (713) 530-4700 
Seattle, Washington (206) 643-4800 Tulsa, Oklahoma (918) 665-7700 

SOUTHWEST . MIDWEST 
Albuquerque, New Mexico (505) 243-4566. Cleveland, Ohio (216) 248-3990 
Los Angeles, California (213) 701-7500 Dayton, Ohio (513) 435-5563 
Orange County, California (714) 838-5422 Detroit, Michigan (313) 971-8220 
Phoenix, Arizona (602) 968-4800 Grand Rapids, Michigan (616) 243-0912 
San Diego, California (619) 565-4800 Indianapolis, Indiana (317) 243-9353 

NORTH CENTRAL Pittsburgh, Pennsylvania (412) 856-7000 
Cedar Rapids. Iowa (319) 395-7230 NORTHEAST· 
Chicago, Illinois (312) 397-3440 Boston, Massachusetts (617) 933-8130 
Madison, Wisconsin (608) 273-4977 Manchester. New Hampshire (603) 668-6968 
Milwaukee, Wisconsin (414) 764-6600 Hauppauge, New York (516) 231-1000 

Arrow ••• blue ribbon service 
4952 

Q 
Quantum 

R 
Raytheon 
RCA 
Rotron 

S 
Seagate Technology 
Sealectro 
Selanar 
Siemens 
Signetics 
Spectra-Strip 
Spectrol 
Sprague 
Standard Power 
Struthers Dunn 

T 
TeleVideo 

Systems 
Terminals 

Texasmstruments .. mo; 
Connectors 
Semiconductors 
Systems 
Terminals & Printers 

Thermalloy 
Thomas &- Betts • 
TRW 

Capacitors 
Cinch 
IRC 
LSI 
Motors 
Opt ron 
Semiconductors 
UTC 

Tusonix 

U 
Unitrode 

V 
, 

Verbatim 

Rochester, New York (716) 275-0300 
Syracuse. New York (315) 652-1000 
Wallingford, Connecticut (203) 265-7741 

MID-ATLANTIC 
Baltimore, Maryland (301) 247-5200 
Fairfield, New Jersey (201) 575-5300 
Marlton. New Jersey (609) 596-8000 
Richmond, Virginia (804) 282-0413 

SOUTHEAST 
Atlanta, Georgia (404) 449-8252 
Fort Lauderdale, Florida (305) 776-7790 
Huntsville, Alabama (205) 882-2730 
Melbourne, Florida (305) 725-1480 
Raleigh, North Carolina (919) 876-3132 
Winston Salem. North Carolina (919) 725-8711 

Arrow International TWX: (510) 224·6021 
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MANUFACTURERS I 
AND 

DISTRIBUTORS/ 
REPRESENTATIVES 

DIRECTORY 
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The Manufacturers and 
Dlstrlbutors/ Representatives Directory is a 

comprehensive telephone directory of the entire Ie 
Industry. It places at your fingertips the names and 

phone numbers you need to know. It includes 
manufacturers, International sales offices, 

representatives and distributors; for manufacturers 
with data pages, it also includes domestic sales 

offices, representatives and distributors. The 
manufacturers' listings tell you where and whom to 
call to obtain technical and ordering Information. It 

enables you to ask for the right person or 
phone extension. It gives you the terminology 

understood by the individual company's 
switchboard operators, e.g., In some companies 

you should ask for sales, In others, customer 
service. This directory will reduce frustration and 

save you time. 

I 
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Action Instruments 
IA Cn.r Rlplds I.tl Fr •• n. B.nlllly . 

Lorenz Sales. 319-377-4666 RTF. TEL: 01-664-11-01 
KS OYer lind Park t.1I Frl.el. Le CllesnlY 

Action Instruments Company, Inc. Kebco Inc., 913-541-8431 • A2M, TEL: (03) 954.91.13 
8601 Aero Drive ·KS Wlcllill 1.11 ., FntCt.I .. lls 
San Diego, California 92123 Kebco, Inc., 316-733~2117, 316-733-1301 Sonepar EJectronique Quest, TEL: 40-20-4-81 
619-279-5726 MO Dorsty 1.11 Fra.n. Ra.gls C,dex 

AMD,301-796-9310 AMD, S.A., TEL: (01) 687-36-66 
III IIrll.,," Inll B_.ny. aurgwn,1 

Advanced Micro Devices I AMD,617-273-3970 EBV-Elektronik Vertriebs GmbH, TEL: (05139) 
MI ' Brt.hl" 5038 

Ady •• eIlI Micro Dnlns. Inc. S.A.I. Mktg. Corp., 313-227-1786 Inti Ger .... y. DusSlldorf 

901 ThOll,S" Plen MI MI ...... ka EBV-Eleklronik Vertriebs GmbH, TEL: (0211) 

S ••• yy .... Callfonl. 94088 AMD,612-938-0001 . 84846/7 

408-732·2400 MO' Miry". Hlftllts '.1111 Genu.,. D"sINert 

TELEX: 34-6306 Kebco Inc., 314-576-4111 Kontron Halbleiter GmbH, TEL: 0211-7-33-14-

Splelflc proll.ct 1.'0l'Il.11 .. : IJ BtlI ... 53 

Bipolar Microprocessors ................................ Leon Torban T.A.I. Corp .• 609-933:2600 l.tI . Genu.y •. £UI ......... 

Bipolar Memory ................................. ............... Dave Wood IJ UIII. Kontrott;tlalbieiteri~mbJi, TEL.: 089-31-901~ 

Logic (MSI) ......................................................... Chris King AMD, 201-985-6800 
377 . . 

Hi-ReI Logic and Interface ............. : .................. Ron Marti! 1M AI""HI111 l.tI GerlillY. Ee.I •••. Mu.e"" 

Microcomputer Board Information .......... Advanced Micro Thorson Desert Stat~, 505-293-8555 Kontron Messtechnik GmbH, TEL: 089-31-90-

Devices, 3340 Scott Blvd., Santa Clara, CA 95051, 408- ft £nt~ 11 

988-7777, Telex: 171-142 Nycom, Inc., 315-43HI343 "'4IIn a...y. Flillent.llt 

MOS Microprocessors and Support CirCUits ...... Ed Huber IY UYlrpltI AMD, TEL: (07158) 30-60 

MOS Serial Memory, Mask-programmable ROMs and E- AMD, 315-457-5400 1.11 SerIll.Y. Fra.kfurt-M.I. 

PROMs .............................................................. David Starr IY P, •• I111""I. Kontron Halbleiter GmbH, TEL: 0611-63-60-61 i' 

MOS-RAMs ............ Bill DeMatteis (DRAM), Dick Bruneau AMD, 914-471-8180 1.11 BInI •• y. Fr •• krart/Mal. 

(SRAM) IY W ...... ry EBV-Elektronik Vertriebs GmbH, TEL: 0611-

Computer Interlace .................. ................... ... Gary Conner AMD, 516-364-8020 78-50-37 

",IIca"lI .'1 ........ : IC Cllerl.HI l.lI G_ •• y. H •• hr. 

Communications .. .............................................. Russ Apfel AMD, 704-525-1875 Kontron Halbleiter GmbH, TEL: 040-68-29-50 

Microprocessors ............................................... Bill Harmon OR Clltlnille 1111 S_ •• y. H ••• oy ... 

Memory and General Purpose logic ........... Kris Rallapalli Dolfuss-Root & Co .. 513-433-6776 Kontron Halbleiter GmbH, TEL: 05-11-83-90-

Ultral.r.: OH C.I .... s 51 

Literature Dept. AMD,614-891-6455 1.11 G ...... y. MUlcIItI 

Price •• 11 .... ylry: OH Str .. ,lvllle AMD. TEL: (089) 40 19 76 

Contact AMD Sales Dolfuss-Root & Co., 216-238-0300 1111 .....,.M_cII. 

Office., ~. or Dist. .. 1'eI1IUt.- *- ,-, ~ Astrooic-Cosmas; TEL: (089) 30-90-31 

F.'low-", ........ : AMD, 503-245-0080 I.tl SInIa.y ..... c ... 

Customer Service Dept. ltA Brlll.nllll EBV-Elektronik Vertriebs GmbH, TEL: (089) 6 

A!! ttHr IIfIf'lllHH: Oolfuss-Root & Co .• 412-221-4420 11 05-1 

I I Corporate Communications Dept. PI Horalle. 
I.U a_··v·l.rab.r. 

AMO.215-441-8210 Kontron Halbleiter GmbH. TEL: 0911-53-33-06 

TX AIIIfI 
1.11 GInuay. Q81ckMr:l 

·1 Salas Office & Re!rese.tatiVls AMD,512-346-783O 
Nordelektronik Vertriebs GmbH. TEL: (04106) 

TX OII .. s 
7-20-72 

AI. P~"'x AMD,214-934-9099 
1111 s-..y. SII" .. rt 

AMD, 602-242-4400 UT Silt Lake City 
EBV-Elektronik Vertriebs GmbH, TEL: (0711) 

CA EI Sq •• II. R«C2» Mktg .• 801~298-263' 
247481/83 

AMD.213-640-3210 WI 8IIImI 
I.tl Ger. •• y. SI.II •• rt 

CA Newplrt leacll AMD. 206-455-3600 
Kontron Halbleiter GmbH, TEL: 0711-81-4621 

AMD, 714-752-6262 WI Bra.Wlld 
1.11 a .... y, WI .... /AII ... 

CA San 01 ... Oasis Sales, Inc., 414-782-6660 
AMD, GmbH, TEL: (05143) 53 62 

AMD,619-560-7030 CIa K ...... Otllwl. Olllrlo 
1.11 H.lllall.OIl 

CA Sa.1I C .. ra Vitel Elctrns., 613:836-1n6 
Archobel BV. TEL: (04120) 30335 

AMD,408-727-1300 CIa .111l1li .... Dlterl. 
I." HOI.K ••• K ...... 

CA Saal. C .. ra 
Tektron Electronics. TEL: 3-856-199 

Vitel ElectroniCS. 416-676-9720 I." H •• K .... TII .... lul. KowI.on 
1«C2» Inc., 408-988-3400 Ca. SI.Le ......... AMD, TEL: 852-3 695377 

CA s •• t. A.erlca. MI •. View Vitel Elctrns., 514-331-7393 I.tl 1.111 ............ 
Intectra, 415-967-8818 Ca. WIIIewtI .... OII.rI. SRI RAM Assoc. 

CA Won .... Hills AMD, 416-224-5193 
AMD,213-992-4155 I." IreI ..... Ma .. luII, 

1.11 A.slnll •• Syft., New England Sales Ltd .• TEL: 01,450=635 
CO 01 ..... R&D Elclrns., TEL: (61) 439-5488 

AMD.303-691-51oo 
Iitl ISfIlI. TII-Ayly 

1.11 A.straili. Vlcterll Talviton Elctrns., TEL: (03) 444572 
CT C".sllir. R&D Elctrns .• TEL: (03) 288-8232/62 I.tl 1I.ly. Bol .... 

Scientific Comps., 203-272-2963 II" A.llrtl. V ..... IlIrI·WI. Eledra 3S S.p.A., TEL: 051-307781/340999 
FL FI. Laud ... I1 ... Kontron Ges.m.b.H., TEL: 040-68 29 50 l,tI 1I.ly. Bel .... 

AMD, 305-484-8600 1.11 ..,,1 •• Branlles Lasi Elettronica S.p.A., TEL: 051-353815 
FL L.r •• AMD, TEL: (02) nl 9993 1.11 It.ly. Mil ••• 

AMD.813-535-9811 1.11 BII,I'" Brlnll.s Eledra 3S S.p.A., TEL: 02-349751 
GA AII •• I. MCAB, TEL: 02-375-29-01 I.n It.,y. Mil ... 

AMD,404-449-7920 I.tl .",I ••• O"rB Kontron, S.p.A .• TEL: 02-50721 
10 MIrIdl •• MCA Tronix, TEL: (041) 362780/362795 

I 
1.11 11." .• , .... 

Intermountain Technology, 208-888-5708 I.tl O ... n. CopllUIH Lasi Elettronica S.p.A .• Tel: 02-6120441 
IL Elk Gr.y. Villi,. Advanced Elctrn. of Denmark ApS., TEL: (01) l.tI It.ly. P.lloy. 

Oasis Sales, 312-640-1850 194433 Eledra 3S S.p.A., TEL: 049·655488/655749 
IL nue. lell FI.I .... KerlY. Inll Itlly. P.II.VI 

AMD,312-773-4422 Telercas Oy, TEL: 358-0-248055 Kontron, S.p.A., TEL: 049-754717/850377 
IN InIIl ... polis I." Fraac., ale Inti lilly. Rom. 

S.A.1. Marketing Corp., 317-241-9276 YREL, TEL: 03-956-81-42 Eledra 3S S.p.A., TEL: 06-812-7324/7290 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Advanced Micro Devices (Cant) 1111 Ulltl~ KIIg~DII. MI~~IISIX FL PIIII BI, 
Hawke-Cramer Comps. Ltd., TEL: (01) 979- Arrow Elctrns., 305-725-1480 

lilly, RIIII 
n99 FL 81. P'lerslllrg 

lilt! 1111 Ulltn KIIg~o., OXOR Hall-Mark Electronics, 813-576-8691 Konlron, S.p.A., TEL: 06-423250/425327 
Thame Components Ltd., TEL: 084-421-4561 FL 81. Plllrsll,rg 

1111 Italy. RIIII 
1111 UIUn KI.po •• S.rr., Hamiltonl Avnet Elctrns .• 813-576-3930 Lasi Elettronica S.p.A., TEL: 06-5405301 

AMD, (U.K.) Ltd., TEL: (04862) 22121 FL 81. Plltnillrg 
I.tt Italy. Slgrall 

Kierulff Electronics, 813-576-1966 AMD, S.r.L., TEL: (02) 215 4913-4-5 
GA Norcross 

I.tl lIaly. Tori •• Distribators Arrow Elctrns., 404-449-8252 
Eledra 3S S.p.A., TEL: 011-309-9111/2/3 

GA Norerns 
1111 Italy. Terllo AL Hutsvllil Hall-Mark Electronics, 404-447-8000 

Kontron, S.p.A., TEL: 011-746191/7495253 Hall-Mark Elctrns., 205-837-8700 GA Norcross 
Iitt lilly. TorIl. AL H,.lsvllll Hamiiton/Avnet Elctrns., 404-447-7500 

Lasi Elettronica S.p.A., TEL: 011-3592n Hamiiton/Avnet Elctrns .• 205-837-7210 GA Norcross 
I.tt J., ••• Ka.a.w. AI PIIOI.lx Schweber ElectroniCS, 404-449-9170 

Tokyo Electron Ltd., TEL: 045-471-8811 Kierulff ElectroniCS, 602-243-4101 IL III_villi 
1.11 J ..... Nageya-sIIl Aelll AI PII_lx Hall-Mark Elctrns., 312-860-3800 

Tokyo Electron Ltd., TEL: 052-561-0361 Wyle Distribution Grp., 602-249-2232 IL .... SIIIvll .. 
1.11 J.,a •• N.r.sIIl AI T_pe Hamiiton/Avnet Elctrns., 312-860-n80 

Danichi Contronics Hamiiton/Avnet Elctrns .• 602-231-5100 IL Elk Gron Village 
1111 J ..... Osaki CA Ca •• hrk Kierulff Electronics. 312-640-0200 

Tokyo Electron Ltd., TEL: 06-305-2870 Schweber Electronics, 213-999-4702 IL Elk GrOVI Villa .. 
1.11 Ja .... SlIInII CA CllalswDrlIl Schweber Electronics. 312-364-3750 

Tokyo Electron Ltd .• TEL: 0485-25-1421 Arrow Electronics. 213-701-7500 IL SeIIa •• llarg 
I.tl J ..... Toky. CA Call M ... Arrow Elctrns .• 312-397-3440 

AMD. K.K .• TEL: (03) 329-2751 Avnet Elctms .• 714-754-6111 II Carmel 

I 
1.11 J.p ••• T.kyo CA Cosi. M ... Hamiiton/Avnet Electronics. 317-844-9333 

Asahi Glass Company. Ltd .• TEL: 03-218- Hamiltonl Avnet Elctrns .• 714-641-4100 IN In .... 'oIIs 
5690 

CA CIiYIr City Arrow ElectroniCS, 317-243-9353 
1.11 Jap ••• Tokyo Hamilton Electro sales. 213-558-2121 KS Onrla.~ hrk 

Danichi Conlronics. TEL: (03) 811-9205 
CA EI Set-. Hamiiton/Avnet Elctrns .• 913-888-8900 

1.11 J.,u. Tokyo Wyle Distribution Grp .• 213-322-8100 K8 SUW.II 
Hamllton/Avnet Electronic Japan Ltd., TEL: 

CA Irwll, Hall-Mark Elctrns .• 913-888-4747 
03-662-9911 

Schweber Elctrns .• 213-537-4320 MD B.llllIOn 
1.11 ...,. •• Toky. 

CA Irwlll Arrow Elctrns .• 301-247-5200 
lSI Ltd .• TEL: (03) 264-3301 

Wyle Distribution Grp .• 714-641-1600 MD BlIIIIItn 
1.11 J ..... Tokyo. Hall-Mark Elctrns., 301-796-9300 

Kantmatsu Denshi K.K. CA IIIw,.-t IIIIcII 
MD c:oaa..iI 

1.11 ....... Toky. ., Arrow Eloctronics. 714-851-8961 
Hamiiton/Avnet Elctrns .• 301-995-3500 

Microtek. Inc., TEL: (03) 363-2317 CA ,.10 Alt, 
Ma GIitIIIrsIIIrt 

1.11 J.,a., Tlky. 

I 
Kierulff Electronics. 415-968-6292 

Schweber ElectroniCS. 301-840-5900 
Tokyo Electron Ltd .• TEL: 03-343-4411 CA SIcraIIIIt. 

MA "'Dr~ I.n ....... Tokyo Hamiltonl Avnet ElectroniCS. 916-920-3150 
Schweller Elctrns., 617-275-5100 

Tokyo Electron Ltd .• TEL: 03-251-0048 CA SlIDI ... 
MA aHleric. 

1111 ..... r.,. Arrow ElectroniCS, 714-565-4800 
Kierulff ElectroniCS. 617-667-8331 

Tokyo Electron Ltd .• TEL: 0425-84-3711 CA Sla_ MA Wall .... 
1.11 K_.SIIII Hamifton/Avnet Etctrns .• 714-571-7500 

Arrow Elctrns .• 617-933-8130 
Dunksung Trading Co., TEL: (02)-856-9764 CA Sa. 01 ... MA .tII •• 

IIH lew ZllII.~. AlckIaU 'Kierulff ElectroniCS. 714-278-2112 Hamiiton/Avnet Elctrns .• 617-935-9700 
G.T.S. Engrg .• Ltd .• TEL: (AUCK) 546-745 CA SIt DiIgI MI All Artlnr 

IIH . ...,.~ Wyle Distribution Grp .• 714-565-9171 Arrow Elctrns .• 313-971-8220 
A/S Kiell Bakke. TEL: (02) 83-02-20 CA SlaIlClara MI Gra ... R.pllls 

till SI ...... Schweber Elctms .• 408-748-4700 Arrow ElectroniCS. 616-243-0912 
Impact Sound (Pte.) Ltd .• TEL: 282-428819 CA Sltll Cllra .1 Gra.~ RIp'" 

1111 SIll' AfrIcI. ' ....... Wyle Distribution Grp .• 408-727-2500 Hamiltonl Avnet Electronics. 616-243-8805 
South Continental Devices (Pty.) Ltd .• TEL: CA S...,nll MI Llvul. 
(011) 789-2400 Arrow Elctrns .• 408-745-6600 Hamiiton/Avnet Elctrns., 313-522-4700 

lid Spl •• Bll'Cllu. CA Su.,"11 MI Blnllllgtll 
sagltron, SA. TEL: 03-212-65-83 Hamilton/Avnet Elctrns., 408-743-3300 Hall-Mark Elctrns .• 612-854-3223 

1111 •• 1II*It1 CA WaotIIal~ Hils • 1 EIIII • 
sagitron. SA, TEL: (01) 402-60-85 Avnet ElectroniCS Co. 71. 213-883-0000 Arrow Elctrns .• 612-830-1800 

II .. .-. SIItIPIrt CO Eat ....... • Ell ... 
AMD AB. TEL: (OS) 98-12-35 Hamiltonl Avnet Elctrns .• 303-740-1000 Kierulff Electronics. 612-941-7500 

1111 .-.V • ..., CO EqIIwIIII MI MIIHlnt. 
Stiab Marketing. TEL: 08-37-28-80 Kierulff Electronics. 303-790-4444 Hamilton Avnet Elctrns .• 612-932-0600 

IIH ....... V.II ... ' CO Tlllnill MO Eartl! CIIy 
Svensk Teletndustrl AB. TEL: (08) 38-03-20 Wyie Distribution Grp .• 303-457-9953 HamHton/ A vnet Elctrns .• 314-344-1200 

Iltl Swllzlrlan. Z.-IU CT ......., MO Marylin Hlltll .. 
Amera Etectronics AG, TEL: 01-57-11-12 HamiltonlAvnet Elctrns., 203-797-2800 Hall-Mark Elctrns .• 314-291-5350 

1111 Swllzlrlln. Zlrlcil CT na •• ., MO SI. LHls 
Kontron ElectroniC, TEL: 01-62-82-82 Schweber Elctros .• 203-792-3500 Arrow ElectroniCS. 314-567-6888 

1111 T ...... T ..... CT W.HIqIIrt1 IH .Iellater 
Multltoch Inti, Corp .• TEL: (2)-769-1225 Arrow Elctrns., 203-265-7741 Arrow ElectroniCS. 603-668-6968 

1111 U.IIIII KII ..... BIrbIIIn FL Ft.La ...... IJ &Wry Hili 
Kudos ElectronIcs. Ltd., TEL: 0734-794515 Arrow Elctrns .• 305-776-7790 Hall-Mark Electronics. 215-355-7300 

IIU U.IIIIII ....... ~ FL FlLa ...... IJ &Wry Hili 
Dage Eurosem. Ltd .• TEL: 0296-32881 Han-Mark Elctrns., 305-971-9280 Hamilton/Avnet Elctrns .• 609-424-0100 

IIU U.IIIIIKII._. ony FL Flo Lan""" .J FllrfIIItI 
Quardon Elctrns .• TEL: (0332) 32651 Hamliton/Avnet Elctrns., 305-971-2900 Arrow Elctrns .• 201-575-5300 

1111 1111l1li KI ..... K881 FL Orlaill. IJ F.lrflaW 
Candy Elctrn. Comps., TEL: (0622) 70n415 Hall-Mark Elctrns., 305-855-4020 Hall-Mark ElectroniCS. 201-575-4415 
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Advanced Micro Devices (Cant) TX IrYlDa 
American Microsystems Hamilton/Avnet Elctrns., 214-659-4111 

NJ Falm.ld UT Salt Lat. City 

Hamiiton/Avnet Elctrns., 201-575-3390 Hamilton/Avnet Elctrns., 801-972-2800 AIIerlcll Mlcros,st ... s. lac. 
3800 Ho."t.ad R.ad 

NJ Falrfl.ld UT Salt Lake City 
Sa.1a Clara. callf.mla 95051 

Schweber Elctrns., 201-227-7880 Kierulff Electronics, 801-913-6913 
408-248-0330 

NJ Moonstowa UT Sail Lake City TELEX: 910-338-0018 or 910-338-0024 
Arrow Elctrns .• 609-235-1900 Wyle Labs, 801-97409953 Specific prlNluct Ilfor.atloa: 

NM Albl/tluerq_ WA B.llllu. Consumer 
Arrow Electronics, 505-243-4566 Almac Electronics. 206-643-9992 Custom 

NM Albullu1rll_ WA Bell.vul Customer Tooling 
Electronic Devices Co., Inc., 505-884-2950 Hamiiton/Avnet Elctrns., 206-453-5844 Memory 

NM AlbltlRrll- WA 8111erul Microcomputers/Microprocessors 
Hamiiton/Avnet Elctrns., 505-765-1500 

Wyle Distribution Grp., 206-453-8300 Telecommunication 
NY East Syracuse 

WI New .... lIa 
App/lcatloa .lall..,IAI: 

Hamiiton/Avnet Elctrns., 315-437-2642 Consumer 
NY Far.IApa" Hamiiton/Avnet Elctrns., 414-784-4510 

Memory 
Arrow Elctrns., 516-694-6800 WI Oat Creek Microcomputers/Microprocessors 

NY H.upp .... Arrow Elctrns., 414-764-6600 Telecommunication 
Arrow Electronics, 516-231-1000 WI Olt Cnet Lltenlurl: 

NY Llnrpoel Hall-Mark Elctrns., 414-761-3000 Literature Department 
Arrow Elctrns., 315-652-1000 Ca. Bumlby. British Col •• 11 Price Illd d.lI,ery: 

NY Mllvll" RAE Industrial Electronics, Ltd., 604-291- Contact AMI Sales Office, Representatives or Distributors 
Hamiiton/Avnet Elctrns., 516-454-6000 8866 Follaw-ap .a .rd.r: 

NY Rocllester caa C.lglry. Alberta Customer Service 
Arrow Elctrns., 716-275-0300 Hamilton/Avnet ElectroniCS, 403-230-3586 All otller IDfonutloD: 

NY Roc .. t. C.a O.wanln. O.larl. Corporate Communications 
Hamiltonl Avnet Elctrns., 716-475-9130 Future Electronics, 416-663-5563 

NY Roc .... 
C •• Ed.OIt.a. Albert. SailS OffiCI & RlpresantaUvls Schweber Electronics, 716-424-2222 

RAE Industrial Electronics, Ltd., 403-451-
NY Weslb.ry 4001 AL H.allvllli Schweber Elctrns., 516-334-7474 

ca. Mlsslw .... Olll.rli AMI Sales Office, 205-830-1435 NC Ralllgll 
Hamiltonl Avnet Electronics, 416-677-7432 CA NIWpIrf Btacll Arrow Elctrns., 919-876-3132 

Sales Office, 714-851-5931 NC Ra ...... CII Nealo •• Oalarlo 

Hall-Mark Elctrns., 919-872-0712 Hamilton/Avnet ElectroniCS, 613-226-1700 CA Sa.I. CI.rl 

NC Ralllg. C •• OttIW'. Oalarle Sales Office, 408-738-4151 
CO E.,lnHtl 

Hamiltonl Avnet~~trns:,~ 1~-878-0819 Future Electronics, 613-820-8313 
Sales Offiee, S03..s94-0629 -

NC Wi.st~::s. ... ca. Pol.l. Claire. QII/Iec FL AIt •••• t. SprI.p Arrow ElectroniCS, 919-725-8711 Future Electronics, 514-694-7710 Sales Office, 305-830-8889 
OH CHlnll" caa SI. L'lrIIIt. 0IIIIec It Elt Gm. fillip Arrow Elctrns., 513-435-5563 Hamllton/Avnet Electronics, 514-331-6443 Sales Office, 312-437-6496 
OH CIn.Ia.d ca. T ... I',·OIIarIo IN hIt .. vllII 

Hamiitoni Avnel Elctrns .• 216-831-3500 Canadian General Electric, 416-537-4481 Sales Office, 317-773-6330 
OH Dlyt •• 

ca. VUCOI •. BrlllslI Cell.bl. IA C .... r Rlplls 
Hamiiton/Avnet Elctrns .. 513-433-0610 

Future Electronics, 604-438-5545 Comstrand, Inc., 319-377-1575 
OH Soln KS Onrtnll Pirie 

Arrow Elctrns., 216-248-3990 Kebco, Inc., 913-541-8431 
OK Tllu KS Wlcllila 

Hall-Mark Elctrns., 918-665-3200 Advent Products Kebco, Inc., 316-733-1301 
OR Beamn MO R.ch"le 

Almac Electrcnics, 503-641-9070 
Advent Products, Inc. Mechtronics Sales. 301-340-2130 

OR H" .... r. 965 North Main Street MA Barl",IOI 
Wyle Labs, 503-640-6000 Orange, California 92667 Electronic Tech. Sales, Inc., 617-272-5610 

01 L.".Olw", 714-997-0800 ItA L.xl.,I .. 
Hamiltonl Avnet Elctrns., 503-635-8831 Sales Office, 617-861-6530 

PA Horsb. MA Tpgshoro 
Schweber Elctrns .• 215-441-0600 

American Automation 
Comptech,617-649-3030 

PA Moarolvlll. MI LlVI.I. 
Arrow Electronics, 412-856-7000 Sales Office, 313-478-4220 

TX A.ltli A.erte •• AIt ... II •• MI MI .... polil 
Arrow Electronics, 512-835-4180 14731 Fn.kn. A,"" Comstrand, Inc., 612-788-9234 

TX Autla TI,lIa, C.llflnl. 92680 MO Miryilid H.lg'll 
Hall-Mark Elctrns., 512-258-8848 714-731-1661 Kebco, Inc., 314-576-4111 

TX A.slI. TWX: 910-595-2670 NY CIII.pll'l 
Hamiiton/Avnet Elctrns., 512-837-8911 Vitel Electronics, 518 

TX Oalill IY Cllal .. 
Arrow ElectroniCS, 214-386-7500 SailS OffiCI & Representatives Advanced Comps., 315-853-6438 

TX 0.11 .. NY E.~II:ol1 
Hall-Mark Elctrns .• 214-343-5000 CA SIIOI ... Advanced Comps., 607-785-3191 

TX Dallas Applied Micro Technology, 714-223-2632 NY MOlsey 
Schweber Elctrns., 214-661-5010 Sales Office, 914-352-5333 

CA Sar.toga 
NY lerth S,neull TX HI.llo. Applied Micro Technology, 408-370-3922 

Arrow ElectroniCS. 713-530-4700 Advanced Comps .. 315-699-2671 

TX Ho •• to. CA TI.tI. NY Rochesl.r 
Hall-Mark Elctrns .. 713-781-6100 American Automation. 714-731-1661 Advanced Comps .. 716-554-7017 

TX HODllol CA Woodllad Hills NY Scottsvllli 
Hamilton/Avnet Elctrns .. 713-780-1771 Applied Micro Technology, 213-888-2027 Advanced Comps .• 716-889-1429 

TX HOlSton Inll England. Eisl SISSIX IC Rllelgh 
SChweber Elctrns., 713-784-3600 CREALEC Labs., TEL: (08926) 63739 Sales Office, 919-847-9468 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

American Microsystems (Cant) Inti Sl ... po .... SI.,lporl MA Btdfonl 
Dynamar IntI., Ltd., TEL: 746-6188 Schweber Elctrns., 617-275-5100 

1.11 SOItll Africa. Tn.sra.1 MA Blllerll:. 
OH Wortlll,,,. 

Radiokom Pty., ltd., iEL (011) 485712 Kierulff Elctrns., 617-935-5134 Sales Office, 614-436-0330 
1.11 Se.a. K_. Snll MI L1voIII 

OR Portlal. Kortronics Enterprise, TEL: SeouI2-634-5497 Schweber Elctrns., 313-525-8100 SDR2 Products & Sales, 503-297-8677 
I.tl SWM., Sp .... MI Elltl Prairie 

PA AllIlItr A.B. Rifa, TEL: (08) 7522500 Schweber Elctrns., 612-941-5280 
Sales Office, 215-643-0217 Iitl Swltzerl.... Z.rlcll MI Edlal 

TX AIIII. W. Moor AG. TEL: (01) 8406644 Kierulff Elctrns .• 612-941-7500 AMI Sales Office, 512-327-5286 1.11 Tllw ••• Tilpel MO Elrlil CII, 
TX . RlcUnis. Promotor Co .• Ltd., TEL: (02) 767-0101 Schweber Elctrns., 314-739-0526 

Sales Office. 214-231-5721. 214-231-5285 latl WISI 0II'1II.,. Berll. MO M.ryl.1II Hlllills 
VA Curletlll,II" Aktiv Elektronik GmbH. TEL: (03O) 6845088 Kierulff Elctrns., 314-739-0855 

AMI Sales Office. 804 1111 WISI Gtiwan,. M •• icll IJ Falrllelll 
WA BlIIII Gr ... AMI Microsystems GmbH. TEL: (089) 483081 Kierulff Elctrns., 201-575-6750 

Sales Office, 206-687-3101 IIti WISt Otrlll.,. Slltigari IJ Falrflild 
WA BtIItYIl Ditronic GmbH, TEL: (0711) 724844 Schweber Elctrns .• 201-227-7880 

SDR2 Prods. & Sales. 206-747-9424. 206-624- lill WISI oll'lli.,. VI •• N' RoclllStlr 
2621 Mostron Halbleitervertriebs. TEL: (0216) Schweber Elctrns .• 716-424-2222 

WA ...... d 17024 N' WlStlltry 
AMI Sales Office. 206-883-6156 1.11 'lIIsllIll. Llnlll.1 Schweber Elctrns., 516-334-7474 

ca. ..,..11,. B.C. ISKRAIStandardllskra IEZE, TEL: (OS1) 551- NC G ...... ltar. 
Woodbery Electronics Sales Ltd .• 504-430- 353 Kierulff Elctrns., 919-852-9440 
3302 PR Sa Jill ON B ...... 

cal .. ullll .... O.larlt ElectroniC Tech. Sales. Inc., 809-780-8259 Schweber Elctrns .• 216-464-2970 
Vltel Elctrns .• 416-676-9720 OH Clnllild 

cal 0 ..... 0 .... 
Distriltllors Kierulff Elctrns., 216-587-6558 

Vltel Elctrns., 514-331-7393 OK T.b1 
Cia 311:,,:111. C;IIrI; Kieruiif Eictrns., 916-252-7537 

Vitel ElectroniCS, 613-836-1776 AI ...... 11 
OR PortInIi 

1111 Ar)ll1I'" .... AII'Is Kierulff Elctrns., 602-243-4101 
Kierulff Elctrns .• 5O:H)41-9150 

VEL S.R.L. TEL: 46 2211 AI SclItHIII 
PA HriaI! 

1.11 A .. trllII .... Slltll Wills Western Microtechnology, 602-948-4240 
Schweber Elctrns., 215-441-0600 

Crosshouse AI T.,. 
TX A.stl. 

1.11 Alllnlll. PrIll •• Vlclerl. Anthem Elctrns .• 602-244-0900 
Kierulff Elctrns., 512-835-2090 

Rita Pty. ltd., TEL: 61 (3) 480 1211 AI TICHI 
TX Dlills 

1111 Aulrla. 8nz Kierulff Elctrns., 602-624-9986 
Kierulff Elctrns., 214-343-2400 

Austria Microsystems Inc. GmbH, TEL: (43) CA C ••• p Park 
TX IIIll1s 

3136/3666 Schweber Elctrns., .213-999-4702 
Schweber Elctrns .• 214-661-5010 

"" 1rIzII. II. Pull CA Cbtswd 
TX IHlttI 

Datatronix Elctrna. Ltda .• TEL: 11-826-0111 Anthem Elctrns., 213-700-1000 
Kierulff Elctrns .• 713-530-7030 

1l1li QUI CA c.,ertllo 
TX H •• sIOI 

Victronics ltda., TEL: 36440-30237 Western Mlcrotechnology. 408-725-1660 
Schweber Elctrns .• 713-784-3600 CA Inial 1l1li DtuIrt ....... 

Schweber Elctrns., 714-556-3880 OT SaR L.ke City 
SEMICAP AlS. Tel: (01)-22150 

CA Lub .... Kierulff Elctrns., 801-973-6913 
IIItI £ItIII'. IIIIty 

Kierulff Elctrns .• 213-725-0325 WA TItwItI 
Quarndon Elctrns. ltd., TEL: (0332) 32651 

CA PIlI Alto Kierulff Elctrns., 206-575-4420 
IIItI EIIfaIII .......... Euu 

Kierulff Elctrns .• 415-968-6292 WI Wilkes .. 
VSI Elctrns. (UK) ltd .• TEL: (0279) 2935477 

CA Sa ...... Kierulff Etctrns., 414-784-8160 
IIU &1"1'. SWIIHl Anthem Elctrns., 619-453-4871 e.. 0 .. 1,,1 ••• O.tarlo 

AMI Microsystems. Ltd., TEL: (0793) 37852 
CA SllIIIIp Cesco Elctrns .• Ltd., 416-661-0220 

IIItI fill ..... ESIIII Kierulff Elctrns., 714-278-2112 e.a DtnnIYInr. 0IIIrII 
OV Atomica AB, TEL: (SO) 423533 

CA Sa ..... Future Elctrns., Inc .• 416-663-5563 
IIH FruCl .......... Anthem Elctrns .• 408-748-4700 e.1 MHtrIIl. Olllltc 

Produits Electronlque, TEL: (01) 7353320 CA lI.ta Clara Cesco Elctrns .• Ltd .• 514-735-5511 
1l1li FruCl. SImI Schweber Elctrns., 408-496-0200 CI. DthwI. O.tarto 

Tekelec Alrlronic. TEL: (01) 534-75-35 CA TIIIII Future ElctFns. tnc .• 613-820-8313 
IIItI Fr'IICI. V .... Anthem Elctrns., 714-730-8000 COl PIIIII CIa..... QIIIIIc 

AMI Mlcrosystems. S.A.R.L.. TE~; (01) 37400 CA Tull. Future Elctrns .• Inc .• 514-694-7710 
90 Kierulff Elctrns .• 714-731-5711 ca. 0--

IIU H •• K .... K ..... CO EItINIIII Cesco Elctrns., Ltd., 418-687-4231 
Electrocon Products ltd .• TEL: 3-687214-6 Kierulff Elctrns .• 303-371-6500 ca. V •• ClIV ... Irlllsil CII .. 1l1a 

IIU I .............. CT ......, 'Future Elctrns .• Inc., 604-438-5545 
Semiconductor Complex Ltd., TEL: 654-776 Schweber Elctrns., 203-792-3742 1.11 AI1IIII ... IIMu Alra 

II" 1InII, Tlin" CT WIIHqIInI VEL S.R.l., Tel: 46 2211 
Eldls Electronics, ltd., TEL: 410556 Kieruiff Eictrns., 203-265-1'i 15 IiU Amr ..... =- SId wat;; 

I.U Italy ...... FL IIIIIywHII Crosshouse 
AMI Microsystems GmbH, TEL: (02) 293745 Schweber Elctrns .• 305-927 -OS11 1111 AuIrIIIa. PrISt., Vletarla 

IIH ....... Tlily. FL St . .......,.. Rifa Pty. Ltd., TEl: (03) 4801211 
AMI Japan Ltd .• TEL: (3) 586-8131 Kierulff Elctrns., 813-576-1966 1.11 BrlZlI. Sao Plilla 

III ................. SA kaaI . Oatatronix Electronica Ltda .• TEL: 11-826-
Techmatlon Elec. NV, TEL: (04189) 2222 Schweber Elctrns .• 404-449-9170 0111 

IIH .................. IL Elk Grm VIII .. 1111 CllIII 
OMA Nederland. BY. TEL: 010-361288 Kierulff Elctrns., 312-64Q..0220 Victronics Ltda .• TEL: 36440-30237 

IIH IN zaIIM. AIclIHII IL Elk ann VI .... 1.11 & ...... 1IIrIIy 
David P. Reid (NZ) ltd., TEL: 492-189 Schweber Elctrns .• 312-364-3750 Quarndon Elctrns. Ltd., TEL: (0332) 32651 

1111 lenny. DIll • 0 .. m ..... 1l1li EqIn'. HIrIew. EIIII 
Rlfa-Hoyem AlS, TEL: 47-413755 Kierulff Elctrns., 301-247-5020 VSI Elctrns. (UK) Ltd .• TEL: (0279) 2935477 

1l1li PIIIH ...... .0 ~ IIU & ........... 1 •• 
Semiconductor Complex Ltd., TEL: 87495 Schweber Elctrns .• 301-840-5900 Regisbrook. Ltd .• TEL: 665955 
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American Microsystems (Cont) Follow-ap II order: Ca • MlulsslI". Ontario 
Vin Ciccolo. Manager of Customer Service. ....... 617-329- Tracan Elctrns. Corp .. 416-625-7752 
4700 ext. 1311 CIA North VIReOlver. British Columbia Inti Flnl.nd. Esp .. All otllor Ilforllillon: Tracan Elctrns. Western Ltd .• 604-984-4141 OY Atomica AB. TEL: (SO) 423533 Eric Janson. Technical Publicity Manager ........ ext. 1263 CI. Ott.wa. Ontario Inti Frlnce. S.vrl& 

Tracan Elctrns. Corp., 613-722-7667 Tekelec Airtronic. TEL: (01) 534-75-35 ea. Pollt. CI.lre. Ou"',c Iitl H .. , KII" Kewl ... Salts OffiCB " R.~r'S.nlaliv.s Tracan Elctrns. Corp .• 514-69~-5343 Electrocon Prods. Ltd., TEL: 3-687214-6 
Iitl Ar .... I1 ••• BUIIOI Aires 

Iitl I.dl. AL H .. tlvlD. 
Rayo Elctrna. s.r.i.. TEL: 37-9890 

Semiconductor Complex Ltd .• TEL: 87495 Currie. Peak & Frazier. 205-536-1506 
1111 Alstr.lIl. Artarlloa 

1111 J.pal. Tolly. AI T_p. 
Parameters Pty., Ltd .. TEL: 02 439 3288 

Internix, Inc. Piper Sales Co., 602-949-0048 
1111 Australia •. Mordlalloc 

Iitl latllerilids. 1I1I1I .. v'" CA Hutl •• ltl B .. ell Parameters, Pty., Ltd., TEL: 03 90 74 44 
Techmation Elec. NV, TEL: 04189-2222 Analog Devices, 714-842-1717 

latl Alstrl •• Vi .... 
lall N.IIlerII.II •• BtU"". CA SI. Ditto Inti. Elctrns. Co .• TEL: 0222/8593 04 

DMA Nederland, BV, TEL: 010-361288 Analog Devices. 619-268-4621 
Inll Alslrl •• WI. 

I.tl lew Z .. II .... Alelllllil CA Sa. Jose Walter Rekirsch Elektronische Gerate Ges. 
DaVid P. Reid (NZ) Ltd., TEL: 492-189 Analog Devices, 408-947-0633 m.b.H. & Co .• TEL: 23-55-55-0 

1111 SII.,,.,,. SI.,.... CO .L ...... I Iitl B.I,lu •• Altwerp .. 
Dynamar IntI. Ltd .• TEL: 747-6188 Piper Sales Co .• 303-443-5337 Analog Devices Benelux. TEL: 031/37 48 03 

1111 Slltll Africa. Trllloll FL Orll.do 1111 Brazil. Sao Pilla 
Radiokom Pty .• Ltd .• TEL: (011) 485712 Currie. Peak & Frazier. 305-855-0843 Artimar Ltd .• TEL: 230-0277 

Iitl Sottll KtIrtI. Stall 6A OllltlI 1111 O ... rll. Herl .. 
Kortronics Enterprise. TEL: SeouI2-634-5497 Currie. Peak & Frazier. 404-476-3107 Analog Devices APS. TEL: (02) 845 80p 

1111 SWId •• Spal" IL 6ltHlie Itt .. t. 1111 Filiald. H.lsl.1I1 
A.B. Rita. TEL: (08) 7522500 Analog Devices. 312-653-5000 SW Instrs .• TEL: 90 73 82 65 

IIU SWIIztrIaIIi. Z .. cII IL lIort11ft11d Ilti Fralce. AI.neH 
. , 

W. Moor AG. TEL: (01) 8406644 Torkelson Assocs .• 312-446-9085 Analog Devices. SA, TEL: 33 26 07 61 
Iitl Will GInIuy. Bri. III 1IIIIIIIpolis 1111 Frlnc •• 6 .... obl. 

~ 

Aktiv Elektronik GmbH. TEL: (030)6845088 Torkelson Assocs .• 317-244-7867 Analog Devices. SA, TEL: (1676) 22 2190 
Ilti W .. ts..aay .... 1cII KS Slit .... 1111 F .... ca. RUI,ls 

Dema ElectroniC GmbH, TEL: (89) 28 SO 18 Technical Sales Assocs., 913-888-3330 Analog Devices, SA! TEL: 687 34 11 
Iitl West s..alY. Pestfaell flO .hl.ore •• 11 Frllce. T •• lol .. 

Gleichmann Rep-Tron, Inc .• 301-799-7490 Analog Devices. SA. TEL: 61 41 11 81 
IItl Will .... ,. ScIIIInrIg • 1 BlrIIII .... lid HollI.d. OOlt.bolr 

Ing. Bruo Dreyer, TEL: (04621) 24055. Analog Devices, Inc .• 313-644-1866 Analog Devices Benelux. TEL: 0162051080 
,.11 Wesl S-,. SlIItprt .1 DeIr •• 1 

'.tl HOI, KOI •• KowI ... 
Ditronic GmbH, TEL: (0711) 724844 Rathsburg Assocs .• Inc .• 313-882-1717 General En,gineers. TEL: (852) 30662-241-4 

l.tI West 6....,. VItr1It • .. napo • I.d l"'II.II • .,lere 
Mostron GmbH. TEL: (0216) 17024 Torkelson Assocs., 612-835-2414 C.H. Krishnan & Assoc .• TEL: 560-038 

l.tI Y._vll. Lt""HI .0 SI. L.els 110 1 •• 11. M.drls 
ISKRAlStandardliskra IfZE. TEL: (051) 551- Technical Sales. 314-725-5361' C.H. Krishnan & Assoc., TEL: 600-020 I 353 iJ _.,""0011 I1II la"II.llew Dellli 

Harwood-Sandler Assccs., 515-573~ 1900 CH Krishnan & Assoc., TEL: 110-029 

I • AlII ........ 1111 11'11 ..... L .... ek 
Grady Moore Assocs .• 505-262-1416 AnalOg Devices BV. TEL: 061 29011 Amperex NY Ha_., 

1111 Is ...... Klar Sib. I labtronics, 716-648-0107 Analog Devices (Israel) Ltd .• TEL: 052-21023 
Amperex ElectroniC Corporation NY Hull.,11I letl Daly, BoiogII 

I 
Providence Pike Harwood-Sandler Assocs .• 515-673-1900 Dott. Ing. Giuseppe de Mico. TEL: (051) 55 56 
Slatersville. Rhode Island 02876 IIY Klrkwllll 14 
401-762-3800 Labtronics. Inc .. 607-775-3739 1.11 Italy, Firuzi TWX: 710-382-6332 NY N. TOIIw.III. Dott. Ing. Giuseppe de Mico. TEL: (55) 894115 

Labtronics, 716-693-2257 Iitl n.ly. Mlillo 
NY 8y1"1cu .. Analog Devices. SRl. TEL: 68 98 045 

Analog Devices Labtronics. 315-454-9314 Iitl Itlly. Mil ... 
NY Utica Dott. Ing. Giuseppe de Mico. TEL: 9520551 

AI.'" DtvIces 
Labtronics, Inc .• 315-735-2153 Iitl Itlly. h .. ov. 

PO Box 280 R.ure 1 1.lIu.trt.1 hrk Ie .. all .. Dott. Ing. Giuseppe de Mico. TEL: 049 65 29 
lIorw ..... _ .. saeIllSllts 02062 Currie. Peak & Frazier, 919-273-3040 09 
617-329-4700 OM CImII ... Iitl Ihly. R ... 
TELEX: 924-491 Electro Sales Assocs., 216-261-5440 Dott. Ing. Giuseppe de Mlco. TEL: 06/31 62 
TWX: 710-394-6571 OH 0.,. .. 04 
8peclnc producl 1I'_allol: Electro Sales Assocs., 513-426-5551 'atl 1111,. Torl.o 

Regional Offices: OH 0.11111 Dott. Ing. Giuseppe de Mico. TEL: 011 65 03 
Massachusetts. Mac Wylie ......... 617-329-4700 ext. 1310 Analog Devices. Inc .• 614-764-8795 271 
Illinois, Ed Kruft ........................................... 312-894-3300 PA AliI ... hrll 1111 Jap ••• Osalla 
California. Walter Borlase ........................... 714-842-1717 Electro Sales. Assocs .• 412-487-3801 Analog Devices of Japan. Inc .• TEL: 06/372 
Texas. Jack Coe ........................................... 214-231-5094 PA FI. WIsIIII.tOl 1814 

Llt .... t .... : Analog Devices. 215-643-7790 Iitl Jlpan. Ttllyt 
Steve Martin. Director Mail Supervision ..... 617-329-4700 SC C.I.-bll Analog Devices of Japan, Inc., TEL: 03/26 36 
ext. 1391 Currie, Peak & Frazier. 803-254-1971 826 

Prl~ .... dilivery: TX H.I.IOI lall MI'.ysl •• KI,II Lu.per 

See PrOduct Information I Analog Devices. 713-664-6704 I General Engrs. (Electr.) Corp. I 
Pllce II orHr: TX Rlebnl_ Inll New Zull"'. Alellllad 

Regional Offices: Analog Devices. 214-231-5094 W. Arthur Fisher Ltd .• TEL: 59 55 25 

Massachusetts. Mac Wylie ......... 617-329-4700 ext. 1310 WA R.t .. Inti Nlw Zeal.nd. Cbrlstcllurch 
Illinois, Ed Kruft. ............ ........ ...................... 312-894-3300 Analog Devices, Inc .• 206-251-9550 W. Arthur Fisher Ltd .• TEL: 67-692 
California. Walter Borlase. . ......................... 213-595-1783 WI Brookfl,ld Inti N,w Zell.nd. lower Hull 
Texas. Jack Coe ........................................... 214-231-5094 Torkelson Assocs .. 414-784-7736 W. Arthur Fisher Ltd .• TEL: 850 243 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Analog Devices (Cont) 1111 Gar •• IY. Nullll. 
AWl Emtron Vertriebs GmbH. TEL: (06152) 6003 

II" I .... y. H .. llt.i 1111 Imll. 61,.llyl. 

Estronic, TEL: (2) 78 60 10 E.I.M. International Ltd., TEL: (03) 77 40 41 AWl 

1111 PIIIII"I. Klnclll 1111 Italy •• 11In 

I 
3212 Scott Boulevard 

Superior Elctrn. Assoc .. TEL: 61 36 55 Disprel, TEL: (02) 28.40.539 Santa Clara, California 95050 
408-727 -9912 

lin ......... IIIIrt ... 1I1 1111 J.,n. Tnye 

Analog Devices. TEL: (632) 828-9871 Kyokuto Boekikaisha, Ltd., TEL Tokyo 244-

"" Sf.,.... All. 3511 

General Engrs. (Electr.) Corp., TEL: 2714081 I." IIItlllrlnis. Oe.tlrllOII Barvon Research, Inc. 
lit! SaetII AfrIeI. Dftll Klaasing Electronics b.v., TEL: 01620-51400 

L'Electron (Pty.) Ltd., TEL: 37-9224/5 1111 • .....,.0.1e Ban .. Rlsearcll. I.e. 
IIH ...... Africa ........... Eltron AIS, TEL: 02-46 2870 2680111111 Flrsl Sinel.. SI"I 210 

L'Electron (Ply) Ltd., TEL: 786-5150 I," SwIdtt. 1l'iliiii Sal J8SI, Call1nil 95134 
I.n Spall. BImIIII ScancopterAB, Ta: 46-82-894 25 408-262-8368 

Interface, SA, TEL: 933017851 I,ll SWltz ..... ti. Zq 
lin ............ Anatech Ag, TEL: (042) 315477 

1nterface, SA, TEL: 944150893 IttI T ...... T_ Bedford Computer Systems 
1111 "'". "'rli Hitek Co. Ltd., TEL: 536 1157 

Interface, SA, TEL: 914563151 II" Utlili KI ...... MlHleslx Bedford Computer Systems 
I,ll SWtHt.ar- .. 

Analog Devices AB, TEL: 08-282740 
Pascali Electronics Ltd., TEL: (09327) 87418 4 Lyberty Way 

It" SwllZtrllti. a.an Westford, Massachusetts 01886 

Analog Devices, SA, TEL: 022 3157 60 
617-275-0870 

1.11 Tltwal. Til,.. Applied Micro Circuits 
Taiwan Automation Co., TEL: 02 7710940 

I I.n TIII"'I .... ,lin Applied Micro Circuits Corporation Burr-Brown 
DynamiC Supp. Enorg., TEL: 82455 8808 Balboa Avenue 

ItH Ttrhy ..... San Diego, Caiifornia 9-2123 iIrf-Dfiili. Cifjiiiitlii 
Simge Ltd., TEL: 29 n« 714-268-0097 1 ....... 1 .... 1 Alrp .... Ilinlrlll P,rll 

I.n Ttrhy. lafllll .. TICIII. Ariz ... 85734 
SImge Ltd, TEL: 669184 602-746-1111 

1.11 UII'" KIII'a. Ejplltal .. Applied MicrosY8tems TELEX: 66-6491 
Analog Devices, Ltd. TWX: 910-952-1111 

1111 l1li ... K ....... SmIJ Specific pratlact IDler.llin: 
Analog Devices, Ltd., TEL: 01/94 10466 Applied Microsystems Corporation Sales Department ............................... , ....... (602) 746-7220 

lin .. ,a-y ..... P.O. Box C-loo2 

Harm Horst walkusat, TEL: 030/31 64 41 Redmond, Washington 98052 

IItI waf ~, ,1I&tIIIIIz 
206-882-2000 Salas Office I R!I!l'8SIIIlatlylS 

Analog Devices GmbH, TEL: 04187/381 
1.11 .... ......,. b1srtIII AL H •• lsvllll 

Analog Devices GmbH, TEL: 0721/61 60 75 Applied Micro Technology Conley & Assocs., 205-882-0316 

I,n ... I ...... '.K ... CA LOI AtgtIIs 

Analog Devices GmbH, TEL: 0221/68 60 06 Applied Micro Technology Inc. 
Burr-Brown, 213-991-8544, 805-496-7581 

I.n ........ ., ...... P.O. Box 3042 CA Sal Jill 
Analog Devices GmbH, TEL: 089/53 03 19 Tucson, Arizona 85702 Burr-Brown, 408-559-8600 

602-622-8605 CA, Sal" Au 
Burr -Brown, 714-835-0712 

Analogic CO DII,. 
Burr-Brown, 303-663-4440 

Analoglc Corporation 
Applied Systems FL 8ICI Ral .. 

Audubon Road 
Conley & Assocs., Inc., 305-395-6108 

Wakefield, Massachusetts 01880 AJ)pIied Systems Corporation FL O'd •• 

617-246-0300 26401 Harper Avenue Conley & Assocs., Inc., 305-365-3283 

TWX: 71O-348-042S St. Clair Shores, Michigan 48081 FL T..,. 
313-n9-8700 Conley & Asso<:s:" ',nc:, 813-885-7658 

SA All .... 
Conley & Assocs., 404-447-6992 

Analog Systems Aptek Micr08ystems IL ".1, .. 
Burr-Brown, 312-832-6520 

Analog Systems Division 
Aptek Microsystems, Inc. 

.0 H",1111 
P.O. Box 35879 Marktron, Inc., 301-251-8990 
Tucson, Arizona 85740 Hillsboro Plaza, 700 N.W. 12th Avenue 1M ........ 
602-293-4923 Deerfield Beach, Florida 33441 

Burr-Brown, 617-444-9020 
305-421-8450 
TElEX; 441020 .. DtInII 

SUfi-Bio"n, 313-474-5533 

Apex Microtechnology •• ........ 1 .. 

Salas Office I Rapnsantatlves Elctrn. Sales, 612-884-8291 

Apex M1crotechnofogy Corporation I. .AI" .......... 

1130 East Pennsytvania Street 1.11 Will 8trItu,. BlcMulnua 
Vermillion Sales, 505-883-3668 

Tucson, Arizona 85714 Consar GmbH, TEl: 011 49 9355/2655 • Y CII .... 
602-746-0849 Advanced Comps.Corp., 315-853-6438 

.Y Et.IC8H 
Advanced Comps. Corp., 607-785-3191 

Sills Omce 'I!!r!-Iatlm Array Technology .Y ScllllYilIt 
Advanced Comps. Corp .• 716-889-1429 

lin FItIH4. IIIIaIHJ Array Technology .Y Syncut 
TUrion Oy, TEL: 90-372144 922 South Saratoga/SUnnyvale Road Advanced Comps., 315-699-2671 

I.n Fnta. L .... Ctitx San Jose, California 95129 .Y Yallars 
Microel SA, TEL: 907.08.24 408-252-9900 Burr-Brown, 914-964-5252 
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Burr-Brown (Cont) 1.11 Yu.oslavl •• Lldll'" 
Cherry Semiconductor Elektrotehna N. SolO. Ljubljana. TEL: 0611 

.C WI.stn-SaIlll 
329745 

Cherry Semiconductor Corporation Murcota Corp .• 919-722-9445 
2000 South County Trail OH C.II' ..... 

K-T Marketing Inc., 216-729-3588 California Devices East Greenwich. Rhode Island 02818 
401-885-3600 

OH O.b". TELEX: WUI-6817157 
Burr-Brown. 614-764-9764 California Devices Inc. S",lflc pro.lct l.fol1llllln: 

PA H.tboro 282 Kinney Drive Marketing & sales Department ................... 401885-3600 
OED Elctrns., 215-674-9600 san Jose, California 95112 

PA Plllslllirp 408-295-3700 
K-T Marketing. 412-487-8n7 TELEX: 352120 Salas Office & Representativas 

TX Dllias 
Burr-Brown Corp., 214-681-5781 1111 E • .,. •• , Hlrp .... 

TX HOlstn Salas Office & Re2rBsantalives Cherry Electrical Prods. Ltd., TEL: (058) 27-
Burr-Brown Corp .• 713-988-6546 63100 

OT Sal., Iitl Ea.Ia ••• Sallsb.ry, Wlltsblre 1.11 Hn. KII" WIICU' 
Aspen Sales, 801-943-1346 Corintech, TEL: (0722) 337582 CH. Ltd., TEL: 5-729-376 

WA ........ 1111 Fnlcu, Pelss, lall Japln. Tekye 
Burr-Brown, 206-455-2611 California Devices, Inc., TEL: (3) 979.25:87 Nippon Imex, TEL: 03-321-4415 

ea. .1uIua .... O.tarle 1.11 Herzll. B. Isr.el Iitl Sl.ppert. Asi. 
Allan Crawford Assocs., 416-678-1500 Vectronics Ltd., TEL: 052-56070 Dynamar Inti., Ltd., TEL: ,7476188 

1111 Allin"'. CIIyI.-VIclIrII 1.11 Itlly, MIla •• lall T.'wan. Tlpll 
Kenelec, TEL: (03) 560-1011 CEFRA s.r.l:, TEL: 02-23-52-64 Dynamar (Taiwan) Ltd., TEL: 5418251-4 

lid .Aulrla. WIll " II" Wilt GenIa.,. O ...... c. 1.11 Wilt 0-.,. AIIrIIlclII/OPF 
Burr-Brown GmbH. TEL: 0222162 63.71 Neutron GmbH, TEL: (611) 8139 30 Cherry Mikroschalter GMBH, TEL: (09643) 

1.11 Bel ...... Brolile. 181 
BHEA. TEL: (02) 736-8050 

1.11 ..... x.S .. p .. , 
Cermetek Microelectronics Burr-Brown IntI. B.V .• TEL: 020-470590 

Circuit Technology Inc . ,." .... ,..H ..... 
Mer-el AIS. TEL: 02-571000 Cermetek Microelectronics. 'Inc. 

1.11 & ...... H .......... re 1308 Borregas AVeAue Circuit Technology Inc. 
Burr-Brown Int'I Overseas Mkt. TEL: (0923) Sunnyvale, California 94086 160 Smith Street 
46759 408-734-8150 Farmingdale, New York 11735 

'.11 Ell ..... IfIrIIIrIIHIre TWX: 910-379-6931 516-293-8686 

Burr-Brown IntI., Ltd., TEL: (0923) 33837 
•• 11 F ....... V'Hllke 

- SalasOffica & He!reseatalivis 
-- sa-lis· Office ,,' Re!mlltatiYts Fitldij)=Havullnna i~str ov: TEL: 358-0-5281 

1.11 Fn.cu. L. CHsu, 
c",.. .• 'enll 'III Isne" Herz"la Burr-Brown IntI. S.A., TEL: (01) 3-954-3558 'III 

I I 1.11 a_I.'.B ...... Eltrorn Elctrns. ltd .• TEL: 21-61088 I Electronic Microsystems. Ltd .• TEL: 972-3-52-

Burr-Brown IntI. GmbH, TEL: 0421/2539 31 '.11 & ............. E ... BIICII. 55895 

s-uy. DllullIIIrI Micro-Marketing (Elctrns.) ltd., TEL: 06285- I." U.I ... KI • ., •• SIIITIY Ittl 
Circuit Technology Inc., TEL: 44-0276-23684 Burr-Brown IntI. GmbH, TEL: 02154/8445 29222 

It II a ...... FIlIIIntHt It" &., •••. ea.blrley Sumy 
Burr-Brown IntI. GmbH. TEL: (0711)70 1025 Dialogue Distribution Ltd .• TEL: 0276-682001 

.. II S ........... 'Ia Ell ................ BerkUlr. Cite' 
Burr-Brown IntI. GmbH .. TEL: 089/61 7737 ' Micromark Elctrns., TEL: (0628) 72631 

I.tl 8 .... y. ZJn.ort •• 11 Frllcu, P.Ia ..... Cltllilc. 
Siex Elektronikelemente GmbH. TEL: 60 71 78 Franelec, TEL: 6-930-2005 3060 ... ,. •• SI. 

'tU H •• Kn. '.11 HII ..... R.tter". Sa.tl Clara. C.llf.nll 95050 
Schmidt & Co. (H.K. ltd.). TEL: (780) S- OMA Holding B. V., TEL: 010-36.12.88 408-727-6562 
455644 It II , •• Ia. BI.pler 

latl 1 •• 1 •• B .. , Electrolink Systems, TEL: 41894 
Oriote Services & Conslts. Pty., Ltd., TEL: I.tl Isnll. Tel-Avl, Comark 672973 R. N. ElectroniCS, TEL: (03) 707129 

1.11 , •• nII. T .. -Avlw I." Itlly. Mila •• Comark Corporation Racom Elctrns. Co .• ltd .• TEL: 03-491922 Cefra S. R. l., TEL: (02) 23.52.64-23.60.154 93 West St.;P.O. Box 474 I.tl Jape.,Ollke 1.11 S ...... Va"' •• b, Medfield, MA 02052 Burr-Brown Japan Ltd., TEL: 06/305-3287 Svensk Teleindustri 617-359-8161 I.tl J.,... TIIIIp 1.11 Wilt aer...y •• oc ... 
Burr-Brown Japan. Ltd., TEL: (03)586-8141 Scantec GmbH, TEL: (089) 134093 

Iitl .,lIIe 
Burr-Brown Int'I S.r.i., TEL: 506-5228 Comlinear 

'.U ... Z. ..... I111 .... Distributors 
McLean Information Technology Ltd., TEL: Comlinear Corporation 
501-801 

'.11 EI.Ia ••• ea ... ....., Sirrey 2468 East 9th Street 
1.11 •• rw.,.O.le Dialogue Distribution Ltd., TEL: 0276-682001 Loveland, Colorado 80537 

H.C.A. Melbye, TEL: (02) 106050 1.11 E.,'I.tt. M.I ........ BIrII.btre 303-669-9433 
'III PerI.pl. U .... Micromark Elctrns.~ TEL: (0628) 72631 AppllClIIOl •• I ... rl •• : 

Telectra, TEL: 686072 Kurt Rentel 
1.11 Spe ... "'rI. 

Unitronics SA, TEL: 242 5204 
lall SWtha. V.", •• ., CGRS .nc. Salas Office & Re2resenlatlves 

Svenski Teleindustri, TEL: 380320 
It II SWIIztrlI", R •• cb"kOl CGRS Inc. la" Engllnd. Chesblre 

Burr-Brown Inti., AG. TEL: 01/724 09 28 P.O. Box 102 DI-AN Data Systems, Ltd, TEL: 061 4429768 
lall TllwI •• Taipei Langhorne, Pennsylvania 19047 Inti France. SuresAls 

Alpha PreciSion Instrmn., TEL: (02) 752-7111 215-757-0284 I.S.C. 
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Comlinear (Cont) Iitl SwllzlI'llld. WI! IL BU.I"'I 
Datacare AG. TEL: 073/22 05 92 Hall-Mark Elctrns., 312-860-3800 

lantl. Tal-Aliv 
Iitl TINII. Tilpil IL Elt GrOll VIII ... 

ilil Far East Elctrns., TEL: 5615444 Kierulff Elctrns., 312-640-0200 R.N. Electronics 
JI,.I. T_ 

1111 Wa. GII1IIII,. Duseldorf KS LUlu 1111 'Geveke Elektronik. TEL: 02111773082 Hall-Mark Elctrns., 913-888-4747 Internix. Inc., TEL: 03 369 1101 
tin WI$I 81n1Hy •• _ .... MO BaltilJorl 

Tekelec Airtronic /:Iall-Mark Elctrns .• 30!-796-9300 

Control Logic MD Bait...,. 
Kierulff Electronics. 301-247-5020 

CAE Systems Control Logic.lnc. • Bitllrlca 
Nine Tech Circle Kierulff Elctrns .• 617-667-8331 
Natick. Massachusetts 01760 MI BI .. I.gtn 

CAE Systems 617-655-1170 Hall-Mark Elctrns .• 612-854-3223 
1333 Bordeaux Avenue •• Edln SUnnyvale. California 94086 

Kierulff Etctrns., 612-941-7500 408-745-1440 
Creative Micro Systems .0 Mlry .. 111 HelPll 

Hall-Mark Elctms., 314-291-5350 

Computer Automation Creative Micro Systems MO MlryIIld Hgts. 
3822 Cerritos Avenue Kierulff Elctrns .• 314-739-0855 
Los Alamitos. California 90720 NJ Falrfliid 

Computer Automation 213-493-2484 Hall-Mark Elctrns .• 201-575-4415 
NAKED MINI Division 

NJ Flirfleld 
18651 Von Karman 

Kierulff Elctrns .• 201-575-6750 
Irvine. CalHornia 92713 

Cromemco IV AI.tnt ... 714-833-8830 
TWX: 910-595-1767 Hall-Mark Elec .• 516-737-0600 

s,acHlc ,.-.d1C1 1tfInII11.1: Cr..-co Ie Gr_sllero 

Ext. 584 210. IImno A ..... Kierulff Elctrns~, 919-852-9440 

Lltlntll'l: ...... Villi. ClIIfIrIII 94039 Ie 81111111 
Ext. 290 415-964-7400 Hall-Mark Elctrns .• 919-872-0712 
Ext. 581 TWX: 910-37t-6988 OH CI.vlllld 

PIleI ..... : Kierulff Elctrns .• 216-587-6558 
Sales Office 

Dislribulors OH Hllllilid 1fIIIIIIS 
F ..... -........ : Hall-Mark Elctrns., 216-473-2907 

Ext.2n OH WISIlrYIIII 
An ItIIIr ......u.: AL Hlllliliit 

Hall-Mark Elctrns., 614-891-4555 
Marketing .................... : .......................................... ext. 381 Hall-Mark Elctrns., 205-837-8700 

OK T.1sI 
Communications ..................................................... ext. 581 AI PIIIIIII 

HaU-Mark Elctrns., 918-665-3200 Hall-Mark Etctrns., 602-243-6601 
AI ,.. .. 11 OK Tulsa 

Salu Omea I R.,rlSllllatives Klerulff Elctrns., 602-243-4101 Kierulff Elctrns .• 918-252-7537 

CA LIS AI .. lts TX Aulll 

tin EIIIHd. HlrHlrdsllllre Kierulff Elctrns .• 213-725-0325 Hall-Mark Elctrns., 512-258-8848 

CAl. Ltd., TEL: Rickmansworth (09237) CA hloAlto TX AlSttl 

lin 8tnHty. FfIHfIrt Klerum Elctrns:, 415--968-6292 Kierulff Elctrns .• 512-835-2090 

Computer Automation GmbH CA PIrtIrIIIII TX BlIIIs 
Kierulff Electronics, Inc., 209-781-4335 Hall-Mark Elctrns., 214-343-5000 

CA 811 Dt .. o TX BlUu 
Distrlbltors Hall-Mark Elctrns .• 619-268-1201 Kierulff Elctrns .• 214-343-2400 

CA 81.01. TX Ho.st .. 
lilt ...... nu.a..uA .... Kierulff Elctrns .• 619"278-2112 Hall-Mark Eldr{'s .• 713-781-6100 

Fate Elctrnca. A.A.I.CJ .• TEL: 45-0208 CA S-pIII TX HoISt .. 
Iitt Autrllll ......... Hall-Mark Elctrns .• 408-773-9990 Kierulff Elctrns .• 713-530-7030 

Consolidated Elctrns. Inds., TEL: 440-791 CA 8.pllt OT 8111 L.tl City 
IIU ........ 1IruSIIs Kierulff Electronics. Inc .• 408-734-9310 Kierulff Elctrns., 801-973-6913 

Geveke Elctrns .• TEL: 02-241 45-50 CA Tlisil. WA Tlkwlll 
lin DII8Irt. ClpHn .. Kierulff Elctrns .• 714-731-5711 Kierulff Elctrns .• 206-575-4420 SC MetriC AIS, TEL: (02)80-4200 CA TISUI 
tin FtIIIItI. H ..... tl Kierulff ElectroniCS. 714-731-5711 WI O.t CrNt 

Finn Metric OV. TEL: 90-460-844 CD DIn_ Hall-Mark Elctrns., 414-761-3000 

tltl FI'IICt .......... 1I1t Kierulff Elctrns .• 303-790-4444 WI WI.tlSlIa 

Yrel Electronique et Informatique. TEL: 956 CD EItIIW'" 
Kierulff Elctrns .• 414-784-8160 

81-42 Hall-Mark Elctrns .• 303-694-1662 
II" lid ......... ' CT •• ut ........ 

Micronic Devices, TEL: 486i70 Kierulff Elctrns., 203-265- i i i5 Cubit 
IIU tilly. Mil ... FL Fl.lI ...... 

CAL S.P.A .• TEL: 02236 3851 Hall-Mark Elctrns .• 305-971-9280 Cubit Inc . 
1111 ..... T.,. Fl FI. LHderdila 190 So. Whisman Rd. 

Showa Info. Sys .• TEL: 403-7101 Kierulff Electronics, 305-486-4004 Mountain View, CA 94041 
lin ................... Fl Orll.da 415-962-8237 

Geveke Elektronica, TEL: 020-802802 Hall-Mark Etctrns .• 305-855-4020 
lilt ... ZIIInII. bet ... Fl St.PItInIIIIfI 

David Reid Data Prods .• Ltd .• TEL: 499-197 Hall-Mark Elctrns., 813-576-8691 
Curtis Electro Devices lilt ....,.0aII Fl St.PItInIII .... 

Metric A.S., TEL: 02-282624 Kierulff Elctrns .• 813-576-1966 
1111 SIIIIII AfrIeI ............ SA kerns Curtis Electro Devices, Inc. 

Tran Sys. Pty Ltd., TEL: 39-6575 Hall-Mark Elctrns .• 404-447-8000 P.O. Box 4090 
IIU ....... StIctIII ... SA Iwcnu Mountain View. California 94040 

Scandia Metric AB, TEL: 08-820400 Kierulff ElectroniCS. 404-447-5252 415-964-3846 
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Custom Integrated Circuits Data General 
Iitl HolI.ld. Rijswijk 

Data General, TEL: (31-70) 907694 
Inti Hon. Kon •• Kowloon 

Custom Integrated Circuits Data General Corporation Data General, TEL: 05-240151-5 
5353 Wayzata Boulevard, Suite 603 4400 Computer Drive 11111 Iralnd, D~1I111 
Minneapolis, Minnesota 55416 Westboro, Massachusetts 01580 Data General, TEL: (353·1) 60-21-86/60-23-
612-542-1115 617-366-8911 86 

TELEX: 94-8460 latl Itlly, MIlIIO 
TWX: 710-390-1217 Data General, TEL: (39-2) 6121451/6120141 

Custom MOS Arrays IIU lilly, Pld ... 

Sales OUlce & Representatives Data General, TEL: (39-49) 654909/654377 
Iitl Itlly, R ... 

CustOIl MOS Arrays. lie. IIU AI.tralil. Adllald, Oata General,TEL: (39-6) 5013651/1611/1825 
211 Topaz Strnt Data General, TEL: (08) 2237344 latl New Zeallnd. Alckllnd 
Milpitas. Caillorall 95035 

I.U Antratla. Irlsill.' Data General, TEL: 30294 
408-946-9111 

Data General, TEL: (07) 2295744 latl New Zealand. WIIII •• ton 

I.tI AI.trlill •• 111 ...... Data General, TEL: 723095 

Qata General, TEL: (03) 831-3311 Inti Scolilid. Glas.aw 

Cybernetic Micro Systems 1111 AIstnlll, NewClstl1 Data General, TEL: (44-41) 3323205 
Data General, TEL: (049) 262922 Iitl Swld ... GOIII .. 1llr1 

Cybernetic Micro Systems 
1111 AI.trall •. SHtll PertII . Data· GeAeral, TEL: (46-31) 813190 

P.O. Box 3000 
Data General, TEL: (09) 3979122 1111 Swill ... Malmn 

San Gregorio, California 94074 
I.tI Alslntll. Sp." Data General, TEL: (46-40) 103585 

415-726-3000 Data General, TEL: (02) 9081366 I.tI SwIIIH. Slackllal. 

TELEX: 171-135 attention: CybernetiCS Iitl Antrll. VIHII Data General, TEL: (46-8)' 830520 
Data General, TEL: (43-222)626146 I.tI Swlnlud. LaIU •• I 

I.tl BlIp ... ImnII Data General, TEL: (41-21) 277131 

Distributors Data General, TEL: (32-2) 6604944 Iitl Swllzarliid. Zurich 
I.tl Bnzll. Sao Pula Data General, TEL: (41-1) 440355 

Data General, TEL: 2410425/5430138 & 542- 1111 TIIIIII.d. Ba •• kak ,.n Arlfttl ••• I_os Aires 8951 Data General, TEL: 234-8820/4551/4552 
VEL S.R.L. TEL: 46-2211 IIII Del_I'll. CI,..lIIgH 

,.1' BIIII .............. st ...... Data General, TEL: (45-1) 305666 
Belcomp SPRL, TEL: 091 3152 22 ,.tl E •• lled. 11,.1 ...... Distributors 

I.n £I_lid.: cttnIHd· Data General, TEL:.(44-21) 7073433 

Weyfringe, TEL: 0642-470121 l.tI &.lIld. Brlslol 1.11 Anlrlill. Mliliolfil, Vlclorll 

1.11 Fnl". Parla 
Data General, TEL: (44-272) 698271 AJF Systems. TEL: (03) 679 306 

Ets Andre Kovacs.. TEL: 250-89-70-
I.U Ea.lud. HH.SIaW IIU A.slnll ••• arlilki. ISW 

Data General,m: r44~ 1) 5727455 .. Elmeasco Ply. Ltd .• TEL: (02) 736-2888 
1.11 Ildl ....... , ,.U E •• lud. Leri .. I.tl A.slnll •• Vlclerl. 

M.J. Exports Pvt Ltd., TEL: 230644 Data General, Tel: (44-1) 741-8341n41- Total Eletrns. Corp. 
illl isnll. lei-Aviv 1011i621-1130 1.11 lilly. MIIMa 

R.N. Elctrns. Agencies Ltd., TEL: (03) 708 1.11 E •• , •• d. MllclIIIllI' Adelsy S.P.A., Tel: (02) 4985051 
174, (03) 796927 Data.Genera!. TEL: (44-S1) 959-3935 i.ii U.iied Ki ...... Rlltilf 

I.U Italy, Mlllla 1111 &11I.d. lartIIaIl Celdis Ltd:. TEL: 073+585171 
Sky lab, S.R.l., TEL: (02) 688 38 06 Data General. TEL: (44-1) 8415151 I.tl U.1I111 KI •• do •• WI$I IIInIdla, Essax 

l.tI J.pl •. Tlkya 
1.11 &.11111. Saltll H.rrow Comma, TEl: Brentwood (0277) 811131 

Systems Mktg., Inc., TEL: 03-254-2751 
Data General. TEl: (44-1) 8649611 

1111 &I ... d, So.tlllil 
l.tI Lalln Alllrlca Data General, TEL: (44-1) 5742651 

Intectra, TEL: (415) 967-8188 Inti Fn.". La PllIIls R.III •• OI Data 1/0 
1.11 Narw.y. Oslo Data General, TEL: (33-1) 6302430 

Hans H. Schive As, TEL: (02) 55 76 92 1111 Fn.". Lilli Data I/O Corporation 

lall SlltlI Afrlc •• Cape TOWI Data General, TEL: (33-20) 913825 10525 Willows Road N.E. C-46 

Eagle Elec. Co. (Pty.) Ltd., TEL: 45.-1421 1111 Fr •• ct. L,. Redmond, Washington 98052 

Iitl 
Data General, TEL: (33-78) 41-02-82 206-881-6444 

Swill ... Stackllal. 
1.11 Fn.", .... tl$ TELEX: 320290 

Satt Eletros, TEL: 08/81 01 00 Data General, TEL: (40) 898154 
1.11 Swltz ...... d. ZUI 1.11 Fr.lel. P.rls 

Anatec Electronische Bauteile, TEL: (042) 31 Data General, TEL: (33-1) 252-5301 (North), Sales OUlcl & R!I!reSlnlltlv8S 
5477 (33-1) 252-5302 (West) 

1.11 Wist GI,.I., .... c .... 1111 Fn.". P.rl. EHG 1111 Aistraill. Adel.ldl 

Scantec GmbH, TEL: (089) 13 40 93 Data General, TEL: (33-1) 776-44-15 Warburton Franki Pty. Ltd., TEL: 3567333 

1111 Fn.ca. Strasllalr. Iitl Antraill. An.ra 

Data General, TEL: (33-88) 833800 Warburton Franki, TEL: 648-1711 

Cybersystems 
Inll . G_I.y, Duuldarf '.11 A.slrall •. CUtswaad 

Data General, TEL: (49-211) 596031-34 Warburton O'Donnell Ltd., TEL: 4073261 

Inll GlmilY. Eschllara I.tl A •• tnlli. ParllI 

Cybersystems, Inc. Data General, TEL: (49-6196) 4941 Warburton Franki, TEL: 65-7000 

7540-A South Memorial Parkway 1.11 G .... lY. H .. llir. Inll Alslnll., O .... al •• d 

Huntsville, Alabama 35802 Data General. TEL: (49-40) 858001 Warburton Frankl Pty. Ltd., TEL: 527255 

205-883-4410 1111 G ..... ". H •••• 'II' Inll A.alnU •• Vlctarl. 
Data General. TEL: (49-511) 326081 Warburton Franki. TEL: 699-4999 

1111 GII' ... y .... Iclt I.tl Aaalrt, 

Cypress Semiconductor Corp. 
Data General. TEL: (49-89) 3519011-14 Ing. Ernst Steiner, TEL: 222-827474 

1111 G .... ., ••• r. ...... 1.11 BIItII. 
Data General, TEL: (49-911) 203443 Simac Electronics, TEL: 212-192351-3 

Cypress Semiconductor Corp_ IntI GI,. •• Y. SIun •• rI IntI Inzll, Sao P.ula 
3920 Freedom Circle, Suite 201 Data General, TEL: (49-711) 702061 Cosele, TEL: 255-1733 
Santa Clara, California 95050 Inll Hall.nd. A.slII'd •• Inll lu .... by, B.C. 
408-727-9965 Data General. TEL: (31-20) 838801 Allan CraWford Assoc., TEL: 604-294-1326 
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Data 110 (Cont) Data Translation Datel 

1.1f Calpry.A ...... 
Data Translation, Inc. Dtlli 

Allan Crawford Assoc., TEL: 403-230-1431 
100 locke Drive 11 Callol BI'II. 

1.1f Dart ... tll Marlboro, Massachusetts 01752 Mlu""". MISSlclllsetts 02048 
Allan Crawford Assoc., TEl: 902-463-9360 617-481-3700 617-339-9341 

1.1f 0. .. 1'11 TELEX: 951-646 TELEX: 951340 
ITT Komponent AlA, TEL: 2-451822 

Splelnc pred.ct Infor.llon: TWX: 710-346-1953 
1.1f U.o.l. _IRe prollact I.for .. tlon: 

Allan Crawford Assoc., TEl: 403-451-4893 Prla ull .,I,try: Tom Hospod ........................................................... ext. 257 
I.tl A.IIIII See Product Information Bob leonard ........................................................... ext. 141 

Havulinna-Instrumentarlum Oy, Tel: 0- PIlau ..... : Gino Vieira .............................................................. ext. 221 
799711 See Product Information Appllcatlo ••• ,n .... , •• : 

loll Frt.a Tom Hospod ........................ , .................................. ext. 257 
M.B. E/ectronique, TEL: 3-9568131 Bob leonard ........................................................... ext. 141 

III a-ny Saln Offlu I R!nsanlaHYls Gino Vieira .............................................................. ext. 221 
/nstrumatlc Electronics GmbH, TEL: 89- U .... lart: 
852063 1.11 Aulnll •• Itll".". S. Aulnl .. literature "Hot line" ............................................. ext. 100 

1111 1Itq1t ... A ..... Werner Elctrns. Pty. l TO., TEl: 268-2776 Pnet •• 11 IItIl,ery: 
Eurotherm, TEL: 5-546-391 laU A.slrtlll, Rmllo. I.S. W. Ellen Dore 

1.11 IIIIII,Bop ..... AMPEC Elctrns. Pty. l TO., Tel: 02/818-1166 Follow-III .0 anler: 
Transmarketing Private, ltd .• Tel: 022-

I.U Be"I ••• BrtSHls 
Bill Hager 

560046 
C.N. Rood A.S., TEL: 02735.21.35 

1.11 1.11 ....... ' 
1.11 Clille. Sa.tlIlO Sales Office I Re2r8S811laliv8S Transmarketing Private, ltd., TEL: 022-

391874 Inter/og, TEL: 225-3689 

I'" 
iirMi I 

laU On_I'll, It •• bn Iv I 
AL H.nlsville 

R.D.T. Electronics Engineering, ltd., TEl: 3- Imdata APS, TEL: 01 83 3400 IntI. Sci. Instr., 205-533-6880 
483211 !!!!t! E!I!9=!. SIIIGII Blrks!!l;; AZ PI:=II1£ 

1.11 lilly Data Translation l TO., TEL: 06286-3412 Tech. Sales, Inc., 602-246-1614 
Slstreal SPA, Tel: 6-5915551 1.11 FIt ... II. HtlsI.kl CA Mta. View 

Intectra, 415-967-8818 I.n J.,II. T.IIy. Turion OY, TEL: 90-377 787 
CA Sltll A •• Data 110 Sales Office, TEl: 03-574-0211 Inll Frt.et ....... La FOrtI Datel,714-835-2751 1.11 K ... Slltl Sacasa, Tel: 630 68 39 CA S.alfOll Elcom Systems, TEL: 555-5222 

I.tl GrtIct, Atllln Datel,408-733-2424 I." Mtltpll ......... II .. 
Elecomp l TO., TEL: 951-4944 CO DtlYtr Cadco Technical Ser. 

I.n Mlxlco, D.llpcl .. Cull.l.oc I.U I.llla ...... Cleveland Entprs. of Co., 303-751-3252 

Christensen, SA, TEL: 546-25-95- Sapphire Systems & SerVices (P) l TO., TEL: CT HlllldlD 
2318801231570 J.B.l. Assocs., 203-281-3161 1111 Mlulunp 

FL Coral Sprlap Allan Crawford Assoc., TEl: 416-678-1500 latl Israll. Ra •• 1 Hasllar. 

I l.tI l1li_II1II1 Dynamicon L TO., TEL: 03-727010 H. A. Inc., 305-752-7520 

Simac Electronics; TEL: 40-533725 Itll lilly. MI .. to FL Largo 
H. A. Inc., 813-595-8170 1.11 JIItIItrIuIII. A.sana. Eledra S.P.A., TEL: 34-97-51 

HI HHlltft Data I/O Sales Office, Tel: 020-186855 1.11 ....... TIIIyG Adtectl, Inc., 808-941-0708 
IIU.,," ", .... ~. AIckItINI ASR IntI., TEL: (03) 437-5471 

IL Ellthrll Warburton Frankl, ltd., TEL: 504-458 I.tl Jape.. T ""0 Sector Engrg. Sales, Inc., 312-530-7850 ... "'~.L ... 'M Takachiho Koheki Co. TEL: 03-355-1111 Ifl 1 ...... poIls Warburton Frankl, ltd., TEL: 693-016 1111 flltlllrtnlla. RQswt/t ENSCO-REP, Inc., 317-842-1120 
Itlr fI.rw., C.N. Rood B. V., Cort v.d. lindenstraat, TEL: II 111I1.lIpoIls 

Teleinstrument AIS, TEL: 2-789460 070-996360 Sector Engrg. Sales, Inc., 317-842-1120 
l1li 0111 .. IttI New Z .. la.". Wlnll,tll ItS Ov .... 11 Puk 

Allan Crawford Assoc., TEL: 613-722-7682 Anderson Digital Elctrns., TEl: 693-008 ENSCO-REP, Inc,. 913-381-7557 
1111 BI.",art, S,...,.... 

1111 florwa" TorsUv 0sIe KS Wlellill 
GEA Technology Pte., ltd., TEL: 2729412 

Elektronix AlS, TEL: 02229850 ENSCO-REP, Inc., 316-683-1070 
lin SId' Africa. PrtIOrIa MA M •• sfl.1d 

Electronic Building Elements (PTY), Ltd., TEL: 1111 Ptrllpl. Llo. 
Datel,617-339-9341 

46-9221/7 Ditram Cornponentes E. Electronica; lda., 
Mfl M ..... potls 

I.U Spal. TEL: 54-5313 
J.R. Assoc .• 612-559-5673 

Instrumatic, TEL: 52-213199 1.11 SftWIn .0 •• rylull Hlllilla 
Itn St. Lurlll General Engineers Corp. Pte .• TEl: 2729412 ENSCO-REP, Inc., 314-423-3935 

Allan Crawford Assoc., TEl: 514-731-8564 1.11 S.tHI Africa. Pr.lorI. IJ hrtIIA"., 
Itli SwaMI Elctrns. Building Elements Pty. L TO., TEL: ASTROREP, Inc., 201-826-8050 

Macrotek AB, Tel: 8-870190 (27) 11-816-1782 IfM A~""'H 
Itli SWItzIrtttIl 1.11 SftI8. IIaIIn .. CleVeland Entprs., inc., 505-265-7893 

IrlS47umatic SA, TEL: 22-360630 Instrumatic, TEL: 2502577 IV BI.,III 
1.11 T ..... Ta ..... l.tI Spal •. Mtlala Astrorep, Inc., 516-422-2500 

COM PAC MicroelectronicS, Inc .• TEL: 7529911 Instrumatic, TEL: 213199 IV LlvlI')Illl 
1111 T.s ... I' ..... 1I InU Swed.a. Valli.", R&D Assocs., Inc., 315-457-0100 

ASSOCiated AgenCies Pty. Ltd., TEL: 23-1841 
Scancopter AB, TEL: (08)380065 flV NtwVoI'II 

Iitl lila ...... BI.,klt 
I.n SWlIzIrIItd ....... C.A. IntI. Export & Corporation, 212-431-6870 

Dyanmic Supply Engineering R.O.P., Tel: 
Instrumatic SA, TEL: 022/360830 IC W1ut .. -sa .. 

3914434 Component Concepts, Inc., 919-765-3484 
ItII Ttl'll., 1.11 Swllzlrll .... Z.rlc. oH CItv ...... 

. Data I/O Europe, TEL: 20-186855 Instrumatic AG, TEL: 01/724 1410 Instrmn. Sys., 216-845-8800 
1.11 U.IIIII Kit .... 1111 T.'w.I, TII,.I OH Oartll 

Microsystem Services, TEL: 494-41661 A-Tek Enterprises Co. Instrmn. Sys., 513-294-2838 
1111 W. GInuty. StIIItNIIIII 1.11 Wilt a ..... y, P.c."'. DR AIDII. 

Data I/O Sales Office, TEL: 6182-3088/89 Stemmer Elektronik, TEL: (089) 806061 Hood Engrg. Co., 503-642-3591 
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SECTION 

Digital 

Military 

Microprocessor 

Microprocessor De
velopment 
Systems 

Microcomputer 
Boards 

Microcomputer 
Support Boards 

Interface 

Linear 

Memory 

PROM 
Programmers 

Custom/ 
Semicustom 

PRODUCTS IN SECTION 

Arithmetic functions, buffers/inverters, counters, deCOders. 
drivers, flip-flops. gates, latches, memories. multiplexers. 
multivibrators, oscillators/dividers, shift registers, transla
tors. 

Military-commerciallcommercial-military cross
references; OPL-38510/xx list; military ICs. 

Microprocessors. microcomputers. and microprocessor 
system components. 

Systems covered range from simple. single-user. text
editing stations to multi-user computers. dedicated to 
software development. 

Microcomputer boards. hardware and software support. 

Boards with functions and peripheral controllers 

Analog switches. analog-to-digital converters, digitalcto
analog converters, display converters. display drivers, error 
checking circuits. keyboard encoders-decoders, drivers, 
sense amplifiers, and transmitters/receivers. 

Special-purpose amplifiers. arrays, comparators, consumer 
circuits, followers, operattonal amplifiers, phase locked loop 
circuits, telecommunication circuits, timers, voltage regula
tors. and special functions. 

Character generators, code converters, FIFOs, UFOS. 
E2PROMs, PROMs. RAMs. ROMs. and shift registers. 

Programmers for system development, production, and 
field service. 

Custom/ semlcustom gate arrays standard cells, PLAs 

SIX KEY PHASES 
OF NEW SYSTEM 

DEVELOPMENT 
Planning 

A good 
desigr 



Preliminary 
Selection 

of les 
, Designing 

Purchasing 
of 

Parts 

Production 
of the 

Product 

is "mastered" When is the best time for 
an engineer to pick the inte

grated circuits that will go 
into his next design? 

early. The best time is at an 
early stage in the design process 

when the engineer's plans are still flexible 
enough to take full advantage of the features 

selected. 
There is a point in the early phases of 

every design when engineers focus on selecting 
integrated circuits, Specifications are examined, relative strengths and weaknesses of 
various devices are weighed, and the field of candidates is chosen. This is the critical 

time in the design cycle when designers want to be sure the right devices are in serious 
contention for their applications. 

It is at this momentthat the engineer reaches into his technical reference library. Of 
the material on his shelves, IC MASTER is the only reference source that has been 

especially prepared for this moment. 
The engineer can look up each precise function that he needs and see all of the 

devices and their manufacturers that might satisfy his requirements. He sees this 
information for all manufacturers, not just for advertisers. But if an Ie maker has chosen 
to include technical data for his products in IC MASTER, the engineer sees each index 

listing for that manufacturer in bold face type accpmpanieo by the page number on 
which the data appears; the engineer can then turn immediately to the advertiser's 

technical data and see if the device fits his needs. 

Next time, begin with 
the MASTER. 

~EIC MASTER 



IC MASTER 

Datel (Cont) I,ll Nltlllrill'S. VII'" .. 11 

Simac Elctrns. b.v .• TEL: 040-533725 Dionics 
PA Gllnsl'e I,tl New Znlil'. AIIII ••• 

Wyncote Instrmn. Co .. 215-572-6500 David Reid Ltd .• TEL: 488-049 Dionics Inc. 

PA Plnlllur,1I I,ll Nlrway. Oslo 
65 Rushmore Street 

Instrmn. Sys .• 412-243-1111 Morgenstierne & Co. AlS. TEL: 02-3561-10 
Westbury; New York 11590 

TX Alltl, 516-997-7474 

Technical Mktg .• Inc .• 512-835-0064 
1.11 PIIIIIII •. 01111" CIIa.1l1f1 TWX: 510-222-0974 

TX Clrr.Ih., 
Sayyadain limited. TEL: 74764 

Technical Mktg .• Inc .• 214-387-3601 1.11 RIp.ltllc .f CIII ... Talwal 

TX HOIs'" 
Multitech International. TEL: (02).7134022 Distributed .computer Systems 

Technical Mktg .. Inc .• 713-777-9228 1.11 Sla.apore. Silaw CIIfrl 
OT Silt Lalli City Sentry-Tech (PTE) Ltd .• TEL: 2924342 

Cleveland Entprs. of Co .• 801-355-8424 1.11 S •• III Africa. Hllllweod 
Distributed Computer Systems 
223 Crescent Street 

VA Arll •• , •• 
H. J. Heffernan Co .• 703-522-6666 

Electronic Building Elements. Tel: 46-9221 Waltham, Massachusetts 02154 

WA BlIII ... 
1111 S .. I~ Africa. Prelorll 617-899-6619 

Hood Engrg. Co .• 206-453-9375 
Elctrn. Bldg. Elements Pty., TEL: 46-9221 

WI .llwa.IIM Inti SpII •• Ma'rI' 

Sector E'ngrg. Sales. Inc .• 414-352-8280 EMECO. S. A .. TEL: 458.80.11. -458.89.43 Diversified Technology 
c •• T ..... I •• O.llri. 1.11 Spal ••• a.rI. 

M & K Electronics. 416-531-8235 Vector Espana S.A.. TEL: 248-2565 Diversified Technology Inc. 
fall Alllrilla. Brlda •• 

Elmeasco Instruments Pty. Ltd .• TEL: (07) 
1.11 S ...... HI ...... P.O. Box 465. 112 East State Street 

229-3161 
Martinsson & Co. AB, Tel: 08-7,440~ Ridgeland. Mi&SlssiflP; 39157 .' 1" '.." 

1.11 Alltnlla. CIICIf' •. S. W. 
1.11 SwllZlrl •••• kutn.. . 

601-856-4121 .' '" 

Elmeasco Instrs. Pty. Ltd .. Tel: 02-7362888 
Max Meier Electronlk AG; TEL: 01-49-~2121 

~ , 

fall Alltnlla. G .... lls ,.11 nalla ....... aII 

Elmeasco Instruments Pty. Ltd,. TEL: (09) Measuretronix Ltd .• Tel: 3143369 Dumont Alphatron 
398-3362 lall Ualln KI., •••. E.,la" 

1.11 AlllnHa .• 1. Waverly Datel. TEL: (256) 69085. 6. 7. 8. 9 Oumol'rt Alphatron', Inc. 0-

Elmeasco Instruments Pty. Ltd .• TEL: (03) 1.11 Will G .... y. BIrlIa 10351 Bubb Road' 
233-4044 Brieger. TEL: (30) 2052526 

,;\ Cupertino. Califocoia. 95014 
1.11 Allirla. SI ...... lnut 2 408-446-1494 

Othmar Lackner. TEL: 222-531185 ,.11 Wilt & ... ., •• uuc .... 

1.11 ........ Brtwls Datel. Tel: (89) 530841 

Simac Elctrns. S.P.R.L. Tel: 02-219-2451 E-H .Electronics 
1.11 Cypru Lor', Allx CllrI 

Poly E~OAics ltd .• TEL: 21-27982 Datricon 
1.11 OU .. rt. K.llt.al E·H ElectroniCS 

C-88 APS. TEL: 2-244888 7303 Edgewater Drive 

I 
I." Elfll ........ 1_""''' Oatricon Corporation Oakland. California 94621 

• TEl: 0256-57361 I 155 B. Avenue. 200 Oatricon Plaza. P.O. Box 488 I 415-638-5656 

1.11 Fl ...... ExpH lake Oswego. Oregon 97034 . 
Kauko Markklnat. TEL: (358-0) 5211 503-636-767 i 

1.11 FruCl. Slill CIntI Elind 
Datel. TEL: 602-5711 

1111 G .... y .... cHI Digelec 
• Tel: 089 530741 

EJind 

I.tl & ..... '1 ..... 
Via Torino. 30 

General Electronics. Ltd .• Tel: 491-3595 Oigelec. Inc. Cernusco. ~IN Milano. Italy 20062 

1.11 HII. K .... Hu. KII. 7335 East Acoma Drive.\Suite 103 (02) 9237212 

Schmidt & Co. (H.K.) Ltd .. TEL: 5-455644 Scottsdale. Arizona 85260 TELEX: 331113 

1.11 Ha •• KII •. KIWI ... 602-991-7268 

Tektron Electronic (HK) ltd .• TEL: 3-856199 
I.tl HII. KUI_ Ta ... ts.1 EMM-SESCO 

Intersil. Datel. Hong Kong. ltd. Digital Equipment 
I.tl HII, KUII. YII Kit EMM-SESCO 

Electronic Components (HK) Ltd .• TEL: 3-
315223 DIgital Equipment Corporation 

20630 Plummer Street. P.O. Box 668 

t.1I IClllld. &nHlspli n Reed Road 
Chatsworth. California 91311 

Sameind HF. Tel: 91-21366 Hudson. Massachusetts 01749 
213-998-9090 

Iitl 1,'Ia. ""'y 617-568-4000 
TelEX: 69-1404 

Kaytronics Electronics Eng .• Tel: 36-4450 
1.11 I.dla. s.c •• d ....... Sales Office " Re!r8SeRlalivas 

Kaytronics Electronics Eng .• TEL: 76025 Digital' Microsystems 
1.11 Isrul. Ttl Arlr 

STG IntI. Ltd .• TEL: 248231 
laU E •• land. Mlldllilead. Btrksllirl 

1111 lilly •• lIall Digital Microsystems Inc," 
EM Ltd .. TEL: (0628) 1'2134 

3G Elctrns. S.R.l.. TEL: 5455951 1755 Embarcadero 
1111 Fr •• ce. Juvls, Sur Or •• 

I.U lilly. MIIIII Oakland. California 94606 
EMM. TEl: 06-921-7231 

Sireces. TEl: 747649 415-532-3686 fall l.dla.,M.dna 

lall Japu.Oulll 
Southern Elctrns .. Tel: 412374/412943 

• TEL: 06-354-2025 lall Ilrali. Til Avlr 

,.11 J.p... Tallya Digitek 
Eastronics. UJ. (Computer PrOducts). TEl: 

• TEL: 793-1031 
(3) 47 5i 51 

Inll K.rea. SI .. I Inll Israel. Tit Aviv 

Duck Woo, TEL: 725-1330 Digitek Inc. STG IntI., Ltd. (Memory Products). TEL: (3) 

'Itt Klwalt. SlIII 17505 68th N.E. P.O. Box 468 248-231 

A 10Khaldiya Trading & Contracting. Tel: Kenmore. Washington 98028 Inll Wilt &er.aRY. OIIerurSillTal.Us 
424910 206-485-6571 EMM. TEL: (06171) 2931 
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EMM-SESCO (Cont) CT 

FL 

Distributors GA 

l.lI Filiald. H,lslakl IL 

OY Fintronic AB. TEL 90 6928922 
l.lI Fr •• e •• SI,na IA 

Tekelec Airtronic. TEL: (01) 534 75 35 
latl HIli ..... Rllswllk .0 

Rodelco BV Elctrns., TEL: 070-995750 
l.lI It.ly. MII •• a MA 

Adelsy S.P.A., TEL: (02) 4524651/2/3/4/5 
1.11 J.p ••• Tokyo MI 

Nissho Elctrns. Co., TEL: 031544-8386 
l.lI "orw.y. H"lstall .1 

Nordisk Elektronik AlS, TEL: (02) 786210 
l.tI Sa.th Allstrall •• Prospect .1 

A. J. Distributors, TEL: (08) 269 1244 
Inti SWId ••• Steckllol. MO 

Nordisk Elektronik AB, TEL: (08) 635040 
Iltl SWltnr ...... Ztrlcll .0 

Industrade AG, TEL: (01) 363 22 30 
l.tI T.lw.n. T.lpll 

IJ 

Taiwan Automation Co .• TEL: (02) 7710940 
I.tl W .. t Ger ... y. Oarekbara II. H .... ra 

tIM 

Enatechnlk GmbH, TEL: 04106/612-1 
"Y 

IY 
Emulogic 

"Y 
E ..... le I.e. 
Tbr .. Teell.al", W., IC 
Iorw". Masuclllults 02062 
617-329-1031 OH 
TWX: 710-336-5108 

OR 

ETI OR 

ETI Corporation 
PA 

ETI Micro Division 
6918 Sierra Court 

T .. 

Dublin, California 94568 
415-829-6600 

TX 

TX 

Exar TI 

EXir l.tllratM Sys .... I.e. UT 
750 Paln.lr Ana •• P.O. Box 62229 
S"',VlII, ClHfInII. 84088 WA 
408-732-7970 
TWX: 911-339-9233 WA 

WI 
Sales OffiCI & R!r8Slntltlves 

CIt 
AL H •• ta"lI .. 

Rep, Inc., 205-881-9270 ea. 
A! SctttaUIt 

Summit Sales. 602-998-4850 I.U 
CA a ........ 

Orion Saitis, 213-240-3151 i.n 
CA .... 111. VIaw 

Intectra, 415-967-8818 .. " CA MtII. VIaw 
Fegu, 415-961-2380 

CA rh. V_ IItf 
Intectra, 415-967-8818 

CA Sal ...... IIU 
Harvey King, 619-566-5252 

CA Sal" Clan I.U 
Criterion, 408-988-6300 

CA TlStI. Iitl 
Orion Sales, 714-832-9687 

CO ..... trI ... l.tI 
Waugaman Assoc., Inc., 303-423-1020 

@ IC MASTER 1984 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Rlda·fliid 
Phoenix Sales. 203-438-9644 
Orl •• da 
Donato & Assoc .• Inc., 305-352-0727 
TIcker 
Rep. Inc .• 404-938-4358 
DIS Plal.,s 
Janus, Inc., 312-298-9330 
Ced.r Rapl .. s 
Dytronix, Inc., 319-377-8275 
Balll.lra 
Compo Sales. Inc., 301-484-3647 
Barll.aton 
Tech Sales, 617-273-3927 
Gra." Rapids 
Sales Office, 616-774-9308 
S .. tlllItId 
Sales Office, 313-358-2616 
MhI ... patts 
Dan'l Engrg., 612-854-7550 
Irlipt .. 
Dy-Tronix, Inc., 314-731-5799 
l.dtpIIJ .... e. 
Dy-Tronix, Inc., 816-373-6600 
P •• ulk. 
Vantage Sales, 609-663-6660 

Allta""""111 
Syntech,505-266-7951 
Baffala 
Quality Camps., 716-837-5430 
Gnat leck 
Trionic Assocs., 516-466-2300 
MaalilS 
Quality Camps., 315-682-8885 

R''''gll 
Zucker Assocs., 919-782-8433 
CtI .... 
Mcfadden Sales, 614-459-1280 

Pert ... " 
Components West, 503-643-5588 
Partlalll 
SD-R1h32 Prods. & Sales, 503-297-8677 
B.1a Cyawy" 
Vantage Sales Co., 215-667-0990 
Jlfflrsea City 
Rep, Inc., 615-475-4105 
Alslla 
Tech. Mktg., 512-835-0064 
Carrollt.a 
T.ech. Mktg., 214-387-360 1 
HoatDl 
Tech. Mktg., 713-m-9228 
SIlt like City 
Waugeman Assoc., Inc., 801-261-0802 
Btl .. , .. 
SD-R%32 Prods. & Sales, 206-747-9424 
1Itda0l4 
Components West, 206-885-5880 
.nw.n .. 
Janus. Inc .• 414-476-9104 
Ottawa. Ottarl. 
Clark Hurman Assoc., 613-269-3565 
T.rHto. Oltarl. 
Clark Hurman Assoc., 416-453-1118 
A ..... U ... PIm 
Rayo Etctrns. SRl, TEL: 37 9890 
AlSiniil. ilitiH.ra • 
Total Elctrns., TEL: 288-4404 
Brasil. Sla P .... 
ROHM Do Brasil Industria Elctrna. Uda., TEL: 
55 11421-4577 
.. 111ft, ~lI'IhIII 
Mer-el AlS, TEL: 571000 
Fralca. Snm 
Tekerec/AJrtronic, TEL: (1) 534 75 35 
G .... , (Wat) ....... tmst 
ROHM Elctrns. GmbH, TEL: (02161) 64 505 
Gneca. Pima 
General Elctrns. Ltd., TEl: 49 13 595 
H ... K .... KIW .... 
ROHM Elctrns. (H.K.) Co., Ltd., TEL: 3-343481 

IllI 11"la, ... lIay 
Zenith Elctrns .• TEL: 38 42 14 

I.tl Italy, .1"" 
Eledra 3S S.p.A., TEL: 34.93.041 

Iitl Ja,lI. Tekyo 
Tokyo Electron Ltd., TEL: 03-343-4411 

,.lI ........... s. AIIst.dall 
Nijerk Elek .• TEL: 020-462221 

IllI IItw Z ........ Aackla." 
Professional Elctrns. Ltd .• TEL: 493-048. 493-
029 

I.U .. .,..y. 0110 
Hefro Teknisk A/S. TEL: 38 02 86 

l.lI SI.ppon. Slqap.ra 
ROHM Elctrns. Co. Pte. Ltd., TEL: 7459342 

I.U Se.tII Africa. Trlas"al 
South Continental Devices (Pty.) Ltd .• TEL: 48 
0515 

,.U Spall. MatIrItI 
Unitronics. S.A.. TEL: 242 52-04 

IItI S .... , U"llIds Vady 
Lagercrantz Electronix AB. TEL: (0760) 86 
120 

I.tl SWltzerl ..... Zarlcll 
Amera Elctrns. AG, TEL: (01) 57 11 12 

I.tl U.It ... KI ....... TIll ••• OXII 
Thame Camps .• TEL: (084 421) 3146 

Call Diplomat 
For 

• San FranCisco, CA(408) 734-1900 
los Angeles, CA (213) 7()(}87oo 
Orange County, CA (714) 549-8401 
San Diego, CA (619) 292-5693 

• Salt lake City, UT(801) 486-4134 
• Denver, CO (303) 74(}8300 
• Chicago, Il (312) 595-1000 
• Boston, MA (617) 935-6611 
• Danbury, CT (203) 197-9674 
• Melville, NY (516) 454-6400 

Syracuse, NY (315) 652-5000 

• Totowa, NJ (201) 785-1830 
• Columbia, MD (301 )995-1226 
• Atlanta, GA(404) 449-4133 
• Clearwater, Fl (813) 443-4514 

DIPLDMAT~ 

AL HHtsv1l1l 
Pioneer Elctrns., 205-837-9300 

AL HHts,II" 
R. M. Elctrns., 205-852-1550 

AL H.ltavll .. 
Resisticap, Inc., 205-881-9270 

A! I'HIIIx 
Sterling Elctrns., 602-258-4531 

4965 



IC MASTER 

Exar (Cont) IIY ."vllil Specific proilct 1.IDrllltlo.: 

Diplomat Elctrns., 516-454-6400 local field sales office or franchised distributor, or 

AI T_p. IY Port ClIIsler contact the specific product marketing department at 464 
Ellis Street, Mountain View, CA. Request through main 

Bell Inds., 602-966-7800 Zeus Comps., Inc., 914-937-7400 
switchboard: (415) 962-5011: 

AR LltIIl Rock OH BrulSwlek LSI Products 
Carlton-Bates Co .• 501-562-9100 Component Eleet.. Inc .• 216-225-3401 Microprocessors (MOS. Bipolar. ECl) 

CA wHl. OH . CI.el.ull Memories (Bipolar, MOS. CCD) 
Zeus West. Inc., 714-632-6880 Graham Elctrns .• 513-772-1661 lSI logic (ECl. MOS. CCO) 

CA CUlswlff. OK Tllsa Analog (CCO) 
Diplomat Elctrns .• 213-700-8700 Quality Comps., 918-664-8812 IC Components 

CA CUlswlff. OK T.lsa Digital SSI & MSI (TIL. CMOS, ECl) 
JACO, 213-998-2200 Radio. Inc., 918-587-9123 Linear 

CA Cosi ..... AppIlClII .. 11,1 ... 1.,: 
Diplomat Elctrns., 714-549-8401 OR LlklOs .... See Product Information 

CA Captrll •• Bell Inds., 503-241-4115 Llt.ralur.: 
Western Microtechnology, 408-725-1664 OR PIff"" local field sales office or franchised distributor. 

CA R .. ,,1II1 Radar Elec. Co., Inc., 503-233-3691 Price •• d dill very: 
8elllnds .• 916-969-3100 PA Erl. local field sales office or franchised distributor. 

CA SI. Diego Advacom, 814-476-7774 P"e. '1 Drder: 
Diplomat. Elctrns., 619-292-5693 PA Hors ••• local field sales office or franchised dislributor. 

CA SI.II AI. Pioneer Elctrns .• 215-674-4000 Follow-up •• order: 
VSI Elctrns. (USA) Inc .• 213-299-7760 TX Addlso. Customer Support, 401 Ellis Street, Mountain View, CA 

CA SI·IIJVII. Quality Comps., 214-387-4949 94042, (415) 962-3885 & 415-962-2943 
Bell Inds., 408-734-8570 AU olHr 1.IDrIIIIIoII: 

CA au.yvel. 
TX Aisli. fairchild Information Line, (415) 962-5011 

Diplomat Elctrns., 408-734-1900 
Quality Comps .• 512-835-0220 

CO E •• llwHi TX HoulOl 

Diplomat E1ctrns., 303-7 40-8300 Quality Comps., 713-772-7100 Sales DUlce & Re!l'IS8llatives 
co WIIIIIrN .. UT Sill L.II. City 

Bell Inds., 303-424-1985 Bell Inds., 801-972-6969 AL H •• lsv"" 

CT ....., , UT Sill L.III City 
Field Sales Office, 205-837-8960-A&C, 205-
837-7873-LSI Diplomat Elctrns., 203-797-9674 Diplomat Elctrns., 801-486-4134 

AI PII_lx 
CT Easl H .... WA III"'. Field Sales Office, 602-864-1000 JV Elctrns .• Inc., 203-469-2321 JACO, 206-455-2727 CA Enl •• 
FL. ,CIItIwaIII: WA Staltll Field Sales Office, 213-990-9800 

Diplomat, 813-443-4514 Radar Elee. Co., Inc., 206-282-2511 CA SI. Diego 
IA ItrcrIa 

WA Staltll Field Sales Office, 714-560-1332 
Diplomat Elctrns., 404-449-4133 

Western Electromotive, 206-575-1910 CA SulaAu 
11 ....... 

Diplomat Elctrns., 312-595-1000 WI ..... Field Sales Office, 714-557-7350 

Taylor Elee. Co., 414-241-4321 CA SI.IIC ... 
IL Ell! &rill VII .... Field Sales Office, 408-980-9990 

GBl-Goold,312-593-3220 ea. .Irally. Brllisi COIIIliII 
CO DIIver 

IL ..... E ..... R-A-E Indl. Elctrns., 604-291-8866 
Field Sales Office, 303-695-4927-LSI, 303-

Intercomp. 312~843-2040 GI. ClJpry, AIHrta 695-4950-Disti 
IL L ... ri Cam Gard Supply Ltd., 403-287-0520 CT IItrId. 

R.M. Elclrns .• 312-932-5150 C •• Pol.ta Cllira. Ouebec Field Sales Office, 203-634-8722-LSI, 203-
I. ea ..... Future Elctrns., 514-694-7710 634-8720-A&C 

Altex Elctrns., Inc., 317-848-1323 
ea. Slsbt .... Slskltc ..... FL AI ..... ta Sprl ••• 

II I~"""''' Cam Gard Supply Ltd., 306-652-6424 Field Sales Office, 305-834-7000 
Graham Elctrns., 317-634-8202 

eal T ........ Olllrl. FL FIff L.u .... I1.11 
I. IHIIuJtIs 

Cam Gard Supply Ltd., 416-252-5031 Field Sales Office. 305-485-7970-lSI, 305-
R. M. Elctrns., 317-247-9701 485-5677-A&C, 305-485-7711-Oisti 

IA CeQr ...... eal VnCIIVll'. BrIll •• eal.llill GA lorer ... 
DEECO, Inc., 319-365-7551 Cam Gard Supply Ltd., 604-291-1441 Field Sales Office, 4D4-441-2740-0EM, 404-

KS LIIIXI eal V"IIWIr, BrIt ... CtI .. III. 441-2730-Disti 
Compo Specialties, 913-492-3555 Inlek Elctrns. Ltd., 604-324-6831 . IL IIiSCI 

.0 CllIIIiIII ea. Wl .......... II. Field Sales Office, 312-773-3300-Disti, 312· 
Diplomat Elctrns., 301-995-1226 Cam Gard Supply Ltd .• 204-786-8401 773-3133-0EM 

.0 GlII"""Ir, 1.11 A ... id. HelsII" II ,.11 ... .,0111 
Pioneer Elctrns., 301-948-0710 Yleiselektroniikka/oy, TEL: 90-562 1122 Field Sales Office, 317-849-5412 .. 1 .... _ 

IA CIIIIr R.pllls 
Gerber Elctrns .• 617-329-2400 Field Sales Office, 319-395-0090 ; .. WI., •• l • KS OVII' ... II P.rll 
RC Components, 617-657-4310 EXEL Microelectronics, Inc. Field Sales Office. 913-649-3974 .. w .... MO Col ... ,. 
Diplomat Elctrns., 617-835-6611 EXEL Microelectronics, Inc. Field Sales Office. 301-730-1510 

.1 F ......... HIIIs 500 Valley Way .. Fra.I •••• 
Ambur Elctrns., Inc., 313-477-8670 Milpitas, California 95035 Field Sales Office, 617-872-4900 .. GrnII..,... 408-942-0500 MI F ....... I. Hili • 
R. M. Elctrns., 616-531-9300 Field Sales Office, 313-478-7400 

.0 SI. L •• ls .1 Elilu 
Olive Indl. Elect., 314-426-4500 

Fairchild 
Field Sales Office, 612-835-3322 ... T.tow • I .. T.t.w. 

Diplomat Elctrns., 201-785-1830 Field Sales Office, 201-256-9()()f)-OEM, 201-

•• A .. ~~. F.lmlill ea ..... lIll1t~t Corp . 256-9011-Disti 
Bell Inds., 505-292-2700 s.IHldletlr Gr • .,s 1M AlblqUll'ql. 

IY H.lPPII" 464 Ellis Sir .. ' Field Sales Office, 505-884-5601 
JACO, 516-273-5500 M ••• I.I. VI ... C.lllorli. 94042 IY H.IPP.I" 

IY LlnrptI' 415-962-5011 Field Sales Office. 516-348-0900-lSI & A&C. 
Diplomat Elctrns .• 315-652-5000 TWX: 910-379-6435 516-348-7777 -Disti 
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Fairchild (Cont) Inll W. Germany. Municl! KS Wichita 
Fairchild Camera & Instr., TEL: (089) 320031 John G. Twist Co., 316-686-6685 

Inll Wasl GlrmlAY. Hillver ME E. Sebago 
NY Po •• II""psll fairchild Camera & Instr .. TEL: 0511 17844 Electrical Comps. Inc., 207 I I Field Sales Office, 914-473-5730 

11111 Wasl GeruI,. t ........ MA Fall River 

I 
NC RllllglI Fairchild Camera & Instr., TEL: 07152 41026 Electrical Comps. Inc., 617-674-0064 

Field Sales Office. 919-876-9643, 919-876-
MA Lon.meadow 

0542-0isti Electrical Camps. Inc., 413-567-0153 
OH CI.v.lanli 

Ferranti MA Natick 
Field Sales Office, 216-447-9700 Electrical Comps. Inc., 617-655-2225 

OH Da,loa MN MI.aapolis 
Field Sales Office. 513-890-5813-LSI, A&C. Ferranti Electric. Inc. John G. Twist Co .• 612-854-4600 
513-890-5878-0ist 87 Modular Avenue 

MD Sf. Louis 
OR Beavlrtol Commack. New York 11725 

John G. Twist Co .• 314-432-2830 
Field Sales Office, 503-641-7871 516-543-0200 

NE Liacol. 
PA Willow Grove TWX: 510-226-1490 

John G. Twist Co .• 402-474-5151 
Field Sales Office. 215-667-2711 Splciflc pr04ucl II'OI"IIlti •• : 

NV R ... 
TN Kloxvllli Ken Kushman - IC Product Manager. Std IC's 

Applie~ Elctrn. Mktg .• 702-851-1956 
Field Sales Office, 615-691-4011 Anthony V. Walker - VLA Marketing Manager~ Semi 

flJ Parlin 
TX Austl. Custom I.C. Gate Arrays 

JMR Sales Inc., 201-727-5335 
Field Sales Office, 512-346-3990 Joseph M. DeBlasio - VLA Marketing Engineer •. Semi 

NY East Slta."" Custom I.C. Gate Arrays TX Hint .. 
Helen A. Nelson - VLA Marketing Assistant. Semi Custom JMRSales Inc .• 516-689-8871 

Field Sales Office. 713-771-3547 
I.C. Gate Arrays He Cllarl.lI, 

TX Ricllarll_ 
John ·Day - VLA Systems Engineer, Semi Custom ~C. Robert W. Chapman Co .• 704-525-2421 

Field Sales Office, 214-234-3811-LSI, 214- NC GrHDsII.ro 
234-3391-0isti;214-234-3963-1\&(: 

Gate Arrays 
Robert W. Chapman Co .• 919-282-0740 Denzil Broadhurst - VLA Systems Engineer. Semi-Custom 

WA 1II11av.e i.C. Gate Arrays 

I 
He llllli.1I 

I Field Sales Office. 206-455-3190 John Carter - VLA Ststems Engineer. Semi ,Custom I.C. Robert W. Chapman Co .• 919-782-2624 
CII DIllard DIS Ol'llealX. Ollllec Gate Arrays OH C., •• bas 

Fie!d Sates Office, 514=583,.088;3 AJpHcatil ••• Inlli'll,: McFadden Sales, Inc .• 614-459-1280 
CaD O.wasvlew. Oltarll Ken Kushman TX Dallas 

Field Sales Office. 416-665-5903 Llllnlm: United Comps. Inc .• 214-324-1448 
Ca. NIP"" O.tlrlo Jeanine Aiello VA Mllilotllla. 

Field Sales Office. 41'6-665-9503 Price 1111 Illlivery: Robert W. Chapman Co .• 804-794-3748 
1.11 Alltnlla. N •• lwldl.l. Vlcterll Dina Gentile WI Bro.,,'llld 

Fairchild. AustraJia Pty Ltd .• TEL: 3-877-5444 Follow-.p .1 orller: John G. Twist Co .• 414-782-2670 
Iitl Antrtl. Wlta Vivian Dennis 

Fairchild Electronics GmbH. TEL: 43-222- All .tller 1 ....... 11.: 
Distributors 858682 Ken Kushman 

l.tI Brazil. SIo Pa.1I 
fairchild Semiconductors, Ltda. TEL: 66-9092 " CA S.dlJfigO 

1.11 FrllCl. M •• lr .... Sales OffiCI & Representatives Earle Associates. 619-278-5441. 

Fairchild Camera & Instrument S.A.. TEL: 1- MD Baltl ..... 
657-1303 1.11 UIIIIII KI.,II ... CllllldtrtOl-Oldllall Component Sales. 301-484-3647 

'III G ...... ,. Fn.tflrt Mill Ferranti, Ltd .• TEL: (061) 624-0515 MI Brlilltoa 
Fairchild Camera & Instrument GmbH, TEL: 1.11 WISt GermaIY .... ~. A.P. Associates. 313-229-6650 
49-611-6905613 Ferranti GmbH. TEL: (089) 293-811 IJ BeIIInIwr 

1.11 HlltaU. ElUlllv. TAl. 609-933-2600 
Fairchild Semiconductor. TEL: 00-31-40- IY RtclllStlr 
446909 Fujitsu America Lake Bluff Sales Division. 716-385-9303. 04 

I.tl HOII K.I. Kiwi". PA Gr_sllera 
Fairchild Semiconductor (HK) Ltd .• TEl: 3- Pro-Mark. 412-832-3088 
440233 F.,II,. A..-Ice WA BIIIav .. 

1.11 I .. ". llllalo 
910 SIIIrwIlll. Salll 23 Whisler Sales Co .• 206-643-.1463 
Lltl 1fI'f. Inllols 60044 Fairchild Semiconduttori. S.P.A .• TEl: 
312-295-2610 296001-5 

III1 1 .. ly ..... Fujitsu Microelectronics-
Fairchild Semiconduttori. S.P.A., TEL: 06 327 Sales Office & Re~r8s8ntalives 
4006 Fullta. MlcrotllClr.llcs. I.e. 

1111 JI,.I.O"tl Al PIIOIIlx 2985 Kifer R .. II 
Fairchild Japan Corp .• TEL: 06-541-6138, 06- Sanford Sales Assocs .• 602-957-3570 SIItl Clan. Callfonl. 95051 
541-6139 CA Sa. JOSI 408-727-1708 

Inti JI,I •• Toky. Applied Elctrn. Mktg .• 408-225-6144 TWX: 910-338-0190 
Fairchild Japan Corp., TEL: 03 400 8351 CA Sa.ta A •• S,.ctffc prolilCt IDfDrIIltlo.: 

Iitl K ...... SH.I SC Cubed (SC«¢3»)), 714-972-4670 Ed Alemany 
Fairchild SemikOf Ltd .• TEL: 783-3795 CO Btlnr Appllcetl •• 11II1II1 .. : 

1l1li Mu!co ... !~ C-!IJ Donohue Saies. 303-458-6384 Bill Johnston 
Fairchild Mexicana S.A .• TEL: 905-563-5411 FL Alta_II Sprl." Llltnllrl: 

1111 SI.ppon. Killal, Basil .. c .. Assocs., 305-831-1717 Tim Henard 
Fairchild Semiconductor Pty. Ltd. FL HettywHII Price 1M HIt....,: 

lilt SWell •• Stoen ... "C" Assocs., 305-922-5230 Respective sales office 
fairchild Semiconductor AB. TEL: 8-449255 SA St .......... Fell.w-., I. erder: 

1.11 SwItzIrIIIHI. ZII'I" Dixie Tech. Mktg .• Inc., 404-962-2530 Respective sales office 
fairchild Camera & Instrument GmbH. TEL: IL Elt Grivi Villal' All atIIw ItforIIItIt8: 
41-1-3114230 John G. Twist Co .• 312-593-0200 Ed Alemany (LD) 408-727-1700 

IItt TIIwu. TI. IN N""'YlIII 
Fairchild Semiconductor (Taiwan) ltd .• TEL: Mcfadden Sales. Inc .• 317-877-5070 
573205 IA Cellar Rapilis Sales OffiCI &. Rtpresentalives 

Iitl U.II111 KI.ld ... Hlrtforllslllri John G. Twist Co .• 319-393-8703 
Fairchild Camera & Instr. (UK) Ltd .• TEL: KS Pnlrll -VlIIqI Al SCOIIsdl1a 
070751111 John G. Twist Co .• 913-236-4646 Thorn Luke Sales. 602-941-1901 
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Fujitsu Microelectronics (Cont) . PR M"".Il. P ...... Rice MI L1,,"I. 
Comp Rep Assoc., 809-832-9529 Marshall Industries, 313-525-5850 

CA C •• pbell MI L1"ul. 
Fujitsu Microelectronics, 408-866-5600 Distributors 

Reptron Electronics, 313-525-2700 

CA sa. Dill' MI PIY·'·I~ 

Harvey King Inc .• 619-566-5252 AI P~ ... II 
Marshall Inds., 612-559-2211 

CA S •• I. CI.ra Cetec Elctrns., 602-272-7951 
MO SI. Lo.ls 

NorCom Inc., 408-727-7707 AI T..,. 
Time Elctrns., 314-391-6444 

CO W .. I.II,ler Marshall Inds., 602-968-6181 
IH Hn". 

Straube Assocs., 303-426-0890 AI T.e, .. C & H Electronics, 603-882-1133 

CT lort~ H.",. Marshall Industries, 602-790-5687 
IJ Flirfllld 

Compo Rep. Assoc., 203-239-9762 CA C •• o .. P.rk 
Marshall Inds., 201-882-0320 

FL Clearw.l.r Marshall Inds., 213-999-5001 
IJ Marll .. 

Dyne-A-Mark Corp., 813-441-4702 CA C.,.., •• 
Milgray DelValley, 609-983-5010 

FL Fori L.aderd.1I Western Microtechnology, 408-725-1660 
IJ M .. La.rel 

Dyne-A-Mark Corp., 305-771-6501 CA EIMo.l. 
Marshall Inds., 609-234-9100 

FL M.III •• d Marshall Inds., 213-442-7204 
IY E.dwlll 

Dyne-A-Mark Corp., 305-831-2097 CA Ir"I •• 
Marshall Inds., 607-754-1570 

GA Stu. Mo •••• I. Marshall Inds., 714-556-6400 
IY Frllport 

Dixie Tech. Mktg., 404-962-2530 CA S •• Dillo 
Milgray Elctrns .• 516-546-5600 

ID B.I" Cetec Elctrns., 619-278-5020 
IY H •• ppa ... 

Cascade Components. 208-343-9886 CA sa. DI ... 
Current Comps .• 516-273-2600 

ID Boise Marshall Inds., 619-578-9600 
IY Haupp •• g. 

Straub€! Assocs., 208-343-9850 CA sa. JOII 
Fujitsu Microelectronics, 516-273-6660 

Il Arllngt .. Cetec Etctrns., 408-263-7373 IIY HI.,pa ... 

ZMS ElectroniC Sales, 312-394-4422 CA sa.l. A •• Marshall Inds., 516-273-2424 

IL RolIIlg •• dow& Fujitsu Microelectronics, 714-547-9525 
IY H • ." .... 

Fujitsu Microelectronics, 312-934-6400 CA sa.l. A •• 
Mast Distrs., 516-273-4422 

II I.dl ... poll, Pacesetter Elctrns., 714-557-7131 
IIY Roebl,11r 

Gaertner Assoc., 317-842-0373 CA So.I~ .. I. 
Marshall Inds .• 716-235-7620 

IA C •• r Rapid, Cetec Elctrns., 213-773-6521 
IY Ro •• 

Electomec Sales, tnc., 319-362-6413 CA S ... ynll Rome Electronics, 315-337-5400 

KS O".,.llId P.rk Marshall Inds., 408-732-1100 
OH Cel •• u, 

P M R Corp., 913-381-0004 CA SuIJVlII 
Reptron ElectroniCS, 614 

KS Wlc~lI. Time Elctrns. West, 408-734-9888 OH D.ytol 

PM R Corp., 316-684-4141 CA TIIII. 
Marshall lods., 513-236-8088 

MD Balli ..... Image Electronics, 714-730-0303 OK T.lu 

Compo Sales. Inc .• 301-484-.3647 CO 011".,. Radio, Inc., 918-587-9123 

1M ...... CIItrt Integrated flectrontcs Corp., 3&3-292·6121 OR L.k.O' .... 
Fujitsu Microelectronics, 617-964-7080 CO ..... Moore EleCtronics, 503-684-3100 

MA W .. 1WtIII Marshall Inds., 303-427-1818 PA Br_1I 

I 
Compo Rep. Assecs., 617-329-3454 CT On ... Time Elctrns. Mid-Atlantic. 215-359-1200 

MI Brt,~I" Milgray Connecticut, 203-795-0711 I TX Addl ... 
AP Assoc., 313-229-6550 CT Willi ........ Active Compo Tech., 214-980-1888 

I MI B.relVllll Marshall Inds., 203-265-3822 TX AI,ti. 

Electromec Sales Inc., 612-894-8200 FL Fort La ..... 11 Active Component Technology, 512-452-5254 
MI Eap. Time Elctrns.-Fl., 305-974-4800 TX DlllIs 

Fujitsu Microelectronics. 612-454-0323 FL Dna •• Marshall Inds., 214-233-5200 
MO Maryla.d HlIg~t. Marshall Inds., 305-841-1878 TX H ... I .. 

P M R Corp., 314-569-1220 FL WI •• .,. Park Marshalllnds .• 713-789-6600 
11M Alltltl ..... •• Mligray Florida, 305-647-5747 TX Rleurd, .. 

Straube Assocs., 505-292-0428 SA AIIa.1I Fujitsu Microelectronics, 214-669-1616 
IY HII,pa ••• Milgray Atlanta, 404-393-9666 WA BetllYa. 

Technical Applications Mktg .. 516-348-0800 SA I.rerosl Integrated ElectroniC Corp., 206-455-2121 
IY M.d. Marshall Inds., 404-923-5750 WA Takwlla 

Tech-Mark/Upstate Assoc., 716-624-3840 IL B ••• "IIII Marshall Inds., 206-575-3120 

OH CI.el ... 1I Marshall Inds., 312-595-6622 WI Mllwllk .. 
Makin & ASSOCiates. 513-872-2424 iL Clliag. Marsh Elctrns., 414-475-6000 

OH CoI •• b •• NEP ElectroniCS, 312-625-8400 W, ......... 1. 
Makin & ASSOCiates, 614-459-2433 IL Hon.. ElIII .. Classic Comps .• 414-786-5300 

OH KIlt Intercomp Inc .• 312-843-2040 ea. PII.t, Claire, QIlbIC 
Makin & ASSOCiates. 513-872-2424 IL 1I0rt~br.ok Future Elctrns. Corp .• 514-694-7710 

OR Hillsboro ClassiC Compo Supply, 312-272-9650 ea. Searb.r ... ~. 0.1Iri. 
Olson Ferree & Assocs .• 503-640-9660 IA Cedar R.pld, Carsten Electronics Ltd., 416-751-2371 

PA Erd .. ~. DEECO, 319-365-7551 
Omni Sales, 215-233-4600 KS O" ...... d P.rk 

TX Au,lI. Mtlgray Kansas. 913-236-8800 General Instrument 
Fujitsu Microelectronics, 512-343-0320 MD Glltblrslttrg 

TX HOUlIOl Marshall Inds., 301-840-9450 General Instrument Corporation 
Fujitsu Microelectronics. 713-784-7111 MD Rock,,1I1e Microelectronics Division 

UT salt Llk. City Milgray Washington, 301-468-6400 600 W. John Street 
Straube Assocs .• 801-263-2640 MA B.rll.". Hicksville. New York 11802 

WA a.u", •• Marshalllnds .• 617-272-8200 516-733-3107 

I 
OIS81'1. Ferree & Assocs, 206-883-7792 MA a.rll ..... TWX: 510-221-1866 

WI Brotkfl.ld Milgray Elctrns.-New England, 617-272-6800 I 
ZMS ElectroniC Sales, 414-782-2222 MA W .. lltero 

Cln Bantlby, B.C. Future Elctrns. Corp., 617-366-2400 Sales OffiCI & Representatives 
Woodbery Electronics Sales Ltd .• 604-430- MA W .... r. 
3302 Time Elctrns.-New England, 617-935-8080 'nil Engl •• d. LOId •• 

C .. 1,II.glo •• O.lulo M' Gnd R.plds General Instrument Microelectronics Ltd., 
Pipe-Thompson Ltd., 416-236-2355 Caulder Assoc .. 616-949-2900 TEL: 01-439-1895 
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General Instrum~nt (Cant) 

1.11 

1.11 

1.11 

Iitl 

'1111 

E.".n. L ..... 
General Instrument Microelectronics Ltd .• 
TEL: 01-439-1891 
Fn.e •• P.rl. 
Southern European Sales Off .• TEL: 365 72 50 
S .... ,. M.lCi. 
General Instrument Deutschland GmbH. TEL: 
(089) 27 24 049 . 
H ... K ... 
General Instrument Hong Kong Ltd .• TEL: (5) 
434360 
J.p ••• Tokyo 
Generallnstrurnent IntI. Corp., TEL: (03) 437-
0281 

I.tl TII •• I. Tilpel 
General Instrument Microelectronics Taiwan. 
TEL: 886-2-914-6234 

Call Diplomat 
For 

GENERAL 
INSTRUMENT 

• San Francisco, CA (408) 734·1900 
Los Angeles. CA(213) 700-8700 
Orange County, CA (714) 549-8401 
San Diego CA (619) 292-5693 

• Salt Lake City, Ur (801) 486-4134 
• Denver, CO (303) 740-8300 
• Chicago, IL(312) 595-1000 
• Boston, MA (617) 935-6611 
• Danbury, CT (203) 797-9674 
• Melville, NY (516) 454-6400 

Syracuse, NY (315)652-5000 

• Totowa, NJ (201) 785-1830 
• Columbia, MD (301) 995-1226 
• Atlanta, GA (404)449-4133 

• Clearwater, FL (813) 443-4514 

DIPLDMAT~ 

D1strlbltors 

1111 AnInIII. VIctwIa. So'rl.,_ 
Daneva Control Pty. Ltd., TEL: (03) 598-5622 

.. II Aulrll. Will 
Elbatex GmbH, TEL: 0222/88 56 11 

l1li ........ Im"'" 
Vekano. TEL: 7620505 

1111 .... rk.Hwin 
AlS Nord(sk-Elektronik. TEL: 84.20.00 

.. II Eq .... L .... 
Bee Arosales (Exporters). TEL: 01-636-66141 
01-636 8211 

.. If Fl ...... E .... 
Jorma Sarkkinen Ky .• TEL: 046.10.88 

,.11 Fn ........... 
Gedls, TEL: 604.81.70 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

,.11 Fralel, Mutro.v. 
P.E.P., TEL: 735.33.20 

1.11 6 .... '. Slrll. 
Roederstein-Baulemente Vertriebs GmbH, TEL: 
o 30/7 91 40 29 

lall 6111111n,. H.lllarnn 
Elbatex GmbH. TEL: 0 71 31/89001 

1.11 6 .... '. M •• ei .. 
Electronic 2000 Vertriebs-GmbH, TEL: 0 891 
43 40 61 

1.11 6_ •• ,. Wlnlll'. 
Elcowa. TEL: 06121 65005 

I.tl HolIl.'. GII .... I ... 
Curijn Hasselaar, TEL: 03455-3150 

1.11 lanll. T.,·A,I, 
Alexander Schneider Ltd .• TEL: 3 320.89-3 
346.07 

latl Italy. Milli 
Adrep Sri. TEL: (02) 408.41.01 

1.11 Italy. Mlta. 
Claitron. TEL: 3088506 ¢ 3088083 

.. II Italy. Mlta • 
Intesi. TEL: 51741 

I.tl 1I.1y, MltII 
Inti. Commerce Co .• TEL: 4045747 ¢ 405197 

Hlii iilil ....... 
Hellis Di B. Prati. TEL: 069-804104 ¢ 802562 

1.11 1I.1y. Ro •• 
3 C.E .• TEL: 5420625 

I.tl 1I.1y. Trillta 
Rapido SARL 

1.11 Koru.SM.1 
Dae Ho Corp .• TEL: m-3848. 2487 

1.11 ... Z ....... AIICk,... 
David Reid Professional Prods. Ltd., TEL: 
499-197 

.. II ...... ,. 0.1t 
J.M. Feiring AlS. TEL: (02) 19.62.00 

1.11 P ..... ,.LI .... 
Decada. TEL: 574984 

1.11 SMli Africa. Tnaml 
Pace Elctrn. Comps. (Ply.) Ltd" TEL: 616-
361211 

1.11 Spl •• "'r" 
Sagitron S.A.. TEL: 4-02.60.85 

,.11 S ..... T •• ' 
Bexab Elektronic AB. TEL: 468 768 0560 

1.11 SwltzwIu •• Willi ... 
Elbatex AG. TEL: 056126 56 41 

1.11 SWilZlrll... Z.rlei 
Ellyptic AG. TEL: 01 493 1000 

Itll 0.1l1li KIIIH& KtIPIeY 
Semicomps Ltd., TEL: 0535 65191 

1111 IMtIIKII ......... 
Vako Elctrns. Ltd .• TEL: 061-652 6316 

1111 Uili. K ........ SIeqi 
Crellon Elctrns. Ltd., TEL: 06286 4434 

1.11 U.IIIII KI ...... SI" ..... 
Campbefl Collins Ltd .• TEL: 0438 69466 

1.11 UlliN K ....... Will Dnytu 
Semiconductor Specialists Ltd., TEl: West 
Drayton 45522 

General Micro Systems 

General Micro Systems Inc. 
1320 Chaffey Court 
Ontario. california 91762 
714-621-7532 

GTE Microcircuits 

GTE MiCrOCircuits Division 
GTE Communications Products Corporation 
2000 W. 14th St. 
Tempe, Arizona-85281 
602-968-4431 
TWX: 910-951-1383 

Sales Onice & Representatives 

1.11 WnIGtnaI.Y. Muiei 
GTE Microcircuits Div .• GTE Sylvania Licht 
GmbH, TEL: 089/1 782031 

Call Diplomat 
For 

lEiiit Microcircuits 

• San Francisco, CA (408) 734-1900 
Los Angeles, CA (213) 700-8700 
Orange County, CA (714) 549-8401 
San Diego, CA(,619) 292-5693 

• Salt Lake City, UT (801 ) 486-4134 
• Denver, CO (303) 740-8300 
• Ch' IL(312)595-1000 Icago, 

• Boston, MA (617) 935-6611 
• Danbury. CT (203) 791~9674 
• Melville, NY (516) 454-6400 

Syracuse, NY (315) 652~5000 

• Totowa, NJ (201) 785-1830 
• Columbia, MD (301) 995-1226 
• Atlanta, GA (404) 449-4133, 
• Clearwater, FL (813) 443-4514 

DIPLDMAT~~ 

Harris Semiconductor 

Him. s.tcGH1ICt. 
Aul .. & DI.ltal Bipolar IDIt'I.1 CMOS PrMuls Dlv'.'eall 
o.,.rt..IICM 
P.D.H.883 
....... F .... ,. 32901 
305-724·7000 
TWX: 510·959-6259 
Specific prM.cl 1., ... 11 .. : 

Field Sales Office 

Appllcall .... , ...... : 
Field Sales Office 

L1lnlan: ' 
Field Sales Office 

Prict ••••• II,ery: 
Field Sales Office 

PI.a II or'.: 
Field Sales Office 
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Harris Semiconductor (Cant) OH Ciligril Falls CA S.II,val. 
Midwest Mktg. Assocs., 216-247-6655 Anthem Electronics, 408-773-9990 

Follow-up II ordlr: OH DIY tel CA So •• yvIII 

Customer Service ....................................... (305) 724-7410 Midwest Mktg. Assocs., 513-433-2511 Hall-Mark Electronics, 408-773-9990 

All Oilier 1IIIr.IIIOD: PA Breo.a" CA SUI.pIII 

Marketing Communications ....................... (305) 724-7407 L. D. lowery, Inc., 215-356-5300 Hamiltonl Avnet, 408-743-3355 
PA WIY"I CA Tuslla 

Harris Semiconductor, 215-687-6680 Anthem Electronics, 714-730-8000 

Sales Office " Representatives TX D."as co ElII.wtlll 
Harris Semiconductor, 214-248-3237 Anthem Electronics, 303-790-4500 

AL HUllsvlll1 TX Dillas CO E'II.wlad 

Elctrn. Mktg. Assocs., 205-837-7363 Nova Mktg., 214-750-6082 Hall-Mark/Denver, 303-694-1662 

AZ Plloellx TX Housloa CO Eiglowe" 

Compass Mktg. & Sales, Inc., 602-266-5400 Nova Mktg., 713-988-6082 . Hamiiton/Avnet, 303-779-9998 

AZ Scottsdl" 
UT Salt lalli Clly CT DI.lllry 

Harris Semiconductor, 602-870-0080 Compo Sales, Inc., 801-466-8623 Hamilton/ AVnet, 203-740-1017 

CA CosIIIIISI VA Cllirlotllsvllle CT D.alliry 

Harris Semiconductor, 714-540-2176 L. D. lowery, Inc., 804-973-6672 Schweber Elctrns., 203-792-1100 
WA F.derll WIY CT Milford 

CA: M ..... II View 
Harris Semiconductor, 206-838-4878 Falcon Electronics, 203-878-5272 

Brooks Tech. Grp., 415-96()..3880 
WA Vaueuver CT Narwllk 

CA Moulill Vlow HarriS Semiconductor, 206-696-0043 Pioneer-Harvey Elctrns., 203-853-1515 
Harris Semiconductor, 415-964-6443 

WI eroekfield FL AIIIII .. 11 SprII,1 
CA" Sa. DI ... Oasis Sales, Inc., 414-782-6660 Schweber Elctrns., 305-331-7555 

Hadden Assocs .• 619-565-9444 CII Etelilcok •• O.tarle FL A.L ......... 
CA Wo"lud HIOs RFQ ltd., 416-626-1445 Hall-Mark,305-971-9280 

Harris Semiconductor, 213-992-0686 CII OttIWI. Ollarlo FL Ft. Lauderdll.· 
CO OlIver RFQ ltd., 613-820-8445 'Hamitton/Avnet, ~-971-2900 

Compo Sales, Inc., 303-759-1666 Cal WISt VI.eolVer. lriUsll Celullbll FL .....,.-
CT Ridgefilid Blakewood Elect. Systems, Inc., 604-926-8000 SchweberElctrns., 305-921-0301 

Phoenix Sales Co., 203-438-9644 PI PlIII10 RIce. SII Jill FL Oria.de 
FL Clllrwiter Mill-Bern Assoc. Inc., 809-792-1541 Hall-Mark, 305-855-4020 

Delmac Sales, 813-447-5192 FL • SI. Plllnblfg 
FL Ft. LI.dnl" Hall-Mark,813-576-8691 

Harris Semiconductor, 305-739-0016 Distributors FL Sf. PIt"""" 
FL Orilldo Hamilton/ Avnet, 813-576-3930 

Delmac Sales, 305-898-4688 AL HUltsvlll. GA Ilreross 
FL r ..... lc Hall-Mark/Huntsville, 205-827-8700 Ha"-Mark,404-447-8000 

Delmac Sales, 305-726-1330 AL Hu.tsville GA larcrlss 
SA AtIIttI HamiltoftlAvnet, 205-837-72'fO~ ttami\t{)ft/AYnet, 404-447-7503 

Harris Semiconductor, 404-256-4000 AL HUltsvll1e GA III'CI'ISS 
IL Elk Gr.n VIlli. Schweber Elctrns., 205-882-2200 Schweber Elctrns., 404-449-9170 

I 
OasiS Saies, inc., 312-640-1850 

I 
AZ Pltlltlllx 

I 
!L BelSIIvlll. 

IL lIosuIut Hall-Mark Elctrns., 602-243-6601 Hall-Mark,312-860-3800 
Harris Semiconductor, 312-692-4960 AZ ScI .... 1e IL ..... vtllt 

IN Ca"", I 
Western Microtechnology Sales, 602-948- Hamiiton/Avnet, 312-860-7780 

Harris Semiconductor, 317-844-8011 4240 IL Elk Gr.n V" .... 
II CanHI AZ T.pI Schweber Elctrns., 312-364-3750 

Shamrock Electronic Sales, 317-848-5265 Anthem ElectroniCS, 602-244-0900 I" CaI'll.1 

IA Cdirllaplft AZ T.,. Hamiltoni Avnet, 317-844-9333 

Cahill Assocs., Inc., 319-377-8219 Hamiltonl Avnet, 602-231-5100 KS LAUI 

KS Ov ..... d Park CA Cllllswmil Hall-Mark,913-888-4747 

Advanced Technical Sales, 913-642-6675 Anthem ElectroniCS, 213-700-1000 KS Ov ..... d Plrk 

IIA Burtll.l .. CA Cllltswm~ Hamiiton/Avnet, 913-541-7921 

Harris Semiconductor, 617-273-5942 Avnet ElectroniCS, 213-716-4853 MO ..It .... 

au IIII'III,IH CA C.slllllSl Hall-Mark,301-796-93OO 
Avnet Elctrns., 714-754-6088 liD Celallbll Mill Bern Assocs., Inc., 617-273-1313 

CA CosIIIIISI Hamilton/Avnet, 301-995-3500 
III N .. I Hamilton Electro, 714-641-4107 MO GlltHrUlf, 

Action Compo Sales, 313-349-3940 CA c.lv .. City Schweber Elctrns., 301-840-5900 
liN 1I1 ...... lls Hamiltonl Avnet, 213-558-2193 110 TI ... I_ 

HarriS Semiconductor, 612-854-3558 CA C.plrtll8 Zebra Electronics, 301-252-6576 
MI SI. Pili Western Microtechnology Sales, 408-725- IIA .... d 

Cahill, Schmitz & Cahill, Inc., 612-646-7217 1660 Schweber Elctrns., 617-275-5100 
110 SI. L •• ls CA Inll. au L.xl •• IA 

Advanced Technical Sales, 314-227-4448 Schweber Elctrns., 714-863-0200 Pioneer -Harvey Elctrns., 617-863-1200 
III AIb ... _ ... CA LIS AlIllIS IIA WI .. I.glu 

Compass Mktg. & Sales Inc., 505-292-7377 Enterprex International Corp., 213-267-1145 R C Components, 617-273-1860 
NY BI •• IIIIII .. CA IIta. View IIA W .... 

PreCision Sales, 607-646-8833 Fegu Incorporated, 415-961-2380 Hamilton/Avnet, 617-935-9700 
IY GI'III Neck CA Sacra.uta III Gnad HI,lds 

Trionic Assoc. Inc., 516-466-2300 Hamilton/Avnet, 916-925-2216 Hamiltonl Avnet, 616-243-8805 
NY Liverpool CA Sal DI ... MI Llvo.11 

PreCision Sales, 315-451-3480 Anthem Electronics, 619-279-5200 Hamiiton/Avnet, 313-522-4700 
NY M.lvlll. CA SaIlDt ... III Llv .. 11 

Harris Semiconductor, 516-249-4500 I Hall-Mark Elctrns., 619-268-1201 I Schweber Elctrns., 313-525-8100 
NY Plttsflr_ CA Sa. 01 ... III B .... I ..... 

Precision Sales, 716-381-2820 Hamiltonl Avnet, 619-571-7523 Hall-Mark,612-854-3223 
NY Pllluat VIIIIY CA Sia JIll MI Ed •• Prllrle 

Precision Sales, 914-635-3233 Anthem Electronics, 408-946-8000 Schweber Elctrns., 612-941-5280 
IC HlI.I.~ CA Sa.ta Clarl M. MI ••• tAka 

Elctrn. Mktg. Assocs., 919-847-8800 Schweber Elctrns., 408-748-4700 Hamilton! Avnet, 612-932-0600 
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Harris Semiconductor (Cant) TI HOlslOl lall Soulb Africa. O •• IW.rt 
Hall-Mark. 713-781-6100 Allied Elctrn. Comps .• TEL: 27-11-8921001 

E.rtll City 
TX HousloR Inll Spill. "1.rI. .. 0 HamiltoniAvnet.713-780-1771 Unitronics SA. TEL: 34-242-5204 Hamiltonl Avnet. 314-344-1200 
TX H •• sIOl Inll SwIHI. StIli 

.. 0 ".ryI.H Hllillts Schweber Elctrns .• 713-784-3600 A B Betoma. TEL: 46-8-820280 
Hall"Mark.314-291-5350 

TX IrYllI lall Swllz.,. ..... ""'-Ollllwil 
IIJ Cwry Hili Hamiltonl Avnet. 214-659-4100 W. Stolz kG .. TEL: 41-56-840151 Hail-Mark. 609-424-7300 

OT Sill lalli City 1.11 U.I ... KI ...... Allifanl ... IHlestx 
11.1 CIIIrry Hili Hamiiton/Avnet.801-972-43oo Hy-Comp Ltd. (Chips Only). TEL: 44-7-842-Hamilton/ Avnet. 609-424-0110 

WA "'Ie, .. 46273 
11.1 FllrllaId Hamiltonl Avnet, 206-453-5844 1.11 0.1t_ KI ...... BMfard Hall-Mark. 201-575-4414 

WA RId .... Radio Resistor Co .• Ltd., TEL: 0234-47211 
IJ FIIrfIaW Anthem Electronics, 206-881-0850 1111 U.I ... KI ...... c...ty ... 111 Hamilton/Avnet, 201-575-3390 

WI BrDtlkfllid Trim Electronics Ltd., TEL: 353-46-36263 
ILl F ........ d Schweber Elctrns., 414-784-9020 1111 U.11ed KII ..... DanI •• I. . Schweber Elctrns., 201-227-7880 

WI ......... Eltek/Elmo Semi. Ltd .• TEL: 4-804304455 .., • .,leS •• H Hamiltonl Avnet. 414-784-4510 1.11 U.I ... KI ...... Hart",'" Zebra ElectroniCS, 800-222-0349 W, 0IIr CnH SOP (Chips Only). TEL: 44'429 33721 
IJ PI_roR Hall-Mark/Milwaukee, 414-761-3000 1.11 U.U_ KI ...... KI"" ... ,.IH. La.kall. Pioneer-Harvey Elctrns., 201-575-3510 en ealpry. AIHrta Phoenix Elctrns. Ltd. (Rep. Only). TEL: 44-
I .. PaII,I. P .. I.s Hamilton/ Avnet. 403-230-3586 55589-2393 Zebra Electronics, 201-839-9040 ea. E ••• t •• A ..... '.11 U.It_ KI."", SI ••••• Barts 11M AlIII""," Intek-Alberta Ltd., 403-437-2755 Harris Semiconductor. TEL: 44-753-34666 Hamiiton/Avnet.505-765-15OO ea. .lul ....... O.lIrJo 1111 lIIittIIK ...... SI ... II ... rb IIY ...... 11 Hamiiton/Avnet.416-677-7432 Macro Mktg. Ltd .• TEL: 44-6286-4422 Zebra Electronics. 516-563-2160 

I 
CIa lIiIIiII. OIl1r" '.11 UII ... KI.pOll. TIll ••• Ox •• 

I IIY East SJI'I- Hamiltonl Avnet. 613-226-1700 Thames Comps .• TEL: 44-84421-3146 . Hamilton/Avnet, 315-437-2641 . ea. SI. La ..... I. 0IItIIac 
IIV F;lipGI-t ... Hamiltonl Avnet. 514-331-6443 

Pioneer-Harvey Elctrns .• 716-381-7070 '.11 Al'palln ...... s All'll 
Harris Semiconductor IIY H • .,,. ... Elko S.R.L., TEL: 9-011-54-1-40-8971 

Pioneer-Harvey Military Sales, 516-231-9200 ,.u AalrlIII. eraws IIIIt 
IIY .... IHI VSI Elctrns .• TEL: 61-439-4655 Hlrrls s..1ctI.lICfer 

Hamilton/ Avnet. 516-454-6000 '.11 AIIlrIa .... CIII .. I.tlln'" Cirulls DI,lalH/DlpartulIICII 
IIY ........ Transistor. TEL: 02~/829401 P. O. Bex 883 

I 
Hamifton/Avnet, 716-475-9100 IIU .... 1 ••. lnIIIIs ... 1tHr .... Fllrl •• 32901 

IY lite_lor . Betea. S.A., TEL: 32-2-7368050 . 305-724-7000 

I 
Schweber Elctrns .• 716-424-2222 '.11 "..n. IlIItn, TWX: 510-959-6259 

I IIY VIIIII Oitz Schweitzer A.S., TEL: 45-2-453044 s,aclnc pr"lel 11 .... 11 •• : 
Pioneer-Harvey Etctrns., 607-748-8211 1.11 FilII •• , HllaI.kl Field Sales Office-Custom Integrated Circuits I 

I 
IIY WIIIII.ry Yleiselektroniikka oy, TEL: 9-011-358-0-90- ~ .. ......-...e: 

I Schweber Elctrns., 516-334-6834 562-1122 Kenneth V. Worland ..................................... 305-724-7481 
IIY W .... ary 1.11 FnlCl. L. C ..... , 1I11n1ll'l: _ 

Pioneer-Harvey Elctrns .• 516-921-8700 Matra-Harris Semiconductor. TEL: 33-3- Field Sales Office-Custom Integrated Circuits 
IIC HI ... " 9548000 Price ....... ..,: 

Ha"~Mark. 919-832-4465 'III Fnlel.1II111I Field Sales Office-Custom Integrated Circuits 
IIC HlIII •• Matra-Harris Semiconductor. TEL: 33-40- PlIca .. er ... : 

Hamilton/Avnet, 919-878-0819 490820 Field Sales Office-Custom Integrated Circuits 
IIC HI ..... 1.11 a....,. c..Ittr. W"III FIIIIw..., ..... : 

Schw.eber ElectronicS, 919-876-0000 Jermyn GmbH, TEL: 9-011-49-06434-231 . Custom Integrated Circuits Division ........... 305-729-5055 
OH ... coi_ 1.11 a.,....'. Ec.i ......... c ... All .1 • .,. I.'annll .. : 

Schweber Elctrns., 216-464~2970 Kontron Elektronik GmbH. TEL: 49-89-319011 Marketing Communications ......................... 305-729-5585 
OH .. ,~ .. 1111 .....,. Frllkflrt 

Hamllton/Mnet.216-831-35OO Spoerle Elctrn. KG. TEL: 06103/3040 
OH BlytH 1.11 a .... '.lI ... u ... Sales Office & Re!r8SHt.li.,s 

Hamiltonl Avnet, 513-433-0610 Harris-MHS GmbH, TEL: 49-511-737037 
011 HI ...... HlltIIll 1.11 I ..... ,. MI.lc. CA CIIII II ... 

Hall-Mark. 216-473-2907 HarriS Semiconductor, TEL: 49-89-319-1035 Harris Semiconductor Custom Integrated 
OH WnllrYlII. 1111 a....'.p.aar ... Circuits, 714-957-6557 

Hall-Mark,614-891-4555 Sasco GmbH, TEL: 49-89-46-111 DC Wi ........ 
OK TIIII ,.u a....,.QIicbn Harris Semic:ondu.ctor Cus~m Ir)tegrated 

Hall-Mark. 918-665-3200 Alfred Neye-Enatechnik GmbH, TEL: 49-4106- Circuits, 202-342-3931 

I 
OR Llk.Osw ... 6121 DC WI_I. D.C. 

Hamiiton/Avnet. 503-634-8831 '.11 1 •• 1 ....... 1' HarriS CICO, 202-342-3900 
PA Hor .... Zenith Electronics, TEL: 244364/224887 Fl DrII ••• 

I Schwebe. elctffiS., 215-441-0600 i,li ilflli. ii .. lt-i .. Harris CieD, 305-851-9450 

I 
PA Plllu., •• MRBD Inds. Ltd., TEL: 3-721-918 KS Ov ..... P."" 

Schweber Elctrns., 412-782-1600 IIU 1111,. C111u111 ..... AME Sales, 913-262-3971 
TX AIIIII Lasi Elettronica, TEL: 39-2-9273578 1M ........ -Hall-Mark, 512~258-8848 1.11 Itlly. Clal ... la 1IIu .. ~1I1"") HarriS CICD, 617-273-1020 
TX AIIIII Harris Semiconductor. TEL: 39-2-6187249 1M Burtllt'· 

Hamiltonl Avnet, 512-837-8911 1111 lilly ..... Harris Semiconductor Custom Integrated 
TX AIslII Emesa SpA, TEL: 02-8690616 Circuits. 617-273-1020 

Schweber Elctrns., 512-458-8253 '.11 ...,... TIkyt Mil B ......... 
TX BIlla Harris Semiconductor Inc .• TEL: 81-3-485- HarriS Semiconductor Custom Integrated 

Hall-Mark,214-343-5000 1031 Circuits, 612-854-3224 
TX DIIIIs 1111 1III ....... s. BlAIIYMarp MIl IIiauIpIIIs 

Hall-Mark/Corporate, 214-341-1147 Techmation Elctrns. B.V .• TEL: 31-04189-222 Harris CICO, 612-854-3224 
TX DaIIIs 1111 11f'\ftY.0all IY 61,.. City 

SChweber Elctrns., 214-661-5010 National Elektro, TEL: 472-64-49-70 Harris CICO, 516-747-6776 
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Harris Semiconductor (Cont) CT Yllesvill. WA Blilevu. 
Technology Sales, Inc., 203-269-8853 Crown Electronics, 206-643-8100 

NY Ger •• CII, 
FL Ft. LlitItr.ll. WI Brookll.111 

Harris Semiconductor Custom Integrated 
Hitachi District Office, 305-491-6154 Sumer Inc., 414-784-6641 

Circuits, 516-747-6776 FL Millie ..... Can KlrkIIR~. QUIIIIC 

OK r.la 
Technology Marketing Assoc., Inc., 305-676- Longman Sales Inc., 514-694-3911 

Bonser Philhower Sales, 918-496-3236 
3776 Can Mlsslssa .... Oa •• rlo 

FL Orla ... Longman Sales Inc., 416-677-8100 IX AIIII. Technology Mktg. Assocs., Inc., 305-857-
Bonser Philhower Sales, 512-458-3569 3760 

Cln Oll.w •• O.llrl. 

rx Hllal. FL POIIp .. e anell 
Longman Sales Inc., 613-593-8805 

Bonser Philhower Sales, 713-495-3115 Technology Mktg. Assocs., Inc., 305-942- PR SaD G.r .... Pllrla Rico 

TX Rlc.r .... 0774 Technology Sales Inc., 809-892-4745 

Boriser Philhower Sales, 214-23;4-8438 SA Alla.ta 
Ca. Mllussa .... O.larl. Hitachi District Office, 404 

Langman Sales Inc., 416-677-8100 SA AIII.II 
1.11 U.,1111 KI ...... Slo.glI Technology Mktg. Assocs., Inc., 404-257-

Harris Semiconductor, TEL: 011-447-5334666 0374 
lall 011 ... KI._OII. SIOIIII Il ItalCI 

Harris Systems Ltd., Semiconductor Custom Hitachi North Central Regional Sales Office, 
Integrated Circuits, TEL: 34666 312-773-4864 . 

IL RlIII •• MlII1awa 
Sumer Inc., 312-991-8500 . Call Diplomat 

Heurikon III la.I .. .,.1I1 
Elctrn. Sales & Engrg., Inc., 317-849-4260 For 

III K.k •• o 
Heurikon Corporation M. Gottlieb Assoc., Inc., 317-455-0444 
3001 Latham Drive IA CHar Rapll1s ~HITACHI Madison, Wisconsin 53713 R.F. Welch Co., 319-377-1575 
608-271-8700 ftO C.I .... I. 

Robert Elctrn. Sales, 301-995-1900 
III ........... 

Hewlett-Packard Eastern Regional Office, 617-229-2150 
• San Francisco, CA(408) 734-1900 IIA W.H •• 

Hewlett-Packard Technology Sales, Inc., 617-647-5700 Los Angeles, CA (213) 7()()..8700 
Data Systems Division ftl OIIrII .... Orange County, CA (714) 549-8401 
11000 WoHe Road Hitachi District Office, 313-271-4410 San Diego, CA (619) 292-5693 
Cupertino, California 95014 MI PIy ... 11I 

• Salt Lake City, UT (801 ) 486-4134 
408·257·7000 Jay Marketing, 313-459-1200 

TWX: 910·338-0221 ft. BlH.I •• lu • Denver, CO (303) 740-8390-
Hitachi District Office, 612-831-0408 • Chicago, IL (312) 595-1000 

ftll ...... palls 
• Boston. MA (617) 935-6611 Comstrand, inc., 612-i88-9234 

Hilevel Technology IIJ c ......... • Danbury, CT (203) 797-9674 
Hitachi District Office, 20·1 .. 272-1100 • Melville, NY (516) 454-6400 

Hilevel Technology, Inc. IIY F.,.ttlVllll Syracuse, NY (315) 652-5000 
18902 Bardeen Way Foster & Wagner Inc., 315-637-5427 
Irvine, California 92715 .Y Hlcksvllil • Totowa, NJ (201) 785-1830 
619·752·5215 Lorac Sales, Inc., 516-681-8746 • Columbia, MD (301) 995-1226 

NY P .. ,IIII..,,11 • Atlanta, GA (404) 449-4133 
Hitachi District Office, 914-485-3400 

• Clearwater, FL(813) 443-4514 Hitachi IY Wlllstar 
Foster & Wagner Inc., 716-265-2072 

IIC Curlin. DIPLDMAT~ HIt.clll -.JCI. Ltll. Robert Electronic Sales, 704-563-1223 
1800 kl •• Orin OH Ak .... 
Saa .I .... CaII ..... I. 95131 B.J. Davis Sales Corp., 216-645-0517 
408-292-6-404 OH Dlyt81 Distributors 
TELEX: 17-1581 B.J. Davis Sales Corp., 513-433-7516 
TWX: 910-338-2103 OK r.lsa AL Hlilavillt 

West & Assocs., 918-492-0390 RM Elctrns., 205-852-1550 

Salts OHlcI & Reprlseltat!'" OR PII1I1.11 AI Pu.lx 
Crown Elctrns., 503-620-8320 Sterling Electronics, 602-258-4531 

AL Inlavl .. 
PA Or ..... AI SCllts •• I. 

Technology Mktg. Assocs., Inc., 205-883-
CMS Mktg., Inc., 215-885-5106 Western Micro Technology, 602·948-4240 

7893 
IX Alltla n r..,. 

AI T .. ,. 
West & Assocs., 512-454-3681 Marshall lods., 602-968-6181 

System Sales of Arizona Inc., 602-829-9338 
rx O.llIs CA Au ..... 

CA Irvlll 
Hitachi Southern Region Sales Office, 214- Time ElectroniCS, 714-937-0911 
991-4510 

Hitachi District Office, 714-261-9034 IX Olll.s 
CA Ca .... P.rk 

CA Sa. 01 ... West & Assocs., 214-248-7060 
Marshall Inds., 213-999-5001 

Bestronics, 619-452 -5500 rx HII,III CA Cullw.rt~ 

CA Sa ...... Hitachi District Office, 713-974-0534 Diplomat Elctrns, 213-700·8700 

Quadrep, Inc .. 408-946-4000 TX HH.IIII CA Cltalawll1l1 

CA Sa ...... South Central Regional Office, 713-974-0534 Diplomat-Westates ElectroniCS, 213-341-4411 

Western Regional Office, 408-2n-0712 IX Hllslu CA Cltalawll1~ 

CA WnIlllal1 HIIII West & Assocs, 713-777-4108 IEC/Jaco, 213-998-2200 

Hitachi Southwest Regional Sales Office, 213- ur Salt Llk. Cit, CA Cosl ...... 
704·6500 Parker-Webster Co., 801-266-9939 Diplomat Elctrns, 714-549·8401 

CO Oliver VA Rlcll ••• d CA CuplrllDO 
Parker-Webster Co., 303-841·4888 Robert Electronic Sales, 804-276-3979 Western Micro Technology, 408-725-1660 
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Hitachi (Cont) MA NDrwDn UT No. Salt like Clly 
Gerber Electronics Inc., 617-769-6000 IEG,801-298-1869 

MA WtstbDl'o UT Sail lIk' City CA Inla' Future Elctrns., 617-366-2400 . Active Component Technology, 801-487-8131 Ryno Electronics, 714·261·2500 
MA WII.'Igtol 

CA Sacra .. " R C Comps., Inc., 617·273-1860, 800-225-
UT Salt Lak. CIty 

IEC, 916-424-5297 0818 
Diplomat Elctrns., 801-486-4134 

CA SllOIIGo MA W.II ... 1 VA RlcJI.,ld 
CETEC Electronics, Inc., 619-278-5020 Time Elctrns., 617-935-8080 Sterling Elctrns., 804-266-2190 

CA Sal OliGo MI Braid Rapids WA Ballar. 
Diplomat Elctrns, 619-292-5693 RM Elctrns., 616-531-9300 IEC/JACO, 206-455-2727 

CA SaIOI.go MI LI'OII1 WA BaIl"I' Marshall Inds:, 619-578-9600 Marshall Industries, 313-525-5850 Marshalllnds., 206-747-9100 
CA Sal 01110 MI L1vaala WA RId.Dad Ryno Electronics, 619-292-6022 Reptron, 313-525-2700 Western Micro Technology, 206-881-6737 CA Sal Jose MN Bloo.'I,tOl 

CETEC ElectroniCS, Inc., 408-263-7373 Semiconductor Specialists, Inc., 612-854-8841 WI Mllwaakl, 

CA SMtll .. t, MN PI,....II 
Marsh Electronics, 414-475-6000 

CETEC Electronics, Inc., 213-713-6521 Marshall Inds., 612-559-2211 WI New Btrlla 
CA SUI"III " RM Electronics, 414-784-4420 MO KIISIS City 

Diplomat Elctrns, 408-734-1900 Semiconductor Specialists, Inc" 816-452-3900 Caa OowIsvlew, Olllria 
CA SUI,'II, MO MaDC""tar Future Elctrns" 416-663-5563 

Marshall Inds" 408-732-1100 Time Elctrns., 314-391-6444 Cal Pollt' Clllr •• 0 .... 
CA Slllpall NJ Falrfilid Future Elctrns., 514-694-7710 

Time Elctrns., 408-734-9888 I Marshall Industries, 201-882-0320 
Cal VIIICO ...... Brltlsll Cal.lllhi. CA TorrIIC' JlJ Mt. lIlraI 

Time Elctrns., 213:320-0880' 

I Marshall Industries, 609-234-9100 
Future Elctrns., 604-438-5545 

CO DtaYlf' NJ PII1I1 A_ 
lEC, 303-292-6121, 800-525-3367 Sterfing Elctrns., 201-442-8000 

CO Du,ar NJ Tot,. Holt 
Marshall Inds., 303-427-1800 Diplomat Elctrns, 201-785-1830 

CO EI.lIwoad NM Alii ......... 
Oipron'latEtctrns:, Ihe., '303~740~8300 " 

Sterling ElectroniCS, 505-884-1900 
Hltt.llc. 

CO Wltalrld .. NY Fraaport 
8 Cllrysltr Stratt 

Active Component Technology,303-422-9229 Milgray Elctrns .• 516-546-5600 
Inltt, ClltfGnIll 92714 
714-859-8800 CT Oru .. NY HllPPI", TELEX: 182704 Milgray Elctrns., 203-795-0711 Marshall Industries, 516-273-2424 

I 
CT WIIIII.ford NY H .. .,. ... 

Cronin Electronics, 203-265-3134 Time Elctrns., 516-273-0100 Salts Office 8 "'I!res.tltiY8S FL Cltarwltar NY UVlrpo.' 
I Diplomat Elctrns. 813-443-4514 Diplomat Elctrns, 315-652-5000 

I 
FL Fori lIHard11l NY JlllvUlt IY GrtlllItck 

Time Elctrns., 305-974-4800 Diplomat Elctrns, 516-454-6400 Cooper-Simon, 516-487-1142 
FL Orinda NY Rocltlsl ... 

Marshall Inds., 305-859-1620 CAM/NY, 716-865-2080 
FL Paill la, Ie l1li111.11 Hughes Diplomat Elctrns. 305-725-4520 Resco/Raleigh, 919-781-5700 
FL T..,. OH CIIVlllnd 

Reptron ElectroniCS, I~c., 813~855-4656 CAM/RPC.216-461-47oo Hughes Aircraft Co. 
FL Wllllr Park OH Clav,llld Solid State ProdUcts 

Milgray Elctrns., 30'5-64>7-5747 Milgray Elctrns., 216-447-1520 500 Superior Avenue, . 
GA Norcrw OH OIytOI Newport Beach, California 92663 

Diplomat Elctrns, 404-44974133 Marshall Inds., 513-236-8088 714-759-2942 
GA Norcnu PA Brolllllll TWX: 910-596-1374 

Marshall Industries, 404-934-5750 Time Elctrns., 215-359-1200 
IL BtI.vllII PI LucUllr 

Diplomat Elctrns, 312-.595-1000 CAM/RPC, 717-392-8141 Sales OffiCI " Rlfr8S8llalives 
IL HoffJul EltlIII PA PMIaftlpIf*" - '-"JI. 

IEC, 312-843-2040 Almo Electronics, 215-69Q-4000 lall KlWdlar Trlvll'n.-695003, SDltll 11"1 
IL L .... rd PI PII ..... ,. Kryonix, TEl: 63805 

RM Elctrns., 312-932-5150 CAM/RPe, 412-782-3770 
IL Scllll"'.rg TX AI,1I1 

Marshall Inds., 312-490-0155 Active Component Technology, 512-452-5254 Dlslrlbulors 
IN Indlallpolls TX AISIII 

RM Elctrns., 317-247-9701 Marshall Industries, 512-458-5654 
KS Ovtrlud Park TI Allii. 1;:1 Hiiij Itiij. inn. 

Milgray Elctrns., 913-236-8800 Sterling ElectroniCS, 512-836-1451 Tektron Elctrns .• Ltd .• TEL: 3-856199 

MD BaHl.or, TX 011_ fill ...... Tekyt 
Resco/Baltimore, 301-823-0070 Active Compo Technology, 214-980-1888 N.ihon Teksel Co .• Ltd., TEL: (03) 461-5121 

MIt ItIttYfltt TX Dillas II1I SID,lpn. BIIc. Read 
Resco/Beltsville, 301-937-9100 Marshalllnds,,214-233-52OO Tektron Elec. Ltd., TEL: 3-856199 

MI ClI.III. TX OIl1as 
Diplomat Elctrns. 301-995-1226 RM Elctrns., 214-263-8361 

MO CtIIMfa TX DIIIu 
Hybr~d Systems Diplomat Elctrns., Inc., 301-995-1226 Sterling Elctrns., 214-243-1600 

MO Galtlltrslllrt TX Huslll 
Marshall Industries, 30 1-840-9450 Active Component Technology. 713-496-4000 Hr'rId Srs-. C."..-atlol 

MA alr_. TX HustOi 22 L1nt1l Clr. 
Milgray Electronics, 617-272-6800 Marshall Inds., 713-777-0358 llltariea. llawclllseltl 01821 

MA .... 111. TX HoatH 617-667-8700 
Cronin ElectroniCS, 617-449-0500 Sterling Elctrns., 713-627-9800 TWX: 710-347-1575 
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Hybrid Systems (C~nt) WI Wluw.IIU 1.11 H.IIII •• HI.ft .. 
Larson Assocs .• Inc' .• 414-258-0529 Techmation Electronics B.V., TEL: 31-4189-

Specilic pr.llacl 1.lor •• lkIII: CII C •• carll. O.tarl. 2222 

Henry Diamond. National Sales Manager ............... ext. 60 Kaytronics. 416-669-2262 1.11 l.tll •• LulllIlI •• 

Art Berg. East Coast Regional Sales Manager ...... ext. 13 Ca. K ••• ,., O.I.rl. Inde Assoc .• TEL: 37031 

Jack Worthen. Northeast Regional Sales Manager .... ext. Kaytronics.613-592-6606 I.tl Isnll. HI •• , HlSllar .. 
17 CI. Sarny. Brltlsll C.II.llla R D T Elctrns .• TEL: 972-3-48.32.11 
Charles J. Bevivino. West Coast Regional Sales Manager Kaytronics.604-581-7611 I.U Italy. llila. 
ext. 18 C •• Villi Sf. Plarn, 0 .... Microelit Italia s.r.i.. TEL: 39-2-469 0444 

Utalun: Kaytronics.514-367-0101 l.tI lIaly. R ... 
Cheryl Kane .............................................................. ext. 11 I.tl Alstralla. RIIZIIII NSW Microelit Italia. s.r.i.. TEL: 77-9-011-39-6-

Price •• 11 HII.ery: AMPEC Engrg. Co., TEL: 6128181166 890892 
Patricia G. Bradley ................................................... ext. 12 1111 AuSlri •• WI .. I.U J.p.a. T.lly. 

All otller t., ...... llo: Transistor Vetriebsgeseleschaft mbH. TEL: Minebea Co .• Ltd .• TEL: 77-9-011-81-3-763-
Janet J. Ray ...................... : ....................................... ext 14 829451 6241 
Product Marketing: l.tI o. .. rll, C.,..II'IH latl Nerway.Oall 
Director of Marketing. Barry Friedman .................. ext. 54 Scansupply. TEL: 835090 Henaco AlS. TEL: 77-9-011-47-2-162110 

l.tI E ....... C •• berllY. Surrey I.U Spall ..... rlil 
Hybrid Co. Compo U.K. Ltd. Camberley. TEL: Anatronic. S.A.. TEL: 34-1-2424455 

Sales OffiCI & R!ras8llattves 0276/28128 l.tI SW"H. Tymo 
I.U A ... III, Hllsl.III Hybridteknik AlB. TEL: 46-8-7126720 

AL Hu.lsvill. Carlo Casagrande Oy. TEL: 640711 1.11 Swlllwll ......... -D .. Uwll 
ElectroniC Sales. Inc., 205-533-1735 1.11 Fr •• c •• R"III W. Stolz AG. TEL: 41-56~840151 

Al' PII .. lx Hybrid Sys. S.A.R.L.. TEL: 33-1687-8336 I.tl T.lwn. T."" 
Relcom, 602-893-1209 l.tI 8 ..... .,.0 ....... Tai I Trading Co .• Ltd., TEL: 886-2-713-2342 

CA La Alias Hybrid Sys. GmbH. TEL: 06151-291595 l.tI WISt 6 .... '. II.' .... Cain White & Co .• 415-948-6533 1.11 lanll. TII-Avlv Fey Elektronik Bauelemente GmbH, TEL: 49-
CA SIIII.rees Vectronics ltd., TEL: 23 44 24/ 22 84 72 89-184041 

Relcom. 714-741-9600 1.11 lilly. III .... 1.1I YUlasllv ... Tltova 
CA TIIluu.. 01'" Tekelec/Airtronic. TEL: 7380 641 Elektrotehna, TEL: 61-329745 

Releom.805-529-4363 1.11 J.pe •• Tlleyl 
CA WIIIII Tokyo Elec. ltd. Panetron Div. 

Relcom. 714-598-9077 1.11 I11III.-1l1lI1. IIHHHrI 
Industrial Micro-Systems CA W •• III. Hills KoninG en Hartman. TEL: 210101 

Relcom, 213-340-9143 1.11 Norwl,. 0110 
CO .. 14. Elektronix AlS Industrial Micro-Systems Inc. 

Star sales. 303-440-4193 1.11 SWIIIII. IrIHa 189 Hitchcock Road 
C1' E ...... Ferner E1ctrns. AB Southington, Connecticut 06489 

MECO. Inc., 1-800-225-3409 1.11 Swltzarlal •• Z.riell 203-628-4844 
FL Ortun Industrade AG. TEL: 4131363 2230 

I 
Delmac Sales, Inc. 305-898-4688 

Fl Stlill Clurw.11I' I I Infosphere, Inc. 
Delmac sales, Inc., 813-447-5192 

FL T ... nc Hy Comp 
Delrnac Sales, Inc .• 305-726-1330 Infosphere, Inc. 

GA N.rcreu Hy Comp Inc. 4730 SW Macadam Ave. 

Electronic sales. Inc .• 404-448-6554 75 Union Avenue. Box 377 Portland. Oregon 97201 

IL ArHalt. Hlitlll' SUdbury. Massachusetts 01776 503-226-3515 

MJ Petersen & Assoc .• Ltd., 312-577-8200 617-443-4631 

KS O .. t ... A,pllnll.1 HII ... I'I: 
Distributors 

Rush & West Assoc., 913-764-2700 John J. Madden 

110 Balll.on Fellew-.p II enler: 
1.11 JI," Burgin Kreh Assocs., Inc .• 301-265-8500 Customer Services: 

Nancy Oelschlegel ASR-International. TEL: 602-949-8293 
IIA RlHlug Iltl I.w ZeIIu •• 0 .... 1. 

MECO, Inc .• 617-944-6660 All oilier 1.,.....110: 

III W, .. I·I James Chacharone. V.P.lMarketing Manager K. J. Kirby & Assoc .• TEl: (24) 34-580 

Berberich Assoc., Inc., 616-538~8879 
liN 1I1 ••• ,lIla 

Northstar Comps .• Inc .• 612-553-1888 ILC Data Device Inmos 
110 Ballwl. 

Rush & West Assoc •• 314-394-7271 ILC Data Device Corp. I .... 
NY c...ck 105 Wilbur Place P.O. lex 16000 

ERA. Inc .• 51~-543-0510 Bohemia. New York 11716 Cal .... S,rI ... , CoIara ••• 0935 
NT SynAU 516-567-5600 303-630-4000 

T -Squared Elctrns .• 315-463-8592 TWX: 510-228-7324 TWX: 910-920-4904 
NY Vlclor SpecIfIc ,roducl 1.'or .. II.: 

T -Squared Elctrns .• 716-924-9101 Field Sales Offices 
IIC 111111111 Sales Office & Rlpreslntatives Appllnllo "11 ... I.g: 

Burgin Kreh Assoc .• Inc .• 919-781-1100 Applications .................................. ................ 303-630-4493 
OM 01". 1.11 Alllnll •• Brt.II,,11 Llllntun: 

Berberich Assocs .• Inc .• 513-433-0342 Allied Capacitors Pty. Ltd .• TEL: 77-9-011-61- Field Sales Offices 
PA PIUIII·I" 2-938-2135 Place I. mar: 

Ron Moser Assoc. 412-931-0266 1.11 E ..... II. Blrkl"'r. Field Sales Offices/Distributors 
TX Alalll DDC United Kingdom. Ltd .• TEL: 44-488- I All .11Itr 1, ... 11 .. : 

OM sales Co .• Inc., 512-452-1838 82141 Marketing .......................... ,........................... 303-630-4361 
TX 011111 1111 EI,I.,d, LH ••• 

OM Sales Co .• Inc .• 214-241-3876 ILC Data Device Corp .• TEL: 44-1-3874689 
TX Htllsl •• IIU FI.I.... H.lsl.III Sales OffiCI & Repraslltatlves 

OM sales Co .• Inc .• 713-789-4426 OY Suomen Bofors AB. TEL: 358-0-553-166 
VA ly.cllilir. 1111 Fr •• CI, C"rbl"l. AL HI.lsvlll. 

Burgin Kreh Assoc .• Inc .• 804-239-2626 DDC Electronique. TEL: 33-1-333-5888 Macro-Marketing Assoc .• 205-883-9630 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Inmos (Cont) WI WauklSu NY RoehlSler 
Micro-Tex. 414-542-5352 Arrow Elctrns .• 716-275-0300 

AZ P ..... lx 
CII Dowlsvi.w. Oltario NC WllsloD-Salem 

Compass Mktg. &. Sales. 602-266-5400 
Har-Tech Electronics. 416-542-5352 Arrow Elctrns .• 919-725-8711 

CA Los Alg.11S 
Cal Point. Clair •• Oo ... e OH CHlervllle 

Ed Landa Co .. 213-879-0770 
Har-Tech Electronics. 514-697-6731 Arrow Elctrns .• 513-435-5563 

CA SalOl ... 
IIII lilly. Milia OH Solon 

Hadden Assoc .• 619·565-9444 
Cefra SRL, TEL: 392-235264 Arrow Elctrns., 216-248-3990 

Sa. JoSt 
Inll J.pal. T.llyo OK Toisl CA Matsushita Electric, TEL: 03-435-4501 

Inmos Sales. 408-298-1786 1111 U.II111 KI.g .... Brlsl.1 
Arrow Elctrns., 918-665-7700 

CA Sa.ta Cllra Inmos Sales, TEL: 44-272-290-861 
PA HarsO. 

Criterion Sales, 408-988-6300 1111 WISt Ger.al, 
Lionex Corp., 215-443-5150 

CA Tarr.la Inmos Sales, TEL: 49-089-319-1028 PA Monraavllle 
Inmos Sales, 213-530-7764 Arrow Elctrns., 412-856-7000 

CO .... ver TX Addlsol 
Component Sales. 303-759-1666 Distributors Quality Comps., 214-387-4949 

CT Yllesvllle TX AusUI 
Kanan Assoc .. 203-265-2404 AZ T.-p. Arrow Elctrns., 512-835-4180 

FL F8I'II Park Anthem Elctrns .• 602-244-0900 TX Autlil' 
HR .• Inc., 305-830-9600 CA CUtswart. Quality Comps., 512-835-0220 

SA W_sl.ell Anthem Elctrns .• 213-700-1000 TX OIlias 
Macro-Marketing Assoc., 205-883-9630 CA CUlswart .. Arrow Elctrns., 214-386-7500 

IL Scllao.llurg Arrow Elctrns .• 213-701-7500 TX Sta"o~ 
Micro:Tex.312-885-1131 CA Ntwpert 811c" Arrow Elctrns., 713-530-4700 

IN 1 •• II .. polis Arrow Elctrns .• 714-851-8961 UT Sail Lall. City 
Electro Reps. Inc .• 317-842-7202 CA Sa. Diego Arrow Elctrns., 801-539-1135 

KS KI.SII City Anthem Elctrns., 619-453-4871 
WA BIIIn. 

B.C. Electronic Sa!es, 913-342-1211 CA SIll D!,!!! 
Arrow Elctrns., 206-643-4800 

KS Wle .. lla Arrow Elctrns., 619-565-4800 

B.C. Electronic Sales, 316-942-9840 CA Saa JoSt WA Re4ta ... 

MD Sa,er .. P.rk Anthem Elctrns., 408-946-8000 Anthem Elctrns .• 206-881-0850 

New Era Sales, 301-544-4100 CA S •• "ale WI OIk Cr_ 

MA . B.rlll,tel Arrow Elctrns .• 408-745-6600 Arrow Elctrns., 414-764-6600 

Inmos Sales. 617-273-5150 CA TUUa ean Baxter Ctr .• Ollarl. 

MA IIIHI .. Anthem Elctrns., 714-730-8000 Future Elctrns., 613-820-8313 

Kanan Assoc .• 617-944-8484 CO ""Vlr Caa Burnall,. B.C. 

M' Gra •• Rapids Arrow Elctrns., 303-696-1111 R-A-E,604-291-8866 

J. L. Montgomery Assoc., Inc., 616-774-9308 CO ElgIN .. ea. ealgary •. AlIIlrla .. SIIIIIIIIIII Anthem 8ectrns., 303-79(h4500 Future Elctrns.., 403-259-6437 

J .. L. Montgomery Assoc. Inc., 313-385-2616 CT Wallingford Can Dowlfml. Oal.rlo 

Mil E".a Arrow Elctrns., 203"265-7741 Future Elctrns., 416-663-5563 

Mel Foster Tech Sales, 612-941-9790 FL Ft. La" .... aIe ea. E'lHIItOl. A'lIerta 
.11 .' .... p.lIs 

Arrow Elctrns., 305-776-7790 R-A-E, 403-451-4001 

Inmos Sales, 612-831-5626 FL P.I. Ba, Ca. P.llt. Clair •• Oalllee 
III BI.L_ Arrow Elctrns., 305;725~ 1480 Future Elctrns., 514-694-7710 

B.C. ElectroniC Sales, 314-291-1101 SA I.reraas ea. Vlle.o, •• Brltlslt CaI ..... la 
11.1 T..n Arrow Elctrns., 404-419-8252 Future Elctrns., 604-438-5545 

R.T. Reid 'Assoc., 201-692-0200 IL Seuouarg 
1111 

Arrow Elctrns., 312-397-3440 Btl ..... Br.ssels 
1M AI •••• erq .. Diode, TEL: 322-4285105 

III I ...... ,.... 
Compass Mktg. & Sales, 505-292-7377 

Arrow Elctrns., 317-243-9353 Iitl DeII.ark. Cop ....... 
If E. SyrlClII Advanced Elctrn., TEL: 451-1-94433 

L-Mar Assoc., 315-437-7779 .D BaIta.DrI , 
Arrow Elctrns., 301-247-5200 1.11 FI ...... H ... "I 

IV Itlllea 
MA B.I.I.,tOl Field Oy, TEL358-0 6922577 

l-~ar Assoc., 607-257-5712 
Lionex Corp., 617-272-9400 latl FraDa. Sar,es 

IV RIICItIaIer • W ...... Tekelec Airtronic, TEL: 331-534-7535 
L -Mar Assoc., 716-323-1000 Arrow Elctrns., 617-933-8130 1111 Isra.' 

IV W.SIIIca MI Aal Arbar R.D.T. Elctrns. Ltd., TEL: 972-3483211 
L-Mar Assoc., 716-675-1277 Arrow Elctrns., 313-971-8220 lall 1111,. Mila. 

IIC RaI.I,1t • 11 Edl .. Cefra SRL, TEL: 392-235264 
Zucker Assoc., 919-782-8433 Arrow Elctrns., 612-830-1800 1111 Ntthlrll.' •• Ba'ltaavldarp 

OH .. c.woad 
Thompson & Assoc., 216-831-6277 

MO SI. Lull Techmation Elctrns., TEL: 31-4189-2222 

OH Cal •• ltll 
Arrow Elctrns., 314-567-6888 1.11 IDNa,. Oslo 

Thompson & Assoc., 614-272-2086 
I. Ma.clllStlr OIa Tandberg Elektro, TEL: 472-197030 

Arrow Elctrns., 603-668-6968 
OM D!r.!!! ii.i fllrfllld 

1.11 S,III ... drl. 

Inmos Sales, 513-439-0988 Arrow Electrns., 201-575-5300 
Amitron, TEL: 341-24856863 

OH Da,tol IIJ Falrlilld 
1.11 s. .... Stlellhol. 

Thompson & Assoc., .513-435-7733 Lionex Corp., 201-227-7960 
Gosta Backstrom, TEL: 468-541080 

011 loring IJ M .... lllow. 
rItI swttzerInlf. lIl'fcfl 

Westerberg & Assoc., 503-297-1719 Arrow Elctrns., 609-235-1900 
Omni Ray. TEL: 411-2520766 

PA H •• tl ..... Valily 1M M .. ~ .. I.tl U.ltlll KI ...... HI,. WyeO •• I. Bucks 

Knowles Assoc., 215-947-5641 Arrow Elctrns., 505-243-4566 Rapid Recall, TEL: 44-494-26271 

TX OIlIIs IV IIIIIPPII" lall U.ltlll KI ...... S ... ., 01 TIIa .... Middlesex 

Nova' Mktg., 214-750-6082 Arrow Elctrns., 516-231-1000 Hawke Elctrns., TEL: 44-9327-85577 

TX .... 1. IV lIIappa ... 1.11 WBlt G_I." Mulelt 
Nova Mktg., 713-988-6082 Lionex Corp., 516-273-1660 EZOQO A.G., TEL: 49-89-434061 

UT Salt Lall. CIIy IV Lt'IrP·1 1.11 WISI GII1II.Y. O.lckllori 
Component Sates, 801-466-8623 Arrow Elctrns., 315-652-1000 Astek Elctrns., TEL: 49-4106-71084 

WA BtlIev .. NV IhIvIIII 1111 WISt G'~II'. Silltgarl 
Westerberg & Assoc., 206-453-8881 Arrow Elctrns., 516-694-6800 Ditronic, TEL: 49-711-722079 
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Intech Inc. 
IN Flo W., •• OK Tulu 

Arete Sales, 219-485-2375 Quality Components, 918-664-8812 
MD 8I1II.ort TX A~dlsoo 

Intech Inc. Microcomp, 301-247-0400 Quality Components, 214-387-4949 
2270 Martin Avenue MA lIxlollH TX AusUI 
Santa Clara, California 95050 Nova Sales, 617-861-1820 - ACT,512-452-5254 
408-988-4390 1M lortll Aldovll' TX Allilo 
TWX: 910-338-2213 lOT Sales Office-Eastern Area, 617-689- Quality Components, 512-835-0220 

9299 TX D.IIIS 
MI MI .... pllls ACT,214-980-1888 

Integrated Circuit Engineering Comprehensive Tech. Sales, 612-888-7011 TX HOUlIH 
IJ MI. L •• rll ACT, 713-496-4000 

Integrated Circuit Engineering Corporation 
Comtek Inc., 609-235-8505 TX S.prll.d 

15022 North 75th Street 
NY BI".10 Quality Components, 713-491-2255 

Scottsdale, Arizona 85260 
Quality Components, 716-837-5430 UT S.1t L.ke CIIy 

602-998-9780 
NY' J ... ICI ACT,801-487-8131 

SJ Associates, 212-291-3232 WI W.ullnll. 
IY M .. IIII Bell Industries, 414-784-0235 

Sails OffiCI & Reprlsl.tatives Quality Components, 315-682-8885 
IC C.ry 

1.11 HOII KHI. Kowlooo Montgomery Marketing, 919-467-6319 
Integrated Technology 

Tektron Elctrns. Ltd., TEL: (011) (852) (3) OH Clov.lI.d 

856199 Norm Case Assocs., 216-333-0400 

l.tI J.p •• , TolI,o TX A.stl. Integrated Technology Corporation 

Nihon Teksel Co., Ltd., TEL: (011) (~1) (3) lOT Sales Office-Central Area, 512-327-8441 1233 N. Stadem Dr. 

461-5121 TX A.sll. Tempe .. Arizona 85281 

I.tl Swltz"'II.~. W.lcllwll OM Sales, 512-452-1838 602-968-3459 

Nicotec SA, TEL: (011) (41) (42) 316637 TX DoIlIS 
OM Sales, 214-241-3876 

TX HoustH Intel 
Integrated Circuit Systems 

OM Sales, 713-789-4426 
UT Salt Lilli ClIy 

I.tll C.,.,enUH 
Elcom, 801-532-7940 3065 Bow.,., AVHH 

Integrated Circuit Systems, Inc. WA Klrll ... d 
SlItl Clln. Coillerol. 95051 1012 West Ninth Avenue Electronic Marketing Assoc., 206-827-9350 408-987-8080 King of Prussia, Pennsylvania 19406 WI BroHflIltl TELEX: 34-6372 215-265-8690 Circuit Sales. Inc., 414-784-3004 TWX: 910-338-0026 

Co. MHlrRI, QIIIMc 
Bytewide Marketing Inc., 514~481-1'f67 

Integrated Device Technology 1.11 o..rt, K," ... I SailS Offlce'& Representatives 
C-88, TEL: 02-24-48-88 

10tllriiN Device TlClIoo"", loc. 
i.ti E.".i, fa. OXH AL HAt,vllli 

3236 SetH IoIIIvInI 
Micro Call, ltd., TEL: 084-421 Intel Corp., 205-533-9353 

Saoll C ...... Coilleni. 95051 lit: FlII;;d, H.lsllkl AI Pit .. ix 
408-727-8116 Turion OV, TEL: 90-372-144 Intel Corp., 602-869-4980 

TWX: 910-338-2070 1.11 Fn.ce. lIVlnlls P.-reI CA MI •• III. VI .. 
REA, TEL: 75-81-111 Intel, 415-968-8086 

I.tl a...., .•• c .... CA SaCl"llllltI 
Sales OffiCI & RepresHtalives Scantec GmbH, TEl: 089-13-40-93 Intel Corp .• 916-929-4078 

I.tl Israll, IIIrzIII CA 80._ 
AL HI.t,vlII. Vectronics, Ltd., TEL: 052-556070 Intel Corp., 619-268-3563 

Montgomery Marketing, 205-830-0498 loll lilly •• llIla CA Sa.1I Au 
AI TI.,. Cefra s.r.l.', TEL: 02-23-52-64 Intel Corp., 714-835-9642 

Argus Sales Inc., 602-968-n91 I.tl ......... u.ElotIlIovH CA T.mol 
CA Cliver ClIy Auriema, TEL: 040-816565 Intel Corp., 213-708-0333 

Bestronics Inc., 213-870-9191 I.tl N ..... " Osll CO Clltnll. SlrI'IS 
CA ClpII1l.a Eltron AlS, TEL: 02-46-28-70 Intel Corp., 303-594-6622 

Thresum Assocs., Inc., 408-996-9889 I.tl SW .... V.all", CO DR .. 
CA Irvl .. Svensk Teleindustri, TEL: 08-38-03-20 Intel Corp., 303-321-8086 

Bestronics Inc., 714-979-9910 1.11 Swltzwlo.lI, Z •• CT Dllbiry 
CA Sa.Ollla Anatec, TEl: 042-31-54-n Intel Corp., 203-792-8366 

Adem Assocs., 619-695-2050 FL FI. L .... II 
CA Sa.1I Clar. Distributors Intel Corp., 305-n1-0600 

lOT Sales Office-Bay Area, 408-727-6116 Fl MalUlld 
CA Wn"llItll' AI T.p. Intel Corp., 305-628-2393 

lOT Sales Office-Western Area. 213-598- Anthem. 602-244-0900 SA IItrcrIlll 
3076, 213-598-3076 CA Cllalawertll Intel Corp., 404-449-0541 

CA Waadll.d HIIII Anthem, 213-700-1000 Il RaUl ..... d .. s 
Bestronics Inc., 213-704-5616 CA Sa. 0"" Intel Corp., 312-981-7200 

CO DRvll' Anthem, 714-279-5200 II 1.1I .... polia 
Elcom, 303-337-2300 CA Sa. Jill Intel Corp., 317-875-0623 

FL loco R.IH Anthem, 408-946-8000 IA CIII.r Ra,lds 
lawrence Assocs., Inc., 305-368-7373 CA 11111. Intel Corp., 319-393-5510 

FL CI .. rw ..... Anthem, 714·730-8000 KS O' ...... d Plrll 
lawrence Assocs., Inc., 813-584-8110 CO DRYII' Intel Corp., 913-642-8080 

FL WIItMllllour •• ACT,303-422-9229 MO H •• lVer 
Lawrence Assocs., Inc., 305-724-8294 IL Clllcoll Intel Corp., 301-796·7500 

SA lorerou Bell Industries, 312-982-9210 MA CI.II."orl! 
Montgomery Marketing, 404-447-6124 .M AIIII"uer"I' Intel Corp., 617-256-1800 

IL Daw .. ra Grovi Alliance Electronics, Inc .. 505-292-3360, 800- M' Saullllliid 
Circuit Sales, Inc., 312-964-9090 545-6288 Intel Corp" 313-353-0920 
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Quad rep, Inc., 408-946-4000 

CO Alran 
978-8000 lltarutlull Ilcr.clrcalls, lie. ~. Electrodyne, 303-695-8903 

IIU SII..,... SllpJIfI 3350 SClH a..lmn BII1I. 37 FL Fort L ........ II 
General Engrs. Corp. Pty. Ltd., TEL: 011-65- SalII CIarI. CalIflflll 95051 Donato & Assoc., Inc., 305-522-2200 
271-3163 408-727-2280 Fl: fl.b ...... l11 

TWX: 910-338-2032 Donato & Assoc., Inc., 305-352-0727 
l1li ..... AtrICI. PI'IlIrII FL PI .. Harhr 

Elctrn. Bldg. Elements. Pty. Ltd., TEL: 011- Donato & Assoc .• Inc., 813-785-3327 
27-12-46-9221 Salas Office & Reprasutatives SA St ..... ulli. 

II" 1fI". Barallu 20th Century Marketing, Inc., 404-292-7988 
Interface SA, TEL: (3) 301 78 51 AL Hu"vilit IL ScIIIItI'Ifi 

IIU .... 1IIIIrII1 3R Company, 205-881-2207 Gassner & Clark. 312-882-8608 
MI Wlrru 

lIT SESA. TEL: (1) 419 54 00 AZ T..,. OEM ElectroniC Sales, 313-575-9444 
IIU IWIIIII. SItciIIIIII Cantec Sales Inc., 602-829-1021 II P''''''' 

AS Gosta Backstrom, TEL: (8) 541 080 CA ea ........ S & R Component Sales, 612-559-3090 
Landa/Minyard Inc., 619-942-1086 IH .... 

lid SWIRI,It ....... Access Systems, 603-888-8160 
NordiskElectronik AB. TEL: (8) 635 040 CA La AIIIJII 

Landa/Minyard Inc., 213-879-0770 Ie Cary 

III SWIIZIrIuI1. Zlrlcll co Ann 
Montgomery Marketing, Inc., 919-467-6319 

In<ltfstrade AG, TEL: (1) 363 22 30 High Tech Associates. 303-695-1990 
ON BaJlII 

The Lyons Corp., 513-278-0714 
'IU TW'I, Til'" FL PtaillUtI OH Rlcllfilid 

Taiwan Automation Co .• TEL: 771-0940 EMS, 305-587-7146 The Lyons Corp., 216-659-9224 

IIU UIIIIII lll,".' BIrks ii Fan ii.,. T! Kee!'!!!! 

Rapid Recall, Ltd .• TEL: (0494) 26271 Arete Sales, 219-483-2375 20th Century Marketing, Inc., 615-691-1918 

IIA WIIIferII 
TX A.stll 

IIU UIIIII1 Klq .... IerkaIIIrI Sundance Sales. Inc., 512-250-0284 
Bytech ltd., TEl: (07'34) 61031 Boucher Associates. 617-692-7503 

TX Rmtn 

IIU 11111111 KIqIl •• IIrtaIIIn • MInIIeIb Sundance Sales. Inc .• 713-772-4988 

Comway Mlcrosystems Ltd., TEL: 44 (344) 
Beta Engineering. 612-544-1800 TX RlcllanSll 

55333 IJ Hllllruck H"" Sundance Sales, Inc .• 214-699-0451 
Comp-Tech Sales, 201-288-7400 UT Sal Lakl City 

l1li UllIII1~.1II1 
IY RIcIIIIIIr Electrodyne, 801-486-3801 

Jermyn Inds. (Mogul). TEL: (0732) 450144 
D.L. Eiss ASSOCiates, 716-328-3000 UT Sail Lakl City 

l1li IIIHII1 K ........ .....-.x IC a ....... 
Electrodyne, Inc., 801-486-3801 

M.E.D.L., TEL: (01) 904-93-07 WA IIIIIMId 
United Sales. 919-674-9849 Quadra Sales Corp., 206-883-3550 

IItt Vlctwta. AIItnIII ea. """"' •. 0-- WA .... 
Total Electronics, TEL: 011-61 3288-4044 Les Distributions Jac-Arsan'lnc., 331-2491 Quadra Sales Corp., 206-883-3550 
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International Microelectronic Products (C( nt, DIUI' ~fIna~ .. : . OR ... v ...... 
Marketing ServIces Department ....... ........... 408-996-5403 LD Elctrns., 503-649-8556 

I.tl all'I ... O ...... 
TI J .. II"ero 

MCA-Tronix, TEL: (41) 36 27 80 Sal8S Office " R82r8S8atativ8S 
K & E Assocs., 615-753-2921 

TX Ausll. I.tl C., ....... DIII .. rIc 
Bonser-Philhower Sales, 512-346-9186 Advanced Electronic, TEL: 01-194433 AL H •• lsvllli 

TX Husl .. 
1.11 Fn.ce. a.e K & E Assocs. Inc., 205-883-9720 

Bonser-Philhower Sales, 713-495-3115 
ERN, TEL: 956.00.11 AZ PIIOilII 

TX Rieur"", 
1.11 H.III.III. FI.Ia." Shetler-Khan, 602-257-9015 

Bonser-Philhower Sales, 214-234-8438 
Turion Oy, TEL: 90-372-144 CA Lo. AHos 

TX Rlcur",o. 
1.11 larll" TII·Avlv Elrepco, 415-962-0660 

Intersil, Inc., 214-680-0370 
STG International Ltd., TEL: 248231 CA SII DI .. o 

UT SaH Lak. City 
1.11 Italy •• 111. ADDEM S.D., 619-695-2050 

Thorson Rocky Mountain, Inc., 801-973-7969 
Cetra S.R.L., TEL: 23 60 154 CA Si •• ynl. 

VA a.ekl.,u. 
I.U Jap •• lap.o·k .. Intersil, Inc., 408-744-0618 

New Era Sales, 301-544-4100 
Internix, Inc., TEL: (0268) 25-1616 CA Wudla.1I Hills 

WA S.oll .. ls~ 
1.11 J., ••• Ouka Intersil, Inc., 213-887-7363 

LD Elctrns., 206-568-0511 
Internix, Inc., TEL: (06) 364-5971 CA Wooalll.1I Hills 

WA S"ka.' 
1.11 Japa •• Taky. Interstate Mktg. Assoc., 213-883-7606 

LD Elctrns., 509-922-4883 
.Internix. Inc., TEL: 03-369-1101 CO E.,I.woo" 

WI .Ilwukll 
I.tl Ker ... S ... I Thorson Rocky Mountain, 303-779-0666 

Dolin Sales, Co., 414-482-1111 
Duksung Trading Co., TEL: 854-5047, 854- CT Walll.,ford ca. BIIreay. B.C. 
5831 COM-SALE,203-269-7964 

Woodbery Elect. Sales Ltd., 604-430-3302 
1.11 IllUr',lerwa, t FL FWiParlc 

CII .1"lw .... O.tarie 
Hans H. Schive AlS, TEL: 02 78 51 60 EIR, Inc., 305-830-9600 

Gidden Morton Assoc. Inc., 416-671-8111 
1.11 •• t .... laM .. ZIIt __ SA Donvilia ca. St. LIGrIII. Q .... 

K & E Assocs., 404-448-7025 Tekelec Airtronic B.V., TEL: 079-310100 
SA 10rc:rDlS 

Gidden Morton Assoc. Inc., 514-747-1770 
1.11 Spall. Barell .. , 1.11 &,11.11. Ha.,s11lr. 

Interface, TEL: (3) 301 7851 
Intersil, Inc., 404-441;0940 

Intersil Datel (U.K.)Ltd., TEL: 0256-.57361 
I.tl S,al •• BI~II 

IL ArlI •• tllHaigllta 1 1•11 Fn.c:i. It. t ... ·eMu 
Interface SA, TEL: (4) 415 08 93 

Intersil, Inc .• 312-3f34-6670 
Intersil Datel Sari, TEL: (1) 602.58.98" 

IL QIa .. 
1.11 SpaI •• llUrN E. Dolin Sales, Co., 312-286-6200 

1.11 ..... K •• 
Interface SA. TEL: (1) 456 3151 .. Ft. Wa, •• I' Intersil Datel, TEL: 3-7214286-7 

1.11 Sw ..... Valll.,,,y I.tl Will Ger..." .Ule~ .. 
Svensk Teleindustri AB, TEL: 8~380320 

Giesting & Assoc., 219-486-1912 , 
Intersil Datel GmbH, TEL: 89/530741 

'" 1 ... I •• a,.II. 
I.tl hi ........ ZIriO-SHkII Giesting & Assoc., 317-263-0005 

Datacomp AG, TEL: 1-730 2165 IA eMer Rlpl ... Dlstributers IIU UAItM 1.Iqd-. ............ D.y-fronj)(, tnc .•. 319-377-8275 
Steatite Microelectronics, TEL: 021 454 6961 .D SIvWIa Park AL HutlYl'" 1.11 Will GInIH" .--. New Era Safes; inc .• 301-544-4100 Schweber Electronics, 205-882-2200 Scantec GmbH. TEL: 89 134093 MA LlIllUlol " 

A! P~ ... lx I I Intersil. Inc., 617-8f;i1-622Q '. Kierulff Elctrns .• 602-243-4101 
MA WaHlla8 AI Pi.-Ix 

International Micros,stems COM·SALE,617-89O-0011 Wyle Distrlbutloll Grp., 602-249~2232 
• 1 Colo •• A! T.ca. 

International MicrosystelllS. Inc. Giesting & Assocs., 616-468-4200 Kierulff Elctrns., 602-624-9986 
11554 C Avenue MI ....... 11 .. CA CulaWortll 
Auburn, Calitornia 95603 Glestlng & Assocs., 313-348-3811 Arrow Electronics, 213-701-7500 
916-885-7262 .1 .1 ....... CA EI Slpalle 

I Intersil, Inc., 612-925-1844 Wyle Distribution Grp., 213-322-8100 .. .11 ... ,111. CA Inl.1 

Intersit 
PSI, 612-944-8545 Schweber Elctrns., 714-863-0269 

MO BrIII .. t .. CA In ... 
Dy·Tronix, Inc., 314-731-5799 Wyle Distribution Grp., 714-863-9953 

1'111"111, I.e. MO 1 • ...,..IIIIc. CA Irvl .. 
10710 I. Talla. AVII. Dy·Tronix, Inc., 816-373-6600 Wyle Military, 7W851-9953 
Cupertllo. call ..... 1a 95014 IH ......... CA L.s AIpIIa 
408-996-5DD8 COM-SALE, 603-668-1440 KierlJlff Elctrns., 213-725-0325 
TWX: 910-338-0533 IJ E •• Iew" Clift. CA ...,.... ... c~ 
SptcIQc ,rIIIRI I.'er..tlll: Intersil, Inc., 201-567-5585 Arrow Electronics, 714-851-8961 

Memory............ ........ ..... ............ .................... 408-996-5679 IJ .t. Laml CA Pal, Alt. 
Analog Corntek, Inc., 609-235-8505 Kierulff Elctrns., 415-968-6292 
Analog Switches/Multiplexers ..................... 408-996-5264 •• 0 ........ CA Saen_l. 
linear .................................................. .......... 408-996-5513 Shefler-Kahn, 505-296-0749 Schweber ElectroniCS. 916-929-9732 
Timers, Counters .......................................... 408-996-5152 'Y Ja .. lca CA Sa. 0"" 
WatCh, Clock ................................................ 408-996-5484 S-J Assoc., 212-291-3232 Anthem Elctrns., Inc., 619-453-9005 
Data Acquisition Products .......................... 408-996-5152 'Y Ree_ter CA Sa.Olllo 
Discretes: Ossman Compo Sales Corp., 716-424-4460 Arrow Elctrns., 619-565-4800 
FETs Bipolar ................................................. 408-996-5136 IY S,ne ... CA Sa. 01 .. , 
FETs, Power ................................................. 408-996-5066 Ossman Compo Sales Corp., 315-455-6611 Wyle Distribution Grp., 619-565-9171 

Appllcalill 11.1 •• 1.,: IC Ral.ll~ CA Sa. Jill 
408-996-5615 K & E Assocs. Inc., 919-781-1406 Anthem Elctrns. rnc., 408-946-8000 

L1ter1"": ON Clul.uti 
I 

CA Salt' Clan 

I 
Marketing Service Department . .... , ............ 408"996-5403 Giesting & Assocs., 513-521-8800 Schweber Electronics, 408-748-4700 

Prlce ........ v.,: eN Da" .. CA SalIICIIn 
Customer Service Department ..................... 408-996-5343 Giesting & Assocs., 513-293~4044 Wyle Distribution Grp., 408-727-2500 

Place a. .fller: OH "'Ier CA S ••• "all 
Customer Service Department .. ................... 408-996-5343 Giesting & Assocs., 216-942-3407 Arrow Elctrns., 408-745-6600 

F.n,w·., al or ... : OK T.I .. CA Tulll 
Customer Service Department .. ... .... ....... ..... 408-996-5343 Bonser-Philhower Sales, 918-496-3236 Kierulft Elctrns., 714-731-5711 
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Kontron Electronics (Cont) 

Inll PlI1lpl. LlIIIII CUll 
Mattos Tavares Electronics Lda, TEL: 00351-
19-616261 

1.11 SHill Afrlel. Sa.'11I 
Biowave Electronics, SA, TEL 0027-485808 

1.11 Spal .......... 
Belport Instrumentation SA, TEL: 00341-
2628837 

1.11 Spall ........ 
Hispano Electronics SA, TEL: 0034-1-6194108 

1.11 Sw .... S".p.. 
AB Transfer, TEL: 0045-8981620 

1.0 Sw ..... U".. ... VllIIy 
Lagercrantz Elektronik AB, TEL: 0046-760-
86120 

1.11 Swltzll'll.'. E .. II .... 
Kontron Electronic AG, TEL: 0041-21331535 

l.tI Swltzll1l". Z.lell 
Kontron Instruments AG. TEL: 0041-1-
4354111 

1.11 Will GInuIy. Eelll •• l1li ...... 
Kontron Messtechnik GmbH, TEL: 0049-89-
31901-0 . 

Distributors 

Iitl AIstnlll .... 11 ...... 
Parameters, TEL: 03-580-7444 

1It1 AuIrIIII. sr..., 
Parameters, TEL: 02-439-3288 

Iitl BrazIl, Sal Pi .... RI .. PII1. AllIn 
Cosele Instrumentos Electronicos, TEL: 255-
1733 

1111 FilII... IIIIIIHI 
OY Ammet AB, TEL: 0035-80-882044 

altl H •• K .... IWH T ... 
Hong Kong Equipment Center, TEL: 3-413888 

Iitl 11.11 ..... p ..... 
SRI RAM Associates 

1It1 I ... SIMI 
Duksung Trading Co., TEL: 854-5047, 5831 

'itl ... ZllIIU, A ..... 
Professional Electronics, TEL: 493-029 

1111 SIIpfIrI. SIIpJIrI 
Singapore ElectroniC & Engineering (Private) 
ltd .• TEL: 257-0211 

Iitl TIfwII. 11"" 
Gorman Co., ltd., TEL: 02-5421924 

Kontron Electronics 

Kontron Electron'ics, Inc. 
FutureData Division 
5730 Buckingham Parkway 
Culver City, california 90230 
213-641-7200 
TWX: 910-328-7202 

Sales Omce I Repr_latives 

altl AuIrII. Will 
Kontron Elektronik GmbH & Co., TEL: 0043-
222-670631-0 

inti ............... 
C.N. Rood a.v., TEL: 0032-2-7352135 

1111 a..n.H ..... 
E. Blichfeld APS, TEL: 0045-2867900 

Iitl fill... IIIIIIIkI 
OY Emmet AB, TEL: 0035-80-882044 

1It1 FrucI. Vlllzy-V........, 
Kontron Electronique, TEL: 00331-946722 

1111 Brllt 1rItIII. St. AIIIau 
Kontron Instruments ltd., Tel: 0044-727-
66222 

altl 1II'1II. HIlla 
Tabor ElectronicS, Tel: 00972-4-644280 

<0 Ie MASTER 1984 

MANUFACTURERS & DISTRIBUTORS DIRE( 

I.tl Itlly. Cllclli. aIISl •• 
. Celdis, TEL: 0039-2-6120041 

1.11 Itlly, Milil. 
Telav International SRL, TEL: 0039-2-
4455741 

I.tl 11111l1'li.'1. Rlllwilk 
C.N. Rood B.V., TEL: 0031-70-996360 

Iitl ItrWIY. Dsi. 
Bergman Instrumentering AlS, TEL: 0047-2-
162210 

1111 Part.pl. LlsltBl CUll 
Mattos Tavares ElectroniCS lda, TEL: 00351-
19-616261 

'itl SIIIII AfrICi. Sa"ln 
Biowave ElectroniCS, SA, TEL: 0027-485808 

110 SpIll ........ 
Belport Instrumentation SA, TEL: 00341-
2628837 

Iitl Spill. MI'r" 
Hispano ElectroniCS SA, TEL: 0034-1-6194108 

1.11 Sw .... S .. .,... 
AB Transfer, TEL: 0045-8981620 

1111 SwIHI. U" .... I Vlsity 

liD 

1111 

inti 

Lagercrantz Elektronik AB, TEL: 0046-760-
86120 
Swl!zlrllatl. Epall.ps 
Kontron ElectroniC AG, TEL: 0041-21331535 'i 
SwIIZlt'll ... Z.rlell I 
i<ontron instruments AG, TEl: 0041-1-
4354111 
Will GInuI,. EUIq l1li .... 
Kontron Messtechnik GmbH, TEL: 0049-89-
31901-0 ' 

Distributors 

IIU Aulnlll. 1IIfIII ... 
Parameters, TEL: 03-580-7444 

IItI AIStnIIa • .., 
Parameters, TEL: 02-439-3288 

Iitl BrazIl. Sal P •• II. Hli. Pirie A ...... 
Cosele Instrumentos Electronicos, TEL: 255-
1733 

Iitl Hili I .... IWH T •• 
Hong Kong Equipment Center. Tel: 3-413888 

1111 1 .. 11. BlHpllrl 
SRI RAM ASSOCiates 

Iitl K",SMI 
Duksung Trading Co., TEL: 854-5047, 5831 

1111 ... ZIIIII'. ABIIH 
Professional Electronics, Tel: 493-029 

110 81.....,.. SlIp,IrI 
Singapore Electronic & Engineering (Private) 
ltd., TEL: 257-0211 

. IIU lllwli. TIIIIII 
Gorman Co., Ltd., TEL: 02-5421924 

Lambda 

Lambda Semiconductors 
121 International Drive 
Corpus Christi, Texas 78410 
512-289-0403 (In Texas); 1-800-255-9606 
TWX: 910-876-1404 

Sales Office I Representatives 

Iitl E ....... HItfI W,..... BlCb 
lambda ElectroniCS, TEL: 44-494-36386 

IItl frucI. LII 0lIl. Ctdo 
Lambda Electronique SA, TEL: 33-6-012-
1487 

1111 BnllIIY. AcIIIn 
Lambda Netzgerate GmbH, TEL: 49-7841-
5031 

1It1 1II'1II, 1 .. Aviv 
Islambda Electronics Ltd., TEL: 972-3-242-
194 

1111 Jlpan. Takya 
Nemic-Lambda K.K., TEL: 03-490-~ 

Linear Technology Corpo 

Linear Technology Corporation 
1630 McCarthy Blvd. 
Milpitas, California 95035-7487 
408-942-0810 
TELEX: 172 110 

Distributors 

lall A.strll 
Bacher Elektronische Gerate Gmb~ 
222-835646 

1.11 all.I ... 
Microtron, TEL: 32-16-60586 

Inll O ... rk 
E. V. Johanssen Elektronik AlS, TI 
839033 

Iitl FI.III' 
OY Fintronic AB, TEL: 358-0-6926 

lilt! Frl'ce 
Tekelec Airtronic, TEL: 33-1-5347~ 

Iitl Itlly 
Eledia 3 S S.P.A., TEL: 39-2-3497 

1111 ... ,.. 
Japan Macnlcs Corporation, TEL: 
0022 

Iitl Jipil 
Technology Trading Corporation, . 
03-639-5581 

I,ll .llpll 
. Teljin Advanced Products Corpor. 

044-506-4670 
1111 fllllIIrIatKIs 

Alcorn Electronics BV, TEL: 31-1(J 
1111 Norwl, 

Eltron AlS, TEL: 47-2-46281.0 
Iitl Spall 

Amitron, SA, TEL: 34-1-2485863 
11,1 Swu. 

Svensk T eleindustri. TEL: 46-8-3f 
1111 Swltzwlll" 

Stolz AG, TEL: 41-56-840 151 
I,tl UIlltd IIIgdnII 

Dialogue Distribution, . Ltd., TEL: ' 
682001 

Iitl Ullltdl .... 
Microcall, Ltd., TEL: 44-84421-s.1 

110 WISIa.-IY 
Alfred Neye, TEL: 49-4106-6121 

Iitl Wilt a..al, 
Metronlk, TEl: 49-89-6114063 

Iitl Y.,IIIIVII 
Ellyptic AG, TEl: 41-1-4931000 

LSI Computer Systems 

LSI Clllp.t. S,slllls. lac. 
1235 Wilt WIIII .. 1 R ... 
Mitiiil, iiiW Y.-k 11747 
516-271-0400 
TWX: 510-226-7833 
"Hille ,ratllct Ilflrllltlln: 

Ronald Coli no 
""ICltlll .... 1111 .. : 

Ronald CoIino 
LltIrItln: 

Nancy leidig 
PrIce II' dIIlnry: 

Nancy leidig 
FIIIIW-., II .... : 

Nancy Leidig 
All ItIIIr II'Drllltl .. : 

Nancy Leidig 
For IntI. sales: Mavex Technology, 516-47~ 
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LSI Computer Systems (Cont) MO SI. Louis 1111 Frale •• ASllerlS 
Design Solutions, 314-227-7170 Metrologie, TEL: 791 44 44 

IY RoelllSlar 1.11 GrHCe. AIM.S 
T-Squared Electronics. 716-924-9101, TWX American Tech. Entprs. S.A., TEL: 8219.470-

Sales Office " RepresIRtatives 510-254-8542 8811.271 
IC Cary 1111 Isra ... Glvalayl. 

AL Ha.lsvllli Montgomery Marketing, 919-467-6319, TWX ElM IntI. Elctrns. Ltd., TEL: (03) 744-041 
REMCO, 205-533-3763 510-920-0634 I,ll Italy, Mllalo 

CA Slata Clara OR Porlla.d 3-G Elctrns. s.r.i., TEL: 5455951 
Fischer Assocs., 408-733-7350 Westerberg & Associates, 503-297-1719 loll Japal. Tokyo 

CA WlSllake Villi" TX Dallas Internix Inc., TEL: 369-1101 
Western Mktg., 213-889-6270 Technology Sales, 214-380-0200 1.11 IIIII.I •• ds. Drl ... Ie. 

GA Allall. UT Sill Lake City Matrox Benelux, TEL: 01626-3850 
REMCO, 404-477-6937 Simpson Associates, 801-566-3691 1111 lew ZelI.ad. AlCklnd 

IL EI.brsl WA III" .. GTS Engrg., Ltd., TEL: 546-745 
Fiat Engrg. Assocs., 312-547-6200 Westerberg & Associates, 206-453-8881 

lall fIet:w.y. Dslo 
MD FullGl WI (Easl) 

Nordisk Electronik AS, TEL: 02-55-2485 
Gans & Pugh, Inc., 301-953-3724 Oasis Sales, 312-640-1850 

1111 Parlu •• I. L1sbaa 
IH Merrl •• ck WI (WISI) 

Ditram Components E Electronics Lta 
Mech-Tron Co., 603-424-5300 HMR, 612-831-7411, TLX 029-0537;TWX 910-

1.11 Spill. M.drld 576-2755 
IJ H.abr.lck HII.llls ell a.c. Unitronics S.A., TEL: 242-52-04 

Comp-Tech Sales, 20 1-288-7400 
Westerberg & Associates, 206-453-8881, 1.11 Sw ...... Parlile 

IY lew Hy. P.rk TWX 910-443-2319 Micro Scandia Industriautomation AB, TEL: 
Comp-Tech Sales, 516-593-2628 

Caa Oll.wa. Oalarlo 32685 
IY '.fleld RFQ Limited, 613-820-8445, TWX 61.0-562- lall Switzerl.ad. Zirlcl! 

Barthel Entprs., 716-377-3018 1973 Relais-Rohr, TEL: (01) 301 0970 
IC Ralel.II 1.11 Tllw ••• T.lp.1 

REMGO, 919-847c5079 Multitech Inti. Corp., TEL: (02) 7681232 
OH Clewel •• d 

Master Logic 1.11 WISI Ger ••• y. Maube. 
Components, Inc., 216-243-9200 Ernst Rauscher Systemberatung, TEL: 089-

OH WISI Carrolll .. 878061 
Components, Inc., 513-866-0661 Master Logic Corporation 

TX H .. sle. 761 E. Evelyn Avenue 
Electronic Mktg. Assoc., 713-498-8120 Sunnyvale, California .94086 

Maxim Integrated Products VA Arll.,loa 408-732-7777 

Gans & Pugh, Inc., 703-527-3262 Specific producl tllenullta: 
Stephen R. Allen Maxim Integrated Products 

AppIIeaIIH.tqIHwtq: 510 N. Pasloria 

LSI Logic 
Stephen R. Allen Sunnyvale, California 94086 

L11 ... 1 .... : 408-737-7600 

I 
Stephen R. Allen 

I I LSI L •• le Corporatloa Prici •• d deIIv.,: 
1601 IIcCarlllya .. Ie,.rd Stephen R. Allen Micrel Milpitas. ClUlnta 95035 Follow-Ip ., arller: 
401-2&3-9494 Stephen R. Allen 
TElEX: 172 15:i All all .... i"OI'IIItioa: Mler.1 

Charles A. Allen 1235 IIldls Way 
SU..",IIe. Caliionlil 94086 

SailS Offica " Repr8S8lllatives 408-245-2500 
TWX: 910-379-0007 

AL HI.t",," Matrix -
Montgomery Marketing, 205-830-0498 

AI ScaIls.Ie Matrix Corporation MCE 
Luscombe Engineering, 602-949-9333, TWX 1639 Green Street 
910-950-1333 Raleigh, North Carolina 27603 

MCE Semiconductor CA 919-833-2837 
1111 Fairfield Drive LSI Logic Milpitas. 408-263-9494, TLX 
W. Paim Beach, Florida 33407 172153 
305-845-2837 CA (Iarllln) Matrox TELEX: 513463 (MCE NPAB) 

Taarcom, Inc., 415-960-1550, TWX 296991 
CA (Sollll ... ) Matrox ElectroniC Systems Ltd. 

Centaur Corporation. 714-556-5420, TWX 5800 Andover Avenue, T.M.R. Sales Office " Representatives. 
910-595-2887 Montreal, Quebec, H4T 1H4, Canada 

CO L1l11ltoa 514-735-1182 1.11 U.IIIII KI ...... TewklSl!ary 
Simpson ASSOCiates, 303-794-8381, TWX TELEX: 05-825651 MCE, Ltd., TEL: 0684-297777 
910-935-0719 1111 West Glr .. lY. MUllcil 

CT Wllnlry MCE Micro-Circuit Engrg. Vertr. GmbH, TEL: 
HLM Associates. 203-753-9894 Sales Office "Re2Feslntatives 089-463085 

FL Alta.oall Sprl'll lall WISI G .... y. la.raber, 
Semtronic Associates, 305-831-8233 IIU AuslnUI. Eppll, MCE Micro-Circuit Engrg. Vertr. GmbH, TEL: 

SA lereron Mace Co. Pty. Ltd., TEL: 86-4060 0911-533933 
Montgomery Marketing, 404-447-6127 1111 Auslm. VI.a. 

IL IS •• IIIn) Bacher Elektronishe Gerate, Ges. m.b.h .• TEL: 
Design Solutions, 314-227-7170 I (0220) 835646-0 I Microcircuits Technology MD Colillbl. I 1.11 Dnmark. Gllslrup 
Delta III Associates, 301-730-4700. TWX 710- Jorgen Andersen Ingeniorfirma A.S., TEL: (02) 
862-1906 928888 Microcircuits Technology, Inc. 

MI D.lrolt 1111 En,I •• d, Loadn 1157 San Antonio Road 
Rathsburg Associates. 313-882-1717 Perdix Comps., TEL: 01-690 1914/5 Mountain View, California 94043 

III MI .... p.IIS 1111 FI.tald. H.lsl.kl 415-969-3600 
HMR,612-831-7400 Oy Fintronic, AB, TEL: 90-692 60 22 TELEX: 172 750 
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Micro Computer Control 
I1II G_alY. M.lclltl 1111 WISI GIf1IIIY, M.llch 

Tekelec Airtronic, TEL: (089) 594-621 Nucletron Vertriebs GmbH, TEL: 089/146081 
1111 GrMel. AIUlS 1111 WISI Glr •• ay. Sluttgart 

Micro Computer Control Theodore D. Tzitzinias, TEL: 942 4071 Ditronic GmbH, TEL: 07111724844 
P.O. Box 275 1111 HII, KII" HH, K ... 
Hopewell, New Jersey 08525 Schmidt & Co. (H.K.) Ltd., TEL: 5-455644 
609-466-1751 l'tI '1.11. Trtrl'."'. Micro Power Systems 

Kryonix, TEL: 63805 
1111 Isnel. Bill Brall 

Micro Innovators Electrondart Ltd., TEL: 3-782460 Micra Pawer Syallm. lie. 

I,n 1111,. MIIIII 3100 Aifr .. Slrlll 
SI.II Clara. CaIIfIl1lI1 95050 

Micro Innovators Inc. 
Microelit S.R.L., TEL: 46.90.444 

408-727-5350 
2348A Walsh Avenue 

lin Japal. THya 
TWX: 910-338-0154 

Santa Clara" California 95051 
Internix, TEL: (03) 369-1101 

Sptclflc pr"lcl "' .. allllll: 1.11 KIrII. Stoll 408-988-0911 
Han Sun Inti., TEL: 28-0958 

Standard Products Division ................................... ext. 237 
Ulnl.rl: 

IIU 1ItI1ItrIa •• a, Iml 
Standard Products Division ... ................................ ext. 237 

Indelec B.V., TEL: 076-142333 
Micro-Link 1.11 11 .... 1,. OslD 

Eltron, TEL: 02-15-20-51 Sales OUice & Representatives 
Micro-Link Corporation 1.11 SHih AIrlCI. Brp.altn 
14602 N. U.S. Hwy 31 S'Electronics AL H,.lsvllll 
Carmel, Indiana 46032 I,U Spal ••• a.rI. RW. Mitscher Co., Inc., 205-852-7676 
317-846-1721 Compania Electronica de Technicas, TEL: AI. T..,. 
TWX: 810-260-2634 754-4530 Sun West Mktg. Assoc., 602-241-8163 

1111 ~"".V.IiII"y 

I 
CA LIS AII.1t1S 

I Distri •• tars 
Scancopter, TEL: 08/38 00 65 Reed Elec. Mktng., 213-598-6676, 714-821-

1.11 Swltzwlat •• Zerlc. 9600 
Telemeter AG, TEL: 01-202-7872 CA SI.DI ... 

l1li ... fnIct lin T ...... T • .,.. 0%32 Sales, Inc., 619-560-6266 
YREl, TEL: 956-8142 Tai I Trading Co., Ltd., TEL: 393 61111 CA S ... yr.1I 

lin T • .., ....... 
NES, 4{)8-980-1950 

EM Marketing AB, TEL: 46 0762 13570 
CO Lilli .... 

I.U W .... W. BtnIa., Micropac Quatra Inc., 303-795-3187 
GK Electronics, TEL: 062-41-5-32-99 

Fl CI .. rwlltr BIIc. 

Micropac Industries, Inc. I Perrott Assocs., Inc., 813-443-5214 

905 East Walnut Street 

I 
FL Orl •• da 

Micro Network. Garland, Texas 75040 Perrott Assocs., Inc., 305-298-7748 

21+272-3571 SA L.wrllcollll 
Unitrode Corporation TWX: 910-860-5186 I R.W. Mitscher Co., Inc., 404-923-3239 
Micro Networks Company O ...... I.' .... U.: 

I 
IL ArI"'lu HII"as 

324 Clark Street Ext. 23, 37 Coombs Assoc., 312-439-9810 
Worcester, Massachusetts 01606 IL Rein ........ 1 

617-852-5400 KMA Sales, 312-398-5300 
TElEX: 951808 SalIS OffiCI , RapraS8Rlativas III Ft. W,,.I 
TWX: 710-340-0067 Coombs Assocs., 219-747-7661 
s,tcIIIC "... ........... : IIU Autrll, W" IA "rlu 

Mark Vaughan ....................................................... Ext. 219 Transistor Vertriebs, TEL: 0043/222829451 REP Assocs., 319-373-0152 
_aU .......... : ItH ....... ,lrIa ... a KS PIrkw 

Mark Vaughan ....................................................... Ext. 219 Manudax, TEL: 00322/22152500 S.W. Woolard Co., 913-898-6552 
LI ... IWI: 1111 ......n. CtpIHqII IY LlIIsrllll 

Karen LaVigne ....................................................... Ext. 220 Semicap, TEL: 00451/221510 K.W. Elctrn. Sales, 502-451-1860 
PrIce ... ....,..,: lin FralCl ......... •• Bam ..... 

linda Palmer ......................................................... Ext. 275 ASAP, TEL: 00331/6047878 Stemler Assocs., 301-944-8262 
F ..... • ... enIIr: I.U Fralce. ParI. III Barll.glH 

linda Pallmlf ......................................................... Ext. 275 ,Comptoir COmmercial D'lmpor1ation (CCI), Dynamic Sales of New England, 617-272-
AlI ........... IIII: TEL: 00331/2362045 5676 

John Munn ............................................................ Ext. 225 I.U Grill BrlIIII. lluIt-Oxl •• .1 Ur.1I 
Gain Elctrns., Tel: 00441844215477 Lowell Wendt Mktg. Co., 313-464-2722 

laU BrIll 8rItIII. Hlrr ......... • U,.II 
Sills Office I ............ Ul. Synchro Svcs., TEL: 0044/234720575 Reptton Electtonic, 1t1c., 313-525-2700 

I.U lilly, .111 .. • .1 .... ".111 
l1li AaInIII ........ EI Pack S.R.I., TEL: 00392/6471673 Peterson Sales Assocs., 612-884-3483 

R&D Elctrns., TEL: 288-8232 I.tl lItIhrIHt1a. 1I1j11tg11 .0 Rlchllll 
l1li AutrII .... V ..... Varilec B.V., TEL: 00318/0445660 Stemler ASSOCiates, 301-774-2268 

Kapla Electronik, TEL: 02252-7459 I.tt IID1'W1,. T .. shIrt IIJ FrltHI. 
IItI ........ .,.... UMI A.S .• TEL: 004733/22214 Comtronic Assoc., Inc., 201-431-3374 

Belram S.A., TEL: 34.33.32 IItl SWIHI. SIIu ILl IIIrItu 
l1li ......... Iru ... AS Betoma, TEL: 00468/820280 Stemler Assocs., 609-966-4070 

1.8.1., TEL: 02/660-13 56 Itll SwllZlr .... , ..... IIY Bal.hrl ... 
I.n CyJIm, IIcIIIa Comeltec AG, Tel: 0041561223152 R.W. Mitscher Company, 607-967-7192 

Poly Elctrns., TEL: 21-27982 laU SwltztrIIiI.. ZIrtcII IIY ....... 
I.U Dtuurt. CIptI .... Egli, Fischer Co. Ltd., Tel: 00411/2020234 RW. Mitscher Co., Inc., 716-633-7970 

Semicap, TEL: 01-221510 I.tl WISI allWlly. IItsIUchl IIY ... ,1111 
I.n 

__ SlHlry-u-T-. 
Microlec, TEL: 04152172324 Comtronic Assocs., 516-249-0505 

Pascali Elctrns. Ltd., TEl: Sunbury, 09327- 1111 WISIBtnIaIy .......... IIY II. S,"CISt 
87418 IV Elctrn., TEL: 06172123061 R.W. Mitscher Co., Inc., 716-586-4012 

IIU AllaH. IItIaIIkl ItU WIII8IIwny ••• 1dI IIY PIII.rlaw 
Turlon OY, TEL: 9O-3m87 OIPL-Ing. Ernst Fey Nachf. TEL: 089-184041 Comtronic Assoc., Inc., 516-681-7936 

1.11 frIHI. Oruy IIU Will Gll'lla1J ••• 1dI IIY RIll HHI! 
Mlcroel, Tel: 6-9070824 Neumueller GmbH, TEL: 089/61181 RW. Mitscher Co., Inc., 914-758-8375 
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Micro Power Systems (Cant) sc Col •• 1I11 1.11 Wesl 0 .. 11,. M •• leh 
R.W. Mitscher Company, 803-736-4544 Tekelec Airtronic, TEl: 011-49-89-594621 

NY Reclles" 
TX AIIIIII .. 

R.W. Mitscher Co., Inc., 716-227-0839 Quality Comps .• Inc., 214-387-4949 

NY Roehllli 
TX A.III. Micro Sciences 

Comtronic Assoc., Inc., 516-536-4020 
Quality Comps., Inc., 512-835-022~ 

NY Stal .. 111l1li 
TX HUllu 

Quality Comps., Inc., 713-772-7100 Micro Sciences Corporation 
Comtronic Assoc., Inc., 212-979-3973 UT Salt Lilli CItV 145 Commack Road 

NY WIIIIIII,,1 Bell Industries, 303-795-3187 Commack" New York 11725 
Comtronic Assoc., Inc., 212-767-7461 WA Sattl. 516-499-0635 

NC Balllill Robert E. Priebe Co., 206-682-8242 
R.W. Mitscher Company, 919-876-0160 WI M .... u 

OH DlylOD Taylor Elctrn. Co., 414-241-4321 MilerTronics K.W. Elctrn. Sales, Inc., 513-890-2150 IItl Alllrllli. Razllli 
OH SIIaIl .. HIIIIIII Ampec Elctrns., TEL: (02) 818-1166 

K.W. Elctrn. Sales, Inc., 216-491-9177 1.11 Alllrll, VI .... 
MilerTronics 

OH Wlrthl·ll .. NANO-80. TEL: (0222) 387638 
303 Airport Road 

K.W. Electronic Sales, Inc., 614-888-0483 1.11 D .... rll. COplllll ... 
Greenville, South Carolina 29607 

OK~ TalA Advanced Elctms. of Denmark Aps, TEL: 
803-242-9232 

Quality Component, 918-664-8812 011-45-2-194433 
OR Tlprd 1.11 Elilaid 

Elctrn. Compo Sales, 503-245-2352 B.A. Electronics Miller Technology 
PA AIIIII. Park 1111 ElIIIIII 

K.W. Electronic Sales, Inc., 412-487-4300 Coole Marketing Services, Ltd., TEL: 011-44- Miller Technology Inc. 
TN J .... I .. CIty 734-700453 647 North Santa Cruz Avenue 

R.W. Mitscher Co., Inc., 615-282-6240 1.11 ElIIa.1I los Gatos, California 95030 
TN J .... II. City MOL Components, Ltd. 408-395-2032 

R.W. Mitscher Company, 615-282-6240 1111 ElIIuII 
TX A.slI. Quarndon ElectroniCS Semiconductor, TEl: 

TMI,512-835-0064 011-332-363-291 Mitel Corp. 
TX Clrrolltu 1111 EI .... II. Eulx 

TMI,214-387-3601 Pronto Elctrn. Sys., Ltd., TEL: 01-599 3041/2 
TX HOIIIH 1.11 FI.Ia.II, H.lsl.1I1 Mitli _Ie .. llieltr 

TMI, 713-777-9228 Micronas, TEL: 011-358-0-5623-977 P.O. Box 13320 

WA _.Ialatd 1.11 Fnlce. G .. tlll, KIIIII. O.tlrll. C •• ,II, K2K 1 X5 

Elctrn. Compo Sales, 206-232-9301 Radio Television Francaise, TEL: 011-33-1- 613-592-5630 

WI MI ..... II .. 664-1101 TELEX: 053-3221 

KMA Sales, 414-259-1771 liitl Fn.ce. II Cilia., TWX: 610-562-8529 
A2M, TEL: 011-3-955-32-49 SpIcHIc prollecl 1I, ... tlu: 

l.lI Fn.ce. Parll Sales OffICe 

Distributors Unirep, TEL: 011-33-1-686-3942 

I 
Ap,lIcatiu "11 ... ri.,: I till Hollull. lOll ....... Head Office 

CA til". liilll Teketec Airtronic, TEL: 079·310100 lIta.-alura: 
MP Systems,-714-770-6411 l.tI H"I K .... SI.pper. I Sales Office 

CA liliiii. Sentry Tech., TEL: telex: 786-38646 Prtce •• 11 lIellvery: 
Jan Devices, 213-708-1100 I.tl I ..... Til Aviv 

I 
Sales/Distributor Office 

CA Sa.1I AI. STG IntI. ltd., TEl: (03) 248231 Place U Irdtr: 
Pacesetter Elctrns., 714-557-7131 1.11 lilly, FJor .. tlll Customer Service 

CA Su.,,,11 Intelco, TEL: telex: 843-573016 

I 
Follow.., ,. orllar: 

Future Elctrns., 408-745-6570 1111 11.1,. MII •• o Customer Service 
CA SuI,vall Tekelec Airtronic, TEL: 02-7380641 AU atIIIr I.'orutl .. : 

Pacesetter Elctrns., 408-734-5470 I.tl IIIIV. Torl.a Sales Office 
CO W .... trill .. 

Inter-Rep, TEL: 221-422-843 

Bell Inds., 303-424-1985 1.11 J.,. •. T.",. 

CT OUh.ry 
Kaigai Elctrns., TEL: 586-0471 Sales Office & R8!r8SeRtatives 

Pilgrim Elctrns., 203-792-7274 
1111 1IoIIIrta.1I. lII.fIII 

FL Clearw.t .. 
Techmation, TEL: 04189-2222 Al SCIHuatt 

Diplomat Elctrns., 813-443-4515 
Iitt ..... .,. Hv ..... 11 Dar-C Inc., 602-948-2240 

FL Orlt.lI. 
Estronic, TEl: 02-786010 CA LIS AII.IIIS 

Chip Supply Company, 305-275-3810 
1111 So .... Atrlce. Ba .... Santana Sales, 213-431-3533 

SA AHuIl 
South Continental Devices, TEl: (011) 798- CA L.s Gatos 
2400 

Wholesale Industrial Elect., 404-447-8431 I.U Sp.I •• Barctltl •• 
Pro Assocs., 408-358-3861 

IL EIII Gro" Villall Diode Espana, TEl: 217 26 19-217-26-52 CA S'IDI'ga 
GBl Goold Elctrns., 312-593-3220 1.11 Spal •• Ban:tllu 

l & S Assocs .. 619-455-0055 

MD B.HI.orl Kimates Iberica, TEl: 230-0204, 230-0205 CA San Dill. 
Whitney Distrs., 30 1-944-8080 1.11 Spal., Bllllae 

Mitel Semiconductor, 619-276-3421 

MA WIIIII·I'OI Diode Espana, TEL: 424 86 55-423-65-83 CA Sal JOII 
Aved Elctrns .• Inc., 617-657-8310 1.11 S,.,.. IIIIIrtll Mitel Semiconductor, 408-249-2111. 

MN MI .. ..,tIIs Diode Espana, TEL: 455 36 86 CO Dnvlr 
The Joel Co., 612-545-5669 1.11 Swolln. Dlld_ryll D/Z Associates, 303-429-9369 

NM AlII ...... n Setron AB, TEL: 011-0-753-0055 CT K .. sl.,tOl 
Alliance Elec., 505-292-3360 I.tl awttz ...... II. Sellw.11 Norm Stachelek, 203-828-6161 

NV Buffalo Anatec AG, TEl: (04~) 367633 Fl Boca Ralal 
Summitt Distrs., 716-887-2800 I.tl WISt G ..... " Halllrg Mitel Semiconductor, 305-994-8588 

NV E. BVrICI .. Microsan, TEL: 040-630-5067 FL Clearw.t .. 
Add Elctrns., 315-437-0300 1.11 Wes, B .... V. M •• lell Hutto, Hawkins, Peregoy (H.H.P.), 813-797-

OH E·II.waod Adicom, TEL: 011-49-89-479699 4447 
Argent Inds., 513-836-8633 Iitt West Gar ... ,. Milich Fl Ft. Lludlrdale 

OH S.I.I Kontron Elecktronik GmbH, TEL: 011-49-89- Hutto, Hawkins, Peregoy (H.H.P.), 305-971-
REH Elctrns., 216-248-1636 31901-381 5750 
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Mitel Corp. (Cont) CII RlatHld. Brttlsl C ...... II CA S .. ·YVIIe 
Deskin Sales, 604-273-4963 Pacesetter Elctrns., 408-734-5470 

FL .altlud Iitt ArpItIIl, B.II AItIS CA TISUI 

Hutto, Hawkins, Peregoy (H.H.P.), 305-831- VEL S.R.L., TEL: 46-2211 Anthem Electronics, 714-730-8000 I 
2474 IIU AIStralll, Spl., CO e.,1twted 

I SA Alilita 
Benmar IntI. pty. Ltd., TEL: (02) 233-7939 Anthem Electronics, 303-790-4500 

Marty Marketing, 404-393-2325 'IU Austrl •• Sclllytlguu CO e.llewlld 

IL Oa*_ 
Burisch GMBH & Co. KG, TEL: (0-22-2) 38 76 Industrial Elctrns. Inc., 303-694-9444 

Mitel Semiconductor. 312-655-3930 
38 CO WlSllllas'" 

IL ... 11II ....... s 
1111 On_rk. C.,.. ... D-I Associates, 303-429-9369 

KMA Sales. 312-398-5300 
Advanced Eltrn. of Denmark APS, TEL: (01) CT Easl Havil 

Ft. Wa,.. 
194433 J.V. Elctrns., 203-469-2321 II 1111 Uta_n, Clpa.,. 

Scott Electronics Inc., 219-484-7865 FL Ft. Lllderdale 

II Iidlellpolis 
Mitel Semiconductor, TEL: 01-134712 . Time Elctrns., 305-974-4800 

Scott Elctrns. Inc., 317-897-9976 1.11 Flllad. llllsil'" IL lorthbrook 

IS Ovwtud Park 
Vleiselektroniikka OV, TEL: 90-558841 Classic Comps., 312-272-9650 

Iitl Fruce. LaVlllels P.rll 
Advanced Tech. Sales, Inc., 913-492-4333 Technology Resources SA, TEL: (1) 757 3133 

II ladllupolls 
MD 1I1t1 ... Graham ElectroniCS, 317-634-8208 

Micro Compo Ind., 301-247-0440 
I.tt ..... , ... c ... 

MA WII.I.,III Atlanlik Elektronik GmbH, TEL: 010 49-89-
MA aarlll.tli 8572086/89 

R C Comps., 617-657-4310 
Access Systems, .617-229-2433 Iitl ar.ca. At"s 

.1 Mlluapolls .. Tray CyberneticS, TEL: 01030 1 9588464 Industrial Components, 612-831-2666 
Scott Elctrns. Inc., 513-791-2513 Iitl HIllin. WISSIIIIW MS MI ... 

• law.' • Werner Elctrns. BV, TEL: 01751 19225 Falcon Communications, 314-276-5169 
T.W.C. Sales, 612-636-1770 1111 H •• K ••. K ...... I" BtlllUlwr 

MO St. L.II Chinam Associates, TEL: 3·7441186 Mid Atlantic, 609-931-5303 
Advanced Technical Sales, 314-721-4401 

I Iitl H •• K •• , K .. IUI 1M AI".ql ... ,,, 

I II MIItnI Draco Inll. Ltd., TEL: 3-891331, 3-446117 Sterling Elctrns. Inc., 505-884-1900 
Acc.es.s Systems, 60-3-673-0554 iIii iitag K ... f_ •• ICV 1'1;1;.1 •• 

It" IIIdd.nlld Mitel (ASia) Ltd., TEL: 0-4636-41-6 ACI Eictrns. Corp., 516-293-6630 
Mesa Techn. Assocs., 609-429-9531 l1li lid .. , ........ IY SyraCISt 

IY Ctlgers Flash Entprs., TEL: 72660 ADD Elctrns., 315-437-0300 
l.R.C. Assoc., 914-268-4435 IIU Imll. Hd. OH Clenleld 

IY E._ .... t. Vectronics, TEL: (052) 56070/56071 CAM/RPC ElectroniCS, 216-461-4700 
Tri Tech ElectroniCS, Inc., 716-586-0260 I.U Italy •• 'lul OK TIIII 

IY EIdWIII AMI Elettronica SRL. TEL: (02) 4088441 Quality Comps. Inc .• 918-664-8812 
Tri Tech Elclrns., Inc., 607-754-1094 .. II .Ia,... THy • TI Addis. 

IV F.yenlvII. Mitel Japan, TEL: (03) 402-9941 Quality Comps. Inc., 214-387-4949 
Tri Tech Elctrns., Inc., 315-446-2881 I.U JI,.I, Tokyo TI A.sUI 

IY FIIIIkIII TOkjo E1ectron l.tIf.;'TEl: 03-343-4411 Quality Comps. Inc .• 512-835-0220 
Tri Tech ElectroniCS, Inc., 914-897-5611 1111 K_.SUIt TX Huat. 

IY V • ..., Ctttaet Duksung Trading Co .• TEl: 854-5047 Quality Comps. Inc., 713-722-7100 
l.R.C. Assocs., 914-268-4435 IIU lew Zllilld. beiliud TI _rilld 

IC ........ 
G.T.S. Engrg. Ltd., TEL: 456-745, 543, 214 Quality Components. 713-491-2566 

A.B. Andrews & Co., 919-549-0563 IIU I ... ,. Alk. VA a_Al_ 
ON CllClIIIU Intalco AS, TEL: (47 2) 78 06 76 He(mltage. 804-798-3830 

Scott Elctrns. Inc., 513-791-2503 l1li SHtll AfrIca WI ....... 
ON CIntIIId Promllect (PTY) Ltd., TEL: (011) 789-1400 Paccom Inc., 206-883-9200 

Scott Elctrns. Inc., 216-473-5050 liD SHtll W .... , awnt WI ..... ON K ....... Mitel Semiconductor, TEL: 0291-423262 TaylorEleclric Co., 414-241-4321 Scott Elctrns. Inc., 513-294-0539 I.U s,all ... drld WI IItw kill 011 ......... Compania Electronica, TEl: 754-30 01/77, Classic Components. 414-786-5300 Scott flctrns. Inc., 614-863-1281 
PI IImt1IwI 

754-30-77 C. ........ DItarII 

Mitel Semiconductor, 215-449-5556 
I.U Swtd., SIICkHl. lentronics, 416-451-9600 

PI PIIIIII .... 
lM Ericsson Telemateriel AB. TEL: 46 8 en Blnlb,. BrllIsII Col •• "1I 

Scott EIctms. 1nc ... 412-963-6116 
7424180 R-A-E Indl. Elctrns. Ltd., 604-291-8866 

IIU Swltztrilid. ZIrIctI Call C.I,.ry, Alberti TX AuHI 
Logic 1,512-459-1297 '" 

EGLI Fischer & Co., TEL: (01) 202 02 34 lentronics. 403-272-1021 
lID T ...... TllpeI CH EdlllIIlI,AllltrII TX ..... Fairply Enterprises, TEL: 561-2156, 541-

Mite! Semiconductor, 214-387-5581 6135/6133 
R-A-E Indl. ElectroniCS Ltd .• 403-451-0001 

TX ....... IIU Ullted KII.d ... Elllx 
C. 0111... O.tartl 

Logic 1, 71~2-0641 Zentronics, 613-238-6411 

TX ...... Pronto Elctrns. Sys., TEL: 01-554-6222 C. Ric ....... BrItIsl CaIIItIIII 
logic 1, 214-234-0765 lentronics, 604-273-5575 

UT SIlt lalli City Dlstrlbllars Cal St. Lalnat, 0 .... 
D-Z Associates, 801-268-2876 Canadian General Electric Co. Ltd., 514-989-

OT SlIt Lak. City AI. .... tsvlfll 5634/5/6 
Electrodyne Inc., 801-486-3801 Contact Elctrns .. 205-881-9321 Cal St. L ..... 0IIIIIc 

WI ........ AZ ......... Zentronics, 5J4-735-5361 
Quadra Sales Corp., 206-883-3550 Sterling Elctrns. Inc., 602-258-4531 C. T •• II. DlIarIt 

WI ...... AZ T.,. Canadian General ElectriC Co., Ltd., 416-530-
KMA Sales Co., 414-259-177 1 Anthem Electronics, 602-244-0900 2700 

C. EIIIItItu, AIIIrt1 CA CUtswri C. W.twIII. Oltart. 
Deskin Sales,403-451-4805 Anthem Electronics, 213-700-1000 Zentronics, 519-884-5700 

CtI 1IIrtIIIII ......... CA 
811_ 

CH Wi .......... ". 
Deskin Sales, 416-496-2511, 416-475-1412 Anthem, 619-279-5200 Zentronics, 204-775-8661 

C. 1IIIIrtII, .... CA 811 ..... IltI ArguUa, a.I' Aim 
Deskin Sales, 514-331-2860 Anthem ElectroniCS, 408-946-8000 VEL S.R.L., TEL: 46-2211 

C. Ottawa, DltarIt CA SaatI All 1111 Autnlll, SyIIaty 
Deskin Sales, 613-238-4542 Pacesetter Elctrns., 714-557-7131 Benmar IntI. Pty. Ltd., TEL: (02) 233-7939 
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Mitel Corp. (Cont) 

I.tl Alstrla. Seupput 
Burisch GMBH & Co. KG. TEL: (0-22-2) 38 76 
38 

I.tl DelIIIJt 
Mitel Semiconductor. TEl: 01-134712 

I." GntC •• At ••• , 
Cybernetics. TEL: 01030 1958 8464 

I.tl Hollull. WIIlllIIr 
WernerElctrns. BV. TEl: 01751 19225 

latl H ... K .... K ...... 
Draco Inti ltd .• TEL: 3-891331. 3-446117 

I.tl HII, KOI" T ... Wa. 
Mitel (Asia) ltd .• TEL: 0-4636-41-6 

I.tl '.1111 ......... 
Flash Entprs .• TEL: 72660 

,." Italy. "II" 
AMZ Elettronica SRl. TEL: (02) 4088441 

I.tl Ja,. •• Tiky. 
Mitel Japan. TEl: (03) 402-9941 

l.tI ..., ••• Taky. 
Tokyo Electron ltd .• TEL: 03-343-4411 

,.tI lI.rwa,. AllIer 
Intelco AS. TEL: (47 2) 78 06 76 

I.tl Swltzlrll.,1. ZIf'IU 
EGlI Fischer & Co., TEL: (01) 202 02 34 

1111 UIIIIII KI ....... Eutx 
Pronto Elctrns. Sys .• TEL: 01-554-6222 

Mitsubishi Electronics 

Mitsubishi Electronics AmArica, Inc. 

Semiconductor Division 
777 North Pastoria Avenue 
Sunnyvale, California 94086 
408-730-5900 
TELEX: 172296 MElA SUVL. 
TWX: 910-339-9549 

4988 

Call Diplomat 
For 

J... MITSUBISHI 
ELECTRONICS 

• San Francisco, CA(408) 734-1900 
Los Angeles, CA (213) 7()()..8700 
Orange County, CA (714) 549-8401 
San Diego, CA (619) 292-5693 

• Salt Lake City, UT (801) 48&4134 
• Denver, CO (303) 74Q-8300 
• Chicago, IL(312)595-1000 
• Boston, MA(617)935-6611 
• Danbury, CT (203) 797-9674 
• Melville, NY (516) 454-6400 

Syracuse, NY (315) 652-5000 

• Totowa, NJ (201) 785-1830 
• Columbia, MD (301) 995. 1226 
• Atlanta, GA (404) 449-4133 
• Clearwater, FL (813) 443-4514 

DIPLDMAT~ 

Monolithic Memories 

",""'e .......... lac. 
217511isa101 C ...... Blv4. 
Sa.ta Clan. CA 95050 
408-970-9700 

SailS OffiCI & alpreslltailles 

AL IttItsvllll 
REP, Inc., 205-881-9270 

AI Sc.tlalllII 
Summit Sales. 602-998-4850 

CA Au.n 
Thresum Assoc., 916-269-1543. 

CA Ina 
Monolithic Memories, 714-556-1216 

CA CupertiI. 
Monolithic Memories, 408-996-1477 

CA Clplrll •• 
Thresum Assocs., 408-996-9889 

CA F ••• llla VIIIIy 
Bager Elctrns., 714-957-3367 

CA Inl .. 
MonoUthic Memories, 714-556-1216 

CA Paslll ... 
Monolithic Memories, 714-556-1216 

CA Sa Ola .. 
Littlefield & Smith. 114-455-0055 

CO O.VIr 
Monolithic Memories, 303-423-1020 

CO W_trl ... 
Waugaman Assocs., 303-423·1020 

CT 11rI~ HIV .. 
Comp Rep Assocs .• 203-239-9762 

FL AIII ... I. SlIrllp 
Dyne-A-Mark,305-831-2097 

FL Clllrwltir 
Dyne-A-Mark.813-441-4702 

FL Fort La •• llall 
Dyne-A-Mark, 305-771-6501 

FL Pal. aa, 
Dyne-A-Mark,305-727-0192 

SA lI.rerOll 
Monolithic Memories, 404-447-4119 

SA Tucker 
Rep, Inc., 404-938-4358 

IL L •• ar' 
Monolithic Memories, 312-932-1940 

IL 1IIIII'VilII 
Monolithic Memories, 312-961-9200 

IL RolIIl, Mllllow, 
Sumer. 312-991-8500 

II 11II1I •• polls 
leslie M. DeVoe, 317-842-3245 

IA Clllir Rlpills 
S & 0 Sales, 319-393-1845 

ItS Dill •• 
Rush & West, 913-764-2700 

MO 1I11I •• n 
Monolithic Sales, 301-296-24# 

·MA Q .... ,.rII 
Monolithic Memories, 617-256-3573 

IIA Fri.' ..... 
Monolithic Memories, 617-875-7373 

MA Wu"" 
Comp Rep Assocs., 617-329-3454 

MI Grout Poill 
Greiner Assocs.,313~499-O 188 .. Ed ... 
Mel Foster Technical Sales, 612-941-9790 .. Edl.a 
Monolithic Memories, 612-922-2260 

110 lI'twl. 
Rush &West,314"394-7271 

IIJ S.1SI.l 
Monolithic Memories, 201-875-9430 

IIJ T ... let 
R. T. Reid Assoc., 201-692-0200 ... ......... 
BFA Corp., 505-292-1212 

II' E. Roc .... 
Tri-Tech ElectroniCS, 716-385-6500 

II' E.llwlll 
Tri-Tech ElectroniCS, 607-754-1094 

II' Faptt"lI11 
Tri-Tech Electronics, 315-446-2881 

II' Fls.kJU 
Tri-Tech Electronics. 914-897-5611 

IIC RlIII •• 
Rep. Inc., 919-851-3007 

OH CI.el •• 1I 
Makin Assocs., 513-871-2424 

OH Col_us 
Makin Assocs .• 614-459-2423 

OH Datt .. 
Monolithic Memories, 513-439-0470 

OH Kilt 
Makin Assocs., 216-921-0080 

OK Til .. 
West Assocs .• 918-492-0390 

OR PIII1IIII1 
N. W. Mktg., 503-297-2581 

PA Onlull 
CMS Mktg., 215-885-5106 

TIl JIffIrs .. CIIy 
Rep, Inc., 615-475-4105 

TX Aulla 
West Assocs., 512-454-3P81 

TX Dalla 
Monolithic Memories, 214-690-3812 

TX DIU .. 
West Assocs., 214-248~ 7060 

TX HiislOl 
West Assocs., 713-777-4108 

UT Sail Llk. CIIy 
Waugaman Assocs., 801-261-0802 
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Monolithic Memories (Cont) CT Wallillforll NJ MI. La.nl 
Kierulff Electrns., 203-265-1115 Marshall Elctrns., 215-627-1920 

Restn 
CT Willil.forli NJ NIUer 

VA Marshall Elctrns., 203-265-3822 Vantage Electrns., 201-667-1840 Monolithic Sales, 703-620-9558 
FL Ft L •• dll'dale NM AIII.IIIIII111 

WA BelilvlI Arrow Elctrns., 305-776-7790 Arrow Elctrns., 505-243-4566 
Northwest Mktg., 206-455-5846 

FL FI. La.llnall NM Alb·1I1II'1I1I 
WI arHkftll. Hall-Mark E!ctrns., 305-971-9280 Bell Inds., 505-292-2700 

Sumer, 414-784-6641 FL Orlllllo NY B.ffalo 
CII an.,tDl, O.urla Ha"-Mark Elctrns., 305-855-4020 Summit Distrs., 716-884-3450 

Cantec, 416-791-5922 FL Pal. Bar NY Easl SyraCiu 
eal Doillr' 011 Onnllx. 0MIIIc Arrow Elctrns., 305-725-1480 ADD Elctrns., 315-437-0300 

Cantec, 514-683-6131 FL SI. Ptill'u.I NY E.llwlll 
Co OttawI, Oltarla Kierulff Elctrns., 813-576-1966 Marsha" Elctrns., 607-754-1570 

Cantec, 613-725-3704 SA Nerenas IIY Flr.llglillt 
CI. WIIII'ItI, Oltarla Arrow Elctrns., 404-449-8252 Arrow Elctrns., 516-694-6800 

Cantec, 519-744-6341 SA IIarcross IIY Huppup 
PR MIPIIIZ Ha"-Mark Elctrris., 404-447-8000 Arrow Elctrns., 516-231-1000 

Comp Rep Assocs., 809-832-9529 SA NarcrllS IIY Huppal .. 
Kierulff Electrns., 404-447-5252 Current Comps., 516-273-2600 

Distributors 
IL Bu.vUIt NY HI."UIII 

Hall-Mark Elctrns., 312-860-3800 Lionex, 516-273-1660 
IL Elk Grave Vllllp NY L1verpoal 

AL HHtSlll1t Kierulff Elctrns., 312-640-0200 Arrow Elctrns., 315-652-1000 
Hall-Mark Elctrns., 205-837-8700 IL Sc ........ rg NY Roelllstlr 

Al. PIIOIIlx Arrow Elctrns., 312-397-3440 Arrow Elctrns., 716-275-0300 
Kierulff Elctrns., 602-243-4101 IN 11III1.I.polls IY Rccustlr 

Al. T .... Advent Elctrns., 317-872-4910 Summit Distrs., 716-334-8110 
Anthem Elctrns., 602-244-0900 IN 111I1I1.,lIls NC 81111111 

~ T;;;;; Arrow Eictrns., 317-243-9353 Haii-iviark Eictrns., 9i9-872-07i2 
Bell Inds., 602-966-7800 IA CIIIlr' Rapilis lie Rlltlill 

AI T .... Advent Elctrns., 319-363-0221 Resco Raleigh, 919-781-5700 
Marsha" Elctrns., 602-968-6181 IA Cedlr R1pllls NC Wllst .. -sa .. 

AI TIC ... Arrow Electrns., 319-395-7300 Arrow Elctrns., 919-725-8711 
Kierulff Elctrns., 602-624-9986 . KS L.IXI OH CIIItll'"VllIt 

CA eal. Part Hall-Mark Elctrns., 913-888-4747 Arrow Elctrns., 513-435-5563 
Marshall Elctrns., 213-999-5001 MD BlliIIIori 011 ClIYIfIiIi 

CA CIllUWd Arrow Elctrns., 301-247-5200 Hall-Mark Elctrns., 216-473-2907 
Anthem Elctrns., 213-700-1000 MD BIIII.II'I OH Col ...... 

CA CIlIlswtrlll Hall-Mark Elctrns., 301-796-9300 Arrow Electrns., 614-885-8362 
Arrow Elctrns., 213-701-7500 • ....... 011 DIytGII 

CA EI M .. II Kierulff Electrns., 301-247-5020 Marshall Elctrns., 513-236-8088 

Marshall Elctrns., 213-686-0141 lID Gal ..... arg OH SoIDl 

CA Irvl.1 Pioneer Wash., 301,948-0710 Arrow Elctrns., 216-248-3990 

Marshall Elctrns., 714-556-6400 MA Billerica OH Westervllit 

CA LesAl ..... Kierulff Elctrns., 617-667-8331 Ha"-Mark Elctrns., 614-891-4555 

Klerulff Elctrns., 213-725-0325 MA BIrIiItI- IH( T .... 

CA IIwport Buell Lionex, 617-272-9400 Hall-Mark Elctrns., 918-835-8458 

Arrow Elctrns., 714-851-8961 MA WHIrl OK TRIa 

CA Pall Alt. Arrow Elctrns., 617-933-8130 Quality Components, 918-664-8812 

Kierulff Elctrns., 415-968-6292 MI All Arllor OK Tulsa 

CA Su 0 .... Arrow Elctrns., 313--971-8220 Radio, Inc., 918-587-9123 

Anthem Elctrns., 619-279-5200 MI Gnu Rlpln OR Partllu 

CA Sal BlIp Arrow Electrns., .616-243-0912 Kierulff Elctrns., 503-641-9150 

Arrow Elctrns., 619-565-4800 MI Gnlll Rapllls PA H.rslll. 

CA SIIDIega 
RS Elctrns., 616-241-3483 Pioneer/Delaware Valley, 215-674-4000 

MI Kalltuz .. PI ...... OIVII .. 
Kierulff Elctrns., 619-278-2112 

AS Elctrns., 616-381-$470 Arrow Elctrns., 412-856-7000 
CA Sal J.u MI L1vull TX AllIII ... 

Anthem Elctrns., 408-946-8000 RS Elctrns., 313-525-1155 Quality Comps., 214-387-4949 
CA SOlrv11t Mil BI ... IIglu TX A.snl 

Arrow Elctrns., 408-745-6600 Hall-Mark Elctrns., 612-941-7500 Hall-Mark Elctrns., 512-258-8848 
CA SIII"I" Mil E .... TX AlSnl 

Diplomat/Westland, 408-734-1900 Arrow Elctrns., 612-830-1800 Quality Comps., 512-835-0220 
CA Tnt .. .11 EIIII. TX OIll1s 

Anthem Elctrns., 714-730-8000 Kierulff Elctrns., 612-835-4388 Arrow Elctrns., 214-386-7500 
CA TlSltl MO Mlrrtalll HII"ls TX Ollila 

image Eictrns., 714-730-0303 Hall-Mark Elctrns., 314-291-5350 Hall-Mark Elctrns., 214-234-7300 
CA TIIIII 110 SI. LuIs TX Hustu 

Kierulff Elctrns., 714-731-5711 Arrow Elctrns., 314-567-6888 Hall-Mark Elctrns., 713-781-6100 
CO AIr .... III ........ TX SIIfIIr4 

Arrow Elctrns., 303-696-1111 Arrow Elctrns., 603-668-6968 Arrow Elctrns., 713-530-4700 
CO e.11ew .... IJ CMrry HIli TX Slprlull 

Anthem ElectroniCS, 303-790-4500 Hall-Mark Elctrns., 609-424-0800 Quality Comps., 713-491-2255 
CO e. ........ ILl FalrfIIN or Salt Llkl CIty 

Kierulff Elctrns., 303-790-4444 Arrow Elctrns., 201-575-5300 Bell Inds., 801-972-6969 
CO W ....... IJ Falrfltlll UT San Llkl City 

Bell Inds., 303-424-1985 Kierulff Elctrns., 201-575-6750 Kierulff Elctrns., 801-973-6913 
CT SHIll ..... 1Ik NJ FllrfIIW WA IIIIInII 

Bond Elctrns., 203-852-1001 Lionex, 201-227-7960 Almac ElectroniCS Corp., 206-643-9992 
CT WIIHagftrII ILl ........ WA BIIIIvII 

Arrow Elctrns., 203-265-7741 Arrow Elctrns.,. 609-235-1900 Arrow Elctrns., 206-643-4800 
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Monolithic Memories (Cont) 1.11 Isnll. Til Avl" 
Telsys Ltd., TEL: (3) 494891-5 

Sales Office " Re~resentatlves 
WA w.o., I.tl Italy. MIlIIO 

Anthem Electrns .• 206-881-0850 Comprel S.R.L., TEL: 2-6120641 
1.11 Autrll. VI •• I 

WA Tukwlll Iitl Jap ••• Tok,o 
Transistor Vertriebsges. mbH, TEL: (0222) 

Kierulff Elctrns., 206-575-4420 Monolithic Memories Japan KK, TEL: 3-207-
3131 829451. 829404 

WI O.k Crllk 1111 Bllal ••. BruUlls 
Arrow Elctrns., 414-764-6600 1111 La lIIIecq-Kml ... Fn.ca 

Mostek International. TEL: 02/762.18.80 
WI O.ke ..... Bellion-Electronique, TEL: 9-(98)-28-03-03 

1.11 Bllala •• BrasHls 
Hall-Mark Elctrns., 414-761-3000 I.tl Norway. Oslo Sotronic, TEL: 02-736.10.07 

WI W •• k"o Henaco AlS, TEL: 2-162110 1.11 O .... n. CopIIo .. 
Kierulff Elctrns .. 414-784-8160 1.11 Plun eMil. Fn.ca Semicap APS, TEL: 01-22.15.10 

eal Bra.ptOl. Olt.rlo Composants S.A., TEL: 9-(56)-36-40-40 1.11 FI.la.d. ,Hllsl.kl 
Zentronics Ltd., 416-451-9600 1.11 Sloal, Kora Insele Oy, TEL: 0 735 774 

ea. ealpry, 1IWta Duck Woo Trading Co., TEL: 725-1330 I.tl Fr •• c •. BUC 
Zentronics Ltd .• 403-230-1422 Iitl Slyull". Fr.lc. Copel. TEL: (1) 956.10.18 

CIt M .. trul. QuII.c Generim. TEL: 1-(76)-49-14-49 1.11 Fn.ca. B ••••• II 
Future Elctrns .• 514-694-7710 1.11 SI.p,an, K.II. Ayer Mecodis. TEL: (1) 339.20.20 

, C •• Mo.tral, O .... ec Dynamar International Ltd .• TEL: 747-6188 1111 Frllca. C.IIOI/SI.I. 
Zentronics Ltd., 514-735-5361 1.11 Sout. Africi. Pillpwri. Facen 

'eal fllpa •• O.t.rlo Promilect Pty Ltd., TEL: 789-1400 Iiltl Fr.lca. Fr" ... CMlx 
Zentronics Ltd .• 613-226-8840 Iitl Sp.II. M.dr" Mostek France s.a.r.l .• TEL: (1) 666.21.25 

i eal Rlc"OI'. BrIll. c.t.llil Sagitron. TEL: (1) 402-6085 1111 Fruca. Lilli 
Zentronics Ltd .• 604-273-5575 1.11 SamY I.tl. E •• III' Facen 

, CIt Torolto. O.tart. Microlog Ltd., TEL: (04862) 66771 1111 Fn.ca .... troa .. 
Future Elctrns .• 416-663-5563 1.11 S ..... Sell. P.E.P .• TEL: (1) 735.33.20 

eal V.ICOU"". BrllIs. Col_I. Naxab, TEL: 8-985140 Iitl Fr •• ca. Nllc, 
RAE Elctrns .• 604-291-8866 

I.tl &Wltllrtlld. Z.le. Facen 
ea. Wltart., 0 ....... Industrade AG, TEL: 01-3632230 till Fn.ce, Ro_ 

Zentronics Ltd., 519-884-5700 
1111 Tllwl •• TIIJIIi Facen 

~ eal Willi,... 1IuIt .... 
Multitech Inti. Corp., TEL: (2) 769-1225 .. II Fruce. RIIII. Cad •• 

Zentronics Ltd., 204-775-8661 
1.11 T., •• ...,.. Scaib, TEL: (1) 687.23.13 

1.11 Alhnrp ........ 1.11 Fnlca. Slnsboara 
D & 0 Electronics. TEL: 3-8277934 Internix Inc., TEL: (03) 369-1101 

Facen 
1111 Aulnlll ...... 1111 Takyl. Ja,.. .. II Fnlce. VIllllrUI .. 

R&D Elctrns. Pty. Ltd .. TEL: 3-288-8232 K. Tokiwa & Co., TEl: (03) 766-1300 Sorhodis, TEL: (7) 885-0044 
'Ill Alltnili. Craws list 1.11 Taky •. Jap' 1111 Fruce. WI •• aau .. Nerd 

R&D Elctrns. Pty. Ltd" TEL: 2-439-5488 Synerdine Inc., TEL: (03) 461-9311 Fac8fl' TEL: (20Y 98.92.15 
T ...... -Fn.ci ~ .. -

1111 Alltrll, WI. I.tl 1.11 6l11li'" Berll. 
Ing. Ernst Steiner. TEL: 22-8274740 Dimel. TEL: 94/414963 Dr Dohrenberg, TEL: (030) 213.80.43 

1.11 ......... Fn.ca 1.11 a .... '. Bartl. 
Datadis S.A.. TEL: 9-'1-6056000 I Neye Enatechnlk GmbH 

1.11 OIIl11f'k. KoIek •• 1 Monolithic Systems I.tl aar...,.O .... st •• 1 
C-88. TEL: 2-244888 Neye Enatechnik GmbH 

1It1 EI,Iu •. Bert,"n Monolithic Systems Corporation 1111 a .... '. O.SSIIdorf 
Macro Mktg. Ltd .. TEL: 628663011 

84 Inverness Circle East Neye Enatechnik GmbH 
1.11 E •• II.d. BI ... I ..... Englewood, Colorado 80112 1.11 a" ... ,. H ••• olIII' 

Memory Devices Ltd .• TEL: 021-455-9395 303-770-7400 Neye Enatechnik GmbH 
I.U EI.lUd. Ent MOlin, l.tI 6l11li., .• lcUII~dl 

Memory Devices Ltd., TEL: 1-9411066 Siegfried Ecker, TEL: (00061) 2233 
I.tl EI .... d. H •• ".I'I l.tI a .... '. M.IC.o 

Monolithic Memories Ltd., TEL: 9-011-44-252- Monosil Dema-Electronic GmbH, TEL: (089) 2724053 
511099 1111 a ...... ,. M •• c. 

Iitl Fruce. Aulns Monosil. Inc. Mostek GmbH, TEL: (089) 95.10.71 
Alfatronlc S.A.R.L.. TEL: 1-7914444 3060 Raymond Street 1.11 a.... •• ,. M .. _ 

1111 Fn.ca. LIS UII, CU.x Santa Clara, California 95050 Neye Enatechnik GmbH 
Generim S.A.R.L., TEL: 1-9077878 408-727·6562 1.11 6_ •• ,.10 •• a.lFlld ... 

Iitl Fr .. el. Rutl. Cedlx TWX: 910-338-0540 Mostek GmbH, TEL: (07158) 66.45 
Monolithic Memories France S.A.R.L., TEL: 1- I." a .... '. Qulckbor. 
6874500 Mostek GmbH, TEL: (04100) 2077178 

1.11 a .... '. Bartl. Mostek 1.11 a_ •• ,.O.II:kbor. 
Dr. Dohrenberg Vertriess GmbH. TEL: 030- Neye Enatechnik GmbH, TEL: (04106) 612-1 
2138043-45 1111 a .... '. Ratl'ao 

1.11 a .... ,. a.III .. -Slullgarl Mostek Corporation Raffel-Electronic GmbH, TEL: (02102) 280.24 
Positron Bauelemente Vertriebs GmbH. TEL: 1215 West Crosby Road 1.11 a ... .,. St."prt 
07 156-23051 Carrollton. Texas 75006 Neye Enatechnik GmbH 

1.11 a .... '. M •• lcll 214-466-6000 1.11 a .... '. T ...... 
Astronic GmbH, TEL: 304011 TELEX: 730423 Matronic GmbH. TEL: (07071) 24331 

1.11 GIraII., .••• Ic. s,Klflc ,rad.cI I.,.tlo.: 1.11 HOI.K"a 
Elctrn. 2000 Vertriebs GmbH. TEL: 89-434061 Microcomputers Components ............................. Jim Booth Mostek Asia Ltd .• TEL: 5.296.886 

1.11 G .... , •• a.le. Microcomputer Systems ........................... Rod Z. Wonitzer I.tl Italy. Bart 
Monolithic Memories, GmbH. TEL: 89-984961 Telecommunications ........................................ Jim Garrett Comprel s.r.1. 

I.tl a.r ... ,.Oulck •• n Memory Systems ........................................... Lee Christian .. tl 1111, ••• 10 ••• 
Nordelektronlk GmbH KG. TEL: 04106-4031 Memory Products ....................................... jeff Schlageter Comprel s.r.l. 

1.11 HIIII.kl. FIIII.d Llt.nt .. : 1.11 1111,. Btlo ••• 
Findip-Havulinna literature Department MIS 2205 Emesa S.P.A. 

lull Iisul. Holilid Prlc. ... dl""",: ,.11 It.ly. CIIIIVlfI 
Alcom Electrns. B.V., TEL: 31-10-519533 Contact Sales Office or Dist. Comprel s.r.l. 

1.11 Ildll. PIN Follow-up •• or •• : I.tl Itlly. CI.ISlllo B. 
Kryonix, TEL: 011-63805 Customer Service Comprel s.r.i., TEL: (02) 61.20.641/2/3/4/5 
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Mostek (Cant) IllI Fnu •• Ro ... 1111 UIlla KI •• d ... 0111111 •• Lluullirl 
Facen Lock Distribution Ltd .. TEL: 061-652.04.31 

IllI Frllct. Ru,11 CMtI 1I11 Ulilld Ki ..... R •• II" Berks 
I 1I11 lilly. FII'tIZt 

I 
Scaib, TEL: (1)687.23.13 Celdis Ltd., TEL: 0734-58.51.71 I Comprel s.r.l. 

1111 Fnlct. Sln .... r. .. II UIII" KI ...... TIl •••• OIH I'd lilly. L .... I. Facen Thame Components Ltd .. TEL: 084-421.31.46 
Comprel s.r.l. 

I IllI Fnlce. VllIHrIIIl .. 
IIU lilly. MI"lo Sorhodis. TEL: (7) 885 0044 

Emesa S.P.A .• TEL: (02) 869.0616. (02) IIU Fnlce. WI""1. 11m Motorola 860.307 Facen. TEL: (20) 98.92.15 
11I1 lilly. MII.lo IIU S-' .... I. 

M.lertII _ICOIdlcllr Producls Mostek Italia SRL. TEL: (02) 318.53371 Dr Dohrenberg. TEL: (030) 213.80.43 
349.2696. (02) 34.23.89 .. U G--If. a.tll 5.005 Easl McDow.n Road 

11II lilly. P ••• n Neye Enatechnik GmbH PIIIIIII. Ariz ... 85008 
Comprel s.r.l. 1111 GInIu,. Dal'llllllli Spleilic pro.lcl lI'ol'lllllon: 

1111 1111,. R ... Neye Enatechnik GmbH Local sales office 
Comprel s.r.l. 1111 GII'IIII,. Olsstldorf Appllcaliot •• I.ln.: 

IIIi lilly. Il..a Neye Enatechnik GmbH Local sales office 
Emesa S.P.A. 1111 G-llf. H .. loyer Ulanl,": 

1.11 lilly. TorIH Neye Enatechnik GmbH Local sales office 
Comprel s.r.l. 1111 GtI'IIUy. Mlcllllstdi Prlc •• d d.llvery: 

I.U lilly. Tori .. Siegfried Ecker. TEL: (06061) 2233 Local sales office 
Emesa S.P.A. IIU GII'IIIIY. Muc_ Pllce .1 .rdar: 

IIU lilly. VICIIZI Dema-Electronic GmbH. TEL: (089) 2724053 Local sales office 
Comprel s.r.l. 1III a.a..y. M"c_ Fallow-Ip .n ord.: 

I.U ... , ••• Tlkye Neye Enatechnik GmbH Local sales office 

I 
Mostek Japan KK. TEL: (03) 404.7261 

I 
i.ii .... ,. QIIckMrI 

I 1.11 III1I1tr1Hda. AIIsttr .. Neye Enatechnik GmbH. TEL: (04106) 612-1 
Sales Office & Reprasentatives Nljkerk Elektronika BV. TEL: (020) 428.933 1.11 a....,. Ral .... 

1II1 lIerwa,. Ollt Raffel-Electronic GmbH. TEL: (02102) 280.24 
AL Hulsylt .. Hetro Teknisk AIS, TEL: 02-38.02.86 1111 G--If. Sllttprt 

EMA, 205-830"4030 
1111 P ..... I.LiU .. Neye Enatechnik GmbH 

AL Hulavlll. Oigicontrole LDA, TEL: (19) 292 39 24 .. U S-,. TIIIII,_ 
Motorola, 205-830-1050 

lall s,a ... BIt'CIIttI Matronic GmbH, TEL: (07071) 24331 
AZ PlIIIIIII Comelta SA, TEL: (03) 309 5116 1111 lilly. larl 

Motorola, 602-244-7100 
IIU s,all .... rI. Comprel s.r.1. 

AZ Sctlldlil Comelta S.A., TEL: (01) 7543001 .. lI lilly. Btl .... 
Motorola Semiconductor Inter-Company 

Iitl Sw ..... Flrata Comprel s.r.l. 
Office, 602-949-3811 

Traco AB. TEl: 08-13.21.60 .. II Italy. 8tItpI 
AZ T..,. Emesa S.P.A. IIU SWtdIa. JarfIII 

1111 nlly. CIII.nrl I.M. Systems, 602-829-0044 
Mostek Scandinavia AB, TEL: 08-36.2820 CA E.cl.o/S~_ .. Olks 

1111 SWIIzlrllld .......... Comprel s.r.l. 
Motorola, 213-986-6850, 213-872-1505 1111 Italy. Cltl""t B. Memotec AG, TEL: 063-28.11.22 

Comprel s.r.i., TEL: (02) 61.20.641/2/3/4/5 CA IlgltwoM 
1111 U.I ... It ...... Gutl HIli. IH". EaaII 

Iitl Italy. FII'IIZI BasiC Sys. Corp., 213-673-4300 
Pronto Elctrn. Systems Ltd., TEL: 01-

Comprel s.r.1. CA On .... 
554.62..22 

1111 Italy. ttrtla Motorola. 714-634-2844 
.. U U ..... It ...... IIIrttw. Eaatl 

Comprel s.r.l. CA Sll 0",. 
VSI Elctrns. (UK) Ltd., TEL: (0279) 35477 

.. II lilly. MIIIH Basic Systems Corp .• 714-999-6566 
IIU U.I ... K ...... L ..... 

Emesa S.P.A., TEL: (02) 869.0616, (02) CA SaiD .... 
Mostek U.K. Ltd., TEL:'Ol-2049322 

860.307 Motorola, 714-560-4644 
1111 u ..... Kill ..... 0lIl ......... UIn .. II Italy. PHln CA Sal Jill 

Lock Distribution Ltd., TEL: 061-652.04.31 Comprel s.r.l. Motorola, 408-985-0510 
1111 Uiltoll Kllp •• 1ItUtq. Bwb IIU lilly .... CA Salll Clln 

Celdis Ltd .• TEL: 0734-58.51.71 Comprel s.r.l. BasiC Sys. Corp., 408-727-1800 
.. tl UtI ... ~. DaI. 01. .. U Italy ..... CO Cllando SprII" 

Thame Components Ltd., TEL: 084-421.31.46 Emesa S,P.A. Motorola, 303-599-7404 
1111 lilly. T arltt CO . O.VIr 

Comprel s.r.1. Motorola, 303-773-6800 Dislrlb.tors 1111 Italy. Tori .. CT GII_ 
Emesa S.P.A. Northern Computer Sales, 203-491-3585 

1111 AIItrII. VIlla· IItt lilly. VlCIIZI CT IItw HIV./IIa'" Transistor Vertrlebsges. mbH, TEL: (0222) 
Comprel s.r.l. Motorola, 203-281-0771 

829451,829404 
1111 JlllIItrIII.,. AllaI.'I. FL CtaaIIHrry/ .. IIIII. 

1111 _ ... IrIIstIa 
Nijkerk Elektronika BV, TEL: (020) 428.933 Motorola, 305-831-3422 

Sotronlc, TEL: 02-736.10.07 IIU II ... ,. Dill FL DttrIItI .... cll 
.. II DtIut. c.,. .... Hefro Teknisk AIS, TEL: 02-38.02.86 Pen-Tech Assocs., 305-421-4989 

Semicap APS. TEL: 01-22.15.10 1111 PtrtIPI. LIaIItI FL FI. L.I ........ 
1111 AI ..... HtIIIllIl Oiglcontrole LOA, TEL: (19) 292 39 24 Motorola Semiconductor Inter-Company 

Insele Oy, TEL: 0 735 774 1.11 Spli. 1In:tI .. Office, 305-475-6120 
Ittt ~.- Cometta SA, TEL: (03) 309 5116 Fl IItitIIIII 

Copel. TEL: (1) 956.10.18 Ittt Spll ........ Pen-Tech Assocs., 305-645-3444 
.. U FnIct. ......... Comelta SA. TEL: (01) 7543001 FL P..,..I "'cll/FI. L ........ 

Mecodls, TEL,: (1) 339.20.20 1111 SWtdtt. F.rata Motorola, 305-491-8141 
.. II Fruct. CIIIItI/SItH Traco AB, TEL: 08-13.21.60 FL Sl. PlIlrlllIIrI 

Facen Iitl SwllZlrtll ••. L .... ' .. I Motorola, 813-576-6030 
1111 Frnct. Lilli Memotec AG, TEL: 063-28.11.22 GA AIIIIII 

Facen 1.11 UIII" Itllp", Gills Hili. III ••• ESIII EMA, 404-329-0530 
1111 FnlCl. M.trtqt Pronto Elctrn. Systems Ltd., TEL: Ol- GA Alilita 

P.E.P., TEL: (1) 735.33.20 554.62.22 Motorola, 404-256-0222 
lit! Fntet. JIaIcy 1111 UII ... It ....... HarItw. EIIiI IL CIllatt/Sclla ..... 

Facen VSI Elctrns. (UK) Ltd., TEL: (0279) 35477 Motorola, 312-576-7800 
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tIElC MASTER 
INTERNATIONAL DISTRIBUTORS 

ARGENTINA, COLUMBIA, 
ECUADOR, VENEZUELA, 
MEXICO, PERU 

Intectra 
2629 Terminal Blvd. 
Mt. View, CA 94043 
Tel. (415) 967-8818 

AUSTRALIA 
A J Distributors Ply ltd. 
P.O. Box 71 
Prospect, S. Australia 5082 
Tel. 269-1244 
Telex (790) 82635 

AUSTRIA 
Becos Electronic Ges. -
M.G.H. 
Gablenzgasse 52 
A-1160 Vienna, Austria 
Tel. 0222/959145 
Telex (847) 134606 

BELGIUM 
J. P. LeMaire S.A. 
Limberg, Stirum 243 
1810 Wemmel, Belgium 
Tel. 02/4784847 
Telex (846) 24610 

BRAZIL 
Filcres Importacao 
Rua Aurora 
CEP 01209 
Caixa Postal 18767 
Sao Paulo, Brazil 
Tel. (011) 223 7388 
Telex (391) 11329~ 

CANADA 
Future Electronics 
237 Hymus Blvd. 
Pointe Claire 
Quebec H9R 5C7 
Canada 
Tel. 514-694-7710 
TWX: 610-421-3251 
Telex 05-823554 

DENMARK 
Advanced Electronlk 
55, Mariendalsvej 
DK2000, Copenhagen F, 
Denmark 
Tel. 01 194433 
Telex (855) 22431 

ENGLAND 
Paterson/Steadman & 
Partner Ltd. 
The Hub 
Emson Close 
Saffron Walden, Essex 
CB10 1HL, England 
Tel. 27067 
Telex (851) 81653 
J. B. Tratsart Ltd. 
Dogmersfield Nr. 
Ba:?kingstroke 
Hampshire RG27 8SU, 
England 
Tel. 02514 3334 
Telex (851) 916196 

FINLAND 
ITT Multikomponent 
Tyopajakatu 5 
PL 107,00501 
Helsinki 50, Finland 
Tel. 739100 
Telex (857) 121450 

FRANCE 
Conseilet Promotion 
28 Rue de la Procession 
92150 Suresnes, France 
Tel. 5064275 
Telex (842) 614596F ' 

HOLLAND 
Manudax-Nederland B.V. 
54732G Heeswijk (N.B.) 
Meerstraat 7, Holland 
Tel. 04139 2901 
Telex (844) 50175 

HONG KONG 
Conmos Products, ltd. 
Haynein Bldg., 11th Floor 
1 Tal Yip Street 
Keun Tong, Kowloon, 
Hong Kong 
Tet 3-684572 
Telex (780) 85448 

INDIA, MALAYSIA, 
SINGAPORE, THAILAND 

Radio a Craft Publications 
4794/23 Bharat Ram Road 
Daryanganj, New Delhi 2, 
India 
Tel. 277147 

ISRAEL 
STG International Ltd. 
10 Humberman Street 
P. O. Box 1276 
61012 Tel Aviv, Israel 
Tel. 248231 
Telex (922) 342229 

ITALY 
Gruppo Edltoriale Jackson 
S.R.L. 
Via Rosellini 12 
20124 Milan, Italy 
Tel. 68 80951 
Telex (843) 315366 

JAPAN 
Asahi Glass Company, Ltd. 
Electronic Co~ponents 
Group 
1-2 Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, 
Japan 
Tel. (03) 218-5813 
Telex (781) TK4616 

Overseas Data Service Co. 
Ltd. 
Shugetsu Building No. 12-7 
Kita-Aoyama 3-chome 
Minato-ku, Tokyo 107, Japan 
Tel. (03) 400-7090 
Telex (781) J26487 

~-----::--l HEARST BUSINESS COMMUNICATIONS, INC.lUTP DIVISION 
~ I 645 Stewart Avenue, Garden City, NY 11530 (516) 222·2500 TWX: 510-222-1673 

Tokyo International 
Communications Inc. 
Miyajima Bldg. 
28 Yoyogi 1-chome, 
Shibuya-ku 
Tokyo 151, Japan 
Tel. 379-2561 
Telex (781) 33106 

NORWAY 
Fagbokservice A.S. 
Ekebergn, 130B 
Box 94 
Bekkelagshogda, Oslo 2, 
Norway 
Tel. (02) 282237 

SOUTH AFRICA 
Suntronika 
Dargene House, 
10 Station Street 
Braamfontein, Johannesburg 
South Africa 
Tel. 725-1210 
Telex (960) 4-24143 

SPAIN 
Sagitron 
Castello 25, 2, 0 

Madrid-1,Spain 
Tel. 4026085 
Telex (831) 43819 

SWEDEN 
Fertronic AS 
Snoimaka,vageil 35 
Box 56, 
16126 Bromma, Sweden 
Tel. 08/2526.10 
Telex (854) 11181 

SWITZERLAND 
W. Stolz AG 
Taefernstrasse 15 
CH-5404 Baden-Daettwil 
Switzerland 
Tel. 056 840151 
Telex (845) 54070Z 

TAIWAN 
Helm Engineering a 
Trading Co. 
49 No. _ 143 Section 4 
Hsin Vi Rd. 
Taipei, Taiwan, ROC 
Tel. 709-1888 
Telex (785) 28204 

TURKEY 
EMPA Elektronik 
(Mamulleri Pazarlama AS) 
Tersane Cad. Kuthan 38/408 
Tr-Kara Koy - Istanbul, 
Turkey 
Tel. (11) 496249 
Telex 24429 

WEST GERMANY 
Astronic GmbH 
Winzererstrasse 47d 
8000 Munich 40, 
West Germany 
Tel. (089) 309031 
Telex (841) 5216187 
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Ie MASTER 

Motorola (Cont) PA Ki.. .f Prussia 1.11 Jlp.,. Tokyo 
K.S.!..215-783-64oo Motorola. TEL: 03-440-3311 

IL Fr •• ltll. P.rlt PA IIHrHvlll, IltI Kor ... Sto.1 

Motorola Semiconductor Inter-Company Carter, McCormic & Peirce, 412-372-4415 Motorola, TEL: 261-7137 

Office, 312-576-2788 PA PIIII.d.lpllll 1.11 Mulco, . D.F. 

IL IIr1"rHlt 
Motorola, 215-443-9400 Motorola, TEl: (525) 524-07~· 

Marketech Assoc., Inc., 312-291-0315 TI J ......... 1111 I.tllerilids 

II ea .... 1 EMA,615-753-5844 Motorola, TEL: (030) 443 808 

Carter, McCormic & Peirce, 317-844-4175 .. TI K •• xvUII I,U lorway, Oslo 
Motorola, 615-690-5592 Motorola, TEL: (02)671467 II Ft. Wa,. 

TX Autl. l.tI 8cotl •• 4. Ellt Kllllrlll. Motorola, 219"-484-0436 
Motorola, 512-452-7673 Motorola, TEL: (03552) 39 101 II ·,.411 •• p.lIs 

TX DlIIII lall 81 ... por. Motorola, 317-849-7060 
Motorola, 214-931-9222 Motorola, TEL: 2945438 II Kolt ... n Ft. Wortll Iitl So ... Africa ........ y Motorola, 317-457-6634 
Motorola Semiconductor Inter-Company Motorola, TEL: 786 1184 IA Cl4lr 111II4s Office, 817-232-6255 1.11 Spall. lI.drld Dy-Tronix Inc., 319-377-8275 

TX HmlH Motorola, TEL: (01) 279 0802 IA Cu.r Bapl41 Motorola, 713-783-6400 lall Sw ••. Sola. Motorola, 319-373-1328 UI ~Sa" LIlli City Motorola, TEL: 08/82 02 95 K8 K ..... City Motorola, 801-539-1190 'IIU SwllZlrl.l4. G_IVI Motorola, 913-384-3050 VA A"xa •• 11 Motorola, Tel: (022) 9"91 111 10 Hyattsvll .. Scott Data Corp., 7.03-765-7901 ,1.11 SwllZIrI.l4. Z.rlcll Motorola, 301-577-2600 VA C""I,",,"'" Motorola, TEL: (01) 730 40 74 
II BarIl. Motorola,· 804-977-3691 1.11 Tllw.a. T.lp.1 Motorola, 6~7-562-3856 :'WA ....... Motorola, TEL: 7528944-9 
IIA Barll •• IH Motorola, 206-45+4160, 206-622-WSO 

Motorola, 6 !i~273-5020 (Seattle Access) .. WIIlW'" WA IIlIIv •• Distributors 
Northern Computer Sales, 617-326-3454 Thorson Co. Northwest, 206-455-9180 

III DltrlIVWISIII.4 WI IlIw •• It .. AL H •• llvllll 
Motorola, 313-261-6200 Motorola, 414-476-5554 Hall-Mark Elctrns., 205-837-8700 

III FI ... lql. HUll ea. .. WlIV .... O.tarlo AL H •• lsv"" 
Carter, McCormic & Peirce, 313-477-7700 Motorola, 416-661-6400 Hamilton/Avnet Elctrns., 205-837-7210 

III -- CIa IIHtral. Olllhc AL HH11V1II. 
Motorola, 612-545-0251 Motorola, 514-731-6881 .Pioneer/Standard, 205-837-9300 

III ...... '111. CIa OItaWI. Otllrll AL HHmll1l 
P.S.!. Company, 612-944-8545 Motorola, 613-235-<4388 Schweber Electronics, 205-882-2200 

liD 1k14"'H en W ....... llalll ... AI PIIIHlx 
Oy-Trorux lAc;, at4-731-5700-:-~··· ..... -Motorola~ 204-889-0693 Hall-Mark Electronics, 602-243-6601 

10 114 ..... 4.ca 1.11 AulnJl •. ""Otrtl AI ..... Ix 
Dy-Tronix Inc., 816-373-6600 Motorola, TEL: (03) 561-3555 Kierulff, 602-243-4101 

110 Sf. LI.ls 1111 A •• tr.lla. Sy .. ., AZ T..,. 
Motorola, 314-872-7681 Motorola, TEL: 438-1955, 439-2242 Hamilton/Avnet Elctrns., 602-231-5100 

IJ Rlv. E4p IItl wt;' ... Vliiii AI. T.". 
Motorola, 201-488-1200 Motorola, TEl: (0222) 65 01 26 Kierulff Electronics, 602-624-9"986 

'III Q.~. 1111 Bnztl. Sao Paalo CA A ....... 
I.M. Systems, 505-293~2440 Motorola, Tel: 707-286 Zeus West, 714-632-6880 

IY E"Ht 1.11 o.a.n. BII4uxnlj CA Cu ... Parlt 
Crane & Egert Corp., 516-872-0800 Motorola, TEL: (01) 67 44 22 Schweber ElectroniCS, 213-9"99-4702 

IY F.I".... I." E.,lIld. W ..... y. 11144111U CA Cull ... 
Blaire Data Systems, Inc .• 716-223-8765 Motorola. TEl: 01-902-8836 Avnet, 714-754-6155,213-558-2345 

IY HI.". ... IItl FI'IICI. G,.. .... CA Cest. MtII 
Motorola, 516-231-9000 Motorola, TEL: (076) 90 22 81 Hamilton Electro Sales, 714-641-4111 

IY PIb.fon .... ff1ICI. Parll CA Cllv. City 
Motorola, 716-248-5494 Motorola, Tel: (01) 555-91-01 Hamilton Electro Sales/l.A., 213-558-2000 

IY PI.,"""" Iitl Fr •• e •• TI.loulI CA Cliver City 
Motorola, 914-473-8102 Motorola, TEL: (061) 41 11 88 Hamilton/Avnet Corporate Headquarters, 213-

IY SyrICU. 1.11 a...,. LH ...... HlH .... 558-2000 
Motorola, 315-455-7373 Motorola. Tel: (0511) 78-20-37 CA Irvl .. 

Ie 11111.11 I.U __ .y.II.,lcll Schweber Elctrns., 213-537-4321, 714-556-
EMA,9.19-781-9369 Motorola, TEl: (089) 92 481 3880 

Ie BaIll.1I laU GaI1Ia.y. I ........ CA l .. Ia ..... 
Motorola, 919-876-6025 Motorola, TEl: (0911) 6,5761 Kierulff Electronics, 213-725-0325 

OH CImIII4 ItII a. ... ,. 81""" CA Pale Altl 
Carter, McCormic & Peirce, 216-779-5100 Motorola, TEl: (07031) 83074 Kierulff Elctrns .. lnc., 415-968-6292 

ON C .. ntal~ I.tl G ...... y.WJ ..... 4. CA Rosevlll, 
Motorola, 216-461-3160 Motorola, TEl: (06121) 76-1921 Bell Industries, 916-969-3100 

ON C ....... 1.11 Hollla4. Utnelll CA Sacra ... to 
Motorola, 614-846-9460 Motorola, TEL: 030 510207 Hamilton/Avnet ElectroniCS, 916-925-2216 

OH Dayt. I.tl HH, KHI. HH, H •• , KowlOO/l CA Sacn.Hto 
Carter, McCormic & Peirce, 513-836-0951 Motorola, TEL: 3-632201-8, 3-336211-22 Schweber ElectroniCS, 916-929-9732 

OH 01,." I.tl Ilnll. T.I Aviv CA S •• OI .. o 
Motorola, 513-294-2231 Motorola, TEL: 338973 Hall-Mark ElectroniCS, 714-268-1201 

OK lreIt_ Arrow 1111 1I.ly, I ...... CA SIIOI ... 
Genzel Sales & Assoc., 918-258-8656 Motorola, TEL: (051) 533 446 Hamiiton/Avr.et Elctms., 714-571-7510 

OK Til .. IIII Italy. llila. CA S •• OI .. o 
Motorola, 918-664-5227 Motorola, Tel: (02) 824 2021, 824-2046 Hamilton/Avnet Electronics, 714-571-7510 

OR I .. Vll'lol 1.11 lilly. B ••• CA SII 01,,1 
Thorson Co. Northwest, 503-644-590g Motorola, TEL: (03) 831 4746 Kierulff Elctrns., 714-278-2118 

DB PII'II •• 4 lall J.p ••. 0 .. 0 CA S'lta CI.,. 
Motorola, 503-641-3681 Motorola, TEL: (06) 305 1801 Schweber Elctrns., 408-496-0200 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Motorola (Cont) IA CHlr Rlplds 11M AIbIQIll1l" 
Schweber Electronics, 319-373-1417 HamiltonlAvnet Elctrris., 505-765-1500 

81aaynll 
KS O,mlad Plrk IY BII •• alol 

I CA 

I Hamiiton/Avnet Elctrns., 913-888-8900 Pioneer-Harvey, 607-748-8211 
Bell Inds., 408-734-8570 

KS SIIIWI .. IY Ellt SyrIA .. 

I 
CA Snl,,11t Hall-Mark Elctrns., 913-888-4747 Hamilton/Avnet Elctrns., 315-437-2641 

Hall-Mark Electronics, 408-773-9990 MD IIIlI.or. IY Elallm 
CA Snl"I" Hall-Mark Elctrns., 301-796-9300 Zeus Comps., 914-937-7400 

Hamilton/Avnet Elctrns., 408-743-3360 MD BlltI ... IY Fllrport 
CA Tutll Kierulff Electronics, 301-621-2592 Pioneer-Harvey Ectrns., 716-381-7070 

Kierulff Electronics, 714-731-5711 MD Glltll ...... IY HII',. ... 
CA Woodllad HUll Pioneer/Standard, 301-948-0710 lionex Corporation, 516-273-1660 

Hamilton/Avnet Electronics, 213-887-2353 MD GIIIHrllllr. IY HI.,.."" 
CO DeI.er Schweber Elctrns., 301-840-5900 Pioneer-Military, 516-231-9200 

Hamilton/Avnet Elctrns., 303-740-1017 MD HIIO •• IY Mllvillt 
CO 0. ... Hamilton/Avnet Elctrns., 301-621-5410 Hamilton/Avnet Elctrns., 516-454-6000 

Kierulff Elctrns., 303-371-6500 MA BHlord IY Roclleller 
CO Ea .... ood Schweber Elctrns., 617-275-5100 Hamilton/Avnet Elctrns., 716-475-9130 

Hall-Mark Electronics, 303-694-1662 MA BeslOO IY Roe .... 1Ir 

CO W .... trld .. Kierulff Elctrns., 617-667-8331 Schweber Elctrns., 716-424-2222 
Bell Industries, 303-424-1985 MA Best .. IY VIIIII 

CT D .. lllry Lionex Corp., 617-272-9400 Pioneer -Harvey Elctrns., 607-748-8211 
Hamilton/ Avnet Elctrns.,· 203-797-2800 MA 8.rlll.tOl IY W.tllorr 

CT o.alliry Zeus Comps., 617-273-0750 Schweber Elctrns., 516-334-7474 
Schweber Elctrns., 203-792-3500 MA C ..... IY Wo.lllry 

CT lorwllk Impact Sales Co., Inc., 617 821-1550 Pioneer-Harvey Elctrns., 516-921-8700 

I 
Harvey Elctrns., 203-853-1515 III L.xla.tOl IC GrIIIIlllora 

FL Altl •• ta S,rII,S Harvey Elctrns., 617-861-9200 Kierulff ElectroniCS, 919-8~-9440 
Pioneer/Florida, 305-834-9090 MA ......... IC GrllllSlI ... 

FL A ....... S,rt. ,Impact Sales Co., Inc., 617-444-3971 Pioneer/Carolina, 919-273-4441 

Schweber ElectroniCS, 305-331-7555 MA W,"rl IIC HlItI.1I 

Fl Fl.L ...... Hamilton/Avnet Elctrns., 617-935-9700 Hall-Mark Elctrns., 919-832-4465 

Hall-Mark Elctrns., 305-971-9280 MI Grnd Rlpl •• IIC RII.II" 

Fl Fl.LI ....... Hamilton/Avnet ElectrOniCs, 616-243-8805 Hamilton/Avnet Eletrns., 919-878-0810 

Hamilton/Avnet Elctrns., 305-971-2900 MI LI, .... OH ........ 
FL Ft. Ln_d ... Hamilton/ Avnet Eletrns., 313-522-4700 Schweber Elctros., 216-464-2970 

Kierulff Electronics, 305-486-4004 Me LlnIia OR Clltervllt. 

Fl Fl.LI ........ Pioneer -Standard Elctrns., 313-525-1800 Hamilton/ Avnet Elctrns., 513-433-0610 

Pioneer/Ft. Lauderdale, 305-771-7520 MI UVOIla OM Cllctlllltl 

FL H.It,.OId R S Eletrns., 313-525-1155 Graham ElectroniCS, 513-772-1661 

SChwebk Elctrns., 305·927-0511 • Uw" OH Clmllld 

FL Orll ••• Schweber Elctrns., 313-525-8100 Hall-Mark Elctrns., 216-473-2907 

Hall-Mark Eletrns., 305-855-4020 MI M •• ISH IIIIgIItI OH CImIIItI 

FL Orll.d. McNaughton-McKay Electric CO., 313-399- Hamilton/Avnet Elctrns., 216-831-3500 

Pioneer/Orlando, 305-859-3600 7500 OH Clnlllld 

FL St. hi ....... MIl .......... Pioneer/Standard, 216-587-3600 

Hamllton/Avnet Elctrns., 813-576-3930 Hall-Mark Elctrns., 612-854-3223 OH DIyIII 

FL St.PtIIrsII .. MI Ell. Pralrll Pioneer/Standard, 513-236-'9900 

Klerulff Eletrns. Inc., 813-576-1966 Schweber Eletrns., 612-941-5280 OH 0Iyt .. 

SA AUllta •• E.ln Schweber Electronics, 513-~-1800 

• Schweber E1ctrns., 404-449-9170 KierUtff Elctrns., 612-941-7500 OR W .......... < 

SA I.cr.ss 
MIl .llIIIab Hall-Mark Eietrns., 614-846-1882 

Hall~~arkElectronics, 404-447-8000 
Hamilton/Avnet Eletrns., 612-932-0664 OK Tlla 

MI MIuII.1ea Hall-Mark Elctrns., 918-835-8458 
SA IIercrIIs PioneerlTwin Cities, 612-935-5444 < OK T .... 

Hamilton/Avnet Elctrns., 404-447-6027 • EartIICIty Kierulff Electronics, 918-252-7537 
SA IIorcross Hall-Mark Elctrns., 314-291-5350 OK Tlla 

Klerulff ElectroniCS, 404-447-5252 Me EartIICIty Schweber ElectroniCS, 918-622-8000 
SA lorcr.ss Hamilton/ Avnet Elctrns., 314-344-1200 OR ... , ..... 

Pioneer/Atlanta, 404-448-1711 MO Marylil. H.II"ls Almac/Stroum Eletrns., 503-641-9070 
IL "'SHvlIlI Kierulff ElectroniCS, 314-739-0855 OR lI •• O ..... 

Hall-Mark Eletrns., 312-860-3800 .0 St. Lilli Hamilton/Avnet Eletrns., 503-635-8831 
Il ..... ,l1li .Schweber Electronics, 314-:139-0526 OR Pertilld 

Hamilton/Avnet Electronics, 312-860-7700 IJ CIItrry HIU Kierulff Electronics, 503-641-9150 
IL QIcqt Hall-Mark Eletrns., 609-424-0880 PA Alii .. 

Bell Ind., 312-982-9210 IJ CIItrry Hili Kierulff Electronics, 512-835-2090 
IL CIIICIp HamiltonlAvnet Elctrns., 609-424-0110, 215- PA H ... · 

Newark Eicirns. Corp., 312-638-4411 9'25-6900 Pior.eei/Oelawarn Valley, 215-674-4000 
Il Elk Gr ... VI .... IJ fllrflIfd PA HorsIInI 

Klerulff, 312-640-0200 Hall-Mark Electronics, 201-575-4415 Schweber Elctrns., 215-441-0600 
lL E1. Gro .. VIIIII' IJ Fllrlllfd PA .. t.....,... .. 

Pioneer IStandard, 312-437-9680 Hamiiton/Avnet Elctrns., 201-575-3390 Pytlronic Inds., Inc., 215-643-2850 
IL Elltarm Vitia. IJ FIIrflIN PA PItIahrtII 

Schweber Eletrns., 312-364-3750 Kierulff Electronics, 201-575-6750 Pioneer/Standard, 412-782-2300 
IL Selll ..... PId IIJ Flirfleld PA Pltl .... rgII 

Hamilton/Avoet Eletrns., 312-671-6090 Schweber Elctrns., 201-227-7880 Schweber ElectroniCs, 412-782-1600 
II ladlan,.... IJ P ...... TI Aulll 

Graham Eletrns. SUpply, Inc., 317-634-8202 Pioneer -Harvey Eetrns., 20 1-227-1262 Hall-Mark Eletrns., 512-258-8848 

• •• .......... • AIII''IIII111 TX Autll 
Hamllton/Avnet Elctrns., 317-844-9333 Alliance Eletrns., 505-292-3360 Hamiltonl Avnet Eletrns., 512-837-8911 

II 1 •• 1 ...... • AIhIJ~1I TX AIItll 
PioneerlStandard, 317-849-7300 Bell Industries, 505-292-2700 Pioneer/Austin, 512-835-4000 
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Motorola (Cant) e .. V •• e •• Hr. Brltlsll C., •• b,. 1.11 ..rw.,.Osl. 
L.A. Varah, ltd .• 604-873-3211 Ola Tandberg Elektro AS, TEL: (02) 19 70 30 

TX A •• 1I1 ea. Wlllew"". Oll.rl. 1.11 Port ••• ,. Llsbo. 

Schweber Electronics. 512-458-8253 Electro Sonic. Inc., 416-494-1555 Equipamentos De Laboratorio LOA, TEL: 97 

TX 0.11 •• I.tl a .... '. Mu.ell .. 6551 

Hall-Mark Corporate, 214-343-5000 Sasco Vertrieb von Etektronischen. TEL: 1.11 Slu .. pon. SI ••• pon 

TX 0.11 •• (089) 46 111 General Elctrns. 4 Instrmn. Corp. Pte., ltd .• 

Hall-Mark Elctrns .• 214-341-1147 luU a .... y ........... TEL: 258-7633 

TX 0.11.1 Sasco. TEL: (0911) 204152 1.11 SI ... ,on. SI ••• ,ore 

Kierulff Electronics, 214-343-2400 1.11 a .... '.Oulekll.n Transco Elctrns. Pte. ltd .• TEL: 294-7127 

TX D.,lIs Neye Enatechnik GmbH, TEL: (04106) 6121 1.11 Spal •• BlreeI .. 

Pioneer/Dallas, 214-386-7300 1.11 a....y. SeN.IIt.ell Hispano Elctrna. SA, TEL: 330 9718/330 

TX 011111 
Technoprojekt. TEL: (06196) 82100 2716 

Schweber Elctrns .• 214-661-5010 
1.11 a •••• y. Slull,,(I 1.11 Sp.' •• Mdrld 

TX Houst •• 
E.B. V. Elektronik Vertriebs GmbH. TEL: (0711) Hispano Elctrna. SA, TEL: 01 619 4108 

Hall-Mark Elctrns .• 713-781-6100 
247481 I.U SWtHI; SlIck ..... 

TX HOI.III 
1111 a....,. SluH •• rt AB Gosta Backstrom, TEL: 08-541080 

Hamiiton/Avnet Elctrns., 713-780-1771 
R.T.G .• TEL: (0711) 766428 1.11 Sw .... 811C1c ..... 

TX HOlsl. 
1111 a .... '.8tIUprt Distributoren Interelko AB. TEL: (08) 13 21 60 

Kierulff Electronics, 713-530-7030 
Sasco, TEL: (0711) 244521 1.11 SWltzwiI ... W.UI .... 

TX 
, 

Houl. 
1.11 a .... y. StIUI.rt Elbatex AG .• TEL: (056) 265641 

Schweber Elctrns .• 713-784-3600 
Technoprojekt. TEL: (0711) 561712 . 1.11 Swltzerll ••. Z.rlell 

TX Inl •• 
1111 a .... '.O.lIrIIIellll' Omni Ray AG. TEL: (01) 34 07 66 

Hamilton/ Avnet Elctrns., 214-659-4111 
E.B.V. Elektronik Vertriebs GmbH. TEL: (089) 1.11 Tllwl •• T.,,.. 
61105-1 or Silt like City 1.11 a....y.WI ....... 

Strong Elctrns. Co. ltd., TEL: 521-8826 
Bell Inds .• 801-972-6969 R.T.G., TEL: (06121) 527309 

1.11 TII.II •••• BI.,kok 
OT Silt lIkI City 1111 artICI. 1\tm,.,kl 

G. Simon radio Co. ltd .• TEL: 234-0991 
Hamilton/Avnet Elctrns .• 801-972-4300 Macedonian Elctrns. Ltd., TEL: 30 68 00 1.11 Tlrk.,. IslI.lI .. 

OT Silt lIk. City 1111 Hoi ...... All Ulrlclll 
ERA Elektronik Sanayi. TEL: 64 65 00 

Kierulff Electronics, 801-973-6913 B.V. Diode, TEL: (30) 88 42 14 1.11 U.,I" KI ...... H.rlow-E ... x 
WA l1li"'. lull H ....... H",wllk ITT Elctrn. Svcs., TEL: (0279) 2677 

Hamilton/Avnet Elctrns .• 206-643-3950 Manudax -Nederland B. V .• TEL: 04139-1252 1.11 U./I. Kia .... OI ..... -lI.ClIliln 
WA SaHli 1.11 H .. K ... K ...... A.M. Lock & Co. Ltd., TEL: (061) 652 0431/5 

Almac/Stroum Elctrns .• 206-643-9992 Manshing Color & Chemical Co. Ltd .• TEL: 3- 1.11 U./l1II KI ...... R •• , •• -a.ks 
WA Tllewlll 335121 Celdls Ltd .• TEL: (0734) 58 22 11 

Kierulff Electronics. 206-575-4420 lull H ... K .... Wlac'" 1.11 U.,1111 KI ...... SIY .... ks-K •• II·; 
WI lrakl/llll Alberta Elctrns. Co. Ltd., TEL: 5-,283641 Jermyn Distribution Ltd., TEL: (732) 50155 

Schweber Electronics, 414-784-9020 1.11 1t.1y. I ...... 1.11 O.ltlll KI ...... SI ... II-Bris'lin 
WI I .. lerll. CekIis ttatiana RpA; Tfl: fJ51188018 CrelloRE-ktrflS; ltfk rfl::i(0286) 4300 

Hamilton/ Avnet Elctrns .• 414--784-4510 1111 lilly. I ...... I.tl O.,IN II ..... SUII.., N n...-.I ...... x 
WI o.t CI1Ik Cramer ltaliana S.p.A., TEL: 051 4228901 Hawke Elctrns. Ltd .• TEL: 01 979 7799 

Hall-Mark Elctrns., 414-761-3000 434368 
WI W.mn 1111 1t.1y •• 111 .. 

Bell Industries, 414-784-0235 Celdis ltaliana S.p.A .. Tel: 02 61:>0041 Murray Consulting 
WI w •• i .... I.tl 1t.Iy, Mill .. 

Kierulff Electronics, 414-784-8160 Cramer l1alia S.p.A .• TEL: 02 809326 Murray Consulting ea. ealpry. AIHrII I.tt 11." •• 1111. 
Future Electronics, 403-259-6408 Silverstar S.p.A .• TEL: 02 4996 

716 South Meramec Avenue 

C •• Cllgary. A ..... 1111 1t.1y ..... 
St. Louis .. Missouri 63105 

L.A. Varah. Ltd., 403-276-8818 Celdis Itallana S.p.A .• TEL: 06 423855/ 
CII Dow.n .... Dlllrlo 4271550 

Future ElectroniCS. 416-663-5563 1.11 Italy ..... National Semiconductor 
eal E ............. Cramer Italia S.p.A .• TEL: 06 5717981 

Intek Elctrns .• Ltd., 403-437-2755 1111 ltal" T .... l.tllI.' _lcoa.lClar CIrpIn .... 
CII H •• m".O.llri. Celdis Italiana S.p.A., TEL: 011.3593121 2900 _ICOI •• eter DrIve 

L. A. Varah, Ltd., 416-561-9311 359369 SI.t. CIm. eallf .... 11 9505 1 
ea. 1 •• 11 1.11 lilly. Tlrl •• 408-721-5000 

Valley Electronics, 602-829-1100 Cramer Italia S.p.A .• TEL: 011 6192062 TWX: 910-339-9240 
C •• L ..... O.tarl. 1111 lilly. T.rI .. SIlICIDe prlllUCI I., ... IIN: 

C.M. Peterson Co .• Ltd .• 519-434-3204 Silverstar S.p.A .• TEL: 011 443275/6-442321 Digital Dept. Head ................................................ ext. 5716 
ea. • ... , ....... 0.1IrI. 1111 h,.l. Oak. Bipolar Logic ........................................................ ext. 5832 

Hamilton/Avnet Int'l. Canada Ltd., 416-677- Shinko Elec. Co., Ltd., TEL: 06-643-1241 CMOS Logic .......................................................... ext. 5720 
7432 1.11 J.p ••• T.Iey. Interface ............................................................... ext. 5873 

Cui ... trlli. Onhc Fuji Elctrns. Co .• Ltd .• TEL: 03-816-7601 Discrete Devices ................................................... ext. 5710 
Cesco Elctrns .• Ltd .• 514-735-5511 ,.t' J.p ... T.ty. Hybrid Devices ..................................................... ext. 5854 

Cui M .. trlli. Ollllluc IntI. Rectifier Corp .• Japan ltd .• TEL: 03-494- Linear IC ............................................................... ext. 5717 
Future Electronics, 514-694-7710 2411 Advanced Linear .................................................. ext. 5884 

ea. OUIW •• O.I.rI. 1.11 J.,II. T.k,. Consumer Linear .................................................. ext. 5853 
Future Electronics. 613-820-8313 Mareui Shoji Co .• ltd .• Tel: 0422-554-6181 Ap,IIC1I111 ",'IHrlI,: 

ea. Ottlw •• Oltarl. 1.11 J., ••• TIk,. Transducers ......................................................... ext. 6523 
Hamilton/Avnet Int'l. Canada Ltd., 613-226- Omron Tateishi Elctrns. Co .• TEL: 03-436- Discrete ..................................................... , ........... ext. 5566 
1700 7172 Hybrid ................................................................... ext. 6264 

ea. 0nHc City. 0"- 1.11 J.,.I. TokYI Advanced Linear .................................................. ext. 5613 
Cesco Elctrns., Ltd., 418-524-4641 Tokyo Denshi Kagaku Kizai Co .• Ltd .• TEL: Consumer .............................................................. ext. 5607 

ea. St. Lur.t. 'u.te 

I 
03-255-8828 Standard .................................... ........................... ext. 5622 

Hamllton/Avnet If!I·1. Canada ltd., 514-331- 1.11 K ...... SIIul Microprocessors ... ................. ........ ......... .............. ext. 5264 
6443 Seung Junsang SA, TEL: 267-6656 MOS/LSI ................................................................ ext. 6523 

C •• V •• eluver, B.C. 1.11 M.I.ysl., KI.I. La.pur L1t.alur.: 
Future Electronics, 604-438-5545 Comptronics Son. BHO. TEL: 480072 Marketing Services .............................................. ext. 5142 

ea. V •• eo"er. Brltllil Col .. llla 1.11 I .. Z .. , .... Auckl ... Prle. ••• ..lIvery: 
Intek Elctrns., Ltd., 604-324-6831 Cema Elekon Ltd .. TEL: 760-019 Local sales office 

4994 ~ IC MASTER 1984 



MANUFACTURERS & DISTRIBUTORS DIRECTORY 

National Semiconductor (Cont) IA Cedar Rapids PA PiUsblrgll 
Stan Clothier Co., 319-395-0245 Micro-Tec, Inc., 412-255-15~5 

KY LOIlsvllle TN Knoxvllll 
PIICI an order: Advanced Compo Sales, 502-459-9895 Action Component Sales, 615-694-0140 

Local sales office MO Collmbla TX Austin 
Folluw-up •• ordlr: Natl. Semiconductor, Capitol Regional Off., Interactive Compo Sales, 512-451-0201 

Customer Service 301"995-0820 (Baltimore), 301-621-5621 TX Garla.d Distributor Sales .................................................. ext. 6610 (Washington) Interactive Compo Sales, 214-276-7151 OEM Sales ............................................................ ext. 6620 MO M"'ersvllle TX HOIStOI 
All .t .. ar 1.' .... ltl •• : Trimark, Inc., 301-987-9103 Interactive Compo Sales, 713-270-6141 Public Relations ......... , ......................................... ext. 5287 MA Blrllagto. TX Rlcllardson 

Nail. Semiconductor, Northeast Regional Off., Natl. Semiconductor, Central Regional Off., 

Salas Office & Representatives 
617-273-3170 214-690-4552 

MA Lexlngto. UT Salt Laka City 

AL Hlllsvllla 
AID Sys. Sales, Inc., 617-861-6371 Monaghan Sales Assocs., 801-261-5402 

MI S .. tbfllid 
New Interep Assocs., 205-533-1730 Rep. of Elctrn. Prods., 313-352-0110 

VA Newp.rt Naws 

AI P ..... lx MI St. J.sep" 
Trimark, Inc., 804-874-2325 

Desert Technical Sales, 602-947-8583 Rep. of Elctrn. Prods., 616-983-7735 
WA Bellav.a 

AI Tampe MI W, BI.olI'llld 
Meritech, Inc., 206-454-4600 

National Semiconductor Regional Office, 602- Natl. Semiconductor, Regional Sales Off., 313- WA BallaVle 
966-4563 855-0166 National Semiconductor Cascade Regional 

CA bellO MI Blo.l.gtOD 
Office, 206-454-4600 

Great American Rep. Co., 213-990-4870 Nat!. Semiconductor, Central Area Off., 612- WA Ballavua 

CA hlDI 854-8200 Natl. Semiconductor, Cascade Regional Off., 

Natl. Semiconductor, Western Area Off., 714- Mil Mlaa .. p.1Is 206-453-9944 

957-1626 Stan Clothier Co., 612-944-3456 WI Mllwllkee 

ICA 
Sa.DI ... MO Brldglto. Deita Technical Sales, 414-527-30000 

Natl.Semiconductor, District Sales Off., 619- Cen Tech, 314-291-4230 Ca. Brlmploa. Ontlrlo 
560-5963 MO K===: City Canadian Micro Sales, Inc., 416-453-9121 

CA SaD 01 ... Natl. Semiconductor, District Sales Off., 816- Can Coq.ItII •• BC 
S.R. Elctrns., 619-560-8330 931-9600 Canadian Micro Sales, 604-524-0117 

CA Sa.tl Clara MO Raytow. Ca. Mlsslssluga. Oatarlo 
Bay Tech Sales, Inc., 408-727-9404 Cen Tech, 816-358-8100 Nat!. Semiconductor, Canadian Regional Off., 

CA Salta Cllrl IJ Frllklln Likes 416-678-2920 
Natl. Semiconductor, Northwest Regional Off., Northeast Comps. Corp., 201-891-6520 Ca. Moatr .. l. Q_e 
408-247-6397 .... Plra.l. Canadian Micro Sales, 514-748-6579 

CA Sllarllal Olks Natl. Semiconductor, Mid-At1antic Regional Can Ottawa. Oatarlo 
Natl. Semiconductor, Los Angeles Regional Off., 201-967-5300, 516-222-1543 Canadian Micro SaleslNSC, 613-596-1999 
Off., 213-995-8335 11M ~ latl Aulnll .. BaYSWlter. Vlctarla 

CA TnftII Reptronix, Inc., 505-292-1718 NS Elctrns. Ply. ltd., TEL: 03-729-6333 
Great American Rep. Co., 714-832-8113 IY MII,1II1 Inti Balglum, Brusslls 

CO Aarera Parallax Sales, 516-351-1000 Natl. Semiconductor Benelux, TEL: (02) 
Monaghan Sales Assocs., 303-360-0955 IY Pnpkeepsle 4661807 

CO E ...... Natl. Semiconductor, IBM District Sales Off., 'nil IrlSn. Sao Pulo 
Natl. Semiconductor. Rocky Mountain 914-473-8330 Nat'l Semiconductor Do Brasil 
Regional Off., 303-850-7511 IY Roc .... tar Iitt OIIIIark. CapeUqea 

CT Rt", Electra Sales Corp., 716-461-5252 Nat!. Semiconductor (UK), ltd., TE.L: (01) 
Natl. Semiconductor, Northeast Regional IIY Syracl .. 213211 
Sales Off., 203-762-0378 Electra Sales Corp., 315-463-1248 I1II Fillaati. Hllslnkl 

CT Wllt,.n Iff SyrIcn. Natl. Semrconductor, TEL: 90 14 03 44 
NRG Ltd., 203-226-7527 Natl. Semiconductor, Empire Regional Off., laU Fralce. FIII.I,-•• x-Roses 

Fl Ft. L.ltlwtllil 315-463-8047 Natl. Semiconductor, TEL: (01) ~-8140 
aXI, 305-485-6030 IC Cary l.tI HODg Koag. K8w1ooa 

Fl MII.I Engrg. Devices Corp., 919-469-9323 Nail. Semiconductor Hong Kong, Ltd., TEL: 3-
Natl. Semiconductor, Eastern Area Off., 305- OH ColI.bn 899235 
949-3162. 

Micro-Tec, Inc., 614-888-9761 
1111 Italy. Miliu 

FL St. Petarllllrg 
811 DIytII 

Natl. Semiconductor S.p.A., TEL: (02) 345-
aXI, 813-821-2281 

Micro-T ec, Inc., 513-866-0380 
2f)461118/9 

SA Atla.la 
OH Bay to 

Iitl Ja,I •• TDkyt Natl. Semiconductor, District Sales Off., 513-
Action Component Sales, 404-393-9494 

435-6886 
NS Japan K.K., TEL: (03) 349-0811 

SA AtIa.ta OM HIfIIIHtI ........ Inti Korea. S8811 
Natl. Semiconductor, Dixie Regional Off., 404- Micro-Tee, loc., 216-442-1555 Natl. Semiconductor Hong Kong, ltd., TEL: 
393-2626 OH HI_tlH.1s 267-9473-

IL ArtI ..... H.I. National Semiconductor East Central Regional Iitl Mexico. Mulco 
Delta Tech. Sales, 312-253-9440 Office, 216-461-0191 Elctrna. NSC de Mexico SA, TEL: (905) 531-

it ArII ..... H .... OR HlglIlI .. H .. gift 1689, 531-0659 
Delta Teehnical Sales, 312-253-9440 Natl. Semiconductor, East Central Regional Iitl Sllglp.re 

IL ~ Off., 216-461-0191 Natl. Semiconductor PTE, Ltd., TEL: 652 
National SemiConductor West-Central OR BII,ertl. 700047 
Regional Office. 312-397-8m Meritech, Inc., 503-644-0304 Inti Splln, Madrid 

'L Sea ..... PA Ft. W.I .. llgtn Natl. Semiconductor, TEL: (01) 733-29541733-
Natl. Semiconductor, West-Central Regional National Semiconductor Liberty Regional 2958 
Off., 312-397-8777 Office, 215-643-4910 Iitl Swatl •• Sklrbol ... 

II Ft. WI,.. PA Ft ......... Natl. Semiconductor AB, TEL: (08) 970190 
Advanced Compo Sales, 219-484-0722 Nat!. Semiconductor, Liberty Regional Off., Iitl SwllZlrlaatl, WIIII ..... -zwtcII 

'I l.tll • ..,.... 215-643-4910 Nat!. Semiconductor SWitzerland, TEL: (01) 
Advanced Comp. Sales, 317-545-6441 PA H .. tI.gdll VI'Iey 830-2727 

'I Iatllallpella Omega Elctrn. Sales, loc., 215-947-4135 IIti TI"'I. Taipei 
Natl. Semiconductor, North-Central Regional PA H .. tI ...... VIIIIy Nat!. Semiconductor Taiwan, Ltd., TEL: 
Off., 317-842-5006 Omega Electronic Sales, Inc., 215-947-4135 7310393-4, 7310465-6 
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National Semiconductor (Cont) FL Flo La ... dal. I. Albl ........ a 
Hammond Elctrns., 305-973-7103 Alliance Electronics, 505-292-3360 

Iitl Uilld Kllado., Bldfor~ FL FI. Lal~ .. ~al. I. Albl"I .... a 

Natl. Semiconductor (UK), Ltd., TEl: 0234- Pioneer Elctrns., 305-771-7520 Bell/Century Elctrns., 505-292-2700 

47147 FL Hollywood I. Alblqnrlla 

I.tl WISt G .... , •••• CUl Schweber Elctrns., Inc., 305-927-0511 Hamilton/Avnet Elctrns., 505-765-1500 

Natl. Semiconductor GmbH, TEL: (089) 56-01- FL Orll.h IY BI.,_t .. 

20 Hammond Elctrns., 305-849-6060 Harvey Elctrns., 607-748-8211 

PR Pnrto Nava FL SI. PttIrs ... NY Buff.la 

Natl. Semiconductor, (809) 792-9280 Hamilton/Avnet, 813-576-3930 Summit Distrs., 716-887-2800 
SA lorcrm NY East SyraCIU 

Hamilton/Avnet Elctrns., 404-447-7500 Hamilton/Avnet Elctrns., 315-437-2642 
Distributors SA Norcra .. IY Fairport 

Pioneer/Georgia Elctrns .. 404-448-1711 Harvey Elctrns., 716-381-7070 
AL HUltsvllle, SA Narcro .. IY H • .,' .... 

Hamilton/Avnet Elctrns., 205-837-7210 Schweber Elctrns., 404-449-9170 Lionex Corp., 516-273-1660 
,At HullYllIe IL ......... IY •• lvllil 

Pioneer Elctrns., 205-837-9300 Hamilton/Avnet Elctrns .• 312-860-7780 Hamilton/Avnet Elctrns .• 516-454-6060 
At HI.lavUII IL Cilia .. NY HICHst .. 

Schweber Elctrns., 205-882-2200 Bell Industries, 312-982-9210 Hamilton/Avnet Elctrns., 716-475-9130 
AI T.,. IL Elk GrIV. VillI" NY HodlSt .. 

Anthem Elctrns., 602-244-0900 Pioneer Elctrns., 312-437-9680 Schweber Elctrns., Inc., 716-424-2222 
AI T.,. IL Elk Gran VIRlga NY IIocUsIIr 

Hamilton/Avnet Elctrns., 602-231-5100 Schweber Elctrns., Inc., 312-364-3750 Summit Elctrns. of Rochester Inc., 716-334-
CA eulP Parll IL l_." 8110 

Schweber Elctrns., 213-999-4702 R.M. ElectroniCS, 312-932-5150 NY WlStb.ry 
CA CUtswartll Il HO .. III Schweber Elctrns. Inc, 516-334-7474 

Anthem Elctrns., 213-700-1000 Advent Elctrns .• 312-298-4210 NY W .... b.ry 
CA Cast. M ... IN CI .... I Harvey Elctrns.: 516-921-8700 

Avnet Elctrns., 714-754-6050 Hamiiton/Avnet Elctrns., 317-844-9333 NC Curtattl 
CA CIS" M ... 

IN IHI..., .... Pioneer/Carolina Elctrns., 704-527-8188 
Hamilton Electro Sales, 714-641-4159 Advent Indiana, Inc., 317-872-4910 NC G .......... a 

CA Cllvw Clly IN I.~IH.,.III Hammond ElectroniCS, 919-275-6391 
Hamilton Electro Sales, 213-558-2121 Pioneer Indiana Elctrns., Inc., 317-849-7300 NC Ralllill 

CA G.m.a IA CeII.r ""I~I Hamilton/Avnet, 919-829-8030 
Bell Industries, 213-515-1800 Advent Elctrns., 319-363-0221 

Ie Ha"". IA Cellar Ra,I~s CA Hawillorn 
Schweber Elctrns., 319-373-1417 

Schweber Electronics, 919-876-0000 
Hamilton/Avnet Elctrns., 213 

IS OVlrlad Parll OH Clev"H~ 
CA Inll. HamUtoR/Avnet EJGtms., 913-888-8900 Hamiitoo/Avnet Elctrns., 2.160831-3500 

SChweberETcfrns-., 714:863~0200; 213~537-
Ma Cal ... la OH Cllv .... ~ 

4320 
Hamilton/Avnet Elctrns" 301-995-3500 Pioneer Standard, 216-587-3600 

CA HouvlII. Ma Gal"""',.. 
OH Daytll 

Bell Industries, 916-969-3100 
Pioneer Washington Elctrns., 301-948-0710 Bell Industries, 513-435-8660 

CA Sacn .... o Ma Gal ........ OH aa,. .. 
HamUton!Avnet E!ctrns., 915 .. 925 .. 2216 Schweber Elctrns., Inc., 301-840-5900 Hamiiton/Avnet Elctrns., 513-433-0610 

CA Sacn ... to IIA BMfI" 
OH oa,.11 

Schweber Elctrns., 916-929-9732 Schweber Elctrns., 617-275-5100 Pioneer Standard, 513-236-9900 
CA Sa ....... IIA Baril ..... OH Hlabll.~ H",1I1s 

Anthem Elctrns., 619-279-5200 Lionex Inc., 617-272-9400 CAM/OHIO Elctrns., 216-461-4700 
CA Sa. 01,,0 MA llll,,'a OK T.I .. 

Hamilton/Avnet Elctrns., 619-571-7510 Harvey Elctrns., 617-861-9200 Quality Components, 918-664-8812 
CA Sa. J.u IIA Wabln OK T.I .. 

Anthem Elctrns., 408-946-8000 Hamilton/Avnet Elctrns., 617-273-7500 Radio Inc., 918-587-9123 
CA Sa ... Clln MT Gr .. ~ ..,,,. OK T.I .. 

Schweber Elctrns., 408-748-4700 Hamilton/Avnet, 616-243-8805 Schweber Elctrns., 918-622-8000 
CA SU'mll MI Gn.~ RapIds OH Bav"''' 

Bell Inds., 408-734-8570 R-M Michigan, Inc., 616-531-9300 Almac Electronics, 503-641-9070 
CA S ... pa" M' Llvula OR L.k.O ..... 

Hamilton/Avnet Elctrns., 408-743-3355 Hamilton/Avnet Elctrns., 313-522-4700 Bell Inds., Inc., 503-241-4115 
CA T.stl. MI LI,nla OH L.k.Olw". 

Anthem Elctrns., 714-730-8000 Pioneer/Michigan, 313-525-1800 Hamilton/Avnet Elctrns., 503-635-7850 
CA W'"I •• ~ Hills MN E ... Pnlrl. PA Harsll •• 

Avnet Elctrns., 213-883-0000 Schweber Elctrns., 612-941-5280 lionex Corporation, 215-674-4000 
CO EI"".u MN MI."'lIb PA Horslla. 

Anthem ElectroniCS, 303-790-4500 Hamilton/ Avnet Elctrns., 612-932-0600 Pioneer Elctrns. Corp., 215-674-4000 
CO E ..... 1Id • MI .... 1Ib PA Hlrlll •• 

Hamilton/Avnet Elctrns., 303-779-9998 Pioneer/Twin Cities, 612-935-5444 Schweber Elctrns., 215-441-0600 
CO W .... lrl~ga .0 EarftlCIly PA PIItSbIrgll 

Bell Inds., 303-424-1985 Hamilton/ Avnet Elctrns., 314-344-1200 CAM/RPC Elctrns., 412-782-3770 
CT a •• bary II Moc ... 1Ir PA Pitts ..... 

Hamilton/Avnet Elctrns., 203-797-2853 Schweber ElectroniCS, 603-625-2250 Pioneer/Pittsburgh,412-782-2300 
CT DIIIIary NJ CIImy Hili SC Grlllvlll. 

Schweber Elctrns., 203-792·3500 Hamilton/Avnet Elctrns., 609-424-0100 Hammond Elctrns., 803-233-4121 
CT Narw.lk NJ Falrfl"~ TX A~~I •• 

Harvey Elctrns., 203-853-1515 Hamiiton/Avnet Elctrns., 201-575-3390 Quality Components, 214-387-4949 
Fl AIt ...... s,n.p NJ FalmlN TX A.II/. 

Pioneer/Florida, 305-834-9090 Lionex Corp., 201-227-7960 Hamilton/Avnet Elctrns., 512-837-8911 
FL Alt •• olt. Sprl'al IIJ F.lrfleld TX AI.lln 

Schweber Elctrns., Inc., 305-331-7555 Schweber Elctrns., 201-227-7880 Pioneer Standard Electronics, 512-835-4000 
FL FI. L.H .. ~al. IJ PI •• Brook TX AIStll-

Hamilton/Avnet, 305-971-3493 Harvey Elctrns., 201-575-3510 Quality Components. 512-835-0220 
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National Semiconductor (Cont) HeM Corporation 
CA Irvlal 

Phase II Technology. 714-553-1857 

I 
CA Orange 

TX AI,1I1 NCM Corporation NEC Regional Office. 714-937-5244 

I 
Schweber Elctrns .• 512-458-8253 1500 Wyatt Drive. Suite 9 CA San Diego 

TX Daills Santa Clara. California 95054 Cerco. 619-560-9143 

Pioneer !Dallas. 214-386-7300 408-496-0290 CA Sanla Clar. 
TELEX: 172932 Quorum Technical Sales. 408-980-0812 

TX Dallls TELEX: NCMCORP CO Gelllu 
Schweber Elctrns .• 214-661-5010 

Candal. loc .• 303-233-0155 
TX He .. lol CT Rldgefl .. d 

Hamiiton/Avnet Elctrns .• 713-780-1771 Sales Office a R8!r8seotativas Phoenix Sales co .• 203-438-9644 
TX Hel.IOI CT WII.rllary 

Pioneer/Houston. 713-988-5555 " 1.11 Frl.CI .... Ioga. HlM Associates. 203-753-9894 

TX He .. lu International Semiconductor Corp .• TEL: (01) FL AIta .. o.te SprlllS 

Schweber Elctrns .• 713-784-3600 608-5275 Semtronics.919-787-033O 
1.11 Genua,. Herford Fl Clllrwiler 

TX Irvl.g LMI GmbH. TEL: (05221) 2044. TLX 09 34656 Semtronics. 813-461-4675 
Hamiiton/Avnet Elctrns .• 214-659-4151 1.11 Karll. S88.1 FL Llrge 

TX s.g.rIHd Dono II Eng. Co. ltd .• TEL: 725-1883, TlX NEC District Office, 813-536-4702 
Quality Components. 713-491-2255 K27978 FL POllpaao Bile. 

UT SaH Like City 1.11 SWlIZIrIaIIi. Zlrln NEC Regional Office. 305-785-8250 
Bell Inds., 801-972-6969 Data Comp AG, TEL: 01-730-2165. TlX 53533 SA lorcross 

UT SaH Lak. City Montgomery Marketing. 404-447-6124 
~ 

IL Arll •• IOI H .... ls Hamiiton/Avnet Elctrns .• 801-972-4300 
NEC District Office. 312-577-9090 

WA IItIIev .. NCR IL CeIH."II .. 
Hamiltonl Avnet "Elctrns .• 206-746-8750 A.M.E. Sales. 618-345-7404 

WA WIIOad NCR Corporation IL R.III11. Meadews 
Anthem ElectroniCS. 206-881-0850 Microelectronics DiviSion Sieger ASSOCiates. 312"991-6161 

WA Slattll 8181 Byers Road II Fori WIJI'" 
Almac/Electronics, 206-643-9992 Miamisburg. Ohio 45342 Advanced Component Sales. 219-484-0722 

513-866-7217;800-543-5618 II ferf WI,II 
WI 8rHkftIN TelEX: 28-8010 NCRMICRO MSBG MIS Sales and ASSOCiates. 219-483-1904 

Schweber Elctrns., 414-784-9020 
II 1.lIllIlpelis 

WI Mlhnn. Advanced Component Sales. 317-545-6441 
Taylor Electric Company, 414-241-4321 Salas OffiC8 & RI!reslotativas II 1.lIllllpeIIS 

WI 1 .. 1Ir1II MIS Sales and Associates, 317-257-8915 
Hamilton/Avnet.414-784-4516 1111 If'IIHd. DUlIl IA CIIIlr ...,..S 

WI Willi .. 
Nets ltd .• TEL: 450-635 George Russell and Associates. 319-369-9134 

Bell Industries. 414-784-0235 KS Overlaid Park 
A.M.E. Sales. 913-492-8836 en ....., .... Oallrl. 

NEC Electronics KY Loal,,111I 
Zentronics. 416-451-9600 Advanced Component Sales. 502-459-9895 

CI. Blrllq. Brllls. &11 .. "1 MD BaHIure 
R-A-E Industrial Elctrns. Ltd., 604-291-8866 IEC Electrule. Professional" Representatives, 30 1-653-3600 

401 EIIII SIrHI 
CI. Cllpry. AIUrII M .. III. VI ... ClIIfenIII 94843 

MD C ...... II 
Hamilton! Avnet Elctrns., 403-230-3586 415-164-4321 

NEC District Office, 301-730-8600 

en ClIprJ. AIIIIrta TWX: 910-379-6985 MA Nnt .. 

Zentroriics, 403~272-1OZ1 _11Ie ...... el l.f ..... IIOI: 
Anchor Engineering. 6J7 -964-6205 

MA Well .. en DtmI.O .... Consumer ICs ..................................................... Ken Wong Compass Technology. 6H-933-3336 
Semad Elctrns., ltd .• 514-636-4614 Discrete Devices ........ , .................................. h Jim McAuley 

1M Wobir. 
Cal Dewltsvlew, 01.... q 

Gate Arrays ................................................... H. Hashimoto 
NEC Regional Office, 617-935-6339 

Semad Elctrns., ltd .• 416-663-5650 IndustrlallCs ................................................... T. Takagaki 
MI ColOlll 

en E ........ AIIIIrtI 
Microcomputers ............................................ P. Chiumiento 

Giesting and ASSOCiates. 616-468-4200 
RAM Products .......... :.................................... Dan Domingo 

Zentronics.403-463-3014 ROMIPROM ..................................................... Clay Bigelow MI Gra.d Rapids 
Miltimore Sales. 616-942-9721 en .. sal ....... 0 ....... LHntn: MI hli HamiitonlAvnet Elctrns .• Ltd .• 416-677-7432 Contact Nearest Regional Sales office. Representative, or Giesting and Associates. 313-348-3811 

CI. ........ O.lIrl. Distributor location 
MI levi 

Hamllton/Avnet Electronics. 613-226-1700 PrIce ....... nry: Mlltimore Sales. 313-349-0260 
en Olllwi. Oa ...... Contact Nearest Regional Sales Office' MI Sua.fllItI 

Semad Elctros., ltd., 613-729-6145 PIICI I. erIIIr: NEC District Office. 313-352-3770 
en 0111 ... OIIIrlo 

Contact Nearest Regional Sales Office MI BI ... I.g.e. 
Zentronlcs. 613-238-6411 ftIIew-., .. erIIIr: George Russell and Associates. 612-854-1166 

CI. R1c .... d. Be 
Cootact Nearest Regiooal Sales Office, or Customer == 11-.'=;1;; 
Service Department NEC District Office. 612-854-4443 Zentronics. 604-273-5575 All ...... l.flnlllIlI: IJ Cllfto. 

CI. St. La ... l. QaIIic Contact Marketing Services Department Ossman Components. 201-778-8888 
Hamttton/Avnet Elctrns .• Ltd., 514-331-6443 IJ Marlloll 

Call SI.l ............. 
Salas OffiCI & Rlprls8Itatim 

8.G.R. ASSOCiates. 609-428-2440 
Zentronics. 514-735-5361 IJ Para".., 

en V ........ BrIUH~11 HLM ASSOCiates. 201-263-1535 

Intek Elctrns .• ltd .• 604-324-6831 AL HMIIIIIII .. ...... 
en WI ..... Datlrll 

20th Century Marketing. 205-533-9281 Rontek. 505-299-4124 
AI Sctllllllil IY ......... Zentronics, 519-884-5700 Fred Board ASSOCiates. 602-994-9388 ELCOM Sales. 716-385-1400 

Call WI ........ 0.11 .... AI TICIOI IY IIIIYIIII 
Electro Sonic Inc .• 416-494-1666 Fred Board ASSOCiates. 602-299-1508 NEC District Office. 516-423-2500 

Call WII ......... lt. CA Clpertlll NY IItrtIlptrt 
Zentronics, 204-775-8661 NEC Regional Office. 408-446-0655 HLM Associates, 516-757-1606 
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NEC Electronics (Cont) IL atl.1I1I1I 
Diplomat Electronics, 312-595-1000 

IY '11.1111..,111 
IL Cilia .. 

NEC District Office, 914-452-4747 Nep Electronics, 312-625-8400 

IY Recllnllr 
IL Hoff ... Eatltll 

Elcom Sales, 716-385-1400 Inter Comp, 312-843-2040 

IY SlIllIItll .. 
IL Lall.nI 

ELCOM Sales, 315-685-8245 
RM Electronics, 312-932-5150 

IC Clry Call Diplomat 
IL Sell.o.lllr, 

Montgomery Marketing, 919-467-6319 
Marshall Industries, 312-490-0155 

ON Alii'll For .1 Fort WIP' 

Imtech,216-666-1185 
Graham Electronics,. 219-423-3422 

OH Cilelllill 
.1 11111111,0111 

Giesting and Associates, 513-521-8800 NEe RM Electronics, 317-247-9701 

OH 01,. .. 
IA enar RI,I.I 

Imtech, 513-278-6507 NEe Electronics u.s.A. Inc. 
Deeco, 319-365-7551 

01 ........ ICS Olllrili. ,.rk 

Electronic Technical Sales Associates, 503-
Mllgray Electronics, 913-236-8800 

LA IIotIlril 
640-8086 

'A PlHlhrP • San Francisco, CA(408) 734-1900 Sterling ElectroniCS, 504-887-7610 

Imtech, 412-344-0844 Los Angeles, CA (213) 700-8700 MO C .. _II 

11 IC.IIIIIIII Orange County, CA (714) 549-8401 Aztech ElectroniCS, 301-995-1760 

201h Century Marketing, 615-690-1618 San Diego, CA (619) 292-5693 
MO Col_II 

Diplomat Electronics, 301-995-1226 
TX Autll • Salt Lake City, UT (801) 486-4134 MO G., ........ 

Technical Marketing. 512-835-0064 • Denver, CO (303) 74()"8300 Marshall Industries, 301-840-9450 
TX carroln .. 

Technical Marketing, 214-387-3601 • Chicago, IL (312)·595-1 000 
MO Rockvllli 

Milgray ElectroniCS, 301-468-6400 
TX 011111 • Boston, MA (617) 935-6611 MA Blrn.,IOI 

NEC Regional Office, 214-931-0641 • Danbury, CT (203) 797-9674 J.V. Electronics, 617-273-4300 
TX Houttl MA all'll.gl .. 

Technical Marketing, 713-n7-9228 • Melville, NY (516) 454-6400 Marshall, 617-272-8200 
UT Sail Lnl CIty Syracuse, NY (315) 652-5000 MA a .......... 

Aspen Sales. 801-467-2401 • Totowa, NJ (201) 785-1830 Milgray ElectroniCS, 617-272-6800 
WA Klrklllll • Columbia; MD(301) 995-1226 

MA HI.gIII. 
Electronic Technical Sales ASSOCiates, 206- Sager Electronics, 617-749-6700 
821-8086 • Atlanta, GA (404) 449-4133 MA Hopt"'H 

WI W .... III • Clearwater, FL (813) 443-4514 Interface Electronics, 617-435-6858 

Technology Sales, 414-786-50-tS MA WIItR. 

ca. Cole ... 0I11r11 

DIPLDMAT~ 
Sterling Electronics, 617-894-6200 

Kaytronics. 416-669-2262 MA W .. lbora 

Co Itlllll. 0I11r1. Future ElectroniCS, 617-366-2400 

Kaytronlcs, 613-592-6606 CA Sa. J ... 
MA WI .. II.ltI 

ca. SImW, Be Eric E!9Ctron!cs, 406-262-1111 
R.C. Components, 617-273-1860 

Kaytronlcs Western, 604-581-7611 CA Sa .... M' Gralll IIpl.1 

&II Villi SI. PIIm. PO Mouser Electronics, 714-449-2229 
RM Electronics, 616-531-9300 

Kaytronlcs, 514-367-0101 CA 81l1li6111 
MI ltlltlll 

Ce tec, 213-773-6521 
Reptron Electronics, 313-525-2700 

MI '.,.II1II 
Distributors CA SIII",,11 Marshall Industries, 612-559-2211 

Diplomat ElectroniCS, 408-734-1900 MO Kilns City 

AL Hnbvllle CA Sntylllll LCOMP, 816-221-2400 

Marshall Electronics, 205-881-9235 Marshall Industries, 408-732-1100 MO Mlrylln Hllpll 

AL H .. blllll CA TIIIII LCOMP, 314-291-6200 

RM Electronics, 205-852-1550 Image Electronics, 714-730-0303 IJ CuIHI 

Al PHIIII CO IIHvw General Radio, 609-964-8560 

Kachina ElectroniCS, 602-269-6201 Marshall Industries, 303-427-1818 IIJ Cllfttl 

AI "_II CO W!IIItrI", J-MAR Electronics. 201-772-6400 

Marshall Industries, 602-968-6181 A.C.T. Rocky Mountain, 303-422-9229 IJ F.lrfI ... 

Al "_II CT Ora ... Marshall Industries, 201-882-0320 

Sterling ElectroniCS, 602-258-4531 Milgray ElectroniCS, 203-795-0711 IJ Marlt. 

Al le,""'11 CT W.II •• ' .... Milgray Electronics, 609-983-5010 

Western Mlcrotechnology, 602-948-4240 Cronin Electronics, 203-265-3134 11.1 MI.Lalrel 

CA ca .... Park CT W.III.gI .... Marshall Industries, 609-234-9100 

Marshall Industries, 213-999-5001 Marshall Industries, 203-265-3822 IJ PII1IIA_oy 

CA C ...... I •• FL FI. L.III ••• 11 Sterling ElectroniCS, 201-442-8000 

Western Microtechnology, 408-725-1660 Dielco, 305-973-8700 IJ Tal ... 

CA EIM .. II FL FI. L ........ 
Diplomat, 201-785-1830 

Marshall Industries, 213-442-7204 Diplomat ElectroniCS, 813-443-4514 
1M AlII.q_, .. 

CA Inll. FL Drill •• 
Sterling Electronics, 505-884-1900 

Image Electronics, 714-660-1055 Marshall Industries, 305-841-1878 
IY & .... 1 

Marshall Industries, 800-252-5502 
CA Inlll FL TI.,. 

Marshall Industries, 714-556-6400 Reptron, 813-855-4656 
IY F'I'III .... 11 

SAI,516-293-2710 
CA sa. Dill' FL Wilt. Plrt NY H ... ' .... 

Ce tec, 619-278-5020 Milgray E!ectronfcs, 305-647 -5747 Marshall Inoustries, 516-273-2424 
CA Sa. 0 .... SA O •• WH., IY MIIIIIIII 

Marshall Industries, 619-578-9600 Milgray ElectroniCS, 404-393-9666 Diplomat Electronics. 516-434-6400 
CA Sa. 0 .... GA lorerou NY Pills' •• 

Ryno Electronics, 619-292-6022 Marshall Industries, 404-923-5750 Milgray Electronics, 716-385-9330 
CA Sal Jon IL Arllill •• Hellhll NY Roehnl. 

Ce tee, 408-263-7373 Reptron ElectroniCS, 312-593-7070 Rochester Radio Supply. 716-454-7800 
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NEC Electronics (Cont) Llleral .... : CA Sal Diego 
Ext. 210 Littlefield & Smith, 619-455-0055 

R.III.II 
Price ID' .oIIVlry: CO Aarorl 

.C Customer Service ....... ................... Ext. 210 408-255-7550 Electrodyne (Main Office), 303-695-8903 Resco, 919-781-5700 
Follow-III al order: CO Delver 

OH Col ...... Customer Service .................................................. Ext. 210 Electrodyne, 303-695-8903 Electronic Marketing, 614-299-4161 
All 01_ I.tonulln: FL CltarwalW .. cIt OH Col ..... 

Marketing .............................................................. Ext. 201 Perrott Assoc., 813-443-5214, 813-443-5414 Reptron Electronics, 614-436-6675 
FL Orlt •• o OH D.yto. 

Perrott Assoc. (Main Office), 305-298-7748 Marshall Industries, 513-236-8088 Sales Office & Re!reseotaliv8S 
OH I ........ ce FL Surllt 

Milgray Electronics, 216-447-1520 . Perrott Assoc., 305-792-2211 
1.11 A.slrll. Vln.1 SA Norcross OK T.ISI Burisch GMBH U Co KG, TEL: 022 (Wien) ElectroniC Sales, 404-448-6554 Sterling ElectroniCS, 918-663-2410 387638 IL Elk Sr ... Village OR Like 01 .... 1.11 DMlllrk. C ......... John G. Twist Co. (Main Office), 312-593-Moore Electronics. 503-684-3100 

Advanced Elctrn., TEL: 45-1-194433 0200 PA Pllllld"p .. 11 
1.11 Ea ..... OxtOntl~rl IN Gnu.1Id Almo· Electronics, 215-698-4000 

TX Addlm Peter Gray Elctrns., Ltd., TEL: Henley 6543 Valentine & Assoc. (Main Office), 317-888-

Active Component Technology, 214-980-1888 1111 Itlly. MllaH 2260 

TX A.stll Comprel, SRL, TEL: 02 6120641 I. S ......... 

Active Component Technology, 512-452-5254 1.11 JapaD. T.k,o Valentine & Associates, 317-888-2260 

TX Aliitl Jepico Corp., TEL: (03) 348-0611 IN S.ltll Bu' 
Captronics, 512-459-4328 IIII ... ay. Str ...... Valentine & Assoc., 219-288-7070 

TX . A"'" A/S Kjellbakke, TEL: 02-7118 72 IA Cadlr IIIpldl 
Sterling Eiectronics, 512-836~ 1341 ' 

I 
Iitl SpIll. BlrCllonI 

I 
C.H. Horn & Assoc., 319-393-8703 

TX 0I11a. Interlace SA, TEL: 93-301 78 51 IA Cedar Rapldl 
Captronics, 214~340-3592 I.d SWIdII. ViII .... ' C.H. Horn & Assoc., 319-393-8703 

TX DaItn Svensk TeieiAdtlstrie .. TElj 08-380320 is wiciiia 
Marshall Industries, 214-233-5200 I.n SWltHrtaH. Z..tclt D.l.E. Electronics, 316-744-2126 

TX DIRas EIIVptic AG, TEL: 01-541100 .0 CtIRIbII 
Sterling Electronics, .214-243-1600 I.d UIIII. Kill'''. Strray Delta III Associates, 301-730-4700 

TX H.st. Robin Reynolds, TEL: Ashtead (03722) 72741 110 CoI .... 11 
Active Component Technology, 713-496-4000 Delta III ASSOCiates. 301-730-4700 

TX Houln NA W""'", 
Marshall Industries. 713-789-6600 Octagon Systems Northeast Regional Sales Office, 617-431-

TX H ...... 7944 
Sterling ElectroniCS, 713-627-9800 NA W./I • .., 

UT SIll Llkl City Octagon Systems Corporation Advanced Design Group, 617-431-7946 
A.C.T. Rocky Mountain, 801-487-8131 6501 West 91stAvenue III LIMI. 

VA RI ..... Westminster, Colorado 80030 Luebbe Sales, 313-477-3131 
Sterling ElectroniCS, 804-226-2190 303-426-8540 •• B ....... H 

WA BIIIIY .. John G. Twist Co., 612-835-2120 
Bell Industries, 206-747-1515 •• BI ...... ' • 

WA .... v .. Ohio Scientific Midwest Regional Sales Office, 612-835-0837 
IEC/JACO, 2(l6-455<-2727 • ......,... 

WA THwill 
Ohio Scientific J.G. Twist Co., 612-835-2120 

Marshall Industries, 206-575-3120 
1333 S. Chillicothe Road MO SI. LHI. 

WI ....... 
Aurora, Ohio 44202 John G. Macke Co .• 314-432-2830 

Marsh Electronics, 414-475-6000 
216-562-2020 IJ BlOIt. 

WI lin BIrIII PAF Assocs .• 201-335-0680 
Nep ElectroniCS, 414-784-4420 .Y Allla., 

WI lew BIrII. Reagan/Compar Albany. Inc .• 518-489-4777 
RM Electronics, 414-785-9100 OK. Semiconductor NY Po •• IIt .... I. 

en B..."Be Northeast Regional Sales Office, 914-473-
RAE Industrial ElectroniCS, 604-291-8866 OKI s-tCH'lClor. I.e • 8044· 

ca. ......... 0.II1'II 1333 Lawr1Ice Expnmn,. S .... 401 NY SIIltIIllWI 
Carsten Electronics, 416-663-5563 SaIl Cilra. ColI ...... 95051 PAF Assocs. (Main Office), 516-360-0940 

Cal 0tIawa ........ 408-984-484t OR CI.cllull 
. Carsten Beetronics,- 613~ 729-5138 TWX: 910-331-0508 Luebbe Sales (Main Office), 513-891-5770 

en ..... CIa ..... 0IIIIIc OR CImIaH 
future Electronics, 514-694-7710 Luebbe Sales, 216-333-0425 

Cal ~.0I11r11 . Salls Office & Repnsattatives -011 eel_a 
Carsten ElectroniCS, 416-751-5095 Luebbe Sales, 614-431-0474 

Cal St. La .. l. PO At Hillsville OH OIyt. 
Carsten ElectroniCS, 514-334-8321 Electronic ~Ies, 205-533-1735 Luebbe Sales, 513-294-0425 

Cn SImy. Be AL HHIIIIIII 01( Oklallo .. City 
MEMCO, 604-536-4243 ElectroniC Sales, 205-533-1735 Ammon & Rizos, 405-942-2552 

AI. SCltI"''' OR a.m. 
Semi Systems, 602-991-1151 Ouest Mktg., 503-644-8077 

Nitron AI. SctUUaII PA IhnIIIII 
,-. " \ Semi-Systems AZ, 602-991-1151 Southeast Regional Sales Office, 215-674-

Nltron, Inc. CA Irwlll 9511 
10420 Bubb Road Southwest Regional Sales Office, 714-752- PA PlItD ... 
Cupertino, California 95014 1843 Luebbe Sales, 412-931-0414 
408-255-7550 CA LIS Alallitll PA SHaH..,I. 
TWX: 910-338-0222 Santana Sales, 714-827-9100 Campbell Associates, 215-322-6630 
s,.HIc prtdICt ......... : CA LIS Salas PA s. ...... IH 

Gate Array, Custom, Standard Products ............. Ext. 204 Pro Assocs. Inc., 408-358-3861 Campbell Assoc., 215-322-6630 
Non·VoIatile Memor~ .......................................... Ext. 204 CA Los Gatn PA SHIIHptH 
HIRel, Customer-Owned Tooling ........................... Ext. 200 Pro ASSOCiates, 408-358-~ 1 Campbell Associates, 215-322-6630 

-- -,~ 
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OKI Semiconductor (Cont) IY Ealt Sync." 1.11 I.dll ...... , 
Future Elctrns .• 315-272-1851 Echbee Corp .• TEL: 25 34 89/25 83 41 

TX 0.1111 IY FrMpll1 

Ammon & Rizos. 214-233-5591 Milgray Elctrns. (Main Office), 516-546-5600 

TX Oljlll OH Cltvtll.d Omnibyte Milgray Elctrns., 216-447-1520 South Central Regional Sales Office, 214-248-
OH Ctl ••• 1S 8801 

Reptron Elctrns., 614-436-6675 Omnibyte Corporation 
TX HOlltlll 245 W. Roosevelt Road, Building 1-5 

AmmoR & Rizos, 713-781-6240 OR Wllso.vUIt 
West Chicago, Illinois 60185 

UT Silt LIlli City Zepher Electronics, 503-682-2929 
312-231-6880 

Electrodyne, 801-486-3801 TX MdJ. 

WA RIll •• A.C. T. (Main Office), 214-980-1888 

Quest Mktg. (Main Office), 206-223-1541 TX A.III. Dlstrlbators 
WI Broollfltld A.C.T. Electronics, 512-452-5254 

John G. Twist Co., 414-782-2670 TX O,"as 1.11 AI ..... HIV •• HIIII.d 
WI .11w,.II. RM Elctrns., 214-263-8361 DeGidls & Feldman, TEL: 730953 

J.G. Twist Co., 414-782-2670 TX H ...... I.n 1IrctItIa. _II 
ea. Oow.svn. O.tlrlt A.C.T. ElectroniCS, 713-496-4000 lana Sarrate, SA, TEl: 204-44-50 

Westburne Electric Supply ltd., 416-634-2950 UT Sin Llllt City 
I.U BarIIslllre. E.,la.d 

ea. .arllIlaM. Oatarlt Act Electronics, 801-487-8131 
Measurement Systems ltd., TEL: (44) 0635 

RPS Eictrns., 416-276-5222 WA K.t 45420 
Cal .lIItnal. QatillC Shannon ltd., 206-763-0545 

I.U CllrlstulRlI. lew Z .. II.d 
RPS Elctrns. (Main Office), 514-341-3663 WA SIIItIt E. C. Gough ltd., TEL: (03) 798-740 

1.11 J'JlI •. TKyt Zepher Electronics, 206-241-1980 
1.11 Hydtrtbd. l.dJl 

OKI Elec. Ind. Co. ltd .. TEl: 03/454-2111 WI lew .. II. International Trade AgenCies, ltd., TEl: 
1111 WISt Gtl'll.a,. O.sslld,rf RM Elctrns .. 414-784-4420 31543-31216 

OKI Elec. Europe GMBH, TEl: 0049/211- 1111 .11I1 •• II.Iy 
592031 Auriema Italia, TEL: 430, 602 

Oliver Advanced Engineering 1.11 Soli •• hid. 

, Distributors Master Data AB, TEL: 08-83 01 55 
Ollnr Adn.ced E •• I ....... I.e. 1.11 St."prt. W. GtI'IIIay 
676 WISt WIIIII Av ... Claus Polack. TEl: Telex 2627-7111038 

AL HUltsvll1t SIHdalt. eallflf'lll 91 m 1.11 Tal.lI. TII,.I Contact Elctrns., 205-881-9321 213-240-0080 Strong Electronics Co., Ltd., TEl: (02) 521-
AL H •• tsvllle TELEX: 194773 8826-7 

RM Elctrns .. 205-852-1550 Specific predICt l.flInIIllo.: 1.11 Viet .... AlStrell. 
CA Inln Marketing & Sales Department ................... 213-240-0080 Rank Electronics Pty, ltd., TEl: (03) 29 3724 

Ryno Elctrns., 714-261-2500 
IIU Zlrlcll. SWJIartud 

CA Sa. 01 ... Omni Ray, TEL: (01) 47 8200 
Ryno Elctrns. (Main Office), 619-292-6022 SailS Office , Reprlsl.tatives 

CA SI ... ", 
Pacesetter Elctrns. (Main Office), 714-557-

I 
AI .... I Onset 7131 RlS Instruments, 602-892-9329 

CA 
O __ vu.l. 

CA CariDI - -

I 
WIIIIUNI··'· 

Pacesetter Elctrns., 408-734-5470 AMASCO, 213-516-8561 Onset Computer Corporation 
CO W .... trld .. CA S.uynlt 199 Main Street, P.O. Box 1016 

A.C.T. Rocky Mountain, 303-422-9229 AMASCO, 408-733-8690 North Falmouth, Massachusetts 02556 
CT Clltsllir. IL W ..... I •• 617-563-2267 

Future Elctrns., 203-272-1851 Engrg. Prods. Assocs., Inc., 312-537-4860 
FL Ta.p. II l.dll.aJl.lls 

Reptron ElectronicS, 813-855-4656 Engrg. Prods. Assocs., Inc., 317-894-7156 Optical Electronics FL Wllttr P.rk II It.1 CIIy 
Milgray Elctrns., 305-647-5747 Engrg. Prods. Assocs .. Inc., 319-354-5344 

Optical Electronics Inc. GA Atll ... LA Lltlsl.I' 
Milgray Elctrns., 404-393-9666 Industrial Digital Systems, 504-899-1654 

P.O. Box 11140 

IL Arll.,tn HII,~ls . 
U ....... d 

Tucson, Arizona 85734 

Reptron Elctrns., 312-593-7070 Comark. 617-359-8161 
602-624-8358 

IL L."rd .1 .1 .... Jlllls 
TWX: 910-952-1283 

RM Elctrris.~ 312-932-5150 Engrg. Prods. Assocs., Inc., 612-925-1883 
II Ildl_Jlllla 1M AIII·lJurql. 

RM Elctrns., 317-247-9701 RlS Instruments, 505-265-4187 Panasonic 
KS Ovn.d hrk TX HHIIOI 

Milgray Elctrns., 913-236-8800 Industrial Oigita:J Systems, 713-988-9421 P •• , •• le l.dlSlrttl CoIIpllJ/Ellctrttlc c.peiats 
110 Beckvlllt WA KlrtlHd Olvlsl .. 

Milgray Elctrns., 301-468-6400 Electronic Marketing ASSOCiates, 206-827- "tllslllt. EllCtrle CIIJonllol .f AllwiCi .. BlII1ligt .. 9350 1 P.nsule Way 
Milgray Elctrns., 617-272-6800 I." AISIrtt. WI. Stcnm. lew ..... .., 07094 .. Wntllorl Elbatex Ges.m.b.H., TEL: (0222) 86 56 11 201-341-5269 
Future Elctrns., 617-366-2400 Serie TWX: 710-992-8920 

.1 UI •• I, Iitl BII,ln. Z •• II.I. 
Reptron Elctrns. (Main Office), 313-525-2700 Belcomp PVBA, TEL: 011/78 05 12 

Silts OHice , !!r8S8llalivlS MI St. P •• I I." Brezll, SI. hll. 
Gopher Elctrns. Co., 612-483-4450 Filcres Instruments, TEl: 011-223-7388 

I 
IH HId.I 

I 
1.11 O" .. rI!. H ...... AL H.llavllil 

C & H Elctrns., 603-882-1133 C-BS aps, TEL: 02- 57 08 88 REP, Inc., 205-881-9270 

IJ Atd .... I." EI.llld. Ann. Ha_lre AI P .... II 
Action ElectroniCS, 609-858-2450 MTl Microsystems, TEL: 0420-88022 Stitzer-Dodd, Inc., 602-944-2237 

IJ M.rltol 1.11 Fr,.ce. Orsl, CI lewport ItICII 
Milgray Elctrns., 609-983-5010 Microel "le Parana", TEL: 907-08-24 West, Inc., 714-751-5656 

IJ Medford 1.11 GII'II'I,. M .. lc~ CA PIII"ltlll 
Hyde Electric, 609-953-1101 Scantec GmbH, TEL: (089) 134093 Moulthrop Sales. Inc., 415-864-0550 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Panasonic (Cont) CA Irvll. IIY RoelllSter 
Ratel Electronics. 714-549-8611 Summit Distributors. 716-334-8110 

D •• Vir 
CA LIS AI,,1ts IIY RIIII. CD Western Electromotive, 213-820-3777 Rome Electronics. 315-337-5400 Component Sales. 303-759-1666 

M •• IIOI 
CA Mt.Vln IIC Cllarlo", CT Shelley Electronics. 415-969-1820 

Conti-Younger Associates. Inc .• 203-245-1136 Dixie Electronics. 704-377-5413 

CGrII Sprl •• 1 
CA Sal Oligo 

.C Wllst •• -Saleta FL Shelley Electronics. 619-453-7133 
CSC Electronics. 305-755-1111 

CA Sal Oligo 
Dixie Electronics. 919-724-5961 

FL L ....... Tauber Electronics Inc .• 619-274-7242 OH CllcI •• 1I 
CSC Electronics. 305-831-5380 

CA Sat DIagG Hughes Peters Inc .• 513-351-2000 
SA Tacker Western Electromotive. 619-271-4511 OH C.I_II •• 

REP. Inc .• 404-938-4358 
CA Sa. Jes. Hughes Peters Inc .• 614-294-5351 

IL CIlICiIO Ratel Electronics. 408-946-4700 OR M ........ II HII.III. 
Brock & Cushman. Inc .• 312-622-4110 

CA Sa.lI Clarl Prehler Electronics Inc .• 216-243-5510 
III c-et Western EleCtromotive. 408-727-7411 OK T.I .. Marketing Engineers. Inc .. 317-872-5665 CA SII'"III Sterling Electronics. 918-663-2410 
KS 0111111 Capsco Sales Inc .• 408-734-3020 

Rush & West Inc .• 913-764-2700 CO ...... OR B ..... 

MD Ellicott City Shelley Electronics. 303-442-2718 
Almac Electronics. 503-641-9070 

Marketing Technology. 301-465-5944 CO IJlllvor PA HarrllII .. 
MA B.rlll.l .. Denver lWintronics. 303-934-2406 Advacom. Inc .• 717-545-5674 

Conti-Younger Associates. Inc .• 617-273-1582 CO IJIavor PA .cK. "-

.1 Brll"l .. Integrated Electronics. 303-292-6121 Advacom. Inc .• 814-476-7774 
Electronic Sources. Inc .• 313-227-3598 CT E.HIY8I PA PIIIII •• I,IIII •• MI .. ..,.II • J.V. Electronics. 203-469-2321 Philadelphia Electronics. 215-568-7400 

I 
Electro Mark. Inc .• 612-881-3306 CT Hi.lln se Cgi1aital 

• 0 Ballwl • Impact Sales Co .• Inc., 203-281-1331 I Dixie Electronics. 803-554-7515 I Rush & West Inc .• 314-394-7271 FL L ...... 
SC CoI .... I. IIJ HICII8IneII Intertee Components. 305-834-7777 

Meg Electronic Sales. 201-489-7700 FL .... 1 
Dixie Electronics. 803-779-5332 

IJ .,ul La ... Electronic Equipment. 305-871-3500 SC FI.rlDCI 

Comtek. Inc., 609-235-8505 SA A •••• lI Dixie Electronics. 803-669-8201 

IIY hrtll Syricne Dixie Electronic Inc .• 404-772-2055 . SC a .... '" .. 
Advanced Components Corp .• 315-669-2671 SA c.-I·I Dixie Electronics. 803-297-1430 

Ie Ra .... 11 Pan American Electronics. 404-577-2114 Til any 
REP. Inc .• 919-851-3007 IL CIIIClIO Dixie Electronics. 615-477-3838 

OH C ........ Pfehtir, Electronics Inc .• 312-384-6100, 800- n Antle 
Del Steffen & ASSOCiates, 216-461-8333 621-4177 Sterling Electronics. 512-836-1341 

OH Daytn IL . EIII. TX Dallal Del Steffen & ASSOCiates. "513-293-3145 Allied Electronics. 312-697-8200 Computer Components Corp .• 214-239-0271 
OH L.xta .... IL Pala"" 

Del Steffen & ASSOCiates, 419-884-2313 Ohm Electronics. 312-359-5500 TX Dalla. 

OR TI ..... IN Firl Wapi Sterling ElectronicS. 214-243-1600 

Electronic Sources, 503-684-0040 Graham Electronic Supply. 219-423-3422 TX FI. Wartll 

PA PIHllltrgII III 1 ..... pIIl. Allied Electronics, 817-336-5401 
Del Steffen & ASSOCiates, 412-'276-7366 Graham Electronics, 317-634-8202 TX IItIItW 

TIl .IIftIrI. City IA Ciftr """1 Sterling Electronics, 713-627-9800 
REP, Inc., 615-475-4105 Deeco; Inc .. 319-365-7551 UT .Imll 

Tl An ... LA ....... 11 Ratel Electronics, 801-562-2600 
Dunbar Associates, 512-346-9337 Sterling Electronics. 504-887-7610 

UT Sail Lab City 
TX Dalla. • D TI ... I •• Standard Supply, 801-486-3371 

Dunbar Associates, 214-239-7151 Zebra Electronics. 301-252-6576 
UT San LIkI City IIA ca.. VA Rlcll .... 

Component Sales, 801-466-8623 Impact Sales. 617-821-1500 Sterling Electronics. 804-226-2190 

VA LyaUhrl MA ..... WA BIIIn. 

MarketlOl}. TechnOlogy, 804-384-6459 Add Electronics, 617-478-4200 Almac Electronics. 206-643-9992 

WA BaIllY. MA WII.I •• I .. WA SlaUIl 
Electronic Sources. 206-451-3500 . R.C. Components Inc .• 617-273-1860 Zepher Industries Inc., 206-241-1980 

WI ......... F.11s MI Fa""', •• WI .... 
Brock & Cushman. Inc .• 414-255-2166 Prehler Electronics Inc .• 313-473-7200 Taylor ElectriC. 414-241-4321 

en ..... , ............. MN MI ... p.11s ea. .......... OIllril 
Astec Components, ltd .• 416-630-8463 Industrial Components Inc .• 612-831-2666 Prelco Electronics ltd .• 416-678-0401 . 

.11 TIIIIf Rlvor Falls ea. MUIrAI. QwIIIC Oigi-Key Corp .• 218-681-6674 
Distributors .0 SI. Lull Electronic Wholesalers ltd .• 514-769-8851 

Oiive Electronics Inc., 314-426-4500 en M .... 1. ..... 
AL HIII,vlll. IIJ ........... Prelco Electronics ltd .• 514-389-8051 

Resistacap, Inc., 205-883-4270 Mid Atlantic Corp., 609-931-5303 ea. Ott .... OIl1r1i 
AI I'IlIIIU IIJ PIII~ Electronic Wholesalers ltd .• 613-746-4413 

Sterling Electronics, 602-258-4531 Mars Electronics, 201-757-4332 ea. OttaWI. O.lIrI, 
AI T.,. IJ P ... "'III Prelco Electronics ltd .• 613-226-3491 

Circuit Specialists. 602-966-0764 Zebra Electronics, 201-839-9040 
AI T .... II. M ....... 

Shelley Electronics. 602-894-2058 Sterling Electronics. 505-884-1900 
Pico Design CA ..... IV ..... .. 

TAW Electronics. 213-846-3911 Zebra Electronics, 516-563-2160 
CA Cllallwd NY BIftIII Pico Design. Inc. 

Shelley Electronics. 213-998-3333 Summit Distributors, 716-887-2800 1333 Lawrence Expressway. Suite 340 
CA HI,... IIY E. Syncue Santa Clara .. California 95051 

Allied Electronics. 415-487-5250 Add Electronics, 315-437-0300' 408-249-8090 
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PEessey Solid State 
OH CUI.nlllt CT UIIOlWill. 

SAl Marketing Corp., 513-435-3181 PMI Sales Office, 203-673-9995 
OH niller H.lgilis FL LOllgwootl 

Pl .... ' SoIlti Stili SAl Marketing Corp., 216-751-3633 PMI Sales Office, 305-331-5133 
3 Wllltl., OH bll.avill. FL Orlilldo 
Irvin., Clllf.rlil 92714 SAl Marketing Corp. Pioneer/Harvey Electronics, 305-834-90~0 
714-540-9979 TI Jllliso. City FL SI. PII.rsblrg 
TELEX: 595-1930 R.W. Mitscher Co., Inc., 615-282-6240 Hall-Mark Electronics, 813-576-8691 
AppllCilioD .. gll .. lng: TX Arlligt .. Gil AIIIRII 

ext. 33 W. Pat Fralia Co., Inc., 817-640-9101 EMA,404-329-0530 
L1ttrat.": TX IIntll Gil GllIlIII'sb.rg 

Burma Tayengco W. Pat Fralia Co., Inc., 512-835-7911 PioneerlHarvey Electronics, 301-921-0660 
Prlc. 1111 tllII,try: TX Holst .. GA lorcross 

Pat Dilley ................................................................... ext.49 W. Pat Fralia Co., Inc., 713-772-1572 Hall-Mark Electronics, 404-447-8000 
Fo"ow-Ip I. artier: UT Ba •• tIf.1 SA Narcms 

Pat Dilley ........................................ : ......................... ext. 27 Anderson Associates, 801-292-8991 Pioneer/Harvey Electronics, 404-448-1711 
WI Brlllllllill IL Sc ....... rg 

Sales Office & Re!resentatlvas 
Micro Sales Inc., 414-782-1171 PMI Sales Office, 312-885-8440 

ca. Bolt •• , O.tlrla IN IltllllI,.'" 
MacKay Associates, 416-857-4302 PMI Sales Office, 800-323-8755 

AL Hlitavilit CII Banlb, KS Merrll. 
R.W. Mitscher Co., Inc., 205-882-6050 RAE Industrial ElectroniCS, 604-291-8866 PMI Sales Office, 800-323-8755 

lIZ . ScIHslll1t MD . Lltlltrvlll. 
Thorsen Desert States, Inc., 602-998-2444 PMI Sales Office, 301-882-9222 

GIl Irvin Distributers MIl Natlcll 
National Sales Office, 714-540-9979 PMI Sales Office, 617-655-8900 

CA Irvll. ea. Mlsussa.p, Oatlrla MIl Wnlb ...... 11 
Southwest District Sales Office, 714-540-9979 GEC Canada Ltd., 416-624-8300 Future Electronics, 617-366-2400 

GIl Irvin MI Brlgill •• 
West Regional Sales Office, 714-540-9979 PMI Sales Office, 800-323-8755 

CA Slitl Clln Polycore Electronics MN BI ... lngtOi 
Logan Sales, 408-496-0660 PMI Sales Office, 800-323-8755 

GIl S ... ywall Polycore Electronics Inc. MN MII ... poIIs 
Northwest District Sales Office, 408-730-1111 1107 Tourmaline Drive Merit Electronics Corp., 612-546-5383 

GIl TIIullltl Oab Newbury Park, California 91320 MN MIII"IIIII 
S.C. Cubed, 805-496-7307 805-498-8832;213-991-1061 Pioneer/Harvey ElectroniCS, 612-9$-,5444 

GIl Tnlll IIJ ClIII'ry Hili 
S.C. Cubed, 714-731-9206 Hall-Mark ElectroniCS, 609-424-7300 

CO e.lllwutl IJ fllrnlill 
Oynateett, Inc., 303-773-2830 ,Precision MonoIithics 'Harr-Mark Electronics, 201~575-4415 

FL Boa Rat. NY Ellt Synnsa 
Lawrence Associates, 305-368-7373 Pr1cIs .. M.llllllles IIC. l-MAR Assocs., Inc., 315-437-m9 

FL Cltanntlr 1508 SpIn Part Drtn IY Hlcks,1I1t 

Lawrence Associates, 813-584-8110 Sal" Clln, CIIU .... 11 95050 J-Square Mktg., Inc., 516-935-3200 

FL w ..... "'" 408-727-9222 'IY Rcen:t=r 
lawrence ASSOCiates, 305-724-8294 TWX: 910-331-0528 l-MAR Assocs., Inc., 716-323-1000 

GA LlwrllCIWll1I Specific ,rIIIlCt I ....... tl .. : IC CIIIrIIIII 

R.W.Mltscher Co., Inc., 404-923-3239 ext. 162 Pioneer/Harvey ElectroniCS, 704-527-8188 

SA I~ AppIlallBl .11 ....... : IC Ralllill 

Southeast Regional Sales Office, 404-447- ext. 162 EMA,919-781-4139 

6910 L1l1ntlrl: OH elylOl 

IL ArIIllt .. Hflillta ext. 186 Del Steffen & Assocs., 513-293-3145 

Micro Sales Inc., 312-956-1000 Prla 1111 1I1I1,try: OH L,xliit. 

IL ArllllllI H,lllIta ext. 171 Del Steffen & Assocs., 419-884-2313 

Midwest Regional Sales Office, 312-437-1860 Fllltw-ap II er'''': OH Wnttrvilit 
ext. 171 Hall-Mark Electronics, 614-891-4555 

II Ft. WI,., 
All ..... 11fonI11I1I: OR PtrHI.II 

Central District Sales Office, 219-483-4863 
ext. 162 Bell Industries, 503-241-4115 

II 111I11I1"lIa PA COflIWlIIs Hlllilia 
SAl Marketing Corp., 317-241-9276 PMI Sales Office, 215-639-9595 

KS MtrrII. Sales Office & Representatives PA PlttA.rlll 
Midwest Tech. Sales, 913-236-8557 Del Steffen & Assocs., 412-276-7366 

MD Bflts,1I1t AL H .. lavllll TX Dallls 
Applied Engif\eering Con., 301-595-5393 EMA, 205-830-4030 PMI Sales Office, 214-341-1742 

MIl Fn.ll. AL H .. tavllll TX DlIlIS 
Eastern District Sales Office, 617-872-2288 Pioneer/Harvey Electronics, 205-837-9300 Pioneer/Harvey ElectroniCS, 214-386-7300 ., Brlilltil lIZ SclltU11I TX H"StH 
SAl Marketing Corp., 313-227-1786 PMI Sales Office, 602-941-1946 PMI Sales Office, 713-481-6460 

MI B ...... gt. lIZ T_,. TX HHSt. 
ElectroniCS Sales Agency, 612-884-8291 Anthem Electronics, 602-244-0900 Pioneer/Harvey Electronics, 713-988-5555 

IJ Martt. Al T.,. WA BflltvlI 
B.G.R. Associates, 609-428-2440 Bell Industries, 602-966-7800 PMI Sales Office, 206-641-6008 

NY HI'".'" GIl LIS AlgIIu WA Huoall 
Eastern Regional Sales Office, 516-273-3060 PMI Sales Office, 213-642-0142 Anthem ElectroniCS, 206-881-0850 

IV Hlcll"tlit GIl SaIDIIg' ea, Bn.,IOI, OItarl. 
Lorac Sales, 516-881-8746 I Bell Industries, 619-268-1277 Zentronics. 416-451-9600 I 

NY Slll .... _ GIl Sal" Clln eal ealilry, Allltrtl 
Robtron, Inc., 315-685-5731 PMI Sales Office, 408-727-6616 Future Electronics, Inc .. 408-259-6408 

Nt: CII.rl,H, CO Llttllt •• C.I C.lllry, A"Ift. 
R.W. Mitscher Co., Inc., 714-332-8490 PMI Sales Office, 303-979-8533 Zentronics, 403-272-1021 

Ne RlI'IOIl CO WII .. trl ... CI. Ed ••• I,I, AI.trIl 
R.W. Mitscher Co., Inc., 919-876-0160 Bell Industries, 303-424-1985 Inlek Electronics Ltd., 403-437-2755 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Precision Monolithics (Cont) co Delvlr Can SI. Laurant. 'Iallee 
Hall-Mark Elctms .• 303-694-1662 Zentronics. 514-735-5361 

• .,.. •• Oatario 
CO W'lIlrlllgl Can Valcolnr. Brlllsh Coil"". 

Caa Bell Inds .• 303-424-1985 I Intet< Elclms. Ltd .• 604-324-6831 Zentronies, 613-226-8840 
CT IIIrwIlk Can Wla • .,... Maaltolla 

cal Rexdalt. Ollarlo 
Pioneer/Harvey Eletms .• 203-853-1515 I Hi-Tech Sales Limited, 204-668-5227 Source Elclms. Ltd .• 416-675-6235 

FL Boca Rlloa IAII Alslralil. Hlrslvllle 
eal Rlcllll.lI. B.C. Lawrence Associates, Inc., 305-368-7373 RIFA Pty. Ltd., TEL: 02-570-8122 Zentronies. 604c273-5575 

FL Cltarwaler Inti lnlnnl. Soalh Brlsllaal 
cal VaaeouVlr. B.C. Lawrence Associates, Inc .. 813-584-8110 RIFA Pty. Ltd .• TEL: 07-44-6673 Future Electronics. inc .• 604-438-5545 

FL Fort Laud .... 1e Inll DeAmark. Blgsllllerd-Cop."lg .. Ca. Walertn. Oalarl. Hall-Mark Eletrns .• 305-971-9280 E. Friss-Mikkelsen AlS. TEL: 02-98 63 33 Zentronies. 519-884-5700 FL Orla.ll0 lall NorwlY. LlllIslrOll ca. WI • ...,II. Ma.IIAI 
Zentronics. 204-775-8661 

Hall-Mark Elctrns .• 305-855-4020 AlS Kjell Bakke, TEL: 02-83 02 20 
IL a..vlllt Inll SOIIIl Africa. JollanAlShrg 1.11 Alllnlla. Vlelorla 

RIFA. TEL: 03-480-1211 
Hall-Mark Elctms .• 312-860-3800 Associated Electronics (Pty) Ltd .• TEL: 011 

IL EIII Grave VU"ge 839 1824 lall Anlr". VI •• a Pioneer/Harvey Electronics. 312-437-9680 
Ing. Otto Folger. TEL: 02221 43 26 39 I. lallianapelis 

latl BInIIIX. Voorlllrg Pioneer/Harvey ElectroniCS. 317-849-7300 
Bourns (Nederland) 8.V .• TEL: 070 87 44 00 KS LRIXI Pro-Log 

l.tI DII .... II. Ballarlp Hall-Mark Elelms., 913-888-4747 
Tage Olsen A/S. TEL: 02-65 81 11 MD Balll.or. Pro-Log Corporation 

1.11 Ea.l .. Elrop •• VI.aa Hall-Mark Elctrns .• 301-796-9300 2411 Garden Road 
Eltrans, TEL: 0222/24 71 37 1M Lexl.gln Monterey. California 93940 

1.11 fl .... II. H.lsl.1I1 Pioneer/Harvey Elctrns .• 617-861-9200 408-372-4593 

I 
!nsele Oy. TEL: 80/7357 74 

I 
1M Norwood TWX: 910-360-70132 

I.U Fn.e •• Paris Gerber Eletrns .• 617-769-6000 
Ohmic S.A .• TEL: 011203 9633 MI Llvnla 

latl &InuIy. Siliipri Pioneer Eietrns .• 313-525- Isua Distributors 
Bourns GmbH. TEL: 0711/24 29 36 MI BlllGlllagtu 

I.U GrtICt. A ..... Hall-Mark Eletrns .• 612-854-4169 1.11 Auslrla. Ollac"glSs, 
Germanis Co .• TEL: 01-821 5825 MO Marylanll Hllgllis Walter Rekirsch Elecktronische. TEL: (0222) 

Ian lallia. &o.lIa, Hall-Mark Elctrns .• 314-291-5350 235555-0 
Hindeo Corp .• TEL: 373544 IJ PIli BrHII lall B. V .• 1 .. lIlrlands 

I.U Isnel. T.I Aviv Pioneer/Harvey Eletrns .• 201-575~3510 Intelligent Systems. TEL: 076 224182 
Rapac Elelrns. Ltd .• TEL: 03-47 71 .15 •• Alblllall'1ll • tnfl CltHl. SuU ... 

I.U Italy ...... BFA Corporation, 505-292-1212 Interlog Electronics Ltd .• TEL: 2253689 
Technic S.r.L.. TEL: 02/569 57 46 11M AlII· .... II .. IAII DlllllrIc. Cop .... g.n 

latl Japa •• Tokyo Bell Inds .• 505-292-2700 E. V. Johanssen Elektronik A-S, TEL: 45 183 
Nippon PMI Corp .• TEL: (03) 234-1411 NY ........... 9022 

latl Perllpl. LlIIIII Pioneer/Harvey Eletrns .• 607-748-8211 l.tI FnACI 
Telectra S.A.R.L.. TEL: 19/68 60 72 IY fairport YREL. TEL: 956-81-42 

1.11 Spall ... tlrllI Pioneer/Harvey Eletrns .• 716-381-7070 Inll G .... I' .... CHa 
Hlspano Eletrna. S.A .•. TEL: 01-619-4108 IY WHtlIIIIl Spezial-Elctrn. KG. TEL: 089/530387 

Iall SWill •• TIIIIy Pioneer/Harvey Elctrns .• 516-921-8700 1111 1 ... la. BOIIba, 
8exatrBecttonitl AB. TEL: 08-768 0560 Ie HI"", Americafl Components • .me .. TEL: 222-999 

Iall SwIIDrIIItI. 811r Hall-Mark Eletrns .• 919-872-0712 I.U Isr .... Glvata, .. 
Bourns (Schweiz) AG. TEL: 042/33 33 33 OM C ....... Elm tnt'l Beetrorncs. TEl: (03) 774-041 

tall Tn". AIkin Pioneer/Harvey Electronics. 216-587-3600 taU ttaly. Ro .. 
Nel. Nukleer E1ektronik Ltd .• TEL: 041-30 15 OH DaytOI Teehnitron. Sri. TEL: 6-8395841-2. 837035-6 
10 Pioneer/Harvey ElectroniCS. 513-236-9900 I.tl Japaa. Tokyo 

taU UllIItI KlIgtI .... 1tItI .... x OM Htplaatl HllplS Syseon Corporation. TEL: (03) 863-7688 
Bourns ElectroniCS. Ltd .• TEL: 01/572 6531 Hall-Mark Elctrns .• 216-473-2907 

Iitl KOfll. S_I 
Ian· Y.","v". ZI ..... OK TIIII M-C Inti. Korea. Ltd .• TEL: 745-7432 

Jugomlneral. TEL: 041-44 1885 Hall-Mark Eletrns .• 918-665-3200 
lall I •• Z ........ Auck .. all 

PA HIII'SIII. 
GTS Engineering ltd .• TEL: 546·745 

Pioneer/Harvey Electronic~. 215-674-4000 
1111 lorway. Dslo , DistrJltttors PA PlHlllargil 

E~etctronix AS. TEL: 02-229850 
Pioneer/Harvey ElectroniCS. 412-782-2300 

latl lIorwa,. Oslo At R.IIYIIII TIl JnlSboro 
Hall-Mark Eletrns .• 205-837-8700 EMA.615-753-5844 Elektronix AS. TEL: 02-229850 

CA CIIIfswortl TX Antill Inll SI.g.,.,.. 

Anthem Eletrns .• 213-700-1000 Hall-Mark Eletrns .• 512-258-8848 Inti. Control Sys .• TEL: 2788288 

CA Sartllu TX Dallas latl Slat, Africi 

Belllnds .• 2137515-1800 Hall-Mark Eletrns .• 214-341-1147 Transvaallnst. Pty. Ltd .• TEL: (011) 673-

CA Los AIIIiItll TX HoulOi 6754 

SEMI-DICE. Inc .• 213-594-4631 Hall-Mark Eletrns .• 713-781-6100 iaii Slaih Allirici. iilxin 

CA Res",'" liT ..... 1111 Eleetronica Steren. TEL: 518-6700 

Belllnds .• 916-969-31oo Anderson ASSOCiates. 801-292-8991 IIU SpaIil."IIr1t1 
CA ........ IT SIll LaUCily Unitronies. S.A.. TEL: 242-52-04 

Anthem Eletrns .• 619-279-5200 Bell lods .• 801-972-6969 IllI Swltlll. T,nsco 
CA SIBil ... WA BII"'II Logtek Electronik AB. TEl: 770-07-25 

L & S ASSOCiates. 619-455-0055 Belllnds .• 206-747-1515 t.tt SWltzIrIHtI. ZIfIA 
CA 811 .... WI 0lIl CnIII Max Meier Elektronik AG. TEL: 01/491 2121 

Anthem Eletrns .• 408-946-8000 Hall-Mark Eletrns .• 414-761-3000 lail Talwaa. Taipei 
CA Sla."." Caa ........ OR ...... Multiteeh IntI. Corp .• TEL: (02) 713-4022 

Belllnds .• 408-734-8570 Future Elctrns. Corp .• 416-663-5563 lall Tllln •• 1I.8.glld 
CA Snayn" ea. Ottawa. OIIt1r1. Kriangpat Co. Ltd .• TEL: 251-6777 

Hall-Mark Eletrns .• 408-773-9990 Future E!etms. Corp .• 613-820-8313 I.U Uat .... KI ..... call1lll'lly 
CA TIItII Caa P ... CIaIn. QIIIItIc Technitron. Inc .• U.K .• TEL: Camberley (276) 

Anthem E!etrns .• 714-730-8000 Future Eletros .• Inc .• 514-694-7710 26517 
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Quay 
MD Ellicott CA AII.IIIt. 

Arbotec Assoc. Inc., 301-461-1323 Zeus Comps., Inc., 213-924-0454, 714-632-
MD Towso. 6880 

Quay Corporation Arbotec Assoc. Inc., 301-825-0775 CA Cutswort. 
P.O. Box 783 MA LIIII.t." Arrow Electronics, 213-701-7500 
Eatontown, New Jersey 07724 Raytheon Regional Sales Office, 617-861-1830 CA Cllatswort. 
201-542-7340 MA W.ltlla. Integrated Electronics, 213-998-2200 
Specific pro.uet I.'enullo.: Dynasel Assoc., 617-890-6777 CA Cupertl., 

Consult Factory for nearest Distributor/Representative MA W.It ... Western Microtechnology, 408-725-1660 
Dynasel Assoc., 617-890-6777 CA EI Slgndo 

MI LI,nl. Wyle Distribution Grp., 213-322-8100 

Raytheon Semjconductor Lowell-Wendt Mktg. Co., 313-464-2722 CA Irwl., 
MI EhI'r.lrt, Wyle Distribution Group, 714-851-9958 

Aldridge Assoc. Inc., 612-944-8433 CA Irwl •• 
Ra".1011 Co.p •• y MI MI .... polis . Wyle Distribution Grp., 714-641-1600 
SalcOI •• et.r DI,lllon Raytheon Regional Sales Office, 612-920-7935 CA Loa AI_ 
350 EIHs Slnet MO st. Lull Kierulff Elctrns., 213-725-0325 
•••• t.l. View, ClIIf.nl. 94043 John G. Macke Co., 314-432-2830 CA N.wport BIIell 
415·968·9211 

I' B.ffal. Arrow ElectroniCS, 714-851-8961 
TWX: 910·379-8481 Pi'Tronics, Inc., 716-876-0549 CA Sa. DI ... 
Specific pr".ct 1.'l11li11.: 

I' C.uek Arrow Elctrns., 619-565-4800 
Linear ................................................................ J. Shupenis ERA, Inc., 516-543-0510 CA Sa" DI ... 
Digital.................................................................... G. Jones 

I' H.upp .... Kierulff Elctrns., 619-278-2122 
Discrete .............................. .................... ................ G. Jones Raytheon Regional Sales Office, 516-582-3646 CA Sa. Diego 
LSI/Memory ......................................................... D. McCoy 

I' H • .,p .... Wyle Distribution Grp., 619-565-9171 
,ric ••••• 18,.,: Raytheon Regional Sales Office, 516-582-3646 CA Sa.1I CI.n 

Local Field Sales Office 
I' SynClII Wyle Distribution Grp., 408-727-2500 

'lie •••••• : Pi'Tronics, Inc., 315-455-7346 CA S ••• "a" 
Local Field Sales Office Ie Ganer Arrow Elctrns., 408-745-6600 

FellN-" ••••• : J & S Sales, 919-772-3546 CA Sn."." 
Customer Service OH BIIc.w'" Sell Inds., 408-734-8570 

Thompson & Assocs., Inc., 216-831-6277 CA T.stl. 

Salas O"lcI " Re!rlseltatiVls OH OI,tH Kierulff Elctrns., 714-731-5711 
Thompson & Assocs., Inc., 515-435-7733 CO D.,er 

'A Er •••• I. Arrow Elctrns., 303-758-2100 
AL H •• tsv"" OMNI Sales, 215-233-4600 CO TIIIrIt. 

Macro Mktg. Assocs., 205-883-9630 PA W.,.. Wyle Distribution Grp., 303-457-9953 
AZ SctIIsI1II8 Raytheon Regional Sales Office, 215-687-8300 CO W_trt ... 

Semper Fi Sales Co., 602-991-4601 TI RIt,.. .. Belllnds., 303-424-1985 
CA "... Macro Marketing Assoc., 615-828-4243 CT w.lil •• ' •• 

Raytheon Regional Sales Office, 714-833-9042 TX Anti. Arrow Elctrns., 203-265-7741 
CA Irwl •• LogiC I, 512-459-1297 CT W.III •• ' •• 

Raytheon Regional Sales Office, 714-833-9042 TX H .. st .. I Kierulff ElectroniCS, 203-265-1115 

I CA L •• 11'1111 Logic I, 713-879-1566 FL FertL ...... 18 
Select ElectrQf!'C-~, U~., 714-739-8tl91 TX iiie .... ' ... Arrow Eicirns., 305-776-7700 

I CA Mil. View Logic 1,214-234-0765 FL Ft. 1I.~1I'I1." 
Raytheon Regional Sales Office, 415-966-7636 TX Ileb ...... Kierulff ElectroniCS, 306-486-4004 

CA .... View Logic I, 214-234-0765 FL Orl •••• 

I 
Raytheon Regional Sales Office, 415-966-7636 DT .I.nll Hammond ElectroniCS, 305-849-6060 

CA Sa. Dietl Simpson Assoc., 801-566-3691 FL P,III Illy 
Earle ASSOCiates, Inc., 619-278-5441 WA BIll .... Arrow Elctrns., 305-725-1480 ! 

CA S ... ".I. Raytheon Regional Sales Office, 206-883-4037 FL St. PIIII'I ..... I W.W. Posey, 408-746-0771 WI Mltwllk .. Klerufff Elctrns., 813-576-1966 

CO LlltlltD. Carlson Elctrns.Sales, 414-476-2790 GA Norcross 
Simpson Assoc., 303-794-8381 CII III'IIIP'N, 0.1Ir1. Arrow Elctrns., 404-449-8252 

CO LlHIII .. Cantec Reps. Inc., 416-791-5922 GA Ilrcrlss 

Simpson Assocs., Inc., 303-794-8381 CI. Dllllr. .11 O ..... x Kierulff Electronics 

FL CIII ... at ... Cantec Reps. Inc., 514-683-6131 IL Ell Gn" VI ..... 

Hutto, Hawkins, Peregoy, Inc., 813-797-4447 CI. OttlWI. Olllri. Kierulff Electronics, 312-640-0200 

FL Ft. 1I ••••• 1. Cantec Reps. Inc., 613-725-3704 IL EI .... t 

Hutto, Hawkins, Peregoy, Inc., 305-971-5750 ,.tl Fr •• ce. L. Plessll IRlIIN Semiconductor Specialists, Inc., 312-279-1000 

Raytheon Semiconductor France, TEL: 631 06 IL ........ 
FL Ln .. oR 

Rayal Elctrns., 312-498-0935 Raytheon Regional Sales Office, 305-862-3955 76 

FL M.I ..... 1.11 G •• ny, •• Ie ... IL RD ..... I 

Hutto, Hawkins, Peregoy, Inc., 305-831-2474 Raytheon HALBLEITER GmbH, TEL: 089/ Advent Elctrns., 312-298-4210 
539693 IL Scll·····rt SA W •• stock 

1.11 J.p., TDq. Arrow Electronics, 312-397-3440 

I 
Macro Marketing, 404-928-1145 

New Japan Radio Co., Ltd., TEL: 03-591-3451 IN I.dl ••• p.lls 
IL Dill PIIIIII 

1.11 0.11111 K" .... , Essex Arrow Elctrns., 317-243-9353 
Raytheon Regional Sales Office, 312-297-5540 

Raytheon Semiconductor, TEL: (0268) 288562 IA Clllar Rapl., I 
IL Dill PI.I.II Advent Elctrns., 319-363-0221 . 

Raytheon Regional Sales Office, 312-297-5540 ID 1I111.ln 
IL Elk Grl" VIII ••• Distributors Arrow Elctrns., 301-247-5200 

Carlson Elctrn. Sales Co., 312-956-8240 MD TI ... I .. 
II 1.....,.lIs AI ' .... Ix Zebra Elctrns., 301-252-6576, 800·638-1103 

I J & W Sales, 317-842-3740 I Arizona Comps. Co., 60?-?79-9446 I MA BIlIlrICi 

I II 11II1"'pllls I AI Phallx Klerulff Elctrns., 617-667-8331 
J & W Sales, 317-842-3740 Kierulff Elctrns., 602-243-4104 MA L.xllllt", 

IA CI •• r Rlpl., AI PIIHllx Zeus Components, 617-863-8800 
Carlson Elctrn. Sales, 319-377-6341 Wyle Distribution Grp., 602-249-2232 MA N,wl •• 

KS Wlc.". Al SCDlts •• '. The Greene-Shaw Co., Inc., 617-969-8900, 
DLE ElectroniCS, 316-744·2126 Western Microtechnology, 602-948-4240 800-225-8804 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

I Raytheon Semiconductor (Cont) TX Husln MA Blrlligt .. 
Kierulff Electronics, 713-530-7030 New England Technical, 617-272-0434 

I MA WIII_ 
Tl atlfieri ItA W .. 1IaJIy 

SterlinglWatertown, 617-894-6200 Arrow Elctrns., 713-491-4100 RCA, 617-237-7970 

MA Wn.n UT . SaIl Lan CIty MI BInIII ..... 

.Arrow Elctrns., 617-933-B}3O 
Bell Inds., 801-972-6969 RCA,313-644-1151 .. AHA .... UT SaIl Lall. City .. MII..,.us 

-Arrow Elctrns., 313-971-8220 Wyle Distribution Group, 801-974-9953 .comprehensive Tech. Sales, 612-888·}011 

• U, ... WA ........ MI ..... polls 

Reptron/Mich., 313-525-2700 Arrow Elctrns., 206-643-4800 RCA,612-929-0676 .. E .... WA ........ IJ CIItrry Hili 

Arrow Elctrns., 612-830-.1800 Wyle Distribution Grp., 206-453-8300 RCA, 609-338-5042 

.1 EIIIII WA Tnlll IJ Cllrll 

Kierulff Elctrns., 612-941-7500 . Kierulff Elctrns., 206-575-4420 RCA,201-574-3550 

.0 "rylllil H .... ta 
WI Oall CrIll IJ Pert. AIIIIay 

Kierulff Electronics, 314-739-0855 Arrow Elctrns., 414-764-6600 Astrorep, Inc., 201-826-8050 

.0 St. L .. ls WI Wllk .. II' Jab"u 
Arrow Electronics, 314-567-6888 Kierulff Electronics, 414-784-8160 Astrorep, Inc., 516-422-2500 

IH .. n ...... Cal ClIpry, AIWII IY Fllrport 

Arrow Electronics, 602-668-6968 Cesco Elctrns., Ltd., 403-246-1980 RCA,716-223-5240 

IJ ea.- CII Dewu ..... Oltart. IC Ral .... 

Genl. ~diO Supply Co., Inc., 609-964-8560 Future Elctrns., 416-663-5563 CSR Electronics, 919~787-2137 

IJ FllrIIIN eal M.InII. 0IIhc OH CoII.bll 

Arrow Elctrns., 201-575-5300 Cesco Elctms., ltd., 514-735-5511 RCA, 614-436-0036 

IJ ....... CII Ottawa. 0.1Ir1. OH 0Iy1.1 

Arrow Elctrns., 609-235-1900 Casco Elctrns., Ltd., 613-226-6903 Lyons Corp .• 513-278-0714 

IJ I. 
CII Pili" Clilre. 0 .... OH RlcMl .. d 

Vantage, 201-667-1840 Future Elctrns., 514-694-7710 Lyons Corp., 216-659-9224 

I. Alb'II~. 
CIt UIIiIc City. V .... SC ll,ier' 

Alliance Electronics. 505-292-3360 Cesco Elctrns., Ltd., 418-687-4231 CSR Electronics, 803"292-2388 

I. A ........ Call T ..... Olllrll 11 I,.x,,", 

Arrow Elctrns., !nC.lElctms. Distribution DiY., Casco Elctrns., ltd., 416-661-0220 RCA, 615-588-2467 

505-243-4566 TX 011111 

IY ..". .. RCA Center, 214-661-3515 

Summit Dlstrs .• loc., 716-884-3450 RCA UT Milivil. 

IV E.Syn .. Simpson Assocs., 801-566-3691 
Add ElectroniCS Group, 315-437-0300 RCA S .. III Sill. Dlviliol VA ArIIl,ln 

IV F .......... Box 3200 RCA, 703-558-4161 
SAl. 516-293-2710 SllllrYIIII. lew ......, 01176 WA BtIIl .. 1 

IY FluklU 201-615-8000 Vantage Corp., 206·455·3460 
Intercept Electronics Corp., 914-896-7535 TWX: 710-410-9333 eal ealpry. AJIIIrtI 

IY .......... RCA loc., 403-279-3384 
Arrow ElectroniCS, 516-231-1000 Cal Cllpry, A .... 

IY ........ Sills Ontce " RepresentaliWls RCA Inc., 403-279-3384 
Harvey/Mllltary, 516-231-9200 en Ru ...... 0ItIn. 

IY L1,trpIIi AL H ... lavl ... RCA Inc., 416-247-5491 
Arrow Elctrns., 315-652-1000' CSR ElectroniCS, 205-533-2444 Call RII .... 0I1IrIo 

IY ..... , ... AL Hutavllil RCA Inc., 416-247-5491 
Arrow Elctrns., 516-391-1626 RCA, 205-533-5200 en St. AIH-.. """ •• _ec 

IV PIa ...... AZ SCeItatIIII RCA Inc., 514-457-2185 
ACI Elctrns. Corp., 516-293-6630 RCA, 602-947-7235 I,ll ArgaII'I, a ..... Aim 

IY Pert CIIIItIr AI SctIIIIII .. Ramiro E. Podetti Reps., TEL: 393-4029 
Zeus Comps., Inc., 914-937-7400 Thorn Luke Sales, Inc., 602-941-1901 1111 ........ Bru_ 

IY ....... CA LIS AllII RCA SA, TEL: 02/720.89.80 
Arrow Elctrns., 716-275-0300 RCA, 415-948-8996 11111 BrIlll. Sa. P .... 

Ie .... CA SU .... RCA Solid State Ltda.; TEL: 210-4033 
Arrow Electronics, 919-876-3132 C & K Assocs., 714-279-0420 'III Fralce, V.llzy 

IC WIIlt ..... _ CA SUnIIIOIh RCA S.A., TEL: (3) 946.56.56 
ArrowElctros., 919-725-8711 RCA,213-468-4200 1111 H ... I .... lowloo. 

OH Cellini .. CA Tulll RCA Inti. Ltd., TEL: 852-5-723-6339 
Arrow Elctrns., 513-435-5563 RCA, 714-832-5302 JlU lilly. MIIII. 

OH CtI ..... CO Ell ....... RCA-SpA, TEL: (02) 65.97.048-051 
Reptron/Ohlo, 614-435-6675 RCA Corp., 303-740-8441 III Mlxlet. MIllet 

OH SIIII CT MtrIIIII RCA S.A. de C.V.lSolid State Div., TEL: 
Arrow Elctrns., 216-248-3990 New England Technical, 203-237-8827 (905)399-7228 

OK TIIIaI R. ... iia Siijipifi, $Ii ...... 

Kierulff Electronics, 918-252-7537 G. F. Bohman Assoc., Inc., 305-886-1882 RCA Corp.lSolid State Div., TEL: 22241561 
GIl ....... -, R. FL lIIIIIrtIIII ,222,4157 

V6'1e Dl$frl~tlon Group., 503-640-6000 G. F. BohmanAssoc., Inc., 305-979-0008 III SwIM. SIll. 
PA ........ Fl Lakl hrk RCA Inti. t TO, TEL: 08183 4? ~5' 

Arrow EfCtrns., 412-856-7000 RCA, 305-626-6350 l1li T ...... TI .... 
TX AaIII IIA AIIIIII RCA Corp.1SoUd State Oiv., TEL: (02) 521-

Arrow ElectroniCS, 512-835-4180 CSR ElectroniCS, 404-396-3720 8537 
TX AIItII IL DII ....... 1111 U .... KII ••• Sllbiry-tl-T ....... 1111110111 

Klerulff Electronics, 512-835-2090 RCA, 312-391-4380 RCA LTD, TEL: 093 27 85511 
TX DIIIII .1 ............ ..U WllllIIrIIIIy ..... 

Arrow Elc~ns., 214-386-7500 RCA, 317-267-6375 RCA GmbH, TEL: 089n143047-49 
TX DIHII IS OnrIIIllhrk 1111 Wilt BIrIIIq. Olmltlln (1 .. 111) 

Kierulff Electronics, 214-343-2400 Electri-Rep, 913-649-2168 RCA GmbH, TEL:.0711/454001-04 
TX 811111 IS O ..... lIhrk 1111 WHI ..... '. O"ck.on 

Trevino Elctrns. Inc., 214-357-5446 RCA, 913-642-7656 RCA GmbH, TEL: 04106/613-0 
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~~IC MASTER~~ 
BELONGS ON YOUR 

BOOKSHELF 
If you use IC MASTER frequently, you can obtain your own copy by ordering 
now. Use'the order cards contained in this publication, or order by 
telephone as described below. 

IC MASTER is a two-volume set of technical data carefully organized to 
direct the engineer to the integrated circuits and related products that are 
closest to his specific needs. It is the surest way to find the optimum 
device to answer an engineering design requirement. By ordering now, you 
won't have to borrow or search for IC MASTER the next time you need it 

Typical Use of Ie MASTER 
Can an engineer find out who makes a 64K dynamic RAM with an access 
time of 120 nanoseconds or faster in less than 30 seconds? 
He can if he turns to the Memory section of IC MASTER and looks for the 
64K organization (words and bits per word) that he needs. 
Because each device is listed in order of access time, he can easily 
determine the'devices that satisfy his speed requirements. 

In the United States only: 
You can order IC MASTER simply by charging it to your VISA or Master 
Card credit card. To place your order, call now: (516) 222-2500. 
Ask for Extension 314. 

ORDER YOUR· COpy 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii NOWiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 



ABBREVIATIONS OAE Oliver Advanced Engineering 
Octagon Octagon Systems Corp. 
DEI Optical Electronics Inc. 
ObioSci Ohio Scientic 

OF 
OKI OKI Semiconductor 
Omnibyte Omnibyte Corp. 
Onset Onset Computer Corp. 

COMPANY Panasonic Panasonic 
Pico DeSign Pico Design 
Polycore Polycore Electronics 
Plessey Plessey Semiconductors 

NAMES 
PMI Precision Monilithics, Inc. 
PragDes Pragmatic Design Inc. 
Pro-Log Pro-Log Corp. 

Quay Quay Corp. 

Raytheon Raytheon Semiconductor 

81 General Instrument RCA RCA Solid State Division 
Action Ins Action Instruments RCIDlta RCI Data 
AD Analog 'Oevices GTE Micro GTE Microcircuits RELMS Relational Memory Systems 
ADT Advanced Digital Technology Reticon Reticon 
Advent Advent Products. Inc. 

Harris Harris Semiconductor RIFA RlfA 
Alphatron Alphatron Rockwell Rockwell. Microelectronic Devices 
AMA American Automation Heurikon Heurikon Corp. RTC Riehl Time Corporation 
AMO Advanced Micro Devices' Hilevel Hilevel Technology, Inc. 
AMI American· Microsystems. Inc. Hitachi Hitachi America, Ltd. 
Amperex Amperex Electronic Corp. Holt Holt Inc. Sanyo Sanyo 
Analogic Analogic HP HeWlett-Packard SBE SBE. Inc. 
Analog Sys Analog Systems Hughes Hughes Aircraft. Solid State SEEQ SEEQ Technology, Inc. 
APC Applied Micro Circuits Products SPI Semi Processes Inc. 
Apex Apex Microteclmology Hybrid Sy! Hybrid Systems Siemens Siemens 
APM Applied Microsystems Corp. HyComp HyComp Si-Fab Si-Fab 
~~!I Sys Applied Systems Corp. Signetics Signetics 

Applied t.1iciotechnology SIS SGS Semiconductor Art 
ICC Internatiohal Cybernetics Sharp Sharp Aptek Aptek Microsystems 

Array Tech Array Technology lOT Integrated Device Technology Silicon a Silicon General 
AWl AWl Electronics IMI International Microcircuits. Inc. Siliconix Siliconix 

IMP International Silicon Sys Silicon Systems Inc. 
Microelectronic Products Siltronics Siltronics 

Barvon Barvon Research IMS Industrial MicroSystems Inc. SMC Standard Microsystems Corp. 
Bedford Bedford Computer Systems Inc. Infosphere Intosphere S MOS S MOS Systems 
Burr·Brown Burr-Brown Inmos tnmos Solarise Solarise Enterprises 

IntCirEng Integrated Circuit Engineering Solitron Solitron Devices 
Computer Aided Engineering 

IntCirSys Integrated Circuit Systems Sprague Sprague Electric Company CAE IntCompSys Integrated Computer Systems SSM Solid State Micro Technology Cal Devices California Devices Int Tech Integrated Technology Corp. for Music Cermetek Cermetek Intech totech ~icrocircuits Div. SSS Solid State Scientific CGRS CGRS Microtech Inc. Intel Intel Stag Stag Microsystems Cherry Cherry. Semiconductor Intenlesign Interdesign STC Storage Technology Corp. CIC Custom Integrated Circuits Intersil Intersil STD STO Microsystems CirTech Circuit Technology Intronics Intronics struc Des Structured Design Inc. Citel Citet ITT ITJ Semiconductors Stynetic Stynetic Systems Comlinear Com linear Corporation Sunrise Sunrise Electronics CMA Custom MOS Arrays Sunshine Sunshine Semiconductor Comark Comark Corp. Kinetic Sys Kinetic Systems Supertex Supertexlnc. Comdial Comdial Semiconductor Kontron Kontron Electronics Symtek Symtek Corp. Camp Auto Computer Automation Synertek Synertek Compas Com pas Microsystems Sys Innoy Systems Innovations Cont Logic Control Logic Inc. Lambda Lambda Semiconductor 
Control Sys Control Systems Microsystems Div. Linear Tech Linear Technology 

Tau Zero Inc. CreMicro Creative Micro Systems lSI Comp LS I Computer Systems Tau lero 
Cromemco Cromemco, Inc. LSI Logic LSI Logic Corporation· Technitral Technitrol 
Cubit Cubit Inc. Tektronix Tektronix 
Curtis Curtis Electro Devices, Inc. Teledyne C Teledyne Crystalonics 
Cybernetic Cybernetic Micro Systems Master Logic Master Logic Corporation Teledyne P Teledyne Philbrick 
Cybersys Cybersystems Matrix Matrix Corp. . .. . Teledyne S Teledyne Semiconductor 
Cybertek Cybertek Inc. Matrox Matrox Electronic Systems " Telefunken Telefunken 

Maxim Maxim Integrated Products Telmos Telmos 
MCC Micro-Computer Control Teltone Teltone Corporation 

Data General Data General MCE MCE Electronics TI Texas Instruments 
Data 1/0 Data 1/0 Micrel Micrel Third Domain Third Domain 
Data Trans Data Translation Micro Innoy Micro Innovators Thomson-CSF Thomson-CSF Components Corp. 
Datel Datel Micropac Micropac Industries Toshiba Toshiba America Datricon Datricon Corporation Micro Net Micro Networks Trans-Data Trans-Data DOC Data Devices Corporation Micro Pwr Micro Power Systems TRW TRW LSI Products DEC Digital Equipment Corporation Micro Sci Micro Sciences Corp. Die-Tech Die-Tech Micro Tech Microcircuits Technology Uiiitiode UiiitiOde Digelec Digelec Corp. .Micro-Link Micro-Link Corporation Digitek Digitek, Inc. Micron Micron Technology Universal Universal Semiconductor, Inc. 
Dionics Dionics Inc. MilerTron MilerTronics Dist Comp Distributed Computer Systems Miller Miller Technology Varix Varix Corp. Divers Tech Diversified Technology Mitel Mitel Semiconductor VLSIDesiln VLSI Design Associates 

Mitsubishi Mitsubishi Electronics VTI VlSI Technology. loc. 
E·HI E-H International. ·Inc. MMI Monolithic Memories, Inc. Yotrax Votrax 
EDI Electronic Oesigns Inc. 

Mostek Monolithic Systems Corp. Elind Elind Elettronica IndustriaJe Weitek Weitek Corporation EMM-SESCO EEM-SESCO Motorola Mostek 
Emulogic Emulogic Inc. MRC Motorola Semiconductor Western Western Digital 
ETI Micro ETI Micro Murray MRC Systems Wintek Wintek Corp. 
Exar Exar Integrated Systems Monosil Murray Consulting 
Exel Exel Microelectronics Xicor Xicor. Inc. 

National National Semiconductor 
XyclIII Xycom 

Fairchild Fairchild HCM NCM Corp. 
Ferranti Ferranti Electric NCR NCR Corp., Microelectronics lendex Zendex Corp. 
Force Force Computers Division Zil Zilog 
Fujitsu A Fujitsu America NEC NEC E!ectronics Z'~S ZyMOS Corporation 
Fujitsu Fujitsu Microelectronics, Inc. Nitron Nitron lytrex Zytrex Corp. 
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RCA (Cont) FL ,. .. Iay IJ CWry Hili 
Arrow Elctrns., Inc., 305-725-1480 Hamilton Avnet Elctrns., 609-424-0110 

FL St. Plltrslt .... IJ Fllrftlld 
Hamilton Avnet Elctrns., 813-576-3930 Arrow Elctrns., Inc., 201-575-5300 

Distributors FL St .......... IJ fllrfllld 
Kierulff Elctrns., Inc., 813-576-1966 Hamilton Avnet Elctrns., 201-575-3390 

AL H •• 'svlll. FL WI .... Part IJ FllrftlN 

Hamilton Avnet Elctrns., 205-837-7210 Milgray Elctrns., Inc., 305-647-5747 Kierulff Elctrns., Inc., 201-575-6750 

AZ PII_lx SA larmsa IJ Falrll.ld 

Kierulff Elctrns., Inc., 602-243-4101 Arrow Elctrns., .Inc., 404-449-8252 Schweber Elctrns. Corp., 201-227-7880 

AZ P"DIIlx 
SA lercrtII IJ MHrell ... 

Sterling Elctrns., Inc., 602-258-4531 Hamilton Avnet Elctrns., 404-447-7503 Arrow Elctrns., Inc., 609-235-1900 

AZ PII ... lx SA lercrDsa 1M AIIt.qlllrqu. 

Wyle Distribution Grp., 602-249-2232 Schweber Elctrns. Corp., 404-449-917Q Arrow Elctrns., Inc., 505-243-4566 
IL ...... vll .. •• AIIt ....... n AI T •• ,. 

Hamilton Avnet Elctrns., 312-860-7700 Hamilton Avnet Elctrns., 505-765-1500 Hamilton Av~et Elctrns., 602-231-5100 
IL C.ICI,. 1M AI ...... "n AI TICI •• Newark Elctrns., 312-638-4411 Sterling Elctrns., Inc., 505-884-1900 

Kierulff Elctrns., Inc., 602-624-9986 IL Elk Gre .. VIII •• IY Buff.I. 
CA CII.tsworl" Kierulff Elctrns., Inc., 312-640-0200 Summit Distrs., Inc., 716-884-3450 

Arrow Elctrns., Inc., 213-701-7500 IL Elk Gmt vlna .. IY East Syrlcao 
CA Cnt ..... Schweber Elctrns. Corp., 312-364-3750 Hamilton Avnet Elctrns., 315-437-2641 

Avnet Elctrns., 714-754-6051 IL Se ....... flY F.I'IIII ..... 
CA COlt. MIS. Arrow Elctrns., Inc., 312-397-3440 Arrow Elctrns., Inc., 516-694-6800 

Hamilton Avnet Elctrns., 714-641-4107 II ea .... 1 IV F....,orI 
CA CulYIr City Hamilton Avnet Elctrns., 317-844-9333 Milgray Elctrns., Inc., 516-546-6000 

Hamilton Electro Sales, 213-558-2121 II 1.,II ••• polll flY III ...... 
CA EI ..... ,I. Arrow Elctrns., Inc., 317-243-9353 Arrow Electronics, Inc., 516-231-1000 

Wyle Distribution Grp., 213-322-8100 II 1.111 ••• ,0111 IY UIIIpIII 
CA Irwl •• Graham Elctrns. Supply, Inc., 317-634-8202 Arrow Elctrns., Inc., 315-652-1000 

Schweber Elctrns. Corp., 714-863-0200 KS Onrlau Part 'Y IIIIvtIll 
CA Irwin Hamilton Avnet Elctrns., 913-888-8900 Hamilton Avnet Elctrns., 516-454-6000 

Wyle Distribution Grp., 714-641-1600 KS Onrlatd Part IY lite .... 
CA LISA ...... Milgray ElectroniCS, Inc., 913-236-8800 Arrow Elctrns., Inc., 716-275-0300 

Kierulff Elctrns., Inc., 213-725-0325 LA M1'llrlt IY lite ...... 
CA Pili Alto Sterling Elctrns., Inc., 504-887-7610 Hamilton Avnet Elctrns., 716-475-9130 

Kierulff Elctrns., Inc., 415-968-6292 • 0 .......... IY Rtcllts. 
CA SaCl'llltlI. Arrow Elctrns., Inc.,. 301-247-5200 Schweber Elctrns. Corp., 716-424-2222 

HamiItoo AVfletBctms.,9t6-920-3150 •• CeIMIt flY WtstHry 
CA Sal 0 .... Hamilton Avnet Elctrns., 301-995-3500 Schweber Elctrns. Corp., 516-334-7474 

Arrow Elctrns., Inc., 714-565-6928 • 0 611tMrU .... Ie an.sIIn 
CA SII ..... 

I 
Schweber Elctrns. Corp., 301-840-5900 

I 
Kierulff Elctrns., Inc., 919-852-9440 

Hamilton Avne~ Elctrns., 714-571-7510 • 0 Sav •• IC 11111, • 
CA s. ..... Pyttronic Inds .. Inc .. 301-792-0780 Hamilton Avnet E1ctrns, 9~9-13713-Q810 

Kierulff Elctrns., Inc., 714-278-2112 •• n .. l_ tIC R.ItI .. 

CA Sa ...... Zebra Elctrns., Inc., 301-252-6576 Schweber Elctrns. Corp., 919-876-0000 

Wyle Distribution Grp.: 714-565-9171 MA Itdford IC WllltOl-sa ... 

CA Sola CI.re Schweber Elctrns. Corp., 617-275-5100 Arrow Elctrns., Inc., 919-725-8711 

Schweber Elctrns. Corp., 408-748-4700 MA BIIItrICI OH .. c ..... 

CA SI.tl Cllre A.W. Mayer Co., 617-229-2255 Schweber ElectroniCS Corp., 216-464-2970 

Wyle Distribution Grp., 408-727-2500 MA IHItrICI OH Ctltwvll" 

CA Sunyvl" 
Klerulff Elctrns.,·lnc., 617-667-8331 Arrow Elctrns., Inc., 513-435-5563 

MA W.I .... OH CltVlllu Arrow Elctrns., Inc., 408-745-6600 
Sterling Elctrns., Inc., 617-894-6200 Hamilton Avnet Elctrns., 216-831-3500 CA SUI"," MA Wtlttre OH CItnIud Hamilton Avnet Elctrns., 408-743-3300 
Arrow Elctrns., Inc., 617-933-8130 Kierulff Elctrns., Inc., 216-587-6558 

CA Tutll 
MA WDllure OH CtI .... 1 

Kierulff Elctrns., Inc., 714-731-5711 
Hamilton Avnet Elctrns., 517-935-9700 Hughes-Peters, Inc., 514-294-5351 

CA WHtI"ld Hilli .. All ~Dr OH DayItI 
Avnet ElectroniCS, 213-884-3333 Arrow Elctrns., Inc., 313-971-8220 Hamilton Avnet Elctrns., 513-433-0610 

CO A.rorl M. Gn.d 11,1111 OH Sliu 
Arrow Elctrns., Inc., 303-696-1111 Hamilton Avnet Elctrns., 616-243-8805 Arrow Elctrns., Inc., 216-248-3990 

CO Ou,er •• Umla OK T.'II 
Kierulff Elctrns., Inc., 303-371-6500 Hamilton Avnet Elctrns., 313-522-4700 Kierulff Elctrns., Inc., 918-252-7537 

CO EI ....... •• Uvull OR HIlIUer. 
Hamilton Avnet Elctrns., 303-740-1000 Schweber Elctrns. Corp., 313-525-8100 Wyle Distribution Grp., 503-640-6000 

CO THnttOl •• E_ Prelrlt OR LaktOIWlp 
Wyle Distribution Grp., 303-457-9953 Schweber Elctrns. Corp., 612-941-5280 Hamilton Avnet Elctrns., 503-635-8157 

CT O .... ry " .. Edlll PA H ....... 
Hamilton Avnet Elctrns., 203-797-2800 Arrow Elctrns., Inc., 612-830-1800 Schweber Elctrns. Corp., 215-441~06oo 

CT 0.1·111 • 1 Edl •• PA lu"",111 
Schweber Elctrns. Corp., 203-792-3500 Kierulff Elctrns., Inc., 612-941-7500 Arrow Elctrns., Inc., 412-856-7000 

CT WIIIII"on! .1 11I •• nb PA P.I ........ 
Arrow Elctrns., Inc., 203-265-7741 Hamilton Avnet Elctrns., 612-9.32-0600 Herbach Be Rademan, Inc., 215-426-1700 

CT W.HlqIonI .0 Earlll CIty I TX Autl. 
Kierulff Elctrns., Inc., 203-26&-1115 Hamilton Avnet Elctrns., 314-344-1200 Hamilton Avnet Elctrns., 512-837-8911 

FL Ft. L.Idtrd.I. .0 .Irylald HII •• tl TX Auti. 
Arrow Elctrns., Inc., 305-776-n90 Kierulff Elctrns., Inc., 314-739-0855 Kierulff Elctrns., Inc., 512-835-2090 

FL Ft. L .. HrdI'e MO St. LOlli TI Autll 
Hamilton Avnet Elctrns., 305-971-2900 Arrow Elctrns., Inc., 314-567-6888 Sterling Elctrns., Inc., 512-836-1341 

FL H.II,. •• d IH M.lc ... ler TI Oil ... 
Schweber Elctrns. Corp., 305-927-0511 Arrow Elctrns., Inc., 603-668-6968 Arrow Elctrns., Inc., 214-386-7500 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

RCA (Cant) I.tl A.stnll •. WltIrI ..... s.w. 1.11 H .. ,KMI 
Amtron Tyree Pty. ltd. Gibb livingston & Co .• ltd. 

1.11 A •• trIa. VIII.I 1.11 H .. KMI.KIWI ... 
Tl DaI ... Bacher Elektronische Gerate GmbH, TEl: Hong Kong Elctrn. Comps. Co. 

Kierulff Elctrns .• Inc .• 214-343-2400 
0222/8356460 IIU H .. "" . ....,.t TX OIl ... 

1.11 IIUIIa •. "w. Hungagent. TEL: 01/669-385 
Schweber Elctrns. Corp .• 214-661-5010 

Home Furniture Company Ltd. l1li. ICIIIH .• 11'" 
TX OIl ... I.U ......... 1I.0ICC1 Georg Amundason, TEL: 81180 

Sterling Elctrns .• inc .• 214-243-1600 EI-ctronic Engineers & Consultants Ltd. l1li ..... ......... 
TX Hnslll IIU IIrWa. 1rI ..... Pholophone (Comel) 

Arrow Elctrns .• Inc .• 713-530-4700 Da Costa & Musson Ltda. l.tI I ......... .IIklf'll BIni 
TX Hnslll 110 ........ am ..... NVPD Soedarpo Corp . 

Hamilton Avnet Elctrns .• 713-975-3515 Inelco (Belgium) SA. TEL: 021216.01.60 l1li I ..... TIIAviY 
TX HH.III liD ....... HI.IIIH Aviv Elctrns .• TEL: 03-494-450 

Kierulff Elctrns .• Inc .• 713-530-7030 DeFontes TV Centre. TEL: (809) 2-0050 Ittl lilly. Baa II VlpIli 
TX Hml .. lid lrull. M.II •• IDAC Elettronica SpA. TEL: (049) 72.56.99 

Schweber Elctrns. Corp .• 713-784-3600 Comercial Bezerra Ltda .• TEL: (092) 232-5363 l1li lilly. C ........ II ..... 
TX HH.t .. 1.11 Bnztl. R.clf, LASI Elettronica SpA. TE~: (02) 61.20.441-5 

Sterling Elctrns .• Inc .• 713-627-9800 Organjzacao Distrlbuldora E Representacoes 1111 
1liiy. """ TX Inl •• Ltda .• TEL: (081) 224-2229 Eledra 3S SpA. TEL: (02) 349751 

Hamilton Avnet Elctrns., 214-659-4111 latl 1IrtzfI. Hi ... " .... rs 1.11 lilly. I11III. 
UT SaH Llk. City Saturno Brasileiro Importacao Exportacao Silverstar Ltd .• TEL: (02) 49.96 

Hamilton Avnet Elctrns .• 801-972-2800 ltda .• TEL: (021) 243-4744 1.11 1111,. T"1t'II1 LIM (TI) 
UT SaH Llk. City Ittl Inzn. Sa, Pa.I. DE DO Elettronica SpA. TEL: 861/78.67.46-48 

Kierulff Elctrns .• Inc .• 801-973-6913 Panamericana Commercial Importadora Ltda .• 1.11 .II,. •• Ttkyt 
UT SaH L.k. City TEL: (011) 222-3211 Okura & Co. Ltd. 

Wyle Distribution Grp., 801-974-9953 litl CIIGI. Siltll .. iIfi . Mlxin.Mexin 
WA ... "' .. Amplitelltda .• TEL: (2) 568074 Enrique Devesa Ramos. TEL: 510-2536 

Arrow Elctrns .• Inc .• 206-643-4800 1111 Cllili. Sa.II ... l1li Mlxle •• "xle. wA lilliiii Industria de Radio y Tefevision SA (IRT). Mantenimiento E Instalaclones 
Hamilton Avnet Elctrns .• 206-453-5874 TEL: 561667 Internacionales. SA. TEL: 516-10-74 

WA IIIIIvIl l1li CIII ... SalIII .. IItt Millet. 1liiIe. 
Wyle Distribution Grp., 206-453-8300 Raylex Ltda., TEL: 749835 Mexicana de Bulbos. S.A., TEL: 564-92-33 

WA .. till l1li ~".""II .. tt Mlxlet. "xle • 
Robert E. Priebe Co., 206-682-8242 Electronica Moderna Raytel. SA. TEL: 566-6786 

WA TIkwIII l1li C ..... II. BIIIII 1111 MiliCI. ".1'0 
Kierulff Elctrns., Inc., 206-575-4420 Jose E Marulanda Montoya Sp.: " _~; 521-4292 

WI ..... IIIJ ~ ....... "" hIftfc.. hICt Ity 
Taylor Eiec. Co .• 414-241-4321 Miguel AntoniO Pena Pena Y Cia. S. En C . Elctrna. Remberg, S.A. de C.V., TEL: 510-47-

WI ... BIrt .. l1li Cult RIel. Sat Jill 49 
Hamilton Avnet Elctrns., 414-784-4510 Electro-Impex, SA, TEL: 21-59-54 1.11 "xlel. "xlea City 

WI Olk CrIll! l1li Call RIca. Sal Jill Partes Electronicas, S.A .• TEL: (905) 585-
Arrow Elctrns., Inc., 414-764-6600 Gallito Tecnico. SA. TEL: 21-31-31 3640 

WI WllIhIlil 1111 Call Riel. Sa. JOII 1111 MlI'Kc,. Ca ..... 1CI 
Kierulff Elctrns., Inc., 414-784-8160 J. G. Valldeperas, SA. TEL: 32-36-14 Societe d'EQuipement Mecanique et Electrique 

en ...... .,.IrIII ... ~ .. IItt .......-t. III""., (S.E.M.E.), TEL: (212) 22.08.65 
RAE. Indl. Elctrns .• Ltd., 604-291-8866 Tage Olsen AIS, TEL: 02/65 8111 I.n ..,.1. I ........ 

Cal CaIpry. AIIIIrta l1li ...... ~e. Salle ....... Continental Commercial Distributors 
Hamilton Avnet Elec., 403-230-3586 Humberto Garcia. C. por A., TEl: 682-3645 1.11 lIttWIIu A.mll •• Cnct. 

Cal CaIpry. AIWII lett ECIIItr. 8IIJIIIIII EI Louvre, SA, TEL: 54004 
L. A. Varah. Ltd., 403-276-8818 Elecom. SA .. II ... ZIt ..... Pariru 

Cal II1II01.. III ...... 1111 EtJpI. CaIR A W A NZ Ltd. 
L. A. Varah, Ltd .• 416-561-9311 Sakrco Enterprises, TEL: 744440 110 .Ian ........... 

Cal 1IIaIaIIp. DIIIrII l1li B SaInIIIr. Sat SaI,* Comercial FA Mendieta, S.A. 
Hamilton Avnet (Canada) Ltd., 416-6n-7432 RadiO Parts, SA. TEL: 21-3019 l1li ItnrIJ.Osle 

CIt .. l1'li1. ..... l1li B Salm •• Sal Sam_ Natl. Elektro AlS, TEL: (472) 64 49 70 
Cesco Elctrns., Ltd., 514-735-5511 Raio Eiectrica, SA. TEL: 21-5609 ltD ru ........... 

Cat ....... Omrl. lilt EIIII.,I •• AHI. A .... Tropelco, SA 
Hamilton Avnet (Canada) ltd., 613-226-1700 General Trading Agency, TEL: 132718 137275 lin Pa ..... RIp .... Pall .. 

Cat O .... C"'.o .... lin FII ..... Kn .. Tropelco, SA 
Cesco Elctrns., Ltd., 418-524-4641 Telercas OV, TEL: 0/248.055 lin Pan ... ,. AIIICIII 

Cal St ....... I ...... lilt FnICI. Allu, Compania Commercial Del Paraguay. SA 
Hamilton Avnet (Canada) ltd., 514-331-6443 Almex SA, TEL: (01) 666 21 12 IItt Pan. LIM 

Cal v ....... IrIIIU c..IIII l1li FnlCl. LIIIIIIII PamI Arvan S.A., TEL: 716229 
L. A. Varah, Ltd., 604-873-3211 Radio EQuipments Antares SA. TEL: (01) 1111 Pan. LIM 

CIt WI ........ OIIIrII 758 11 11 Deltron S.A. 
Eieetro Sonic, inc., 416-494-1666 ,.n FratCi. Snm i.n PifiI~_. IIIIIrt iIHfia 

en ........... 11 ... Tekelec Airtronic SA. TEL: (01) 534.75.35 Philippine Elctrn. Inds., Inc, 
L. A. Varah, Ltd., 204-633-6190 l1li Intel. AIIIIu 110 "".."..., ............ 

I.tt Arptlili. I ... AJm Semicon Co., TEL: 3253626 Semitronics 
Eneka S.A.I.C.F.I., TEL: 31-3363 lit! GIl .... Su'" city I.tt ' ..... 1. LID8I 

110 ArpttIn. I .. AfnI Electronica Guatemalteca, TEL: 25-649 Telectra Sari. TEL: 68.60.72-75 
Galli Hnos, SAC.I. e Inm. .... ........ a....... City lilt SIIptMn 

I.n Arpttlli ...... AIm Tele-EQuipos, S.A .• TEL: 29-805 Edward Eu & Co., Ltd. 
LAD.E., S.R.L. lilt Ram. '''-A.-PrIICl lin 81 ........ SI ...... 

lid Arllltlu ..... AIm Societe Haitienne D' AutomObiles, SA, TEL: Device ElectroniCS Pte. Ltd. 
Radiocom SA. TEL: 551-2780 2-2347 I.n SItpptrI. SI ...... 

Iitt ArJlltIu ..... AIm lIa HIIII-'. Ell4M'" Microtronics Asso. Pte. Ltd. 
Tecnos S.R.L., TEL: 37-0239 Vekano BV, TEL: (40) 81 09 75 l1li ..... Africa. DtIawIrt' 

1.11 AIstnIII • ..,. ..... 1.1 .•. lin H ....... Sa. rems ... Allied Elctrn. Comps. (PTV) Ltd., TEL: (011) 
A W A Microelectronics Francisco J. Vones. TEL: 52-00-10 528-661 
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RCA (Cont) PI! PurlD llice. Rio Pilllras 1.11 BII,I ... Br .. 1I11I 
Kelvinator Sales of Puerto Rico, Inc. Inelco. TEL: (02) 660 00 12 

1.11 .. d 1_ . ..,1Nc II ...... 1.11 ...... rk.C.,.. ...... 

Panwest Co., Ltd. Scandinavian Supply, TEL: (01) 83 50 90 

.... ............. Rei/Data 1.11 FI.I •••• Es." 

Novolectric. TEL: (03) 254.18.07-08 Findip Havulinna Oy. TEL: (3580) 5281 

' .... ........... 1.11 Fra.". Sum 
RCI/Data 

Kontron S.A .• TEL: 1/729.11.55 1992 Lakewood Road 
Tekelec Airlronic, TEL: (01) 027 75 35 

Srll .... c.-.. Toms River. New Jersey 08753 
1.11 GInn •• ,. MHCIl .. 

C. W. Mackie & Co. ltd. 201-341-5592 
Opteltec. Div. Neumuller GmbH. TEL: (089) 

swtn.. ,.,...,.. 61181 

Kirpalani's Ltd., TEL: 71-400 1.,1 GenIIa,. M •• lell .................. EG & G Relicon, TEL: 089 91 80 60 

Surinam Elctrns., TEL: 76-555 RELMS •• 11 Iantl. Til Aviv 

l1li ....... 11 ...... Telsys Ltd., Elctrn. Engrg., TEL: 4 82126-7,8 

Ferner Elctrns. AB, TEL: 08/80 25 40 RelatiOnal Memory Systems (RElMS) 1.11 lilly ....... 

l1li SWlIZIrIIII. z.M 1180 Miraloma Way Eledra 3S SPA, TEL: (02) 34 93 041 

Baerlocher AG, TEL: (01) 42.99.00 SUnnyvale, California 94086 1.11 1111,. a ... 
'111 Til .... T ...... 408-732-5520 Eledra 3S SPA, TEL: (06)812 73 24 

Delta Engrg. Ltd. TWX: 910-379-0014 .... "1,1 •. Tay. 

1.11 T ...... T ...... Tokyo Electron Ltd., TEL: 03-343-4411 

Multltech International Corp. 1.11 .. Z ....... A.k .... 

1111 nal .......... Distrl~.tars Professional Elctrns. Ltd., TEL: 493-029 

Anglo Thai Engrg. Ltd. 1.11 lonn,.Osl. 

I ... TaIIIIM .... _ III. """11. AIIII .. Nordisk Elektronik (Norge) AIS, TEL: (02) 

Better Pro Co. Ltd. ProtrOnics Ply. Ltd., TEL: (08) 212 3111 470276 

1111 Trill .... hrt-ll ...... l.tI Fra.co, balom 1.11 S.IIII Africa. Pril1l'ii 

Kirpalani's Ltd., TEL: 638-2224/9 Metrologie, TEL: (1) 791.44.44 Electronic Bldg., TEL: 78-9221/6 

.. II ' ....... 1.11 ·1"1a.a-bl, 1.11 S ...... Siockll ... 

Teknim Co. Ltd .• TEL: 27.58.00 Micronic Devices. TEL: 468170 Nordisk Elektronik AB. TEL: (08) 63 50 40 

III u ..... a...-.. Ella "'! ........ T .. -Avlv .... Swltzlrla... Z.rlcll 

STC Electronic Services, TEL: Harlow (0279) Vectronics Ltd .• TEL: 234424. 228472. Industrade AG. TEL: (01) 363 22 30 

26m 246312 1.11 U.I' ... It ....... Bertls 

l1li U. .... ~ ....... Eau 1111 ... ,... T_ EG & G Reticon. TEL: (0734) 788666 

I.T.T. Elctrn. Svcs .• TEL: Harlow (0279) 26m Nihon Teksel Co., Ltd .• TEL: (03) 461-5121 
I ... 011l1li I ....... 1IIrtIw. Ella l1li SHill AIrIcI. Pi ......... 

VSI ElCtrns. (U.K.) Ltd .• TEL: Harlow (0279) Radlokom. TEL: (011) 789-1400 Riehl Time 
29666 lid .............. 

~1ItI .............. ; .................... Interface SA. Tel: 13t301 7851 . Riehl TImeCorporaflOn 
ACCESS Elctrn. Components Ltd .• Tel: l1li ' ....... SIeck ..... 53 South Jefferson Road 
Hitchin (0462) 31 221 A~B. Gosta Backstrom. Tel: (46) 08/54 1080 Whippany, New Jersey 07981 

1111 UII'" Itll ..... 1nIHU •. Ital 1111 UIIIM 1'1 ........... &1111. 201-887-4141 
Jermyn Distribution. TEL: Sevenoaks (0732) Rapid Recall. ltd .• TEL: (6285) 24961 
450144 

1.11 u. .... It ....... """'. hrIc. RIFA 
.~---.~.~----- I 

Gothic Crellon Electrns. Ltd .• TEL: Burnham 
EGaG Reticon (06286)4434 

1.11 U ..... " ............ IIrbMra RIFA AB 

Macro Mktg. ltd., TEL: Burnham (06286) EG&G Reticon Corporation 11 Bromma 
4422 345 Potrero Avenue Sweden. .... ..,...., ........... Sunnyvale, California 94086-9930 
American Products SA (APSA), TEL: 594210 408-738-4266 

.. II , ...... Canaa TWX: 910-339-9343 Rockwell International 
Benavides. P., S.R.L. IfecIIIc ,...... ...... l1li: 

l1li , ...... car.n John Skurla 
Rockwell InternatiOnal 

Dinaradio; C.A. a"tIalill ....-...: Semiconductor Products Division 
.. II VIItZIIII. CmCI • Cameras ........................................................... John Skuria 4311 Jamboree Rd .• P.O. Box C 

Tele-Cuba, S.A .• TEL: 55-62-71 Analog .................................................................. Tim Small Newport Beach, California 92660 • I ... Wta' .,..,. ItriIIICII ... FrMtwt Image Sensor ......................................................................... 714-833-4700 
Spoerle Elctrn. KG. TEL: 0610313041 lltintlra: TWX: 910-591-1654 

l1li .... .,.., ........ Bobbie Stern 
Elkose GmbH. TEl: 07141/4871 PrIce ....... Ivory: . 

loti Wilt...., ........ Bobbie Stern Salts OHicl " Rlpra"ltatlves 
Beck GmbH & Co .• Elektronlk Bauetemente F .... -.. u .... : 
KG. TEL: 0911/34961-66 Bobble Stern .... Hili Ita •• Itowl .. 

l1li Wilt...., .................. AI ................ : S.S.I. Components Ltd .• TEL: 3-672112-3 
Sasco GmbH. TEL: 089/46111 Alex Findlay I ... Israll. Blntl,l. 

lit! Wilt...., ........ ElM Inti ElectroniCS Ltd .• TEL: (03) n4041-2-
Alfred Neye Enatechnik GmbH. TEL: 041061 3-4 
6121 Salas Omce " R!rasatatlvtS 1.11 Israll. Til Aviv 

lit! Wilt ....,. 0IIc"in Bitcom, TEL: (03) 483331 
ECS Hilmar Frehsdorf Elctrn. Components .... ............ TIll HI," '.11 " ..... OSlIll 
Service. TEL: 04106n 1058-59 Koning En Hartman!". TEL: 70 210-101 KBK, TEL: (06) 344-1121 

l1li W .......... 1IrWn 1.11 ....... OSlIll 
Da Costa and Musson ltds .• TEL: 608-50 Matsushita ElectriC Trad!ng Co .• TEL: (06) .... ' ........ l ... Dlstrllt.ton 204-5563 
Avtotehna, TEL: 552-341 'Itt JI •••. TayD 

II .. z..1I. llllll. ,.11 AlStralla. IIIrWIH. Vlet.,l. KS Semiconductor, Inc., TEL: (03) 490 0761-2 
African Technical Associates Ltd. Total ElectroniCS, TEL: 288-4044 l.tI JI, ••. TIkyo 

,.tl ZIIIII ..... IIIra ... II" AlStrl •• WI. Kanematsu Semiconductor Corp., TEL: (03) 
8 A K Electrical Holdings (Pvt) Ltd. Othmar Lackner, TEL: (0222) 53-11-85 551-7791, (03) 552-6091 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Rockwell International (Cont) KS Olltlll 
S MOS Systems Rush & West Assoc. Inc., 913-764-2700 

MD Tawsa. 
I.tl J., ••• T.kya S MOS'Systems, Inc. DGR, 301-583-1360 

Kyokuto Boeki Kaisha, ltd., TEL: (03) 244- 50 West Brokaw Road, Suite 7 MA Foxboro 
3803 San Jose, California 95110 Semi Processes Inc. Northeast, 617-543-6166 

Iitl J.,. •• Tu,o 408-288-8928 MA SlInwulry 
Marubeni-Hytech Co ltd., TEL: (03) 989- Compatible Camps. Inc., 617-842-2022 
7810 MI Flr.I •• to. 

1111 J.,... Tokyl 
Sanyo W.R. Hummon & Assoc., 313-474-0661 

Matsushita Electric Trading Co., TEL: (03) NJ Sprl •• H.11I 
435-4552 Gebhardt Marketing, 201-376-4415 

I.U K .... SHII Sanyo Semiconductor Corporation IY BII.a.t .. 
Unistandard Corp., TEL: 265-3263 7 Pearl Court Precision Sales, 607-648-8833 

1111 lew Zlllaili. AlCklllll Allendale, New Jersey 07401 
NY Liverpool 

Microprocessor Developments ltd., TEL: (9) 201-825-8080 
Precision Sales, 315-451-3480 

540-128 TELEX: 135138 SANYOSEMI ALNJ 
NY Pltts'orll 

I.U hlp ... Replllile c.tll. BIIIII, Precision Sales, 716-381-2820 
Sun-Hung-Kai Ltd., TEL: 557-868 NY PlaSlnt Villey 

lit! SIIpferI. K .... A,.. SSE Precision Sales, 914-635-3233 
Dynamar International Ltd., TEL: 74 76 188 OH DaytOl 

IIU ~ AIIIrICI. ArIItt ... SBE, Inc. J. C. Hofstetter Co., 513-296-1010 
Control Digital S.R.L. 4700 San Pablo Avenue OH Melli •• 

lit! Tahul. Tal,.. Emeryville, California 94608 J. C. Hofstetter Co., 216-241-4880 
Multltech Inti. Corp., TEL: 02 7681232 415-652-1805' OR Portlanll 

lit! lUI ...... laqkek Micro Saies Inc., 503-297-4726 
Siam Teltech Co. Ltd., TEL: 390-244554 

I I 
PA Broo.all 

I SEEO Technology T.C.A. Associates, 215-353-2022 
PA !!!t:!(Q!'J 

Dlstrlbltors J. C. Hofstetter Co., 412-356-2305 
SEEa Technology, Incorporated TX ArU •• la. 

I.U AIItrIa. W .. 1849 Fortune Drive W. Pat Fralia Co. inc., 817-640-9102 
W. Moor GmbH, TEL: 43 (222) 85 86 46 San Jose. California 95131 TX Anti. 

lit! ..... x. letHrIa.1I1 408-942-1990 W. Pat Fralia Co. Inc., 512-835-7911 
MCA-Tronlx Inti B.V., TEL: 015-134940 TX Hontol 

1111 DeIIIIrk ....... W. Pat Fralia Co. Inc .• 713-772-1572 
Micronor, TEL: 6816522 Semi Processes TX Pilla 

till Fllla.lI. Helallkl 

I 
Semi Processes Inc. Southern, 214-578-8653 

Valtameri, TEL: (90) 7420 11 S.I Pracuaes I.c. WA ......... 
!Itt FraIct. IItItzIIII 1971 I. Ca,III' A ..... Micro Sales loc., 206-451-0568 

I latl AutnU •• Ad.I.11II 

I 
System Contact, TEL: (88) 782089 Su J .... CeIl ..... 1a 95132 

Protronics Pty. Ltd., TEL: (08) 212-31111 lit! ............ W 401-945-1500 
Macedonlan Electronics, Inc., TEL: (30) 31- TWX: 910-338-0025 Iitl A.strla. V .... 

306800-801 Othmar Lackner, TEL: 0222 531185 

.. 0 lilly ....... ,.11 BeI.I •• BrIut1s 

De MIco S:P.A., TEL: (02) 95.20.551- SItes OffICI " ReprtsllltalivlS Auriema N. V., TEL: (02) 52362 95 

95.20.651 1.11 Dlllllirk. HIlIIrIp 

11ft lilly ....... AL HHmlll. Henckel Elektronik, TEL: (02) 385791 

Murata Erie Etectrooica SRl. TEL: (39) 2- J. R. Associates, 205-830-2130' Iitl ERIIIIII. BlCkl ........ 're 

6073-786 AI Scatt ...... Hunter Elctrn. Compo Ltd., TEL: 6286 65421 

1111 lonny. Sll*klc American Marketing Inc., 602-948-2778 1.11 &gil ........... n. S.my 

Micronor, TEL: 010-472-545-130 CA CtpIrtIi. Tranchant Elctrns. Ltd .• TEL: 0737 69217 

11ft ........... Costar Inc .• 408-446-9339 I.tl FI.Ia.II. E.,.. 
OY Atomica A.B., TEL: 90-423533 Comelta, TEL: 300-7712 CA a.rllll aroll 

I.U Fn.CI. A.tH, Cellex 
!Itt Spll ....... Elsea, 213-533-1255, 714-891-4621 

Almex SA, TEL: (1) 666 21 12 Comelta SA, TEL: 754-4530, 754-4621 CA GlnllI Gran 
till M ... IC ..... K ...... 

IItl SwIIItI. SIll. Elsco Electronics. Inc., 213-533-1255, 714-
Electrocon Products Ltd., TEL: 3-687214-6 

Betoma A.B., TEL: 08-820-280 891-4621 
1.11 Isnll. RnIII-CI. 

.. 0 SWltzwlllll. Znll CA Onl .. ,,1e M.R.B.D. Ltd., TEL: 03-736479, 732624 
Aumann & Co. AG, TEL: (01) 44 33 00 Costar Inc. 

IIU lilly •• 1Ia •• 
.. II IIIIIIII1 ........ EqItIII CA ........... Adrep SA, TEL: 02 404 4046/7/8 

Measurement Systems, Ltd., TEL: 02441 Semi Processes Inc., 213-543-5353 
1111 J., ••• Tokyo 

312367 CA Su DiIp Hirel Co., Ltd .• TEL: 03-260-8401 
till UIIIIIIK ........ ElglHIl Mesa Components, 619-278-8021 ,.tl letIItrIa.lls. HIiHeI 

Pelco Electronics, Ltd., TEL: 44 (0273) CA SU ..... Techmation Elctrns. B.V .• TEL: 4189 2222 
r2"2i~5 20"2949 Semi Processes Inc: Northwest, 408-985-1584 1111 1 ...... ,.Osll .... lIIIttIIK ........ EIIIad CO LIHIat .. Eltron AlS, TEL: 02-46 28 70 
R.C.S. Microsystems, Ltd., TEL: 01-898-3775 Quatra loc., 303-795-3187 I.U Scotlaall ...... rksfllrl 

l1li ....., lIIeIII& &111M FL 
AIIIIIIIat __ 

Phoenix Elctrns. Ltd;, TEL: (0555) 892393 
Steatite Microelectronics, TEL: 021 454 6961 ElectroComp Assoc. Inc., 305-331-0173 Iitl SwIIItI. V.nl ... , 

Iitt UllteIIl ....... SctItuII FL Ft.L ....... teleimport ab, TEL: (08)89 02 65 
Datatext (mclefland) Ltd:, TEL: 0952 53643 ElectroComp Assoc. Inc., 305-491-4141 I.tl SwltzIrII.lI. Z.rlell 

1111 Will .....,. InIllClnnlg Fl ......... ENA AG., TEL: 64 5757 
System Elektronik, TEL: (0531) 314097-99 ElectroComp Assoc. Inc., 305-242-0621 l.tI Wat a .... '. Berlll 

l1li .111....., ........... Fl St .......... Aktive Elektrooic GmbH, TEL: 030/684 5088 
Unitronic GmBH, TEL: (0211) 626364-67 ElectroComp Assoc. Inc .• 813-327-9677 Iitl Wat G .... ,. H .... rg 

l1li Wllla.-y ...... It IIarrIqIH Microscan GmbH, TEL: 406 30 5067 
Bitronic GmbH, TEL: 49-89-496 001 Semi Processes loc. Midwest, 312-381-3630 l.tI Wat 8 .. 1., .• erttnrtell (MHlell) 

!Itt WtIt ...... ." IItIIcII tA NIIWltIll Atlantik Elektronik GmbH, TEL: (089) 857 
Astronic GmBH, TEL: 30 40 11 Gassner & Clark Co .• 319-393-5763 2086 
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- Semi Processes (Cont) MI L1nlll 
Reptron Electronics. Inc .• 313-525-2700 SGS Semiconductor 

1111 Wist G_ •• ,. VlII'IID (Dllllillorf) MJIl PI,.oulll 

Mostron GmbH. jEl: 02162 17024 Marshall Industries. 612-559-2211 
IJ .... 11. SGS Semiconductor Corporation 

General Components. 609-768-6767 1000 E. Bell Road 

DistributDrs NJ F.lrfllill Phoenix. Arizona 85022 

Marshall Industries. 201-882-0320 602-867-6100 

Al H •• Isvlll. JI1J MiIIlorll 
TELEX: 249976 

Contact Elctrns. Inc .• 205-881-9321 J.J.D. Assoc .• 609-953-1011 Specilic prolllCt 1.'tnNtIH: 
AL Hnlsvllll JIlJ M!.lI,'" PrOduct Marketin9 .................... ........... Giovanni Seghezzo 

Marshall Industries. 205-881-9235 Marshall Industries. ~-234-9100. 215-627-
AZ T .. ,. 1920 AppIlCltl .... ,11 .. 1.,: 

Ben Inds .• 602-966-7800 IJ Partll AIIII" Applications ................................ , ................... Tom Hopkins 
AZ T..,. Sterling Electronics. 201-442-8000 

Marshall Industries. 602-968-6181 1M AtII.q .... qa. L1l11'1t.,.: 

CA C.,artllo Bell Inds .• 505-292-2700 Sales Department ... ......... ..... ....... ................. Carole Walker 

Western Microtechnology. 408-725-1660 IV East Syuca .. PI.c •• n orlill': 
CA EIM'ltl ADD Elctrns. Corp .• 315-437-0300 Product Marketing ................. ~.............. Local Sales Office Marshall Industries. 213-442-7204 IV ElllwllI 
CA Ga .... Marshall Industries. 607-754-1570 F.IIIw-lp I. orftr: 

Belllnds .• 213-515-1800 IV Roclllli. Customer Service .............. : ....... :........... Local Sales Office 
CA Inl •• Marshall Industries. 716-235-7620 

Marshall Industries. 714-556-6400 OH Col,.1I1IS 
CA Lo. A ... III Reptron Electronics Inc .• 614-436-6675 

Elmo Semiconductor. 213-465-2163 OH Dart· 
SailS OffiCI & Ra2rlSlitalivas 

CA R.anllil Bell lods .• 513-434-8231 
Belllnds;.916-969-3100 OH DartOI 

CA SIR 01110 Marshall Industries. 513-236-8088 I.tl Argll" ••• BI •• s Aires 
Belllnds .• 619-268-1277 OR lIlI.O ..... Neutrec S.R.l.. TEL: (011-54-1) 30-7774 

CA SIR 01110 Bell Inds .• 503-241-4115 
Marshall Industries. 619-578-9600 TX AUlt11 Iitt BII,I, •• Brllltils 

CA Silt. A •• ACT Austin. 512-452-5254 SGS-ATES Componenti Elettronicl SpA. TEL: 
Pacesetter Elctrns: USA tnc .• 213-299-7760. fX Alltt. 02-3432439 
714-557-7131 

Marshall Industri.es, 512-458-5654 
CA S"mll Iitt Col"'''. ·Bltoll 

Bell Inds .• 408-773-1100 
TI Dalla. Framex lTDA. TEL: (011-572) 212-9045 

CA S ... ynll 
A.~tive Compo Technology. 214-980-1888 

Marshalt Industries. 408-732-1100-
TX Ho ..... InU lItJ .. rII, Htrlo ___ 

CA SIHynII 
Active Compo Technology. 713-496-4000 SGS-ATES Scandinavia AB. TEL: 02-948533 

TX HOISt .. 
Pacesetter Elctrns. USA Inc .• 408-734-5470 

Marshall Industries. 713-789-6600 IIU Fn.CI. P.rli 
CA V.tllf. 

Ul Sill L.III City I SGS-ATES France SA. TEL: 5842730 
Bond Electro Sales. 805-653-6487 

CO !!tent' 
ACT Utah. 801-487-8131 

!s!! e ...... r,. HI!d!lI; 
Marshall Industries. 303-427~1818 UT Sill L.kl City 

I SGS-ATES Deutschland Holbeiter 
CO W .... tr .... Bell Inds .• 801-972-6969 Bouelemente GmbH. TEL: 08092-691 

Bell Inds .• 303-424-1985 WA BIIIme 

I CT W.HI •• ,," Belllnds .• 206-747-1515 Iitl H .. g W •• Kowl •• 

Marshall Industries. 203-265-3822 WA Balin .. SGS·ATES Singapore (Pte) Ltd .• TEL: 3-

CT Will' ..... 
Marshall Industries. 206-747-9100 

I 
644251/5 

Sterling Electronics. 203-265-9535 WI Willi ..... 

FL Orll ... Bell Inds .• '414-784-0235 1111 It.ty. A,ntl Brlllza 

Chip Supply Inc .• 305-275-3810 1111 AlStri'. v ..... Export Sales Office. TEL: 039-6555287 

FL Or ..... Othmar Lackner. TEL: 0222 531185 
1.11 It.ly. A ..... BrillD 

Marshall Industries. 305-841-1878 1.11 BIIgl ... Brll .... Inti. Hdqtrs .• TEL: 039-65551 
FL f • .,. Aurlema N.V .. TEL: (02) 5236295 

Reptron ElectroniCS. Inc .• 813-855-4656 1.11 EI, ... II. Baclll.' .... llIln l.tI lilly; Mill •• 
SA Inro .. Hunter Elctrn. Compo Ltd .• TEL: 6286 65421 SGS-ATES Componenti Elettronici SpA. TEL: 

Marshall Industries. 404-923-5750 I.tt Frlln. AlIIIY CeIIIx 02-4695651 

IL ArII"," H.,.1IIs Almex SA. TEl: (1) 666 21 12 

Reptron Electronics. 312-593-7070 1.11 1II'1II. Ra .. t-S. I.tt lI'Iy.ROIII 

IL Cilia,. M.R.B.D. ltd .• TEL: 03-736479. 732624 Sales Office. TEL: 06-8392848 

Belllnds .• 312-982-9210 '.11 Ihlly. M''',o I.U 
IL ........ E ... I ... Adrep SA, TEL: 02 404 4~718 .xleo .. M .. le. O.F . 

Intercomp. 312-843-2040 I.tt J., ••• Totya 
Mexel SA. TEL: (011-525) 563-5411 

IL Se ........ Hirel Co .• ltd .• TEl: 03-260-8401 ,.U SI ... ,.,.. SI' .. 1I ... 1 
Marshall Industries. 312-490-0155 1.11 N.IIIII1 ...... H •• nll SGS-ATES Singapore (Pte) ltd .• TEL: 

II C.,.,I Techmation Elctrns. B.V .• TEL: 41892222 2531411 
Altex Electronics Corp., 317-848-1323. 800- 'III Scollll". L.I.rII.lllrl 
692-6039 Phoenix Elctrns. ltd .• TEl: (0555) 892393 1111 Sw ...... M.rlt. 

MO G.IIIIII'III.r, Iitt Sw ...... V.III.glly SGS-ATES Scandinavia AB. TEL: 0760·40120 

Marshall Industries. 301-840-9450 teleimport abo TEL: (08) 89 02 65 
Inll U.ltalKI ....... Ayllsiliry-BICIII MA BII1I.,I. I.tt SWltzll1.lI. Z.rlcll 

Marshafllndustrlas. 617-272-8200 ENA AG .• TEL: 64 5757 SGS-ATES (United Kingdom) ltd., TEL: 0296-

MA M •••• Ifill WAI Girllill,. HiMitii 
5977 

ADO Elctr?s. Corp .• 617-478-4200 Microscan GmbH. TEL: 406 30 5067 'nil Uraa",. Mo.tlYllI .. 
MA W.ItIl.1I hIli Wilt G ••• n,. Marlln.rlM {M •• lch} Ricagni Imporactiones L TDA. TEL: (901) 

Sterling Electronics. 617-894-6200. 800-225- AUantik Elektronik GmbH. TEl: (089) 857 594888 
8743 2086 

MI LI,.I. IlItI Wasl Sermn,. Vlersen (Dusseldorf) Int! Venezllil. ClnclI 
Marshali Industries. 313-525-5850 Mostron GmbH. TEL: 02162 17024 Magnetica. TEL: (011-582) 239-3931 
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SGS Semiconductor (Cont) 

Call Diplomat 
For . 

II 
• San Francisco, CA(408) 734-1900 

Los Angeles, CA (213) 7Q0..8700 
Orange County, CA (714) 549-8401 
San Diego, CA (619) 292-5693 

• Salt Lake City, UT (801) 486-4134 
• Denver, CO (303) 74Q-8300 
• Chicago,IL(312)595-1000 
• Boston, MA (617) 935-661.1 
• Danbury, CT (203) 797-9674 
• Melville, NY (516) 454-6400 

Syracuse, NY (315) 652-5000 

• Totowa, NJ (201) 785-1830 
• Columbia, MD (301) 995-1226 
• Atlanta, GA (404) 449-4133 
• Clearwater, FL (813) 443-451-4 

DlPLDMAT~ 

Sharp Electronics 

Sharp Electronics Corporation 
10 Sharp Plaza 
Paramus, New Jersey 07652 
201-265-5600 
TelEX: 134-327 

Siemens 

Siemens Corporation 
186 Wood Avenue South 
Iselin, New Jersey 08830 
201-494-1000 
iElEX: 84-4491 

SpIcIftc ,,0'11:1 IlftrlllU.: 
AI Liebich 

AppllCilioll IIIIIII8IrI1l8: 
AI Liebich 

lIlIrIlIrt: 
Lon Cantor 

PrIa ....... YWY: 
Ron Giampietro 

FoIIIW-., I ...... : 
Ron Giampietro 

An ItIIIr 1.1l11li11.: 
AI Llebich 

© IC MASTER 1984 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Si-Fab Corporation 

SHill CorpontiOI 
27 Jilis WI, 
ScoHs VIIIIy. CIIIIIII'IIII 95066 
408-438-6800 

Signetics 

SI ... llcS Corponllon 
811 Easl Ar ... es Av ... P.O. Box 409 
S.uy¥II •• ealilorall 94086 
408-739-7700 1Xt. 5724 
TWX: 910-339-9283 
SpocHIc ,,"11:1 IIIfonutlOR: 

Analog ................................................. 408-746-5724,5725 

:~~:~!::~~::::::::::::::::::::::::::::::::::::::::::::::. :~i:~:~~: 
CMOS Gate Arrays ....................................... 408-746-2194 

:~~~~:::s~~:::::::::::::::::::::::::::::::::::::::::::::: E~~:~~~ 
Militarv ......................................................... 916-924-6047 
PhiliPs/Euro:Products .................................. 408-746-1338 

Appllcatlol •• 1 ........ : 

;:~ Lsi .. :::::::::::::::::::::::::::::::::::::::::: .. ~~~~~::7~ ~~~~ 
~rsl~e~:;r~ .. :::::::::::::::::::::::::::::::::::::::::::: ::~~::~~: 
CMOS Gate Arrays ....................................... 408-746-2194 

~~~~~~ .. ::::::::::::::::::::::::::::::::::::::::::::: ::~~:~~~ 
Microsystems ............................................... 408-746-2137 
Military ......................................................... 916-924-6047 
Philips/Euro-Products ................. ..... ............ 408-746-1338 

L111r11 .. : 
Publication Services .............................. ,. .... 408-746-2111 

Sales Office " Rapresaalativas 

AL H.llsvlllo 
Elctrn. Sales, Inc., 205-533-1735 

AI PII_lx 
Signetlcs Sales Office, 602-265-4444 

AI seoHsdll. 
Thom Luke Sales, Inc., 602-941-1901 

CA C·lllhrt 
Signetics Sales Office, 213-340-1431 

CA C.portll. 
Signetics Sales Office, 408-725-8100 

CA 1 ..... -
Signetics Sales Office, 213-670-1101 

CA In ... 
Signetics Sales Office, 714-833-8980, 213-
588-3281 

CA L .. Sat .. 
Sierra Technology, 408-354-1626 

CA SU ..... 
Mesa Engrg., 619-278-8021 

CA Sa. 0",. 
Signetics Sales Office, 619-560-0242 

CO A.r .. 
Signetics Sales Office, 303-751-50i; 

CT Duhry 
Signetics Sales Office, 203-748-3722 

CT YallS,11II 
Kanan Assoc., 203-265-2404 

FL CI .. rwallr 
Signetics Sal.es Office, 813-796-7086 

Fl FI. LI. __ alo 

Signetics Sales Office, 305-486-6300 
U AUnII 

Signetics Sales Office, 404-953-0067 
IL Elk Groft VI ..... 

Micro-Tex, Inc., 312-640-9633 
IL Sea ..... 

Signetics Sales Office, 312-843-7805 

III Katello 
Signetics Sales Office, 317-453-6462 

IA MlrloR 
Rep. ASSOCiates Corp., 319-373-0152 

KS Kilns City 
B.C. Elctrn. Sales, 913-342-1211 

KS O,orlllll Plrk 
Signetics Sales Office, 913-341-8181 

KS Wlchlll 
B.C. Elctrn. Sales, 316-942-9840 

MD Gila Bini. 
Signetics Sales Office, 301-787-0220 

MA R .. dl •• 
Kanan Assocs., 617-944-8484 

MA WaII.n 
Signetics Sales Office, 617-938-1000 

MI BlooIIIlloN Hills 
Enco Mktg., 313-642-0203 

MI Flnal •• tol HIlls 
Signetics Sales Office, 313-476-1610 

MN Edll. 
Signetics Sales Office, 612-835-7455 

Mil MI .... p.Us 
High Technology Sales, 612-888-8088 

MO Brldgeto. 
B.C. Electronic Sales, 314-291-1101 

Me SI. Lalls 
B.C. Elctrn. Sales, 314-731-1255 

IIJ Easl HI •• vor 
Emtec Sales, !nc., 201-428-0600 

IIJ Plrsipp •• , 
Signetics Sales Office, 201-334-4405 

NM AIII.q .... _ 
Power Enterprises, 505-298-1918 

1M Albaq_q. 
Power Entprs., 505-298-1918 

IY IIIIIca 
Bob Dean, Inc., 607-257-1111 

NY . L1vorpHI 
Signetics Sales Office, 315-451-5470 

NY ...... 
Emtec Sales, Inc., 516-752-1630 

IY IIoIvIIII 
Signetics Sales Office, 516-752-0130 

IY w.,ptqors Falls 
Signetics Sales Office, 914-297-4074 

IC Ralel.b 
Signetics Sales Office, 919-851-2013 

OH WorWall. 
Signetics Sales Office, 614-888-7143 

OR HIII.llm 
Western Tech. Sales, 503-640-4621 

OR HIII"'I· 
Western Technical Sales, 503-640-4621 

PA Horsblll 
Signetics Sales Office, 215-443-5500 

PA PlIIsII.rl. 
Cover & Newman, 412-531-2002 

TN SrIIIlVllle 
Signetics Sales Office, 615-639-0251 

TX A.sU. 
Signetics Sales Office, 512-458-2591 

TX RIcIII .... 
Signetics Sales Office, 214-644-3500 

UT Salt Llko City 
Electrodine, 801-486-3801 

WA Boffo," 
Western Technicai Saies, 206-641-3900 

WA S .. kllI 
Western Tech. Sales, 509-922-7600 

WI WIlUsU 
Micro-Tex, Inc., 414-542-5352 

eal EloItlclte. 0I11r10 
Signetics Canada, Ltd., 416-622-9314 

ca. Etolliute. 0I11r1. 
Tech-Trek, Ltd., 416-626-6676 

Cal OUlwa. 0I11r10 
Tech-Trek, Ltd., 613-230-3297 

CII Politi Clan . 
Tech-Trek, Ltd., 514-698-3385 

1111 Ar ... II.I, B .... Aires 
Philips Argentina SA, TEL: 541-7141 
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Signetics (Cont) C1 O •• lIury IH Manchester 
Hamilton/Avnet Elctrns., 203-797-2800 Arrow Elctrns., 603-668-6968 

1.11 Austrl •• Wlen C1 Oa.lllry IJ Cllerry Hili 

Osterrichische Philips Bauelemente, TEL: 43- Schweber Elctrns., 203-792-3500 Hamilton/Avnet Elctrns., 609-424-0100 

222-93-26-2 C1 . Wallingford NJ . F.,rfllld 

Inll 8elglull. Brunlles Arrow Elctrns., 203-265-7741 Arrow Elctrns., 201-575-5300 
FL Ft. Laudlfdal. IJ F.,rfllId N.V. Philips & MBLE, TEL: 32-02-242-7400 

Arrow Elctrns., 305-776-7790 Hamiltonl Avnet Eletrns., 201-575-3390 Inti Indll, 801lb.y 
FL Ft. Lauderdalt NJ Fllrfl.1tI Philips I.nida & Elect. ltd., TEL: 91-22-295144 

Hamilton/Avnet Elctrns., 305-971-2900 , Lionex Corporation. 201-227-7960 Ilti Ireilld, Ou.1I1 FL Hollywood. IJ .' Fllrfilld 
Philips Electrical ltd., TEL: 353-1-69-3555 Schweber Elctrns., 305-927-0511 SchweberEletrns.,201-227-7880 

Inll J,p.I, Os.k. FL Hollyw .. d NJ Mooruto.1 
Philips Elect. Korea Ltd., TEL: 816-304-6171 Schweber Electronics, 305-927-0511 Arrow Elclrns., 609-235-1900 

lall M".ysll, HUll. LUllpur FL P.I.8IY NM Alllu"ur .... 
Philips Malaysia Snd. Berhad, TEL: 77 44 11 Arrow Eletrns., 305-725-1480 Arrow ElectroniCS, 505-243-4566 

l.tI Turkey. lit .. "1 FL SI. Pllwsll.rg NM AIII·"PflI-Turk Philips Ticaret A.S., TEL: 43 59 10 Hamilton/Avnet Elctrns., 813-576-3930 Hamilton/Avnet Eletrns .• 505-765-1500 
GA Allnt. NY auffale 

Dislribulors' Schweber Elctrns., 404-449-9170 Summit Distrs., 716-887-2800 
GA lorcross NY Enl SYl'llc.se 

AL H.llsvllle 
Arrow Elctrns., 404-449-8252 Arrow Elctrns., 315-652-1000 

GA "orcross IY Eisl Syl'llc,s, 
Hamilton/Avnet Elctrns.,.205-837-7210 Hamilton/Avnet Elctrns., 404-447-7500 Hamilton/Avnet Elctrns., 315-437-2642 

AL Hu.lsvllit SA I ... eress NY Hlap,. ... 
Pioneer Elctrns., 205-837-9300 Schweber Electronics, 404-44!1-9170 Arrow Elctrns., 516-231-1000 

AZ PII.,x IL a..vlll. ·NY Hlapp .... 
Hamilton/Avnet Elctrns., 602-231-5100 Hamilton/Aimet Elctrns., 312-860-7700 Lionex Corporation, 516-273-1660 

AZ PII.,x IL Cilicago NY Liv."... 
Wyle Distribution Grp., 602-249-2232 Belllnds., 312~982-9210 Arrow Elctrns.; 315-652-1000 

CA Cllltlw ... 11I tL Elk Grove VlIIlg. NY M.'vllil 
Anthem ElectroniCS, 213-700-1000 Schweber Elctrns., 312-364-3750 Hamilton/Avnet Elctrns., 516-454-6012 

CA Cullwortll IL SclIa .... r. IY RlClltatII' 
Arrow Electronics, 213-701-7500 Arrow Elctrns., 312-397-3440 Arrow Elctrns:, 716-275-0300 

CA Cull fill ... IN Ildll •• polls NY Rocll .. I. 
Avnet Elctrns., 714-754-6111 Arrow Elctrns., 317-243-9353 Hamilton/Avnet Elctrns., 716-475-9130 

CA Costa M ... IN ladl ... ,.lIs NY Rlclltalll' 
Hamilton Electro Sales, 714-641-4100 Hamilton Avnet Elctrns., 317-844-9333 Schwaber Elctrns., 716-424-2222 

CA Culver CU, tl lul ••• paIIs IY WasIMry 
Hamilton Avnet Elctms. Mt/itary, 213-558- Pioneer Elctrns., 317-849-7300 Schweber Efctrns., 516-334-7474 
2901 IS 0.111." P.rk NC Cllarl.n. 

CA Culver City Hamilton/Avnet Elctrns., 913-888-8900 Pioneer Electronics, 704-527-8188 

I Hammofl!.~vnet E!ctrns., 213·558-2121 

I 
MO BIIii ..... NC Rllel,1I 

I CA EI Stglldo Arrow Elctrns., 301-247-5200 Arrow Electronics, 919-876-3132 
WyJe Distribution Grp., ~13-322-8100 M!I CIII_I; IC Haiti .. 

ItA Inl .. Hamilton/Avnet Elctrns., 301-995-3500 Hamilton/Avnet Elctrns., 919-878-0819 
Schweber Elctrns., 714-556-3880 110 GIIlIIIn.urg IC Ha .... " 

CA Ini •• Pioneer Washington Elctr~s., 301-948-0710 Schweber Electronics, 919-876-0000 
Wyle Distribution Grp., 714-863-9953 MO Gall ....... rl IC WI,".-8I_ 

CA 1t.,0rf hac" Schweber Elctrns., 301-840-5900 Arrow Elctrns., 919-725-8711 

Arrow ElectroniCS, 714-851-8961 M~ BHlm OH 81OC1I ... 

CA Sacl'II •• lo Schweber Elctrns., 617-275-5100 Schweber Elctrns., 216-464-2970 

Hamilton/Avnet Electronics, 916·920-3150 MA alrll'gtn OH CltIIl"VIIIt 

CA Sill 0' ... 
Lionex Corp., 617-272-9400 Arrow fletros., 513-435-5563 

Anthem Elctrns., 619-453-4871 IIA Wobam OH CIIvMa" 
Arrow Elctrns., 617-933-8130 Hamilton/Avnet Elctrns., 216-831-3500 CA Sa. DI .. o 

fIlA W.bam OH CItYII •• d Arrow ElectroniCS, 619-565-4800 
Hamilton/Avnet Elctrns., 617-273-7500 Pioneer Standard Elctrns., 216-587-3600 

CA Saa 01110 
II' All ArIIor OH BlytH 

Hamilton/Avnet Elctrns., 619-571-7510 
Arrow Elctrns., 313-971-8220 Hamilton/Avoet Elctrns., 513-433-0610 

CA Sa. 01,,0 MI GI'II" Rapids OH Dayt. 
Wyle Distribution Grp., 619-~65-9171 Hamilton Avnet Elctrns., 616-243-8805 Pioneer Standard Elctrns., 513-236-9900 

CA Sa. Jose .. L1vnll OH SII •• 
Anthem Elctrns. Inc., 408-946-8000 Hamilton/Avnet Elctrns., 313-522-4700 ArrowElctrns., 216-248-3990 

CA SIIII. Cllra filii Livonl. OK Til •• 
Schweber Elctrns., 408-748-4700 Pioneer Elctrns., 313-525-1800 Quality Comps., 918-664-8812 

CA Sini. CI.r. .. U.nll OR HlllaIt ... , 
Wyle Distribution Grp., 408-727-2500 Schweber Elctrns., 313-525-8100 Wyle Distribution Group, 503-640-6000 

CA S ••• yv ... liN Ed •• Pr.lrl. DR Lake 0 ..... 
Arrow Elctrns., 408-745-6600 Schweber Elctrns., 612-941-5280 Hamilton/Avnet Eletrns., 503-635-8831 

CA SII.nyv.'1 MI Edl •• rA H.rllli. 
Hamilton/Avoet Elctrns., 408-743-3366 Arrow Elctrns., 612-830-1800 Schweber Elctrns., 215-441-0600 

CA Tlslln MN Mh,nll,.lIs PA PIIIIII ...... 
Anthem Electronics, 714-730-8000 Arrow ElectroniCS, 612-830-1800 Arrow Efctrns., 412-856-7000 

CA Weedl •• d Hilli MN MI .... "olls PA PIUsbli,,, 

I AVlu::l Electronics, 21;$-883-0000 I Hamiiton/Av!1et ElectroniCS, 612-932-0600 Ploneer/Pittsburgh,412-782-23OO 
CO Alror. I MI 1I1 ...... k. TX A.stln 

Arrow ElectroniCs; 303-696-1111 Hamllton/Avnet Efrfrr]S., 612·9320666 Arrow Electronics, 512-835-4180 
CO OI"V'" MO E.rtb City TX AI.II1 

Wyle Distribution Grp., 303-457·9953 Hamilton/Avnet Elctrns., 314-344-1200 Hamilton/Avnet Elctrns., 512-837-8911 

CO Englewood MO SI. LOlls 1X ~lslIlI 

Hamilton/Avnet Elctrns., 303-740-1000 Arrow Elctrns, 314-567-6888 Quality Comps., 512-835-0220 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Signetics (Cont) 1.11 FnRce. Plrls 
R.T.C., TEl: 33-1-355-4499 

Salas Offica & Ra2rasanlalivas 
TX Dallas 1.11 G_I.Y. H •• b.rg 

Arrow Electronics, 214-386-7500 Valvo, TEL: 49-40-3296-19 

TX Ollila I.tl SrMce. Athens 

Hamiiton/Avnet Elctrns., 214-659-4111 Philips S.A. Hellenique, TEl: 9215111 

TX Ollila 1.11 HOII K .... KWII CII ••• 

Quality Comps., 214-387-4949 Philips Hong Kong Ltd., TEL: 852-0-245121 'all Ar ••• II.I. a".O$ Aires 

TX 011111 latl InlloR .. II. Jakarta VEl srI., TEl: 46-2211 

Schweber Elctrns., 214-661-5010 P.T. Philips-Ralin Elctrns.; TEL: 716 131 

TX HHltH lall larili. Til Aviv Inti A.llnU •. Prosp.et 
Arrow Electronics, 713-530-4700 Rapac Elctrns., Ltd., TEL: 972-3-477115 A.J. Distrs., TEL: 2691244 

TX H .. at .. 1.11 Itlly •• 111.0 
Hamiltonl Avnet Elctrns., 713-780-1771 Philips S.p.A., TEL: 39-2-6994 

Inll Autrl •• Wi.a TX ..... t. I.tl JIP". TIkyo 
Quality Comps., 713-772-7100 Signetics Japan, ltd., TEL: 813-230-1521 Othmar lackner Elect., TEl: 531185 

TX H ...... 1.11 KIrtI. Slnl 
Schweber Elctrns.,' 713-784-3600 Philips Elect Korea Ltd., TEL: 794-4202 1111 Ballium. Hass.1t 

UT Salt Llk. City 1.11 . MeXico •• exlco City Heynen b.v., TEL: 210006 
Hamilton/Avnet Elctrns., 801-972-4300 Elctrna. S.A. de C.V., TEL: 52-721-61300 

UT San Llk. City Inll 1I1t1ler111ll1. ElnllltnMl 
Wyle Distribution Group, 801-974-9953 Philips Nederland B.V., TEL: 31-40-79-3333 Inll Duman. Co,.."a ... 

WA 1IIHIv. 1.11 IIIw Zall.lI. AlCklllll 
E. V. Johanssen Electronik, TEL: (01) 839022 

Arrow Elctrns., 206-643-4800 Philips Electrical Ind. Elcoma, TEl: 64-9-
WA BaIlly. 605914 latl En.I .. II. LOI'OI 

Hamllton/Allnet Elctms., 205-453-5844 1.11 lIonny.Oa" Power Technology, TEL: 734-866766 
WA BIIInn Norsk A1S Philips, TEl: 47-2-680200 

Wyle Distribution Grp., 206-453-8300 1.11 Per •• LI.I 
WI ......... Cadesa, TEL: 326070 lit! Anlllll. Espo. 

Hamilton/Avnet Elctrns., 414-784-4510 1.11 Plllllppl .... "klll-RllIl 
Panta-Tuote OV, TEl: (90) 598525 

WI Otk Creek Philips Indl. Dev., Inc., TEL: 868951 
Arrow Elctrns., 414-764-6600 I.n PortIlil. Lllna 1.11 Fr •• ce. Parll 

WI W •• k ... Philips Portuguesa SARl, TEL: 351-19-68- Radio Equip.-Antares, TEl: 758-11-11 
Bell Industries, 414-784-0235 3121 

Ca. Calgary. AIIIrII 1111 Sl ••• ,..... Sl ... ,.... 
Hamilton Avnet Elctrns., 403-230-3586 Philips Project Dev. Pte., ltd., TEL: 65-253- 1111 G ....... y .•• nellt. 

Cat CaIpry, AIHrtt 8811 Astronic GmbH, TEL: 309031 
Zentronics, 403-272-1021 

1.11 Sal" AfrIce. J ..... b.rg 
Cat ...... v .... OtI.rl. 

Cesco Elctrns., 416-661-0220 
E.D.A.C. (Pty), ltd., TEL: 27-11-614-2362 

Cat .......... DItartt IItl Spall. Bare .... 

Hamllton/Avnet Elctrns., 416-677-7432 Miniwatt S.A., TEL: 301 63 12 

en Mllllan .... Ot ...... 1.11 SwIIMI. StlCkll ... 

Zentronics, 416-451-9600 Elcoma A.B., TEL: 46-08-67-9780 

en •• IrIII ..... 1.11 SwltmlaH. Zoll 

Cesco Elctrns., 514-735-5511 Philips A.G., TEL: 41-01-988-2211 

en 1tItrIa1. 0 .... ItU T ...... T.lpIt 

Zentronics ltd., 514-735-5361 Philips Taiwan, ltd., TEL: 886-2-563-1717 

Cat OtIawI, DIIIarIt IItI TItIIIIIII ..... Call Diplomat 
Cesco Elctrns., 613-226-6903 Philips Electrical Co., ltd., TEL: 233-6330-9 

en OHlwl. 011111. IIII UIIIIII KII ••• L ... For 
Hamiltonl Avnet Elctrns., 613-226-1700 Mullard, ltd., TEL: 44-01-580-6633 

Cal DttIwI, DItIrIt IItI Unpay ••• 1IYNII 

9iLiCOn OOnOP8L Zentronics ltd., 613-238-6411 luzilectron S.A., TEl: 9143 21 
en 0 .... City. 0IIMc IIU VIIZIIIa. CaI'lClI 

Cesco Elctrns., 418-524-4641 Industrias Venezotanas Philips SA, TEL: 58-
Cal V.ICIIYII' 2-36-0511 

Zentromis, 604-688-2533 
Cat VIIII8I ........... O .... • San Francisco, CA (408) 734-1900 

Hamllton/Avnet Elctrns., 514-331-6443 Silicon General Los Angeles, CA (213) 7()(}8700 c.. ........ DItIrIt Orange County, CA(714) 549-8401 Zentronlcs, 519-884-5700 
Cal ........ Silicon General, Inc. San Diego, CA (619) 292-5693 

Zentronics, 204-775-8661 11651 Monarch Street • Salt Lake City, UT (801) 486-4134 
lit! AlaIn ... LIIt-CnIII.S.W. Garden Grove, California 92641 

I!!!! Denver, CD (303) 740-8300 
Phlllpsinds. Holdings ltd., TEL: 61-2-427- 714-892-5531 

0888 TelEX: 69-2411 • Chicago. IL(312) 595-1000 
lilt Anlrtl. W. TWX: 910-596-1804 • Boston, MA (617) 935-6611 

Osterreichische Philips Bauelemente, TEL: 43- _me prlll.ct 1.' ..... 11 .. : 
• Danbury, CT (203) 797-9674 

222-93-26-2 John Power 

lit! BrazIl. Sae PlIII Appnceu ... ,lllII"la.: • Melville, NY (516) 454-6400 
Ibrape, TEL: (55) 011 211-2600 John Power Syracuse, NY (315) 652-5000 

IIU CMII. SaIflIII Lllnttn: • Totowa, NJ (201) 785-1830 
PhIlips Chilena S.A., TEL: 56-2-39-400 1 Inside Sales 

• Columbia, MD (301) 995-1226 
ItU c....... ....... PrIcI alii IIeIIYwy: 

• Atlanta, GA (404) 449-4133 Sadape S.A., TEL: 600600 Deborah Mabee, Western Area 
l1li a..-t,l ..... u Joe Castellano, Eastern Area • Clearwater, FL (813) 443-4514 

Mlniwatt AIS, TEL: 45-01-69-1622 F ..... -., ....... : 
lit! FIIIIIII. HIIIIItI Deborah Mabee, Western Area 

Oy Philips Ab, TEL: 358-1-7271 Joe Castellano, Eastern Area 
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Silicon General (Cant) AI Till" WI Wa.wlloSI 
Quatra Assoc., 602-894-2808 Lansen Assoc., 414-258-0529 

Inn GlnlllY. MueHl 
CA SII Dlqo Can IslI.,lon. Onllrlo 

Neumuller GmbH, TEL: 61181 OHM SPJN, 619-579-5070 Pipe Thompson, Ltd., 416-236-2355 
CA Silt. Aaa Cia Nortll Gower. Ontario 

Siliconix. 714-547~4474 Pipe Thompson, Ltd., 613-258-4067 
1111 HOI, KOI,. Kowloo. CA Sill. Cllra 1.11 Alslrl •. VI .. II 

Tektron Elect. Ltd .. TEl: 856199 Siliconix. 408-988-8000 Ing. Ernst Steiner. TEL: 0222/827474 
CO EII,I .. oo. Inlt B.,swaler. Vlctllrll. Austnlll 

Delta Sales, 303-741-0646 NSP Pty, Ltd .. TEL: 729-8855 
Iitl lid I •• BO.Ny CT Clllsllin 1111 B.I,I., •• Brussels 

Zenith Electronics, TEL: 384214 Scientific Components. 203-272-2963 J.P. Lemaire S.A., TEl: (02) 478-48-47 
CT R .... fIII .. 10" Bnzll. SI8 p •• la 

Inll 
Siliconix, 203-431-3535 Cosele Comercio e Servicos. TEl: 255-1733 

Israll. Ttl A,I, FL Clearwlter Bacll 
Talviton Elctrns. Ltd., TEL: 44-45-72 

1111 Dal •• rk. GIlStrap 
Perrott Assocs., 813-443-5214 Ditz Schweitzer A.S .. TEL: (02) 453044 

FL Ol'lldo Inti Filiald. Helsinki 

Iitl lilly. MOIlI 
Perrott Assocs., 305-298-7748 Findip-Harvlinna, TEL: 358-0-5052255 

FL Ortndo 
Exhibo Italian a S.P.A., TEl: 360021 Silicon ix, 305-293-4255 

Inll Franci. Allon, 
Almex. TEL: 666-21-12 

FL Salrlse Inll Fra.ce. Cnt.1I Cred.x 
lall J., ••. Tlky. 

Perrott Assocs., 305-792'-2211 Siliconix SARL, TEL: 377-07-87 
Hakuto Co., Ltd., TEL: 03-502-2211 SA Tacker 1.11 France. Lyol 

Rep Inc .• 404-938-4358 
IL DIs PIIIIIs 

Alrodis, TEL: 800-87-12 
'III Fralce. Marcll-a-B.rOla" 

'Itt Ntlllert.dl. G.nep Electron Mktg. Corp., 312-298-2330 Sanelec Electronique, TEL: (20) 98-92-13 
Heynen b.v., TEL: 08851-1956 'L D .. lers Gra" I.n Fmc •• PIISIC C.dex 

Siliconix, 312-960-0106 Composants S.A.. TEl: (56) 36 4040 

'" Idl.I.,olls 
'It I Norway. Olio Wilson Technical Sales Inc .• 317-298-3345 

laU Fnac •. pomers 

Henaco, TEL: 645040 IA CIII.r Rlplds 
Composants S.A., TEl: (49) 88.60.50 

Electromec Sales Inc., 3 UJ-393-5364 
1.11 Fr •• c •• Rea." CedIX. 

KS WleMt. 
Composants S.A., TEL: (99) 54.01.53 

latl SI.tll AfrtCI. Pr.larla D.S.I..316-529-0114 1.11 Fnlce. R ..... Cadlx 

Elctrn. Bldg. Elements, TEL: 469221 MD Balll.ar. SCAIB. TEL: 687-23-13' 

Pro Rep, 301-653-3600 I.U Fra.c •• Stnlbour, C.dex 

MA T' ......... 'II 
A. Baltzlnger. TEL: (88) 331852 

Inll stlila. Madrid Comp. Tech., Inc .. 617-649-3030 lall Frace. Toalo.se 

I" 
Amitron S.A., TEL: 2485863 MA Waltu. Composants SA, TEL: (61) 20.82.38 

Siliconix, 617~890~7180 ItU GwmHy.Ier.Jla 

1111 SWIdII. VIII....., 
MI BrlPIII Ing. Buro Rainer Konig. TEL: 030 772 8009 

A.P. Assocs .• 313-229-6550 1.11 G .... y. DlSSlldorf 
Svensk Telaindustri AB. TEL: 380320 

MI Bnlvllle EBV Elektronik GmbH, TEl: (0211) 84846/7 

I Electromec Sales Inc., 6.12-894-8200 lall GInII.y. Aldanl.dl 

,.tl SWltztrtau. Zurlell iilG Bili.iii Siliconix GmbH. TEL: (0711) 702066 

Kontron Elctrns .• TEL: 4354111 DSI,314-227-7170 I." .... .,. Fralkllrt 

IJ Marlt .. EBV Elektronik GmbH. TEL: 06111785037 

Siliconix 
' B.G.R. Assoc .• 609-428-2440 ,.11 G .... y. H .... r' 

IJ TIIIICII Ing. Bura K.H. Dreyer. TEL: (040) 669027 

R.T. Reid Assoc .• 201-692-Q200 I." 61n11.Y. H.n.ver 

SlIIelllx I.e. IY E. locwl .. EBV Elektronlk GmbH. TEL: (05139) 5038 

2281 lItrtlwlOd Rad Tri-Tech, 716-385-6500 1111 G ..... y.OIllrlItI.'-SItIIld 
SlIt. Clan. CaIUonla 95054 IY EIIn.1I Ultratronik GmbH. TEL: (08152) 7773 

408-918-1000 TI1-Tech. 607-754-1094 ,.11 G ... .,. SeIIleswl, 
TWX: 910-331·0227 IY F.,.tllYllle Ing. Buro K.H. Dreyer. TEL: (04621) 24055 

s,acHlc pr ... ct lIt ..... t .. : Tri-Tech.315-446-2881 I." GInII.y. St.llprt 

Publications .......................................................... ext. 2066 NY Flsllklll Ditronic GmbH, TEl: (0711) 723064 

Appllcatl .. _,I •• llg: Tri-Tech. 716-223-5720 1111 Ger ••• y. Slattl.rl 

Analog ................................................................... ext. 2420 IC hlllill EBV Elektronik GmbH, TEL: (0711) 247481 

Interface ............................................................. " ext. 2422 Rep Inc., 919-851-3007 1.11 6II'1II1,. Ualerll.clll., 

Digital ...... , ................ " .......................................... ext. 2022 OM Clenlau EBV Elektronik GmbH. TEL: 089-61105-1 

Mospower FET's ................................................... ext. 2586 Arthur H. Baier Co .• 216-461-6161 I.tl GrHCI. AI ..... 

Micropower Linear ............................................... ext. 2586 OH Dlytn General Elctrns. ltd .. TEL: (1) 490-69-98 

Switches ............................................................... ext. 2022 Arthur H. Baier Co .• 513-276-4128 II" Greec •• Plnul 

Lltlntan: OH W"I .. k. General Elctrns. ltd .. TEL: (1) 490-49-34 

Publications .......................................................... ext. 2066 Siliconix Inc., 216-835-4470 Iltl Hal ..... ItDperwerf 

Price •• d dl"'.,: 
OR Ba,ert .. Koning en Harman Elekt BV. TEL: 070-

Sales Department Blair Hirsh Co .. 503-641-1875 210101 

Place u orUr: 
TI Jlff.non City 'III Hon. Kong. Kowl .. n 

Local Sales Office 
Rep Inc .. 615-475-4105 Siliconix, Ltd., TEL: 3-427151 

TX AUIII. Inll Ildl •. Bomb., 
FolI.w·., •• ord.: EMA.512-837-0893 Zenith Elctrns .. TEl: 384 214 

Local Sales Office TX Carrollt .. Inll Im.1. T.I Avl, 
All oilier Ilflfllltlla: Siliconix Inc .• 214-385-4046 Telsys ltd .• TEL: 494891 

I 
Publications .......... ext. 2066 TX Sn",/!It Inti Italy. MII.no 
Public Relations ................................................... ext. 2698 EMA.817·481-7502 I Dott. Ing. Giuseppe DeMlco S.P.A., TEl: (02) I 

TX HOISIoa I 9520551 I 
Satas Offica & Ra!rasantativas 

EMA,713-498-8120 Ilitl JI,.'. Toll,. 
UT Sill Lak. CII, Nippon Siliconix Inc .. TEL: (03) 264-7905 

Delta Sales Assocs .. 801-487-7571 Inll J.,an, Tollyo 

AL H •• II,m. WA Lyuwo" Teijin Advanced Prods. Corp., TEL: (03) 506· 
Repine .• 205-881-9270 Blair Hirsh Co., Inc .. 206-774-8151 4670 
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I Siliconix (ConI) 

I IIU Kor •• Sloul 

I 
Exim Co. ltd .• TEL: 715-4933 

1.11 .1"ysI •. Ipoll 
Carter Semiconductor. TEL: 235-6653 

IIU I .. Z .... d. Alcklud 
S.T.C. Auckland. TEl: 500~019 

1111 lorwl,. Lllltslr .. 
A.S. Kjell Bakke, TEl: (02) 83 02 20 

1111 Plllllppllll •• 111Ia 
Alexan Commercial. TEL: 405923 

I1II Portl .. l. Lllb .. 
Telectra SARlo TEL: 68.60.72 

1111 SIIPP.'. Orclllrd TOWil'l , 
Carter Semiconductor PTE. ltd .• TEL: 235 
6653 

1111 Soulll Africi. C.p. TOWI 
Electrolink (Pty) ltd .• TEL: 215 350 

.. II SpilL BlrCllou 
Redis Logar SA, TEL: ,2549048 

.. II SpIll. "'rI' 
Comerdal Espanola Compo SA, TEL: 1733-
7054/55 

Iitl Spill. Madrl' 
Redis logar SA. TEL: 4113561, 

Iitl Sw., SItu 
Komponentbolaget NAXAB, TEL: 08985140 

IIU SwllZIrIIl'. Lu'lln ... ' 
Abelec A.G .• TEL: 01-7300455 

Iitl Tllw.l. K .... II ... 
Siliconix ltd., TEL: 362019 

IIU T.lw ••• T.lpeI 
Oon Business Corp., TEL: 766-4515 

"tl 'Ra ......... 
Choakchal flee. Supplies, TEL: 221-0432/ 
221-5384 

IIU UIIIIII III ..... I ... 
Dage Eurosem ltd .• TEL: 0296-32881 

IIU UII'" Itll,do •• EdI.blll'llI 
Abercorn Elctrns. ltd .• TEL: 031 669 6479 

laU UIIIIII KI ...... HIIII WyClllbl . 
United Compo ltd., TEL: (0494) 444712 

I.U U.HId KI ............. 1 

Macro-T ek, TEL: 01--428-3265 . 
I.U ·U.I ... K ....... IIIMIux 

Semiconductor Specialists (UK) ltd .• TEL: 
(08954) 45522/46415 

I.tl U.II111 Itl ....... rrlll.w.-S ... ... 
Sillconix ltd., TEL: (0792) 74681 

IIH 01 .... ' .......... ...., 
SllIconlx ltd .• TEL: (0635) 47609 

IIH 011l1li K ...... SIIqII. IIItI 
Macro"Mktg. ltd., TEL: (06286),4422 

IIH 01 ........... 1uIu " 
Hartech ltd., TEL: (0243) 573164 

l1li UIItIII ~, W.Susu 
Barlee Ltd .• TEL: 0403-51881 

I.U JIIZ ..... Clncu 
P. Benavidfis SRL, TEL: 529297 

"U Y .......... III ..... lrullii 

AL 

AL 

AI 

CA 

CA 

CA 

Belram SA, TEL: 734.33.321734.26.19 

HulStllll 
Hamlltonl Avnet, 205-837-7210 
IIntI'fIIII 
Pioneer IHuntsville. 205-837-9300 
T .... 
Anthem Electrns .• 602-244-0900 
T ..... 
Hamllton/Avnet, '602-231-5100 ..... 
Zeus West, Inc .• 714-632-6880 ' 
Cllltawortll 
Anthem Elctrns .• Inc .• 213-700-1000 
Celli .... 
Avnet Elctrns .• 714-754-6111 
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CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CO 

'CO 

CO 

CT 

CT 

FL 

FL 

Fl 

FL 

GA 

IL 

IL 

IL 

II 

II 

KS 

MD 

MO 

MO 

III 

III 

III 

.1 

MI 

•• 
.1 

• 
MO 

IJ 

IJ 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Costa MI .. 
Hamilton Electro Sales. 714-641-4100 
Cilim City 
Hamilton Eleetro Sales. 213-558-2121 
SlIDI.,. 
Anthem Elctrns .• Inc., 714-453-9005 
Sli DI... \ 
Hamiiton/Avnet. 714-571-5710 
SI.II C .. n 
Wyle Distribution Grp .• 408-727-2500 
S ••• "all 
Belllnds .• 408-734-8570 
Suu"al. 
Hamilton/Avnet.408-743-33OO 
Tull. 
Anthem Elctrns .• Inc., 714-730-8000 
WlolI .... HIIII 
Hamilton/ Avnet. 213-883-0000 
ED,lIwo •• 
Hamilton/Avnet. 303-740-1000 
TIIor.l .. 
Wyle Distribution Grp .• 303-457-9953 
Wllalrld,. 
Bell Inds .• 303-424-1985 
Oullurr 
Hamilton/ Avnet. 203-797-2800 
wlm.gfori 
Marshall Inds .• 203-265-3822 
AIII ... I. S.rl.!!1 
Pioneer Electrns., 305-834-9090 
Ft. lIu .... I. 
Hamilton/ Avnet, 305-971-2900 
81 ............ 
Hamilton/ Avnet. 813-576-3930 
WI ..... Port 
Milgray Electronics, 305-~7-5747 
lWcrou 
Hamilton/Avnet, 404-447-7500 
.... crou 
Marshall Ir~s.,4p4,-923-575O 
aau .. ,,1I1I 
Hamilton/Avnet.312-860-7780 
Elk arM Villi .. 
GBl/Goold Electrncs., 312-593-3222 
Elk 8rl .. Villa,. 
Pioneer/Chicago. 312-437-9680 
CD .... I 
Hamiiton/Avnet.317-844-9333 
1 •• lllipolls 
PioneerllN. 317-849-7300 
0nrtuII Park 
Hamilton/ Avnet. 913-888-8900 
c.a.1III 
Hamiiton/Avnet, 301-995-3500 
Gall ...... rg 
Marshalllnds .• 301-840-945O 
GllIIIInbrg 
PioneerlWashington. 30 1-948-0710 
IIrIfqIII 
Marshall Inds., 617-272-8200 
hrll .... 
Milgray New England, 617-272-6800 
W .... 
Hamiltonl Avnet, 617-935-9700 
an .. RIpi.1 
Hamilton/Avnet, 616-243-~ 
LI;" 
Hamllton/Avnet, 313-522-4700 
U ..... 
Pioneer/MI. 313-525-1800 
..... poRs 
Indl. Comps .• 612-831-2666 
.I ..... b 
Hamiltonl Avnet. 612-932-0600 .......b 
Pioneer/Twin Cities. 612-935-5444 
EIrtII CIty 
Hamiltonl Avnet. 314-344-1200 
CIIIrry HID 
Hamilton/Avnet, 609-424-0100 
FIIrfIIIII 
Hamilton/Avnet, 201-575-3390 

IJ Falrfl.ld 
Marshall Inds .• 201-882-0320 

IIJ Mt. laurel 
• Marshalllnds .• 609~234-9100 

I. Alhquorqu. 
Alliance Elctrns., 505-292-3360 

I. Alb.q_qn 
Bell Inds .• 505-292-2700 I. Allluq.orqu. 
Hamilton/Avnet, 505-765-1500 I' Buffllo 
Summit Inc .• 716-884-3450 

IY E.sl S,rlcuu 
Hamilton/ Avnet. 315-437-2642 

I' E •• well 
Marshalllnds .• 607-754-1570 

I' F....,ort 
Milgray Elec .• 516-546-5600 

I' HllpPIU,. 
Harvey Military/Components Plus, 516-231-
9200 

IY NluppI ... 
Marshall Inds .• 516-273-2424 

IY .... 11 .. 
Hamiiton/Avnet, 516-454-6000 

IY Plrt CIIts"r 
Zeus Components. 914-937-7400 

IY Rlcllts .. 
HamUtonLAvnet, 715--475-9130 

I' R.clltstor 
Marshalllnds., 716-235-7620 

Ie a ..... b.ro 
Pioneer/N.C,,919-878-0819 

Ie RI"I,II 
Hamilton/Avnet, 919-629-8030 

ON C ........ 
Pioneer/Cleveland •. 216-587-3600 

DH Dart .. 
Hamilton/ Avnet. 513-433-0610 

08' ..,. 

Pioneer/Dayton, 513-236-9900 
ON . WllTlllvI ....... ,1111 

Hamiiton/Avnet.216-831-3500 
OK Tulu 

Quality Comps .• 918-664-8812 
OR lIkI ....... 

Hamilton! Avnet, 503-635-8836 
PI Iton .... 

Pioneer Elctrns .• 215-674-4000 
PA Pllls~.r,1I 

Pioneer/Pittsburgh. 412-782-2300 
TX MIl. 

Quality, Compo,nents. 214-387-4949 
TX AI.HI 

Hamllton/Avnet, 512-837-8911 
TX AusUI 

Harrison Equip. Co., Inc .• 512-458-3555 
TI AuIII 

Quality Comps .• 512-835-0220 
TX IIII .. s 

Harrison Equip. Co .• Inc .• 214-239-2750 
TX 1111"1 

Zeus Comp .• 214-783-7010 
TX H.u.l .. 

TX 

TX 

TX 

UT 

WA 

WA 

WI 

Hamiiton/Avnet, 713-780-1771 

Hamilton/Avnet.713-975-3500 
1m., 
Hamilton/ Avnet. 214-659-4151 
Starrord 
Harrison Equip. Co .• Inc., 713-879-2771 
Slprtllil 
Quality Components. 713-491-2255 
SalllIkI Cit, 
Hamiiton/Avnet, 801-972-2800 ........ 
Hamilton/ Avnet. 206-453-5844 ........ 
Wyle Distribution Grp .• 206-453-8300 
MOWlull. 
Marsh Elctrns .• Inc .• 414-475-6000 
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Siliconix (Cont) latl It. I,. RoUl.o (MI) 
Solitron Devices SIGEP S.R.L., TEL: (02) 8258053 

WI •• w B.rlla latl J.p ••• TDk,o 
Nippon Imex Corp., TEL: Tokyo 321-4415 Solitron Devices, Inc. Hamiltonl Avnet, 414-784-4510 

Inti Sw.du, T.b, Semiconductor Division C'I B.rl.II" British C.IUllbll 
I.C. Inventor, TEL: 08-7565024 8808 Balboa Avenue RAE Indio Elctrns., Ltd., 604-291-8866 

San Diego, California 92123 
C'I OOWI"IIW. Olt.rlo 

714-278-8780 Future Elctrns., 416-663-5563 
Ca. Mlulssa'a" Olt.rlo Solid State Scientific 

Hamiiton/Avnet, 416-677-7432 Sales Office 81 Representatives c .. MOltrul. o •• 1I1C Solid State Scientific, Inc. 
Future Elctrns., 514-694-7710 3900 Welsh Road 

1111 Fr.lc., P.rls C .. .IpUI. Ont.rlo Willow Grove, Pennsylvania 19090 
ERN, Composants ET Materell Electroniques, Hamiiton/Avnet, 613-226-1700 215-659-8400 
TEL: 956.00.11 C .. -Ott.w., Olt.rlo TELEX: 476-1101 

Future Elctrns., 613-820-8313 TWX: 510-661-7267 Iitl H ... K .... Kow .... 
C .. St. L •• rut. O .... e Inti. Sales Corp., TEL: 3-807562, 3-808642 

Hamiiton/Avnet, 514-331-6443 1111 Isr .... R ••• I H.slllr .. 
Sales OfflC8 81 Representatives R.D.T. Elctrns. Engrg., TEL: 212-995-5200 

1111 11.1" MI .... 
Silicon Systems 1111 H ... KOI" Kowl ... Syscom Elettronica, TEL: 6.189.251/2/3 

Triple S, TEL: 3-884013 
1111 K ...... 810.1 

SUle .. S,stllls Ilc. Taeil Trading Co., TEL: 22-6741, 22-6411 
14351 Myford Road Distributors Iitl SWllzlrlald. Bad .. -B.ttwll 
TUUI, Can,on" 92680 W. Stolz AG, TEL: 056/84 01 51 
714-731-7110 1111 Araotl ....... IS AlrIS 1.11 U.lled KI •• d ... Simy. EI,"ld 
TWX: 910-595-2809 Vel S.R.L., TEL: 46 2211 Consort Elctrns., Ltd., TEL: 252-871717 
SplClfic pred.ct 1 • ..,..110: 

1.11 Austr.I ... Blactllar. I.tl WISt GnIa.,. Molclt 
Larry Pepper 

VSI Elctrns., TEL: 02 439 4655 Bitronic GmbH, TEL: 089/4702098 
LIt.ritun: 

l.tI Aulnlla. ~s II1II.1.1 .•. I.tl WISt G .... ,. Stlttprd Larry Pepper 
VSI Elctrns., TEL: 02 439 4655 Bitronic GmbH, TEL: 07144 3:101 Price •• d dIIlvery: 

1111 C .. II •• SIll .... Larry Pepper 
Victronics Ltda., TEL: 36440 

1.11 aOlllrk, C ..... III ... Distributors 
Advanced Elctrn. ApS, TEL: 01 1944 33 

Siltronics 1.11 Et.llad. LIIId.·H •• 1IIr1III111 Iitl AlSlnll., Vlcllrl. 
Rastra fletrns. ltd;; TEL: tH-148314-3/2906 lnstant Comp. Service. TEL 95 9566 --

Siltronics Ltd. IIII Et,IIad, Mr. Basll,slele •• Ha.ls IIU Brun. Sao Pul. 436 Highway 7 Coole Mktng. Services, Ltd., TEL: (0734) Aplicacoes Artimar, Ltda., TEL: 35-2452, 35-Kanata, Ontario K2L 1T9 

I 
700453 

I 0747 613-836-5003 1111 FI ... Id. H.lal.kl 
1.11 FI .... d. H .. silkl 

I 
Oy E. Friis-Mikkelsen AB. TEL: 90 317 377 

I Oy Fintronic A-b, TEL: 601155 
1.11 Frl.ce. Bac 

1.11 fR.n. Parla Sola rise Enterprises ERN, TEL: 956-00-11 
ERN, Composants ET Materell Electronlques, 1.11 Fnlce. Rugls PrI",pl 

I TEL: 956.00.11 
Solarise Enterprises Inc. Unirep, TEL: (1) 686.39.42 

I.tl I.IIII.B .... ' 10080 North Wolfe Road, Suite SW3-180 1111 GI'IICI. AIIIMa 

I 
Nayar Elctrns. Ltd .• TEL: 24 38 02 Macedonian Elctrns. Inc .• TEL: 308 800-801 Cupertino, california 95014 

1.11 Hua loag 1.11 Isrl". "ul Has""'" 408-446-9343 
R.D.T. Elctrns. Engrg., TEL: 212-995-5200 Time Mos Elctrns., TEL: 0-229391 

1.11 lid ... B .... ' 1111 Isrill. TII-Avlv 
Macro International, TEL: 329922 348688 R.D.T. Elctrns. Engrg. Solid State Micro Technology 

1111 Isra ... T .. Artv I.tl lilly. MIIOIo 
for Music, Inc. Telsys Ltd., TEL: 482126-7-8 Syscom Elettronica, TEL: 6.189.251/2/3 

1111 lilly. MIIli I.tt K .... SIt.1 -
Solid State Micro Technology for Music, Inc. Erie Ellittronica SpA, TEL: 2 6884833 Taeil Trading Co., TEL: 22-6741, 22-6411 
2076B Walsh Avenue 1.11 Jipl. T oleyl 1.11 lorwl,. H •• lslIII 
Santa Clara, California 95050 Jepico Corp., TEL: (03) 348-0611 Nordisk Elektronik (Norge) AS 
408-727-0917 1111 Kora, SHII 1.11 11nII1" Osl. TELEX: 171189 

Veonil & Co., Ltd .• TEL: 967-0475 Nordisk Elektronik (Norge) AS, TEL: 021 Specific prlllucl 1.'.,..11.1: 1.11 .orw.,.O.1I 553893 Dan Parks Hefro Teknisk A/S, TEL: 02 38 02 86 Iitl U.ltlll KI.,_. S,rny. E.gl •• d Appllcatl ..... 1 • ..,1.,: 
1.11 SI ... p.n Consort Elctrns. Ltd., TEL: 252-871717 Ron Dow Carter Semiconductor, TEL: 235-6653 1.11 WISI G •••• ,. Mulc" Llttralln: 
1111 SoIl .. Africi. HlZllwood Bitronic GmbH, TEL: 089/4702098 Receptionist 

Elctrnc. Bldg. Elements, TEL: 78 9221/6 
1.11 WISt 8 .... '. Sluttgard Price lid d.llvery: 

1.11 Sp.I.. Barell.l. Bltronic GmbH, TEL: 07144 3201 Dan Parks 
Venco Electronica. S.A. 

FoIl.w·lp I. order: 
I1II Swed •• V.III .... ' Dan Parks 

Svensk Teleindustri, TEL: 08 89 04 35 

I 
1.11 SWltztrlnll, WlltI ... 

I 
Sprague Electric 

E!batex AG, TEL: 056 25 56 41 SailS OffiCI & ReprasutatlvIs I 1.11 SwllZlrll.d. Z.rlc" Ipn, .. Ellctrlc C.., •• , 
lall Fr •• ce, ... 1 .... Kurt Hirt AG, TEL: 01/302 21 21 SIaIlc.dlcler Ol.lalo 1.1 ..... 11i ClrClIl o,enllol 

Inti. Semiconductor Corp., TEL: (3321) 1.11 Tllwln. Tllpll 115 .......... 1 Clio" 
6085275 Denom Enterprise Corp., TEL: 8823447-9 Worenler, Mune".sella 01606 

1111 HO'I Koaa. K •• loo lall W.sl G.mlla,. Offlllll.c~/M.la 617-853-5000 
Tektron Electronic, TEL: 3-856199 Neutron GmbH, TEL: 611 813930 TWX: 710-340-6304 
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Sprague Electric (Cont) 

s,tcHIc prttIicl '.f ..... llo: 
Interface (peripheral power)-Except Military ............... P. 
'Emerald 
Interface (peripheral power)-Military ........... W. Sullivan 
linear-Radio, Audio. SMPS .............................. R. Mailloux 
Optical & Telecommunications .......................... S. Dumery 

Sprague Electric 

SprI •• Eltctrlc c.puy 
_lcOItilClor DlYllln Dlscntt c.pu.I. OpwaUOI 
70 .............. P.O. IIx 917A 
Caen. II .. HI .... ln 03301 
603-224-1981 
TWX: 710-361-1495 .,..fIe prttIlCI I ...... U.: 

Hall-Effect I.C.s ............................................... T. Yasewicz 
a"uatIN ....... ,: 

P. Boehm 
Llttralln: 

647 Marshall Street,'NortIl Adams, Massachusetts 01247 
(413) 664-4411, Ext. 2107 

PrIeta ..... ..,: 
T. Yasewicz 

Plaa •• trtItr: 
T. Yasewicz 

FtIItw-tp a ... : 
T. Yasewicz 

Salts OffiCi I R! .... lItiyU 

At Hulullll 
EPI Inc., 205-883-0520 

AZ .... 
Sprague Elee, Co., 602-244-0154, 602-831-
6762 

CA ...... 
R. David Miner Inc., 619-267-3900 

CA BIrII.p_ 
William J. Purdy Co., 415-347-7701 

CA· c..aa ..... 
Spt7lgue Elec. Co., 714-549.:.9913 

CA ......... 
Sprague .EIec. Co., 213-649-2600 

CO ... 
William J. Purdy Co., 303-m-1411 

CT F ......... 
Ray Perron & Co., 203-673-4825 . 

CT IItw IIIIItnI 
Ray Perron & Co., 203-354-2569 

CT T ........ 
Sprague Elee. Co., 203-261-2551 

DC WII-.'. 
Sprague Elec. Co. (Gov't salesOAlV), 202-337-
7820 

FL ............. 
Sprague Elee. Co., 305-831-3636 

FL FI.L ........ 
Sprague Elec. Co., 305-979-1440 

SA AUuta 
Elctrn. Mktg. Assocs., 404-448-1215 

It !'!rt !HI! 
Sprague Elee. Co., 312-296-6620 

III I .......... 
Sprague Elec. Co., 317-253-4247 

.1 ....,... JIICIfH 
Sprague Elec. Co., 301-792-4890 

• ~ Sprague Elec. Co., 617-875-3200 .. ...... 
Ray Perron & Co., 617-449-6162 .. Jacbu 
Sprague Elec. Co., 517-787-3934 

• .......... 
HMR, Inc., 612-831-7400 .. SI_L .... 
EPllnc.,314-962-1411 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

IIH Dover 
Ray Perron & Co., 603-742-2321 

IIJ Charry HUI 
Trinkle Sales Inc., 609-795-4200 

IIJ WlYo 
Sprague Elec. Co., 201-696-8200 

II. AI~IIJ-'" 
William J. Purdy Co., 505-266-7959 

NV CIItrll IlIlp 
Sprague Elec. Co., 516-234-8700 

IV Larc.at 
Sprague Elec. Co., 914-834-4439 

IV Lm~.OIt 

William Rutt, Inc., 914-834-8555 
IV SynCIIi 

Paston-Hunter Co., 315-437-2843 
IV SynCIIi 

Sprague Elec. Co., 315-437-7311 
IIC Raltl.~ 

Elctrn. Mktg. Assoc., 919-847-8800 
01 "C~."" 

Elctrn. Salesmasters, Inc., 800~362-2616 
01 S,..II"IIIII 

Sprague Elec. Co., 513-322-3881 
SC G .... vll .. 

Elctrn. Mktg. Assocs., 803-233-4637 
IX Alsne 

Sprague Elee. Co., 512458-2514 
Ti Iiaitu 

Sprague Elec. Co., 214-235-1256 
UT SIft Lib City 

William J. Purdy Co., 801-486-8557 
VA L.xll,l. 

Sprague Elee. Co., 703-463-9161 
WA Sutt .. 

Sprague Elec. Co., 206-632-7761 
WA v_ ... 

Sprague Elec. Co., 206-892-0361 
WI .Dw.llla 

0: Dolin Sales, 414-482-1111 
COl Otta .. , Dlltarlt 

Sprague Elec. of Can., 613-238-2542 
Cal OttaWI, OItarl. 

Sprague Elec. of Canada, 613-238-2542 
COl T .... t •• O.tart. 

Sprague Elee. of Can., 416-766-6123 
I.n ....... Roll 

Sprague-Benelux, TEL: 055-21-53"22 
lID &111M, Sllfwu. SImI. 

sprague Elec. (U.K.) ltd., TEL: 02934-5666 
I.n Fruct.'Canl. 

Sprague France S.A.R.l., TEL: (1) 547-6600 
lID ..... y. FnHflrt 

Sprague Elek. GmbH, TEl: 0611-60551 
t.n HOI, K •• , 

Sprague World Trade Corp.~ TEl: 3-7440010 
I.n 11.ly, .n ••• 

Sprague Elec. Co., TEL: 02-498-7~1 
t.tt Japu. Tilly. 

Sprague Japan K.K., TEl: (03) 348-5221 
IItt K ... COllI 

Teenomil ltd., TEL: (2) 783-9784 
t.n SIqaJtrt. $I ........ 

Sprague World Trade Corp.~ TEL: 475-1826 
t.n s-u.. SlICkSllti 

Sprague Scandinavia A.B., Tel: (04)08 8502 
20 

IIU SwIIztrIH4. GOItw 
Sprague World Trade Corp .• TEL: 984021 

IItI T ...... T.lpeI 
Sprague TaiwaniTecnomil, TEL: (2) 783-9784 

Stag Microsystems 

Stag Microsystems Inc. 
528-5 Weddell Drive 
Sunnyvale, CA 94089 
408-745-1991 
TWX: 910-339-9607 

Standard Microsystems 

Standard Microsystems Corporation 
35 Marcus Boulevard 
Hauppauge, New York 11787 
516-273-3100 
TWX: 510-227-8898 
SptclHc prodact l.for •• U .. : 

Camille Fraschilla 
AppllCitla .......... ,: 

Vince Rende 
L1terllura: 

Camille Fraschilla 
Price uti d.UVlry: 

Cathy Perigine 
Flllow-., •• trtl.r: 

Cathy Perigine 
All ~tr Ilferl.lln: 

Cathy Perigine 

Sales Office I Representatives 

I.tt Antrall.. Mtlltllr •• 
A.J.F. Sys. & camp., Pty., ltd., TEL: (03) 
679702 

,.tt Flala.tI, Htlslald 
Havulinna Oy, TEL: (90) 755-4144 

I.tt Fn.ce. Snrtl 
Tekelec Airtronic, TEL: 33-1-534-7535 

Intt Honaad. A.sterd •• 
Nijkerk Elktronika B.V., TEl: 020-462221 

Inti Isr .... Ttl Aviv 
Vectronics, ltd., TEL: 23 4424 

I.U tta.,. MUaaa 
Dott. Ing. Guiseppe De Mica, TEL: 02-65-31-
31 

I.tl J.,D. Tlkyo 
Teijin Advanced Prods. Corp., TEL: 506-4670-
6 ., 

Iitl 1I.lIIarIaads. Bred. 
Famatra Benelux, TEl: (76) 133457 

1111 1I0rw.y. Olio 
National 'Elektro, TEL: (2) 221900 

tall "arto Rico. sae Ju •• 
Millbern Assoc . 

1.11 Sw.d.n. So ... 
NAXAB, TEL: 08/98"51-40 

lID SwItzIrtaH. ZII'fcII 
Kontron Elctrn., TEL: 01-62-82-82 

1.11 TalwD. Taipei 
Multitech IntI. Corp., TEL: (02) 769-1225 

Oistribllors 

Inti AU.trlnl, M.lbourae 
A.J.F. Sys. & Comp., Pty., ltd., TEl: (03) 
679702 

loll Frl.ce. Serrll 
Tekelec Airtronics, TEl:.33-1-534-7535 

I.tt Grllt Brill ... Ea,lalll 
Thame Components, TEl: 084-421-4561 

I.tt Italy. Mllau 

IIU 

lall 

IIU 

JaU 

I.tt 

I.tt 

I.tt 

Dott. Ing. Guiseppe De Mico, TEL: 02 95 20 

J.paa. Tokyo 
Teijin Advanced Prods. Corp., TEL: (506) 
4670-6 
"'I"rlaads. Breda 
Famatra Benelux, TEL: (76) 222 660 
Norway. 0110 
National Elektro, TEl: (2) 221900 
S ..... StIII 
NAXAB, Tel: 08/98-51-40 
SwItztrfItti. Z.ricll 
Kontron Elctrn., TEL: 01-62-82-82 
T.I .... T.IIIII 
Multiteeh IntI. Corp" TEL: (02) 769-1225 
W .. tG ...... y .... u. 
Tekelee Airtronic GmbH. TEL: (89) 594621 
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Standard Microsystems (Cont) 

• San Francisco, CA(408) 734-1900 
Los Angeles, CA (213) 700-8700 
Orange County, CA (714) 549-8401 
San Diego, CA (619) 292-5693 

• Salt Lake City, UT (801 ) 486-4134 
• Denver, CO (303) 740-8300 
• Chicago,IL(312)595-1000 
• Boston, MA(617) 935-6611 
• Danbury, CT (203) 797-9674 
• Melville, NY (516) 454-6400 

Syracuse, NY (315) 652-5000 

• Totowa. NJ (201) 785-1830 
• Columbia, MD (301) 995-1226 
• Atlanta, GA (404) 449-4133 
• Clearwater, FL (813) 443-4514 

DIPLDMAT==r:.. 

STD Micr08Y8tem8 

STD Mlcrosystems 
399 Sherman Avenue 
Palo Alto, California 94306 
415-327-6800 

Structured Design 

Str.ctn Deal.. I.e. 
1700 Wyatt Drln. s.lt. 7 
SI ... elln. ClUflnl. 95054 
408-988-0725 
mEl: 172931 
IpIcIIIc "... .. 1I' __ Un: 

Manufacturing Office ......... ...... .................... 408-988-5512 

""letHa ...... 1 •• : 
Manufacturing Office ................................... 408-988-5512 

L1lnl .... : 
Marketing Office .................... ................ ....... 408-988-0725 

PrlCi •• d dill",,: 
Marketing Office (408-988-0725) or Local Representative 
Office 

...... II'Mr: 
Marketing Office (408-988-0725) or Local Representative 
Office 

F.llow-.... Drder: 
Customer Service ........... ......... ..................... 408-988-0725 

AII·otller I,'.nutl •• : 
Marketing Office ................ ........................... 408·988·0725 
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Sales Office & Re!reseltatives 

H.llsville 
Rep, Inc., 205-881-9270 
ScoHsd.11 
Summit Sales, 602·998-4850 
FOI.III. V.IIe, 
Bager, 213-433-1687 
MI.IIIII Vllw 
Intectra. 415-967-8818 
SIn Oligo 
Littlefield & Smith, 619-455-0055 
Slntl Cllrl 
Industrial Modules, 408-988-1911 
SUI,VIIe 
Micro Aids International, 408-733-0695 
WUatrilige 
Waugaman, 303-423-1020 
IDrlIl HIVII 
Comp Rep Assoc., 203-239-9762 
Tucker 
Rep, Inc., 404-938-4358 
RolIIlg Mullows 
Sumer, Inc., 312-991-8500 
1.IIIaIl,llIa 
Devoe Co., 317-842-3245 
Clllar Rapids 
S & 0 Sales, 319-393-1845 
OIltlll 
Rush & West Assoc., 913-764-2600 
I. a.dll, 
Martindale Assocs., 617-942-0514 

WIS"" 
Comp Rep Assoc., 617-329-3454 
GrISSl Poill rlrt 
Greiner Assoc., 313-499-0188 
Eflll 
Mel Foster Tech. Sales, 612-941-9790 
IIltwll 
Rush & West Assoc., 314-394-7271 
Sasex 
Logic Services, 201··875-9430 
E.lltUeslll' 
Tri-Tech Electronics, 716-385-6500 ....... 
Rep, Inc., 916-851-3007 
Cllelilltl 
Makin Assoc., 513-871-2424 
Cal ..... 
Makin Assoc., 614-459-2423 
TIIsa 
West & Assoc., 918-627-3609 
GlllsllII 
CMS Marketing, 215-885-5106 
JIflII'uI City 
Rep, Inc., 615-475-4105 
Sui. JwdH 
Waugaman Assoc., 801-254-0570 
Resl .. 
Monolithic Sales, 703-620-9558 
er •• ptn, Olterlo 
Cantec Reps. Inc., 416-791-5922 
Kite""'. Oat.rla 
Cantec Reps. Inc., 519-744-6341 
OIllWI, Oallrla 
Cantec Reps. Inc., 613-725-3704 
. Aaslnlll, Btrwaotl. Victoria 
R&D Elctrns. Pty. Ltd., TEL: 61-3-288-8232 
DtlIIIr'II. Kakklllil 
C-88, TEL: 2-570888 
E •• Ia.d, Sirrey 
Analog Devices, TEL: 01-941-0466 
FmCl, ....... 
Data Dis, TEL: 605-60-00 
Fn'CI. LIS Ulls CtIIex 
Generim, TEL: (6) 907-78-78 
G_II" atrl'"H-St.Hprt 
Positron Bauelemente Vertriebs GmbH, TEL: 
07-156-23051 

1.11 Isn.'. Tel Aviv 
Telsys Ltd., TEL: 972482126 

1111 lilly. MU •• I 
Elind, TEL: 02-9-041-319 

1111 Jipil. Tokyo 
Asahi Glass Co., TEL: 03-2185810 

1111 J.PIR, Tokyo 
Tokiwa & Co., TEL: 03-766-6701 

1111 l.tHrIl.ds, HlSlSwljk 
Manudax, TEL: 04139-2901 

I.tl Ilrwl,. Oslo 
Henaco AlS, TEL: 2-157550 

1111 Slnglpon, SII.,per. 
Dynamar, TEL: 7476188 

Inll Sou .. Afrlcl, PI.egowrie 
Promilect. TEL: 789-1400 

1.11 Swlllll. Sol.1 
Naxab, TEL: 8-985140 

1111 Swltzerl'ld. Zurlcll 
industrade, TEL: 01-363-22-30 

Stynetic System8 

Stynetic Systems Incorporated 
Flowerfield-Building 1 
Saint James, New York 11780 
516-862-7670 

Sunrise Electronics 

SlIrlSl E1eclrHlcs. lie. 
524 SeIOI V ..... t AVII. 
Gill"'. Califon II 91740 
213·914·1926 
TWX: 910-584-3847 

Sales Office & Re!reseatalives 

AI PII.llx 
Odyssey 1, 602-246-8846 

CA I.g"'alll 
Basic Systems Corp., 213-673-4300 

CA SuOltgo 
Basic Systems Corp., 714-268-8000 

CA Sa.1I Clan 
Basic Systems Corp., 408-727-1800 

CO Clstll Rack 
Odyssey 1, 303·688-3555 

CT HI.dll 
Burton Forrester Assocs., 203-248-4380 

FL hi. Hlrfler 
Teqspec, 813-785-2276 

SA Atlalll 
Teqspec, 404-899-6780 

IL Dow ... Gran 
Berndt ASSOCiates Inc., 312-283-0713 

II 1IIIIIIIpaUs 
Carter, McCormic & Peirce, Inc., 317·844-
4175 

MA Irllllnl 
Burton Forrester Assocs., 617-848-7234 

MI FI ... II.tOl Hills 
Carter, McCormic & Peirce, Inc., 313-477-
7700 

MI E_ Pnlrl. 
Electronic Instrument Consultants, 612·937-
9701 

MO l...,..dHce 
Engineering Services Co .. 816·254·3600 

MO II. Louis 
Engineering Services Co., 314-997-1515 

IJ Hlddolnlld 
Sunday-O'Brien, 609-429-4013 

IJ RIII,lfllld 
Rical Assoc., 201-945-5250 

1M Alllllqulrq.1 
Odyssey 1, 505-265-6645 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

. Sunrise Electronics (Cont) Price aa~ IIllIvll'J: 
Customer Service (to 99 pes) ...................... 408-988-5682 
Customer Service (over 99 pes) .................. 408-988-5691 

NY ... 111111 Customer Service (to 999 pcs) .................... 408-988-5715 
R. Barthel Entprs., Inc., 716-377-3018 Memory Products (over 999 pes) ............... 408-988-5611 

IC WI.IIII-S1 ... Microprocesor Products (over 999 pes) ..... 408-988-5614 
Teqspec, 919-723-8102 

OH CI"II •• ~ 
Sal" Offica , Ra!rasentalivas Carter, McCormic & Peirce, Inc., 216-779-

5100 Call Diplomat 
OH &I"wlld AL HI.IIVIllI 

Carter, McCormic & Peirce, Inc., 513~836- For Elctrn. Mktg. Assocs., 205-837-7363 

0951 AI PII,.lx 

PA PIUsIIlrall M.R Engrg. Sales Co., 602-956-4670 

Carter, McCormic & Peirce, Inc., 412-372-

O§upertexlnc. 
CA ElClllllda 

4415 Reider Assocs., 714-741-0496 

TI Marrilla •• CA GI~" Gr", 

Teqspec, 615-587-0980 Elseo Elctrns. Inc., 714-891-4621 
CA LUI"" TX Halat,. 

Southwest Regional Sales Office, 213-428-
Dalton Systems, Inc., 713-556-1216 • San Francisco, CA(408) 734-1900 8776 

TX UwiIVIIII Los Angeles, CA (213) 700-8700 CA M ... I.,. VIIW 
Dalton Systems, Inc., 214-221-5611 Orange County, CA (714) 549-8401 Brooks Tech. Group, 415-960-3880 

WA ...... a.~ San Diego, CA (619) 292-5693 CA SI •• yv.11 
Seattle Telecom & Data, 206-883-6336 

• Salt Lake City, UT (801 ) 486-4134 
Northwest Regional Sales Office, 408-735-

WI Wilt ... 0221 
Prairie Assoc .. 414-544-1141 • Denver, CO (303) 741)..8300 FI. Clearwater 

I _ _ _ _ _ _ • Chicago, IL(312) 595-fOOO Dyne-A-Mark Corp., 813-441-4702,3 

• Boston, MA (617) 935-6611 
FL FI. Llnari.1I 

I Sunshine Semiconductor jjyne-A-iviark Corp., 305-771-6501,2,3 
• Danbury, CT (203) 797-9674 FL M.1l111d 

Sunshine Semiconductor Inc. • Melville, NY (516) 454-6400 Dyne-A-Mark Corp., 305-831-2097 

Syracuse, NY (315) 652-5000 FL hi. Bay 
2727 Newport Boulevard West, Suite 209 Dyne-A-Mark Corp., 305-727-0192 
Newport Beach, California 92663 • Totowa, NJ (201) 785-1830 FL T .... 
714-675-6171 

• Columbia, MD (301) 995-1226 Southeast Regional Sales Office, 813-870-

• Atlanta, GA(404) 449-4133 2222 

• Clearwater, FL (813) 443-4514 
SA AIII.ta 

Supertex Elctrn. Mktg. Assocs., 404-448-1215 
IL Rolli •• Ma~DWs 

Supertex, Inc. DIPLDMRTB.B:'AUMCbi KMA Sales Co., 312-398-5300 

1225 Bordeaux Drive COAPOAATIDN- I II GrlllfteW 

Sunnyvale, California 94086 Corrao/Marsh, 317-894-0377 

408-744-0100 1.11 Spal. IA eMar Rapldl 
TWX: 910-339-9388 Amitron, S.A., TEL: 248-5863, TLX 831 45550 Gassner & Clark Co., 319-393-5763 

AMITE M. 11111.0111 
Conroy Sales, 301-296-2444 

Distribllors 1.11 SWIll. MA W.II •• 
Svensk Teleindustri, TEL: 08 380 0320" TLX Dynasel Assocs. Inc., 617-890-6777 

Aialralta. lew Zlliull 
854 13033 MA Willis.., 1.11 

Soanar Electronics, TEL: 840 1222, TLX 790- 1111 Swllz .... ~ Northeast Regional Sales Office, 617-431-

34303 SOANAR Egli Fischer, TEL: 012020234 7630 

I11I Cilia, Tllw •• SwI~ MI DIIreIt 

Dommotech Trading Corp., TEL: 7670101, 
lall Rathsburg Assocs., 313-882-1717 

TLX 785-27271 COMMOTEK Laser & Electronic Equipment Corp., TEL: 01- MI MI •• apalia 

1.11 ...... rk 
553330, TLX 845 52124 LASEK Comprehensive Tech. Sales, 612-888-7011 

C-88 AS, TEL: 02-24-4888. TLX 41 U98 1.11 W.G ...... , IJ HndIIfIIN 

CEIGTV OK Infratech, TEL: 040 817578, TLX 841- Sunday O'Brien, 609-429-4013, 215-923-5195 

1.11 &.II.~ 213513 INFH 0 IY IIfIIII 
Quality Comps., 716-837-5430 Dialogue Distribution Ltd., TEL: 0276-682001, 1111 W.O .... , NY Grallack TLX 851 858944 DIALOG G Scantec, TEL: 89 13 40 93, TLX 841 5 Trionic Assocs. Inc., 516-466-2300 

l1li FrucI 213219 SCAN 0 IY M •• llas A2M, TEL: 3-945-9113, TLX 842-698376 
Quality Comps., 315-682-8885 AMM 

IY .... vUIl 1111 FR.ce 
'Mid-Atlantic Regional Sales Office, 516-752-

ASAP, TEL: 30438233, Tt?' 698887 Synertek 0900 
I.U Imll Ie Rail .... I E.I.M. International Electronic Ltd., TEL: Elctrn. Mktg. Assocs., 919-847-8800 i 37740400, TLX 922 342362 S,....IIC. 

OH lledlll 
1.11 ... ' P.O. lu 552 (95052). 3001 SlIIdar W.,. M'S 34 

J. N. Bailey & Assoc., 216-723-6808 
Asahi Glass, TEL: 03 218 5814, TLX 781 Salta Clarl, ClU'ar.iI 95054 

OH lew L ....... 
24616 408-988-5100 

J. N. Bailey & Assoc., 513-226-0512 TWX: 910-338-0135 1.11 ...,. 
OK T.ISI 

Microtek, Inc., TEL: 03 363 2317, TLX 781 s,acHIc ...... ICI ...... 11.: Ion AS$OCs. Inc., 918-664-0186,7,8 
2225276 SMITOK J Memory Products Marketing ....................... 408-988-5611 SC Grlllvilla 

lill K .. Microprocessor Products Marketing ........... 408-988-5614 Elctrn. Mktg. Assocs., 803-233-4637,8 
General Components Co., Ltd., TEL: 567-4720, 

,,"Uall .......... : TX Aull. 
TLX K 23119 Ion Assocs. Inc., 512-458-2108 

1.11 K .. 408-988-5690 
TX Dalila 

Spirox Holding Company, TEL: U.S. 408-739- LI .. Ilra: South Central Regional Sales Office, 214-387-
3334 408-748-7047 5300 
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ADVERTISERS 
INDEX Advanced Micro Devices 

Digital 701-703 
Microprocessor 1401-1446 
Microprocessor Development 

Systems 190 I 
Microcomputer Boards 200 1-2005 
Interface 2801-2808 
Linear 3301 -3338 
Memory 3901-3930 
(ustom/Semicustom 4600-4613 
American Automation 
Microprocessor Development 

Systems 1902 
American Mlcrosystems, Inc. 
Digital 705 
Microprocessor 1448-1453 
Interface 2810-2814 
Linear 3339-3349 
Memory 3932-3936 
(ustomlSemicustom 4614-4625 
Analog Devices 
Digital 706. 707 
Interface 2816-2847 
Linear 3350-3363 
Arrow Electronla, Inc. 4952 
Barvon Research, Inc. 4626, 4627 
Burr-Brown Corp. 
Interface 2848-2853 
Cltel 
(ustom/Semicustom 4628, 4629 
Cromemco, Inc. 
Microcomputer Boards 2006-2037 
Custom MOS Arrays, Inc. 
(ustomlSemicustom 4630-4633 
Datel 
Microcomputer Boards 2039 
Interface 2855-2865 
Diplomat Electronla Corp. 
Manufacturers and Distributors' Directory 
Emuloglc 
Microprocessor Development 

Systems 1904. 1905 
Exar Integrated Systems, Inc. 
linear 3365-3391 
Fairchild 
Digital 708-776 
Microprocessor 1454-1471 
Microprocessor Development 

Systems 1906-1912 
(ustomlSemicustom 4634-4635 
Fujitsu America, Inc. 
Memory 3938-3941 
fujitsu Microelectronla, Inc. 
(ustomlSemicustom 4637-4642 
Harris Semiconductor 
Microprocessor 1472-1499 
Interface 2866-2980 
Linear 3392-3471 
Memory 3943-3969 
(ustomlSemicustom 4644-4744 



Hitachi America, Ltd. 
Memory 3970-3975 
Holt, Inc. 
CustomlSemicustom 4745 
Hybrid Systems Corp. 
Interface 2981-2986 
ImmosCorp. 
Military 501 
Microprocessor Development 

Systems 1913 
Memory 3977-3981 
Integrated DevIce Techno~ Inc. 
Memory 3982-40 i 9 
Intel Corp. 
Memory 4021-4025 
Interdeslgn, Inc. 
CustomlSemicustom 4746 
International MicrOcircuits, Inc. 
CustomlSemicustom 4747 
Int~rnatlonar Mlaoelectronlc Products 
CustomlSemicUstom 4749 
InterSU Corporatton 
Application Notes 350. 351 
Digital 778-802 
Microprocessor 1500 
Interface 2988-304 1 
linear . 3412-3528" 
CustomlSemicustom 4751-4759 
LSI Computer Systems. Inc. 
Digital 803 
CustomlSemicustom 4761 
LSI logic Corp. 
CustomlSemicustom 4762. 4763 
Mlcrel 
CustomlSemicustom 4765 
Mlao Networks 
Interface 3042-3045 
Micro Power Systems 
Military 503 
Interface 3046. 3047 
linear 3529 
CustomlSemicustom 4766. 4767 
Mitel SemIconductor 
Interface 3048-3059 
MonoIlthk Memories. Inc. 
Digital 804-819 
Memory 4026-4045 
CustomlSemicustom 4768-4795 
-Motorola SemIconductor 
Digital 820-824 
Microprocessor ISO 1-1512 
Microprocessor Development 

Systems 1914-1 925 
Microcomputer Boards 2040-2046 
Interface 3060-3070 
linear 3530-3536 
Memory 4046-4056 
CustomlSemicustom 4796.4797 

National Semiconductor 
Military 504-507 
Microprocessor 1513-1529 
Microprocessor Development 

Systems 1926-1929 
Microcomputer Boards 2047-2051 
linear 3537-3541 
Memory 4057-4071 
NEC Electronfa 
Microprocessor. 1531 -1586 
linear 3543-3555 
Memory 4073-4117 
(uSi:om'Semicustom 4799-4813 
OKi Semiconductor 
Memory 4118. 4119 
Oliver Advanced EngIneering. Inc. 
PROM Programmers 440 I 
Panasonlc 
Digital 826-835 
Microprocessor 1587-1589 
linear 3556-3559 
Memory 4120-4129 ' 
Plessey Semtconductors 
Interface 3071-3075 
linear 3561-3564 
CustomlSemicustom 4815-4821 
PrecIsIon MonoIIthfa, Inc. 
linear 3565-3574 
Raytheon Co. 
Military 508. 509 
linear 3576-3592 
Memory 4130-4132 
CustomlSemicustom 4822. 4823 
RCA 
Military 510-512 
Digital 836-843 
Microprocessor 1590-1595 
linear 3593-3604 
CustomlSemicustom 4824.4825 
Schweber Eledronla 494. 2300. 

4404 
SEEO TechnoIOO Inc. 
Military 513-519 
Microprocessor 1597-1606 
Memory 4133-4139 
Semi Processes. Inc. 
Digital 844-856 
CustomlSemicustom 4826 
Sl--Fab Corp. 
CustomlSemicustom 4827 
Slgnetla Corp. 
Military 521-534 
Digital 857-913 
Microprocessor 1607-1695 
Microprocessor Development 

Systems 1930 
MicrocompUter Boards 2052. 2053 
linear 3605-3684 

Memory 4141 -4207 
CustomlSemicustom 4829-4871 
Silicon Systems. me. 
linear 3685· 
Memory 4208 
CustomlSemicustom 4872 
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Interface 3077-3086 
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PRQM Programmers. 4402 
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Microprocessors 1696. 1697 
Memory 4210-4211 
CustomlSemicustbm 4873-4875 
Teledyne Semk~ 
Interface 3091-310 1 
TeMIos. .Inc. 
CustomlSemicustom 4877 
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App!ication Notes 352-403 
Military 536-546 
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Microprocessor 1699-1719 
Microprocessor Development 

Systems 1931 
Microcomputer Boards 2055-2057 
Interface 3103-3108 
linear 3687-3701 
Memory 4212-4248 
CustomlSemicustom 4a78-4929 
TR\JI LSI Products 
DigitaJ 1159-1170 
linear 3702-3707 
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linear 3709-371 , 
UnIwnaI SemIconductors, Inc. 
CustomlSemicustom 4930 
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Memory 4249-4258 
CustomlSemicustom 4931-4936 
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Digital I 172-1 175 
Microprocessor 1720-1735 
Microcomputer Boards 2058-2061 
Interface 3109-3112 
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WIntek Corporiltlon 
Microcomputer Boards 2062 
XJcor, Inc. 
Military 54 7 
Memory 4265-4269 
ZUog, Inc. 
Microprocessor '737-1760 
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Synertek (Cont) .. u 1111' ..... CA AI •• I. 
Comprel S.R.L.. TEL: (06) (61) 33060 Zeus Elctrns .• 714-632-6880 

TI 81'1111 Pnlrl. 
1.11 lilly. T erl.o CA CUlawerl. 

Ion Assocs. Inc .• 214-647-8225 
Comprel S.R.L.. TEL: (011) 489655 Anthem Elctrns., 213-700-1000 

TX HIIII. 
I.U 1111,. Vicelli CA Culawort. 

Ion Assocs. Inc., 713-681-6266 
Comprel S.R.L.. TEL: (04) (44) 26912 IEC Elctrns .• 213-998-2200 

WA 1II1n .. 
1111 ... ,. •• T.II,o CA Caper1I •• 

SDR2, 206-747-9424 
Microtek, Inc .• TEL: (81) (03) 363-2317 Western Microtechnology. 408-725-1660 

WI .11wI11I .. 
1.11 "' ••••• THyo CA Irvin 

KMA Sales Co .• 414-259-1771 
Synerdyne. Inc .• TEL: (81) (03) 461-9311 IEC Elctrns .• 714-540-5600 

ea. IIIlall. OillrJ. 
1111 ",.,. •• Tu,o CA LII ...... a 

Byte Wide Mktg .• 416-765-1868 
Teijln Advanced PrOd. Corp .• TEL: (81) (03) Kierulff Elctrns .• Inc., 213-725-0325 
506-4821 CA Palo Alte 

1.11 Alltr.II •• erNa lui. 1.8 .•. I.U ",.,... Tok,. Kierulff Elctrns., Inc .• 415-968-6292 
VSI Elec. (Austr.) Pty. ltd .• TEL: (61) (02) Unitek Co. CA SI.OIIIO 
439-4655 1.11 lew ZIIIali. AleIIl .... Anthem Elctrns. Inc .• 714-453-4871 

1.11 Aulrelll. 8IIIIu . Professional Elctrns .• Ltd .• TEL: 493-029 CA SI. Dill. 
Energy Control. TEL: (07) 288-2757 1.11 ... Z .. lull, Alclll •• 11 Kierulff Elctrns .• Inc .• 714-278-2112 

1.11 Aillrel ... 1.111 •• HilI. Vlclerl. Southmark Elctrns. Ltd .• TEL: (64) (9) 798- CA SII JOII 
Royel Micro Sys. Pty. Ltd., TEL: (61) (03) 005. 798-078 Anthem Elctrns. Inc., 408-946-8000 
543-5122 .. U lin Z ........ P.I .... IOI .ort • CA SII JOII 

1.11 Aulrelll' 1ImI1I ••. S .•. E.C.S .• TEL: (64) (63) 77-407 Jaco Elctrns., 408-263-1100 
Ampec Engrg. Co .• TEL: (61) (02) 818-1166 .. U lerwl,. 0111 CA TI,II. 

I.U Autr ... V .... Elektronix AlS. TEL: (47) (2) 229850 Anthem Elctrns. Inc., 714-730-8000 
Ing. Ernst Steiner, TEL: (43) (222) 82-74-74 .. II Stat. Afrlce. ~ ............ CA TI,II. 

I.U Autr ....... Radiokom (PTY) ltd .• TEL: (27) (11) 789-1400 Kierulff Elctrns .• Inc .• 714-731-5711 
Bacher Elek. Gerate GmbH. TEL: (43) (222) I.U SplI .... rcttou CO DIIr. 
835646 Semiconductores SA. TEL: (34) (3) 217-23- Klerulff Elctrns .• 303-371-6500 

Iitl ........ KMrhrtII 40 CT Oro .. 
Microtron. TEL: (32) (01) 6600586 .. II SplI .... tlrlll Milgray Elctrns., 203-795-0711 

1111 DllIIII'k. KIkhtIII Semiconductores SA. TEL: (91) 4292250 CT •• nt ... ,ertI 
C-88, TEL: (45) (02) 5708-88 IIU SWItIH. SoIII Klerulff Elctrns .• 203-265-1115 

IIU Ell ..... 1ncbIII. IIItUIrt SAnCO AB. TEL: (46) (OS) 734-00-40 FL Ft. balln.1I 
Synertek Northern European Sales Off., TEL: .. II SWlIZIrIuIi ..... -Dtlltwll Diplomat Elctrns .• 305-971-7160 
Bracknell (Q3)-<W. 24555 Stolz AG, TEL: (41) (056) 84-01-51 FL FI. lHtIwtItIt 

I11I Ell ....... I"". &au 1111 SWllzwIIlli. BIHv. Kierulff Elctrns., 305-486-4004 
Pronto Elec. Sys. Ltd., TEL: (44) (01) Stolz AG, TEL: (41) (2) 2987877 FL St. ,_u •• 
5993041/2 IIU SWIIZIrIuIi. ZlrlU-ScUInI Kierulff Elctrns., 813-576-1966 

flit EqIIM, .... ; twhMn Datacomp AG. TEt.: (41) (01) 730-21-69 fl WllllfPart 

Macro Mktg., TEL: Burnham (44) (6) 936- I.U T ..... T • .,.. Milgray Elctrns., 305-647-5747 

4422 Generallnds., TEL: (86) (02) 7645126-9 GA Atllill 

I.U Eq .... n...ax. IIU Tllw .. , Ta'pel Milgray Elctrns., 404-393-9666 

I Thame Comps. Ltd .• TEL: (44) (84) 421-4561 President Enterprises IL Elil Groll V" .... 

! ... FlIIIIMI. ,yin 'I" Will 61n1Hy. DItzIICI! GBL Goold Elctrns .• 312-593-3220 

Saehkoeliikk 6 Den, TEL: (90) 562-4266 Electronic-2000 GmbH, TEL: (49) (71) 567083 IL ElIIGr ... " .... 
.. II fnIcI. ...... -c.tIraI lin WIll...., .......... Kierulff Elctrns .• 312-640-0200 

Systemes et Prodults Elect., TEL: (056) Electronlc-2000 GmbH, TEL: (49) (21) II ,.tI ......... 
021692 1767141 Advent Elctrns., 317-872-4910 

"" FrllCl .... IIU ........ " Lu ....... IS 0vwIa11i PIlI! 

ERN, TEL: (33) (3) 956-00-11 Electronic-2000 GmbH. TEL: (49) (51) Milgray Elctrns .• 913-236-8800 

1111 FRICI. L1..........-s ....... 1789878 .0 Rlckrllll 

Systemes et Produits Elect.. TEL: (088) .. n •• 1 Glnnl, ... rUe. Milgray Elctrns., 301-468-6400 

786546 Bltronic GmbH. TEL: (49) (71) 443201 •• TI •• I .. 

'IU FrllCt. L,. 1111 Wal GInIn, ..... Zebra Elctrns .• 301-252-6576 

Systemes et Produits Elect.. TEL: (078) Bitronic GmbH. TEL: (49) (89) 4702098 MA BlllwlCl 

8240374 1111 WIIIG ..... ' ...... Kierulff Elctrns., 617-667-8331 

IIU FrIICI. Pari. Electronic-2000 GmbH, TEL: (49) (89) IIA ........... 
Paris Sud Electronique, TEL: (33) (01) 4702098 Lionex Corp .• 617-272-9400 

920.66.99 IIU ........ , ..... MA ...... 1 .. 

11I1 FfIICI. P ... Synertek Central European Sales Off., TEL: Mligray Elctrns .• 617-272-6800 

Synertek Southern European Sales Off., TEL: (49) (89) 9597-100 Ii BIrIII.I. 

(33)-017711071 .. U Will ..... ' ......... Zeus Elctrns .• 617-273-0750 

,.U ........ E.P. CtptIII A.D. Electronic-2000 GmbH, TEL: (49) (91)136739 1M ... -
Alcom Elctrns. lapeUa, TEL: (010) 519533 l1li WHI a...,. Ollc~on Gerber Elctrns .• 617-769-6000 

IIU H .. I ••• I ...... 
Astek GmbH. TEL: (04) (106) 71084 .1 L1rNI. 

Conmos Prods., TEL: (852) (3) 420103 1111 .u. a-y. OtIcIlHn ........ AS Electronics, 313-525-1155 

Hilmar Frehsdorf GmbH ESC Elec. Compo .1 EIII •• 
1111 InIIItI ........ 

Serv., TEL: (49) (40) 7 10 58/59 Kierulff Elctrns .• 612-941-7500 
NeJtronics Ltd., TEL: (01) 501845 110 IIryta'" HII.llls 

ItU I ....... Ttl-Avl. Kierulff Elctrns., Inc., 314·739-0855 
Aviv Elctrns. Ltd., TEL: (03) 289211-2-3 Distributors IJ c. ... 

1111 lilly ..... General Radio & Supply. 609-964-8560 
Comprel S.R.l., TEL: (071) 977693 AZ ' ... 11 IJ F.lrfIIld 

IIU lilly ........ Kierulff Elctrns .• 602-243-4101 Kierulff Elctrns., 201-575-6750 
Comprel S.R.L, TEL: (051) 551306 AI SetHu.1I IJ F.lrfI.11I 

1III ,...,. FInID Western Mlcrotechnology, 602-948-4240 Lionex Corp., 201-227-7960 
Comprel S.R.L., TEL: (055) 412018 AI T .... .J •• rll.1 

I,U 1I.1y. Ottlll Anthem Elctrns. Inc .• 602-244-0900 Milgray Elctrns., 609-983-5010 
Comprel S.R.L., TEL: (01) (85) 301100 AZ T .... IJ P..,IOI '11111 

1111 lilly •• " ... Bell Inds., 602-966-7800 Zebra Elctrns .• 201-839-9040 
Comprel S.R.L., TEL: (39) (02) AR L1Ullltcll •• A .... ~ .. 
6120641,2,3.4.5 Carlton Bates. 501-562-9100 Bell Inds .• 505-292-2700 
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Synertek (Cont) ,.11 lilly. La Splzil l.lI Frilci. AII-Las-Mlllas 
Motordiesel, T!=l: 36.232 - 24.000 Tektronix, TEL: (42) 26 62 03 

1111 lorway. I. Oslo 1:111 Fra.cI, Las un, CIIIIX 
NV Easl SyraCIII 

EGA AlS, TEL: ¢ 47 2 22 19 00 Tektronix, TEL: 907 78 27 
Add.Elctrns., 315-437-0300 

1111 Swlnl .... Wal •• '.rl 1.11 Fraul. Lyoa 
NY FI'IIpII1 

Mr. Robert Degan, TEL: 061/979646 Tektronix, TEL: (78) 76 40 03 
Milgray Elctrns .• 516-546-5600 

I.tl W ..... y •• ulc. 1.\1 Fra.ce. RII.as 
NV H • .". ... 

Ginsbury Electronics GmbH, TEL: (089) 3252, Tektronix, TEL: (99) 51 21 16 
Lionex Corp., 516-273-1660 

60 15166 1.11 Fra.ce. SlraUo1r1 
NY Perl Cilia .. Tektronix, TEL: (88) 39 49 35 

Zeus Components. 914-937-7400 
1.11 Fraul. TOlloal 

Ie IIlIIgII Tektronix, TEL: (61) 40 24 50 
Kierulff Elctrns .• 919-872-8410 Tektronix 1.11 GtrIIa.y, .. II.-Wasl 

OH CItnIa .. Tektronix Ges.m.b.H., TEL: (030) 3139081 
Kierulff Elctrns .• Inc., 216-587-6558 Tektronix, Inc. 1.11 G .... y. Ha.llirl 

OH CIn ..... P.O. Box 500 Tektronix Ges.m.b.H .• TEL: (040) 54830 
Milgray Elctrns., 216-447-1520 Beaverton" Oregon 97077 I.U ..... y. K.rtsnlll 

GH Clnlla •• 503-644-0161 Tektronix Ges.m.b.H., TEL: (0721) 27981 
Pioneer Electronics, 216-587-3600 TWX: 910-467-8708 I.U G .... ,. Kol. 

GH Dayt .. Tektronix Ges.m.b.H., TEL: (0221) 37980 
Pioneer Electronics. 513-236-9900 1.11 G ... ay. M .. c'" 

OK T.III SailS OffiCI & R!rlsentatives Tektronix Ges.m.b.H .• TEl: (089) 14851 
Kierulff Elctrns., Inc., 918-~52-7537 1.11 GIrlllllY. Nmllerl 

PA ......... 1.11· A~.AItI'-s Tektronix Ges.m.b.H., TEL: (0911) 64681 
Zebra Elctrns., 215-868-0685 Measurelec, TEL: 61 5099 & 61 50 24 ,.tl Grllce. AllItI. 

TX AlItII 1.11 AlI.Ia. LIII •• Marios Oalleggio Representations, TEL: 721-
Klemlff fletros., Inc., 512-835-2090 

I 
Tecnidata Representacoes Tecnicas e 

I 
0669,721-1860 

I TX Dallas Electronica Aplicada lda., TEL: 32025-32309 1111 H ... K .... Hoa. Koa. 
Kierulff Elctrns., Inc., 214-343-2400 1111 ArgIIlll •• BII .. s Aires Schmidt & Coo. (HX) Ltd,. TEl: 5-455-644 

TX DaIIn Coasin S.A., TEL: 52-3185, 51-9363 1111 lell.... ReykJ.vlk 
Zeus Elctrns., 214-783-7010 1111 ArgllIII •• Con ••• Krist jan O. Skagfjord ltd., TEL: 24120 

TX ilia ... Coasin S.A., TEL: 51-3037 IIII 1 •• 11. Ba'lalor. 
Klerulff Elctrns., Inc., 713-530-7030 1111 Autralla. MIla .. Hinditron Svcs. Private ltd., TEL: 33139 

WA ........ Tektronix Australia Pty. ltd., TEL: (08) 223- 1111 I .. I •• B .... ' 
Western Microtechnology, 206-881-6737 2811 Hinditron Svcs. Private ltd .• TEL: 81 12 581 

WA THwIla 1111 Alstralla. CuIItrra 815344 
Kierulff Elctrns .• Inc .• 206-575-4420 Tektronix Australia Pty. ltd., TEL: (062) 82- 1.0 '''ons' •. J.k.rt. 

WI IIIIwIIbI 3655 P.T. Owi Tunggal Jaya Sakti, TEL: 716374 
Taylor Elec. Co., 414-241-4321 1111 Aalralla ......... 110 Isrul. Til Aviv 

WI Willi .... Tektronix Australia Ply. ltd .• TEL: (03)813- Eastronics ltd., TEL: 475151 
~ierulff Elctrns., Inc .• 414-784-8160 1455 I.U It.ly. MIIlIO 

CII ..... svilw.OII1r1. 1.11 AIstraIIl. PIr1~ Tektronix S.p.A., TEL: 8466946/8406446 
Future Elctrns .• 416-663-5563 T8i<tronix Australia Pty. ltd., TEl: (09) 325- IItU llaly ..... 

Cal Ottawa. OItaril 8433 Tektronix S.p.A., TEL: 8278041 
Future Elctrns., 613-820-9471 1111 Alstralla. 0"". 1.11 lilly. Tlrllo 

Cal P ..... CItIrt. 8IIIIIc Tektronix Australia Pty. ltd., Tel: (07) 394- Tektronix S.p.A., TEL: 330143/372163 
FUtUl'8'Elctrns~:·51lf.:694-n10 1155 1111 Ivory COisl. A11ldl'. 

CII VIICIIYII'. IrItIaII CIIaIIIIa IIU Alslralla. Sy •• " Sitel, TEl: 353600, 353502 
Future Elctrns .• 604-438-5545 Tektronix Australia Pty. ltd., Tel: 888-7066 1.11 J.pa.. .IIOYl 

110 Aatrl •• ""I. SonylTektronix Corp., TEL: 581-3547 (area 

Rohde & Schwarz-Tektronix Ges.m.b.H., TEL: 052/Nagoya) 

Tau Zero Vienna 62 6141 1111 Jap ... Dllka-sIII 
SonylTektronix Corp., TEL: 947-0321 (area IItIl Ba6..,... Dacce 
06/0saka) 

Tau Zero Inc. A.C. Chowdury & Co., Tel: 252 329 312492 
1.11 JaPl •• Takyo 

805 Business Parkway 1.0 BIItI-. Bruella 
SonylTektronlx Corp., TEL: 710-8141 (area 

Richardson, Texas 75081 Tektronix nv/sa. TEL: 021720 80 20 
O3lTokyo) 

214-644-7545 l1li 1IIIwII. L. Paz 
1.11 J.p ••• Tokyl Coasin Bolivia S.R.l.. TEL: (2) 340962 

SonylTektronix Corp., TEL: 448-4611 (area 
l1li Brull. Ria .. Jllllri 

O3/Tokyo) 
Technitrol, Inc. Tektronix Industria e Comercio ltda., TEL: 

1111 Jor ......... 
286-6946 

Consult-Tel. Tel: 36668 
'Technitrol, Inc. 

1.0 Bruit. Sal "111 l1li I ...... SIIII 
Tektronix Industria e Comercio ltda., TEL: Myoung Corp., TEL: (2) 828-9942 1952 East Allegheny Avenue (011) 240-4818 

Philadelphia. Pennsylvania 19134 110 KIWIII. SaIII 
IItl CIIauIJ Isla .... G......., Tareq Co., TEL: 436100 & 436045 215-426-9105 

Tektronix ltd., TEL: Guernsey (0481) 35781 
TELEX: 83-4245 iiiii i.tiiilill, iiini 

1111 CIIIII. SIll .... Projects S.A.l.. TEl: 331680 
Equipos Industriales S.A.C.I., Tel: 382-942 l1li lllapia. PlIIlIIt Jay •• SIIaIlor 

Sales Offlce I II!prulltltlves 1111 CeIuIIIIa ....... MeComb Malaysia Sdn. Bhd., TEL: 773455 
Selectrontca ltd., TEL: 263 28 74 I.U lexlco •• lXleo 

l1li All 0 .... ee.trIII 110 CesIa ilia. SII ..... Tektronix S.A. de C.V., TEL: (905) 687-09041 
Sylvan Ginsbury ltd., TEL: 201-261-3200 Electro-Impex, S.A., TEL: 21-59-54 0854/0827 

l1li EqiaM. I .. , IItIl Dlulark,H.-1n 1111 .arocco, R •• I A",I 
~ylvan Ginsbury (UK) ltd., TEL: 721-1484 Tektronix AlS. TEL: (02) 84 56 22 SCRM, Tel: (07) 749-47 

IItU FratCi. ParIs 110 EcaHr.OIIl. IIU NllIIM"IaI.s. AIls .... 
Ginsbury Electronique (France) S.A., TEL: Proteco Coasin Cia ltda., TEL: 52-6759. 52- Tektronix IntI., Inc. European Mktg. Centre 
(01) 742-83-74 9684 I.tl Nlllllrla .. s, Bad_v""" 

110 I .......... ' IIU EI"L Calnl Tektronix Holland N.V., TEL: 02968-1456 
Bali International, Tel: 53 30 76 Giza Sys. Engrg. Co .• TEL: 841200, 849399 I.U ... Zalal •• Alcklal. 

lilt ISI'III ..... 1 11IIIIII'II 110 Filla ... HtIaIIkI Mclean Information ltd., TEL: 587-0371501-
ROT Electronics, TEL: 473211 Tektronix O/Y, TEL: 90-722 400 801/501-219 
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Tektronix (Cont) 
Teledyne Crystalonics 

1.11 Belgi ••. KIIBar .. 
Microtron P.V.B.A. Int'l.. TEL: 016/600586 

1111 IItw Z"IDII. Walll.,tu 
l.tI D .... I1I. Ly.gll, 

McLean Information Ltd .• TEL: 851-450/844-
Teledyne Crystalonics Knud Kamuk Aps .. TEL: (02) 88 38 33 
147 Sherman Street 

425 Cambridge. Massachusetts 02140 
iall Fialald. Halslakl 

l.tI .erwa,. DII. 617-491-1670 
Turion OV. TEL: 372 144 

Tektronix Norge A/S. TEL: (02) 64 57 70 
Iitl Greec:l. Alillas 

I.U Paklall •• KIrK" 
Demetrius C. Tzitzinias & Sons. TEL: (00 30 

Pak-Land Corp .. TEL: 437315. 438084 Sal.s Office & R'presentatives I 

1) 9344790 

l.tI Pa ..... Pl .... 
Iitl HOlg Kolg. Hoag Kug 

Executive Mktg. Corp .• TEL: 64-9354. 64-9851 l.tI Balal... Br.ssala 
Schmidt & Co. Ltd .• TEL: 5-455644 

l.tI ....... LI.I Microtron. TEL: 02-5232217 
Iitl Iidla. Bo.lla, 

Importaciones y Representaciones 1111 Fraci. Paris 
Elctrn. Entprs .• TEL: 44 30 96 

Electronicas S.A .• TEL: 28-86-50 Composants Et Produits Electroniques. TEL: 
I.tl Irllald. Dulla 

1.11 PII...,..... "kltl. ItDI 
9804140 Neitronix Ltd., TEL: (01) 501845 

Philippine Elctrn. Inds .• Inc .• TEL: 693-16301 
Iitl Garu.,. HalHlro .. I.tl larall. Ra .. t Ga. 

1/2/3 
Sinus Elctrns., TEL:' 07131/52077 Elina Ltd .• TEL: (03) 734129 

I.tl 
1.11 I.dla. B_ba, latl Itll,. Mlillo 

PorI ... I. LI .... 
. Decada Equipamentos de Electronica Lda .• 

Elctrn. Entprs .• TEL: 4430906 Eledra, TEL: (02) 34 97 51 

TEL: (19) 574159 
~ latl Isr .... Til-Alii I.tl Kam. Seoul 

... 1 Saalll An .... ..,.,11 
STG Inti, TEL: 53549 Vine Overseas Trading Corp., TEL: 266-1663 

l.tI lilly. Mill. 1.11 ......... lIs. RIJSWIJk 
Rola Trading Corp., TEL: 465-4406/465-0972 E.D.T. S.r.l .• TEL: 862141 MCA-Tronix Int'!.. b.v., TEL: 015-13 49 40 

1111 SIIpfIn. III ..... ,.tl Ja,.. THyI t.1I . law ZIIII ••• A.ckla.1I 
MeComb, TEL: 2713333 Teledyne Japan K.K .• TEL: 03-4038141 Professional Elctrns., Ltd .. TEL: 493-029 

IIU SId AfrIca. Cape l.tI ............ A.J. Capella. A.D. IlsaN I.tl ...... '.Osl. 
Protea Physical & Nuclear Instrumentation Alcom EleCtronics, TEL: '519533 Scancopter A.S .• TEL: 02-229850 

(Ply.) Ltd., TEL: (21) 98-3439 t.tI S ...... '11I11all, 
I.tl Part ..... LI_ 

I.tl Snlll Africa. DarIII. Svensk Tete Industri AB. TEL: 380320 Ditram Comps, e Elctrna., Lda .• TEL: 45313 

Protea Physical & Nuclear Instrumentation 'III SwllZlrla.lI. Zarlcll Iitl SI ... ,on. Asil 

(Pty.) Ltd .• TEL: 39-1100 G & P Elctrn. AG. TEL: 653231 Microtronics Assocs. PTE Ltd. ... , Sotll AfrIca. Tnas"" 1.11 UIII'M KI ..... Bn •• heo 1.11 Sattlt Africa. Crll,1I11I 

Protea Physical & Nuclear Instrumentation HunterElec. Comp, TEL: 06286-65421 K. Baker Assocs., (Ply) Ltd .. TEL: 788-17001 

(Ply.) Ltd., TEL: (27 11)786-3647 1/2 

lilt ......... ) 
I.tl Spal •• IIaIIrI~ 

Tektronix Espanola SA. TEL: (93) 330-2008 Teledyne Philbrick 
Hispano Elctrna. s.a., TEL: 619 4108 

IatI SpII.IIHrId 
Iitl Swall ... 'allllp, 

Tektronlx-EspanoJa S.A.~TEL:.(91)404-101t. Teledyne fIriIbriek 
Scancopter AB, TEL: 08/380065 

lilt SrI La.ka. C ...... 
~- ... 1 SwItnrtHI. ZIficII 

Stewart Roche Ltd" TEL: 25846, 25847 
Allied Drive at Route 128 Kontron Elctrn. Ltd .• TEL: 017302165 

... 1 S ..... KIIart .. 
Dedham. Massachusetts 02026 l.tI Tal .. l. TIIJIII 
617-329-1600 

Cine & Photo Supply Co. (CPSC), TEL: 81151, TWX: 710-348-6726 I 
!ndl. Elctrns., TEL: (02) 771-4257 

81556, 81277. 75887 s,.cmc ,...... lII ..... tl.: 
1111 ..... 1 ....... Sales Department 

Tektronix AB. TEL: 031/427035 AfIIIIcatlll ." .... ,: Teledyne Semiconductor 
... 1 ' .... SeIIa Sales Department 

Tektronix AB. TEL: 08/83 00 80 LIIIntIn: TaIaIIy .. S-ICIIIIlct. 

I.tl swu.llall. Z'I Publications Dept. 1300 T.-ra BallI A ... 

Tektronix Inti. A.G .• TEL: 042 2191.92 Priceull .... ..,: M.nllil View. Cilifanil 94043 

latl Syria. DuII"I. Sales Department 415-968-92' 1 

General Trading Co., TEL: 114807. 224170, Fallaw-lIP II .1IIr: TWX: 910-379-6494 

559108 Customer Service Dept. Specific prall.ctl ..... llo.: 

I.U Ta ...... T ..... U ........... tIn: ext. 241 

Heighten Trading Co. Ltd., TEL: 551 9916 Product Sales Dept. Appllcall •• nlllllrllg: 
ext. 238 

I.U TllllIIaII. "'0 Lltnt.n: 
DynamiC Supp. Engrg. R.O.P., TEL: 392-8532, 
5313. 391-9571 

Sal.s Office & Rel!!!slItativas ext. 451 & 239 
Price ... 111111..,: 

Iitl T.lsIa. Tul", 1.11 Fruce. Lavillal. P.nt ext. 304 &" 441 
Societe EI Eslek. TEL: 244372 Teledyne Philbrick France, TEL: (1) 757-19- FIiIOW-1IP al ..... : 

l.tI Tart.,. lalltltll 40 ext. 441 & 304 
Erkman Elektronik Aletler. TEL: 44 1546/44 I.U Jlpaa. Osaka 
7651 Teledyne Philbrick Japan. TEL: (06) 365 0431 

I.U U.IIN KI .... CIIIIIII •• Slockport I.U Japa •• Tlky. Slles O"lce & R'presaatatlves 
Tektronix U.K. Ltd., TEL: 061-428-0799 Teledyne Philbrick Japan, TEL: 403-8921 

1111 U.IIIII KIIIII_. HI".. ... R"a l.tI U.IIIII Kllillo •. MI.II .... x AL Scottdll. 

Tektronix U.K. Ltd., TEL: Harpenden 63141 Teledyne Philbrick UK. TEL: (01) 897-2501 Ludcombe Engr., 602-949-9333 

1111 UIIIIII K ....... Llvll", •• Wilt L ....... IItl Wilt Ganuty. an.n AZ M ... 

Tektronix U.K. Ltd .• TEL: livingston 32766/7 Teledyne Philbrick. TEL: 0421313917 Sedco Sales, 602-835-6281 

IIU UII ... KII ............ 11. Bert ... ln IIti Wilt G ... i,. M.llcll CA C.I .. City 

Tektronix U.K. Ltd .• TEL: 0628-73211 Teledyne Philbrick Germany. TEL: 0891 Bestronics, Inc .• 213-870-9191 

Iitl U,.. .. , ......... 7915773 CA Cupll1l'. 

Coasin Uruguaya S.RL, TEL: 78-46-42 l.tI Wilt G .... ,: WI ...... u Pacific Elect.. 408-733-9920 

I 1.11 VIllZ ..... CarlCiI 
Teledyne Philbrick Germany, TEL: (6121) I CA Inti .. 

Equilab, C.A .• TEL: 283.1166 
7680 Bestronics, Inc., 714 M979"·99iO 

CA Sal 0"" 
l.tI Zlllllil. Lluka Bestronics. Inc., 619-452-5500 

Baird & Tatlock (Zambia) Ltd .• TEL: 75315/6 Distributors CA W ... llld Hills 
l.tI la_", 114111 Bestronics. Inc., 213-704-5616 

Baird & Tatlock (Zambia) Ltd., TEL: 3522 & I.tl Alstrla. Br'll I. Gablrg. FL Largo 
2253/4/6 Kontron GmbH & Co., KG, TEl: 02236/86631 Electrocraft Inc., 813-530-4749 
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Teledyne Semiconductor (Cont) PA Mo.IIO_II'JYIIII 

Distributors 
' Pyttronic Inds" 215-643-2850 

TX AlIlIl,ol 
Fl POIIIII.' Blaell Active Compo Technology, 214-980-1888 

Electrocraft Inc., 305-786-0206 At H .. tsvllll TX Addlsol 
FL WI.ter hrt Powell Elctrns., 205-539-2731 Quality Comps., 214-387-4949 

Electrocraft Inc., 305-628-4705 AI. T .... TX Autl. 
SA St ....... tall (AHalta) Marshall Ind., 602-968-6181 Active Compo Technology, 512-452-5254 

Dixie Technical Mktg., 404-962-2530 CA C ..... Pm TX Alstl. 
IL IIIIII·I· ... S Marshall Inc., 213-999-5001 Quality Comps .• 512-835-0220 

Teledyne Semiconductor, 312-394-5599 CA Inll. TX Dlilis 
III Ft. W.,.. Marshall Inc., 714-556-6400 Marshall Ind .• 214-233-5200 

Given Corp., 219-432-5585 CA Sal DIIg. TX D.ltas 
itS DlSol. Marshall Inc .• 619-578-9600 Solid State Elect., 214-438-5700 

Midtec Assocs., Inc., 913-441-6565 CA S ... ",II TX Ho.sIII 
M. L.1IIIrvI1II R.V. Weatherford, 408-738-8694 Marshall Ind., 713-789-6600 

Walker-Houck Assocs., 301-296-6021 CD Du'II' TX HOISlol 
1M WI •• 

Marshall Inc., 303-427-1818 
Solid State Elect., 713-772-8483 

Dynasel Assoc., 617-890-6777 
CO W/latrl.p TX SUlarla.d .. Brlpl • 

A.C.T. Rocky Mountain. 303-422-9229 
Quality Comps., 713-491-2255 

CO W ... trilip 
KRW Sales. 313-437-7255 Bell Inds., 303-424-1985 

OT Salt Lakl City 

MIl BIIIIII·lt. CT WIIII •• ,anI 
Bell Inds., 801-972-6969 

Quantum Sales,612-884-4700 Marshall Inc., 203-265-3822 
WA K .. I 

MO FllrlSIIII FL Orlullo 
Shannon Ltd., 206-763-0545 

Midtec Assocs., Inc., 314-837-5200 Marshall Inc., 305-841-1878 WA Tukwila 

II Sa_ GA .... &fHi 
Marshall Ind., 206-575-3120 

Teledyne Semiconductor, 603-893-9551 Marshall Inc., 404-923-5750 
WI .... 0. 

ILl Falrflllll IL au_villi Taylor Elect.. 414-241-4321 

Tech. Applications & Mktg. (TAM), 201-575- Marshall Ind., 312-595-6622 W! !!!h!!I!!t!! 

4390 IL £ ....... ,1 Industrial Elctrns .• 414-276-1212 

ILl HI.a.tItN Semiconductor Speciallsts, 312-279-1005 ea. Calgary. AIHrlI 

Sunday Q-Brien, 609-429-4013 IL tw.ul 
Future Elctrns., 403-259-6408 

IIY 1 .... 11 Advent Elctrns., 312-298-4210 ea. Dow.svl.w. oallrlo 

Quality Components, 716-837.5430 III 1.lIiallpolis 
Future Elctrns., 416-663-5563 

ea. Oltawa. oallrlo 
IY lIuIIu Advent Elctrns., 317-872-4910 

Future Elctrns., 613-820-8313 
Quality Components, 315-682-8885 IA CaIIar Raplll' 

Cal P", ClaIre. __ 
IT Marll •• Advent Elclrns., 319-363-0221 

Future Elctrns., 514-694-7710 
Tech. Application & Mktg. (TAM), 315-682- IA Cellar ..... ea. VnUlVll'. BrlUDI CII_1a 
8885 Deeco. Inc .• 319-365-7551 

Futttfe Elctms., 604-438-5545 
IIC •••• 1 Airy • 0 Balko .. ea. Vneon •• BrIll,1I ColOll1l1a 

Dixie Technical Mktg., 919-789-9759 Marshall Ind., 301-840-9450 
Intek Elctrns .• 604-324-6831 

01 CIIcIIIIU .0 Sa, ... 
I.U Autrllla. Vlcltrll 

Makin & Assocs., 513-871-2424 Pyttronic Inds., 301-792-0780 
Soanar Elctrns. Pty. Ltd., TEL: 890661 1M Barll.,I .. 

ON CtIIIIIIu 
Marshall Ind., 617-272-8200 1.11 Bruit Sa. hila 

KRW Sales, 513-845-4131 
1M Fra.lI ..... Filcres. TEL: (011) 223-7388 

OK TllIa NOW ElectroniCS, 617-872-5876 1.11 Dolllrk. HwItv 
Cunningham Components. 918-492-0390 III Wid .... Nordisk Elecktronik AlS. TEL: 02-842000 

TX AuUI Future Elctrns .• 617-366-2400 IIU EIIIIuIi. 8Icklllu.u1n 
Cunningham Components. 512-459-9100 .. FI~"" Hilil Macro Mktg. Ltd .• TEL: 44-753-3544 

TX Dallas Advent Elctrns .• 313-477-1650 I.U EIIIIalIi. CIlIlIa •• 
Cunningham Components, 214-233-4303 •• Gralli Ra,III, Norsem Elctrns. Grp., TEL: (0429) 33501 

TX HlIStH Calder Elect.. 616-949-2900 1.11 EIIllald. Roxlllr.IIs11lre 
Cunningham Components. 713-461-4197 .1 me.' •• '" Semicomps Northern Ltd., TEL: 2366 KELSO 

VA L,. ...... Semiconductor Spec., 612-854-8841 'III FI.Ia ... Hllsl.kl 
Walker-Houck,. 804-847-0202- .11 MI •• o,lIls Fintronic AlB, TEL: 90-6926022 

WA ..... ,. The Keel Co., 612-545-5669 1.11 Fra.ca. Bo.IIg. 

SDR«c2», 206-747-9424 .., FIIrIItIII Satek. TEL: 01-6090805 

en lawall. Dltarli Marshall Ind., 201-882-0320 I.U 1.1111 •• "ra, 

Vitel Elctrns .• 613-592-0090 II .. M .. Lilrel Micro Elctrns. Type II, 23. TEL: 413893 

en 1IIaaIaaa .... oatarlt Marshall Ind., 609-234-9100 I.U Italy •• Ilal. 

Vitel Elctrns., 416-676-9720 • ........ Eledra S.P.A., TEL: 02-3493041 

en /WI ..,. IrIItdI c.-.... Bell Inds .• 505-292-2700 1111 lilly •• 11a •• 

Vitel Elctrns., Inc .• 604-461-3322 IY Eul Syrawe Mesa S.P.A .• TEL: 02-434333 

Cal St. LI_I. QRMc Future Elctrns., 315-463-6633 1.11 ... p ••• Tokyl 
IV 1:_ ........ Sit-Walker, TEL: 03-341-3651 

Vltel Elctrns., 514-331-7393 
... __ .. 
SAI,516-293-2710 IIH "'1111, T.kye 

Iia ED ...... 1IIIIItIu IY HIIIP' ... • Teijin Advanced Prods. Corp., TEL: 03-506-
Teledyne Semk:onductor, TEL: (44) 01-897-

Marshall Ind., 516-273-2424 4670/4676 
2503 If Rocllnllr Iwtt tIIIIIIrtI .... CIpIIIt '.11. IfsnI 

IIU "",1". It ..... Marshall Ind., 716-235-7620 Alcom Elctrns., TEL: 01-519533 
Teledyne Semiconductor. TEL: 3-240122 OH CIIcIIIIU IIU lerwa,. Holstall 

I.U ....... TIIA,I, Hughes-Peters. Inc .• 513-351-2000 Nordisk Elektronik (Norge) AlS, TEL: 02-78 
RN Electronics Ltd .• TEL: 707129 OH CtIIMu 6210 

IIU K ... Saul Hughes-Peters. Inc., 614-294-5351 I.U SHill Africa .............. 1 
Vine Overseas Trading Corp .• TEL: 266-1663, OH CoIuIIIu o & C Alexander Sales (Pty.) Ltd .• TEL: 724-
265-3892 Reptron Elctrns .• Inc., 614-436-6675 9366/7/8 

1.11 Tltwa •• Tilpel DH Da" .. I.tl SoIIII Africa. Traas ... ' 
Timkuo Taiwan Ltd., TEL: 5638478/9 Marshall Ind .• 513-236-8088 Fairmont Elctrns. Ltd" TEL: 48-6421/48-6481 

I.U WISI.....,. TIll .. OK T.1Ia I.U SwtIItI. Stectnt. 
Teledyne Semiconductor. TEL: (49) 7741-5066 Quality Comps .• 918-664-8812 Nordisk Elektronik AlB, TEL: 08-635040 
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Teledyne Semiconductor (Cont) 

latl Swltzlrl •• II. Z.rlcll 
ENA AG. TEL: 011645757 

1111 Swltzerl.lII. Z.rlcll 
Omni Ray AG. TEL: 01/2520766 

laU Wist Glr •• a,. Blcll'ersbolll 
Semitron Electroriik GmbH. TEL: 0774217011 

laU Wost GII'III.,. HI •• ner·lI.dl. 
T. H. Henskes. TEL: 0511/456082 

laU Wost Gl1'II •• , .• "!wI1 
Hot Elctrn .• TEL: 089/6111092 

Inti Wost G ...... ,. "'t1t.1 
Omni Ray GmbH. TEL: 49-21'53-7961 

Inll Wost Gl1'II'." Ullrlllclll.1 
Metronix GmbH. TEL: 089/6114063 

Telefunken 

AEG-Telefunken Corporation 
P.O. Box 3800. Route 22 at Orr Drive 
Somerville. New Jersey 08876 
201-722-9800 
TELEX: 833409 

Telephonics LSI 

Telephonics LSI 
790 Park Avenue 
Huntington. New York 11743 
516-549-6300 
TWX: 510-226-6983 

Telmos 

T .... I.c. 
74011 ..... 11 

I SII·mlt. caH'.r.11 94086 
408·7324882 I TWX: 910-339-8623 

Sal8S DHlce " ReprlSntatlvas 

At T..,. 
Cantec Sales. Inc .. 602·829-0191 

CA ca.,...1 
Becos Inds .. 408-866-2644 

CA IlWllart "'c" 
Sunshine Semiconductor. 714-675-6171 

CA SI.D .... 
C.E.M. Inc .. 714-692-3551 

CA SI.tl All 
C.E.M. Inc., 714-835-2702 

CA SI.le Cllra 
Kashtronics. Inc .• 408-730-5944 

CO ....... 
TEC-Mar Assoc .• 303-441-9655 

CT G.llleril 
Electronic Marketing Assoc .• 203-453-5424 

FL Larl· 
tlectrocraft tnc .• 813-530-4749 

FL WI.III'lrk 
Electrocraft Inc .• 305-628-4705 

IL Del PI.I.os 
Synmark Sales Co .• 312-296-0180 

II Ft. WI, .. 
Denton Marketing. Inc .. 219·627-5525 

• D lilt,.., • 
Micro-Comp Inc .• 301-247·0400 

ilIA .rWtllilii 
Electronic Marketing Assoc .• 617·631·3284 

.1 BloOllI.,tll 
High Technology Sales. 612-888·8088 

IH SI ... 
Electronic Marketing Assoc. Inc .• 603·893· 
5378 

5024 

IJ F.lrfI.11I 
TAM. 201-575-4390 

IY •• 1111. 
The Robert F. Lamb Co .• Inc., 716-864-4900 

IY H •• " .... 
TAM. 516·348-0800 

IY Rocllosl. 
The Robert F. Lamb Co., 1m:., 716-323-1250 

NY S,racall . 
The flobert F. Lamb Co., Inc .• 315-455-2469 

IC Ard •• 
DIMARK. 704-684-6097 

OH IIW L •••• 
J.N. Bailey & Assoc .• 513-226-0512 

OH Wall.kl 
J.N. Bailey & Assoc .• 216-892-1513 

OR ... vorIlI 
Thorson Company Northwest. 503-644-5900 

TN CIllIt ...... 
DIMARK.615-892-763O 

TN Gr.IV/l1t 
DlMARK. 615-639-0113 

TX Dlills 
MARCOM. 214-351-4532 

TX Houslo. 
MARCOM. 713-271-5635 

VA H.dlliostll 
Micro-Comp Inc .. 703-298-6295 

WA IIlltvlI 
Thorson Company Northwest. 206-455-9180 

ca. .lssl ....... O.lIrlo 
Elcom GBM. Inc .• 416-821-4870 

ca. 'lI.tl Clln. ,"ac 
Elcoln GBM, Inc .• 514-697-4556 

1.11 ~ GIutr., 
ITT Components Group. TEL: 45-2-451822 

l.tI FIIII.II. IIt/aIIkl 
Turion Oy. TEL: 358-90-372144 

1.11 Fra.cI.Los _Dlls CoIIix 
Microel. TEL: 33-6-9070824 

I.U Israll. Til Aviv 
Telsys Ltd .. TEL: 972-3-494881/2. 972-3-
494891/213 

iali .;a,-Ii. T, •• , 
Dainichi Contronics Inc .. TEL: 81-3-2657381 

l.tI Swill •• Stack"'" 
AB Nordqvist & Berg. TEL: 46-8-690400 

l.tI Swltzorillil. Zlr/c" 
Dimos AG. TEL: 41-1626140 

1111 U.ltlll IIqII •.• 11111 ..... 
Pascali Electronics Ltd .• TEL: 44-9327·87418 

I.tl WISt a....y .... c~ .. 
Bacher GmbH, TEL: 49-89-527051 

1.11 Wost a .... ' .•• ICII. 
GME 

I.tl Wost a .... ' .••• ellot 
Telmos GmbH. TEL: 011 4989-432004 

'R SI. J •••• ,lIIIto Rica 
Electrocraft Inc .. 809·728-2760 

Teltone 

Teltone Corporation 
10801·120th Avenue NE 
Kirkland. Washington 98033 
206·827-9626 
TWX: 910-449·2862 
SjIIcIIIc IIfoll.ct I.'.ull .. : 

Mike Arndt 
AIIpHClUo •• 11 ... rl •• : 

Jim Carefoot 
lIilrltlrl: 

Prtco •• 11 doIIVIrJ: 
Order Entry Department 

Folllw"p •• order: 
Order Entry Department 

All ot"or 1.'or •• tI .. : 
Mike Arndt 

1.11 

1111 

Iitl 

1.11 

I.tl 

l.tI 

l.tI 

Iitl 

l.tI 

1.11 

1.11 

l.tI 

1.11 

l.tI 

l.tI 

l.tI 

1.11 

l.tI 

1.11 

I.tl 

l.tI 

l.tI 

l.tI 

I." 
t.tI 

Sales DHiee " Repres8ntalives 

IIIIOIISI •• Jlk.rta 
PI. Rigunggunung Dwipa 
Jap ••. T,kyo 
Japan Direx Corp., TEL: (81) (03) 585 7801 
Per •. LI •• 
Ascomtel SRL. TEL: 479 918 

Distributors 

AlStrall •• Seutlt •• lbour.1 
Pacific Communications Pty. Ltd .• TEL: (3) 
690 5855 
Cltill. SlIUIIO 
Compania Standard Electric SAC .• TEL: (2) 
515515 
CoIOllbll. Bo .... 
Diatelco SA. TEL: 2119068 
DIIurk. Hov 
Inotec AlS. TEL: (2) 948 033 
Eeallor. Guy ... U 
Grafcomp. TEL: (4) 512 092 
E.llIIII. Briliol 
Chesilvale Ltd .• TEL: (272) 277 162 
FI.II.II. Hutsl.11I 
Norecom Oy. TEL: 90 520 552 
Fr •• ca. Slvrl. 
SA Tekelec-Airtronic. TEL: (1) 534 7535 
HOII Koti. W ... I 
Jardine Engineering Corp .. Ltd .. TEL: 284422 
1t.1y ..... 
Stellt S.R.L., TEL: (6) 501 1551 
KorlS. SII.I 
Sejin Inds .• Inc .• TEL: (2) 753 4413 
KlWIll Slrat 
KtiwaTtiDanishCiimpLifer Co~.TEF830 160-1 
Mallysll. SOIl.lor 
Emtel 
Ilt_II.lIs. Ai .. i. 
Group 2000 Nederland B.V .. TEL: (5490) 
21515 \ 
Norw.y. T .. I"., 
UMI A.S .. TEL: (33) 86 000 
SI ... ,.,. 
Comtel (S) Pte. Ltd .• TEL: 296-0905/6 
Swllln. vlan.,It, 
Com-Trade AB. TEL: (8) 370 240 
Swltzorta.lI. Rntl 
Group 2000 AG. TEL: (55) 317 444 
T.lw ••. Til,.. 
Vidar-SMS Co. Ltd. (Sun Moon Star Co.). TEL: 
(2) 581 8521 
TIIIIIII •• II.pok 
R.S. Telecomm Part.. TEL: (2) 281 3733 
VnlZllla. caracas 
Applewhite SA, TEL: (2) 575 3020 
WISt a .... ' .• Irtllarllll 
Allmos Elctrn. GmbH. TEL: (89) 857 2086-89 

Texas Instruments, Inc. 

Tlxas I.str._tl. I.e. 
s.tclllf.clor Gro., 
'.0. IIx 401560 
Dellis. TX 75240 
214·995·2011 
TWX: 910·867-4702 

AL 

At 

CA 

Salls DHlce & Representatives 

Hlltnillt 
Sales Office. 205·837-7530 
'II ... lx 
Sales Office. 602·995·1007 
EI S ... lIIo 
Sales Office. 213-973-2571 
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MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Texas Instruments, Inc. (Cont) OT Salt Llkl City Inti lilly. Torino 
Sales Office, 801-973-6310 Sales Office, TEL: 011-774545 

VA Flirfax 1111 Jlp .. ,lllIlya CA 1"111 Sales Office, 703-849-1400 Texas Instruments, TEL: 052-583-8961 Sales Office, 714-660-1200 
VA MI_lotlllll 

CA Sacrl ... te Sales Office, 804-744-1007 ' 1111 Jlpan. Osaka 
Sales Office, 916-929-1521 Texas Instruments Asia Ltd., TEL: 06-204-

WA Red.lnd 1881 CA Saa DlIlO Sales Office, 206-881-3080 
Sales Office, 714-278-9600 

WI BrDDkflll. 111I Jlpaa. TUYI 
CA Salta Cllrl Sales' Office, 414-784-3040 Sales Office, TEL: 03-498-2111 

Sales Office, 408-980-9000 
CII Ottlwa, Oltarll lall Kora, S.III 

CA WaUllid Hills Sales Office, 773-233-1177 Sales Office, TEL: (02) 464-62.74/5 
Sales Office, 213-704-7759 

Cal Rlell •• d Hili. Oltarla Inll Mlxlel. Calalla Villejo CO DOI.er Sales Office, 416-884-9181 Sales Office, TEl: 567-9200 Sales Office, 303-695-2800 
eal St. Lalrut. O.lbll: MI_dll Easl. Arallial Gulf IIII CT Wllnl,fer_ Sales Office, 514-334-3635 Texas Instruments. TEL: 973-72 46 81 Sales Office, 203-269-0074 1111 ArpIIJII.' BIMas AlrlS 

FL Cltarwater Sales Office. TEL: 394-2963 lall "tllertaads. Hallaad 
Sales Office, 813-796-1926 1111 Argllllll. B_as Alrla Sales Office, TEL: 020-5602911 

FL Ft. Lllder.1I Texas Instruments, TEL: 394-2963 Inll Norwl,. Olla 
Sales Office, 305-973-8502 Iitl AIIstralta. Ellzallllil Sales Office, TEL: 02-206040 

FL MllttaU Sales Office, TEL: 08-255-2066 Iitl PllllipplllS. Mllra Manlta Sales Office, 305-646-9600 Iitl Alalnl ... SDltII Mlllluri. Texas Instruments Asia Ltd., TEl: 882465 
SA Atillta Sales Office, TEL: 03-267-4677 Iitl Port.gal. Mala Sales Office, 404-452-4600 Iitl Aalralla. S,III" Sales Office, TEL: 948-1003 IL ArI .. ,IOI HlIPts Sales Office, TEL: 02-887-1122 

Sales Office, 312-640-2934 latl AlStrll. Brill/Glblr,. latl SIIGlplre. Republic of. K!lIll1g S9!ltor 
IN Ft. WI,.. Texas Instruments Ges m.b.H., TEl: 2236- Sales Office, TEL: 747-2255 

Sales Office. 219-424-5174 846210 latl Splln. Barellanl 
II 11.111.,lIls 111I IIlgl ... Brlnlls Sales Office, TEl: 253 60 00/253 29 02 

Sales Office, 317-248-8555 Sales Office, TEL: 02/720.80.00 111I Swlllll. Sloekhal. 
IA Cdlr IIIpID IIII Brazil. Saa PI." Sales Office, TEl: 08-235480 Sales Office, 319-395-9550 Sales Office, TEL: 815-6166 

IIII Swltztrlald. Z.rlell • 0 BaItJ ••• Iitl DOI_rk. HarllV Texas Instruments, Inc., TEl: 1-740-2220 Sales Office, 301-944-8600 Sales Office, TEL: 2-91-7400 
1M W ..... .. " F ..... HII"'"I 111I Tllwil. Talp.1 

Sales Office, 617-890-7400 Sales Office, TEl: (90) 7013133 Sales Office, TEL: 02-521-9321' 
MI Flr.la,l. Hills 111I FrIlA. Eeull, tIll UIIIIII KI •• d .... EtlgIH4 

Sales Office, 313-553-1500 Sales Office, TEL: (7) 833-04-40 Sales Office, TEL: 061 442-8448 .. ~ JIll Fr-. IIanIIIII 
Sales Office, 612-830-1600 Texas Instruments, TEL: (91) 37-25-30 

MD Kllsas City 1111 FrlDCt ...... IS 
Sales Office, 816-523-2500 Sales Office, TEL: (99) 79-54-81 

.0 St. L.ls IIII frlDCt. StnBIIl1f1 eMlX 
Sales Office, 314-569-7600 Texas Instruments, TEL: (88) 22-12-66 

ILl CJark IIU FrlDCt. T DIll ... 
Sales Office, 201-574-9800 Sales Office, TEL: (61) 44-18-19 .. ~ ..... 1111 FnlCl, Villac_.., 
Sales Office, 505-265-8491 Texas Instruments, TEL: (3) 946-97-12 

Call Diplomat IY Easl Syne,sa IIII Fnael. vm .. lnl-Lolht 
Sales Office, 315-463-9291 Texas Instruments France, TEL: (93) 20-01- For IY Ellllcl" 01 
Sales Office, 607-754-3900 IItI GIr8uJ. BIrf .. 

." NY Mllvllll Sales Office, TEL: 030-8827365 
Sales Office, 516-454-6600 1111 a...y.~ 

NY ..... ...,.,. Sales Office, Tel: 06196-43074 TEXAS 
Sales Office, 914-473-2900 IIU GenulY, Enu INSTRUMENTS 

I' IIecIIaW Sales Office, TEL: 0201-24250 
Sales Office, 716-424-5400 1111 a...,. Frll"', 

Ie CllarlIItI Sales Office, Tel: 08161-801 • San Francisco, CA(408) 734-1900 Sales Office, 704-527-0930 IIII ....., ........ Los Angeles, CA (213) 700-8700 IC 111111", Sales Office, TEL: 040-2201154 Orange County, CA (714) 549-8401 Sales Office, 919-876-2725 IIlI s....,~ HlIH ... 
. San Diego, CA (619) 292-5693 OH IIIcll .... Sales Office, TEL: 0511-648021 

Sales Office, 216-464-6100 1111 GInIu, ...... • Salt Lake City, UT (801 ) 486-4134 
011 

_. 
Sales Office, TEL: 089-92341 • Denver, CO (303) 740-8300 

Sales Office, 513-258-3877 IIU GInIu'.I1111 .... • Chicago, IL (312) 595-1000 OK Tllsa Sales Office, TEL: 0711-34030 
Sales Office, 405-250-0633 IIU HelgK.g.K ..... • Boston,MA(617)935-6611 

011 IImrtII Sales Office, Tel: 3-722-1223 • Danbury, CT {203) 797-9674 
Sales Office, 503-643-6758 .. II InIIl •• O ...... 

• Melville, NY(516)4~00 PI c.atptIII Texas Instruments Limited, Tel: 01 609222 
Syracuse, NY (315) 652-5000 Sales Office, 412-771-8550 1111 Italy, ....... 

PI FL .......... Texas Instruments, TEL: 051 355851 • Totowa, NJ (201) 785-1830 
Sales Office, 215-643-6450 "U Italy. CItta.ICIII • Columbia, MD (301) 995-1226 

TI DaIIIs Texas Instruments Semiconduttor llalia Spa, 
• Atlanta, GA (404) 449-4133 Sales Office, 214-238-6531 TEL: 0746 694.1 

TI HIISt. IIU Italy .• l1li • Clearwater, FL(813) 443-4514 
Sales Office, 713-778-6592 Sales Office, Tel: 02-253-2541 

TI Sal AII.la .. " Italy .... 
DIPLDMAT~ Sales Office, 512-496-1779 Sales Office, TEL: 06-9004395 
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Texas Instruments, Inc. (Cont) FL FI. LI ..... 1t MO SI. Lollia 
Hall-Mark, 305-971-9280 Arrow flectronics, 314-567-6888 

FL FI.LI ....... MO SI. LOila 
Kierulff, 305-652-6950 Kierulff, 314-739-0855 

Distributors FL Orlnd, JlH Ma.CHa_ 
Arrow flctrns., 305-725-1480 Arrow flctrns., 603-668-6968 

AL 1I .. lavll .. FL OrlaU. JlJ C ..... 

Hall-Mark,205-837-8700 Diplomat, 305-725-4520 General Radio Supp., 609-964-8560 

AZ ...... Ix FL Orlnlle IJ CUft .. 

Kierulff flctrns, 602-243-4101 Hall-Mark, 305-855-4020 .Marshall flctrns., 201-882-0320 

AZ 'MHlx 
FL Orlaue JlJ F.lrfllIlI 

Marshall Inds., 602-968-6181 Milgray flctrns., 305-647-5747 Hall-Mark, 201-575-4415 

AZ '~Ix 
FL T •• .., F.lrfllIIf 

Wyle Labs, 602-249-2232 DiplomaUSouthland, 813"443-4514 Kierulff flctrns., 201-575-6750 
FL T .... IJ Marll .. AZ T.CUI Hallmark,813-576-8691 Milgray, 609-983-5010, 800-645-3956 Distributors OffiCe, 602-624-9986 
FL TI. IJ •• lfIaINl 

CA A •• UI. Kierulff Elctrns., 813-576-1~ Arrow Elctrns., 609-235-1900 R.V. Weatherford, 714-634-9600 SA I.reu IJ M ...... I ••• 
CA ea .... Part Arrow flctrns., 404-449-8252 Diplomat, 201-785-1830 

Marshall Inds., 213-999-5001 SA l.rlU IJ MOIfIIIIWI 
.CA EI ... te Hall-Mark,404-447:8000 JACO, 201-778-4722, 800-645-5130 

Marshall Inds., 213-442-7204 SA IItrcrIU IJ Sallllltlrut 
CA EI ....... Kierulff,404-447-5252 Arrow Elctrns., 201-575-5300 

Wyle Labs, 213-322-8100 iSA fIIrcreu IJ Sallll"'r. 
CA a ....... Marshall EJctrns., 404-923-5750 Hall-Mark,609-424-73OO 

R.V. Weatl)erford, 213-849-3451 IL ..... vllll 1M Alii ....... 
CA InI .. I Hall-Mark/Chicago, 312-860-3800 Arrow Elctrns., 505-243-4566 

Marshall Inds., 714-556-6400 IL QIcqt 1M Alii ...... 
CA Itvl .. Diplomat, 312-595-1000 Int'/. Elctrns., 505-345-8127 

Wyle Labs, 714-641-1600 IL C~Ica .. JI. AI ........ 
CA Lilli ..... Newark Elctrns., 312-638-4411 International Electronics, 505-345-8127 

Arrow ElectroniCS, 213-701-7500 IL Elk areve VI .... Il EUweII 
CA LII AIpIea Kierulff EJctrns., 312-640-0200 Marshall Elctrns., 607-754-1570 

Kierulff EJctrns., 213-725-0325 IL Sc ... ~.,. IV FI'IIpOrI 
CA 0,..... c. • ., Arrow EJctrns., 312-397-3440 Milgray Elctrns., 516-546-5600, 800-645-3986 

Arrow ElectronicS, 714-851-8961 II Ft. W.,.. IV HI..,a .. 
CA , ... AH. Graham Elctrns., 219-423-3422 Arrow Elctrns., 516-231-1000 

Kierulff Elctrns., 415-968-6292 II I ....... IV Ita .... 
CA , ..... Arrow eleCtroniCS, 317-243-9353 JACO, 516-273-5500 

R.V. Weatherford, 714-623-1261 II .......... IV Llvwpial 
CA ...... Graham EJctrns., 317-634-8202 Diplomat, 315-652-5000 

,.:;' 

Arrow Elctrns., 619-~-4800 IA w. ...... IV .. 1111 
CA ....... Arrow Electronics, 319-395-7230 Diplomat, 516-454-6334 

Klen .. 'fff EfctrroS., 619-278-2112 U hull CIt; ., ...... I CA II ..... Hall-Mark, 913-888-4747 Arrow Electronics, 716-275-0300 
Marshall IOOs., 619-578-9600 K8 L ... o flY RIC,,"" 

CA ....... Comp. Specialties, 913-492-3555 Marshall Elctrns., 716-235-7620 

R. V. Weatherford, 619-695-1700 K8 Wlcllltl IV ...... 
CA ........ lComp Inc., 316-265-9507 Rochester Radio Supply, 716-454-7800 

Wyle Labs, 619-565-9171 • .. II1II .... I' S".... 

CA Sutl ...... re Arrow Etctrns., 301-247-5200 Arrow, 315-652-1000 

R.V. Weatherford, 805-965-8551 •• .. II1II .. IC Grllluere 

CA Suta Clan Hall-Mark,301-796-9300 'Kierulff, 919-852-9440 

Wyle labs, 408-727-2500 • ....... Ie ....... 
Klerulff,301-247-5020 Hall-Mark,919-872-0712 CA .... "' .. •• CeJ.-.. Ie Wltalll-8l_ Arrow EJctrns., 408-745-6600 
Diplomat, 301-995-1226 Arrow Elctrns., 919-725-8711, 919-876-3132 

CA Suayvalt .D IIechIIII ON CII ..... 
Marshall Inds., 408-732-1100 

Milgray, 301-468-6400 Graham, 513-772-1661 
CA Tutl. • III11r1a ON CllclueU 

Kierulff Etctrns., 714-731-5711 Klerulff Elctrns., 617-867-8331 Hall-Mark,513-563-5980 
CO .... v. • .......... ON CIMInIl 

Arrow Elctrns., 303-758-2100 MarShall Elctrns., 617-272-8200 Hall-Mark, 216-473-2907 
CO ...... • W .... OH C ..... 

Kierulff Elctrns., 303-790-4444 Arrow Elctrns., 617-933-8130 Hall-Mark/Ohio, 614-891-4555 
CO THntll • ..... 011 III,. • 

Wyle labs, 303-457-9953 Diplomat, 617-429-4120 Arrow Elctrns., 513-435-5563 
CT ....., • W .... ON DayiN 

Diplomat, 203-797-9674 Time Elctrns., 617-935-8080 ESCO Elctrns., 513-226-1133, 
CT Ora .. .1 "lit ON III,. .. 

Milgray/Ct., 203-795-0714 Arrow Elctrns., 313-971-8200 Marshalllnds., 513-236-8088 
CT WaUll1lft .1 Dllrllt ON SIIn 

Arrow Elctrns., 203-265-7741 Newark Elctrns., 313-967-0600 Arrow Elctrns., 216-248-3990 
CT WaUII....,. • a_lIJIII. OK TIIIaI I 

Klerulff, 203-265-1115 Arrow ElectroniCS, 616·243·0912 Arrow Electronics, 918-665-7100 
CT Walllqflril .1 E" OK T.la 

Marshall Elctrns., 203-265-3822 Arrow Elctrns., 612-830-1800 Compo SpeCialties, 918-664-2820 
FL FI. L • ...,." .0 Ea~ City OK Tlla 

Arrow Elctrns., 305-776-7790 Hall-Mark,314-291-5350 HaJJ-Mark,918-665-3200 
FL Ft. LI""''' .0 Ina. City OK Tllal 

Diplomat, 305-971-7160 LComp Inc., 816-221-2400 Kierulff, 918-252-7537 
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Texas Instruments, Inc. (Cont) ea. Ollllle City. QIIIIIe AI Plllllix 
CESCO Elctrns., 418-687-4231 Sales Office, 602-994-0441 

ea • Tlll'llllo CA LIS AqIIIS OR ... v ..... 
In Components, 416-630-7971 Sales Office, 213-478-0183 Kierulff,503-641-915O ea. Ternto. O.lIrla CA .11. VIN 

OR HII ..... 
CESCO Elctrns., 416-661-0220 Straube Assoc., 415-969-6060 

Wyle labs, 503-640-6000 
Cal T.-.I •• DlhIrIo CA Sal DI .. a 

PA FI. Wallll.gtn 
Future Elctrns., 416-663-5563 Sales Office, 619-571-1544 

Arrow Electronics, 215-928-1800 
Cal VHC .. V. CA SuIiAn 

PA Ft. Wallll."n 
In Components, 604-270-7805 Sales Office, 714-973-2162 

General Radio, 215-922-7038 
ea. Va.canw. IrItIIII Clll8ia CA W .... II.~ Hilla 

PA Ft. Waulili. 
Future Elctrns., 604-438-5545 ISOS, 213-883-7130 

Hall-Mark,215-355-73OO CO Wlltal.,I. 
PA PlltaII.rp ea. VHCH ... Briliall C ..... la 

Straube Assoc., 303-426-0890 
A~row Elctrns., 412-856~ 7000 Varah, 604-873-3211 

CT RlWlytOl 
TX Allila Cal W ........... I .... 

Sales Office, 203-853-4466 
Arrow, 512-835-4180 Varah,204-633-6190 

FL FI.Luwul. 
TX AIIII. Sales Office, 305-772-3000 

Compo Specialties, 512-837-8922 FL Orll ••• 
TX AI,U. Thomson-CSF Components Sales Office, 305-857-3650 

Hall-Mark,512-258-8848 SA lercrw 
TX Atall. Thomson-CSF Components Corporation Sales Office, 404-447-6154 

Kierulff, 512-835-2090 Semiconductor Division ID Bolli 
TX Dalla, 6660 Variel Avenue N.R Schultz Co., 208-377-8686 

Arrow, 214-386-7500 Canoga Park, California 91303 IL Q!calo 
TX Dallal 213-887-1010 Sales Office, 312-693-7730 

Compo Specialties, 214-357-6511 I TELEX: 69-8481 II Fart Way .. 
TX Dalla, TWX: 910-494-1954 R.O. Whitesell, 219-432-5591 

Ha!!-Mark, 214-341-1147 I. 1 .. lalipaNI 
TX DaIIu RO. Whitesell, 317-359-9283 

Int'I Elctrns., 214-233-9323 Torric Corporation I. Kat ... 
TX Dallal R.O. Whitesell, 317-457-9127 

Kierum, 214-343-2400 II ClUr Rap* 
TX EI ra .. Torric Corporation C.H. Horn, 319-393-8703 

Int'! Elctrns., 915-778-9761 7435 East Karen Drive KS IIIsolo 

TX ........ Scottsdale, Arizona 85260 Midtec Assoc., 913-441-6565 
Compo Specialties, 713-771-7237 602-998-5988 ltV L.llavllll 

TELEX: 165-755ICESCOT R.O. Whitesell, 502-426-7696 TX H .. t .. 
Hall-Mark, 713-781-6100 .. fr ........ 

TX ....... Sales Office, 617-620-0625 

Harrison Equip., 713-879-2600 Toshiba • 1 Gru~ Rapl .. 
R.O. Whitesell, 616-942-5420 TX H.IN .. 8MW .... Kierum, 713-530-7030 Toshiba America, Inc. R.O. Whitesell, 313-559-5454 UT SaIl Lab City 2441 Michelle Drive .1 St. ... ..,11 Diplomat, 801-486-4134 Tustin, California 92680 RO. Whitesell, 616-983-7337 UT SIll Lab Clay 714-730-5000 •• ....... Klerum Elctrns., 801-973-6913 TELEX: 18-3812 Sales Office, 612-854-6616 UT SlIt Lab CIty s,.HIc ,...net 1 ..... 1101: .0 St. Lull Wyle labs, 801-974-9953 Memory & Microcomputer IC;s: 714-955-1155 J.G. Macke, 314-432-2830 VA 1IiUIHI~ Other IC's & Semiconductors: CEM Division, Northbrook, 

I' IIIcIIIaIw Arrow, 804-282-0413 Illloois,312-564-514O . Sales Office, 716-424-2830 WA ...... 
Ie 8rHI ...... Arrow Elctrns., 206-643-4800 

Sales Office, 919-852-4676 . WA ....... Trans-Data OH CIICI ... II Wyle labs, 206-453-8300 
R.O. Whitesell, 513-521-2290 

WA 8IIItII OH CIInIH. 
Kierum Elctrns., 206-575-4420 Trans-Data 

RO. Whitesell, 216-447-9020 
WI Oak CnIk 5617 Rosendale Way 

ON CIiIIIHa 
Arrow Elctrns., 414~764-6600 Sacramento, California 95822 

RO. Whitesell, 614-888-9396 
WI Oat CnIk 916-447-6523 

OH Da,... 
Hall-Mark, 414-761-3000 R.O. Whitesell, 513-298-9546 

WI Wuballa D. llavlrt. 
Kierulff Elctrns., 414-784-8160 TRW N.R Schultze Co., 503-643-1644 

Cal eaipry PA BIll C, • .,. 
Future, 403-259-6408 TRW Ellctnlic c.,..ta 8rHp Sales Office, 215-667-3400 

C= CI!;ery, !k!! P.O. Iii 2472 PI P!!!s!!!fP 
Varah, 403-230-1235 La .. alII. CaHfarali 9!038 RO. Whitesell, 412-963-6161 

c.. ... -........ 619-457-1000 TI Gr_olll. 
Varah,416-561-9311 TELEX: 697-957 R.O. Whitesell, 615-639-6154 

!:II ........... TWX: 910-355-1571 TX Autll 
CESCO Elctrns., 514-735-5511 All atIIw ...... U.: Technology Sales Co., 512-345-2331 

Cal ... 11111 .... TRW Semiconductors TX Dallal 
Future Elctrns., 514-694-7710 14520 Aviation Blvd . Sales Office, 214-248-8000 

Cal ..,..., 0I111t1 lawndale, california 90260 TX EI PIlI 
In Components, 613-226-7406 (213) 679-4561 Sales Office, 915-594-8259 

Caa 0lIl". DlIIrII TX HIIIIH 
CESGO Elctrns., 613-226-6905 Sales Office, 713-772-5541 

Caa 0lIl", 0.1IrII Salts Office I RepreseatatlvlS UT Salt Lit. City 
Future Elctrns., 613-820-8313 Straube Assoc., 801-263-2640 

Cal QHIIIC City At Hutavtlll VA ...... ~ 
In Components, 514-735-1177 Sales Office, 205-533-7600 Sales Office, 804-288-8334 
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TRW (Cont) co Duv. OH D.ytn 
Arrow Electrns .. 303-758-2100 Hamiltonl Avnet. 513-433-0610 

WA .. 1I.vu. CO IIIIv. PA PIII.lllrlll 

N.R. Schultz Co .. 206-454-0300 Hamiltonl Avnet. 303-534-1212 Arrow Elctrns .. 412-351-2000 

W' Br •• kfilld CT GaorpIOW. TX DIlIIs 

Sales Office. 414-784-7773 Hamiltonl Avnet. 203-762-0361 Arrow Elctrns., 214-386-7500 

ea. ear.ltn P,.c •• Ollirio CT H.lUu TX D."as 

Renmark Electronic Mkt.. 613-257-1490 Arrow Elctrncs .• 203-265-7741 Hamiiton/Avnet. ,214-661-8661 

C •• Toro.la Fl Ft.LlItI.-4.,. TX Hn.IOI 

Renmark Electronic Mkt.. 416-494-5445 Arrow Elctrns .• 305-776-7790 Arrow Elctrns .• 713-491-4100 

1.11 A.slr." •. lIunllllll 
Fl Mllllnr •• TX H ... ln 

S.T.C. Cannon, TEl: 95-1566 
Arrow Elctrns .. 305-725-1480 Hamiiton/Avnet, 713-780-1771 

1111 "'llu.. BrllXllln 
Fl 111 •• 1 OT Salt Lilli CII, 

REA Belgium, TEl: (02) 5117089 
Hamiltonl Avnet, 305-971-2900 Hamiiton/Avnet, 801-972-2800 

1.11 Brllil. Sao P.uI. 
SA AII •• II WA slim. 

TRW Mailbras, SA. TEL: 2409211 
Arrow Elctrns" 404-449-8252 Arrow Elctrns., 206-575-0907 

1.11 CIII ... lowlon 
SA AIII.II WA SIIIIII 

Tektron Eleclronics. TEL: 3·856199 
Hamiltonl Avnet, 404-448-0800 Hamiiton/Avnet, 206-746-8750 

1.11 l1lil1li'11. IItrJIv 
Il Clllca18 WI 1I1I •• ull. 

A/S Nordisk Elektronik. TEl: (02) 842000 
Arrow Elclrns .. 312-893-9420 Arrow Elctrns., 414-764-6600 

Il CIIICI" WI IIltw.all. ,.11 FI.II ... HII..,1I1 Hamiltonl Avnet, 312-678-6310 
Oy Fintronic AB, TEL: (90) 692·6022 Hamiiton/Avnet.414-784-4510 

I. 1 ... lla.poli. 
1.11 Frlu.. P.r" . Arrow Elctrns .• 317-243-9353 

Radio Equipements-Antares. TEl: (01) IS I .... s City 
7581111 Hamilton/Avnet, 913-888-8900 Unitrode 

'1.1' a.r.a.'.II •• cll. liD .. It ...... 
TRW Elek Bauelemente Vertriebs GmbH. TEL: Arrow Elctrns .• 301-247-5200 U.llroli. Carponll .. 
(089) 7103-0 liD .. III ... 5 Forlln Road ,.11 Ho •• la ••• SI"I.en Hamiiton/Avnet.301-796-5OOO llll •• I ••• lIasSlcllusaUs 02173 
Seamax Engineering Private ltd., TEL: 65- IIA B8II. 617-861-6540 
747-6155 Hamilton/Avnet. 617-933-8000 TELEX: 95-1064 

1.11 1 •• 11. B •• , IIA Wolin' TWX: 710-326-6509 
Motwane Private ltd .• TEL: 273845 Arrow Elctrns., 617-933-8130 

r.1I lilly. lIo.~. II' AI. Arbor 
Exhibo S.p.A., TEl: (039) 360021 Arrow Elctrns .• 313-971-8220 Sales Office & Rtp,...t.tlvts 

1.11 Ja •••. T.lly. III DIIr.U 
Nihon Teksel Co. ltd., TEL: 03-461-5121 Hamilton/Avnet, 313-522-4700 Al 8ullvllll 

I.U I .... SIIal •• IUIaupoIIa Conley &.Ass~s.! l,!c .. 205-.882-0316 
Dong Young Trading Co .• TEL: 794-4812 Arrow Elctms .. 612-830-1800 AZ Pili_Ix 

I.U ........... Du H.al • II ........ " 
Compass Mktg. & Sales. Inc., 602-266-5400 

Koning En Harman N.V .• TEL: (70) 210101 Hamiiton/Avnet. 612-941-3801 CA InIH 
'III I .. ZllII ... Porlr .. 110 SI. l.al. Centaur Corp .. 714-556-5420 

AWA, TEL: 644375069 Ham'ilton/Avnet, 314-731-1144 CA SuJosa 
ilii • .-way. "vailili IH •• Icllnl. Unitrode Northwest OffIce, 408-294-4210 

Nordisk Elektronik Norge AlS, TEL: (02) Arrow Elctrns .. 603-668-6968 CA Salll Clan 
786210 IJ Ced.r Gron 1%32 Inc., 408-988-3400 

1111 SllltII Alrlca. ea' ..... Hamiiton/Avnet.201-239-0800 CA Tafzall 
Electrolink Pty .. Tel: 021-5350 IJ ..... t ... Unitrode Western Area Office. 213-705-8085 

1.11 SHtlI Africa. J ........... Arrow Elctrns., 609-235-1900 CA Tull. 
Electrolink Pty .. TEL: 011-6181027 IJ III. Llull Unitrode So. California Office. 714-730-1077 

It II S,.'I.II •• rI. Hamiltonl Avnet, 609-234-2133 CO BMw. 
Unitronics S.A .. TEL: (1) 2425204 IJ Sa."a Brook Component Sales. Inc .. 303-759-1666 

It II S ...... St.clllltltl Arrow Elctrns., 201-797-0300 CT Yalllvllli 
Nordisk Elektronik AB. TEL: (08) 635040 III Alllq ..... Kanan Assocs., 203-265-2404 

1.11 S ...... Z .. cll Arrow Elctrns .. 505-243-4566 FL Boca R.ton 
Nordisk Elektronik AB. TEL: (01) 429900 .11 AIIIIIt-II11 Conley & Assoc .• Inc .. 305-395-6108 

It II T.lwal. Taipei Hamiiton/Avnet, 505-765-1500 Fl BOCI RatDl 
Sea Union Eng .• TEL: 751-2062. .f H...,. ... Conley & Assocs .. Inc .. 305-395-6108 

It II UIII .. Kill"", MI ....... x Arrow Elctrns .• 516-231-1000 Fl Oviedo 
MCP Electronics. ltd., TEL: (01) 9025941 .f R ....... Conley & Assoc., Inc., 305-365-3283 

It II W. a .... y. IIUte .... Arrow Elctrns., 716-275-0300 Fl Ov .... 
TRW ElectroniC Components Grp .• TEL: (089) If Raclllli. Conley & Assocs .• Inc .. 305-365-3283 
7103-0 Hamiiton/Avnet, 716-442-7820 Fl T • ." 

If Sync.sa Conley & Assoc .• Inc., 813-885-7658 
Arrow Elctrns., 315-652-1000 FL l'.,11 

Distributors If SytICIII Conley & Assocs .. Inc., 813-885-7658 
Hamiltonl Avnet. 315-437-2641 Fl T .... 

Al HHtav1l1t .f Wllillarr Unitrode Southeast Office. 813-932-5807 
Hamiltonl Avnet. 205-533-1170 Hamiltonl Avnet. 516-333-5800 SA _vlllt 

AZ PII.ulx .C Ralllill Conley & Assocs .• Inc .• 404-447-6992 
Hamiiton/Avnet, 602-275-7851 Hamiltonl Avnet. 919-829-8030 Il Arll.,IN H.IIIIII 

CA los A ...... .C WI •• I •• -Sal_ Unitrode Mid·America Area Office, 312-394-
Hamiltonl Avnet. 213-558-2121 Arrow Elctrns .. 919-725-8711 5240 

CA lloulall VIN OH ellell .. 11 il Ell! 8r.n \/illa .. 
Hamilton/Avnet. 415-961-7000 Arrow Elctrns .• 513-761-5432 Oasis Sales Corp .• 312-640-1850 

CA S"O,,,, OH CIev.It •• II c.r.at 
Arrow Electrns" 714-565-4800 Arrow Elctrns., 216-248-3990 Oasis Sales Corp .• 317-848-5265 

CA S •• OI ... OH C"' ...... IS 0111111 
Hamiiton/Avnet. 714-279-2421 Hamiiton/Avnet, 216-461-1400 Rush & West Assocs .. 913-764-2700 

CA Su Fr.lclsc. OH D.ylol 10 Slnr •• Puk 
Arrow Elctrns .. 408-739-3011 Arrow Elctrns .. 513-253-9176 New Era Sales. Inc .. 301-544-4100 
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Unitrode (Cont) ea. .S.my. Brltlsil Cel .... 11 co nerltel 
Kaytronics ltd., 604-581-7611 Wyle Distribution Group, 303-457-9953 

IllI Elltll1l E ....... Gnz CT 0.11I1rJ 
MA Llxl.". Dahms Elektronik, TEL: (0316; 64.0.30 Hamilton! Avnet, 203-797-2800 

Unltrode Corporate Int'I & Asian Regional 
Iitl FI ..... HtIaIIIII CT W.IlII1Ian! 

Sales Office. 617-861-6540 
Turion Oy, TEL: 80-372144 Arrow Elctrns .• Inc .• 203-265-7741 

III II." .... .. lI H •• K .... W.lcllal FL FI. La ....... 11 
Byrne Assocs. (DEC only). 617-897-3131 

CET, ltd .. TEl: 5-729376 Arrow Elctrns .• Inc .• 305-776-7790 
III ...., ... 

.. lI 1""114. Cllre FL Ft. L.u ...... 
Kanan Assocs .• 617-944-8484 

Unitrode-Ireland. TEL: 353-65-23111 Hall-Mark. 305-971-9280 
III W.kInIN 

IllI Italy. 11111 •• Fl FI. La ..... 11 
Unitrode Eastern Area Office. 617-245-3010 

Unitrode S.R.L., TEL: 431 831. 434 604 Hamilton/Avnet.305-971-29oo 
III All Arter 

Ittl Italy ..... Fl Orll ... 
Arrow Elctrns .• Inc., 313-971-8220 

Microelit. S.R.l.. TEL: (06) 898243 Hall-Mark. 305-855-4020 
III Grau ..... , 

Iitl " ..... OSlk. FL P ... Bay 
Miltimore Sales. Inc .• 616-942-9721 . Hamilton/Avnet Electronics Japan Ltd .• TEL: Arrow Elctrns .• Inc .• 305-725-1480 

III IIIYI 06-533-5855 Fl SI. P.t ..... arl 
Mlltimore Sales, Inc .• · 313-349-0260 

I.tl Sp ... BarCllola Hamilton/ Avnet. 813-576-3930 • EdII Prelrlt Sisteco S.A •• Tel: 321-7347 SA IitrcrIlS 
Aldridge Assoc .• 612-944-8433 l.tI SW ........... Arrow Elctrns., Inc .• 404-447-7500 

110 1aI .. 1. Fertronic AB, TEL: 08252610 SA IIIrcrISS 
Rush & West Assocs .• 314-394-7271 I.d SwltzIrIud. BaIZII Hall-Mark. 404-447-8000 

IIJ F.lm ... Elkom AG. TEL: 57-362191 SA IIorcnas 
TAM .• Inc .• 201-575-4390 Iitl U.lled KI." •• Cmn Hamilton/Avnet.404-447-75oo • AIIIIII ..... Nortronic Associates. Ltd .• TEL: 0270 586161 Il " ... vllll 
Compass Mktg. & Sales. Inc .• 505-292-7377 I.d U.I ... K ....... l ... Hall-Mark,312-860-38oo 

I 
liT MI., Unjtrode (U.K.) Ltd., TEL: 01-318-1431/4 Il " ... vll" 

Reagan/Co":,par Albany. Inc:. 518-489-7408 .. d WII' .... .,. Ultwllacill .. I Hamilton; Avnet. 312-860-8523 

I IV EHwIII Unitrode Elctrns. GmbH. TEL: 089/6190 041 Il Sella"'"" 
Reagan/Compar AiiJany, inc .• 607-723-8743 05iU6 Arrow Elctrns., Inc., 312-893-9420 

IIY EHwII1 " CarMI 
Reagan/Compar Albany, Inc .• 607-754-8946. Hamiltonl Avnet, 317-844-9333 
607-723-8743 Distributors III 11.1I'.plll, 

IIY Falrpert Arrow Elctrns., Inc .• 317 -243~9353 
Reagan/Compar Albany, Inc .• 716-271-2230 At H .. ',vllli KS l_x. 

IV H • .". ... Hall-Mark. 205-837-8700 Hall-Mark, 913-888-4747 
TAM .• Inc .• 516-348-0800 At HIIInIIII KS Ov ...... Park 

IV ....... Hamilton/Avnet.205-837-7210 Hamiiton/Avnet.913-888-89OO 
Unitrode Metropolitan New York Office. 516- AI P .. 1x MO 8attfturI 
271-3110,11 Wyle Distribution Group. 602-249-6600 Arrow Elctrns., Inc., 301-247-5200 

IV 1IIw"""'" AI T ..... MO BIIt ..... 
Reagan/Compar Albany. Inc .• 315~732-3775 Hamiiton/Avnet.602-275-51oo Hall-Mark, 301:796-9306 

Ie ..... - CA AuIIIIII liD CofuIIIfI 
Conley & Assocs .• Inc .• 919-876-9862 Zeus Components, 714-632-6880 Hamiiton/Avnet, 301-995-5000. 301-995-3500 

DR CIInfIH CA CllltawtrtII III Bart ...... 
Baehr. Greenleaf & Assocs .• Inc., 216-221- Arrow Elctrns., Inc .• 213-701-7500 Lionex Corp., 617-272-9400 
9030 ' ,. CA Cull .... MA Bartill'. 

DH c...... Avnet Elctrns .• 714-754-6111 Zeus Components. 617-273-0750 
Baehr. Gr!l8nleaf & Assocs .• Inc .• 614-486- CA Call .... III W"1I'1I 
4046 Hamilton Electro Sales. 7.14-641-4100 Arrow Elctrns .• hlC., 617-933-8130 

DH Dlyt_ CA Calm' City 1M W .... 
Baehr. Greenleaf & Assocs .• Inc .• 513-439- Hamilton Electro Sales. 213-558-2121 Hamilton! Avnet. 617-935-9700 
0724 CA Els.Ht III All ArIItr 

DH DlytM Wyle Distribution Group. 213-322-8100 Arrow ElectroniCS, 313-971-8220 
Unltrode North Central Office. 513-294-1364 'CA Inlll III GraIII...,lu 

OR , ....... Wyle Distribution Group. 714-641-1600 Hamilton/Avnet.616-243-8805 
Jas. J. Backer Co .• 503-297-8744 CA ...,.... .... MI lIVIDI • 

011 Sa_ Arrow Elctrns., Inc., 714...851.8961 Hamllton/Avnet. 313-522-4700 
Jas. J. Backer Co., 503-362-0717 CA s.cr-te l1li Edl •• 

rA EntIa ..... Hamiltonl Avnet. 916-925-2216 Arrow Elctrns., Inc .• 612-830-1800 
Omnl Sales. 21~233-4600 CA SIll ..... III MI • ..,.,.. 

TX AlIIII Arrow Elctrns .• Inc .• 619-565-4800 Hall-Mark. 612-854-3223 
Sundance Sales. Inc., 512-250-0284. 512-250- CA SIll ..... III 1I .. IIIMb 
0320 Hamiiton/Avnet, 714-571-7510 Hamilton/ Avnet, 612-932-0600 

TX 011111 CA SIll ..... liD . ElrtII City 
Sundance Sales. Inc., 214-699-0451 Wyle Distribution Group, 619-565-9171 Hall-Mark,314-291-5350 

I,n ..... CA SuII Clan 110 Elrtll City 
Unitrode Southwest Office. 214-231-8700 Wyle Distribution Group, 408--727·2500 Hami!ton! AVMt, 314-344-1200 

TX "-t_ CA Sllta CIM"I MO St. Lo.II 
Sundance Sales. Inc., 713-772-4988 Zeus Components. 408-127-0714 Arrow Elctrns., Inc., 314-567-6888 

. tIT 11ft lib CtIy CA ........... IN M •• CHst .. 
Components Sales. Inc .• 801-466-8623. Arrow Elctrns .• Inc., 408-745-6010 Arrow Etctrns., Inc., fi03-668..6968 

WA Sal .... CA SnIynII IIJ &Wry HIH 
Jas. J. Backer Co .• 206-285-1300 Capsco Sales. Inc .• 408-734-3020 Hamilton/Avnet, 609-424-7300 

WI .......... CA SUIyv." I" CIIIrry HIH 
OasiS Sales Corp .• 414-782-6660 Hamiltonl Avnet, 408-743-3355 HamiitonlAvnet, 609-424-0110. 

Cal CtIcIIi .......... CA W ...... HIIII M" F.lrtl ... 
Kay1ronlcs ltd., 416-669-2262 Avnet Electronics. 213-716-4854 Arrow Elctrns., Inc., 201-797-5800 

Cal Kal.ta. OItarIt CO Aw .... IIJ F.1IfIeN 
Kay1ronlcs Ltd .• 613-592-6606 Arrow Elctrns .• Inc., 303-696-1111 Hamiiton/Avnet, 201-575-3390 

CII QIIMc CO Eqltwlld IIJ F.lrllild 
Kay1ronics Ltd., 514-367-0101 Hamilton/Avnet, 303-740-1000 Lionex Corp., 201-227-7960 
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Unitrode (Cont) WA B.II.vUI 'All JapaD. Tokyo 
Arrow E'ctrns .• Inc .• 206-643-4800 Hamiiton/Avnet Elctrns .• TEL: 03-662-9911 

WA BII'" •• ,.tI Japa •• Tokyo NJ Moomtowl 
Hamiiton/Avnet.206-643-395O High Technology Inti., Inc., TEL: 03-379-7621 Arrow Elctrns., Inc., 215-928-1800 

WA BI'"v •• 'All Japli. Tlleyo NM A'''qurqll Wyle Distribution Group, 206-453-8300 Rikei Corp., TEL: Tokyo (03) 345-1411 Arrow Elctrns., Inc., 505-243-4566 
W' New Berlill ,.11 KOI'II R.O.I .• GW'I.k-Ka NM Aillaquerqll 

Hamilton/Avnet, 414-784-4510 Duksung Trading Co., TEL: 854-5047 Hamiiton/Avnet, 505-765-1500 W, O.k Crill! 1111 1IIt"., ••••. Koperwerf IIY Far.'I •• all Arrow Elctrns., Inc., 414-764-6600 Koning en Hartman Elektrotechniek B.V., TEL: Arrow Elctrns., Inc., 516-694-6800 W, Oak Creek 70-210101 NV Ha." .... Hall-Mark,414-761-3ooo ,.11 New ZII"n •• A.ck'alld Arrow Elctrns .• Inc .• 516-231-1000 Ca. eall'ry Professional Elctrns .• TEL: 493-029. 499-048 NV Hllppa ••• Hamilton/Avnet.403-230-3586 'all Norway. Osl. lionex Corp .• 516-273-1660 ea. Oow.sv'". O.t.no Neco AlS. TEL: (02) 25-93-10 NY LlvlrJtOl Future Elctrns .• Inc., 416-663-5563 I.U S' ••• porl. Sla •• porl Arrow Elctrns .• Inc., 315-652-1000 Cat Mo.tml. 01111. Dynamar International Ltd., TEL: 7476188 IV Mllvll" Hamiiton/Avnet, 514-331-6443 laU Seut" Afrlc •• C.p.loWI Hamiltonl Avnet, 516-454-6060 C •• N.,.. •• O.I.rl. Electrolink (Pty) Ltd .• TEL: 215350 IV Port C" •• 'er Hamiiton/Avnet, 613-226-1700 laU Sp.'.. B.rcI'o.a Zeus Components, 914-937-7400 ea. Oll.wa. O.tarlo Sisteco SA. TEL: 321-7347 IV Roc" .. ' ... Future Elctrns., Inc., 613-820-8313 I.U Sw ..... Sol •• Arrow Elctrns .• Inc., 716-275-0300 C •• Polat. Claire. O .... c AB Betoma, TEL: 08-820280 
NV Roc .... '. Future Elctrns., Inc., 514-694-7710 ,.U T.,w ••• Tal .... Hamiiton/Avnet, 716-475-9130 Ca. TInIII. O.,.n. Dynamar International Ltd., TEL: 235-1139 
IV Syrec ... Hamilton/Avnet, 416-677-7432 ,.U U." .. KI ...... Knl Hamiltonl Avnet, 315-437-2641 Ca. VIIC8nIr. BrlU." C .... " .. CandyElctrn. Comps .• TEL: 0622-70774/5' 
NC R.III." Future Elctrns., Inc., 604-438-5545 

,.t' U.,tH KI.,.oll. K.at 
Arrow Electronics, 919-876-3132 '.11 A •• lnll •• Crows lI.sl II.S. W. House of Power, TEL: 0689 71531/7 

NC Raltl." VSI Elctrns. (Australia) Pty. Ltd., TEL: 439- Inll UI"" KI ...... Londol Hall-Mark, 919-872-0712 4655 
Unitrode (U.K.) Ltd., TEL: 01-318-1431/4 

NC R./tI", ,." A •• trla. Snz ,.11 UaltH KI ...... TIIaII. DIll 
Hamiltonl Avnet, 919-829-8030 Dahms Elektronik, TEL: (0316) 61.0.30 

Thame Comps. Ltd., TEL: 084-421-4561 
IIC WIIst .. -sa_ 'III AIIIrII. V ..... 

Arrow E'ctrns., Inc., 919-725-8711 Dahms Elektronik, TEL: (0222) 57-25-77 
OH C_,,"II" '.11 Beltl ... Bra ..... 

Universal Arrow Elctrns., Inc., 513-435-5563 J.P. Lemaire, TEL: 478 48 47 
OH CIIv ..... '.11 Bnlli. Sao P .. " 

Hall-Mark,215-473-2907 Cosele Ltda., TEL: 255-1733, 259-3719 _ U.'v ... -.LSnl'cUWIII'JIC. 
.ON CIJuIIU ·BtI Qfn;-hlpln-1IIpUc-If;WII*'- 1925 ZI.kII' R ... 

Hamliton/Avnet, 216-831-3500 Rikei Corp., TEL: 66-8541 Sa. Jill. Califon .. 95112 
OH Da, .. 1.11 Dnllllt. allamp 401-279-2830 

I Ditz Schweitzer AlS, TEL: 2-453044 TWX: 910-338-7617 Hamilton/ Avnet, 513-433-0610 
1111 Fruce. A .... y eMil AU ttliii' , ...... l1li: OH SIIH 

Arrow Elctrns., Inc., 216-248-3990 C.C.! .. TEL: (01) 666 21-82 Saies & Mktg .............................................. (408) 279-2830 

OH W .. lerv"" 1.11 Fn.ce. R ... I. ClHx 

Hall-Mark. 614-891-4555 Spetelec, TEL: (1) 686.56.65 
Sal.s Onic. " R'fresHlallVls 1.11 Fnlce. R ... ,. PrBclpal OK T.'n 

UniRep, TEL: (1) 686-39.42 Hall-Mark,918-665-3200 
1111 a-u, .......... At H •• 'ullil OR LIkIO ..... 

EBV Elektronik GmbH, TEL: 05139/5038 Macro Marketing Assocs., 205-883-9630 Hamiltonl Avnet, 503-635-6626 
1111 G ..... ,. CarI-Z .... -8trl11t 3 AZ T..,. OR P.,., ... d 

Frehsdorf KG, TEL: 04106-71058 EDS, 602-829-9699 Wyle Distribution, 503-640-6000 
Iitl Gtnnl,. D ....... .,., CA Sa. DI. 

'A MHrtIV"" EBV Elektronik GmbH, TEL: 0211-84-84-617 De Pierre & Assocs., 619-578-2555 
Arrow Elctrns., Inc., 412-856-7000 

I.tl BtnIuy. Fn.kf.rt/MaI. IN S,...""II \ TX A •• II. 
EBV Elektronik GmbH. TEL: 0611-785037 France Enterprises, 317-462-6098 

Arrow ElectroniCS, 512-835-4180 
1.11 s-a.,. H .... 1IIitI MA Will •• 

TX A •• tl. Metronik GmbH, TEL: 06203-4701 Betronic, 617-894-8400 
Hall-Mark, 512-258-8848 

I." Gtnn., .......... TX AllIIn 
TX A •• III Metronik GmbH, TEL: 0911/46 80 66-67 O.M. Sales, Inc:, 512-452-1838 

Hamiiton/Avnet.512-837-8911 1.11 a...u1,.OIl.m. TX Dlilil 
TX DlI ... Protec GmbH, TEL: (089) 60-30-06 O.M. Sales. Inc., 214-241-3876 

Arrow Elctrns., Inc., 214-386-7500 1.11 Genla.,. S'llIprI TX Ha •• ' .. 
TX Dalll. EBV Elektronlk GmbH, TEL: 711/24 74 81 O.M. Sales, Inc., 713-789-4426 

Hall-Mark, 214-343-5000 1111 Gar ... y. Ulrer.clIl •• WA Klrkl ••• 
TX Dal ... EBV Elektronik GmbH, TEL: (089) 611051 ElectroniC Mktg. Assoc .• 206-827-9350 

Zeus Components, 214-783-7010 I1II .....,. UtttrIIIcMI, 
TX HllltOl Metronik GmbH, TEL: 089-6114063 

Dlstrlbulors Arrow Elctrns., Inc., 713-530-4700 1111 BnaIy. Uatlrlladl .. 
TX H ... IH Unitrode Elctrns. GmbH, TEl: 089/6190 041 

Hall-Mark, 713-781-6100 05/06 CA FIIIII'r .. 
TX Ho •• 'o. '.11 11.". B .. lla, Groh Associates, 714-738-7105, 213-923-

Hamiiton/Avnet, 713-780-1771 Sujata Sales & Exports Ltd., TEL: 234658 0963 
TX HomH I.tl lre'a.d. Oablll CA Mil. VItw 

Lenert Co., Inc., 713-225-1465 Nets, ltd., TEL: (01) 450-635 Straube Associates, 415-969-6060 
TX Irwl .. 1.11 Imll, Til-Aviv FL Mil""", 

Hamilton/Avnet, 214-659-4111 S.T.G. IntI., TEL: 03-248231 R-Rep Company. 305-725-6993 
UT SIl' L.kI City I." III". MII.I. IV Mult'SIII 

Hamilton/Avnet, 801-972-2800 Microelit, s.r.l., TEL: (02) 469 04 44 WIN-COR Electronics Sales, 516-627-9474 
UT Sail Lak. City 'III It.". MII.lo PA Willow Grov. 

Wyle Distribution Group, 801-974-9953 Unitrode S.R.L.. TEL: 431 831,434 604 Q.E.D. Electronics, 814 
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Varix Corporation 
TX Balin CT Rldiefleld 

VLSI Sales Office, 214-387-8350 Phoenix Sales, 203-438-9644 
TX Htnt .. FL AIt ••• te Sprills 

Varix Corporation Logic 1 Sales, Inc., 713-462-0641 Pioneer/Florida, 305-834-9090 
122 Spanish Village, SUite 608 TX Rlc ..... sOl FL 'CasstlHrry 
Dallas, Texas 75248 Logic 1 Sales, Inc., 214-234-0765 Southern Regional Sales Office, 305-331-4434 
214-620-0925 WA 1IIIn. Fl CItarw.t. .,..ftc ,..NICIII, ... I .. : Micro Sales, inc., 206-451-0568 ,Dyne-A-Mark Inc., 813-44.1-4702 

Byron E. Jacobs FL Ft.lI ......... 
","caUOI ........ 11= Dyne-A-Mark Inc., 305-771-6501 

Douglas Traster Votrax FL FI. L ••• anI.1t 
LIlll'lIn: Ft. Lauderdale Branch, 305-421-1355 

Amy Henness FL Fl. L ..... al. 
PrICI •• dellvwy: Votrax Division of Federal Screw Works Pioneer, Ft. Lauderdale, 305-771-7520 

Respective sales offICe 500 Stephenson Highway FL Maltl ••• 
FIII .. -... tnIw: Troy, Michigan 48084 Dyne-A-Mark Inc., 305-831-2097 

Respective sales office Business Products Group-313-588-2050 
FL P.I. II, 

AI ...... II .... U .. : TELEX: 8102324140 VOTRAX TRMI 
Dyne-A-Mark Inc., 305-727-1092 

. Byron E. Jacobs SA Norcross 

Distributors Pioneer/Atlanta, 404-~8-1711 
SA TICk. 

VLSI Design Associates I.n AnlnllII. S,., Rep. Inc., 404-938-4358 

Dick Smith Electronics Pty., Ltd., TEL: 61 2 IL DIS Plains 

VLSI ...... AsmI .... 888 3200 Janus, 312-298-9330 

4010 ....,.n AVII. 1111 Wllla-'.W ..... IL Elk 8r ... VIlli .. 
11oI __ .. m Or. Otto Soskuty, TEL: 6121 463822 Pioneer/Chicago, 312-437-9680 

408-115-7270 

1 1 
IL 0."",111 

Chicago District Office, 312-655-8781 

Weilek •• l.dl ••• DDlls 

VLSI Technology Pionee~lIndiana, 317-849-7300 
IA OIVHpart 

Weitek Corporation Design Solutions, 319-322-4142 
¥lSi T.-...., ..... (VTI) , 3255 Scott Boulevard, Building·2B KS WlntII 
1101 IIcKIy IrIw Santa Clara, California 95054 Design Solutions, 316-529-0114 
SII ...... CIItf .... 15131 408-727-6625 KY Lu",II" 
401-142-1110 TELEX: 171596 AAA Com SUvl Fred A. Dorsey Assoc., 502-426-3540 
TELEX: 271-107 MO BlIt ..... rl 
TELEX: 178-151 Pioneer/Washington, 301-921-0660 

Salu OfficI & !!!!:UUtltlVlS MO SnIrII PIrII 

Salu OffIce & R!nsMtan'h IIU ....... TIIcyt 
New Era SaJes,301-544-4100 

MA L.xln .... 
Nippon Imex Corp. Pioneer-Harvey/Lexington, 617-863-1200 CA EI StpIH 

Varlgon Assocs., 213-322-1120 1M ........... 
CA Inln Western Digital 

Northeast Regional Sales Office, 617·631· 

VlSI Sales Office, 714-833-3103 6466 

CA ........ MA Wilt .. 

Bestronics, Inc., 619-452-5500 W ..... ,,,, .. 1 Ctrptntl. Component Technology, 617-933-5390 

CA SII· ..... 2445 IIICIIII Wlf MI arlSSl PII.t. Plrk 

Vl$1 Sales Office, 408-942-1810 1nIIt. CIIItInta 12714 Greiner Assoc., 313-499-0188 

CA .... ,.. .. 714-557.-3550 MI LlYnl. 

Emerging Technology,408-720-0240 TWX: 110-595-1131 PioneerlMichigan, 313-525-1800 

CA SIIIyn" lIN ........ t. 

James Inds., Inc., 408-749-1122 
Salls Office & RepnsatatlYn 

Central Regional Sales Office, 612 

FL ... 1111. •• Edlal 

Lawrence Assocs., Inc., 305-368-7373 Mel Foster Tech. Sales, 612-941-9790 

FL l:1li ...... 
At Hlllsvlllt Mil MI.ut.a 

Lawrence Assocs., Inc., 305-339-2828 Ploneer/Huntsvifle, 205-837-9300 PloneerlTwin Cities, 612-935-5444 

FL W .......... At Hnlnillt MO B.lawl. 

lawrence Assocs., Inc., 305-724-8294 Rep. Inc.; 205-881-9270 Oeslgn Solutions, 314-227-7170 

IL II .... AI SCIItIdIIt IIJ MaIm .. 

James Industries, 312-358-8000 SUmmit Sales, 602-998-4850 New Jersey District Office 

IL ~ .. CA CIInr CIty IJ PIItlrllt 
James /odS., Inc., 312-884-8000 Bestronics, 213-870-9191 Pioneer-Harvey/Pine Brook, 201-227-1262 

1M ......... CA Irvin IY .......... 
VLSI Sales Office. 617-229-6555 Bestronics, 714-979-9910 Pioneer -Harvey/Binghamton, 607-748-8211 .. ML __ ,,"' CA Lta AlIa IY CtnIcIc 
MicrO Resources, Inc., 612-830-1454- EI Repco, 415-962-0660. E.RA, 5'16-543-0510 .. .... pan • CA ....... VIN If Fllr,.. 
Micro Resources, Inc., 612-830-1454- San Jose District Office, 415-941-0216 Pioneer -HarveyIRochesfer. 716-381-7070 

1M A ....... CA ...,... ... IY ........ 
Varlgon Associates, 505-344-5503 Western Regional Sales Office, 714-851-1221 Pioneer/Military, 516-231-9200 

IY PItutIIYIIIt CA SII ...... lilY RIC .... I. 
ABC Electronics, 914-769-8088 Bestronics, 619-452-5500 Ossmann Components, 716-424-4460 

IY .... Pert CA SII ..... IY Sync ... 
ABC Electronics, 516-747-6610 San Diego District Office, 619-457-1m Ossmann Components, 315-455-6611 

GIl IIIcIcJ 11M' CA W ....... HlIIs If W .... ., 
Norm Case Assocs., 216-333-0400 Bestronics, 213-704-5616, 714-521-6392 Pioneer-HarveylWoodbury, 516-921-8700 

01 PtrtIIId CO ...... IC GrlllSlltrI 
Micro Sales, Inc., 503-297-4726 Component SateS, 303-759-1666 Greensbofo District Office, 919-299-6733 

TX AuftI CT IIIt'wIIIc tIC 8 ........ 
Logic 1 Sales, Inc., 512-459-1297 Pioneer -Harvey/Norwalk, 203-853-1515 Pioneer/Carolina, 919-273-4441 
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Western Digital (Cont) 

,IC Rliligil 
Rep. Inc., 919-851-3007 

OH Clllgril Fills 
Midwest Marketing Assoc., 216-247-6655 

OH Cllvellnd 
Pioneer/Cleveland, 216~587-36oo 

OH OlytOR 
Midwest Marketing Assoc., 513-433-2511 

OH Olyt.1 
Pioneer/Dayton, 513-236-9000 

PA ErdHIIII. 
Omni Sales, 215-233-4600 

PA Horsili. 
Pioneer Delaware Valley, 215-674-4000 

PA PllIshurgll 
Pioneer/Pittsburgh, 412-782-2300 

TIl Jlfftrsa City 
Rep. Inc., 615-475-4105 

TX A.stll 
Pioneer 1 Austin, 512-835-4000 

TX Auslll 
West & Assoc., 512-454-3681 

TX Daills 
Dallas Distrit Office, 214-248-6785 

TX Olills 
Pioneer/Dallas, 214-386-7300 

TX Olilis 
West & Associates, 214-248-7060 

TX Houslo. 
Pioneer/Houston, 713-988-5555 

TX Houslol 
West & Assoc., 713-777-4108 

UT Sail lalit City 
Component Sales, 801-466-8623 

WA RHtOll 
Components West, 206-271,,5252 

WI Illwllk. 
Janus, 414-476-9104 

CII Oewn,I .... Olllrlo 
Weber Elctrns., 416-663-5670 

1.11 Aunili. Sal~r"'. VIcItl'II 
Daneva Australia, TEL: 61/03-5985622 

1111 IlIgl ••• O.gl'll (Lilli) 
MeA Tronlx, TEL: 41/362795, 41/362780 

IIII Inzll. Sa. PIII.-8P 
Cosele ltda., TEL: 230/1733, 230/1994 

1.11 DR.lrk, ItekkllIll 
C-88, TEL: 45/02-244888 

1111 Elgll.~. lII.rd. Essex 
Pronto Enctrns., TEL: 44/01-5546222 

1111 Flnlln~. EsplO 
Komdel OV, TEL: 358/90-885011 

1111 Frllel. Levilloia-Plmi 
Technology Resources, TEL: 33/1-757-3133 

1.11 H •• , K .... OUlrry BI, 
White & Allcock, TEL: 852/5-632112-8, 8521 
5-644312 

1111 Isn.1. GlvllIl. 
E.I.M. Inti., TEL: 761423, 767251 

1.11 lilly. 111110 
Comprel S.R.l., TEL: 39/2-6120641 

1111 Jipil. Takyo 
Panetron Div., TEL: 81103-3434411 

1111 •• Ihrlll~a. A. UlrlCltl 
Diode av, TEL: 31/030-884214 

l.tI I ..... y ...... n 
Hans. h. Schlve, TEL: 47102-785160 

IIII So.l~ Afrlcl, PII.owrl. 
South Continental Dev., TEL: 27/(011) 798-
2400 

IIII SOIIII Idll. TrIVllllr ••• Ptl 
Kryonix 

IIII Sp.ll. II~rl_ 
Diode SA .• TEL: 455/3686 

IIII Swuu. V •• lllniby 
Teleimport AB, TEL: 46/08-890265 

11111 Swllz.rllnd. ,Ba~en OI.ltwll 
W, Stolz AG, TEL: 41/056-840151 

5032 

I1II T.lw ••. T.lp.1 
Taiwan Automation, TEL: 886/02-77109403 

1111 UIIIIII KI.p' •. Epso. 
Europe Regional Sales Office, TEL: 44-3727-
42178 

Inll W.sl GlnlllY. I.ncllln 
ElectroniCS 2000, TEL: 49/089-434061 

Call Diplomat 
For 

WESTERN DIIIITAI. 
CORPORATION 

• San FranCiSCO, CA (408) 734-1900 
Los Angeles. CA (213) 700-8700 
Orange County, CA (714) 549-8401 
San Diego, CA (619) 292-5693 

• Salt Lake City, UT(801) 486-4134 
• Denver, CO (303) 740-8300 
• Chicago, I L (312) 595-1000 
• Boston, MA (617) 935-6611 
• Danbury, CT (203) 797-9674 
• Melvme, NY (S16r454-6400 

Syracuse, NY (315) 652-5000 

• Totowa, NJ (201) 785-1830 
• Columbia, MD (301) 995-1226 
;; Ai~ania, GA(404)449-4133 

• Clearwater, FL (813) 443-4514 

DIPLDMAT~ 

Distributors 

AL H •• ts"" 
R.M. ElectroniCS, 205-852-1550 

AI Pnalx 
Kierulff Elctrns., 602-243-4104 

AZ P~_lx 

Wyle EMG, 602-249-2232 
AZ T..,. 

Anthem Elctrns., 602-244-0900 
AZ T .. ,. 

Bell Inds., 602-966-7800 
CA Cutlwortll 

Anthem Elctrns., 213-700-1000 
CA C •• em 

Kierulff Elctrns., 213-725-0325 
CA EI S .... _o 

Wyle EMG, 213-322-8100 
CA Irvlll 

Wyle EMG, 714-863-9953 
CA Irvlll 

Wyle EMG, 714-851-9953 
CA Palo Alt. 

Kierulff Elctrns., 415-924-8522 
CA Rllcu Carma 

Wyle EMG, 916-638-5282 
CA Sa.OI.vo 

Anthem Elctrns., 619-279-5200 
CA Sin 01110 

Kierulff Elctrns., 619-278-2112 

CA 

CA 

CA 

CA 

CA 

CA 

co 

co 

co 

co 

CT 

CT 

FL 

FL 

FL 

FL 

FL 

SA 

SA 

IL 

IL 

!t 

IL 

.. 
IA 

10 

10 

10 

10 

IA 

II 

10 

IJ 

IJ 

NJ 

II 

IV 

San 01.,0 
Wyle EMG, 619-565-9171 
Sal Jos. 
Anthem Elctrns., 408-946-8000 
Sa.1I Clara 
Wyle EMG, 408-727-2500 
Sun."II. 
Bell Inds., 408-734-8570 
Tuslll 
Anthem Elctrns., 714-730-8000 
Taslll 
Kierulff Elctrns., 714-731-5711 
E'IIewOld 
Anthem ElectroniCS, 303-790-4500 
E·IIew.ed 
Kierulff Elctrns., 303-790-4444 
TIIoralon 
Wyle EMG, 303-457-9953 
W .... lrldge 
Bell Inds., 303-424-1985 
Ol .... ry 
Diplomat Elctrns., 203-797-9674 
W.1IiqfeIi 
Kierulff Elctrns., 203-265-1115 
Cla,..1tI' 
Diplomat Elctrns., 813-443-3514 
Ft. LII"",.II 
Hammond ElectroniCS, 305-973-7103 
FlL ..... 
Kierulff Electronics, 305-486-4004 
Orla.~. 

Hammond Elctrns., 305-849-6060, 800-432-
6720 
St. Pltlrs"." 
Kierulff Elctrns., 813-576-1966 
loreroll 
Diplomat Elctrns., 404-449-4133 
lorcross 
Klemlff Electronics, 404-447-5252 
B ... vllil 
Diplomat Elctrns., 312-595-1000 
C~ICI" 
Bell Inds., 312-982-9210 
BI! Sren ¥!!Iel! 
Kierulff Elctrns., 312-640-0200 
L .... I~ 
R.M. ElectroniCS, 312-932-5150 
Illtl •• lpolls 
R.M. Electronics, 317-247-9701 
CHar R.p'" 
DEECO Inc., 319-365-7551 
Balli • .,. 
Kierulff ElectroniCS, 301-247-5020 
COI .... II 
Diplomat Elctrns., 301-995-1226 
Col .... I. 
Future ElectroniCS, 301-995-1222 
Col .... 1I 
Time Electronics, 301-995-1668 
Bllllrica 
Kierulff Elctrns., 617-667-8331 
WI .. II,ton 
R.C. Components, 617-657-4310 
Wall.,. 
Diplomat Elctrns., 617-935-6611 
Woltt,. 
Time-New England, 617-435-8080 
Edl •• 
Klerulff Elctrns., 612-941-7500 
Ilrylal' H.llilis 
Klerulff Elctrns., 314-739-0855 
Ball •• wr 
Mid-Atlantic Elctrns., 609-931-5303 
FllrfllIkI 
Kierulff [Ictrns., 201-575-6750 
Tolowa 
Diplomat Elctrns., 201-785-1830 
AIItt.nrq •• 
Alliance Elctrns., 505-292-3360 
Flr.llldil. 
SAl., 516-294-2710 
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i MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Western Digital (Cont) 1111 EI.lnll. llfonl. Essex CA Sa. Jos • 
. Pronto Electronics, TEL: 44/01-5546222 Xicor Northwestern Sales Office, 408-292-

IY HlIpp .... I.tl Flnll... Elpoo 2011 

Time Electronics, 516-273-0100 Komdel OV, TEL: 358/90-885011 CA Wmllnd Hills 

NY LI""ul 
1.11 France. LevIIIIII-PIIT.1 Centaur Corporation, 213-704-1655 

Diplomat Elctrns., 315-652-5000 Technology Resources, TEL: 33/1-757-3133 CO DIInr 

Nf MtI,1I1I 1.11 H ... K .... Ollrry II, DIl Assocs., Inc., 303-429-9369 

Diplomat Elctrns., 516-454-6400 White & Allcock. TEL: 852/5-632112-8, 8521 CT Wlln.ry 

IY Roc"'. 
5-644312 HLM Assocs., 203-753-9894 

Rochester Radio Supply, 716-454-7800 1.11 IsraeI.GIIII.I. FL Clearw.'. 

IC G,..III •• E.I.M. Inti., TEL: 761423, 767251 Beacon, 813-796-2378 

Hammond Electronics, 919-2~5-6391 1.11 lilly. IIllIal FL Ft.LI ...... 

NC RlI.1g1l Comprel S.R.L., TEL: 3912-6120641 Beacon, 305-491-1054 

Kierulff Elctrns .. 919-872-4410 Inti ""0. Takyo FL Mtlllllll 

OH .1II'erll HII.1I11 Panetron Div., TEL: 81/03-343-4411 Beacon, 305-647-3498 

Kierulff Elctrns., 216-587-6558 lall N ........... s. A. UlneIIl FL IIII"em. 

OK T.III Diode BV, TEL: 31/030-884214 Beacon, 305-724-8010 

Kierulff Elctrns., 918-252-7537 l.tI Nenn, ..... r. GA AIII.II 

OK T .... Hans H. Schive, TEL: 47/02-785160 Beacon, 404-256-9640 

Quality Comps., 918-664-8812 Inti Salill Africa. PI .... rl. 10 IIII11t1ra 

OR Hllllllerl South Continental Dev., TEL: 271(011) 798- Vantage 

Wyle EMG, 503-640-6000 2400 IL EIII Grl" 'Ilia .. 

OR Lilli Os .... l.tI Saltll 1 •• 11. Trlvlldr ... PIN Oasis Sales Corp., 312-640-1850 

Bell Inds., 503-241-4115 Kyronix IL Sen_ .. 

PA .r .... 11 1.11 'spa1l.llllIrfII Xicor Central Sales Office, 312-490-1310 

Time Mid-Atlantic, 2i5-359-1200 

I 
mode SA., TEL: 455/3686 

IN IlIIlInpllls 

SC GrooavlIIl Iitl S ..... ValllI.", I 
Chuck Horn & Assoc., 317-241-9276 

Hammond Electronics,· 803-233-4121 Teleimport AB, TEL: 46/08-890265 
II 1Iliinapalis 

TX A.llls .. j.ii SWitzlrini. ... iiIIiiwii 
SAl Mktg. Corp., 317-241-9276 

Quality Comps., 214-387-4949 W. Stolz AG, TEL: 41/056-840151 
IA CIII. HI,...· 

TX Antln Iall Tim •• TI"" 
Chuck Horn & ASSOCiates, 319-393-8703 

Active Components Technology, 512-452- Taiwan Automation, TEL: 886/02-77109403 
KS Onrllall Pirl 

5254 IIII Wal GtraIu,. Muellla 
Kebco, Inc., 913-541-8431 

KS WleIIlla 
TX Anll. Electronics 2000, TEL: 49/089-434061 Kebco, Inc., 316-733-1301 

Kierulff Elctrns., 512-835-2090 110 11111 •• 1 
TX Anll. 

Quality Comps., 512-835-0220 Wintek 
Micro Compo Inc., 301-247-0400 

TX DaIIIs 
IIA ...... 

XicorEast Sales Office, 617-542-2944 
Active Components Technology, 214-980-

I: 
1888 ... WIIIIIII CtrpIraIita III W .. ....., 

Dallas 1801 S.lllISlrtll Advanced Design Group, 617-431-7946 

Kierulff Elctrns., 214-343-2400 llfayalta. I.dI'.1 47904-2993 MI BrlIIII .. 

H'lsl .. 
'317·742·8428 SAl Mktg. Corp., 313-227-1786 

Active Components Technology, 713-496-
liN ..... 1111 .. 

John G. Twist Co., 612-835-2120 
4000 

TX Hant .. 
Distributors 110 lIarylalll Halpls 

Kebco, Inc., 314-572-4111 
Klerulff Elctrns., 713-530-7030 

TX SlIarllld 
CA SI.II Clara . liD SI.lHls 

Quality Comps., 713-491-2255 
PBC ASSOCiates, 408-727-7244 John G. Macke, Co., 314-432-2830 

UT Silt Lalli City 
CO PIrhr IJ ...... wr 

Bell Inds., 801-972-6969 
Western Marketing Associates, 303-841-2788 TAl Corp., 609-933-2600,.215-627-6615 

OT Silt Lilli City 
IL Dewun GroYl tlJ Plrsl".l, 

Kierulff Elctrns .• 801-973-6913 Physics Equipment, Inc., 312-960~4053 ' HLM Assocs., 201-263-1535 

UT SIlt LIlli City TX Han .. till AIII~ . 

Wyle EMG, 801-974-9955 
DynaMarketing, 713-937-0278 Thom Luke Sales, Inc., 505-298-1918 

WI IIlIov. OT L .... tlf Easl SyrlClD 

Anthem ElectroniCS, 206-881-0850 Western Marketing Associates; 801-753-0073 Nycom, 315-437-8343 
If Nlflilperl 

WA IIIImI HLM Assocs., 516-757-1606 
Belllnds., 206-747-1515 

WA III",. Xieor 
IC 1II1tt11i 

Beacon, 919-787-0330· 
,Wyle EMG, 206-453-8300 .. Oft Clalenllil 

WA Tlnlll X •• IIe. SAl Mktg. Corp., 513-435-3181 
Kierulff Elctrns., 206-573-4220 851...,.c.t OH sall.H ..... 1I 

WI WI.t .... 
Klerulff Elctrns., 414-784-8160 

1111,.111. Callfonll 95035 SAl Mktg. Corp., 216-751-3633, 412-261-0482 
408-946-6920 OH ZIIIsYIIIo 

I 
C= Ir:_=. O=t:rlc TWX: 91C-319-CC33 

Zentronics Inc., 416-451-9600 
SAl Marketing Corp., 514-454-8942 

CII Donll. 0._ 011 ' ....... d 

I Semad EICtrns., 514-636-4614 SailS OffICI & Repr8S8lltailvIS 
Vantage Corporation, 503-227-1369 

eaa D •• llvln.Oltlri. 
TX Dallls 

Nova Mktg., Inc., 214-750-6082 
Semad Elctrns., 416-663-5680, 416-653-5650 AL H.llvllIo TX H ..... 

en Ottawa. 01 ...... Beacon, 205-881-5031 Nova Mktg., Inc., 713-988-6082 
Semad Elctrns., 613-729-6145 AZ SClUIIIIII UT SIll Lilli CIty 

1111 AntraIII. SaIIIrIIIIIHI. Vleln Thom Luke Sales, Inc., 602-941-1901 DIl Assocs., Inc., 801-483-1025, 801-486-
Oaneva Australia, TEL: 61/03-5985622 CA Irvl •• 4233 

IatI ............... ,liIIt) Centaur Corporation, 714-556-5420 VA HHIIIutoa 
MCA Tronix, TEL: 41/362795, 41/362780 CA laAlta Micro Compo Inc., 703-297-7614 

l.tI BrazIl. SIt PI ... ., Ewing-Foley, Inc., 415-941-4525 WA BIIIav. 
Cosele Ltda., TEL: 230/1733, 230/1994 CA ...,..."11 Vantage Corp., 206-455-3460 

IatI .... IIIR. KobIIIl' Xicor Southwestern Sales Office, 714-752- WI .....,. ... 
C-88, TEL: 45/02-244888 8700 OaSis Sales Corp., 414-782-6660 
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Xicor (Cant) GA _arcrass Ca, Bn.ptan. Oltarlo 
Hall-Mark. 404-447-8000 Zentronics. 416-451-9600 

GA Norcross CI. Cu.ary. Aillerta WI Brookll.ld 
Marshall. 404-923-5750 Zentronics. 403-272-1021 Oasis Sales Corp .• 414-782-6660 

IL B •• SHVIll. CI. COlcord. Oalarla CI. Kallil. O.larlo Hall-Mark. 312-860-3800 Kaytronics Ltd .. 416-669-2262 Kaytronics. Inc .. 613-592-6606 
IL Lo.lllrll Ca. Monlnal: Ollllac 1.11 BtltI ••. K ........ RM-lIIinois. Inc .• 312-932-5150 Zentronics. 514-735-5361 Microtron. TEL: 32.16.60.05.86 . IL SCIll .... " CI. Oiliwa. O.lario 

1.11 ...... rk. HlVllr.p Marshall. 312-490-0735 Zentronics. 613-237-6411 
Henckel Elektronik, TEL: 45.2.38.57.91 II IlIIla .. ,.lIa CI. Sirray. Brllla. Col •• bll 

1.11 FI.la.lI. Eap .. RM-lIIinois, Inc., 317-247-9701 Kaytronics Ltd., 604-581-7611 
Oy Atomica AB, TEL: 90.423.533 KS Ltlln Cli VIICI'V., B.C. 

1111 1,lIla, 1111111 la,lr Hall-Mark, ~13-888-4747 Zentronics, 604-273-5575 
Zenith Electronics Bangalore, TEL: 83645 MD Balll.on ClI Villi SI. PI.n, O ..... c 

1111 lilly. Cualll dl' Pacclll Hall-Mark,301-796-9300 Kaytronics Ltd., 514-367-0101 
Dott. Ing. Giuseppe De Mico S.p.A., TEL: MD GaIlHrsb.r. Cli WIItrI... Ollirio 
39.2.95.20.551 Marshall, 301-840-9450 Zentronics, 519-884-5700 

1111 Kor •• S ... I IIA B.rnl,IOI CI. Wlllowlllli. Ollarlo, 
Kortronics Enterprise, TEL: 82.2.634.4397 Marshall, 617-272-8200 Electro Sonic, 416-494-1666 

1111 Ilt •• llllla. IIssll IIA WII.I"IOI Cli WI •• IpIg. MI.llalll 
Alcorn Electronics, TEL: 31.10.51.95.33 RC Components, 617-273-1860 Zentronics, 204-775-8661 

1111 New Zullili. Alcllla.1I IIA WHm 1.11 A.alrllll, BlrwDOd. Vlclorla 
Delphi Industries Ltd., TEL: 64.9.563.259 Hall-Mark, 617-935-9777 R&D Elctrns., TEL: 61.3.288.8232 

1.11 I.,..,. Oall MI GrlllIlII,ltI~ I.U Cyprua, Ilc .. la 
Eltron AIS, TEl: 47.2.46.28.70 RM-Michigan, Inc., 616-531-9300 Poly Electronics Ltd. Middle East, TEL: 

1.11 Sp,II. Mlllrill MI LlvOIla 357.21.61088 
Amitron S.A., TEL: 34.1.248.58.63 Marshall, 313-525-5850 I.U Fn.ce. LI C .... I' 

1111 Swltz.-Inll ...... ·Dlhll MI Bla .. llfl .. A2M, TEL: 33.3.954.91.13 
W. Stolz AG, TEL: 41.56.84.01.51 Hall-Mark, 612-854-3223 1.11 111111. B .. bl, 

1111 Tllwn. TIIpII MI P~a.tII Zenith Electronics, TEL: 384214 
Multltech International Corp., TEL: Marshall, 612-559-2211 I.U IlIIla, CllcIHI 
886.2.769.1225 .0 Ma..,..11 His Zenith Electronics, TEL: 228797 

1111 DIll .. KII ...... OXH Hall-Mark,314-291-535O I.U 1.1111. In DIIIII 
Micro Call Ltd., TEL: 44.84.421.5405 NJ ClltrryHIII Zenith Electronics. TEL: 522281 

IIU WII18enuI,. Hllr Btl M_c.1 Hall-Mark, 215-355-7300, 609-424-7300 1.11 lanll, Til-Aviv 
Xicor-International, TEL: 011 4989463089 IJ Fllrlltltl Telsys Ltd., TEL: 972.3.494881 

Hall-Mark, 201-575-4415 1111 Jlpll, Tellyo 
IJ F.Irft.w fnterntx,lnc., TEL: 81.3.369.1105 

Distributors Marshall,201-882-0320 1.11 In Z .... II, A.clllalli 
IJ MI. Lilrel Delphi Inds. Ltd., TEL: 64.9.563.259 

AL H_tsvllll Marshall, 609-234-9100, 215-627-1920 latl SOulli Africa. TrlilVlil 
Hall-Mark, 205-837-8700 I. A" •• ~. Taltronics (Pty.) Ltd., TEL: 27.11.834.5151 

AL H_Isn", Alliance Electronics, 800-545-6~88 !!!t! SWHee. Sill! 
Marshall,205-881-9235 IY Elllwllt Naxab, TEL: 46.8.98.51.40 

AL H_Isvlllt Marshall, 607-754-1570 
1.11 UIII" Illp ... 1latII OXOI 

RM-Alabama, Inc., 205-852·1550 NY H'IP,I", Micro Call Ltd., TEL: 44.84.421-5405 
AI I'll_Ix Marshall. 516-273-2424 I.U Will &_1.,. GIrII .... 

Hall-Mark,602-243-6601 NY Rae ..... 
Positron, TEL: 49.07156.3560 

AI TIIIpt Marshall,716-235-7620 

Marshall, 602-968-6181 NY RallHt_ 

CA en. Part Hall-Mark, 516-737-0600 
Xycom Marshall,213-999-5001 Ie 111111,. 

Hall-Mark,919-872-0712 CA EI.all 
OH CI.cllOli Xycom Marshall, 213-442-7204 

Hall-Mark/Cincinnati, 513-563-5980 750 North Maple Road CA IrvIII 
OH 01,... Saline, Michigan 48176 Marshall,714-556-65oo 

Marshall,513-236-8088 . 313-429-4971 
CA all 01". OH HI ..... II Hta Hall-Mark, 619-268-1201 

Hall-Mark,216-473-2907 
CA all 01 ... OH Wllanllil Zendex Marshall,619-578-9600 Hall-Mark, 614-891-4555 
CA a_pa" OK T., .. 

Hall-Mark, 408-773-9990 Hall-Mark,918-665-32oo Zendex Corporation 
CA Sn,pllI TX Anll' 6644 Sierra Lane 

Marshall, 408-732-1100 Hall-Mark, 512-258-8848 Dublin, California 94566 
CA T.atl. TX Anll. 415-828-3000 

Image ElectroniCS, 714-730-0303 Marshall,512-458-5654 
CO Onv. TX Dltlla 

Marshall, 303-427-1818 Hall-Mark,214-343-5OO0 Zilog 
CO E •• 1ew1H TX DIHas 

Hall-Mark, 303-694-1662 Marshall,214-233-52oo ZII .. ,I.c. 
CT WIIII ...... 11 TX HOIstll 1315 DIll Avnll 

Marshall, 203-265-3822 Hall-Mark,713-781-6100 ea.,H1I. ClII' .... 1a 95008 
Fl Ft. llHtnl1l TI HllslaI 408-370-8000 

Hall-Mark,305-971-9280 Marshall, 713-789-6600 TWX: 910-338-7621 
FL DrII.1I1 WA .1I1tvtt 

Hall·Mark, 305·855-4020 Marshall,206-747-9100 
SillS Offlca " RI!rlslltltlvls FL Orla.llo WI In a.lln 

Marshall, 305-841-1878 RM-Wisconsin, Inc., 414-784-4420 
FL St. PI,.H'ra WI 0.11 CrIIk AL . H •• lsvlll. 

Hail-Mark,813-576-8691 Hall-Mark,414-761-30oo Elctrn. Sales, Inc., 205-533-1735 
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I Zilog (Cont) 

I AI ScItI"11I 
Thorn Luke Sales, Inc .• 602-941-1901 

CA CatIpMII 
Sales & Tech. Ctr. Zilog, Inc., 408-370-8120 

CA CtpIrIIII 

CA 

CA 

CA 

co 

FL 

FL 

FL 

FL 

Fl 

I_ 
8A 

Il 

.. 

.. 
IS .. .. .. .. .. .. 
IU 

IU 

If 

If 

If 

I' 

OM 

OR 

01 

01 

TI 

TX 

Costar, Inc., 408-446-9339 
Inltt 
Sales& Tech. Ctr. Zilog, Inc., 714-549-2891 
SII ...... 
Littlefield & Smith Assoc., 619-455-0055 

'H. I.,. 
Sales & Tech. Ctr. Zilog, Inc .• 213-989-7485 
b ...... 
Thorson Rocky Mountain; 303-779-0666 
AII ... tlSprltp 
Dyne-A-Mark Corp .• 305-831-2097 
ClllrwllIr 
Dyne-A-Mark Corp .• 813-441-4702 
CIIIrwIa. 
Tech. Ctr. Zilog, Inc., 813-535-5571 
Fwtu ........ 
Oyne-A-Mark Corp., 305-771-6501 
h • .., , 

Dyne-A-Mark Corp .• 305-727-0192 
AftI.tI 
Sales & Tech. Ctr. ZII09, Inc., 404-451-8425 
Ittrcrm 
Elctrn. Sales. Inc., 404-448-6554 
SCIII ..... 
Sales & Tech. Ctr. Zilog, Inc., 312-885-8080 
R. Wa,.. 
Glestlng & Assoc., 219-486-1912 ............ 
Glesting & Assoc., 317-263-0005 
Onrlt •• Plrk 
Advance TechniCal Sales, 913-492-4333 
..... PIrt 
New Era Sales, 301-544-4100 ......... 
Sales & Tech. Ctr. ZiIog, Inc., 617-273-4222 
l .... 
Nova Sales, 617-861-1820 
c..... 
Glestlng & Assoc., 616-468-4200 
IItvI 
Glestlng & Assoc., 313-348-3811 
...... palls 
H.M.R., Inc., 612-831-7400 
St. ...... 
Advance TechniCal Sales, 314-227-4448 
c.wr.. . 
Sales & Tech. Ctr. ZlIog, Inc., 201-540-1671 
CItttIr 
Vera Associates, 201-768-6100 ,.... .. 
Vantage Sales, 609-663-6660 
CIItnlldp 
Vera Associates, 516-582-3795 
E.8yrtmt 
L-Mar Assocs., Inc., 315-437-m9 
IIw'Mt 
ZlIog, Inc., 212-398-4497 ....... 
L-Mar Assocs., Inc., 716-323-1000 
111111111 
Glen White Assoc., 919-787-7016 
CtIcIIIItt 
6lesting & Assoc., 513-521-8800 ..,.. 
Glestlng & Assoc., 513-293-4044 ..... 
Glesting & Assoc., 216-942-3407 
W ...... 
Sales & TeCh. Ctr. Zilog, Inc., 216-831-7040 
Irq 
Glen White Assoc., 615-477-8850 
AIItII 
ZIIog, Inc., 512-453-3216 

C Ie· MASTER 1984 

TX 

TX 

TX 

TX 

UT 

VA 

VA 

WA 

WI 

CII 

ea. 

eal 

III" 

.ld 

l.tI 

At 

At 

AI 

AI 

AI 

AI 

CA 

CA 

CA 

CA 

CA· 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

CA 

MANUFACTURERS & DISTRIBUTORS DIRECTORY 

Dillas 
Nova Marketing, 214-750-6082 

DIll" 
Sales & Tech. Ctr. Zilog, Inc., 214-931-9090 
HHstn 
Nova Marketing, 713-988-6082 
Ho.st. 
Zilog, inc., 7.13-840-5475 
WISt 'lilly 
Thorson Rocky Mountain, 801-973-7969 
ArII'ltll 
Zilog, Inc., 703-243-7900 
lYlell •• ", 
Glen White Assoc., 804-237-6291 
IIIlIw .. 
Sales & Tech. Ctr. Zilog, Inc., 206-454-5597 
WIIIIISIll 
Micro-Tex, Inc., 414-542-5352 
Cart.III. O.tlrll 
Zilog, Inc .• 613-938-1121 
EI"Iceb. O.tlrte 
R.F.O., ltd., 416-626-1445 
01llW1. O.lIrlI 
R.F.O., Inc., 613-820-8445 
WISt '.cnnr. Brinn CeltMII 
Blakewood Elctrn. Sys., Inc., 604-926-8000 
Fntcl. PlrtS u Dlfltu 
ZlIog, Inc .• TEl:.(1) 334-60-09 .=. K.It • 
Zilog/Japan. TEL: (81) (03) 5.87-0528 
U.I~ K1tP-. ansilir. 
Zilog (U.K.) ltd., TEL: 0628-39200 
Wuta...y .•• lcII 
Zilog GmbH. TEL: 89-612-6046 

Dlstrlbltars 

HlltswHII 
Hall-Mark Elctrns., 205-837-8700 
Hlltsvllil 
SChweber Elctrns., 205-882-2200 
...... 11 
Hall-Mark Elctrns., 602-243-6601 
....... 11 
Kierulff Elctrns., 602-243-4101 
SetH ..... 
Western Microtechnology, 602-948-4240 
T .... 
Anthem Elctrns., 602-244-0900 
Cuepl'lrll 
SChweber Elctrns., 213-999-4702 
Cllttswrtll 
Anthem Elctrns., 213-700-1000 
Clplrtl. 
Western MiCrotechnology, 408-725-1660 
InItt 
SChweber Elctrns., 714-556-3880 
La AtfIIR 
Kierulff Elctrns., 213-725-0325 
PtIt AHI 
Klerulff Elctrns .• 415-96&'6292 ...... 
JAN Devices, Inc., 213-708-1100 
s.cn-II 
SChweber Elctrns., 916-929-9732 
SII .... 
Anthem Elctrns., 714-279-5200 
SU ...... 
tclerulff' Elctros., 619-278-2112 
SII FI1ICIIcI 
Kanematsu-Gosho (USA) Inc.lHong Kong & 
Japan, 415-788-3800 
SII "... 
Anthem Elctrns., 408-946-8000 
SlIts Clan 
SChweber Elctrns., 408-748-4700 
SIIIynII 
Multitech Elctrns. Inc./Taiwan, 408-773-8400 
TIIIIt 
Anthem ElectroniCS, 714-730-8000 

CA 

co 

I co 

co 

CT 

CT 

Fl 

Fl 

FL 

Fl 

Fl 

SA 

I
SA 

Il 

Il 

Il 

II 

IA 

IA 

IS 

IS 

.D .. .. 
1M 

1M 

u .. 
MI .. .. 
MI. .. .. .. 
110 

• 
IU 

Tatl. 
Kierulff Elctrns., 714-731-5711 
On .. 
Kierulff Elctrns., 303-371-6500 
£I ....... 
Hallmark ElectronicS, 303-694-1662 
WlltltrNtt 
Bell Inds., 303-424-1985 lItH., 
SChweber Elctrns., 203-792-3500 
Willi • ., ... 
Kierulff Elctrns .. , 203-265-1115 
A ....... SprItls 
Schweber Elctrns .• 305-331-7555 
Fwtu ...... 11 
Hall-Mark Elctrns., 305-971-9280 

HeI.,.'" 
Schweber Elctrns .. 305-927-0511 
0rInft 
Hall-Mark Elctrns., 305-855-4020 
It. .... ora .... 
Kierulff Elctrns., Inc., 813-576-1966 
Ittrcrm 
Hall-Mark Elctrns., 404-447-8000 
lorcnu 
Kierulff ElectroniCS, 404-447-5252 
Icr:ms 
SChweber Elctrns., 404-449-9170 
a..vIIII 
Haii-MarK EiCtrns., 312-660-3800 
E1116mI"", 
Kierulff Elctrns., 312-640-0200 
EIII8mt"'" 
Schweber Elctrns .• 312-364-3750 
I ........... 
Advent ElectroniCS, 317-872-4910 

Cellar ..... " 
Advent Electronics, 319-363-0221 
Cthr ..,..s 
SChweber Elctrns., 319-373-1417 
1l1li1 

Hall-Mark Elctrns., 913-888-4747 
0verIt .. hrll 
Schweber·Elctrns., 913-492-2921 ........ 
Hall-Mark Elctrns., 301-796-9300 .......... 
Schweber Elctrns., 301-840-5900 ...... 
SChweber Elctrns., 617-275-5100 
BIllerica 
Kierulff Elctrns., 617-667-8331 
IHIIrIct 
Kierulff ElectroniCS, 617-667-8331 ........ 
Lionex Corp., 617-272-9400 ..... 
Gerber Elctrns., 617-769-6000 
FIfIII ..... Hilla 
Advent ElectronicS, 313-447-1650 
lIY .. 1I 
SChweber Elctrns., 313-525-8100 
lIY .. 1I 
SChweber ElectroniCS, 313-525-8100 ........... 
.Hall-Mark Elctrns., 612-854"3223 
Uet PntrIt 
Schweber Elctrns., 612-941-5280 
E4Iat 
Klerulff Elctrns., 612-941-7500 
Edt CIty 
Schweber Elctrns., 314-739-0526 ...,...H" 
Hall-Mark Elctrns., 314-291-5350 ................ 
Kierulff Elctrns., 314-739-0855 ....... 
SChweber ElectroniCS, 603-625-2250 
CIIIrrJ HHI 
Hall-Mark Elctrns., 609-424-7300 
Falr1ltlll 
Kierulff Elctrns., 201-575-6750 
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Zilog (Cont) C.a cal •• ry. Alblrta lall Nelberlands. Z .. lgHr 
Future Elctrns., 403-259-6408 Tekelec Airtronic. TEL: 79-310100 

NJ F.lrfI.,d C •• Dorvll. Oa"'lc lall Nlw Z"'lId. Aacklild 

Lionex Corp., 201-227-7960 Semad,514-636-4614 Micro Computer Elctrns. Co .• Ltd., TEL: (64) 

NJ fairfield CIII DOWRsvltw. Onl.rlo (09) 504-774 

Schweber Elctrns., 201-227-7880 Future Elctrns., 416-663-5563 lall Norwa,. Oslo 

NM Albuqlerqll Ca. DowlI"tw. O.tarlo Metric AlS, TEL: 2-282624 

Bell Inds., 505-292-2700 Semad, 416-663-5680 1.11 PHpl.·. R.,..blle of CIII.I. S •• Frllclsco. CA I. Albaquerque C •• Ed.lllloll. Albartl Kanematsu-Gosho Inc .• TEL: 415-788-3800 

International Electronics. 505-345-8127 RAE. Industrial Electronics, Ltd., 403-451- 1.11 Peru. LIlli 

NY H.lpp,up 4001 ITT del Peru. TEL: (51) (14) 401715 

Lionex Corp .• 516-273-1660 CII Mo.trIIl. OuIJac lall Portug.l. lIsllon 

ItY Raclllslir Future Elctrns., 514-694-7710 Soc. Com. Crocker Delaforce & Co. Ltd .• TEL: 

Schweber Elctrns .• 716-424-2222 C •• Ott.w •• Onllrlo 68-01-41424344 

Future Elctrns., 613-820-8313 I.tt Soulll Africa. Transvlll 
NY W.stbury 

Schweber Elctrns .• 516-334-7474 can Oltaw •• Olltarlo Radiokom Pty .• Ltd., TEL: (001) 789-1400/5 

Semad.613-722-6571 1.11 Spaill. BarcllolIl 
NC Gr .. slloro Unitronics S.A .• TEL: 1-242-5204 

Kierulff Etctrns .• 919-852-9440 ca. VI.coIVer. Britts" C .... lli. 
Future Elctrns .• 604-438-5545 1.11 SWH ... S.IRI 

NC R.,."II Scandia Metric AB. TEL: 8-820 400 
Hal/-Mark Elctrns .• 919-872-0712 1.11 A.slraili. Adlll"l. U. 1.11 Swed ... SloeklIoItI 

IC Ralllgil Protronics Pty. Ltd. (SA). TEL: (61) (08) 
AB Nordquist & Berg. TEL: 46~8-69-04-oo 

Schweber Elctrns .• 919-876-8000 212-3111 1.11 Swltzlrllnd. B.dn-Daeltwlt 
OH .. ellwood I.tt Alslrall •• Barw.od. Vlelorl. W. Stolz AG. TEL: 056 84 0151 

Schweber Elctrns .• 216-464-2970 R&D ElectroniCS. TEL: 011-61-3-2999232 I.tl SWltnrllad. Rap •• dorf 
OH C/tnlald 111/ Anstralil. c.pn0Wl V. Moor AG. TEL: 01-8406644 

Kierulff Elctrns .•. 216-587-6558 . George Brown & Co. Pty .• Ltd .• TEL: (61) (02) 1.11 Tltw.a. T.p.' 
OH D." •• 519-5855 Multitech Inti. Corp .• TEL: (886) (02) 769-

Schweber Elctrns .• 513-439-1800 I.tt Alstrall •• Easl Part. 1225 
OH HI' .... ,I HII,.IS Simply Software. TEL: 011-61-9-3259376 latl TartaY.lsl.alla' 

Hal/-Mark Elctrns .• 216-473-2907 I.tl A.slrll VI .... Electro Akustik Sanayi. TEL: (90) 11-48-50-
-OH Wnslarvll .. Kontron Electronik. TEL: 0222-670631 77 

Hal/-Mark Elctrns .• 614-891-4555 1.11 11", ... Marllllaki Inti U.lled KI •• d ••• B.r Hili. caabr" .. 
OK T.ISI He/iagraph. TEL: 91-301314 Hi-Tek Distribution. TEL: 954-81996 

Hall-Mark Elctrns .• 918-665-3200 1.11 ~.""ta hltt U.11td KI •• ,I •• B.n ..... B.eks 
OK T.lsa ITT De Colombia. TEL: (57) 285-37-00 Macro Mktg .• Ltd .• TEl: 6286-4422 

Kierulff Elctrns .• 918-252-7537 Iltl DIIIurk. Gltalr.p 1.11 U.ItH KI ...... Sill ••• BIrks.'" 
OK TalSl Ditz Schweitzer AlS. TEL: 2-453044 Crellon Elctrns. Ltd .• TEL: 6286-4434/4300 

Schweber Elctrns .• 918-622-8000 l.tI DI ••• rt. NIIr •• 1111 WIS.I G_a.,. Ec.l.g 

OR PortIaU SC Metric A/S, TEl: 2-804200 Kootron Electronik GmbH. TEl: 089"319011 

Kierulff Elctrns .• 503-641-9150 1.11 Fl ...... Espn 1.11 West Ganu.,. UI .... OI •• 

PA HorsIIut Finn Metric oy. TEL: 0-42-39-11 E.B.V. Electronik. TEL: 89-611051 

Schweber Elctrns., 215-441-0600 II1I F'IIa.,I. Esp .. 

I PA Plttdargll Oy Atomica. TEL: 90-423-533 
Schweber Elctrns .• 412-782-1600 I.tl Fra.el. Altll, ZyMOS 

TX AIIO. Almex. TEL: 666 2112 
Hall-Mark Elctrns .• 512-258-8848 1.11 Fralca. Aulares CHu ZyMOS Inc. 

TX AllIII Alfatronic. TEL: 791-44-44 P.O. Box 62379 
Kierulff flctrns .• 512-835-2090 Iitl Fruca. It CIIaua, Sunnyvale. California 94088 

TX Aastl. A2M. TEL: 954-9113 408-730-8800 
Schweber Elctrns .• 512-458-8253 Iitl 6naca. A ..... s 

TX 01/1 .. Microsystems O.E .• TEL: 1-346-9002 
Hall-Mark Elctrns .• 214-343-5000 Ittl Ho •• KII, Zytrex Corporation TX Dalila Electronic Scientific Eng. Ltd .• TEL: 852-05-
Kierulff Elctrns .• 214-343-2400 487007 

TX 0I11as 1111 HOIIIC ... GPO Zytrex Corporation 

Schweber Elctrns .• 214-661-5010 Electronic Scientific Eng Ltd .• TEL: (852) (05) 224 North Wolfe Road 

TX EI hso 487007 Sunnyvale. California 94086 

International electronics. 915-778-9761 I.tl ,.,1 ... Slum". CA 408-733-3973 

TX H'IStOI Micro Aids International. TEL: 408-733-0695 
Hall-Mark Elctrns .• 713-781-6100 Ittl I.dll. Trln .... 

TX Houstll Kryonix. TEL: 63805 
Kierulff Elctrns .• 713-530-7030 1.11 lirael. Raut H."'II 

TX Hmlll R.D.T .• TEL: 483211-5 
Schweber Elctrns .• 713-784-3600 I.tl ltal,. Mila. 

UT Sin Lakl City De Mico SpA. TEL: 02-9520551 
Belllnds .• 801-972-6969 1.11 JI,.I. Tlkyt 

UT Silt Lake CIty Kanematsu Elctrn. Comps. Corp .• TEL: (81) 
Kierulff Eletrns .• 801-973-6913 (03) 447-4141 

WA KHanll 1.11 JI •••• T.kya 
Anthem ElectroniCS. 206-881-0850 Marubun Corp .• TEL: (81) (03) 662-8151 

WA T.kwlll Iltl Jlpal. Tokyo 
Kierulff Elctrns .• 206-575-4420 Matsushita Elec. Trading Co .• Ltd .• TEL: (81) 

WI Br .. kfltld (03) 435-4580 
Schweber Elctrns., 414-784-9020 1.11 Jlpa •• T.kyo 

I WI Dlk eratk Nlhon Teksel Co .. ltd, Tfl' (81) (03) 461- I 
Hall-Mark Eletrns., 414-761-3000 5121 

WI Walkes" 1.11 K ...... St .. , 
Kierulff Elctrns .• 414-784-8160 Duksung Trading Co .• TEL: (82) (02) 854-

ca. Blrnlll,. B.C. 5047 
RAE. Industrial Electronics. Ltd .• 604-291- 1.11 LIIi. A ... lca. Mtn. VIIW 
8866 Intectra. TEl: 415-967-8818 
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